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Abstract: Soil salinization has a significant impact on soybean quality and yield. Therefore, it is crucial to screen salt-tolerant
soybean resources for the comprehensive utilization of salinized land. To establish a method for identifying and evaluating salt
tolerance in soybean at the seedling stage, we conducted experiments using fresh water and 10 equal-differential gradients of NaCl
solutions ranging from 0.9% to 1.8%. These solutions were applied to vermiculite culture medium when the soybean plants
reached the stage of two emerged leaves. Results indicated that the 1.2% salinity treatment for 16 days demonstrated the highest
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interquartile range of salt-tolerant grading among various soybean germplasm resources, thus considered the optimal condition for
evaluating salt tolerance in soybean seedlings. A total of 504 soybean germplasm resources from diverse geographic regions at
home and abroad were subjected to evaluation using the soybean salt-tolerant evaluation system. Among them, 46, 146, 157, 79,
and 76 soybean germplasm resources received salt-tolerant gradings of 1, 2, 3, 4, and 5, respectively. The soybean resources with
salt-tolerant grading 1 were further analyzed using the GmSALT3 gene molecular marker. The amplification results of 40 soybean
resources (80.96%) were consistent with the GmSALT3 gene molecular marker. To analyze the change in salt stress concentration
in the culture medium during the identification of soybean seedlings, a regression equation was established between soil salt con-
tent (Y, %) and electrical conductivity (X, mS cm™'): ¥=0.278X-0.0618, with a prediction accuracy above 95%. The variation
trend of salt content in the culture medium was measured from the beginning of salt treatment until the end of the investigation,
and it was found to be maintained at approximately 13 mS ¢cm™". This study not only provides a technical system for large-scale
identification of salt-tolerant soybean seedlings but also serves as a foundation for breeding new soybean salt-tolerant germplasm
resources.

Keywords: soybean germplasm resources; salt-tolerant system at seedling stage; salt-tolerant germplasm resources at seedling
stage; soil salinity determination
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Table 1 Reference standard for salt-tolerant grading of soybean at seedling stage
Salt-tolerant grading Symptom of soybean plants
1 s , 0-20.0%
Normal growth, no symptoms of injury, and a plant senescence rate of 0-20.0%.
2 , 20.1%—-40.0%
The growth was generally normal, with a plant senescence rate of 20.1%—40.0%.
3 , 40.1%—-60.0%
The growth was close to normal, with a plant senescence rate of 40.1%—60.0%.
4 , 60.1%—-80.0%
Growth inhibition, with a plant senescence rate of 60.1%-80.0%.
5 , 80.1%—-100%
Dead or severely stunted, with a plant senescence rate of 80.1%—100%.
1.3 70°C , 20 g
[1s) , 100 mL
, , 5 min ,
70°C , )
, NaCl s 1.5
0.1%~1.5% ( ) 15 Microsoft Excel SPSS
20 g 100 mL SigmaPlot
5min 100 mL
2 HER5HH
2.1
1.4 ’
( 7.0 cmx NaCl 0.9%~1.8%
7.5 cm) ( 9.0 cmx 4.0 cm) , 2 , 6d
3 1 , 1.8%
, ; 2: ; ,
93, ; 3:
93, 20d , 1.1%
150 mL , 2 3 5
4 1 2 ; 1.2%
120mL 100 mL 80 mL  NaCl 1.2% 16 d 1.13;
, 3 120 mL 1.3%~1.7% ,
, 3 1, 1, 1.3% 17 d
21d 51 12 d
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Table 2 Interquartile difference of salt-tolerant grading among resources under different salt concentrations

NaIiLd Ist-5th 6th  7th  8th  9th  10th 1lth 12th 13th 14th 15th 16th 17th 18th 19th  20th
content (%) day day day day day day day day day day day day day day day day
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.9 0 0 0 0 0 0 0 0 0 0 0 0 0 013 0.13 0.63
1.0 0 0 0 0 0 0 0 0 0 0 0.13 050 050 063 113 1.13
1.1 0 0 0 0 0 0 0 0 050 0.50 050 1.00 1.00 1.50 1.50 1.50
1.2 0 0 0 0 0 0 0.13 050 050 100 1.00 1.3 1.00 100 100 0.63
13 0 0 0 0 0 0 0 0.50 0.50 0.I3 050 0.0 1.00 0.63 0.50 1.00
1.4 0 0 0 0 0.13 050 050 100 063 050 063 0.50 050 050 063 0.50
1.5 0 0 0 050 063 100 100 100 1.00 1.00 0.63 050 050 050 050 0
1.6 0 0 0.63 1.00 1.00 050 050 050 050 050 0.13 0 0 0 0 0
1.7 0 0 0.63 063 1.00 050 050 0 0 0 0 0 0 0 0 0
1.8 0 013 050 050 0 0 0 0 0 0 0 0 0 0 0 0
s 1.8% R 2 3 146
7 0.5 1.5%~1.8% . (28.97%) 157 (31.15%),2 3
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Fig. 1 Identification and evaluation of salt-tolerant soybean at seedling stage

A: ; B:

A: phenotypes of soybean of different salt-tolerant grades at seedling stage; B: statistics of soybean of different salt-tolerant grades at seed-
ling stage.
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Table 3 Analysis of evaluation accuracy of regression equation
Salt content of soil (%) Electric conductivity (mS cm™) Predicted value (%) Difference Evaluation accuracy (%)
0.0 0.30 0.02 0.02 97.87
0.1 0.69 0.13 0.03 97.08
0.2 0.89 0.19 —-0.01 98.59
0.3 1.42 0.33 0.03 96.76
0.4 1.79 0.44 0.04 96.45
0.5 2.13 0.53 0.03 97.08
0.6 2.42 0.61 0.01 99.02
0.7 2.77 0.71 0.01 99.31
0.8 3.23 0.84 0.04 96.33
0.9 3.49 0.91 0.01 99.24
1.0 3.84 1.01 0.01 99.43
1.1 4.20 1.11 0.01 99.42
1.2 4.52 1.20 0.00 99.56
1.3 4.86 1.29 —0.01 99.04
1.4 5.24 1.39 —-0.01 99.49
1.5 5.45 1.45 -0.05 95.30
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Fig. 2 Determination of conductivity of soil and vermiculite
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A: conductivity of supernatant and salt content of soil; B: measurement of conductivity of culture substrate.
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