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Abstract:  It was of great practical significance to repair the toxicity of salt stress environment to 

soybean seedlings and maintain the balance between agricultural production and ecological 

environment in the Yellow River valley of China. ‘Xudou 20’ was used as the experimental material, 

a large-scale planting variety in the old Yellow River basin. Endophytes 131 and 123 isolated from 

soybean root nodule were taken as the research objects, and the soybean plants were cultivated by 

pot culture in intelligent artificial incubator. Salt stress group, bacteria suspension group and control 

group were set up to study the effects of inoculation treatments on the activities of superoxide 

dismutase (SOD) and catalase (CAT) of soybean seedlings under different NaCl stress. The results 

showed that when inoculated with endophyte 131 bacterial suspension and cultured for 14 days, the 

SOD activity was the highest (14.89 U•g−1•FW) at the salt concentration 50 mmol•L-1. When 

inoculated with 131 bacterial suspension (2:1) and cultured for 28 days, the SOD activity reached the 

highest (0.94 ug-1FW) at the salt concentration of 50 mmol•L-1, and the CAT activity amounted to the 

highest (1910 U•g−1•min−1). The 16S rDNA sequencing and phylogenetic analysis showed that the 

most similar strain of strain 123 was Bacillus cereus, and the most similar strain of strain 131 was 

Enterobacter ludwigii. Therefore, the activities of SOD and CAT in soybean seedlings inoculated with 

endophytes 131 and 123 increased at different degrees under salt stress, which could effectively 

alleviate the damage of salt stress environment to plants, and thus improve the stress resistance of 

plants. 

Keywords: endophytic bacteria; soybean seedlings; salt stress; SOD; CAT; resistance; repair 

capability 

 

1. Introduction 

Soybean (Glycine max L.) belongs to the leguminous family, with a protein content of about 40% 

[1]. During its growth process, salt stress is a serious abiotic environmental hazard that affects the 

growth and development of soybeans, leading to a decrease in their yield and quality [2]. In general, 

the reactive oxygen system in soybean seedlings maintains a Dynamic equilibrium state. When it is 

under salt stress, the production and elimination mechanism of reactive oxygen in the body is 

inhibited, which destroys the Dynamic equilibrium of the system[3], affects its normal nutritional 

growth, and causes plant damage. Among them, the antioxidant enzymes that eliminate reactive 

oxygen species in soybean seedlings mainly include Catalase (CAT), Superoxide dismutase (SOD), 

etc.[4]. Under salt stress, it can induce the accumulation of reactive oxygen species such as superoxide 

free radicals (O2-) and hydrogen peroxide (H2O2) in plants[5], causing membrane lipid peroxidation, 

damaging cell membranes, exacerbating intracellular electrolyte leakage, and causing imbalance in 

cellular reactive oxygen metabolism[6]. At this time, the plant can accelerate the removal of active 

oxygen, repair the damage and effectively maintain the Dynamic equilibrium of the active oxygen 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 January 2025 doi:10.20944/preprints202310.1687.v2

©  2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202310.1687.v2
http://creativecommons.org/licenses/by/4.0/


 2 of 14 

 

system in the plant by increasing the activities of antioxidant enzymes[7,8], such as CAT and SOD, 

to reduce the damage of salt stress environment to the plant. In 2023, the planting area of soybean 

seedlings in China was 157 million acres, an increase of 2.2% compared to the previous year. Some 

scientists adopt breeding methods to improve salt tolerance, but the cycle is long and the cost is high. 

Therefore, finding a green and environmentally friendly measure to enhance the salt tolerance of 

soybean seedlings and improve plant repair ability is of great practical significance for expanding 

China's arable land area, especially for the high-quality development of agricultural production and 

ecological environment protection in the Yellow River Basin. 

Endophytes refer to microbial groups that live between or within the host plant tissues during a 

certain stage or entire process of their life cycle and do not cause obvious harmful symptoms in the 

host plant[9]. They mainly include bacteria, fungi, or actinomycetes. Endophytic bacteria have strong 

colonization ability and can produce various antibacterial active substances in the host, resisting the 

invasion of plant pathogenic fungi[10,11]. Endophytes can not only promote the growth and 

development of the host, but also provide host plants with metabolites such as alkaloids, antibiotics, 

Hydrolase and other defense against external adverse environmental stimuli[12]. They evolve with 

the host, have the specific function of changing their species, and are important factors in repairing 

salt stress stress[13]. Research by Wen Caiyi et al.[14] has shown that endophytic bacteria form a 

symbiotic nitrogen fixation system with leguminous plants, which has the function of improving soil 

salinization toxicity, promoting a virtuous cycle between crops and the environment, and enhancing 

the ability of crops to resist adversity. The plant microorganism interaction alleviates the stress 

response of plants and helps the host repair after stress through various mechanisms. In particular, 

the root microbiome provides a variety of benefits for host plants, such as promoting plant growth, 

supporting nutrient absorption, improving tolerance to abiotic stress, protecting plant hosts from 

pathogens, and regulating the plant immune system to induce resistance [15]. The previous research 

of the research group showed that endophyte could cooperate with soybean plants in salt stress 

environment to maintain the balance of plant osmotic pressure, improve the salt tolerance of soybean 

plants, and promote the growth and development of soybean seedlings. Based on this, this study 

intends to use two endophytic bacteria 131 and 137, using Xudou 20 as experimental materials, to 

study the effects of endophytic bacteria 131 and 137 on SOD and CAT activities in soybean seedlings 

under salt stress. This study has important practical significance in repairing the toxicity of salt stress 

on soybean seedlings, maintaining agricultural production, ecological environment balance, and 

developing arable land. 

2. Results 

2.1. Sequence Determination and Phylogenetic Status of 16S rRNA Gene in Endophytic Bacteria 

The 16S rRNA gene sequence size of two strains of bacteria was 1500 bp, they were deposited in 

NCBI database and obtained genebank accession number KR822280 and KR822263. The most similar 

type strains were aligned in the NCBI database and constructed a phylogenetic tree (Figure 1) with 

treecon software. The entire phylogenetic tree has two main branches and one marginal branch 

(Coprococcus catus VPI-C6-61T). The main branch includes two genera: Bacillus and Enterobacter. 

Among them, strain 123 and type strain Bacillus cereus IAM 12605T (D16266) are located in the main 

branch I, with a maximum similarity rate of 99.8%. Strain 131 and type strain Enterobacter ludwigii 

EN-119T(AJ853891) are located in another main branch II, with a maximum similarity rate of 99.7%. 

Therefore, the most similar strain of 123 is Bacillus cereus, and the most similar strain of 131 is 

Enterobacter ludwigii. 
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Figure 1. Phylogenetic tree generated by the Neighbor-Joining method based on 16S rRNA gene sequences of 

endophytic bacteria. 

2.2. SOD Activity Analysis 

2.2.1. SOD Activity Analysis at 14 Days 

As shown in Figure 2, after 14 days of cultivation of soybean seedlings, the overall SOD activity 

in the salt stress group was relatively stable. After inoculation with endophytic bacterium 131, as the 

salt concentration gradient continued to increase, SOD activity decreased, indicating that the 

antioxidant capacity of soybean seedlings under salt stress was limited by the high or low salt 

concentration. Inoculated with a 1:1 bacterial suspension, the highest SOD activity was 14.89 U·g-1 

FW at a salt concentration of 50 mmol·L-1, which was significantly higher than the CK group, salt 

stress group, and other inoculation treatment groups. This indicates that the antioxidant capacity of 

soybean seedlings treated with inoculation under salt stress. After inoculation with a 1:2 bacterial 

suspension, the SOD activity was the highest at a salt concentration of 50 mmol·L-1, at 7.71 U·g-1 FW. 

The trend of SOD activity change was the same as that of the 1:1 bacterial suspension treatment 

group, but lower than that of the 1:1 bacterial suspension treatment group. After inoculation with 2:1 

bacterial suspension, the activity was the highest at a salt concentration of 50 mmol·L-1, reaching 13.56 

U·g-1FW, indicating that the 2:1 bacterial suspension has a significant repair effect on soybean 

seedlings. From this, it can be seen that when soybean seedlings were cultured for 14 days, the three 

bacterial suspensions of 131 endophytic bacteria were inoculated under salt stress, and all had repair 

effects at a salt concentration of 50 mmol·L-1, but the 1:1 bacterial suspension had better repair effects. 
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Figure 2. SOD activities of soybean seedlings inoculated with endophyte 131 for 14 days. 

Figure 3 shows that the SOD activity of soybean seedlings in the salt stress group and the 

inoculation treatment group increased first and then decreased after 14 days of culture. After 

inoculation of endophytic bacteria 123, the SOD activity increased gradually when the salt 

concentration was 100-250 mmol·L-1, and the SOD activity was the highest when the salt 

concentration was 250 mmol·L-1 (0.84 u·g-1FW). When the salt concentration was between 250-300 

mmol·L-1, the SOD activity gradually decreased, but was higher than that of all experimental groups. 

When inoculated with 1:1 bacterial suspension, the salt concentration was from 50 to 300 mmol·L-1, 

the SOD activity gradually increased and then decreased, and the active SOD activity was the highest 

when the salt concentration was 200 mmol·L-1. After inoculation with 2:1 bacterial suspension, the 

activity of SOD was the highest at the salt concentration of 200 mmol·L-1, which was 0.45 u·g-1FW, 

indicating that the inoculation with 2:1 bacterial suspension had good repair ability. Therefore, when 

soybean seedlings were cultured for 14 days, inoculation of 123 endophytes at salt concentration 

greater than 100 mmol·L-1 could significantly (P<0.05) improve the SOD activity of soybean seedlings 

and reduce the toxicity to soybean seedlings. Among them, the repair effect of 123 endophytic 

bacteria 1:2 suspension was the most obvious. 

 

Figure 3. SOD activities of soybean seedlings inoculated with endophyte 123 for 14 days. 

2.2.2. SOD Activity Analysis at 28 Days 

When the cultivation time of soybean seedlings was 28 days, the overall change in SOD activity 

in the salt stress group showed a "decrease-increase-decrease" pattern (Figure 4). After inoculation 

with 2:1 bacterial suspension, the activity was the highest at a salt concentration of 50 mmol·L-1, at 
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0.94 U·g-1FW, significantly higher than the SOD activity in the salt stress group, and gradually 

rebounded under other salt concentrations. After inoculation with 1:1 bacterial suspension, the 

highest SOD activity was observed at a salt concentration of 100 mmol·L-1, at 0.54 U·g-1FW, which was 

higher than that of the salt stress group. Overall, the SOD activity was complementary to the salt 

stress group. After inoculation with a 1:2 bacterial suspension, the activity was the highest at a salt 

concentration of 100 mmol·L-1, at 0.72 U·g-1FW. At salt concentrations of 100 mmol·L-1, 150 mmol·L-1, 

and 300 mmol·L-1, the SOD activity was higher than that of the salt stress group and other inoculation 

treatment groups. Explanation: The 1:2 of bacterial suspension has a significant repair effect at a 

certain salt concentration. From this, it can be seen that when the cultivation time of soybean 

seedlings is 28 days, the inoculation of 131 endophytic bacteria under salt stress has relatively better 

repair ability than the control group. 

 

Figure 4. SOD activities of soybean seedlings inoculated with endophyte 131 for 28 days. 

When the cultivation time of soybean seedlings was 28 days, the overall SOD activity in the salt 

stress group showed an upward trend (Figure 5). After inoculation with 1:1 bacterial suspension, the 

highest activity (0.41 U·g-1FW) was observed at a salt concentration of 300 mmol·L-1, which was lower 

than the salt stress group. This indicates that inoculation with 1:1 bacterial suspension under salt 

stress did not have a repair effect. After inoculation with a 1:2 bacterial suspension, the activity was 

highest at a salt concentration of 100 mmol·L-1, at 0.58 U·g-1FW. Except for salt concentrations of 50 

and 100 mmol·L-1, SOD activity was lower in all other salt concentrations than in the salt stress group. 

After inoculation with 2:1 bacterial suspension, with the increase of salt concentration, the SOD 

activity was significantly lower than that of the salt stress group. From this, it can be seen that soybean 

seedlings grow for 28 days and are inoculated with 137 endophytic bacteria in a 1:2 bacterial 

suspension. When the salt concentration is 50 and 100 mmol·L-1, the repair effect is better than that of 

the salt stress group. 
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Figure 5. SOD activities of soybean seedlings inoculated with endophyte 123 for 28 days. 

2.3. CAT Activity Analysis 

2.3.1. CAT Activity Analysis at 14 d 

From Figure 6, it can be seen that under salt stress, when soybean seedlings grew for 14 days 

and were inoculated with 1:1 bacterial suspension, the CAT activity was the highest at a salt 

concentration of 50 mmol·L-1, at 1230 U·g-1·min-1, and lowest at a salt concentration of 200 mmol·L-1, 

at 870 U·g-1·min-1, indicating that the best repair effect was achieved at 50 mmol·L-1. After inoculation 

with a 1:2 bacterial suspension, the highest CAT activity was 1180 U·g−1·min−1 at a salt concentration 

of 50 mmol·L-1. As the salt concentration gradient increased, CAT activity decreased. At a salt 

concentration of 250 mmol·L-1, the lowest activity was 850 U·g−1·min−1, indicating that the 1:2 bacterial 

suspension had a relatively small repair effect on soybean seedlings. After inoculation with 2:1 

bacterial suspension, the CAT activity showed a continuous increasing trend with the increase of salt 

concentration gradient. The activity reached its highest at a salt concentration of 300 mmol ·L-1, 

reaching 1380 U·g −1·min−1. The CAT activity was the lowest at 100 mmol·L-1, reaching 1030 U·g−1·min−1. 

At salt concentrations of 250 and 300 mmol·L-1, the activity was higher than the salt treatment group, 

while at other concentrations, it was lower than the salt treatment group. From this, it can be seen 

that when soybean seedlings grow for 14 days, the inoculation of endophytic bacteria 131 suspension 

in a 2:1 ratio has the strongest repair ability for soybean seedlings when the salt concentration is 

greater than 300 mmol·L-1, effectively alleviating the persecution of soybean seedlings and improving 

their salt tolerance. 

 

Figure 6. CAT activities of soybean seedlings inoculated with endophyte 131 for 14 days. 

As shown in Figure 7, when soybean seedlings grew for 14 days under salt stress, the salt stress 

group had the highest activity at a salt concentration of 50 mmol·L-1, which was 1650 U·g−1·min−1. CAT 

activity was higher than the control group at salt concentrations of 50 and 100 mmol·L-1, indicating 

that the antioxidant capacity of soybean seedlings under salt stress was limited by the high or low 

salt concentration. After inoculation with a 1:1 suspension of endophytic bacteria in a ratio of 123, the 

CAT activity showed an "increase decrease" trend with the increase of salt concentration. At a salt 

concentration of 50 mmol·L-1, the activity was the highest, at 1530 U·g−1·min−1, and was lower than 

that of the salt stress group, indicating that the 1:1 suspension had a smaller repair effect. After 

inoculation with a 1:2 bacterial suspension, the CAT activity showed an "increase decrease" trend, 

with the highest activity at 100 mmol·L-1, at 1840 U·g − 1·min −1. The activity was higher than that of the 

salt stress group at salt concentrations of 50, 100, 150, and 200 mmol·L-1, indicating that a 1:2 bacterial 

suspension has a good repair effect. After inoculation with 2:1 bacterial suspension, the activity was 

highest at a salt concentration of 100 mmol·L-1, at 1580 U·g-1·min-1, and lowest at a salt concentration 

of 250 mmol·L-1, at 1230 U·g-1 ·min-1. Except for the enzyme activity at 150 mmol·L-1, which was higher 
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than the salt stress group, CAT activity was lower at each other salt concentration than the salt stress 

group, indicating that the repair ability of 2:1 bacterial suspension was different at each salt 

concentration, And the repair ability is best only when the salt concentration is 100 mmol·L-1. It can 

be seen that when soybean seedlings grow for 14 days, inoculating endophytic bacteria 123 and 

inoculating 1:2 bacterial suspension at 100 mmol·L-1 has the most significant repair effect (P<0.05), 

which can effectively alleviate salt stress and improve the salt tolerance of soybean seedlings. 

 

Figure 7. CAT activities of soybean seedlings inoculated with endophyte 123 for 14 days. 

2.3.2. CAT Activity Analysis at 28 Days 

It can be seen from Figure 8 that when the soybean seedlings grow to 28 days, the CAT enzyme 

activity is the highest when the salt concentration is 300 mmol·L-1, which is 1950 u·g−1·min −1. The cat 

activity of the salt stress group is higher than that of the control group, indicating that the soybean 

seedlings have strong antioxidant ability under natural conditions. After inoculation with 1:1 

endophytic bacteria suspension, the activity was the highest at 50 mmol·L-1 salt concentration, which 

was 1910 u·g−1·min−1, and the cat activity was the lowest at 250 mmol·L-1 salt concentration, which 

was 1280 u·g−1·min−1, indicating that 1:1 endophytic bacteria could increase the enzyme activity of 

soybean seedlings at 50 and 100 mmol·L-1 salt concentration. After inoculation with 1:2 endophytic 

bacteria suspension, cat enzyme activity increased first and then decreased, and the highest activity 

was 1590 u·g−1 ·min−1 when the salt concentration was 200 mmol·L-1, indicating that the repair effect 

of 1:2 endophytic bacteria suspension was limited when the salt concentration was increasing. The 

highest activity (1740 u·g−1·min−1) was observed when the concentration of salt was 300 mmol·L-1 after 

inoculation of 2:1 bacterial suspension, but the enzyme activities were lower than those in the salt 

stress group, indicating that the repair ability of 2:1 bacterial suspension was weak. In conclusion, 

when the soybean seedlings grew for 28 days, the effect of 1:1 endophyte inoculation was the best 

when the salt concentration was 50 mmol·L-1, which could effectively alleviate the damage of salt 

stress on soybean seedlings. 
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Figure 8. CAT activities of soybean seedlings inoculated with endophyte 131for 28 days. 

From Figure 9, it can be seen that when soybean seedlings grow to 28 days, the CAT activity is 

highest at a salt concentration of 300 mmol·L-1, which is 1270 U·g-1·min-1. At a salt concentration of 50 

mmol·L-1, the CAT activity is lowest, which is 970 U·g-1·min-1. This indicates that the antioxidant 

capacity of soybean seedlings under salt stress is limited by salt concentration. After inoculation with 

1:1 bacterial suspension, CAT activity showed a "decrease increase" trend with increasing salt 

concentration. The activity was highest at a salt concentration of 50 mmol·L-1, at 1410 U·g-1·min-1, and 

lowest at a salt concentration of 200 mmol·L-1, at 1220 U·g-1 ·min-1, indicating that the remediation 

effect of 1:1 bacterial suspension was weak. After inoculation with a 1:2 bacterial suspension, the 

overall CAT activity showed a decreasing trend. The enzyme activity was highest at a salt 

concentration of 50 mmol·L-1, at 1240 U·g−1·min−1. At 50 and 100 mmol·L-1, the CAT activity was higher 

than that of the control group and salt stress group, indicating that a 1:2 bacterial suspension has 

limited repair ability for soybean seedlings. After inoculation with 2:1 bacterial suspension, the 

enzyme activity was highest at a salt concentration of 50 mmol·L-1, reaching 970 U·g −1·min−1, and 

lowest at a salt concentration of 300 mmol·L-1, reaching 770 U·g−1·min−1. This indicates that inoculation 

with 2:1 bacterial suspension has no effect on soybean seedling repair. From this, it can be seen that 

when soybean seedlings grow to 28 days, inoculation with endophytic bacteria 123 can effectively 

alleviate the antioxidant capacity of natural soybean seedlings under salt stress and improve their 

salt tolerance when exposed to a 1:1 bacterial suspension. 

 

Figure 9. CAT activities of soybean seedlings inoculated with endophyte 123 for 28 days. 

  

b a c b c cb b a a

a aa

a

bc c
d d

c c
a

a
c cdbc

a c b
b

b

0.00

0.50

1.00

1.50

2.00

2.50

50 100 150 200 250 300

C
A

T
ac

ti
v
it

y

(1
0

3
·U

·g
-1

F
W

·m
in

-1
)

Salt concentration (mmol·L-1)

CK NaCl NaCl+1:1 NaCl+1:2 NaCl+2:1

b a ab a b c

c b
ab a

b
b

a

a a a

a a
b

a

b b c dc
c c c

d e

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

50 100 150 200 250 300

C
A

T
 a

ct
iv

it
y

(1
0

3
·U

·g
-1

F
W

·m
in

-1
)

Salt concentration (mmol·L-1)

CK NaCl NaCl+1:1 NaCl+1:2 NaCl+2:1

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 January 2025 doi:10.20944/preprints202310.1687.v2

https://doi.org/10.20944/preprints202310.1687.v2


 9 of 14 

 

3. Discussion 

3.1. Effect of Endophytic Bacteria on SOD Activity of Soybean Seedlings Under Salt Stress 

SOD is the main enzyme related to the homeostasis of reactive oxygen species in the aging 

process of organisms[16], which has the function of clearing reactive oxygen species formed during 

metabolic processes[17,18]. When the accumulation of reactive oxygen species in plants exceeds a 

certain amount, it will disrupt the redox balance of cells. Plants improve the damage of reactive 

oxygen species through different antioxidant mechanisms, maintaining a basically non-toxic level of 

reactive oxygen species [19,20]. When plants are subjected to stress, exogenous substances are applied 

to regulate the activity of antioxidant enzymes to a certain extent, enhancing the plant's stress 

resistance. The research results of Waqas[21] indicate that under salt stress, with the increase of salt 

concentration and the extension of cultivation time, SOD activity shows a trend of first increasing 

and then decreasing. It may be that when the salt concentration is low, the accumulation of reactive 

oxygen species in soybean seedlings is low[22], and the amount of SOD that clears reactive oxygen 

species is relatively low, causing a temporary increase in SOD activity. As the salt concentration 

increases, the accumulation of reactive oxygen species increases, and SOD increases to eliminate 

excess reactive oxygen species in the body to reduce the damage of salt stress on soybean seedlings 

[23], which is beneficial for the growth of soybean seedlings under salt stress. Under salt stress, the 

SOD activity in soybean seedlings significantly increased after inoculation with endophytic bacteria. 

Among them, at 28 days, the SOD activity in the suspension treatment group of strain 123 was higher 

than that in the salt stress group and CK group at different concentrations of salt. This indicates that 

endophytic bacterium 123 has a significant (P<0.05) repair effect on soybean seedlings under salt 

stress. Han Kun[24] have shown that endophytic bacteria with ACC deaminase activity promote 

plant nutritional growth and improve salt tolerance. Zhang[25] believe that different concentrations 

of salicylic acid (SA) induced (inoculated) have a significant impact on SOD activity in double petal 

rose leaves. The above research results strongly support the results of this experiment. Khan[26] 

found that inoculating endophytic bacteria LK5 can greatly improve SOD activity in the body under 

the same stress conditions. Li et al.[27] believe that after inoculation, the SOD activity of highly 

resistant varieties is rapidly activated and increased. With the prolongation of stress time, the 

accumulation of reactive oxygen species intensifies the damage to the protective enzyme system, and 

SOD activity begins to decrease, thereby improving plant salt tolerance. The experimental results 

showed that after inoculation with strain 123, soybean seedlings showed significant repair ability 

under salt stress, while strain 131 had limited repair ability. The research results are basically 

consistent with those of Khan and Li, but the impact of different environmental conditions on the 

quality and yield of salt stressed soybean seedlings under strain 131 and 123 still needs further 

experimental verification in the field. 

3.2. Effect of Endophytic Bacteria on CAT Activity of Soybean Seedlings Under Salt Stress 

CAT is an antioxidant enzyme in plants that plays an important role in the process of plant stress 

resistance [28,29]. When plants encounter harsh environments such as drought and salinity during 

their growth and development, a complex set of coping mechanisms is formed within the plant body 

[30]. The results showed that the overall CAT activity in soybean seedlings showed a decreasing trend 

under salt stress. Zhao[8] enhanced CAT activity in plants by inoculating endophytic bacteria 252 

and 254, thereby demonstrating a repair effect. Yang et al. [31] showed that after inoculation with 

bacterial agents, they enter the interior of the plant, and the antioxidant capacity of the plant, 

represented by CAT activity and total phenol content, increases. These research results provide 

strong support for this experiment. Saravanakumar[32] found that endophytic bacteria in plants can 

increase the vitality index, fresh and dry weight of soybean seedlings, induce the production of water 

stress related proteins, enhance the activity of antioxidant enzymes such as CAT, and enhance their 

drought resistance. In this experiment, the CAT activity in soybean seedlings showed an overall 

upward trend after inoculation with endophytic bacteria under salt stress. At 28 days of soybean 
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seedling growth, inoculation with 1:1 endophytic bacteria at a salt concentration of 50 mmol·L-1 had 

the best repair effect, which can effectively alleviate the damage of salt stress to soybean seedlings. 

The experimental results are basically consistent with the conclusions of Zhao, Yang and 

Saravanakumar. However, this experiment only studied the effect of endophytic bacteria on 

antioxidant enzymes in soybean seedlings under salt stress, and further research is needed on the 

molecular mechanism and other physicochemical indicators of salt tolerance in soybean seedlings. 

3.3. Discussion on Salt Tolerance of Endophytic Bacteria Species 

The 16S rDNA sequencing results and phylogenetic analysis showed that the most similar strain 

of strain 123 was Bacillus cereus, and the most similar strain of strain 131 was Enterobacter ludwigii. Up 

to now, there have been reports both domestically and internationally that inoculation with 

Enterobacter Ludwigii and Bacillus cereus enhances the biological activity of host plants, mainly 

focusing on cucumber, corn, tomato, and wheat, but there are very few reports on soybean as the 

host. Using soybeans as experimental materials, the effects of inoculation with Enterobacter Ludwig 

and Bacillus cereus on SOD and CAT activities in soybean seedlings under salt stress were studied, 

expanding the research field of inoculation with endophytic bacteria to repair host plants under salt 

stress. After inoculation with endophytic bacteria under salt stress, the overall CAT activity in 

soybean seedlings showed an upward trend. At 28 days of soybean seedling growth, inoculation with 

1:1 endophytic bacteria at a salt concentration of 50 mmol·L-1 had the best repair effect (P<0.05), which 

can effectively alleviate the damage of salt stress to soybean seedlings. Patricio[33]showed that 

inoculation of Enterobacter, Serratia, Achromobacter and Pseudomonas could significantly improve the 

emergence, growth, biomass and CAT activity of wheat seedlings under salt stress. Rajnish[34] 

believed that strain SBP-6 (Enterobacter sp.) with ACC deaminase activity significantly improved the 

growth traits of wheat under salt stress, including plant height, root length, aboveground and 

underground biomass, and CAT activity. These research results provide strong support for the 

results of this experiment, but the assistance of strains in improving salt resistance of host plants and 

promoting plant growth and development is still affected by environmental conditions, and further 

verification is still needed through field experiments. Upadhyay[35] showed that Bacillus could 

improve the dry weight of wheat root, the number of sprouts and the activity of SOD in the plant 

under salt stress to enhance its drought resistance. Lan[36] showed that after diluted 600 times with 

clean water, Bacillus mycoides could effectively reduce the cracking rate of pomelo, increase the 

average single fruit weight of pomelo, and improve the tolerance of pomelo to Alkali soil. Wang[37] 

showed that under salt stress, inoculation of YM6 (Bacillus amyloliquefaciens) strain increased the 

activities of SOD, POD and CAT in maize plants, which was more conducive to eliminating free 

radicals in maize plants, reducing the accumulation of oxides, and alleviating salt stress damage. 

Soybean seedlings grew for 28 days and were inoculated with 123 endophytic bacteria in a 1:2 

bacterial suspension. When the salt concentration was 50 and 100 mmol·L-1, the repair effect was 

better than that of the salt stress group, indicating that endophytic bacteria 123 had a significant 

(P<0.05) repair effect on soybean seedlings under salt stress. The experimental results are basically 

consistent with the conclusions of Upadhyay, Lan, and Wang. However, this experiment only studied 

the effect of endophytic bacteria on antioxidant enzymes in soybean seedlings under salt stress, and 

further research is needed on the molecular mechanism and other physicochemical indicators of salt 

tolerance in soybean seedlings. 

4. Materials and Methods 

4.1. Test Materials and Culture 

Soybean variety: Xudou 20 (National audit number 2014012), was developed by Xuzhou 

Institute of Agricultural Sciences of Jiangsu province, it belongs to common summer soybean 

varieties and planted in central and old Yellow River basin in eastern Henan Province, southern 

Shandong Province, north of Huaihe River in Jiangsu Province and north of Huaihe River in Anhui 
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Province. This variety was conformed to the national soybean variety certification standard, 

purchased from Seed Co., Ltd.in Shangqiu Suiyang District.  

Endophytic bacteria 131 and 123 were isolated from soybean root nodules planted in eastern 

Henan Province of China by the research group, and the strains were stored at 4℃ for a short period 

in a slanted test tube. Beef-protein medium[38] (g/L): 3 g of beef extract, 10 g of tryptone, 5 g of NaCl, 

1000 mL of water, pH 7.0-7.2. LB Culture[39] (g/L): yeast extract 4g, tryptone 10g, NaCl 10g, water 

1000mL, pH 7.0-7.2. 

4.2. Sequencing and Phylogenetic Analysis  

The total genomic DNA was extracted from the culture of nodule isolates by using the previous 

method[40]. The 16S rRNA gene was amplified from the genomic DNA by PCR with the universal 

forward primer P1 (5-CGGGAT CCA GAG TTT GAT CCT GGC TCA GAA CGA ACG CT-3) and 

reverse primer P6 (5-CGGGAT CCT ACGGCT ACC TTG TTA CGA CTT CACCCC-3), respectively, 

which corresponded to the positions of 8-37 bp and 1479-1506 bp in Escherichia coli 16S rRNA 

gene[40]. An aliquot of PCR product of isolates was directly sequenced by Sangon Biotech (Shanghai) 

Co., Ltd. using the same primers mentioned above. Acquired and related sequences were matched 

with ClustalX1.81 software, imported into Bioedit 4.8.4, and manually corrected. A phylogenetic tree 

was constructed using the Jukes-Cantor model and the neighbor joining method in TREECON 

package (version 1.3b). The similarity of each tested strain was computed by using the DNAMAN 

application (version 6.0.3.40, Lynnon Corporation). The acquired 16S rRNA gene sequences were 

submitted to NCBI GenBank (http://www.ncbi.nlm.nih.gov/). The GenBank accession numbers of the 

sequences obtained in this study are KR822280 and KR822263.  

4.3. Activation of Endophytic Bacteria and Preparation of Bacterial Suspension 

Endophytic bacteria were activated twice on beef extract peptone medium, inoculated into LB 

liquid medium, and placed in a constant temperature oscillating culture shaker at a speed of 135 

r/min at 30℃for 3-4 days. Bacterial suspension was prepared by follow the procedure below. Pour 

LB liquid culture medium was injected into a centrifuge tube, centrifuged at a speed of 10000 r/min 

for 10 minutes, collected sediment, and used a spectrophotometer to adjust the OD≈1 of the mother 

solution at a wavelength of 600 nm (× 106 CFU/mL), dilute the bacterial suspension with sterile water 

in proportion to 1:2, 1:1, and 2:1. 

4.4. Pretreatment and Experimental Treatment of Soybean Seedling Seeds 

Select soybean seeds with no crack in seed coat, no mildew, and full seeds, and sub package 

them in Petri dish. Each dish contains 45 soybean seeds. Wash them with sterile water for 3-4 times. 

Pipette absorbs 30 mL of sterile water and places them in Petri dish. Incubate them in a constant 

temperature incubator for 2 hours. Pour out sterile water from Petri dish. Add sterile water and 

bacterial suspension respectively in CK group and treatment group, and soak them for 1 hour. When 

soybean sprouts are exposed, they are sown in a pot filled with sterile vermiculite (caliber Φ = 21 cm, 

14.9 cm high container), 40 capsules per pot are placed in an artificial intelligence climate incubator 

under conditions of 25℃ for 10 hours during the day and 20℃ for 14 hours at night. 

The experiment was set up with 1 blank control group and 6 salt treatment groups, with 3 

replicates for each treatment group. The salt treatment concentrations were 50, 100, 150, 200, 250, and 

300 mmol·L-1, respectively. Inoculation and stress treatment: On the first day, 30 mL of sterile water 

was poured into the CK group, bacterial suspension group, and salt stress group; On the second day, 

30 mL of sterile water was poured into the CK group, while 30 mL of NaCl solution was poured into 

the bacterial suspension group and salt stress group; On the third day, 30 mL of sterile water was 

poured into the CK group and salt stress group, while 30 mL of bacterial suspension was poured into 

the bacterial suspension group. This lasted for 3 days for a cycle. 
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4.5. SOD Activity Detection 

The SOD activity was measured by NBT photoreduction method[18]. On the 14th and 28th day 

of growth, 8 soybean seedlings were randomly selected, and 2g of stems were weighed and added to 

the SOD reaction solution. They were ground to a homogenate and placed in a centrifuge tube. 150 

mL SOD reaction solution was prepared with 0.05 mol·L-1 mixed phosphoric acid buffer solution at 

pH7.8 as the base solution, containing 5 mL Riboflavin solution, 135 mL Methionine solution, 5 mL 

EDTA solution, and 5 mL nitrotetrazolium chloride (NBT) solution. The SOD activity was measured 

at a wavelength of 560 nm. The formula is SOD activity (U·g-1FW)=[(ACK-AE) × V] /(1/2 × ACK × W 

× Vt), the total activity of SOD is expressed in enzyme units per gram of fresh sample mass (U/g), 

ACK is the absorbance of the illumination control tube, AE is the absorbance of the sample degree, V 

is the total volume of the sample solution, Vt is the amount of sample used for measurement, and W 

is the fresh mass of the leaves. 

4.6. CAT Activity Detection 

CAT activity was detected by UV absorption method[41]. On the 14th and 28th day of growth, 

8 soybean seedlings were randomly selected and 1.5 mL of 0.05 mol·L-1 mixed phosphate buffer with 

a pH value of 7.8 was added to the leaves. The mixture was ground to a homogenous state, placed in 

a centrifuge tube, and centrifuged at 12000 r/min for 20 minutes. The supernatant was used as the 

sample extract. Measure the OD value at a wavelength of 240 nm to calculate CAT activity, and 

replace it with distilled water. The formula is CAT activity(U·g−1·min−1)= 

(U·g−1·min−1)=(ΔA240×Vt)/(W×VS×0.1×t) , ΔA240 represents the change in absorbance during the reaction 

time, W represents the fresh weight of the leaves, t represents the reaction time, and Vt represents the 

total volume of the extracted enzyme solution. 

4.7. Data Processing 

Use Excel 2010 to make a Line chart, use SPSS 22.0 to carry out one-way ANOVA, Duncan's new 

multiple range method to carry out difference test analysis and least significant difference (LSD) 

analysis, draw a histogram after data processing, and set the significance level to α= 0.05. Measure 

the SOD and CAT activities of endophytic bacteria 123 and 131 in soybean seedlings under different 

salt concentrations of stress. 

5. Conclusions  

In summary, inoculation of soybean seedlings with endophytic bacteria 131 and 123 under salt 

stress resulted in varying degrees of changes in SOD and CAT activities, effectively repairing the 

damage caused by salt stress environment to plants and improving their stress resistance. As the salt 

concentration increases and the growth cycle prolongs, the antioxidant enzymes in soybean seedlings 

show an upward trend, and the repair effects of inoculating endophytic bacteria 131 and 123 at each 

salt concentration are different. Overall, the repair effect of strain 131 is better than that of strain 123. 
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