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Identification and comprehensive evaluation of salt tolerance in non-
heading Chinese cabbage at germination stage
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Abstract: It is of great significance to strengthen the identification of salt tolerance of crop germplasm resources and
the cultivation of new salt-tolerant varieties for the utilization of salinized soil and agricultural development. In order to identify
the salt tolerance of non-heading Chinese cabbage germplasm resources during germination stage, based on the screening of
suitable salt concentration for salt tolerance of non-heading Chinese cabbage germplasm during germination stage, 48 non-
heading Chinese cabbage germplasms cultivated or collected by Jiangsu Taihu Lake Region Institute of Agricultural Sciences
were subjected to distilled water control (CK) and stress treatment with suitable salt concentration, and the relative growth

index (the ratio of growth index under salt stress treatment

W B 19 :2025-07-09 to that of CK) under salt stress during germination stage
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salt concentration for salt tolerance identification of non-heading Chinese cabbage germplasm at germination stage was 200
mmol/L. Under this concentration of salt stress, the germination potential, germination rate, germination index, vigor index,
shoot length, root length, root fresh weight and root-shoot ratio of non-heading Chinese cabbage were significantly lower than
those of CK. There were significant or extremely significant correlations between multiple pairs of relative growth indexes ( salt
tolerance coefficient). Principal component analysis showed that ten relative growth indexes (relative germination potential ,
relative germination rate, relative germination index, relative vigor index, relative shoot length, relative root length, relative
shoot fresh weight, relative root fresh weight, relative root-shoot ratio, relative salt damage rate) could be reduced to three
principal components, and the cumulative variance contribution rate reached 85.72%. According to the comprehensive index
D value of salt tolerance, 48 germplasms could be clustered into five salt tolerance grades, including two high salt tolerant
germplasms, 21 medium salt tolerant germplasms, 12 low salt tolerant germplasms, nine salt sensitive germplasms and four
high salt sensitive germplasms. Stepwise regression analysis showed that relative root length, relative root fresh weight, rela-

tive root-shoot ratio, relative vigor index, relative salt damage rate and relative shoot length were the key factors for salt toler-

ance identification of non-heading Chinese cabbage at germination stage.
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Fig.1 Germination rate of six kinds of non-heading Chinese

cabbage germplasms under different salt concentration

treatments
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Table 2  Statistical analysis of phenotypic traits of 48 non-heading

Chinese cabbage germplasms infiltrated with distilled water

b CESTI YN T e
KER(%)  100.00  77.78 96.23 4.95 5.14
REHR(%)  100.00  86.67 97.04 3.91 4.03
V& Rig 30.00  12.31 25.49 4.87 19.11
24K (mm) 16.02 4.10 8.35 2.96 35.45
K (mm) 74.01 22.16 45.47 12.86 28.28

ZFfE T (mg) 25.26 6.17 14.87 5.63 37.86

HREEH (mg) 10.85 2.23 6.67 1.85 27.74
Hidoet L 0.54 0.17 0.29 0.09 31.03
ILPIEES 1.04 0.16 0.56 0.22 39.29

&3 HEMET 48 BARLKAFMRMREEREIT A
Table 3 Statistical analysis of phenotypic traits of 48 non-heading

Chinese cabbage germplasms under salt stress

b BRI ROME i ek || AN
REH(%)  100.00  5.56 75.09 27.46 36.57
BEHER(%)  100.00 6.67 78.36 25.83 32.96
R 23.62 0.75 12.48 5.87 47.04
K (mm) 786  2.03 4.96 1.18 23.79
A (mm) 39.60  2.24 19.20 8.94 46.56
FHEE (mg) 35.99 5.99 18.75 7.59 40.48
HELE (mg) 5.57 0.43 2.90 1.11 38.28
e L 0.15 0.05 0.10 0.03 30.00
SCWAE R 0.93 0.01 0.31 0.23 72.19
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Table 4 Statistical analysis of relative growth index of 48 non-head-

ing Chinese cabbage germplasms at germination stage un-

der salt stress

e ) A T A AR T b ROk Rh s b || TER
2.3 B TAREEK B3 RAX £ K IEFRE X1 I 2 234 1060 0.056 0.778  0.278 35.67
SRMHA T ANGEER ISR 10 AR £ R A HRXS % 255 1.035  0.067 0.795 0.276 32.50
AHOCHE T 0775 , 22 5P TR) A7 A0 J. 25 01 A O XA ZEES 0.800  0.025  0.480  0.195 40.56
(F5) o Mo XS K ZF R SRR A 2 XS ) MK 0995 0210 0635 0159 || 25.05
ARBCH AR B2 FR A ROV , AHOC R B3 FAXTHR G 0.886  0.061  0.441  0.204 || 46.37
IR 0..995 0. 9413 RHRT A 5 45 KOHUARXS 42 2 55 A AR 25 fif 28 2174 0555 1280 0317 || 24.73
M A2 3 22 1) 2 A0 TE AR G, O AR B AFR AR i T 0.935  0.113  0.442  0.144 32.57
0. 899.,0. 888 ; HHX ifi 1 $5 BOMIA X A 25 45 MRS % WAMEEN 0597 0128 0374 0.427 || 34.05
A Z IR RGP , AHC AR B3 0.838 i RORCAE Y 1.122  0.031 0.538  0.270 50.44
0. 818 5 FHDXTEh 8 A< 15 RN A2 38 AR B2 25 AR AEXT 0.933 -0.035 0.193  0.262 || 136.20
R TR AR 0 48 B2 1) B AR e 52 A 2
F5 HPBEGTHEPRERAZSIERN % REAHEXIEI T
Table 5 Correlation analysis of salt tolerance coefficient of non-heading Chinese cabbage at germination stage under salt stress
ok A M MR A X Xt XS HXE AT Zisha)
RS ORHF iR K SIS FEEE &R R EizE e
HHXT % 253 1.000
HHX % 24 0.995 " 1.000
HAXS S 2 5 £ 0.899 ***  0.888 " 1.000
LRSS -0.100 -0.135 -0.134 1.000
FHRTARAC 0.597 ***  0.581**  0.595™**  0.019 1.000
AR 25 ff T 0.451*  0.431™  0.440" 0471  0.180 1.000
AE X AR B 0411 0370  0342™  0364™ 0433  0.350*" 1.000
AHXPARIE L 0.098 0.077 0.219 0.010 0.574***  0.105 0.337* 1.000
iERURTIIIE T 0.838 ™ 0.818™*  0.941™*  0.013 0.538***  0.669 " 0.440***  0.229 1.000
RO EANG S -0.995 ™ ~1.000 "™ -0.888*  0.135 -0.581 "™ -0.431* -0.370" -0.077 ~0.818 ™ 1.000
U A BRI BRI DG HETE 0.01,0.001,0.000 1 7K

2.4 ARERAXMEXEKER(WERE) HEX
Dot

10 N3 RECH F L5 A4 3 o, 1 3 A4
FHUMEEE > 1. 000, 23Tk R A 85. 72% , %

R HC T A SR AR B & i k8 A ) R 3B 5 B, T
VR I ANEEER M i A T SR PN 1 2R 11
LRRTRPR(R 6) o FHSF 1(PCL) Hy AR S 2 5
FHR A 2538 HHRTER 35 A FRE X K 28 i B A 2 Aoy
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SR P38 TR ANEE K SR BT 1Y 255 W R BT 5
BLAT 2(PC2) H R 24 A X 2 fif i R AR X AR i
TR 23 51K 0. 861 ,0. 493 0. 566, 1% £ M43
F B e & M A R B W B 3
(PC3) H, AHX MR IEE Eb FNAR X6 AR 118 28 A {431 Ry
0.795 F1 0. 547 , 3% £ Mo FEERAEH & BT A K
FRIE,
25 AERAXEHLZIMEBEUHESTINREELS
#r

I AT AT 10 AN PEIR BT £ 28 8 2
H 3N ETER, T AL EAR A RS R AL
{8, HAR G H 7 22 STk R A E AL, 43901 0. 654
0.192 F10. 154, 456 5@ sREUE SALE , 715 il 45
PEGEG VRN E D(FR 7) IR 48 (3 NG5 Bk = Fp
FLGEIR AT ER LR AV
F7 48 HIMEER BT RS SIEINE., RERYE.D RS

x6 ERHOBMEESFEERRETE
Table 6 The load values, eigenvalues and contribution rates of

principal components

£zt FHS 1 E W F 3
AEX e 2 4 0.958 -0.194 -0.100
AN 2% 0.945 -0.239 -0.107
AHXF & 2F 4R 8 0.937 -0.178 -0.009
AR 2R 0.002 0.861 -0.333
AHXFAR 0.698 0.128 0.547
AEX 2 i 0.568 0.493 -0.459
AHXT AR ff 0.524 0.566 0.144
AHXT R 56 L 0.281 0.370 0.795
iEDORCIAE % ¢ 0.929 0.035 -0.121
HHX k% -0.945 0.239 0.107
FRIE(E 5.609 1.642 1.321
TR (%) 56.09 16.42 13.21
ST (%) 56.09 72.51 85.72

Table 7 Comprehensive index values, membership function values, D-values, and ranking of salt tolerance of 48 non-heading Chinese cab-

bage germplasms at germination stage

ZATEE FJm pARUE
A Dl D {HHEF
1 ¢l Cr; u(1) u(2) u(3)
SZ01 -0.592 -0.992 -0.605 0.498 0.320 0.376 0.445 41
SZ02 -2.097 —-2.450 -0.029 0.100 0 0.516 0.145 47
X01 -2.474 1.435 —-0.644 0 0.853 0.366 0.220 45
TO1 0.121 -0.193 -0.289 0.686 0.496 0.453 0.614 28
SHO1 -0.144 -0.118 0.106 0.616 0.512 0.549 0.586 32
S703 0.418 -0.354 -0.018 0.765 0.460 0.518 0.669 22
X02 -2.253 -2.171 0.350 0.058 0.061 0.608 0.144 48
T02 -0.276 0.259 -2.150 0.581 0.595 0 0.494 36
SH02 -1.963 —-1.425 -0.801 0.135 0.225 0.328 0.182 46
S704 -0.393 -1.462 -1.414 0.550 0.217 0.179 0.429 43
S705 -0.266 -0.242 -1.856 0.584 0.485 0.072 0.486 38
X03 -0.705 1.876 -1.084 0.468 0.950 0.259 0.528 35
SHO3 0.116 -0.141 -1.572 0.685 0.507 0.140 0.567 33
SZ06 0.434 -0.460 -1.185 0.769 0.437 0.235 0.623 26
SZ07 1.008 -0.365 0.561 0.921 0.458 0.659 0.792 7
A01 0.781 -0.895 0.114 0.861 0.342 0.551 0.714 15
Wwol 1.208 0.470 -2.049 0.974 0.641 0.024 0.764 11
S708 1.066 0.661 1.593 0.936 0.683 0.910 0.884 2
5709 0.362 -0.628 -0.209 0.750 0.400 0.472 0.640 24
X04 0.850 0.199 0.777 0.879 0.582 0.712 0.796 5
BO1 0.599 -0.529 0.079 0.813 0.422 0.542 0.696 21
S710 1.307 0.820 —-1.141 1.000 0.718 0.245 0.830 3
X05 -0.377 2.103 -0.875 0.555 1.000 0.310 0.602 30
TO3 1.213 1.364 0.612 0.975 0.838 0.672 0.902 1
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e R AN (] K& RBUA
[iilritiwss D i D {EHET
cl, cr, cr, w(2) w(3)
SHO4 0.914 0.937 -0.281 0.896 0.744 0.455 0.799 4
Sz11 0.593 -0.022 0.301 0.533 0.596 0.725 14
SZ12 0.632 0.034 -0.600 0.546 0.377 0.700 20
SZ13 0.989 -0.466 0.115 0.916 0.436 0.551 0.768 9
Sz14 0.188 0.651 ~1.344 0.704 0.681 0.196 0.621 27
SZ15 0.627 -0.851 1.244 0.820 0.351 0.826 0.731 13
wo2 0.861 -0.739 1.020 0.882 0.376 0.771 0.768 8
701 0.034 -0.716 0.287 0.381 0.593 0.598 31
BO2 0.476 -0.480 0.823 0.780 0.433 0.723 0.705 18
SHOS 0.699 -0.073 0.864 0.839 0.522 0.733 0.762 12
SHO6 0.449 -0.485 1.099 0.432 0.790 0.710 16
SHO7 0.690 -0.007 0.953 0.837 0.536 0.755 0.767 10
SHO8 1.143 0.101 -0.466 0.957 0.560 0.409 0.796 6
SH09 ~1.200 0.647 1.382 0.337 0.680 0.859 0.483 39
BO3 -1.897 1.400 1.962 0.846 1.000 0.416 44
BO4 ~1.738 1.826 1.149 0.939 0.802 0.431 42
SH10 0.213 -0.017 0.510 0.534 0.647 0.667 23
SH11 -0.383 1.503 -0.112 0.868 0.496 0.605 29
SHI2 -0.590 -0.356 -0.644 0.498 0.460 0.366 0.471 40
Wwo3 ~1.220 1.606 0.643 0.332 0.891 0.679 0.492 37
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Fig.2 Cluster analysis of D-values of salt tolerance of 48 non-heading Chinese cabbage germplasms at germination stage
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Table 8 Classification of salt tolerance of 48 non-heading Chinese cabbage germplasms based on the D-value
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