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Salt Tolerance Identification of Soybean at Germination Stage Under Different
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Abstract: In order to clarify the evaluation indicators for salt tolerance identification of soybean during germination under
different degrees of salt stress, 62 soybean varieties were used as experimental materials in this experiment. During germination
moderate salt stress (S) of 75 mmol+L™" NaCl and severe salt stress (SS) of 150 mmol+L™" NaCl were conducted. Sixteen
indicators, such as radicle length, dry and fresh weight, and germination rate, were investigated and analyzed to determine the
appropriate screening concentration for salt tolerance identification of soybean during germination and screening salt tolerant
soybean varieties. The results showed that there was a significant or extremely significant positive correlation between the salt
tolerance coefficients of each index at the germination stage, and thirteen indexes such as root length were significantly or
extremely significant negatively correlated with cotyledon dry weight, average germination time and average germination speed.
The salt tolerance coefficients of the sixteen indexes could be simplified to obtain four principal components, and the cumulative
contribution rates in S and SS were 88.243% and 80.366% , respectively. The 62 materials were divided into five categories
under two degrees of salt stress, and seven salt-tolerant varieties were screened out under S conditions, including Longken 310,
Heike 68, Longken 330, Longken 306, Longken 333, Heike 69 and Longken 3002, and one salt-tolerant variety of Heike 57
were screened under SS conditions. By establishing the regression equation for the evaluation of salt tolerance in the germination
period of soybean, six primary evaluation indexes and three secondary evaluation indexes were determined under S condition.
There were five first-level evaluation indicators and one second-level evaluation index under SS condition. S treatment could
effectively distinguish the salt tolerance of different soybean varieties, and was closer to the degree of salt damage that might be
encountered in production, which could be used as a suitable screening concentration for the identification of salt tolerance in the
germination stage of soybean.

Keywords : soybean; germination; NaCl stress; principal component analysis; salt tolerance screening
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Table 1 Indicators of soybean germination period under different degrees of stress
PEAR Trait CK S SS
JEAR K RL/mm 131.24 +48.38 a 98.37 £32.57 b 33.86+7.99 ¢
ST TFW/ g 0.83+0.16 a 0.81+0.12 b 0.58 +0.06 ¢
BT TDW/ g 0.16 £0.02 ¢ 0.17 £0.02 b 0.18 +0.03 a
JRAREETE RFW/ g 0.34+0.14 a 0.26 +0.09 b 0.10+0.02 ¢
AR T RDW/g 0.03 £0.01 a 0.02+0.01 b 0.01 +0.00 ¢
FifEHE CFW/ g 0.49 +0.09 b 0.55+0.09 a 0.48 +0.06 ¢
FH-FE CDW/g 0.13+0.03 ¢ 0.15+0.02 b 0.17 £0.03 a
AEXT 7K RWC 0.80+0.05 a 0.79£0.04 b 0.69 £0.04 ¢
MR R/S 0.21 £0.09 a 0.14 £0.06 b 0.06 +0.02 ¢
KR GR 0.92+0.12 a 0.88+0.12 b 0.84+0.16 ¢
KHH GE 0.90+0.14 a 0.85+0.14 b 0.76 £0.21 ¢
FhF8i R %L SGC 1.72+0.33 a 1.39+0.36 b 1.17 +0.48 ¢
-4 & ZERHA] MGT 4.37+0.23 ¢ 4.72+0.18 b 4,90 +0.30 a
AR A AGS 1.84+0.58 ¢ 2.570.49 b 3.01£0.74 a
REFIREL Gl 25.26 +7.39 a 17.28 £4.71 b 15.03 +5.80 ¢
LA V@ 8.45 £3.46 a 4.72+2.39 b 1.48+0.77 ¢

1. 28 Duncan ZHEKE , RFE/ING FRERIRTE P <0.05 KFERBE(n=3), TH,

Note: Duncan multiple test, different lowercase indicate significant differences at P <0.05(n =3). The same below.

RL: Radicle length; TFW :Total fresh weight; TDW :Total dry weight; RFW :Radicle fresh weight; RDW: Radicle dry weight; CFW ;Cotyledon fresh

weight; CDW ; Cotyledon dry weight; RWC . Relative water content; R/S: Root/shoot ratio; GR: Germination rate; GE:Germination energy; SGC: Seed
germination coefficient; MGT;Mean germination time; AGS: Average germination speed; GI:Germination index; VI: Vigor index; S:75 mmol -L~!; SS.
150 mmol-L~'. The same below.
F2 AEEEIPE T ETHSHR RERTH
Table 2 Changes in salt tolerance coefficients of various indexes under different degrees of salt stress
FEB Trait SETEDES SS fif#h 4K FEAR Trait S ik ZR K SS fif#h 4K
SC of S treatment SC of SS treatment SC of S treatment SC of SS treatment
JAHRE RL 0.86 £0.45 ef 0.29+0.12 1 R R/S 0.79+£0.41 ¢ 0.36 £0.20 k
S TFW 1.01 £0.23 d 0.71+0.11 ¢ RZFFE GR 0.97 +0.14 d 0.92+0.14 e
ST HE TOW 1.07 £0.10 ¢ 1.13£0.10 ¢ KR GE 0.95+0.19 d 0.84+0.19 f
& B RFW 0.89+0.44 e 0.32+0.12 1 FhF 8 R A% SGC 0.82 £0.21 fg 0.67 £0.21 h
JAARTE RDW 0.85 £0.34 efg 0.44 £0.19 j S 2R ] MGT 1.08 £0.05 be 1.12£0.05 ¢
FIifEE CFW 1.13£0.18 b 0.98 +0.11 d SRR EEE AGS 1.49+0.39 a 1.70 +0.37 a
FH-TE CDW 1.14+0.16 b 1.29£0.15 b RAFIREL Gl 0.72+0.23 h 0.59 +0.15 i
AHXF K& RWC 0.99 +0.06 d 0.86+0.04 f AR E VI 0.63+0.35 i 0.19 £0.09 m
2.2 ERHHMH AFAITHR IR AT N 4 AT ZR GRS (AT

16 NEIRIER
7N, FE S AbERH L)

ES ORIt 3 UE KN
SRR T 1 N B{EA AT 1Y 16

TTER 4 9 R 39. 139% . 28.196% | 11. 565% FiI
9.342% , BT 5Tk % 88. 243% , P IX 4 A4 I 4
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FEHOTE, P EEAN T ERE, KT
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R ZFI ) RS2 e 2 R R R, R T R 2 L
TE SS AR FEIEER T 1 89 4 > F 153 Uik

MK 39. 876% 20. 110% 11.937% F1 8. 443% ,
it oTHk % 80.366% . CI, B ARAR I | S
JRHR e T AR T | MR e L RS 48 B e, A
PSS AT, KIGARERAEAR AT VR A PR I 5 1 1) 5
BLEDR ; CL F BRI R 2 R 23 Al R 84K
R ZEFRH, IO T 6 B 5 Eh bkl T 1255 0 & 1
s CL EZHAR ST 8 - ATk T8, e
T Hb EIE AR KB I CL R T R 2R
B 2 ZE ARG PR A B 15 1O A —

®3 HEAPEENSHEFRSRITEHE

Table 3 Factor score and contribution rate of each principal component in the germination period

S ss
i H Item PR Trait
Cl, ClI, Cl, Cl, Cl, ClI, Cl, Cl,
FHEm & Eigenvector Rt RL 0.327 0.096 -0.074 0.089 0.779  -0.316 0.172 0.027
ST TFW 0.361 0.007 0.230 0.154 0.713  -0.320 0.408 0.006
M E TDW -0.181 0.106 0.576 0.043  -0.145 0.269 0.840 -0.217
JRAREETE REW 0.383 0.064 0.065 0.031 0.869 -0.377 0.162 0.025
R E RDW 0.315 0.148 0.138  -0.195 0.777  -0.426 0.192 -0.014
TS CFW 0.110 -0.065 0.595 0.145  -0.076 0.078 0.507 -0.474
FoFE CDW -0.295 0.032 0.443 0.051 -0.481 0.465 0.595 -0.215
AHX K RWC 0.365 -0.055 0.101 0.079 0.543  -0.381  -0.040 -0.258
HIELL R/S 0.333 0.140 0.001  -0.228 0.771  -0.450 0.071 0.063
KEF# GR -0.079 0.333  -0.087 0.450 0.419 0.611 0.153 0.458
K GE -0.074 0.385 -0.081 0.388 0.598 0.631 0.121 0.338
FFig RFEE SGC -0.026 0.404 -0.065 0.229 0.562 0.656 0.057 0.218
YR R MGT 0.090 -0.339 -0.065 0.491 -0.569  -0.449 0.340 0.497
PR AGS 0.100 -0.347 -0.064 0.445 -0.485  -0.382 0.386 0.581
REHHREL Gl -0.120 0.435 -0.020  -0.022 0.653 0.706  -0.149 -0.071
T I 8% VI 0.309 0.280 0.001 -0.011 0.963 0.053 0.008 -0.022
FRIEM Eigenvalue 2.502 2.124 1.360 1.223 2.526 1.794 1.382 1.162
BTk Contribution/ % 39.139  28.196 11.565 9.342 39.876 20.110 11.937 8.443
L1 Ti#k R Cumulative contribution/% 39.139  67.335  78.901 88.243 39.876 59.985 71.923 80.366
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Note: A. Hierarchical cluster analysis heat map under S condition; B. Hierarchical cluster analysis heat map under SS

condition. Abbreviations are the same as those given in table 1.

1 2 AN KRERMPBERBESTHRE

Fig. 1 Hierarchical cluster analysis heat map of 62 soybean varieties
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