
 

 

Effects of Different Concentrations of Salt Stress on Growth and Physiological 
Indexes of Cucumber Seedlings 

Zhanming Tan 
College of Plant Sinenece, Tarim University, Alar Xinjiang 843300 

Keywords: Cucumber; Salt stress; Growth indicators; Physiological indicators 

Abstract: This test by strong salt resistance of cucumber varieties of spring at 39, tianjin, tianjin 
research 4 as the experimental material, studied the different concentrations (0.0%, 0.3%, 0.6%) 
NaCl treatment on the influence of different cucumber seedling growth and physiological indicators. 
In cucumber seedling growth to two leaves one to salt stress, five times after processing, the 
determination of different concentration of the survival rate of different varieties of cucumber 
seedlings under salt stress, such as plant height, stem diameter growth index and malondialdehyde 
content, soluble protein content and other physiological indicators. By analyzing the growth index 
data, found that in 0.3% NaCl concentration when spring 39 and tianjin, tianjin research 4 cucumber 
seedling growth situation, the best is superior to contrast and 0.6% NaCl concentration, through the 
analysis of physiological index data, find spring 39, tianjin, tianjin research 4 cucumber seedlings of 
soluble protein content, malondialdehyde content, plasma membrane permeability increased with 
the increase of NaCl concentration; The root activity decreased with the increase of NaCl 
concentration. Can be seen from the data, 0.3% NaCl treatment have less effect on cucumber 
seedling growth and physiological indexes, 0.6% NaCl treatment of cucumber seedling growth and 
physiological index affected by salt stress significantly, including tianjin research than 4 jin chun 39 
significantly. 

1. Introduction 
Soil salinization refers to the process in which the salt of the soil or groundwater rises to the 

surface with the capillary water, and the water is evaporated to accumulate salt in the surface soil [1]. 
Soil salinization is currently the main limiting factor affecting crop growth and yield formation. 
This may be because salt stress affects photosynthesis and absorption of water and nutrients, which 
affects the synthesis of amino acids and proteins in the body, which hinders crop growth and 
development. Salt stress can cause the original salt damage, ionic stress and other original effects, 
as well as a series of secondary stresses such as nutrient deficit and oxidative stress, which cause 
plant metabolism disorder, increase the synthesis and accumulation of osmolality and maintain the 
energy consumption of osmotic potential. Ultimately, it accelerates the aging and death of plants [2]. 
The enzymatic protection in plants is enhanced by the activity of antioxidant enzymes such as SOD, 
POD and CAT to effectively remove excess reactive oxygen species in the cells, alleviate the 
membranous peroxidation of cells and reduce the damage caused by salt stress [3]. 

2. Materials and Methods 
2.1 Experiment Materials.  

The test material cucumber varieties are Jinchun No. 39 and Jinyan No. 4, respectively. Source 
of materials: purchased from Alar International Trade City Seed Shop. The materials and tools 
required for seedling are: 50-well seedling tray, seedling substrate, film, analytical pure sodium 
chloride, water bucket, watering can, measuring cylinder, etc., provided by the Tarim University 
Horticultural Experimental Station; Experimental instruments: vernier calipers, rulers, dryers, 
electronic balances, analytical balances, water baths, 25ML and 100ML volumetric flasks, 
spectrophotometers, refrigerated centrifuges, mortars, ultrasonic cleaners, conductivity meters, 
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scissors, test tubes, pipettes, filter paper, ear balls, etc., and these are provided by the 412 and 320 
laboratories of the Southern Xinjiang Characteristic Fruit Research Center of Tarim University; 
Experimental reagents: concentrated sulfuric acid, Coomassie Brilliant Blue G-250, perchloric acid, 
trichloroacetic acid, sodium hydroxide, potassium dihydrogen phosphate, sodium dihydrogen 
phosphate, ethyl acetate and methanol, etc., provided by the Department of Medicine, Tarim 
University. 

2.2 Experiment Design.  
Sowing Seedling. This part of the experiment was completed in November 2017 at the Intelligent 

Greenhouse of the Horticultural Experimental Station of the University of Tarim. Seeds with full 
and uniform size were selected for soaking and germination. After the seeds were exposed to white, 
they were sown in a seedling tray containing the substrate. The seedling tray with a size of 50 holes 
was used. The seedling substrate was grass charcoal: vermiculite: perlite = 3:2:1. One seed was 
planted at each hole. After the seedlings grew to two leaves and one heart, salt stress treatment was 
carried out. Two gradients were set by NaCl treatment, and pure NaCl was analyzed to prepare a 
salt solution with a concentration of 0.3% and 0.6%, and distilled water was used as a control (CK). 
10 strains were treated each time and repeated 3 times. The brine was poured once every 2 days for 
a total of 5 treatments. After the 14th day after the treatment, the seedling growth and physiological 
indicators were measured. 

Index Measurement. Determination of appearance indicators: observe the emergence of 
seedlings every day after sowing, then take NaCl treatment every two days and record the number 
of seedlings in the seedlings until the 5th NaCl treatment is completely finished, and calculate the 
survival rate of the seedlings of the two cucumber varieties at different concentrations. On the 14th 
day after the treatment, the seedling growth indicators were measured: plant height, stem diameter, 
and leaf area. 

Determination of physiological indexes: The plasma membrane permeability was measured on 
the 15th day after the treatment; the soluble protein content and the malondialdehyde content were 
measured on the 16th day after the treatment; the root activity was measured on the 18th day after the 
treatment. 

2.3 Experiment Methods.  
Experiment Treatment. A salt solution having a concentration of 0.3% and 0.6% was prepared by 

analyzing pure sodium chloride, and distilled water was used as a control (CK). The number of 
seedlings in the seedlings was recorded on the penultimate day of the salt stress treatment of the 
seedlings, and then NaCl treatment was performed every two days and the number of seedlings in 
the seedlings was recorded until the NaCl treatment was completely completed. The survival rates 
of seedlings with different concentrations of two cucumber varieties were calculated. 

Growth Index Determination. Survival rate = total seedling survival / total number of seeds × 
100%. 

The height of the seedling from the cotyledon to the growth point was measured and recorded as 
the plant height; the thickness of the cotyledonary node parallel to the direction in which the 
seedling and the cotyledon were developed was measured, and the stem diameter was recorded. 

The plant height was measured by a ruler; the stem diameter was measured by a vernier caliper; 
the leaf area was measured by a leaf area meter. 

2.4 Data Processing and Analysis.  
Excel2010 software is sued for data statistics and mapping, DPS7.05 software is used to analyze 

the difference between different cucumber varieties and different concentrations. 

3. Results and Analysis  
3.1 Effects of Different Concentrations of NaCl on Growth Index of Cucumber Seedlings.  

Effects of Different Concentrations of NaCl on the Survival Rate of Cucumber Seedlings. As 
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shown in Figure 1, with the increase of NaCl concentration, the survival rate of Jinchun 39 and 
Jinyan No. 4 cucumber seedlings was lower than that of the control and the survival rate under 
0.6% NaCl treatment was significantly lower than that of the control. With the increase of the 
number of NaCl treatments, the survival rate of cucumber seedlings under the treatment of 0.6% 
NaCl decreased significantly and the survival rate of Jinyan No. 4 decreased more significantly. In 
the middle of NaCl treatment, the survival rate of 0.3% NaCl and 0.6% NaCl in Jinchun 39 
cucumber seedlings decreased by 3.63% and 13.46%, respectively. The survival rate of 0.3% NaCl 
and 0.6% NaCl in Jinyan No. 4 cucumber seedlings decreased by 10% and 16.33%, respectively. In 
the late stage of NaCl treatment, the survival rate of 0.3% NaCl and 0.6% NaC of Jinchun 39 
cucumber seedlings decreased by 14.5% and 30.77%, respectively. The survival rate of 0.3% NaCl 
and 0.6% NaCl in Jinyan No. 4 cucumber seedlings was 20% and 34% lower than that of the 
control, respectively. The survival rate of Jinyan No. 39 and Jinyan No. 4 cucumber seedlings 
treated with 0.3% NaCl and 0.6% NaCl was high. This indicates that the cucumber variety Jinchun 
39 is more resistant to salt stress than Jinjin No. 4. 

 
Figure. 1 Effects of Different Concentrations of NaCl on the Survival Rate of Cucumber Seedlings 

Effects of Different Concentrations of NaCl on the Morphological Indexes of Cucumber 
Seedlings. As can be seen in Table 1, the plant height, stem diameter and leaf area of Jinchun 39 
and Jinyan No. 4 all showed the maximum at 0.3% NaCl, indicating that the lower salt 
concentration promoted the growth of Jinchun No.39. The 0.3% NaCl plant height of Jinchun No.39 
was 1.1 times that of the control, the 0.6% NaCl plant height was 6.4% lower than the control; the 
0.3% NaCl stem diameter was 1.1 times that of the control, and the 0.6% NaCl stem diameter was 
4.9% lower than the control; The leaf area of %NaCl was 1.5 times that of the control, and the area 
of 0.6% NaCl leaf was reduced by 12.0% compared with the control. The 0.3% NaCl treatment 
height of Jinyan No. 4 was 1.3 times that of the control, the 0.6% NaCl plant height was 18.1% 
lower than the control; the 0.3% NaCl plant height was 1.3 times that of the control, and the 0.6% 
NaCl plant height was 1.9% lower than the control group. The leaf area of 0.3% NaCl was 1.5 times 
that of the control, and the area of 0.6% NaCl leaf was reduced by 9.2% compared with the control. 

It is concluded that with the increase of NaCl concentration, the increase and decrease of plant 
height of Jinyan No.4 seedlings are larger than that of Jinchun 39. The increase of stem diameter of 
Jinyan No.4 seedlings is larger than that of Jinchun No.39. The magnitude is smaller than Jinchun 
No.39; the increase in leaf area of Jinyan No. 4 seedlings was the same as that of Jinchun 39, and 
the decrease was smaller than that of Jinchun No.39. There was a significant difference in plant 
height between Jinchun No.39 and Jinyan No. 4, and there was no significant difference in stem 
diameter and leaf area. Compared with Jinchun No. 39, the low salt concentration has a great effect 
on the appearance index of Jinyan No.4 seedlings. 
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Table 1  Effects of Different Concentrations of NaCl on the Growth of Cucumber Seedlings 

Indexes 
Jinchun No.39 Jinyan No.4 

CK 0.30% 0.6% CK 0.30% 0.6% 

Plant height (cm) 3.9c 4.73bc 3.63c 5.1b 6.8a 5.67b 
Stem thickness 

(mm) 2.65b 2.98ab 2.49b 3.08ab 3.69a 3.18ab 

Leaf area (cm2) 7c 10.33ab 6.33c 8bc 13a 12a 
Note: Different lowercase letters in the table indicate significant differences (P<0.05). The 
following figures and tables are the same. 

3.2 Effects of Different Concentrations of NaCl on Physiological Indexes of Cucumber 
Seedlings.  

Effects of Different Concentrations of NaCl on Membrane Permeability of Cucumber Seedlings. 
As shown in Figure 2, the relative conductivity of the leaves of Jinchun 39 and Jinyan No. 4 
seedlings treated with NaCl at different concentrations increased with the increase of NaCl 
concentration. The relative electrical conductivity of cucumber seedlings treated with 0.3% 3% and 
0.6% NaCl was 3.2 times and 3.8 times higher than that of the control. The relative electrical 
conductivity of cucumber seedlings treated with 0.3% 3% NaCl and 0.5% NaCl was 1.5 times and 
2.4 times higher than that of the control. The relative conductivity of Jinchun No. 39 under the 
treatment of 0.3% NaCl suddenly increased sharply, indicating that the normal structure of the cell 
membrane was destroyed, and the intracellular material was extravasated, causing damage to plants; 
Ccompared with Jinchun 39, the relative conductivity of Jinyan No. 4 is relatively flat, but as the 
relative conductivity increases, the damage to plants is gradually increased [7]. 

  
Figure. 2 Effects of Different Concentrations of NaCl on Plasma Membrane Permeability of 

Cucumber Seedlings 
Effects of Different Concentrations of NaCl on Soluble Protein Content in Cucumber Seedlings. 

As shown in Figure 3, the soluble protein content of cucumber seedlings of Jinchun 39 and Jinyan 
No. 4 increased with the increase of NaCl concentration. This indicates that plants undergo 
synthesis of osmotic adjustment substances such as soluble proteins under salt stress to alleviate the 
damage caused by salt stress. At the salt concentration of 0.6%, the soluble protein content of the 
two cucumber varieties reached the maximum, which was 1920.523μg·g-1FW and 
1558.38μg·g-1FW, respectively, and the lowest in the control (CK). The difference between Jinchun 
39 control and 0.3% NaCl was significant, and the difference between 0.3% and 0.6% NaCl was not 
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significant. The difference between the adjacent concentrations of Jinyan No. 4 was not significant, 
indicating that the plant metabolism was equal between the concentrations [8]. 

 
Figure. 3 Effects of NaCl Treatment at Different Concentrations on Soluble Protein Content in 

Cucumber Seedlings 
Effects of Different Concentrations of NaCl on Root Activity of Cucumber Seedlings. Under salt 

stress, the roots of plant roots were the most directly affected by stress. As shown in Figure 4, with 
the increase of NaCl concentration, the root vigor of Jinchun No. 39 and Jinyan No. 4 cucumber 
seedlings gradually decreased. The root vigor of Jinchun No. 39 cucumber seedlings treated with 
0.3% and 0.6% NaCl decreased by 31.7% and 40.7%, respectively. The root vigor of Jinyan No.4 
cucumber seedlings decreased by 14.1% and 53.5%, respectively. The root vigor of Jinchun 39 and 
Jinyan No. 4 cucumber seedlings showed the maximum value at the control (CK), which were 
6.487 μg TTF·g-1FW·h-1 and 10.058 μg TTF·g-1FW·h-1, respectively. This shows that the former is 
more active than the latter; the root activity was the weakest at 0.6% concentration, which was 
3.863 μg TTF·g-1FW·h-1 and 4.806 μg TTF·g-1FW·h-1, respectively. 

 
Figure. 4 Effects of Different Concentrations of NaCl on Root Activity of Cucumber Seedlings 
Effects of Different Concentrations of NaCl on the Content of Malondialdehyde in Cucumber 

Seedlings. As can be seen from Figure 5, the MDA content of Jinchun 39 and Jinyan No. 4 
cucumber seedlings increased gradually with the increase of NaCl concentration [10]. The 
malondialdehyde content of the cucumber seedlings of Jinchun No. 39 treated with 3% and 0.6% 
NaCl was 8.1 times and 10.7 times of that of the control, respectively; the malondialdehyde content 
of Jinyan No. 4 cucumber seedlings was 1.6 times and 1.8 times that of the control, respectively. 
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The MDA content of cucumber seedlings of Jinchun No. 39 and Jinyan No. 4 was the highest at 
0.6% NaCl, and Jinchun No. 39 was larger than Jinyan No. 4. This shows that the degree of damage 
caused by salt stress on Jinchun No. 4 is greater than that of Jinyan No. 4. The highest 
malondialdehyde content of 0.6% in Jinchun No. 39 was 0.0393μmol·g -1FW, and the difference 
between the concentrations was significant. The highest malondialdehyde content of Jinyan No. 4 
with a salt concentration of 0.3% was 0.00494μmol·g. -1FW, there was a significant difference 
between the control and 0.3% NaCl. With the increase of salt concentration, the content of 
malondialdehyde in cucumber seedlings of Jinchun 39 increased, and the degree of damage caused 
by salt stress increased. 

 
Figure. 5 Effects of NaCl Treatment at Different Concentrations on MDA Content in Cucumber 

Seedlings 

4. Conclusion and Discussion 
4.1 Conclusion.  

The test materials were Jinchun No. 39 and Jinyan No. 4, and studied the effects of different salt 
concentrations on seedling growth and physiological indexes. The conclusions obtained in this 
experiment are as follows: with the increase of salt concentration, the survival rate decreases 
gradually and the growth of plants becomes smaller and smaller; the salt stress of appropriate low 
concentration (0.3% NaCl) affects the plant height and stem diameter of cucumber seedlings. Leaf 
area has the effect of promoting growth; but when the salt concentration is too high, the effect is 
reversed. Under salt stress, both cucumber seedlings showed increased soluble protein content and 
MDA content, which caused damage to the cell membrane and increased damage with increasing 
concentration. There was a significant difference in root activity between adjacent concentrations of 
the two varieties. Through comparison of the test data, it is concluded that Jinyan No. 4 is less salty 
than Jinchun No. 39. The experimental study period is the two-leaf and one-heart period of 
cucumber seedlings. Further research is needed to select the varieties with strong salt tolerance 
during the growth period of cucumber. After comprehensive comparison, it was found that the salt 
tolerance of Jinchun No. 39 was stronger than that of Jinyan No. 4. 

4.2 Discussion.  
Growth and Development of Cucumber Seedlings and Salt Stress. In Wang Suping and Guo 

Shirong et al., the effects of salt stress on root growth and water use of cucumber seedlings were 
studied. It was found that the earliest strains most directly affected by stress under salt stress were 
plant roots. Then the corresponding physiological reactions occur, and then affect the growth of the 
aboveground parts of the plants. Under the salt stress, the root growth of cucumber seedlings is 
significantly inhibited [11]. It can be seen from this experiment that the root activity of cucumber 
seedlings of Jinchun No. 39 gradually decreased with the increase of salt concentration, and the root 
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activity of 0.3% NaCl and 0.6% NaCl was lower than that of the control. This indicates that root 
growth is significantly affected by high concentrations of salt stress. 

Physiological and Salt Stress of Cucumber Seedlings. Studies have shown that [11-12] plants will 
synthesize osmotic adjustment substances such as soluble proteins to alleviate the damage caused 
by salt stress. In Zhou Qing’s research [13], the materials were studied for Jinchun No. 2 and Jinyou 
No. 3 cucumber varieties, and it was found that the increase of NaCl concentration resulted in the 
decrease of soluble protein content in seedling leaves. However, the decrease of “Jinchun No.2” 
was greater than that of “Jinyou No.3”, and the soluble protein content of “Jinchun No.2” decreased 
under continuous stress, while “Jinyou No.3” remained basically unchanged. This indicates that the 
plant membrane with strong salt tolerance is stable and the membrane permeability is less increased 
during the stress process. Maintaining high organic matter in salt-tolerant varieties under salt stress 
can reduce cell osmotic potential and adapt to saline environment, which may be one of the main 
reasons for salt tolerance of salt-tolerant varieties. However, the opposite conclusion appeared in the 
study of Han Bing. Under NaCl treatment, the soluble protein content in leaves and roots of 
cucumber seedlings was significantly increased, and the higher the concentration, the more obvious 
the increase of soluble protein content. The conclusions obtained in this experiment are consistent 
with Han Bing. Salt stress induces the production of soluble proteins and undergoes osmotic 
adjustment, thereby reducing cell water loss and reducing the damage caused by salt stress. The 
enhancement of plant resistance to salt stress is manifested by an increase in soluble protein content. 

5. Conclusion 
MDA is a membrane lipid peroxidation decomposition product, and its content can be used as 

one of the physiological indicators to identify the salt tolerance of cucumber seedlings to some 
extent [17]. Under salt stress treatment, the relative conductivity and MDA content of cucumber 
seedlings increased with the increase of salt stress concentration, indicating that salt stress caused 
cell membrane lipid peroxidation and destroyed the normal structure of cell membrane. The relative 
conductivity of the leaves of the plants increases, and the intracellular material is extravasated, 
causing damage to plants. 

References  
[1] Zha Xianghao, Mo Zhixin, Lin Ning, Zhao Xinxin, Li Youwen. Spatial Heterogeneity of Soil 
Salinity and Nutrients in the Oasis-desert Transition Zone of Southern Xinjiang[J].Jiangsu 
Agricultural Sciences,2018,46(08):250-254 . 
[2] Liu Wei, Bi Huan-jian, Li Qing-ming, Ai Xi-zhen. Effects of Soil Moisture on Photosynthesis 
and Antioxidant Enzyme Activities of Cucumber Seedlings under Low Temperature [J]. Acta 
Physiologica Sinica, 2015, 51(12):2247-2254. 
[3] Han Bing, Xu Gang, Guo Shirong, He Chaoxing, Sun Yanjun, Gao Wenrui, Li Decui, Shi 
Yuyan. Effects of Different Concentrations of Salt Stress on Growth and Physiological Metabolism 
of Cucumber Seedlings [J]. Jiangsu Journal of Agricultural Sciences, 2014, 30(01):172-177. 
[4] Han Haixia, Yao Lingbai, Cao Xingming. Effects of Salt Stress on Growth and Physiological 
Indexes of Different Cucumber Seedlings [J]. Journal of Anhui Agricultural Sciences, 2014, 
42(15):4573-4575. 
[5] Yang Jianjun, Zhang Guobin, Yu Jihua, Hu Linli, Luo Shilei, Niu Tong, Zhang Wei. Effects of 
Endogenous NO on Active Oxygen Metabolism and Photosynthetic Characteristics of Cucumber 
Seedlings under Salt Stress [J]. China Agricultural Science, 2017, 50(19):3778 -3788. 
[6] Han Haixia, Yao Lingbai, Tang Ya’nan. Effects of Exogenous Salicylic Acid on Growth and 
Peroxidase Activity of Salt-stressed Cucumber [J]. Guizhou Agricultural Sciences, 2015, 
43(12):69-71. 

180



 

 

[7] Liu Ying, Xu Guanyin. The Content of Malondialdehyde and the Mitigating Effect of Silicone 
under Salt-Alkali Stress[J].Northern Horticulture,2017(22):1-5. 
[8] Meng Xianghao, Liu Yiguo, Zhang Yumei, Zhang Hongsheng, Mu Ping, Lin Qi. Responses of 
Antioxidant Characteristics and Root Activity of Different Wheat Varieties to Salt Stress at 
Seedling Stage [J]. Journal of Triticeae Crops, 2015, 35(08):1168-1175. 
[9] Fu Xiumei, Zhu Honglin, Li Xiaojing, Wu Hui, He Guihua, Xie Jun, Chen Yinhua. Effect of 
Salt Stress on Growth, Physiological and Biochemical Characteristics of Rice Seedlings 
[J].Guangdong Agricultural Sciences, 2010, 37(04):19-21. 
[10] Yang Yanjuan, Guo Shirong, Li Jing, Du Changxia, CHEN Lifang, WANG Liping. Effects of 
Grafting on Growth and Soluble Protein Expression of Watermelon Seedlings under Salt Stress [J]. 
Journal of Nanjing Agricultural University, 2011, 34(02):54-60. 
[11] Cao Qiwei, Li Libin, Kong Suping, Qiu An, Chen Wei, Zhang Yunnan, Sun Xiaolei. 
Physiological Responses of Different Cucumber Cultivars to Isotonic Mg(NO_3)_2 and NaCl 
Stress[J].Chinese Journal of Applied Ecology,2015,26(04):1171-1178. 
[12] Zhou Qing, Wang Jizhong, Chen Xinhonsg, Wan Cuilian. Effects of Persistent Salt Stress on 
Growth and Physiological Characteristics of Two Cucumber Cultivars with Different Salt Tolerance 
[J].Northern Horticulture,2013(18):24-26. 
[13] Sun Zhangwei, Fan Huaifu, Du Changxia, Huang Lingying. Effects of Salt Stress on the 
Expression of Antioxidant Enzyme Isoenzymes in Leaves, Phloem Exudates and Roots of 
Cucumber Seedlings[J].Journal of Zhejiang Agriculture and Forestry University, 2016, 
33(04):652-657. 
[14] In 2018, the Corps Science and Technology Research Project, the construction and 
demonstration of the pollution-free high-efficiency agricultural production base of the 14th Division 
of the Corps 225, 2018DB003. 
[15] In 2018, the "Ten Practical Things" agricultural technology radiation-driven project of the 
Corps, the construction of a high-efficiency facility agricultural production demonstration base at 
Pishan Farm, SJSS201801 

181




