2020,39(3) :422-430
DOI;10. 11861/j. issn. 1000-9841.2020. 03. 0422

AERRERBEXN XK EHBENE R ERBIFFRA T

R L R AR EEEL RE R KA mAR L E &

(LovEgR AL K 2% AR 2= B, L PG KA 0308015 2. ¥ 2z g AR 5 H AR 2B, (L7E ik 0306005 3. 117G ARk K2 3CHE 2% B,
17§ A4 030801 )

B ONOIERE A IR R0 T RIS L, R PR R R R AR R AR 1 5 R BE RSN DL 4 {5 AN [ iR
FRPER TR HEURT R SR B FRBOK B, AR [RIR B NaCl i A 31, 0 5 1 391 SZAB R A A B I )7 SPAD
AR Na™ (K™ (CL™ SR AT AL E Ao A5 SRR - (1) AR b b 30 i o R 5 St T 3 T i 66 0 Y0k B vy T
BRSSP 7E 200 mmol « L™ g vk JEE AR I3 T 14 0 351K T B AR AR S R T ER AR AR A R AR AR ik KO
TS it b 7 e ok B R 30 P AE AR AR P R R B S R B AR . e v 2 SR 30 S AR T ABLRR I SPAD, HE T 5
Wi HOE AR R R A P AR R . (2) AR ZE I b Na ™ 1 CL 35 iR 9 W ok 2 T e imd 38 im, AR vp Na ™ 1
CL™ R R EEE AN S W30 B AR, MRV A Rl 7 SR ia T AR CL AR 25t p Na " URERZ . HBRARZE
K5 b i ER A WO B8 ) T v s/, i v i K 5 B R R A B R AR AR IR Ko (3) BRI SR Al K 73
S B S FPEER A ARSI Na ™ A CL™ 35 S AR A e 2 28 ORSG, i AT A AR Pt P Na ™ 1 L™ Y
T T SPAD B GUNISC , RWIEE T8 7 i AR SR AR R A i i R R ) IR o TR R A
250 Na ™ il CL™ &5 B SRR AE W BEAR DG A .35, SR TR 3 B0 1 T TR 68 ot R AL A= 0 R R i AN S

eSS 45 PPN RE N/ SIERY i Ly NS/ YR S

Effects of Different Degree Salt Stress on Biomass and Physiological Indexes of
Soybean Seedling

HOU Peng-hao', YANG Wan-ming’, DU Wei-jun', YUE Ai-qin', ZHAO Jin-zhong’, ZHANG Yong-po ,
GAO Chun-yan’, WANG Min'

(1. School of Agricultural Science, Shanxi Agricultural University, Taigu 030801, China; 2. School of Biological Science and Technology, Jinzhong
College, Yuci 030600, China; 3. School of Arts and Science, Shanxi Agricultural University, Taigu 030801, China)

Abstract: In order to study the trent of salt tolerance of soybean under different salt stress, and to explore the main
physiological reasons that affecting plant growth under salt stress, we used the methods of nutrient hydroponic culture and
different concentration of NaCl solution to determine the traits of four soybean varieties with different salt tolerance at seedling
stage. The plant growth index, SPAD of leaves, Na®, K" and Cl~ content of each part were tested. Results showed that
(1) The fresh and dry weight of the aboveground part and the fresh weight of the underground part of the plant increased firstly
and then decreased with the increasing of salt solution concentration and it was significantly lower than the control group under
high concentration salt stress of 200 mmol - ™", but the dry weight of underground part of the plant did not change
significantly under salt stress. The plant biomass of salt-tolerant varieties were inhibited to a lesser extent under high salt
stress. High concentration salt stress significantly reduced the SPAD of plant leaves, thus affecting photosynthesis and
inhibiting the accumulation of plant biomass. (2) The contents of Na® and Cl~ in roots, stems and leaves of plants increased
with the increasing of salt solution concentration, and the accumulation of Na® and Cl~ in roots was more sensitive to salt
stress than in stems and leaves, for salt tolerant varieties, the accumulation of Cl1~ in roots was less and Na* in stems and
leaves was more under salt stress. The K contents in roots and stems decreased with the increasing of salt solution
concentration, while the K* contents in leaves did not change significantly under salt solution treatment. (3)The contents of
Na® and Cl~ in the stems and leaves of plants under salt stress was negatively correlated with the plant biomass in all varieties
excepl the salt-tolerant variety Jinda 73, and the contents of Na® and Cl~ in leaves of all varieties were negatively correlated
with the SPAD of leaves. This results showed that the accumulation of salt ions was an important reason for the decrease of
plant biomass and leaf green loss. There was no significant correlation between the contents of Na® and Cl~ in the stems and
leaves of salt-tolerant cultivars and the plant biomass, indicating that the effect of salt-damaged ions on the plant biomass of
salt-tolerant cultivars was not significant.

Keywords: Soybean; Salt stress; Plant biomass; lon content
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Table 1 Effects of different NaCl concentrations on seedling biomass of soybean

o R bR H BT M i R T
Variety Salt concentration Overground fresh Overground dry Underground Underground
/(mmol - L") weight/g weight/g fresh weight/g dry weight/g

K53 CK 1.534 Aa 0.191 Aa 0.546 Aa 0.028 Aa

Jinda 53 50 1.634 Aa 0.207 Aa 0.550 Aa 0.030 Aa

100 1.634 Aa 0.189 Aa 0. 446 Bb 0.028 Aa

150 1. 460 Ab 0.173 ABb 0.415 Ce 0.028 Aa

200 1. 058 Be 0.169 Bb 0.364 Dd 0.025 Aa

15 16 CK 1.371 Aa 0.176 ABa 0. 145 Bb 0.021 Aa

Shanning 16 50 1.493 Ab 0.183 Aa 0. 165 Aa 0.023 Aa

100 1.380 Aab 0.175 ABa 0.160 Aa 0.023 Aa

150 1.308 Aa 0.169 Bb 0. 140 Bbe 0.021 Aa

200 1. 193 Be 0.153 Ce 0. 132 Be 0.019 Aa

K73 CK 0. 889 Be 0.125 Ce 0.456 Cc 0.022 Aa

Jinda 73 50 1. 158 Aa 0.168 Aa 0.637 Aa 0.024 Aa

100 0.988 Bb 0. 143 Bb 0.554 Bb 0.022 Aa

150 0. 862 BCc 0.118 Ce 0. 432 Ced 0.021 Aa

200 0.801 Cd 0.111 Ce 0.418 Cd 0.020 Aa

Frg CK 0. 185 Bb 0.029 ABa 0. 045 Bb 0.003 Aa

Pingnan 50 0.225 Aa 0.034 Aa 0.068 Aa 0.005 Aa

100 0.170 Be 0. 025 BCh 0.066 Aa 0.005 Aa

150 0. 146 Cd 0. 023 BCbhe 0.052 Bb 0.004 Aa

200 0.070 Cd 0.018 Cc 0.038 Cc 0.002 Aa

[7il— ity R [ S B A i)/ NG TR R 22 5 835 (P < 0. 05) , A FRE F B8R 22 5 35 (P <0.01) o Flle

Different lowecase after data of the same variety and column mean significant difference (P <0.05) and different uppercase mean extremly significant

difference (P <0.01). The same below.
22 AEREHRABLAENEFHXEEKRT R
SPAD #J340i
Bifi 5 RV WO B A SN 4 S AR A I i SPAD
AT BE. 117 16 F K 73 AR ry
SPAD #£ 50 mmol - L™" {1 £h 15 i v i T A5 /)N g JiE 34
I AR AA 27K 5 24 R P 0k B 35 100 mmol - L™
PI_ERsE, iF SPAD (g I T8 ; 1251 150 mmol L™
DL B, i SPAD B i IR TR (R 2) . R
eV BEER A S5 i S R A, S OGS
YERT, SRR R A A R SRR 27 A 5

R2 AEIRE NaCl 4MEXT AT M SPAD #20H
Table 2 Effects of different NaCl concentrations
on leaf SPAD of soybean

il E SPAD
Concentration/ A 53 15 16 AR T3 Frg
(mmol - L") Jinda 53 Shanning 16  Jinda 73 Pingnan
CK 35.0 Aa 32.2 Aa 31.9 Aba  33.9 Aa
50 34.7 Aab  32.3 Aa 32.4 Aa 34.1 Aa
100 34.1 Ab 31.2 ABb 30.8 BCb 31.0 Bb
150 33.0 Be 30.8 Bb 29.6 CDc  30.3 Bb
200 31.8 Cd 29.1 Ce 29.3 Dec 28.6 Be
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B
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C
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Jinda 53 Shanning 16 Jinda 73 Pingnan

AR B 2R Gy (A — PR TRl NE B3R A B R) 22 57 .35 (P < 0. 05) , R RS SRR ib
B[] 22 574 .35 (P <0.01) . Tl

A: Root; B: Stem; C: Leaf. Different lowercase in the same breed mean significant difference (P <0.05)

and different uppercase mean very significant difference (P <0.01) between treatments. The same below .

& 1
Fig. 1

AERE NaCl fi8 TAESEHRERF Cl 2ESH

Analysis of Cl™ contents in root, stem and leaf of soybean

in seedling stage under different NaCl concentrations stress
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Fig. 2 Analysis of K* contents in root, stem and leaf of soybean in seedling

stage under different NaCl concentrations stress
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Table 3 Correlation analysis between the content of ions in different parts of soybean plant and corresponding character

. - G ELi e e T
The ion in roots The ion in stems The ion in leaves
Variety Character
Na* cl- K* Na* cl- K* Na* cl- K*
HK 53 ik fif T -0.516  -0.650  0.531 -0.840% -0.990** 0.854 -0.931% -0.956° -0.842
Jinda 53 TR T -0.571  -0.698  0.526 -0.668* -0.816" 0.819 ~0.785% -0.703* —0.805
MH SPAD  -0.768  -0.866  0.737 -0.855  -0.951* 0.975°* _0.797* -0.851* -0.970"*
15 16 L A i -0.685  -0.391 0.781 -0.805* -0.868* 0.368 -0.841% -0.821% -0.952"
Shanningl6 PR T -0.750  -0.475  0.803 -0.898* -0.938* 0.453 -0.938* -0.965** -0.929"
Mt SPAD  -0.895* -0.702 0.935"  —0.965** -0.991** 0.691 -0.928* -0.956* -0.924*
BRI FE A B B -0.088  -0.186  0.306 -0.293  -0.543  0.123 0.294  -0.685 0.679
Jinda 73 TR T -0.131  -0.227 0. 350 -0.338 -0.580  0.170 0.262  -0.716 0. 667
MH SPAD  -0.642  -0.671  0.828 -0.830  -0.908* 0.726 -0.687* -0.936*  0.357
R A HE A fF 2 -0.038  -0.612  0.339 -0.772* -0.902*  0.495 -0.828% -0.727* -0.023
Pinnan Lizk, S aiy -0.132 -0.725  0.392 ~0.721* -0.914* 0.397 -0.760* -0.799*  0.179
iH SPAD  -0.481  -0.800  0.705 -0.815 -0.970** 0.789 -0.786* -0.955*  0.342

 FIRAKMER B (P <0.05) 5 * " FoRAR AR ISR K (P <0.01)

" indicates there is significant correlation( P <0.05) ; * " indicates there is extremely significant correlation (P <0.01).
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