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Identification of Salt Tolerance and Screening of Salt Tolerant Varieties of Soybean Germplasm at Germination Stage
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Abstract  Salt stress seriously inhibits the growth and development of soybean, and it is of great significance to select salt tolerant germplasm
resources for the selection of salt tolerant varieties. In this research, nine soybean varieties were treated with NaCl at different concentrations.
The germination rate, radicle length, plant height, number of fibrous roots and other indexes of soybean were determined. The relative salt
damage index of each treatment was analyzed, salt tolerance of each soybean variety was evaluated. The experiment showed that under the
0.5% salt solution, 9 varieties were all highly salt tolerant varieties. Under 1.0% salt solution, 3 varieties were highly salt tolerant varieties.
When 1.5% salt solution was applied, the salt tolerance of Lindou 10 was the strongest and belonged to more salt tolerant varieties. Correlation
analysis showed that the relative salt damage index under different salt concentrations showed a significant negative correlation with germination

rate, which could accurately reflect the salt tolerance of soybean.
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Table 1 Salt tolerance standard for cultivated soybean

25 iR EE TR
Level Salt tolerance Salt injury index // %
1 i (HR) 0~20.0
2 Mt (R) 20.1~40.0
3 it ( MR) 40.1~60.0
4 BHUE(S) 60.1~80.0
5 U (HS) 80.1~100

132 A RIRPREOINE . BigR 7 d ) AT AR AR ARG AE o
FHECRGIN R 2y 5 A b v VRl A0 AR BE i AR K H o
A b PR AL BRI 10 BRI, A%

14 HHRAGIEMGEIT S R DPS 7.05 2pHrE A 5%

BARATE oA A 22 S B B PR ARG B 5 SR T Microsoft Excel
2003 #RAHEATVERL

2 RS

2.1 NaCl BN AXEEREMBRLFROYM hk2
B, CK AbFR % 2R IG(E ) 94.26% , i Fh B 225 115 >485.00% ~
100% ,#% 2 15.00% , FAXF i 75 15.00%, Hodfidh S, k2%
ik 100% , G S, |S, S5 S K ZFAIE98.33% , i E TS, .
S;.84.5¢6

T, Abf % 2F 2 (5 Ff (8] 28 08 R 68.33% ~ 96.67% , # 2=
28.34% KX HE ) 29.32% , Hor AR S, K2R HUOR
S, FS,, WA T AL 6 A5 Fh; FAF S, & 2EE K68.33%,
XF NaCl Ab U BURE; Rl ) 22 R B G2 L. 5 CK A
L, T, 43R % 2R3 T/ 6.11% , A5 i K 1.67% ~ 16.67%,
W2 15.00%

T, b P Fh ] AR R A 16.67% ~98.33% , 1 2% 81.66% , 4
X 83.05% , Horfrih S, & 2R A, RO Sy, W
TFHA 7 A5 SRR S, S, S Bl S, & ZERALF70.00% , %t
NaCl Zb 3 SR iRl I 22 S A i t24 . 5 CK b3
FH G, T, b & 2F 5611 R [ 24.26% , 75 i O 1.67% ~
68.33% , 1l %= 66.66%

T, AL & 28 2 5 P (8] 28 05 S 15.00% ~ 71.67% , # 2%
56.67% AT 79.07% . b ibfh S, BEFREm, W& &
FHA 8 A A A S, (S;.8, .S HT'S, K ZRALT40.00%,
X} NaCl Zb#E AR fhFh Rl 2 R BEA Si=E L. 5 CK ik
FRAHEE T, b2 & 28 FF- 35 T [ 56.11% , 7% i 4 23.33% ~
83.33% , H4 2% 60.00% .

&2 NaCl B3 K E L FERHM

Table 2 Effects of NaCl stress on the germination rate of soybean varieties

Ly E=) R 23 Germination rate // % AR FEFEEL Relative salt injury index // %
Variety code CK T, T, T, T, T, T,

S, 98.33 ab 95.00 a 71.67 cd 31.67 bed 351b 26.93 be 67.89 abc
S, 90.00 ¢ 85.00 ab 60.00 d 40.00 be 5.56 b 3333 b 55.56 bed
S 85.00 d 68.33 ¢ 16.67 e 23.33 cd 19.61 a 80.39 a 72.55 ab
S, 98.33 ab 96.67 a 75.00 be 35.00 be 1.75b 23.42 be 64.47 be
Ss 98.33 ab 93.33 a 86.67 ab 46.67 b 5.09 b 11.75 ed 52.81 cd
Se 98.33 ab 91.67 a 65.00 cd 15.00 d 6.75 ab 33.68 b 84.65 a
S, 100 a 95.00 a 98.33 a 31.67 bed 5.00b 1.67 d 68.33 abc
Sg 95.00 b 90.00 ab 93.33 a 71.67 a 5.26 b 1.75d 24.56 e
Sy 85.00 d 78.33 ba 63.33 cd 48.33 b 7.74 ab 25.30 be 43.57d
-1 Average 94.26 88.15 70.00 38.15 6.70 26.47 59.38
X4 [a] F Inter group F 1.00 1.34 2.02 0.42 1.43 2.12 0.46

X 4[] P Inter group P 0.39 0.29 0.17 0.67 0.27 0.15 0.64
Ab3H[E] F Between treatment F 16.75 5.04 25.98 6.97 1.36 17.79 8.42

Qb FH[E] P Between treatment P 0 0 0 0 0.28 0 0

T : RSN TR TE 0.05 K285 8.3

Note ; Different lowercases in the same column indicated significant differences at 0.05 level

2.2 NaCl B AEERMMERKSHRE AL 3 AT
PIE i, CK 45 1 F & B B Bk &5 6.70 ~ 9.63 em, # 2%
2.93 em, MRIHR ) 30.43%; T, AbPEAAET , & AP AR K257
FH0H, &P EIRR S AR E A 3.20~5.38 em, 1 2% 2.18 em, A%
P55 40.50% ; T, REFREAF TN, 25 Rl A A2 M, & i)
BREH 3.92~1.73 em 2% 2.19 em, HIXHE & 55.87%; T, Ab

PRAAT , 45 S AP A I 32 B, b ) Ak =5 2R iR 20.80 ~
2.93 cm, Mg 2% 2.13 em, FHXNHRE 72.73%

T, T, . Ty &35 CK H#, %k & 43 0 F X BEAIG 3,06,
5.21 5.98 cm, ASME 4> 54 1.32~5.30 cm \3.94~7.27 cm 4.73 ~
7.63 em W25 0K 57.74% [71.66% 78.37%
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Table 3 Effect of NaCl stress on plant height of soybean

Y k7 Plant height // cm AR FEFEEL Relative salt injury index // %
Serial number CK T, T, T, T, T, T,
S, 7.83 b 4.07 ¢ 1.90 cd 1.37 be 48.09 75.74 82.55
S, 7.30 b 4.03 ¢ 1.73 d 1.13 ¢ 44.75 76.26 84.47
S 7.07 b 3.20d 0.80 ¢ 093 ¢ 54.72 88.68 86.79
S, 7.91 ab 5.12 ab 2.88 ab 2.12 a 35.25 63.62 73.17
Ss 723 b 4.52 be 2.77 ab 1.94 ab 37.48 61.75 73.27
Se 729 b 4.71 abce 293 a 0.88 ¢ 35.37 59.76 87.96
S, 6.70 b 538 a 2.76 ab 1.97 ab 19.73 58.87 70.65
Sg 6.99 b 5.04 ab 2.89 ab 1.84 ab 27.82 58.66 73.61
Sy 9.63 a 433 ¢ 2.37 be 2.00 ab 55.02 75.43 79.24
S Average 7.55 4.90 2.34 1.58 39.80 68.75 79.08
X 4[] F Inter group F 0.29 0.71 0.21 0.55

X 4[] P Inter group P 0.75 0.51 0.82 0.59

AbFHE] F Between treatment F 2.19 8.37 16.29 5.12

Kb [E] P Between treatment P 0.09 0 0 0

T : [WFAR NG RERIRTE 0.05 7KF-22 53 3

Note ; Different lowercases in the same column indicated significant differences at 0.05 level

2.3 NaCl BB AZERSMRERRERNIM AL
4 i LU, CK AL BG4 T SRR TR IRAR Kl 4.47 ~7.67 cm,
122 3.20 em AIXIHRE R 41.74% T, ABIAAET 4 M FlE K
Pz B4 A b b 6] R AR KR W A 3.03 ~ 5.47 em, i 22
2.43 em MR 44.51%; T, ALHIEAE T, 4% i Bl E RS2 5
SR, A A A RRAR K AL IR M 0.33~ 1.62 em , 1225 1.29 em , HIX}

PER 79.45% ;T ReMETF £ A A K 332 20, &
(IR AR K 25 05 S 0.17 ~ 1.37 cm, # 2% 1.20 cm, #H %t §2
= 87.80%

5 CK 4bBRAH EL, T, \T, | T, 4b PR FRAR 4 43 51 F 2 FEAIG
1.71 5.00.5.57 cm, ZSHE4851H 0.62~3.13 em 3.24~6.50 cm .
3.92~7.03 cm, #2243 3K 54.69% 76.94% [79.22% .
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Table 4 Effect of NaCl stress on the growth of soybean radicle

gy AR Radicle length // cm AEXTER FEFEEL Relative salt injury index // %
Serial number CK T, T, T, T, T, T,
S, 7.30 b 4.17 b 1.03 b 0.27 cde 42.92 85.84 96.35
S, 6.13 ab 4.87 ab 1.00 b 0.23 de 20.65 83.70 96.20
S, 517 ¢ 3.03 ¢ 033 ¢ 0.17 e 41.29 93.55 96.77
S, 5.85 ab 4.49 ab 1.14 ab 0.68 b 23.19 80.42 88.40
Ss 4.46 be 3.84 be 1.22 ab 0.55 bed 13.93 72.64 87.81
Se 6.12 b 427 b 1.19 ab 0.19 de 30.31 80.58 96.91
S, 6.02 ab 4.86 ab 1.62 a 0.85 b 19.37 73.06 85.79
Sg 6.36 a 547 a 1.35 ab 1.37 a 13.99 78.67 78.50
Sy 7.67 ab 4.67 ab 1.17 ab 0.63 be 39.13 84.78 91.74
S Average 6.12 441 1.12 0.55 27.20 81.47 90.94
X 4[] F Inter group F 0.46 0.41 0.02 0.26

X 4[] P Inter group P 0.64 0.67 0.98 0.77

AbFHE] F Between treatment F 2.67 3.61 4.65 9.80

AbFR[E] P Between treatment P 0.04 0.01 0 0

T : RIS NG TR TE 0.05 KF-28 57 B3

Note ; Different lowercases in the same column indicated significant differences at 0.05 level

M5 TTLLE H, CK AR (8] 200 AR 45028 1 Ky
17.00~32.44 Z% W 2= 15.44 2% FHA 4R R 47.60%; T, b B 4%
BT A s AP A A 2 52 B, gL A R TR B R R 1.67 ~
20.22 %%, M 2% 18.56 2%  MHXTH ) 91.76% ; T, AbBRAAAFE T, &
AR A A K A2 2, AR RO 0~ 1.44 45,125 1.4 %%,
FXF 4 100%

5 CK bbb, T, (T, T, Ab BT AR 55043 591 57 3 B AIG
12.67 24.11 24.41 2%, A5 4% 51 3.11 ~29.00 4 .17.00 ~
31.00 45 . 17.00 ~ 32.44 %%, #2243 5 43.68% .77.78% .
75.23%

24 KEERSRMEEMRERINSZE HE 1 0JH,T,

A9 Al BRI ER T FR RO /N T 20% , ER ) T i £
o T, AP EZ 20 HEEL S 5 |52 10 5 3 AR AR AR XS £
FHRBUINT 20% , J& T iR ah Al A 52 25 5 HETE 9 5
TL19 578 36 W EL 115 5 SRR BRI $R FH 4R X0 20% ~
40% , J& T A5 £h i o 5 TTE 2 8 S AN #h FFEHOR T 80%,
JE TR . Ty ARBT I 10 5 AT R 1k B ot , AR X
HEIRECN 20% ~40% , J& THLMER A 5 4 T2 9 5 T2 20,
52 115 3 AR R FE R HCN 40% ~60% , J& T+ EE
T ER A s 52 25 5 L 8 45 T EL 19 HRTZ 5 5 4 >l il
AR ER BN 60% ~80% , Ji TR H AU T A 55 3% 36 1Y)
AR ERFEFEHOR T 80% , J& TR AU A,



50 B R LA 2019 &£
%5 NaCl B3 K EARERKB I
Table 5 Effect of NaCl stress on growth of soybean fibrous root

e ZIKE%L Number of fibrous roots // 5% AT R FHE 4L Relative salt injury index /%
Serial number CK T, T, T, T, T,
S, 22.67 bed 7.67 b 0b 66.18 100 100
S, 23.67 be 5.00 be 0b 78.87 100 100
S 17.00 d 1.67 ¢ 0b 90.20 100 100
S, 32.44 a 18.44 a 1.44 a 43.15 95.55 100
Ss 18.78 cd 15.67 a 0b 16.57 100 100
Se 24.22 be 20.22 a 0b 16.51 100 100
S, 25.67 b 18.00 a 0.33 ab 29.87 98.70 100
Sg 26.22 ab 19.00 a 0.89 ab 27.54 96.61 100
Sy 29.00 ab 0c 0b 100 100 100
S Average 24.41 11.74 0.3 52.10 98.98 100
X 4[] F Inter group F 3.47 1.24 0.27

X 4[] P Inter group P 0.06 0.32 0.77

AbFHE] F Between treatment F 4.79 20.88 1.37

Kb [E] P Between treatment P 0 0 0.28

T (AP RN FREORTE 0.05 K225 B34

Note ; Different lowercases in the same column indicated significant differences at 0.05 level

W 0. 5% ABxF2EEF84L 0. 5% relative salt injury index
W 1. 0% ABRFEEE 84K 1. % relative salt injury index

= 100 1. 5% Aaxt i EFedk 1. 5% relative salt injury index
j 34 Average
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Fig.1 Classification of salt tolerance of soybean varieties
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TR T 2F AR R E O OG, R OE R Y ik B
—1.007 " 5T, LRBHET AAR RS & T 45 K5 IR AR S AR 2 35 B
KR ARBN-0.96" ", T, Ty AbH AR XL T F5 K5 AR
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Table 6 Correlation analysis of relative salt damage index and different physiological indexes under different concentration NaCl treatment
o P
A merac - REEEREC R B ti
Treatment code  Correlation coefficient L L Germination rate Radicle length Plant height
mjury IHdCX germmatlun

T, REHEL -0.90" "

REFH -0.90" " 1.00" "

JAR I -0.66" 0.46 0.46

KR -0.74" 0.77"" 0.77"" 0.69"

ZRREL -0.55 0.77"" 0.77"" 0.36 0.81""
T, REHL -0.99""

REFE -0.99" " 1.00°"

JAR I -0.96"" 0.95"" 0.95""

KR -0.84"" 0.85"" 0.85"" 0.87""

Vilics 18 -0.35 0.37 0.37 0.28 0.46
Ty REEL -0.99""

SRR -0.99" " 1.00" "

JAR I -0.74" 0.79"" 0.79""

i/ = -0.54 0.59 0.59 0.73"

HHREL 0 0 0 0 0

e # FORTE 0.05 KTV WIFAHIC; + + FIRTE 0.01 7KTAR 2 AH

Note; * indicated significant correlation at 0.05 level; * s indicated extremely significant correlation at 0.01 level
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