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Abstract: Salt stress severely inhibits the growth of plants, resulting in a decrease in crop yield. The germination period is the

most sensitive phase for plants to salt damage. Therefore, establishing an accurate and convenient salt tolerance identification and
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evaluation system, as well as screening for salt-tolerant germplasm in Brassica napus, is crucial for enhancing the salt resistance of
rapeseed varieties. In this study, the optimal concentration for salt tolerance identification during the germination period was
determined to be 1.25% based on the salt damage index of 15 Brassica napus germplasms. At this concentration, the germination vigor,
germination rate, root length, hypocotyl length, fresh weight, and dry weight of 186 Brassica napus germplasm resources were
measured, and their salt tolerance indices were calculated. Conducting comprehensive salt tolerance assessment of rapeseed
germplasm resources using analysis methods such as principal component analysis and membership functions. A salt tolerance
comprehensive evaluation model was established, and suitable evaluation indicators were selected. The results showed that under
1.25% NaCl stress, there was a highly significant positive correlation among the relative germination vigor, relative germination rate,
relative root length, relative hypocotyl length, relative fresh weight, and relative dry weight of Brassica napus. By employing principal
component analysis, these six indicators were condensed into three principal components, which collectively account for a cumulative
variance of 92.809%. Based on the weights of these three principal components, D values were calculated for various germplasms,
resulting in the classification of 186 germplasms into four levels and the identification of five salt-tolerant materials. Furthermore, a
mathematical  evaluation model for salt tolerance identification in  Brassica napus was  established as
D=0.111+0.201X,+0.165X>+0.381X5s. The salt tolerance identification criteria and salt-tolerant materials chosen in this study have
established the methodological and material groundwork for salt-tolerant rapeseed breeding.

Key words: germination stage; Brassica napus; salt tolerance; principal component analysis; cluster analysis
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Salt damage indices of germination vigor (A); germination rate (B); root length (C); hypocotyl length (D); fresh weight (E); dry weight (F). The data in the figure

represent the average values of each parameter for the 15 inbred lines under stress of various sodium chloride concentrations
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Fig.1 Salt damage indices of six parameters for the 15 inbred lines under stress of various sodium chloride concentrations
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Table 1 Variation analysis of morphological indices under salt stress

i1 Rk Rl A 5 R (%)
Index Mean SD cv
AHXI % % Relative germination potential 0.1825 0.2620 143.54
AHXTH7 & 2 Relative germination ratio 0.3659 0.3051 83.36
HIXI R4 Relative root length 0.1629 0.1776 109.03
AH%T T R4 Relative hypocotyl length 0.2528 0.1405 55.58
HHX} % 5 Relative fresh weight 0.4443 0.2621 58.99
HHX} T2 Relative dry weight 0.9947 0.3728 37.48
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Table 2 Correlation analysis of various indexes in Brassica napus under 1.25% NaCl stress

EEL0 HHS i 5 9 AR A2 AR HEXE T A AR i AT 5

Index Relative germination Relative Relative root Relative hypocotyl Relative fresh Relative dry




potential germination ratio length length weight weight

AFR A 3
1.000**
Relative germination potential
AHR A R
0.674%* 1.000**
Relative germination ratio
FXFHRK Relative root length 0.466%** 0.676%* 1.000%*
LS MNIRHEIS
0.464%* 0.737** 0.843%* 1.000**
Relative hypocotyl length
X} H Relative fresh weight 0.508%** 0.726** 0.823%* 0.900%** 1.000**
X} TH Relative dry weight 0.493%* 0.619%* 0.533%* 0.719%* 0.816%* 1.000**

*k RIRTE P<0.01 KERZHKL

** indicates a significant correlation at P < 0.01 level
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Table 3 Principal component eigenvalues and variance contribution rates of Brassica napus.

YIEHFEY Initial eigenvalue FEECT )5 FF N Extract Square sum load

T
. TiZTHR( % ) KTk %) TIETR(% ) RIFTIE(% )
Principal H5E 18 HEE 18
Variance Cumulative variance Variance Cumulative variance

components Eigen value Eigen value

Contribution rate Contribution rate Contribution rate Contribution rate
1 4.371 72.851 72.851 4.371 72.851 72.851
2 0.714 11.906 84.757 0.714 11.906 84.757
3 0.483 8.052 92.809 0.483 8.052 92.809
4 0.250 4.170 96.979
5 0.108 1.806 98.784

6 0.073 1.216 100.000
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Table 4 Principal component load matrix of salt-tolerance index of Brassica napus

T AFR A e 3 AR R % AR AR K AR TR AR E -

Fx
Principal Relative Relative Relative root Relative hypocotyl Relative fresh

Relative dry weight

components germination potential germination ratio length length weight
1 0.156 0.198 0.197 0.212 0.216 0.188
2 0.974 0.352 -0.316 -0.356 -0.300 -0.103
3 -0.055 -0.255 -0.804 -0.160 0.171 1.140
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Table 5 D value and classification of salt tolerance of 186 Brassica napus germplasm materials

YRS Dffi iM%y | MEEHR DM HitES% | MR DM HiES% | MeER DM HiMSY%
Material D Value Level Material D Value Level Material D Value Level Material D Value Level
Y203 0.8218 it &4 Y46 0.4089  fILEETH &4 Y433 0.2685  fILPETH 6 Y116 0.0936 Fh UK
Y195 0.7701 it &4 Y160 04013  fICRETH &4 Y164 0.2660  fICRETH 4 Y121 0.0936 Fh UK
Y343 0.7693 it &4 Y54 0.4007  fIGRETH &4 Y72 0.2641  fICPETH Y123 0.0936 Hh B
Y336 0.7669 it &4 Y183 0.3990  fIGRETH &4 F47 0.2569  fICPETH 6 Y124 0.0936 Hh B
Y85 0.7538 fiif £5 Y109 0.3838  fiKJEiiT #h Y89 0.2531  fIRSEi # Y125 0.0936 hEU
Y100 0.7235  hJEiif F32 0.3834  fiEERY # Y155 0.2496 hEUK Y126 0.0936 hEU
Y110 0.7022 T ER Y184 03785  fIGEEM L Y77 0.2489 R Y127 0.0936 hEU
Y84 0.6951  hJEiiif #h Y170 0.3735  fiEERT & Y410 0.2471 R Y128 0.0936 hEU
Y366 0.6772 TR Y25 03713 fIREEM 5 \& 0.2401 R Y129 0.0936 R
Y88 0.6484  HETH L Y477 0.3699  fILRETH &4 Y73 0.2325 Hh B Y132 0.0936 Hh B
Y83 0.6151  HETR £k Y64 0.3689  fILRETH &4 Y345 0.2286 Hh B Y133 0.0936 Hh B
Y167 0.6102  FEETiR £k Y130 0.3677  fILPETH &4 F18 0.2264 Hh B Y135 0.0936 Hh B
Y94 0.6059  HJEiif #h Y33 0.3594  fiEERY # Y408 0.2209 R Y136 0.0936 hEU
Y196 0.5897  HEETif £ Y391 0.3588  fIGEEM £k Y161 0.2190 R Y139 0.0936 hEU
Y91 0.5862 T EE Y103 0.3587  fIGEEM L Y47 0.2154 R Y141 0.0936 hEU
Y45 0.5811  FETiR £k Y158 0.3577  fIEETH &4 Y80 0.2116 Hh B Y145 0.0936 Hh B
Y472 0.5747  "EETER Y78 03543  fIGEEM L Y162 0.2096 R Y146 0.0936 hEU




Y43 0.5709  HEfiTER Y520 03526  fIRETiTEE F24 0.2078 hEUK Y147 0.0936 hEUK
Y364 0.5687  HEfTEL Y475 0.3508  fIC/E T £ Y166 0.2070 hEUK Y149 0.0936 hEUK
Y499 0.5528  HHEfiTER Y404 03499  fIRETiTEE Y151 0.2068 hEUK Y150 0.0936 hEUK
Y49 0.5429  HEfEL Y95 0.3478 [T £ Y27 0.2058 hEUK Y154 0.0936 hEUK
Y56 0.5423 Wi EL Y71 03393  fIR/ETTEL Y48 0.2052 hEUK Y163 0.0936 hEUK
Y359 0.5358  HEfiTER Y18 03375 fIRETTEL Y3 0.2035 hEUK Y172 0.0936 hEUK
Y58 0.5353  HEfEL Y17 03363 fIR/E T Y51 0.2020 hEUK Y182 0.0936 hEUK
Y86 0.5336  HEfiEL Y79 0.3244  fIRETTER Y420 0.1991 hEUK Y194 0.0936 hEUK
Y74 0.5292  HEfTER Y152 03233 fIRETTER Y356 0.1904 hEUK Y198 0.0936 hEUK
Y70 0.5232  HEfER Y111 03126  fiR/EfiTEh F12 0.1867 hEUK Y200 0.0936 hEUK
Y90 0.5169  HEfifEE Y23 03124  fIRJETTER F45 0.1706 hEUK Y21 0.0936 hEUK
Y92 0.5141  HEfEL Y93 03053  fIR/EfTEL Y104 0.1696 hEUK Y35 0.0936 hEUK
Y82 0.5076  HETiTEL Y96 02977  fRJETTEE Y175 0.1656 UK Y377 0.0936 UK
Y62 0.5060  HHEfTER Y529 0.2955  fIRJETTEL Y355 0.1611 hEUK Y39 0.0936 hEUK
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Fig.2 Clustering analysis of salt tolerance of 186 Brassica napus germplasm resources
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Supplementary Table 1 Average membership function values of 186 Brassica napus germplasm materials

S ¥ s ) e U E T3 s R AU T3 ) B U ¥ s R U E S ¥ s ) B U E S ¥ s ) e U E
R PR AT PR AT PR AT FER AR PR AT
Average membership Average membership Average membership Average membership Average membership Average membership
Material Material Material Material Material Material
function value function value function value function value function value function value

Y203 0.7207 Y62 0.3877 Y520 0.2550 Y87 0.1698 Y355 0.0644 Y141 0.0000
Y336 0.7186 Y372 0.3858 Y78 0.2530 Y108 0.1622 F10 0.0000 Y145 0.0000
Y195 0.6998 Y92 0.3855 Y103 0.2517 Y153 0.1604 F16 0.0000 Y146 0.0000
Y343 0.6964 Y69 0.3684 Yo4 0.2478 Y89 0.1560 F3 0.0000 Y147 0.0000
Y85 0.6449 F58 0.3669 Y33 0.2471 Y410 0.1545 F33 0.0000 Y149 0.0000
Y84 0.5872 Y425 0.3631 Y95 0.2435 F47 0.1502 F35 0.0000 Y150 0.0000
Y100 0.5726 Y387 0.3489 Y17 0.2302 Y77 0.1476 F41 0.0000 Y154 0.0000
Y110 0.5596 Y159 0.3405 Y18 0.2271 Y72 0.1470 F43 0.0000 Y163 0.0000
Y167 0.5525 Y344 0.3355 Y79 0.2225 Y5 0.1439 F44 0.0000 Y172 0.0000
Y366 0.5102 Y76 0.3310 Y71 0.2204 Y155 0.1435 F46 0.0000 Y182 0.0000
Y196 0.5079 Y140 0.3305 Y152 0.2141 Y345 0.1311 F50 0.0000 Y194 0.0000
Y88 0.5054 Y197 0.3273 Y157 0.2111 Y73 0.1270 F52 0.0000 Y198 0.0000
Y472 0.5034 Y518 0.3273 Y111 0.2066 F18 0.1258 F55 0.0000 Y200 0.0000
Y94 0.4858 Y160 0.3244 Y529 0.2058 Y161 0.1233 F56 0.0000 Y21 0.0000
Y83 0.4813 Y183 03111 Y93 0.1999 Y408 0.1203 F8 0.0000 Y35 0.0000
Y91 0.4504 Y75 0.3053 Y23 0.1988 F24 0.1181 Y106 0.0000 Y377 0.0000
Y45 0.4494 Y68 0.3006 Y440 0.1988 Y3 0.1135 Y107 0.0000 Y39 0.0000
Y364 0.4297 Y184 0.3000 Y189 0.1986 Y80 0.1131 Y116 0.0000 Y401 0.0000
Y43 0.4296 Y170 0.2974 Y525 0.1980 Y162 0.1125 Y121 0.0000 Y411 0.0000
Y56 0.4204 Y46 0.2966 Y494 0.1956 Y47 0.1118 Y123 0.0000 Y416 0.0000
Y49 0.4204 Y41 0.2889 Y421 0.1931 Y151 0.1085 Y124 0.0000 Y418 0.0000
Y86 0.4096 Y54 0.2864 Y349 0.1922 Y166 0.1081 Y125 0.0000 Y426 0.0000
Y384 0.4088 Y391 0.2808 Y96 0.1899 Y27 0.1059 Y126 0.0000 Y430 0.0000
Y359 0.4082 F32 0.2782 Y131 0.1878 Y48 0.1059 Y127 0.0000 Y473 0.0000
Y74 0.4058 Y109 0.2728 Y101 0.1852 Y51 0.1033 Y128 0.0000 Y474 0.0000
Y58 0.4030 Y158 0.2658 Y191 0.1830 Y420 0.1003 Y129 0.0000 Y491 0.0000
Y82 0.4027 Y477 0.2637 Y346 0.1826 F12 0.0903 Y132 0.0000 Y493 0.0000




Y70

Y90

Y499

Y81

0.4025

0.3994

0.3934

0.3899

Y25

Y404

Y130

Y475

0.2601

0.2583

0.2572

0.2565

F2

Y433

Y164

Y515

0.1777

0.1718

0.1703

0.1702

Y356

Y104

F45

Y175

0.0903

0.0803

0.0737

0.0706

Y133

Y135

Y136

Y139

0.0000

0.0000

0.0000

0.0000

Y66

Y97

Y98

Y99

0.0000

0.0000

0.0000

0.0000
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