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Salt Tolerant Identification of Soybean Germplasm Resources at Germination
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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.

Keywords: soybean; northeast China; germination stage; NaCl stress; salt tolerance identfication
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e ATl A 7 B F BRI ik SR
NaCl HEATER R0 5 AE Y A it ER 1, BRI &
SRFIE NaCl Biraed (¥ B 5 7 s AR TR A
150 mmol+L~" NaCl 4b ¥ A [R] K &R 5 7 0 & 11
P N (/oo WL (S B & NI 1
fitEbPEAGFERR T S A RS R 210 mmol - 17!
NaCl X 941 {53 K &2 Fp BT A 7 e Ak 38, 78 7 & U
SE XL A 7R B O R E AR A, 2R 1
TR SRl 21 4y, SRZERR A ST 13 Bl AT RHE B
KWIHEAT 200 mmol - L~ NaCl Zb3H | 25 &0 b 1 &
TR R ZE R SRR BORIE 148 B T i b, 15
2 2 (R EUEA 2 By i K B AR, ARk T
SKHI 75 1150 mmol - L ™" W Ff NaCl #& B XF 62 143k
SRR AT W % 3R P aE A B R A 43 A IR AR
K T & 2R 16 WiE by, 1 5 8 s B i
R ILTH e 8 (Dt kW Ah, SbiEE &
FIH 120 mmol - L™" NaCl ¥ ¥ £k Mr38 96 1y K & 4f
BETEHT I E Bl 7 & 208k 2R 2R R AR

BT FRR 5 8 R H5k AR 240K 96 ) KL
s PRI A3 A S 10 1k E 30 103 1 A& 3 R A4 R
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D3RGl A7 a0 A B S e 2RI R 2R R
i  FAREEE AR AH S PE AT | 32 B 4 BT A
Dy 2 A AR it ER b )

ARFFEE ] 150 mmol - L' NaCl ¢ B 47w &
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Ab PR A AE X A 25 R & 2R M 2K S
XRS5 JLA i 5 45 45 78 AN 5] £ e B Ab R
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Table 1 Origin and classification of soybean germplasms used in this experiment

PRI BHRAA(R) o5 st
Material origin Breeding variety ( line) Landraces Total
FIPYT. Heilongjiang 62 59 121
MK Jilin 62 95 157
iLT* Liaoning 17 44 61
M52 Inner Mongolia 0 7 7
HAlh Others 1 1 2
KT Total 142 206 348
1.2 Ak T RG34y KT HZE R AR
B IE (K FERALFR(WIFH N 150 mmol - L™ 4o FFITIEMIRSER 3 A AR A 2 e X A 28 %

NaCl 3", #E— 0% 210 mmol-L~" NaCl %
W) 3 RE R AR E R T 30 R K E R,
BREFFRERA 2 BKEIELR, HE 9 cm ¥
BIEEFRILA . XHRALINA 15 mL Z818 K, $hAab Pz
B 15 mL X0V BE A Eh S W, SR 5 1 455 5% L
T 25 C R EFRFA T, L T A, TERFS 3
RGATRZFR RFS T KRG RFR, DIRREK
FERTEEE TR FREMR 12 fERRZE R, TER

FIRPRRAC A 2R, B AR PR AR (% ) = (#h4b
PSRRI E (A A IRESFRIE () x 100, #R4E T F 2
AITEASERF R IO E o A Eh S (% 2) o
Wi R WAL E R (% ) =
(CK, +CK, +CK;)/3 - (T, +T,+T,)/3
(CK, +CK, +CK,)/3
K CK, [ CK,  CK AR 3 X IREZF R T, |
T, T3 3 LR PR 25 3R

x 100




4 34 2 FH BH 25 2RIt Ml DXOR 2 0 5 9 D5 A 0 i 6 P 433

R2 KXEHRHAWES RIRE

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

205 WY & AR i £h 54

Grade Relative salt damage rate at germination stage/% Salt tolerance grade
1 0~20.0 i EE iR Highly salt tolerance
2 20.1 ~40.0 fif £k Salt tolerance
3 40.1 ~60.0 TR ER Moderate salt tolerance
4 60.1 ~80.0 UK Salt sensitive
5 80.1 ~ 100 = B ER U Highly salt sensitive

1.3 HIEHW

K Excel 2019 X %4 i 47 36 28 {f FH SPSS
Statistics 25 #EATERLE 38 J7 22 430 B AH A 23 A R
PSR TES T,

2 HER5HH

2.1 hEHMBEEERSHT

2.1.1 PERME T RE K & on a3 F 0
348 3 FFRHE 150 mmol - L' Eh 36 2511 F , i £5 45
Gk 1 G R R AR 89 By, o AL R
25.57% ;RSN 2 AT R A RHE 105 43, 4
BEAARHE 30. 17% 5 Tt 3R 59k 3 G P BE it 45
FHRA 92 13, HUERATRHE 26. 44% T ER 54000 4

RN ERWURA R 39 0, ARG 11.21% 4
Tif SR SEG0 R 5 G iy e B AR UM R 23 17, i i
PR 6.61% |

2.1.2 PELZMBETEEEERMAMLE H
% 3 AL 7E 150 mmol - L™" NaCl it F K i i
KRN R 3437 B AN [R) R B (R A 41, 4 AT R 38 b 4
X BRSSP R R A NaCl Bl T, 25 K2 3 il &
JIZE,ﬂ”EjET 2.12 cm,ﬁﬂﬁﬁﬁ&l\ 6.64 cm;*ﬁfi?j’\
2 YN 1,33 em, BT IR/ 3,74 em; Kk EFREY
{HH 84.64% , R WAL/ 45. 23% ; K 28 32 30 il
PR /N, BIME A 55. 03% |, 386 IR s/ 31.71%
A UL 150 mmol - L' ERHMA 23 18R K & Fp 1y Wi &
T R R R 38 %) A= 1 I B 25 7 2 R Tl s 41 o

£ 3 150 mmol-L ™' NaCl BB TKEMAZBERETR

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

Ab i H R RIFR PaIS i3IS
Treatment Item Germination potential/% Germination rate/% Shoot length/cm Root length/cm

NaCl pit I KAH Max 98.89 98.89 4.23 3.63

NaCl stress H/IMA Min 0.00 0.00 0.00 0.00

YI{H Mean 39.44 55.03 2.12 1.65

bR SD 22.64 23.18 0.41 0.72

BRRECV 57.40 42.12 0.19 0.44

POyl I KAH Max 100. 00 100. 00 14.60 9.23

Control H/IMAE Min 40.00 46.67 4.07 2.07

I Mean 84.67 86.74 8.77 5.39

bR SD 13.41 11.43 2.65 1.33

AR RE CV 15.84 13.18 0.30 0.25

B IRAR AL BIfE Average -45.23 -31.71 —6.64 -3.74

Comparison with the control BRERE CV 42.56 28.94 -0.11 0.19

HI P 1 R] T, DR L A 45T R 48 s Z 1A
TEA AN [ REBE A AR DG 4 AT R 8 Ar 22 B AR DG
PRSI K (P <0. 01) s Ho oMbt & 28 5 5
FHRS B 25 R M S R B , I8 8 0. 72 AR 2

SRR A N R R AR, A 0.20, &tk
FERR IR T 1 SE iR £ 45 b (4] B9 I AEHK &R
HHRS K 25 S B AN S 28 A AH S Pk e i, T WA Aol
i A ER AL BT B A 28 R R DTG
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T 78 FACHMR R LG A LA RIBUE B B R R AR RN " FR BEAR (P <0.05) " " " R BEMR(P <0.01) .,
Note; The correlation coefficient in the lower left corner, and different colored circles in the upper right corner indicate the correlation size;

* " represent a significant correlation( P <0.05) ; “ * * represent a very significant correlation( P <0.01).
1 150 mmol-L "' NaCl BB T AE ML H 4 4N i HS4RAGIE X
Fig.1 Relationship of four salt resistance index under 150 mmol-L ~'NaCl stress at germination stage in soybean
2.1.3 PEEMATEBFLATT 200 W ZER, SDMWERIEIRENFJ5 AN T 4R J7 #i,
F 4 ATHL AN A ZE R AR A ZE A AN R M BEBORIE R S A T 1 25 S 2 s R
XPHRAC 4 AT ERTEARTE 348 it PG FATEN B BRI,
#4150 mmol-L~' NaCl BB T 4 MM EhistR AER A E S

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

bR i H R M E ¥175 . M
Index Ttem Square sum  Degree of freedom Mean square Significance
AEXT A 2 4 #H[H] Between groups 63.726 347 0.184 5.046 1.43E-73
Relative germination potential 41 Within group 58. 160 696 0.036
ST Total 89.055 1043
AR A 2 ZH[H] Between groups 62.259 347 0.179 4.264 1.33E-39
Relative germination rate 20N Within group 29.283 696 0.174
B3t Total 91.542 1043
LRSS ZH[H] Between groups 14.346 347 0.041 5.681 3.44E-84
Relative shoot length Z P Within group 5.065 696 0.007
ST Total 19.412 1043
LEPOEiESN ZH[H] Between groups 41.996 347 0.121 3.920 3.95E-53
Relative root length 4 [A] Within group 21.488 696 0.031

Bt Total 63.484 1043
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2.1.4 RRIEMEBREHFT i (F) 6 HELT
B AR AR P A A5 5 AN R b DX 38 o B T
PG UR AT A, i R oy LA 8 28 (AR VR 2
5 (57.14% ) BIpIT.(30.58% ) Tk (24.20% ) |
LT (14.75% ) 5 TR ER BEUR & LA o 4 Ak U
MJp YT (38. 02% ) . 7 MK (28. 66% ). N i
(28.57% ) LT (19. 67% ) ; H it % I8 5 He 4 v 1Y
BRI R EHE A (31.85% ) LT (27.87% ) B
1L.(20. 66% ) ; £RBURGEIR & LB A I Ry
LT (22.95% ) F5HK(9.55% ) \BIIT.(7.44% ) ;
1R R OB R A A I KR O 1T T
(14.75% ) W52 (14.29% ) FHK(5.73% ) B
Wi (3.31% ), WMk LA, FEX 4 NE M, Bk
YL 50 D H ) Tt 8 ot o %) T 7 B e v i 2R
89.25% , AR AHXT £k F 48 B AT O 2 ATk,
KT AN R 48 0y 14 Ak [) Tf b 25 S5 3k B A I
(P<0.01),

TEXE By 348 AR A 142 1 & LA Fh Al
206 3 g5 i AP, B S AR b R R T R S 35
By, 15 24. 65% ; THER A A 43 43, 15 30. 28% ; H EE i
RS AD 43 1y, 5 31.69% ;RS B 11 4y,
7.75% ;i FE R AU A 8 43, 5 5. 63% ., HL T
Flep | BRI R SRR 54 43, 5 26. 21% ; it & AP 62
£y, 5 30. 10% ; HEETRER & FP 47 13, 5 22. 82% ;3
TR Fh 28 4y, 15 13.59% ; i B £ BUR L R O15
O, 17 7.28% ., 72Tk, B GRS T
Fof R i 6P 22 S AR GA B i K (P >0.1)

2.2 EEHMEMBLEEERSHH

2.2.1 EFEIMET RE K E a3 5F 0
HF 150 mmol - L™ W& BT 2B M ER 900 1 90y 89
Dy BARIE 210 mmol - L™ F 3h R B T A7 — 20 4
FE AR & A i A g o8 S AR X R R AR K
I AT ER AR 5. S5 R R AE 210 mmol - L™
W R RS B R E RN 1 A = b4k it 3
QR 2 R ER ARV 10 £y, 7 R R Y
11. 24% ;TR 550 R 3 Gy rh BEm SR A4 kLA 23 17,
AR AT R 25. 84% 5 T R 5590 0 4 G Uk
MRE18 103, i BHKAT R 20. 22% ; TitER SR A 5 G
) FE SR AU R 38 103, A RN 42. 70%
2.2.2 ETEHEMETEBAENL HES ITH,
210 mmol - L.™" NaCl 8l F 4 845342 FIAS R R
B, 0% PR 5 80 R R A #a 34, 210 mmol - L™
NaCl Jip 380 F, & 2F Sz il & ™ &, ¥ E N
10. 24% | BN} FRIEAR 76. 48% 5 % 2 FZ MR 2,
PIEN 26.53% BN IRREAL 61. 75% ; 2R 4 {H K
2. 17 em FERHENL 4. 90 em s UK SZ MR BE e/,
HIE R 1. 96 cm, B BRI /D 2. 81 em;210 mmol - L™
NaCl 203 5 150 mmol - L™ NaCl AbBEXT L, & 25 34
5% 2R BRI B A, T 2K S AR T AR R )
FEMG, HBLX — B A9 SR o] g S i 2R o &5 o
R FE b A0 ) B - 19 & 2 T 210 mmol - L™ NaCl
AEBET BERE AR A B A 150 mmol - 17! NaCl 4b B
R E R AL, BT LATE AL B AR K 5 2
T M AR FE N

&5 210 mmol-L ™' NaCl fHE TAEMRZRRAETR

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

Ab gE| R REFR #FK HRAC
Treatument Ttem Germination potential/% Germination rate/% Shoot length/cm Root length/cm

NaCl Jifrift I RAH Max 60.00 63.33 3.18 3.59

NaCl stress Fe/ME Min 0.00 0.00 0.00 0.00

YI{H Mean 0.24 26.53 2.17 1.96

brifiE2E SD 13.48 20.67 0.35 0.77

BRFRECV 131. 64 77.91 0.16 0.39

oyl e KAE Max 100 100 12. 60 7.34

Control f/MAE Min 43.00 46.67 4.07 2.43

¥I{H Mean 86.72 88.28 7.07 4.77

FrifEzE SD 13.04 12.25 1.74 1.10

T RECV 15.04 13.87 0.25 0.23

B IRAR Y, YIH Average -76.48 61.75 -4.90 -2.81

Comparison with the control B RECV 116. 60 64.04 -0.08 0.16
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2.2.3 @HMEX SRRk
EER W30 T 5 E WY 89 45 v Tt A B W R, U AE
210 mmol - L' EEbia Tk 62, SR EE
RO Tt 33 frEmER AR (R 6) . 33 Tt
*6 HHAHMIKSFHETEIR

%} 150 mmol - 1.7

Table 6 Salt tolerant varieties at the germination stage

AR Ok B R IE VI AT 13 43, R A bR X
AIRPRHA 13 03, R A NS X A RLE 5 1), ok
HILTHIX AR 2 43, 33 6w SR 41k B
BCERFIA 1Ty, HT5 AR (R A 22 4,

150 mmol -1~ 210 mmol - ~!
/e A (&) e Ui Hh Feili 4y (zzgwﬁfg:ge& mﬁfﬂﬁﬁ:{;ﬁ
No. Variety (line) Origin Source classification Salt resistance level at Salt resistance level
150 mmol -1 =" at 210 mmol - L~
concentration concentration
1 K45 BT AL 1 2
2 tF6%5 BT AL 1 3
3 MEa45 Ey/AIN B 1 2
4 TLFE 4 Ly AU o7 1 3
5 TR L BRI 7 1 3
6 PNEES I iy 1 2
7 k2 =& bk A 1 3
8 Htke & Gi AL 1 3
9 AE 60052 Hk Y 1 3
10 FORLEE HbR H 1 3
11 FEAS wH iy 1 3
12 mg NEN My 1 2
13 ZERT A IR 5 1 3
14 R BT b7 1 2
15 —E D T 7 1 3
16 DN N Hbk H 1 3
17 A2 T bk iy 1 3
18 I VLK E E Hb 7 1 3
19 TEBERT bk H s 1 3
20 TG SR AE /N R bk iy 1 3
21 JLEHEIR G = H oy 1 3
22 FE NS o AL 1 3
23 G 8 = BT HIL 1 2
24 A 38 5 MIRIT. AL 1 3
25 Sl =452 bk Hb Ty 1 2
26 FORLR bk H 1 3
27 FHRGE T o iy 1 3
28 Fif 8122 NE 7 1 2
29 FUE /N NE 5 1 2
30 LIET SESH iy 1 2
31 W AR 2 SE Hh 5 1 3
32 AR 40 IR HHL 1 3
33 A¥E35 s B 1 3
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3 itig

W R HIVE o R 5 — A AR KB B, s
55, Eh P 3E o] AR A R T 0 K, BRI &
TR RCFR R AR R A R IR S
IR BE T E R 9T R BB & 0D R
MWIRRAR AT, AR 2T IR, RS RZF
B R IEFRE AR AR AR ff 5 A TR PR AT
B K I SRR A AR AR AR A T &
R KRR ERGRE 4 MERRTESR N T
A, T FHAE X $h A Ry T ER P 48 AR AT T
GG, S ET B s PR O A
[F, WFFE45 5 & LAE 150 mmol - L' NaCl #5136 4%
FF X 4 ANMERIBIRZIMHI RN 2EK > B K
> KRS RER ULTE IR E T KRG ZE KA
Sy . TAE 210 mmol-L ™" NaCl ¥ R ,4 M=
KA MR R R 2F 3 > RAFHR > FK > )
K ULIAE R R SRR B T, KGR A AR K A8 bR 2 71
HIFE WA BEE SRR E T, KE RS &k
LR IR RE R K, SR AR FT A5 AR 0 1k
Hh ERIA R R GR R Z MG RR E RLONT R 2
PO FRWIER A T 1Y 2 0B FOT i 3 Rl ORI, AE
RFPFH L, BAMRIFGEE ST 4 3 FEIR R
TR R 7 200 & BEL, 348 0y K 54T KL 2 [a) 77
FEM .35 22 5, U BH R 5 & B i & 1 A7 3t A% U &R
o

VEE KT R RO R R A I K S
AR R A R A, X R R R U A T R
PR S8 5 5 0 16 2 15 B AR SR A B R ST 6
VR ARG AHIFSE 3k A B AR 32 EOR IR T
At DX, PRI O 25 A T e R B DK B
FEE AR ORI ER B R AR5 2. AR IR &
#£210 mmol - L~ F EEER W38 T o e 33 Mrifit $h A4
B, EEORE TR M X, gt 4 5
JCFE A AT 35 I ER A R0 sk sl A k) )
YRyt 66 A G BRAR A B, FEAEI A TRAE K &
B A, TR A 22 5, B9 R B K R
Xof b I A A7 R T DR R T A i
PEYE WA TR AR P 55 R Rl e B2 e AR 5
Bt 1, TG B A T Kk S IR MR AT A B I R
PEYEE , T 8 4 A I 3k R B R AL i
IR P =i = S W =R G PN ST E e L i D
T8 7 ) T o 5 R SRR B AT IR A
W5, K4 e or K o2 8 & IO it i R 488 /s it &
PLEE 0 K TR S v B AR AL 8 e

4 it

ARAFFEFRFH 150 mmol - L™" NaCl 8 h ik %f
348 3 AR AL Hh XK AR ST B R R A T A 2 S M
SE Ui E H AR 89 4y TR Eh Ak} 105 £, Hh B i
PR 92 1, AR AEUB A R 39 1y, = B R RUR M R
23 3, K1 210 mmol - L ™" NaCl {8 J3 £5 e i —
A i b MRS E bR, X 89 4y i ifit ER A4 Ak it — 2
YooE e 33 i Eh AR, 31X 33 1T Eh A4
REATLEM Eh B Fp b UL Se e B, AR 58 0 8 10 1Y
b2 EN o NI SR T E Y NS E Bl = BN TS
PR 408 L B s SR ATL i A S e S (AL LA )
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