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Glycine soja-associated rhizobia: isolation from coastal saline
soil and application in soybean

YANG Yanzhe, LIANG Jing, SUI Xiaona, ZHAO Donglin, ZHANG Chengsheng,
ZHENG Yanfen

Tobacco Research Institute of Chinese Academy of Agricultural Sciences, Qingdao 266101, Shandong, China

Abstract: [Objective] To investigate the rhizobial diversity of wild soybean (Glycine soja) in
saline soil and screen out the salt-tolerant and plant growth-promoting strains for the
cultivation of soybean. [Methods] We used the culture-dependent method to isolate rhizobia
from wild soybean growing in coastal saline soil and then evaluated their growth-promoting
characteristics and effects on wild soybean and cultivated soybean. [Results] A total of 87
rhizobial strains were isolated from the root and nodule samples of wild soybean, belonging to
Snorhizobium, Rhizobium, and Bradyrhizobium. Next, 24 strains of different species or from
different samples were selected as representatives. Among the 24 strains, 16, 6, 16, and 6
strains had the of producing indole-3-acetic acid (IAA), producing
l-amino-cyclopropane-1-carboxylic (ACC) deaminase, dissolving phosphorus, and producing
siderophores, respectively. According to the above growth-promoting characteristics, we
evaluated the growth-promoting and nodulation effects of 11 strains on wild soybean. The
performance of Snorhizobium americanus DL3 was superior to that of other strains. Finally,
pot experiments were carried out to examine the effects of strain DL3 on the salt tolerance of
wild soybean and cultivated soybean. Strain DL3 promoted the growth and lowered the level of
proline in leaves, thus alleviating the salt stress of wild soybean and cultivated soybean.
[Conclusion] Strain DL3 improves the salt tolerance of plants, which has important theoretical
and practical significance for soybean cultivation in saline soil.

Keywords: saline soil; Glycine soja; rhizobia; plant growth-promoting rhizobacteria; salt stress
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AT 2 A 15 R FEE AR, Horh, SR
THYIREA RORRR TR BE 55 Ho A B IR R
4, $Em IRy, MR Gk,
IS FZARAR A 2 ARSI, I E )
AR, BA A A T e B JR i
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(4) WA IH BRI 4B O 2 (reactive oxygen
species, ROS)f it 16 14, a0 A 1k ¥y B AL
(superoxide dismutase, SOD) . i %A 1k & M
(catalase, CAT). 1% LYl (peroxidase, POD)
5, BB AL RS, (5) PGPR AT L
MCEAE T Na B9HER A1 KA melie, DA in
K'/Na H R,

B R GEARE KGR B AR, HAght
BB HORG . P RS T IR
W RNEN, I A R AR . R
AR HF R AR 43 8 Y — Bk N AT YDX26
(AR )& , Pseudomonas sp.), A HA—
FE R ERPE , XK RES i BA B IR R, 5k
FERR AU INBF A KGR PR P B B 2 BREN R
DB17 ({A17¢%E /R &4 )&, Burkholderia)fl DB5S
(FY B 8, Sphingomonas), X K AR
AR AT HEER], Hh Rtk DB58 fE T &1
HERGYIHR AR . SR, B R & B AR TR D5
S OLAERE A Y R PR T 5 D, BT
HYIRE T, T K& A o e A i

AT B AR A K 0 B R TR
FHLEAE G R o B AR W AR, @l 168
rRNA JE A Py 514G I 25 5 o e 7, BT B R
TR 2R R AR T IR A T
JIFSLAE AR R T, DU 45 R fE 9
e AR ORGP AR 1, el i B R AR B
AT, BRIl R AR A A AR AR
IR ZILAE LG, DAh & B A K AR PR
PRATEFP TR, P2 R+ O RME Y P
R R A R R AR A

1 AP 5k
1.1 AR

1.1.1 #FRLIE
KEFF. 5585 34,
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BRER . WAREEFRT - EAEKN
S AR AR AR

T AT S R ERA B IR ).
1.1.2 FEEHRE

‘B3N 7 (nutrient broth, NB) (g/L): & 1k
10.0, % 3.0, NaCl5.0, pHH 7.0-7.4,

‘B8 (nutrient agar, NA) (g/L): 2514 10.0,
4 RE 3.0, NaCl5.0, Bifl§20.0, pH A 7.0-74.

L) H 22 W5 (R 1) (yeast mannitol broth, YMB)
(g/L): BERERE) 20.0, H #2115 5.0, K,HPO, 5.0,
MgSO,4 0.5, NaCl 0.186, CaCO; 1.2, pH fH
6.8-7.2,

PR H 82 I3 I8 (yeast mannitol agar, YMA)
(g/L): BEREEEY) 20.0, H #2115 5.0, K,HPO, 5.0,
MgS0, 0.5, NaCl 0.186, CaCO; 1.2, Fifl§ 20.0,
pH {H 6.8-7.2.

MR YMB $i 955 (g/L): BERERy 1.0, &
% 10.0, KH,PO, 0.5, MgSO, 0.2, NaCl 0.1,
&R 0.1, pH{H 6.8-7.2,

TCHUERE 5% 5 (pikovakaya, PKO) (g/L):
ZKE 10.0, (NH4),SO4 0.5, MgSO,-7H,0 0.1,
NaCl 0.2, KCl 0.2, FeSO,7H,0 0.003 ,
MnSO,4-4H,0 0.03, Cas(PO4), 5.0, FEEHS 0.5,
Bifig 20.0, pH {H 6.8-7.0.

S MAPIBERE R (e/L): #IEHE 10.0,
MnSO,4-4H,0 0.03, FeSO47H,0O 0.03, CaCOs
5.0, (NH,),S0,0.5, NaCl 0.3, KC10.3, &H# )
Wilg 0.2, BEE:KS 0.4, 3l 20.0, pH {H 7.0-7.2.
1.2 #@mX&E

KRR IR B LM BB R E) IR
153 NS R 18~ < AN ] By = £ | B =93
WiRe, FLEE 16 IRAES (R 1),

KRR e BEFAE KRR I KRG, K
PSR ARIZH, A TG B4, 108 &
IS i
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Table 1 Sample collection sites

Sample Latitude Longitude Sample Latitude Longitude
1 118.917 5°N 37.442 2°E 9 118.746 6°N 38.034 6°E
2 118.913 0°N 37.501 9°E 10 118.915 7°N 37.797 0°E
3 118.952 5°N 37.597 6°E 11 118.996 5°N 37.803 4°E
4 119.022 8°N 37.693 7°E 12 119.141 3°N 37.744 6°E
5 118.846 8°N 37.763 0°E 13 119.101 9°N 37.756 3°E
6 118.802 7°N 37.817 3°E 14 118.605 9°N 37.263 3°E
7 118.851 3°N 37.883 I°E 15 118.547 9°N 37.365 9°E
8 118.746 2°N 38.040 8°E 16 118.558 5°N 37.374 1°E

1.3 REBESBEF

HIFNHLIERE S 95%Z IR0 3 min, 0.5%
AR 1 min, FHICEAKMBLE 5-7 K.
FESH T BB TR BB, SRR R
1072, WZH 200 uL 43 34+ NA il YMA P4
b, BARRRCE 3 NEA, 28 °CHESR 2-4 d.
MRPETRVETEA . Bl IR mOG I PR
afifk 2-3 W, XMEEHET RS, H 50%
HIMTE—80 °CIRAF R
1.4 WRBESFEE

I IS 100 L TE S, 185
J& 100 °C/K¥ 10 min, SRJ57EI-20 °CUkKiy
30 min, 12 000 r/min #5.0> 10 min, H_VEWAE
5 PCR SV AR . XA 16S rRNA FE[A E
1T PCR Y14, P 451 91(5'—3") M 27F (AGAGTT
TGATCCTGGCTCAG)HI 1492R (GGTTACCTT
GTTACGACTT)!', JZ W1k % . 2xTaq Master
Mix 13 pL, b, T#E5#(20 pmol/L)# 1 uL,
4lifk iy DNA (20 ng/uL) 2 uL, ddH,O 8 uL.
AR : 95 °CHiZEE 5 min; 95 °CZEE 1 min,
55 °CiR kK 1 min, 72 °CZEf# 1 min, 30 PMEFF;
72 °CHEfH 10 min, 12 °CIEfF. PCR “#14 1%
NS EE I FEL K (100 'V, 40 min) Il A4 J5 2615
T B B R EYHARARA T, WP 25
7 NCBI (www.ncbi.nlm.nih.gov) ] BLAST #k
PRAEL X, B TR AR Y 23 LA

1.5 REEIREIRFNE

IAA F=AREIINRE . & 0.1 g/L (5 BR ek
R YMB 852 B KRG, HF 1%E 50
o WU BR MR PR AR, DAREE RN BRI BR 1) 25 P 4 3R 3k
MXTHR, 28 °C. 180 r/min #RHIEIR 3 d. B
JAE 4 °C. 8000 r/min F&.0> 10 min, HL 1 mL
i 5 1 mL Salkowski Fb @R £E 2E S FRR AT,
B 30 min J& , B BRI E 530 nm K
AR CEE , MEERRHEM LT TAA 1
FREMIZR0. 20, 40, 60. 80 1 100 mg/L)H 4k
m|%E-3-Z BREIVENT . Salkowski H @ : 50 mL
35% HCI A 1 mL 0.5 mol/L FeCl;!',

ACC A BHEENE . 3% Penrose "

()7 R T IN E

FEAEERARARRE S A2« B 1 mL 1S ARE ARy
I TE AR BRI 100 mL YMB Ji gL,
28 °C. 180 r/min #7557 3 d, HEFRULAE 4 °C,
10 000 r/min F 5.0 15 min, B FWEW®, A%
R CAS Kl , 7o IRA) 5 rh#E
30 min, W% 630 nm AbIEIE(As), ZEIBK A
XTI . 28 ARG SRS CAS Rl S5 (AR FUR
51, ME 630 nm AWEOEE(Ar), SREATTE A
KM [(Ar—As)/Ar]x100%>"

VEBERE ST « PKO REFRIE N & 7 i ToHL
W AE 1) RN 58 4 A ML 5% 3% 2k (N 2 V5 i A5 AL

&

fi
BERE )Ry A i AR IR 0, BRI AR R
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HeRh TR g, 28 cCHEEKT SR 3 d, iUl
BT 7 A VS Wl P ke i T TR PR A LA T
EJi.

SREREIINE - TR E] YMB AR RS 5
Ferp 28 °C, 180 r/min ik ¥%153% 3d )5, F 4 °C,
6 000 r/min #.0> 10 min, BKRZTLHEKBELRG
EETIHE K, J#77 ODgo M 0.5, B KB R
TF 75% GBS min J5, JCRIKIEDE S IR,
TERAE JC IR MR AR B B S LN S S #% A L fR
MAEZF 48 ho BSCRENA 30 mL A 22 E SR
W, KEEHEMA 1 mL # . FHuEgt %
20, CEAERE T, BB A4 R R E
1.8 emx18 cm A UELACH R/ T H . K4 L
T 14 /10 h G FRANEE TR, 24 d JEWsoskl
HERTEO
1.6 REEAFRREXE

AR R A RE TR T3, KA
ST, ARG 128k, T 141/
10 h BRIEFRAA R 3%, e kb sk, 1 JH)E
FERV R, 2 d JEEER 1 R. TERERNE
YMB WA 3R 3, 28 °C, 180 r/min Jki% 5%
#F3dJ5, T 4°C. 6000 r/min .0 10 min,
TR TR KPR G B2 T I K, P55 ODgoo
0.5, WEHANE SRR R G AE KRG, kil
KRR SRR SR 34 GRS,
AR R GAR AR (bR . R AURED.
1.7 HEHFXEMXZZARAE

W1 ST B A H 3R ), T
A, 84250 ¢+, MFiHE S, WRPAb R
Rk 15 WiAhF, B 3. HEHRIGILIERERNE]
YMB ik gR 2k, 28 °C. 180 r/min ¥ki%H;
F#3dJ5, T 4°C. 6000 r/min #.0> 10 min, [
TR TR KPR G EE T ICHE K, P85 ODgoo
0.5, SRR R, B 2 d FRERD
1R, 55 2 R SEEE 3 d J5 (T 150 mmol/L

and
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NaCl Zb#f, WEEFR G AR E A RARD, 1F
KPS, BRI AR A B A5
1.8 ZEREEBIERNE

i 22 (proline) & ft A2« FRIBUAH R 1Y
MR 0.2 g, BYREJE A HZERE P, A 5mL
3%l S AKAGPRVE W o INZESGTEWE /K HP R 15 min,
B HZEZEIRIGTE 4 000 r/min 250> 10 min, B E
T 2 mL & H o AnHERZEHIE : 4% 10 pg/mL
B I BRI 100 mL., 7 2 10 mL EP & HA i
AMREER 0. 0.2, 0.4, 0.8, 1.2, 1.6 fl 2 mL,
IMAZEME KA 2 2 mL, FRUERS IR SFES S
SPIIMAVKZ R 2 mL, B 2 mL (FR1EE =
M7 . 60 mL vKESHR . 16.4 mL BEER INZ% 187K
ERZE 100 mL, FIIA 2.5 g 8i =M, B
WEELRAE), IRAWAE T BT, 100 °CKIE
30 min, BUHEREEER, SEMARR 4mL,
PG5, B TZERR E)ZHRR,
DLZERR K % BE I 5E 520 nm P AL IR RE
FR AR AE T RS0 A e 2R i) &

2§ % (chlorophyll) & il 22 - BRURH [R] 5843
M H 0.1 g, BYRRCABERH, IAGE A Jehb
FBRIRES , A 95%Z % 3 mL, RS A% .
FH 95% Bt ekbitte , e 2 25 mL. 78
4 000 r/min FE5.0> 10 min, WZHC EW5H 200 pL,
Sy HIAE 440, 649 F1 665 nm AL E WG .
THEAX MR a W (mg/L)=12.71xAgss—
2.59xAs9; MEEZE b e (mg/L)=22.88%Agso—
4.67%Aggs o

P AR AR T PRI S < R R O i
T BUHRBBAIM F 0.5 g, BIRE AR,
PAGE BERA, BRI . FBA 1 0.05 mol
T PR 2% wp &L V5 WX (phosphate  buffer saline, PBS,
pH{E 7.8) MUEWFER I FE I 2 25 2 S mL.7E 4 °C.
4 000 r/min F 5.0 10 min, 359 ED A ML BER
PRI o R FH R DU M (NBT)ik I 7 e SR A s
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ALRE(SOD)IEYE, EART 2k . i3 W1 ag v
UM A PBS 1.75 mL, 130 mmol/L H i %2
(Met) 0.3 mL., 750 pmol/L % i P4 ™ (NBT)
0.3 mL . 100 umol/L Z — B VU Z 1R — 4A
(EDTA-2Na) 0.3 mL, 20 pmol/L % 0.3 mL
DL A 0.05 mL, {RAIIS), BRI
3 mL. 382 SOREAEXTIRAL, F PBS X
B, Hrh 1 SO A, HthialE 4
WhiEI, 7E 4 000 Ix FIEKTT S8R 20 min
Je S BURESE, FERECARA TR 200 pL P
560 nm KNI OGRS o DA IR 10 S g
FAERXTIR, T2 SO A % & 4 b,
DARH] NBT SAb2 RN 50%4 4 1 AN 7
B o R FH A A AR 1 3 0 A 2 4R Ak P g (POD)
W ETEARE A 0.05 mL PBS, 2 mL
0.2% H,0,, 0.95 mL 0.2%M B ARy AW, 7B
RA), SRIG AN 0.05 mL AR AR G IR 5),
AP EETHINE 470 nm PR ANWOLEE . DI
3B g 22 S AR 1 SO M AR AR I K/ IME R — A
BgiE 1AL, R AL AR CAT)IE MR E . 75T
FRAE R 1 mL 0.2% H,0, (ffiH] pH { 7.8
PBS AC & )M 1.9 mL 7&K, SREMA 0.1 mL

1 REBEMKF LS

Figure 1 Rhizobial population at the species level.

T B, S BIYR 2T, A3 BEHIE 240 nm
PARAL IO HE o WS 1L AR ph i 2 v
R AR AR R

2 ZEREAM

2.1 BHAREREEZHM

B R A R 1) R 5 AR R A o e e g o
HYRE TR 87 bk, ¥J8 T2 IE A1 ] (Proteobacteria),
fI 4% a-22 T T4 40 (Al phaproteobacteria) fl B-25 7
4 ¥ (Betaproteobacteria), /& T 4 & 10 4~
Five Horh, 4 A& 3o Sy b AR R T B
(Sinorhizobium) . A8 17 J& (Rhizobium) , 12 £E AR
J88 74 J& (Bradyr hi zobi um) FIFA VT 1 J& (Mitsuaria) ;
e JE R s, P i EE Bk 95%.
TER K b, AL 45 S8 AR M W IR (S
americanus). Eh 8 HEHR F (S alkalisoli),
TR AR (S morelensis) . HIREAATT &
(M. noduli). %i & HF (R leguminosarum), H
A 18 A MR R T (B, japonicum) . % 1 (E.
adhaerens). &8 (E. sesbaniae)ds, HHsE
W Hr A AR T (S americanus) i BT A B B 09
79%, AAEHEFE 1),

I Sinorhizobium americanus

B Sinorhizobium alkalisoli
Sinorhizobium morelensis
Ensifer adhaerens

W Ensifer sesbaniae

B Sinorhizobium shofinae

B Rhizobium leguminosarum

B Rhizobium radiobacter

B Bradyrhizobium japonicum

B Mitsuaria noduli
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2.2 IREEIEEGEINE

R AR 988 TR b 24 A R 4y B b i AN ],
BUY 24 MRV AR AR TE R, AR
PEREE TAA . ACC 2l . BREA . WEBESEIG
PERINE , KB 16 MRAVE R ™ TAA BEJI I8 F|
20 mg/L VI I, HrpEEkk 114, 126-10 F1 71-17
7= 1IAA iK% 25 mg/L VL I B ACC & G
PERTERRA 6 PR, BAWRIEIEA 16 R, ™~
R BBUAA 6 BR(K 2). 255 LA BIRbR, i
B Pk 20-1. 20-16. 94-19, 112, 126-12. 127-11,
DL1. DL3, DL7. DLI14 1 YING2 3] 11 #k

*2 REMERSEERER

Table 2 Physiological indexes of representative strains

HJR R A T 2 R, G I B R X B R A K
LR LSRR RE S se . S5 R, A FD
MR DL3 J&, MRG0T R4,
T 2 A, B e %9 B R 3 LA R 15 5 ) B L
ol 25 7 (B 2A) . FEAHVE T YING2 J5, B
KGR B3 T X R, 2 A v i S B K
GRS TR, EANRE A 2B). fEdE
ghE )i, SXTRRME, 10 BRERENS B E IR
PR T EEREL, HrP R A DL3 545 Ao
Z(& 2C, Kl 3). ZE L BAsbR, AWFFEIESE DL3
(B RS AR DR D e S T

No. Species c(IAA)/(mg/L) ACC deaminase Siderophore production Phosphate solubilizing
112 Mitsuaria noduli 7.35 - - -
114 Rhizobium leguminosarum 31.90 - -

121 Sinorhizobium americanus 22.83 - - +
126-10  Sinorhizobium alkalisoli 25.87 - + -
126-12  Sinorhizobium americanus 19.61 - - +
127-1  Sinorhizobium americanus 22.80 - - +
127-11 Sinorhizobium morelensis  4.33 + - +
127-20  Sinorhizobium morelensis  5.37 - +
20-1 Sinorhizobium alkalisoli ~ 19.37 - - +
20-16  Sinorhizobium morelensis 9.75 + - -
71-17  Sinorhizobium alkalisoli 28.57 - + -
94-19  Ensifer seshaniae 5.90 + - -
DL1 Sinorhizobium americanus 22.37 - -

DL10  Sinorhizobiumamericanus 23.28 + -

DL14  Sinorhizobium alkalisoli  22.48 - +

DL3 Sinorhizobium americanus 21.13 - +
DL7 Sinorhizobium morelensis 6.92 + -

DL9 Sinorhizobium americanus 20.86 - -

GL11 Snorhizobium alkalisoli 20.75 - + -
GL11-1 Snorhizobium alkalisoli 23.11 - -
GL4 Snorhizobium americanus 20.18 - - +
SL14 Sinorhizobium americanus 20.11 - - +
SL19-1 Sinorhizobium shofinae 21.08 - - +
YING2 Sinorhizobium americanus 22.31 - - +

+: The strain has this ability; — The strain does not have this ability. The species in bold are the rhizobia selected for pot experiment.
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LLEQMERIERL = A ERRER R

2 EMAEREENFAEEKKSA). RIKB), REKOC)HZNT
Figure 2  Effects of inoculating different rhizobia on plant height (A), root length (B) and nodule number (C)
of Glycine soja. Different letters in panels a, b and ¢ indicate statistically significant differences between

treatments as determined by Student’s t-test (P<0.05).

3 M DL RHXELHEEUR
Figure 3 Nodulation effect of DL3 inoculation.

2.3 EETHIXER DL3 MEFRXEEK
SREA

i, SXEACKME, #F DL3
FRABL AR I 2R & 1 5 AL, B AR ERba vk
(K 4A), UiHA R DL3 5% 1 i Eho e (1
RN, MR a FTRFEMEI, e b &
A BELIE 4B, 4C), AEEhia R
WPk DL3 Bl $&m 1if SOD BHE Pk, ifEER
e R, BERhE Bk DL3 J5 SOD G745 CK A
I 35 25 52 (K 4D)., Tig & EERA, 5 CK
FHLG, #5680 DL3 B8 1t i CAT g, (A2
S E(E 4E). 2 P FLT, $EFF DL3 JE0
Ji POD MG YA ik & 254k (& 4F).

24 HIRXEN DL3 X ASEARRERE D
=AU

Wit J K I T TR AR DL3 X6k 5 A= K A 52
GERE I, 5XT R L, JEEh e T 4R DL3
X K G R A B E R S (B SA), TTE
WA R, BEFh DL3 e TR AR G (1
5B), ¥l DL3 BRMSTEERIME Tk R D i
Koo AEERMME T HERNE R DL3 XF M Fr il 2488 &
BEA D EEEmE 6A), mihia T
DL3 2 AL T M Rl ie % & (K 6B), BiH
Rk DL3 2B 1 e b %ot K G SR (i 3 S v o
T AR, B DL3 e E S8
i AR (& 6C—6F) o XK G M Fr o S Ak i 1
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WATIE , RBUAELRMA T DL3 & 61, 6K), M7ELhiria MhiA B R
T RE M F#Y SOD . POD Hil CAT Wi M (8l 6G . F(® 6H, 6], 6L).

NI RN T - NI B

Non-saline Saline Non-saline Saline Non-saline Saline

D E F
100|— CJCK 1000|— JCK 3000|— JCK

NI B AR L ||
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Figure 4 Effects of inoculating DL3 on growth of Glycine soja under salt stress. Different letters in panels A,
B, C, D, E and F indicate statistically significant differences between treatments as determined by Student’s

t-test (P<0.05).
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Figure 5 The effects of inoculating strain DL3 on plant fresh weight under normal (A) and salt stress (B)
conditions. Different letters in panels a and b indicate statistically significant differences between treatments as

determined by Student’s t-test (P<0.05).
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Figure 6 The effects of inoculating strain DL3 on physiological indexes of soybean plants under normal (A,
C, E, G I, and K) and salt stress (B, D, F, H, J, and L) conditions. Different letters in panels A, B, C, D, E, F, G,
H, I, J, K, and L indicate statistically significant differences between treatments as determined by Student’s

t-test (P<0.05).
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