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Response to salt stresses and assessment of salt tolerability of soybean varieties in

emergence and seedling stages

ZHANG Haibo, CUI Jizhe *, CAO Tiantian, ZHANG Jiatong, LIU Qiangian, LIU Huan
College of Life Sciences and Technology, Harbin Normal University, Harbin 150025 , China

Abstract: Salinity is one of the major environmental stresses impeding crop growth, which can lead to a series of
morphological , physiological, biochemical and molecular changes that severely reduces agricultural yields and productivity.
The ability to tolerate salinity stresses differs widely among species of plants as well as within different varieties in the same
species. As an important cash crop, productivity of soybean can be significantly hampered by soil salt stresses and high
salinity can sharply decline growth and give bad impacts on variable agronomy traits, seed quality and quantity, and finally
reduce its commercial yield. Although most soybean varieties are sensitive to salt stresses, soybean germplasms display a
spectrum of salt tolerance capability from high to low. Moreover, the degree of salt tolerance of soybean varieties varies
among different developmental stages. To achieve a better understanding of salt tolerant mechanisms of soybean varieties,
and determine the most reliable indicators for distinguishing high salt-tolerance varieties, seeds of 4 soybean varieties
(respectively, 21066-2, 22021-1, 22293-1 and 22451-1 provided by Harbin Agricultural Academy of Science) were sowed
in soil containers(45 c¢m in length,32 c¢m in width, 13.5 c¢m in height) for simulating natural growth conditions, and their
salt tolerance capability in emergence and seedling stages under 150 mmol/L. NaCl treatments were evaluated in this paper
through measuring variable morphological and physiological parameters including plant height, hypocotyls length, lateral
root numbers, fresh and dry weight of shoots and roots, contents of malondialdehyde ( MDA) and free proline ( Pro),
activity of superoxide dismutase (SOD) in emergence and seedling stages. And then the seedlings were transplanted into
field for recording seed yield at their natural maturity. Our results clearly showed that NaCl treatments could strongly
decrease the plant height, fresh and dry weight of shoots and roots of the 4 varieties both in their emergence stage and
seedling stage, while lateral root numbers and hypocotyls length decreased in the emergence stage but increased in the

seedling stage. Under the unstressed control condition, MDA content and SOD activity in the salt-tolerant 22021-1 variety
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were significantly higher than those in the salt-sensitive 22293-1 variety both in the emergence stage and seedling stage ( P<
0.05). However, MDA content sharply decreased (P<0.01) and SOD activity significantly increased (P<0.05) in salt-
tolerant 22021-1 variety after exposure to salt stresses, i.e, 51.03% and 21.45% declines in MDA content and 5. 85%
and 45.77% enhancements in SOD activity were respectively found in the emergence stage and seedling stage. Different
from 22021-1, 22293-1 variety showed a 58.97% increase in the MDA content ( P<0.01) in emergence stage but no
significant change in seedling stage (P>0.05), while these salt stresses slightly increased the SOD activity in the two
stages but cannot be up to statistical significance (P>0.05). The final commercial yield was affected by the short-term salt
stress treatments, but differed in different soybean varieties. Generally, the salinity tolerance or sensitivity of soybean
varieties were well related to their antioxidant response, and high salt stress tolerability in the 22021-1 variety was
associated with the ability of maintaining higher SOD activity for lowering the possible lipid peroxidation. Our finding
indicates that lealf MDA level and SOD activity could be used as two physiological indices for assessing the salt tolerability of

variable soybean varieties.

Key Words: soybean; emergence stage; seedling stage; salt tolerance; salt tolerance index
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Table 1 Effect of 150 mmol/L NaCl on morphological traits of 4 soybean varieties

#& 1 150 mmol/L NaCl iB3f 4 M A E

EAEFERMm

i 2 R % )0

US4

K FH R 2 Bl = ]

JHET NaCl Ab3

AR H A Emergence stage
Characters 21066-2 22021-1 22293-1 22451-1
FE®S Plant height/cm CK 12.75+0.50a 11.72£0.56a 11.84£0.39a 10.08+0. 382
NaCl 7.23+0.68a 7.3820.53a 6.9920.77a 6.92+0.49b
FXHE % 56.68 ** 62.95** 59.06 ** 68.71**
MHEEL No. of lateral roots CK 36.75+2.19a 45.32+2.56a 35.95+2.43a 33.25+1.97a
NaCl 35.5+1.75b 37.55+1.84a 30.75+2.18b 35.17+3.16b
FAXHE % 96.6 82.86 " 85.54 105.76
TR Hypocotyls length/cm CK 4.27+0.27a 4.05+0.28a 5.35+0.22a 4.08+0. 13a
NaCl 3.60+0.29b 4.13+0.33b 4.30+0.39a 3.76+0.22b
FHXTE % 84.88 101.92 80.36 92.16
Hh I fif 7 CK 1.75+0.19a 1.68+0.11a 1.61+0.12a 1.79+0. 10a
Fresh weight of shoots/g NaCl 1.44+0.07a 1.14+0.05b 1.09+0. 08b 1.35+0.08b
FHXTE % 82.22 67.42 67.95 75.03 "
R Aif T CK 528.30+0.03b 417.37+0.03b 354.60+0. 04b 642.60+0. 04a
Fresh weight of roots/mg NaCl 532.20+0.01a 387.17+0.04b 329.50+0.01b 487.87+0.03a
AR % 100. 74 92.76 92.92 75.92
b+ E CK 211.80+0.01a 197.63+0.00a 185.00+0.01a 211.60+0.00a
Dry weight of shoots/mg NaCl 174.87+0.01a 147.00+0.01b 144.40+0.00b 172.95+0.01a
AN R % 82.56 74.38 " 78.05 81.73*
WTH CK 45.80+0. 00b 39.83+0.00b 36.47+0.01b 60.07+0.00a
Dry weight of roots/mg NaCl 43.67+0.00a 30.60+0.00b 26.43+0.00b 41.00+0. 00a
FHXHE % 95.34 76.82 72.49 68.26"
PR 1 Seedling stage
Characters 21066-2 22021-1 22293-1 22451-1
Fk®5 Plant height/cm CK 16.59+0.39¢ 19.92+0.56a 21.09+0.61a 18.23+0.42b
NaCl 15.57+0.98a 18.51+1.35a 17.30+0. 74a 16.21+0.75a
FHXTE % 93.83 92.92 82.03 ** 88.91"
MAZEL No. of lateral roots CK 40.71+3.68a 36.48+2.45a 47.20+3.57a 39.05+2. 14a
NaCl 40.87+3.8a 41.40+3.32a 35.25+2.06a 46.06+3.41a
AAXT R % 100.37 113.49 74.68 %" 117.97
TIEHIE Hypocotyls length/cm CK 3.33+0.18b 3.33+0.24b 4.62+0.30a 3.75+0. 19b
NaCl 3.53+0.19b 3.7920.23b 4.82+0.42a 4.31+0. 14ab
FHXTE % 106 113.7 104. 44 114.97*
Hh - fif T CK 2.29+0.15a 2.27+0.09a 2.37+0.03a 2.41£0.09a
Fresh weight of shoots/g NaCl 1.91+0.09b 2.08+0.11b 2.56+0.11a 2.21+0.05b
AHXHE % 83.26 91.91 107.9 91.7
A fif T CK 629.60+0. 04¢ 899. 11+0.05ab 775.10£0. 07bc 1039.46+0.02a
Fresh weight of roots/mg NaCl 563.63+0.04b 376.00+0. 04c 407.40+0. 03¢ 750.10+0. 03a
FIXHE % 89.52 41.82* 52.56 72.16**
- CK 411.86+0.01a 410.8320.01a 456.47+0.01a 441.0220.03a
Dry weight of shoots/mg NaCl 304.33+0.02b 379.71£0.03ab 439.30+0.03a 419.13+0.01a
AHXHE % 73.89 * 92.42 96.24 95.03
T CK 80.60+0.01b 82.20+0.01b 77.00+0.00b 143.32+0.00a
Dry weight of roots/mg NaCl 60.60+0.01a 57.10£0.01a 54.70+0.01a 83.00+0.00a
AN R % 75.19 69.46 71.04 57.91**
[8]—A7 B8 B AN [F) PR s M R S F R AR fAb Al 22 5 B35 P<0.05; =+, = FoRiZ A3 a5 YR 5 0 i 1 2% 5 0 25 8 B

#,P<0.05 5 P<0.01;

AAXTEL( % ) = (NaCl AL B 5 HIRAE/ X FEPER ) x100
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Fig.1 Effects of NaCl stress on MDA contents of soybean varieties in emergence and seedling stage
Pl AN ] S B s AR ) A AN T] P [ ) 22 55 S 38, P<0. 055 o, o o SRR [ — (P 22 3 b3 U5 55 %0 B L 1) 25 53 284, P<0. 05 5
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2.2.2 HAEILYIEALREE(SOD) W T

SOD NAEP PR NIR A FHSEETE BRI, A 0 A P 1 P S0 R %) SC B, RE A AL R P 1 B4k S 1, e 1 3
AL IR AL IR N 0,5 H,0, & i SOD 75 3 51 v TG M1 o ok 2k 540 v /K7, A B T BR S A
FRAd 2 AR RF AR AR 7K, S 40 A e P AN S T SR A OB . R ST, SR TR
AR 22021-1 (9 SOD 1% PE#R i, 20 R 156,17 U/g F127.43 U/g, I B & 5 T HE AP, B
22293-1 9 SOD &M EAK, 7 73.24 U/g, B IAEAR, 114, 18 U/g, AR BIMME 5 SOD i 4 i) S A
BRI R, UL ER A AT TG SOD TR IR, A, BT AT 22021-1 &R SOD &40 T
151 5.85% F145.77% , 5% 25 518 31 I 35 Al dg 357K, 22293-1 AP SOD & PRt A7 3 i, 5 5 X B e 22
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Fig.2 Effects of NaCl stress on SOD activity of soybean varieties in emergence and seedling stage
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Fig.3 Effects of NaCl stress on free proline contents of soybean varieties in emergence and seedling stage
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Table 2 Effect of NaCl stress on agronomic traits of soybean varieties in emergence and seedling stage

TN HH M Emergence stage

Characters 21066-2 22021-1 22293-1 22451-1

¥k Plant height/cm CK 103.00+3.39a 97.20+1.91ab 88.40+1.29b 88.00+3. 16b
150 mmol/L 101.40=1.47a 79.20+4. 88b 64.60+3. 43¢ 87.60+3. 80b
FEXHE % 98.45 81.48* 73.08 ** 99.55

R R CK 23.00+4.01a 34.20+2.70a 28.60+3.97a 28.60+3.47a

Productive pod no. per plant 150 mmol/L 31.60+2.06a 30.40+3. 19a 18.40+4.27b 34.00+1.79a
HARHEL % 137.39 88. 88 64.34" 118.89

BRI CK 65.20+12.42a 59.20+5.00a 58.00+6.05a 70.60+6.21a

Seed no. per plant 150 mmol/L 91.60+5.22a 62.20+6. 86 35.80+9.22¢ 83.00+6.51ab
AHXSE % 140. 49 105.07 61.72* 117.56

ok CK 13.18+2.44a 9.77+0.89a 11.41+1.38a 13.02£1.01a

Seed weigh per plant/g 150 mmol/L 20.51+1.42a 10.92£0. 94 6.70+1.74d 15.22#1.11b
HAXHE % 155.61* 111.77 58.72" 116.9

TKIE 100-seed weight/g CK 20.76+0. 12a 16.59+0.23d 19.890. 14b 18.66+0. 39¢
150 mmol/L 23.12+0.39a 17.63+0. 16b 18.65+0.06b 18.673.33b
FARTE % 111.37* 106.27* 93.77 ** 100.05

62N T Seedling stage

Characters 21066-2 22021-1 22293-1 22451-1

¥k Plant height/cm CK 84.40+2.01a 65.80+2. 24c¢ 73.40+1.69b 68.00+1.26bc
150 mmol/L 70.20+1.20a 64.20+1.56b 73.60+1.36a 71.20+2.96a
HHXHA % 83.18 ** 97.57 100.27 104.71

HRRAT R CK 30.60+3. 67a 32.40+3.61a 28.40+0. 68a 26.00+1.87a

Productive pod no. per plant 150 mmol/L 15.80+1.56h 32.20+3.80a 29.80+1.93a 30.60+2. 89a
HHXTE % 51.63** 99.38 104.93 117.69

PARRKIEL Seed no. per plant CK 84.00+10.31a 61.00+5.52b 56.40+2.23b 64.20+4.03b
150 mmol/L 47.20+4.14b 67.40+10.97ab 61.00+5. 62ab 73.8+8.45a
AHXS B % 56.19" 110. 49 108. 16 114.95

BRI T Seed weigh per plant/g CK 16.82+2.09a 10.10=0. 89b 11.15+0. 48b 11.73+0.75b
150 mmol/L 11.04£0.79a 11.24+1.58a 11.30£0.90a 14.63+1.72a
FAXHE % 65.64* 111.29 101.35 124.72

TR 100-seed weight/g CK 20.37+0. 10a 16.85+0. 33¢ 20.63+0.21a 18.42£0.17b
150 mmol/L 23.98+0.25a 17.2120.23d 19.0120.29¢ 20. 1120.26b
FHXHE % 117.72%* 102. 14 92.15* 109. 17 **

] — A7 B A RS ) A Fe R M ) P ROR R i R ] 22 S % P<0. 055, % * FR1% m R 2 2h 030 5 PR 5 0 B8 bk 22 57 10 25 sk b
2 ,P<0.05 5 P<0.01; FIX{E% =(NaCl AbIRJ5 PERALE/ S FRMRAE ) 100

3 itig

KA R R AR ) — A i Sh A R % B B BER TR e A AR AR 9T K 22 F K 8, LA Rl
T S SN R T SRR R SR SR 5 BRI, R T RE A R OF AR BRI SRR K g Y L s, A
R SR R A, A T4 SRS AT R % W S A Ml A= 7 A5 T R S Al i R B S A R 1, AR
IRIR T BRI paa kb B 75, [RIRRE B 0 4l B R AR B0 v A 1 el A xR AR
PR AR A 24T, LA s 1% 30 0 B35 Pl %o R 0 3 = R (A

AR T30 AR A 04 405 TV FHAR R R B 2 3 e R A W R 8 ¥y S A BRI RE 5 2 19, MDA 1 g g o i 4 Ak
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YERR =4, Hofr i 2/ DAl AR RS RR BE (1 KN — A Eh e 264 A4 1 MDA & i8R BT
A RAE Y ORISR AR MDA 5 i3 e AR T R SR Y (R ST AR R B AT R B, R i A5
it b PESR AP0 Fh MDA ZKSF4 5, 28 NaCl e J5 i b PSR AU M) MDA ZKSE 200 B A0y 24
WE THEIRE 8 PSR LMY 3 FIASTERAEA) 1) MDA & &, —F 2530 10 £i5, 2hAE Y MDA & &
B TR EAEY) . Sekmen 452 7R, NaCl W5 E 88U AU 400 ( Plantago media) MDA /K- & $2 15,
T S5 R AR 40T (P, maritima) BB JG MDA KT R BAEAEIME 244 F P. maritima 1) MDA 7K I8,
FE T P. media, TiHERAEF2E T 5 ( Lycopersicon pennellii) SARE TG (L. esculentum ) FH I, MDA 7KF-H) 7254kt
FEP AR R A LAY T ER A BF AR K SAE 80 mmol/L NaCl il H: MDA 2t Fe i IR 3 K> AR
IWETE R L, R0 R TR Eh M it 1 R o b 22021-1 A9 MDA & =88, A )5 MDA & 8k i ek
& T RE M AR5 1Y 22293-1 MR Z . BFREE5I8 51T iR s —3,

)T R 08 (%) SO0y 5 EATT TR R ) LA G . — N &, T 3 ot Pl e Ll ok 4R 3 v B A Ak A
TR G AR BT S A BTG M HE AR Ml 2 7 SR g 43 5 20T A R T S B AR R TR R A A P O T AR AR
B (RS- 52 B 520 2 PR TR PR AN 05 H, 0, \OH 25 (77 A B34 it | SOD 7848 [ H JE 3 4% rh e X
Ve, R A AL 0 B s —TE B 2 S i SOD MR AR 2 Mittova %52 FERF ST # 85 % li F0
A T mh PP A BTG PR S A 3, SR e 250, T £k 0 B A Fe it SOD I M 2 3 T, T AT 5k i) ok 35 B i
SOD & PEFE WA A JE FEARAS . Ehad T SR 0 R A A SOD 1 ¥ B B T, 1k BURR S A it v
SOD TH PRI R /N2 L ASRIGHTSE Bon , R Rh 22021-1 B9 SOD 3& PR AL AR 2 4nitt , 1 e 5 22293-1 )
SOD A JfFARE . XM R SOD TG PEAE (it — 2R W] 22021-1 T Eh PR H IR , 222931 T R PR RS , X
5H MDA &AL S8, mERSFPE S MDA & & N, nTaES SOD {4 L FH4 3¢, S0D 4%
PUAARETE VR 0 B R RIS T BB AR R, (ECR 38 250, AT AT R A4 MDA 7K 7 2 3 15 T3k iUk
Yo HAURIESE . 28 BRI K4 MDA 51 SOD 3 M it 738 Ak o] LA 6 340 8 A [ K 5 5 b it v 1)
SRS BRI, AT LK SOD I MDA A ok i 51 4 5 F 5 br

VEZ R R BRIE 5 0 A K AR R 2 A A K s M E K4 Y TR KA LS K5
M EOEAHER(P,) FEEHR(T) SALFE (g,) FMIE] COMIE(C,) #RM B Em TR, R T %
SRR AMEERON Y BRI K AL B S K SRR ARG, (H R R Y AR IR AT
N, SRR e A K GRS, BRI K 22 R A B D DR AT R T U A 0T i e e e, 2B
JMIE G HHEAMEE A R T A B A ) TR A R A VR R (RGN B 1 55 1 R U R TR, R
R o P XS A [ i P DR it e ) P R MR AR [) , A ML R it — 2B 5T
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