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Abstract: In order to screen soybean rhizobium with strong salt-tolerance for Shanxi main cultivar Jinda 88, and provide
theoretical basis for solving the application of rhizobia in saline soil, 7 salt-tolerant rhizobia strains screened from 187 soybean
thizobia strains and 1 reference rhizobia strains USDA110 were used for tested strains. All strains were inoculated on Jinda 88
treated with water control and 150 mmol-L ™" NaCl using randomized block design, in order to analyze the effects of rhizobium
on growth traits of Jinda 88 and screen out the salt-tolerant and well-matched rhizobia strains by using correlation analysis and
cluster analysis. The results showed that most of the growth traits reduced under salt stress, especially nodule traits were
decreased significantly or extremely significantly. The nodule traits including fresh weight and dry weight of root nodules and
root nodule number were significantly increased in USDA110 inoculated plants, which indicated that well compatibility of
soybean-rhizobia in water control was Jinda 88-USDA. The plant leaf SPAD value, nodule fresh weight, dry weight of root
nodules and nodule number were the best for TG1 inoculated plants under salt stress. The plant height and aboveground fresh
weight were the best for TG14 inoculated plants under salt stress. Correlation analysis showed that the relative nodule number
was significantly correlated with the relative SPAD value, the relative nodule fresh weight was significantly correlated with the
relative nodule dry weight, and the relative shoot fresh weight was significantly correlated with the relative plant height and the
relative shoot dry weight. Cluster analysis showed that strain TG1, TG53, TG79 and TG14 inoculated plants showed stronger
salt resistance. These strains provided theoretical basis for the research on salt tolerance of soybean rhizobia strains and strain
resources for the popularization and application in salinity soil of Shanxi Province.
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Table 1 The tested soybean rhizobial strains

Fkk Strain eI Source J& Species 3 BS ML Tsolated location

USDAL10 WA MBI T Bradyrhizobium
TG1 5719 Jindou 19 AR B Sinorhizobium WP, K4 Taigu, Shanxi
TG14 G40 U ARARIRI T )8 Sinorhizobium 117, K4 Taigu, Shanxi
TG16 G70 R AENURI T B Sinorhizobium 1175, K% Taigu, Shanxi
TG44 #E 57 13 Huaidou 13 rhAE NI TR )& Sinorhizobium 1175, K% Taigu, Shanxi
TG53 F-F§ Pingnan P ARARIRI T JB Sinorhizobium 1P, K4 Taigu, Shanxi
TG79 A 110 Jinda 110 TR )& Sinorhizobium 175, &4 Taigu, Shanxi
G193 #5715 Huangdou 15 AR B J& Sinorhizobium 1P ,)” R Guangling, Shanxi
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Table 2 The effects of inoculating salt tolerant rhizobia on

SPAD of Jinda 88 leaves under salt stress

fbE TE KO IR 150 mmol-L~" T
Treatment Water CK NaCl T-test
A

29.50 £1. 14 abA  29.17 0. 65 aA -

Non-inoculated

USDAI10 25.90 £0. 69 bA 19.93 £0.51 dC
TG1 26.07 =£1.42 bA 29.73 +0.38 aA
TG14 29.37 £3.35 abA  27.10 =1. 13 abAB -
TG16 27.37 £2.70 abA  24.87 +£2.39 bcABC -
TG44 27.03 £0.50 abA  26.50 =1.35 abcAB -
TGS3 27.20 £1.75 abA  30.20 +£4.78 aA -
TG79 30.17 £0. 71 aA 28.57 +£1.42 abA -
GL93 30.07 £1.91 aA 22.97 +0. 68 c¢dBC

FFIRIF A/ NG F 43 $I 3R P <0.01 5 P <0.05 /kF 25
Pl B R, T R A 405 %R CK 5 150 mmol - L~" NaCl
REFELE P <0.05 5 P <0.01 K-35 G 2 alobe 5.3, F I

Different capital or lowercase following the mean values within each
indicates extremly significant or significant differences at P <0.01 or P <
0.05. * and ** means significant or extremly significant differences at
P <0.05 or P<0.01. The same below.
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Table 3 The effects of inoculating salt tolerant rhizobia on

plant height of Jinda 88 under salt stress  (cm)

Ab B TH KX R 150 mmol-L=" TR
Treatment Water CK NaCl T-test
N

Non-inoculated

27.00 1. 87 aA

23.87 +1.31 abA
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USDAL10 31.03£3.93 aA 20.43 £2.48 bA NaCl Jpi8 A% 5B B A%, TG T B b BB A9 AR Bk b T
TGI1 26.83 +3.15 aA  23.70 +5. 40 abA - %Kq:iﬂgﬁé%{&o F@K%ﬂﬂﬁTKi‘i%%ﬂi‘i?ﬁWﬁlﬁl
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fief T ey, BR 5 2 LR BR USDAT10 b B A% B 1 |
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S R 2 S W R A, g AN TR R R HC A AR R TR A
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o e PRAYAE AR BB A1 & 22 S 1R W . NaCl a8
TG79 29.00 £1.37 aA 26.40 +7.97 abA - _Fz:ﬁé%‘xq‘ﬂg&%m@%ﬁ}iﬂ@*ﬁﬂ&i&i%ﬁﬂii
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Table 4 The effects of inoculating salt tolerant rhizobia on aboveground biomass of Jinda 88 under salt stress (g)
M - PG o b
b Aboveground fresh weight Aboveground dry weight
Treatment KO J 150 mmol -1~ T K% KX I 150 mmol -1~ T K%
Water CK NaCl T-test Water CK NaCl T-test
AR
1.24 £0. 13 aA 0.98 £0. 17 abA - 0.26 +0. 03 aA 0.24 £0.04 aA -
Non-inoculated
USDA110 1.26 £0. 11 aA 0.70 £0. 08 bA 0.24 +0.03 aA 0.16 £0.02 aA
TG1 1.27 £0.09 aA 1.06 £0. 11 abA 0.25 +£0.01 aA 0.21 £0.02 aA
TG14 1.19 0. 14 aA 1.16 £0. 19 aA - 0.23 +0. 04 aA 0.23 £0.03 aA -
TG16 1.37 £0.07 aA 0.94 £0.07 abA 0.26 £0.01 aA 0.24 £0.02 aA -
TG44 1.18 £0.42 aA 0.90 +0.20 abA - 0.23 £0. 10 aA 0.19 £0. 04 aA -
TG53 1.27 £0. 11 aA 0.80 £0.09 abA 0.26 £0.01 aA 0.20 +0.03 aA -
TG79 1.29 +0.26 aA 0.92 +£0. 42 abA - 0.29 +0. 08 aA 0.21 £0. 11 aA -
G193 1.09 £0. 11 aA 0.89 +£0.09 abA - 0.24 £0.03 aA 0.20 £0. 01 aA -

2.4 EMTERBEXERHE TKE M THREY

THB T AE NaCl ria % 2 % T F%, TGL \TG14

ENZEI

H 5 AT, 5595 K B 41 A0 HE , NaCl e [
I T ASE AL B K 88 b R 3Lk it (H T A B bk
A0 TR PR AR MR 5 fF T 7E NaCl e R IR B2
57K AR LL , 225 USDALL0 il GLI3 % A1 ik b

TG16 ,TG53 Fll TGT9 [ai Ak HH A AE AR b T~ &8 2 f
TR, AN TR R IR A A B A AR PR b T S e B AT
FAE NaCl it FIvi K B N S48 A A 5 0 22 5
A MR T b B A MR R AR RO A B

B
5 ﬂrﬁl o



334

AR OK 88 i VE FC R i FR AR B BA T R 389

RS EMTEHRBEXNERMETEKX S M TEEYMENN

Table 5 The effects of inoculating salt tolerant rhizobia on underground biomass of Jinda 88 under salt stress (g)

Ho T A b1 i1 e
g Underground fresh weight Underground dry weight
Treatment Ko IR 150 mmol -1~ T % Tk 18 150 mmol -1~ T ¥ 5
Water CK NaCl T-test Water CK NaCl T-test
R
N 1.60 £0.23 aA 1.22£0.29 aA - 0.17£0.02 aA  0.1220.02 aA -
USDA110 1.19£0.05 aA  1.05 0. 14 aA - 0.18£0.01 aA  0.12+0.02 aA
TG1 1.08 £0. 08 aA 1.03 0. 12 aA - 0.20£0.02 aA  0.15=0.01 aA .
TG14 1.46 £0.31 aA 1.13 0. 08 aA - 0.20£0.03 aA  0.14£0.01 aA
TG16 1.53£0. 11 aA  1.29£0. 14 aA - 0.19£0.01 aA  0.16 +0.01 aA
TG44 1.44£0.47 aA 1.19£0.21 aA - 0.17£0.07 aA  0.15+0.02 aA -
TG53 1.54£0.30 aA  1.17£0.13 aA - 0.20£0.03 aA  0.1420.02 aA
TG79 1.29£0. 11 aA  1.09£0.33 aA - 0.22£0.04 aA  0.13£0.02 aA
G193 1.28 £0. 12 aA 1.13 £0. 16 aA - 0.19£0.02aA  0.13 £0.03 aA .
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FEIRE TR K. NaCl e~ , TG1 AbBEAYAR
Rt T I K, 5 TGL4 b3 22 5 AN B 3, 5 P
USDA110 F1 TG79 4b ¥ 2= 7 i 2, 5 H i 4b 3L ¥ 3k
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KT BEZ TG AL PRAGHYIRE T B ok, Hik
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Table 6 The effects of rhizobia inoculation on nodule biomass of Jinda 88 under salt stress (g)
M 9o ficf iy i
b Nodule fresh weight Nodule dry weight
Treatment K R 150 mmol +1.~! T Koy WK R 150 mmol-L~! T K
Water CK NaCl T-test Water CK NaCl T-test
A
0+0 dE 0+0 aA - 0+0dD 0+0 cB -
Non-inoculated
USDA110 101. 20 £10. 89 aA 14.03 £1. 08 bcABC o 23.55£2.19 aA 2.00 £0.26 bcAB o
TG1 91.07 £23. 89 aABC 25.85 £12.79 aA o 24.33 £6.75 aA 5.20 £3.25 aA *
TG14 99.70 £21.24 aAB 21.00 +£9. 43 abAB 21.20 +4. 81 aABC 3.80 +1.99 ab
TG16 98.60 £9.21 aAB 9.30 £2. 12 c¢dBC * 22.77 £1.33 aAB 1.65 £0. 49 bcAB *
TG44 84.05 +£10. 82 abABC 5.67 £1.29 cdBC * 18.50 £ 1. 84 abABC  1.57 +0.25 bcAB o
TGS3 58.93 +12. 03 beBCD 7.55+£2.19 c¢dBC 20.90 £2. 12 aABC 2.40 +£0. 42 bcAB *
TG79 43.25+£2.19 ¢D 10. 25 £4. 31 bedABC 11.15 £0.21 ¢C 2.10 £0. 85 bcAB *

GL93

53.80 +3.54 ¢CD

4.00 £2.40 cdC

12. 80 +0. 42 beBC

1.20 +0. 28 beB
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Table 7 The effect of inoculating salt tolerant rhizobia on the nodules number in Jinda 88 under salt stress

Jb 38 Treatment TACATH 150 mmol -1 ~! NaCl T K58 T-test
Water CK
KRB Non-inoculated 0+0 eD 00 dD -
USDA110 60.50 £9. 19 aA 7.67 £2.52 beBCD -
TG1 47.67 +5. 86 beAB 26.00 = 1.41 aA
TG14 28.67 +4.51 dC 11.67 £2.52 bB *
TG16 50.33 £3.51 bAB 7.50 +0. 71 beBCD o
TG44 39.00 +0. 01 cBC 7.67 £1. 15 beBCD .
TGS3 43.00 1. 41 beB 24.00 £7.07 aA *
TG79 29.00 +4.24 dC 8.50 +2. 12 heBC *
GL93 47.50 +3. 54 bcAB 3.00 +1.41 cdCD .

2.7 EMTWEREBHEEREROEXSN

R AN IR AR TR T Ak B ) AR R 25 1 DR R X {EL 22k
TN AT, 3R 8 T Ut A HUJR £ S A )
SPAD fEL It 8 IEAH OGS &, R AR Ml & it
SPAD fELAJ L — 5 i JE Sz WA MR AR RS Ko 4L,

AR R e 5 AR M P R N IE AT OGOC R, 3R
B ER PPN 0T AR oo T, M b AR R B, AR
S i B AR 0T M A S I AR AR
HG AR AR T E AR SCAR , R I i aa R
T MR F) i T B, T MR

R MR A IR R B MR AR X B 18 B9 A KM 3 AR

Table 8 Correlation analysis between relative values of plants characters inoculated with rhizobia

M SPAD  AEXFRRRES O MIXEHL R AT HE - AARMARGEE KINHRTE MIXHHRIE AR AR
RS RPH fif 7 RAFW T8 RADW  RRFW RRDW  fif# RNFW T RNDW
HHXT R RPH 0. 098
AHXTHE |- 308 B RAFW 0. 130 0.794 "
AHXTHE 1 %8 8 RADW 0. 121 0. 664 0.782*
HXF AR EE RREW -0.087 0.015 -0.024 -0.255
AHXTAR T RRDW 0.219 -0. 144 0.088 0. 446 -0. 006
AR AR e B RNFW 0. 468 0.382 0.328 0.013 0.297 -0.469
AHXS MR T 5 RNDW 0.519 0.557 0.534 0. 144 0.197 -0.439 0.950* *
AHXS AR %L RNN 0.885**  0.152 0.229 0. 134 -0.192 -0.126 0. 650 0. 684

* FIRMAETE P <0. 05 AKPRIEMFE; ™ " FRAARNETE P <0. 01 KA B FAA K

“ means significant correlation at P <0.05; * " means highly significant correlation at P <0. 01. RS: Relative value of SPAD; RPH: Relative value
of plant height; RAFW . Relative value of aboveground fresh weight; RADW : Relative value of aboveground dry weight; RRFW . Relative value of root
fresh weight; RRDW; Relative value of root dry weight; RNFW . Relative value of nodule fresh weight; RNDW: Relative value of nodule dry weight;

RNN: Relative value of nodule numbers.
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Fig.2 The plant growth inoculated with rhizobial

strains TG14 under salt stress
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The cluster diagram of the relative value of plant characters inoculated with rhizobia
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