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Comprehensive Evaluation of Salt Tolerance of Soybean Germplasm Resources
Based on Principal Component and Membership Function Analysis
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Abstract: In order to screen out soybean germplasm resources with strong salt tolerance for saline-alkali land development and
utilization, 287 soybean varieties (lines) were selected as the research objects, and salt tolerance at germination and seedling
stage was identified under 100 mmol-L ™" NaCl solution. Seven indices related to salt tolerance ( relative SPAD value, relative
plant height, relative root length, relative shoot fresh weight, relative root fresh weight, relative shoot dry weight and relative
root dry weight) were evaluated by principal component and membership function analysis. The results showed that 69
accessions with salinity tolerance of grade 1 and 83 accessions with salinity tolerance of grade 2 were selected according to
salinity damage index at the germination stage. In the seedling stage, principal component analysis and membership function
analysis were used to comprehensively evaluate the salt tolerance of soybean materials. The 287 accessions were divided into
five categories: 40 accessions with high salt tolerance, 104 accessions with salt tolerance, 68 accessions with moderate salt
tolerance , 72 accessions with salt sensitive, and three accessions with high salt sensitive. A mathematical model for evaluating
salt tolerance of soybean at seedling stage was established by stepwise regression analysis. Four identification indexes, relative
ground fresh weight, relative root length, relative root dry weight and relative SPAD value, were selected as evaluation indexes
for salt tolerance of soybean at seedling stage. The prediction of the model was further verified (R> = 0.976, P <0.001). By
comparing and analyzing the salt tolerance of soybean at germination and seedling stages, seven accessions with grade 1 salt
tolerance at both seedling and germination stages were screened out, including S39 ( Tongshan white pod-shell), S149 ( Qixia
green bean) , S154 (Nanjing Gaokou bean), S228 (Xu 8107), S262 (Gongdou 19), S270 (ZDD 23409) and S281 (ZDD 3726).
Keywords: soybeans; salt tolerance; principal component analysis; membership function; comprehensive evaluation; Jiangsu
province
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Table 1 Classification criteria for salt tolerance of

soybean during germination
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Level Salt injury index/% Salt tolerance type
1 0~20.0 1o BE T R
2 20.1~40.0 [NE:N
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Note: A. Salt tolerance grade ratio map of soybean during germination;
B. Germination phenotype (left) salt tolerance accession S106, (right) salt sensitivity
accession $76 (bar=2 cm).
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Fig.1 Salt tolerance grade of 287 soybeans during germination
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Table 2 Variation analysis of soybean seedling traits under salt stress
o SN R/ ME - 1E i e 22 R
PEAR Trait
Maximum Minimum Mean Standard deviation Variable coefficient/ %

X} SPAD {& Relative SPAD value 1.485 0. 065 0.723 0.226 31.2

AHXTRE R Relative plant height 0.933 0.107 0.462 0.122 26.5

FAXFHE K Relative root length 1.052 0.485 0.765 0.108 14.1

AEXT H b EFBEE T Relative ground fresh weight 0.981 0.059 0.310 0.161 51.9

FAXTHEEEE Relative fresh root weight 1.343 0.120 0.566 0.201 35.6

A% Hh 1B TH Relative ground dry weight 1.134 0.057 0.434 0.186 42.8

HXHR T Relative dry root weight 1.186 0.010 0.601 0.220 36.6
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Note: * and **

indicated significant differences at P<<0.05 and P<0.01 levels, respectively.
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Fig.2 Correlation analysis of soybean seedling traits under salt stress
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Table 3 Principal component analysis of soybean seedling traits under salt stress

i H Ttem H—FW CL W FEA CL H=FWA CL % ER S Cly
AHX} SPAD {H Relative SPAD value 0.678 -0.388 0.117 0.416
AHXTFE R Relative plant height 0.646 -0.148 0.402 -0.601
FIXFHR A Relative root length 0.384 0.701 0.556 0.221
A% b I 6 7 Relative ground fresh weight 0.871 -0.257 0.081 0.106
HXHREE T Relative fresh root weight 0.789 0.376 -0.351 -0.058
AHXT L _EF8F F Relative ground dry weight 0.848 -0.222 0.023 0.046
AN T TE Relative dry root weight 0.770 0.268 -0.473 -0.084
FEAEME Characteristic value 3.718 0.992 0.839 0.607
TTHk# Contribution/ % 53.112 14.174 11.986 8.670
ZF5iHkR Cumulative contribution/ % 53.112 67.286 79.272 87.942
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Fig.3 Results of cluster analysis on salt tolerance of 287 soybean germplasms at seedling stage
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Note: A. Comparison of grade 1 germplasm at seedling stage and germination stage; B. Comparison of germplasm at seedling
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