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Abstract: In order to clarify the salt tolerance characteristics of soybean germplasm resources in northeast China, and to
provide excellent parents for the selection and breeding of salt-tolerant varieties of soybeans, this study took 348 soybean
germplasm resources mainly from northeast China as test materials. We cultivated them in an artificial greenhouse, and
selected them to be subjected to a low-salt stress treatment with 150 mmol+L ™" NaCl during the germination period, and then
measured the germination potential, the germination rate, the shoot length and the root length. We calculated the relative salt
damage rate and determined the salt tolerance grade and carried out the evaluation of salt tolerance based on the germination
rate. The germination potential, shoot length and root length were measured, and the relative salt damage rate was calculated
based on the germination rate, and the salt tolerance level was evaluated. 89 highly tolerant materials were then subjected to
high salt stress with 210 mmol - L ™" NaCl solution in order to screen out the materials with stable salt tolerance during the
germination period. The results showed that the measured values of all indexes under salt stress decreased significantly
compared with the control, and there was a significant or highly significant relationship between the indexes. According to the
relative salt damage rate, the salt tolerance was evaluated, 89 highly tolerant materials were screened under low salt stress,
and 33 salt-tolerant soybean materials were screened under high salt stress. The 33 soybean materials screened in this study
can provide important basic materials for breeding salt-tolerant soybean varieties and analyzing the mechanism of salt tolerance
in soybean.
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B A A P R IR BT R
NaCl #4700 4 8 ME it ER v, BRI
SRR NaCl Jolr38 (v BE 5 7 e R R A 7
150 mmol-L ™" NaCl 4b B A [R] K G 5 7 0 % 3]
e W E N K 2E SR AT S A K L & )
it b AR FR ) AR R A 210 mmol - L7
NaCl XF 941 153 K GRSk A i Ab 35, 76 W A&
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SKFH 75 1150 mmol - L' B NaCl ¥ B % 62 13k
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Table 1 Origin and classification of soybean germplasms used in this experiment
MER I B (R) Hu 5 A Bt
Material origin Breeding variety( line ) Landraces Total
PP IT. Heilongjiang 62 59 121
A Jilin 62 95 157
1L Liaoning 17 44 61
ST Inner Mongolia 0 7 7
HiAth Others 1 1 2
31 Total 142 206 348
1.2 A& ZEHE T REHUR e —30y 3 4 K 2R R AR

VEE XTI (IR FIERALTE (7574 150 mmol -1~
NaCl ¥ " #E— 0% 260 210 mmol - L' NaCl i
W) 3 RE R AR E B A 30 kK ER T,
BREHFIERA 2 J2KEIELK, HAE 9 cm ¥
BEREFEIL . XFRRZINA 15 mL 2848 K , $hab Hid
JIA 15 mL X7 v B A Eh 78 . SR J5 1 355 % Lk
T 25 C HIRAAYIEFRAM T, L2 T d EEREFE 3
KGR K2R T REGITEZER, DIRRK
ERTFESETRFRER 172 1A i, X

Koo FETFRARXS R R AR & 2R M KRR
FAXTARAC AHXS 2K, AR PR ARXEL (% ) = (FhAb
FRFEARIN A (/X FREEARINAE () x 100, ARAE R
FHRARRER A I B WIS (3R 2) .
B A AR R R (% ) =
(CK, +CK, +CK;)/3 - (T, +T, +T,)/3
(CK, +CK, +CK,) /3
K CK,  CK, . CK {03 3 X IR & 2R T, |
T, T,A0% 3 IR P 2%

x 100
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Table 2 Classification criteria of salt tolerance at germination stage in soybean

25 WA AR 46 55 ik 54

Grade Relative salt damage rate at germination stage/% Salt tolerance grade
1 0~20.0 i FE TR Highly salt tolerance
2 20.1 ~40.0 it Salt tolerance
3 40.1 ~60.0 TR Moderate salt tolerance
4 60.1~80.0 LR Salt sensitive
5 80.1 ~100 T BEER UK Highly salt sensitive

1.3 HIEHH R ERBURA BEA 39 4, AR 11, 21%

K H Excel 2019 X £ k17 % # | fdi ] SPSS
Statistics 25 ST AR 2R 7 22408 AH e M0 By Fgk
E R [ BUN 5 g

2 ER5HMH

2.1 HEHMBEEERSHHT

2.1.1 WE XA T RE X Esihar &0

348 3 AHBHE 150 mmol - L™ #h il 14 F , i 5 45
DR 1 G BE T AR 89 oy, o B A R
25.57% ;TR 55 90h 2 Gy SR pFRHA 105 17,
HPERATR 30, 17% 5 it $R 5 R 3 Gendy b it &k
WA 92 4y, A BERA B 26. 44% Tt 22 4

it £6 55 R 5 G s BE R BUBAT BT 23 1, o
e 6.61% .

2.1.2 PEHMETEBIFRAMAAMLE H
%3 AL, 7E 150 mmol - L™" NaCl A F K & By B
KA K38 32 BN [R) B2 BE (R A ], 4 AN T £ 8 Br g
X R PR R, NaCl Ba T, 25K 2 30 5
FEE L HIEN 2. 12 em, B BRI 6. 64 em ARG
Z L B(H R 1,33 em, BV IRIEZD 3,74 em; Kk ZEHIY
5 84.64% B NT BRI /D 45.23% ; K 2 232 il
FERE B /N, BI(H R 55. 03% , 3¢ %F R/ 31.71%
AL UL 150 mmol - L ™" ER i 23 4 3R K G 1 (1 8 &
T S R R 308 1) A A U B 25 7 2 AR Tl 41 1

£ 3 150 mmol-L ' NaCl B TAEFRZERETR

Table 3 Phenotypic variation soybean germplasm resources under 150 mmol-L ' NaCl stress

pisl i H REFH KR HFK (i S
Treatment Item Germination potential/ % Germination rate/% Shoot length/cm Root length/cm

NaCl f#30 R AH Max 98.89 98.89 4.23 3.63

NaCl stress e/ IME Min 0.00 0.00 0.00 0.00

I Mean 39. 44 55.03 2.12 1.65

brifii2: SD 22.64 23.18 0.41 0.72

AR ZK CV 57.40 42.12 0.19 0.44

it He R AH Max 100. 00 100. 00 14.60 9.23

Control /M Min 40.00 46.67 4.07 2.07

Y Mean 84.67 86.74 8.77 5.39

b2 SD 13.41 11.43 2.65 1.33

B RECV 15.84 13.18 0.30 0.25

Xt HEAR AL PIH Average -45.23 -31.71 -6.64 -3.74

Comparison with the control BRRB CV 42.56 28.94 -0.11 0.19

HIPE 1 AT, K A 145 T R 4 s 2 T A7
TEAE AN [F) AR BE A AR DG 4 AT h 48 s 2 ] A DG
Bk B B K (P <0.01) s A X & 2E 3
FEONS 2 2 3R Sk 2R Bdme i, IR 81 0. 72 R 2R I

AR AR SN R AR AR, R4 0.20, &4
BARBUARSCHEIR B 1 3k St £h 18 b 18] Y N TEIR 2R
FEONS e 234 S R e 28 AR AR S o e, U W AE
WA A R AL BT M7 2R R ZF S UIRROG
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Bl 1 150 mmol-L ™' NaCl ffMB TAE 5 & H# 4 N i5trpME X1

Fig.1 Relationship of four salt resistance index under 150 mmol-L ~'NaCl stress at germination stage in soybean

2.1.3 PEAMATEEAFLATY Z0H
A4 AL AN 2 H X R ZE R R 2R A
XK 4 AN R R TE 348 17 ity b [B] S 77 AE AN 03

Fz4 150 mmol-L ™' NaCl iE T 4 ISR EEHF ENF

FESt o ANIHERTE bR 2 - J7 RN T2 8] O A
WA R R 2 s b A i 3 1 22 S R A2 i AR I R

IR

Table 4 One-way analysis of variance for four salt resistance index under 150 mmol-L ' NaCl stress

£zt TiH Rl A ¥y B E M
Index Item Square sum  Degree of freedom Mean square Significance
AHXS & 23 ZH[A] Between groups 63.726 347 0.184 5.046 1.43E-73
Relative germination potential 20N Within group 58.160 696 0.036
ST Total 89.055 1043
AHXS & 24 ZH[A] Between groups 62.259 347 0.179 4.264 1.33E-39
Relative germination rate ZH Within group 29.283 696 0.174
T Total 91.542 1043
AHXT 2 ZH[7] Between groups 14.346 347 0.041 5.681 3.44E-84
Relative shoot length ZH 4 Within group 5.065 696 0.007
ST Total 19.412 1043
XA ZH[H] Between groups 41.996 347 0.121 3.920 3.95E-53
Relative root length 21 [H] Within group 21.488 696 0.031
KT Total 63.484 1043
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2.1.4 RFEAEMAFRE W AP () ML
B AR ER PR S A AN (R L X XA i B R
PRGNS, i BT R A7 LA R A I R Y
5 (57.14% ) BBApIT.(30.58% ) 5K (24.20% ) .
LT (14.75% ) 5 Tt B GE U o5 oA i 48 I K ki
MYy VT (38. 02% ) . T MK (28. 66% ). N 5 i
(28.57% ) LT (19.67% ) ; Hoifit % U8 o5 Lo v 1Y
BN I TE R (31.85% ) ALT(27.87% ) By
11.(20. 66% ) ; £h AR N F A i 8 IR IRk
LT (22.95% ) FiHK(9.55% ) \BIpIT.(7.44% ) ;
R AR UM R S R R R R R I T
(14.75% ) 521 (14.29% ) bk (5.73% ) B
WVL(3.31% ), Sk LF, fEX 4 DA hd, Bk
TR 5T G U B4 T 8 5t e %) T 7 BB e v TR
89.25% . M AHXT £ F 48 B AT T ZE TR,
KR T AN [6] 48 403 4 k1] i 6 4 22 59 3k B b I 2%
(P<0.01),

TESSAE Y 348 Dy AR A 142 13 7 B Fh Al
206 {5 SRR, BB AR R R T R SRR 35
By, i 24. 65% ; Tt £k i Fl 43 43, 5 30. 28% ; Fp T
EREh R 43 0y, 5 31.69% ; R BURE R 11 Oy, 5
7.75% ;15 FEER AR A 8 40, 5 5. 63% , HiLT
Fhrh, wm BE R SR 54 03, o5 26. 21% ;iR & AP 62
By, &7 30. 10% ; EETRER SRR 47 43, 5 22. 82% ;3
U Fh 28 4y, (5 13.59% ; {5 BE AL UK L FP 15
By, 5 7.28%  J5 2250 MR W1, & RS A S 1l T o
FTRATIN £ 22 S AR B B B E K (P>0.1)

2.2 EEHhMEmMBLEEERSHH

2.2.1 FEHME T RE K& se bt 2 E 30
K 150 mmol - L™ BE T 4L e M R 55 900 1 9411 89
B3RP BHE 210 mmol - L' R #h v BN iE A7 ik — 20 %
FE R B A I £k 25 o8 ST R R R T A,
FEHEATIER SRR oy, 45 R E W 7F 210 mmol - L™
WBE T AL BN ER S5 00 1 G i i b4 Ak i
SRR 2 W ER AR 10 £y, A R Y
11. 24% ; it 6520 0 3 iy v BE TR SR 4 LA 23 1,
AR A R 25. 84% ; T £R 55 90 4 G Fh HUSk
PRE18 13, i BEIXAT R 20. 22% 5 TitEhAFCH 5 9
) FE R U A R 38 103, (bR R 42. 70%
2,22 FTEHMETEEATL HES TH,
210 mmol - L.™" NaCl [ F 4 P E4RE3Z BIA AR
AR, 0% HE S S B0 R R A A, 210 mmol « L™
NaCl W38 &, & 2F # sz Ml & ™ &, ¥ E R
10. 24% , B BRFRAIR 76. 48% 3 K ZFHZ MR Z
BB 26.53% , BT FRBEAR 61. 75% ; ZF K {E R
2,17 em BB/ 4. 90 om ; B SZ A HIFREE /)N
YIE N 1.96 em, 8% P /L 2. 81 ¢m ;210 mmol - L ™"
NaCl ZbFE 5 150 mmol - L~ NaCl ZbFEXF Lt , % 2 4
55 R AT R R T A T 2 5 ARG T R o )
FEAG, B — B4 A s R T e i £ il &5 o
DR B i A1 ) F - 19 & 2, T 210 mmol + L' NaCl
AL BE R A B 150 mmol - L' NaCl 4b #i
TR E B AL, BT LATE A H T AR K S 2
T BRI AR XSRS /N

%5 210 mmol-L~' NaCl BB T AKEMRRERET

Table 5 Phenotypic variation soybean germplasm resources under 210 mmol-L ™' NaCl stress

pis:i it H K ZF R RN i8N
Treatument Item Germination potential/ % Germination rate/% Shoot length/cm Root length/cm

NaCl J#pif F K AH Max 60.00 63.33 3.18 3.59

NaCl stress /M Min 0.00 0.00 0.00 0.00

YI{H Mean 0.24 26.53 2.17 1.96

FrifE2 SD 13.48 20. 67 0.35 0.77

BRERECV 131. 64 77.91 0.16 0.39

X 18 I RAE Max 100 100 12.60 7.34

Control Fe/IME Min 43.00 46.67 4.07 2.43

Yl Mean 86.72 88.28 7.07 4.77

FrifE2E SD 13.04 12.25 1.74 1.10

5 RELCV 15.04 13.87 0.25 0.23

Bont IR ARk, I Average -76.48 61.75 -4.90 -2.81

Comparison with the control 785 &% CV 116.60 64.04 -0.08 0.16
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2.2.3 @EHMHXEARFTRMFLE X150 mmol - L~ bRtk A BT HLIX A 13 0y, 3K 75 AR IX
RS 38 T %5 e Y 89 44y iy Tt A B W% U, L AE RIAE R 13 0y, ok A N ZE i L IX s R 5 40, ok
210 mmol - L ™" E b THHT K E . ZEEHIREE HilTH X B ARG 2 1, 33 1t kA B &
gE e 33 My iR AR (R 6), 33 Myt RUARRA L1 0y MO SRR (R A 22

®6 WHEHMHEATHELE

Table 6 Salt tolerant varieties at the germination stage

150 mmol -L~! 210 mmol-L ™!
e R — S {&TETT@T%&%%& fi%r;%?m%ﬁ%é&
No. Variety (line) Origin Source classification Salt resistance level at Salt resistance level
150 mmol -1,~! at 210 mmol -, ™!
concentration concentration

1 K45 BT B 1 2

2 HtF65 BT A 1 3

3 thFE45 2y AU AL 1 2

4 TLFEA Ly XN 7 1 3

5 TR EEy/ RN 7 1 3

6 KER 2y U 7 1 2

7 k2= Ak =) 1 3

8 ko = bk B 1 3

9 N 6005-2 SN AL 1 3

10 PN A bk oy 1 3

11 A bk w7 1 3

12 B SES iy 1 2

13 ZRUT A FBIEIT. 7 1 3

14 (N Sy AU oy 1 2

15 — 5D BRI Hh 7 1 3

16 FP R AT L )y 1 3

17 AT bk H gy 1 3

18 IRITIRE 5 AR H 1 3

19 EIEE Sub NI bk Hb 1 3
20 WG 218/ NR T Ak iy 1 3
21 ILEREIRS FK Hh Iy 1 3
22 HaENS LT AL 1 3
23 R8s FRIEIT. =924 1 2
24 KA 38 = Y/ RIN B 1 3
25 [SEZS = # Hb 1 2
26 Kok bk Hb 5 1 3
27 PHRGHE o7 5 1 3
28 i 8122 BEL 7 1 2
29 SEIE/NR TG SES 5 1 2

30 AN 1= e iy 1 2

31 WA IR 5 SES Hh 7 1 3

32 Bk 40 BB AL 1 3

33 w435 K B 1 3
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3 i

WY A S R B — A A K B B, P i R A
55, Eh P 3a w] AR ) R W K BRI &
R R R FARE R KR AR R
RS RN E I 5T SR FE A K 300 i R 1
MRS ATR, AR 2EE NN, REFH REF
R TFHRE ARR AR A AR i 5 A TR AN
B & I SR B AR AR AR ST R A T &
RIS RZFR ZFREMRE 4 DMEREER N T Y
A, 3 FAE X 3k 3 AR Ry Tt £ M 46 A i A7 Tt
HAgIEE, S " e mE s s PR A
[, WFFE45 3R & MAE 150 mmol - L™" NaCl £hWriA &%
T3 4 DMERIBPRZMHIRE . 7K > 1K
> RS KRR BHEIRE T KU FRKER
Sy Z ANl . MAE 210 mmol -L ™" NaCl ¥ T ,4 M4
KAGVRZ MR R > REFR > FRK >R
K ULIATEA [F R VR B2, K 2R A AR K A8 bR 32 410
TR EE AN R] Bl E S MR B T, RO R ZF3 &
2R R IR B K, SR AR IT A5 AR 0 ik
HbERIGE T R TR ZF R MR R R AN T R
PORWPER A T 1Y =B B R R R KRR 4E
WRFHIR ) SN 5T 8 1 X 4 AR FE bR
HEAT RN 2R 7 22 0 W A B, 348 0y K EL M KL 2Z [A) 47
FERL S 25 22 5, U BH R Wi & B i 4k A7 5t A% TR
st

TEF KL ER PR R kA ks I AR K
AT HREE K T 1A i 42, o R R o % U A T £
P2 R 5 1 8 2 K AR R, A B R RO R
TRA R AHR ST ok F A B A R 3 EOR IR T
AL IX PR IR 0 326 HE %) T P e 5 9 0K T
AR DR St Eh F R AR 2, AR
£ 210 mmol - L~ EEER WM IA T oL 33 i Eh
b, BRI F R VLA M X, Forfg = 4 5
JCEA A 35 I SR AR s R T
YERTEEE & A AR B, EVE A TR AE K &
BT i P A AR 25 5, ISR R ROR R R
Xof A i A7 T DR T & it £
PR, T AR M S e W R RE R 2 FE AR AL
fith I, TR & S K S IR R AT 4 A F I £k
PEYEE , O 18 4 A 7 3T 3k R O B PR At i Rl
kI B B AL R AR A R SR, [RIE,
I TR S B i R A B R SRR BT R AT IR A
WEGE, e 4i E A6r R W5 A S0 it 6 L A 48 7 HL Tf 31
PLEE, K bt A AR AL At

i

I

4 it

ABFFER ] 150 mmol - L' NaCl H B2 £ 30 %
348 3 7R A Hby DX R G T YR R AT K R 4
E e S AR 89 0y, T Eh A4} 105 4, v B Tif
ERATRE 92 1y, ER AU AL K 39 3, i B R AU A R
23 4y, 2K JH 210 mmol L~ NaCl A% B35 a7k —
A e S MR E AR, X 89 40y E R Eh b4 Ak it — 2
Yoo, Fe A 33 it Eh AR, 3X 33 {n i Eh A4
BLATTET $h B Fh b OL e B, AW 58 0 2 11 1 i
poa T EEN NI ST B X NS RTE  iBa = BN e S
PRI 4 LA S it ERATL T A BT S A o S L SRt A 6
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