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Isolation and Identification of Two Strains of Saline-tolerant Soybean Rhizobium

GENG Siqi', WANG Jieqi'*, WEI Xuange', LI Guo', XU Cunyao', HAN Dezhi’, YUAN Ming*, DU Jidao'"

(1. College of Agriculture, Heilongjiang Bayi Agricultural University, Daqging 163319, China; 2. Research Center of Saline and Alkali Land Improvement
Engineering Technology in Heilongjiang Province, Daging 163319, China; 3. Heihe Branch of Heilongjiang Academy of Agricultural Sciences, Heihe
164300, China; 4. Qigihar Branch of Heilongjiang Academy of Agricultural Sciences, Qiqihar 161006, China)

Abstract ;. In order to screen suitable rhizobia strains for application under saline alkali soil conditions, this study selected soil
samples from Anda City and used soybean varieties Mancangjin and Suinong 53 as hosts to isolate and purify rhizobia. Two
strains with typical rhizobia phenotype characteristics were screened. Subsequently, 16S rDNA sequencing analysis was
performed on these strains, and two rhizobia strains were successfully isolated, named an28 and an44. Perform nodulation
experiments on each captured host to determine the nodulation characteristics of an28 and an44. The results of antibiotic
resistance identification showed that an44 was resistant to erythromycin ( ERY) at a concentration of 20 wg+mL™" and
carbenicillin (CAR) at a concentration of 100 wg-mL ™", while an28 was resistant to ERY at a concentration of 50 pg-mL™".
The salt tolerance identification results showed that an28 can grow normally on TY solid culture medium with a NaCl
concentration of 600 mmol-L~"; And an44 can only grow at a maximum NaCl concentration of 200 mmol-L~". The results of
alkali resistance identification indicate that an28 can grow normally on TY solid culture medium at pH11.9, while the alkaline
growth environment of an44 can only reach pH9.9. Then, two strains of rhizobia were inoculated on eight salt alkali tolerant
soybean germplasms ( Qingte 4, Tiefeng 8, Niuyanjing, Heizhenzhu, Qinong 5, Hefeng 50, Heihe 49, and Heinong 531)
and two salt alkali tolerant soybean varieties ( Jinnong 5 and Shuangbao 8) for nodulation identification. The results showed
that the range of nodulation numbers for inoculating rhizobia an28 and an44 on 10 soybean germplasms was 2. 00 -8. 67 and
5.67-35.67 per plant, respectively.

Keywords : soybean; rhizobium; isolation and identification; saline-alkali tolerance; re-inoculation and identification
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(AR ) R 2R 0 0y 240 7 A R e TR AR o 3k
BRRREE ALK L A AR KD IRIE E ATz
ERTRIR S5 5 0 1) b b2 AR 22 R BEL R RO K
JRS D KRR R R A, (R, MK A K A
rrEh IRy B e R SR 2 R
A B | TR S R P R T

K7 ( Glycine max ) S&—FPHE A BRI P 385 3k
TR H 2 FEY), N7 R E AR & A3
FeFA P (A S mE AR b 3 S RHE
Y., Aot R R R IC R WY 4 K
KBTS SR, B AT E R A E
R R AR A R B oK, P e 2R e ad A
T B AR R R R, 51 R T
R (), 91 40 A e AR 4 K AR E B SR
HamEESE " HIk, R T R i AU v
B fEE BN LT IR R IR R BGE R 8 1E JEHIE

MR T ( Rhizobia ) Jt— 285 SRHE ) T A S A
R 22 IR B PR TR, & RE A8 IR G R W R AR, B
AR N A R LB 3R 2RISR 4 R
W, AR AT 1% 422 b A 9 20 %t RUIE I oK B e A A
Py s AV AR & ey T R S LT K
SL-HUR R AR R R ANRE ) R W B TR Y
A OB 53R TR W 0 00 1 T A e R R
B AR BRRTE A R 2 I HLA R
A MR TR R P AR K SRR 2 FAR IR, B
v S L I i e D EONE it L B AR R B T
e FEIF KR GRS A T VR = O
R 4 AR R AR FVER S5 W] 455 S T JiE B A RO
it o AT ) S AR B AN [ Aol 2 A R R T
el (HRA L L gz 5 DRI i3t A4
KRNI, B LA, TE M SR Y I | B Rh
MR, DM FEE5 8 BT B, A, - 3 PR A5 1 AR
R85 98 [ U RE ) 7 T A A O BEVE T, 3SR AY pH
(LS A 3 P T 25 DR 3R I 52 i AR T 22 b A 2%
SRR BE ARE S s Bk, S Tk
IAERCR A AR A (6] 3 X S R M AR
AREL BYi% e STUMENE L RS 7

BT H IR ) A S SR mUR A BUIR B = VR
AR R T 3 TS 52 M DR BREAE ) 7 i R k4 o)
B, ARWESE B TR S B RS R VLAR kT I
Bt A3 P AEAE R T SR AR I T, O X H R AT 20 Hr
5T, 6045 16S rDNA 387 Bt A= R Hi bk 0 #r it £k
PR TR S B AR 10 £ R b b B 4598
Rtk bT . RIS A 07 6 3 R AR R T T R B

HAE BB e VAR A A ORI R AR R R B
Heri

1 HRSH%

1.1 ##

1L1.1 4K Ke KEMFREF4 5 BES %,
AIRAG REER F54¢ 5 5 G F 50 BRI 49 SRk
531 Ay ER T 2 (R 53 AR 5 5
T 8 5 R AT ER B P B BRI R R
AR 2 e ol J5 ¢ R B P AR AL

1.1.2 AR E3E HHER A RRILE LA TS
HoHb (125°21'E ,46°24'N) 28R B + A AL
AL R RE , R 25 M AT, pHT. 6,
B3P 42.3 ps-em ™',

1.1.3  BXARBE MR Sinorhizobium fredii
HH103 , i ZR bl K2 KA ST G4t

1.1.4 HEALXA YMAEFHEE( L) .. &
10 g,K,HPO, 0.5 g,MgS0, 0.2 g, HEK; 0.5 g, NI
RL0.2 o, FUATF MBI F 15 o, ZBIMKEREL L
(pH6.8 ~7.0) .

TY ¥i77 3 (1 L) BREHWRS o, BEEH 3 g,
CaCl, 0.4 g, EIATT ININE R 15 ¢, B KERE
1L.

LB ¥5FR (1 L) R AR 10 o, FEBERDY 5 g,
NaCl 10 g, EATE MR 15 ¢, ZRIMKERZE 1 L,

T eEWH AR (dLa) A B2 R B E
EasyTag@ DNA Polymerase ,pEASY-T1 E. coli Transl-
T1 Phage Resistant; KAR AL B (AL 50) AR A
WAL B SE PR 41 DNA $2BGR70 & s s A k4
(FE ) 7 BRI K e It ) &

1.2 Ak

1.2.1 R\BEY2> B KREBMECE &K
53 SRR AE Aok b, Rk A ke S Ky
7228 d( M) J5 42 R G AR 4> B AR AR
PR IBCHS I ¥ 2K 0 v O IO AR R AR R T
75% WIS 1 ~2 min ST R ETH B, RS G
K e 3 WK, BEHUSME i AR , D) T S 216 A AR R
TE YMA (FNIRLL) FRRE 55 507 M BRI 4 s 5%,
BT 28 CHREFRA PR, i W B alifk s
FFLE OREE SO0 RDE %8 5 R B A
TP B B DA T

1.2.2 ARBHAAFARBEN B4Rt $i7H
TIANGEN 75 Al #2449 TIANamp Bacteria DNA Kit $2
BUR A S Ui B JE TN B L 41 DNA BEHC, HJ8 TR
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3L R 4045 JE7E NCBI b B R4, Wik A https: /
www. ncbi. nlm. nih. gov/genome/3067, 16S rDNA {#5F
FE9 L F i 51 9 5'-AGAGTTTGATCCTGGCTCAG-3'
5'-AAGGAGGTGATCCAGCC-3', " 3 7= ¥ Fr Bt K i 24
1 500 bp,

PCR [ W& % .2 wL DNA Ktk 1F & 51 ¥ %
2 uL,25 pL EasyTag® DNA polymerase , ¢ i Jo# 7K
#NE 50 plL,

PCR 451 B 5678 95 C Rk AT#vS 3, +F
225 min, SRIG AT 95 CHYZETE AL R, F54E 15 s,
TORAESS CFHATIR KL ER 752 15 s, B 5 54T
72 CHYLEMFA TR FFEE 90 s, fRJA e 72 °C F kT4
JEMATR FFEE S min, AN BEE 30 MEH, K
NESEIE B PCR P47 1% Bh R w6 e v Dk A
I RS D 5 BB T R E e I F0OF i, R R i
pEASY-T1 #84K, 452 G , L E E. coli Trans1-T1
Phage Resistant JE&Z 40P, 450 1 h 37 CHHE
Ja YIS RO A AR LB AR SR 5L b ) ik
AFEIRIG AT, LA 37 ClEIRR: R s, it
TR R TSR B A RABPLAE R Y LB AR R SR 3
11,37 °C 160 r-min " FEE T W R LA T
A TR A BR A wl HEAT I P45 5 4F NCBI
Bl B AT VRGNS M, A8 2 BRI M kA hup ;s /
blast. nebi. nlm. nhi. gov/blast. cig, Jf-il i MEGA7 X
THIHRRF KRB,
1.2.3 RBHREEZRELEET DHESERE
20,50,75 F1100 wg-mL'$iEZE[ FIBEZE (Km) .
AR (Cm) FIAEF (Rif) WL R (Spe) KK
% (Gm) ZIF R (Ery) BRI (Neo) JRK
FHar 2 (Car) A TY BHAREFREE b B - 80 CUkA T
() an28 Fl and4 WU HEAT AR KL, DI It A= &
(3G SRR SRy X BB 3% % L% 47 3890 7 1 U
Brgeph, DL 28 CHEEEFE S ~7 d, et B Bl
RS A 7 AR T L
1.2.4 WBEGHZEET DHESERE S,
100,200,300,400,500 1 600 mmol - L' NaCl Y TY
AR 7R3 L K - 80 °C VKA H Y an28 il andd HL
AT R, LLAR A NaCl 18 % B8 78 28 °C1H
HWEEFE 5 ~ 7 d, fF eI R v B A 0L 2R TR VR AR K
1.2.5 #RJB & 69334 S BI7E pH 7,8,
9,10,11 F1 12 A TY [EARKE 55 b PoICR I #%
an28 il andd FEATFARRILL , LA pHT A% IR 1 i
FFRAR U HE 28 °C A7 8RS ~ 7 d fEstad fe b Bl

A RS TR 7 A A 0L
1.2.6 Z@aeh%w KR w5 A M
PrAE RPN EIR TY B5352E I 28 CHiFRS ~7d i
PRHCATIRE T 600 L 19 TY WA R PSR 2
VR, B 200 WL BRVRCE RS BIHTEENY TY WA SR AL
E— 1555, 0D o [H4 0. 6 ZEA47HF,4 000 r-min ™' 25
O 10 min, SRR FIE SN, FHHEE A 10 mmol - 1!
HICH MgSO, BRI, A 3 I, AT 0Dy,
HIEZ 0.2 BPAT, K5 ARJBITE an28 Fl and4 73] 5
8 AN ER B Bl (RAF 4 5 kT 8 5 ARG B2
BRFRS 5 A S0 B 49 KAk 531) K2 A4
ATt R B (HRAR 5 5 MW 8 5 ) b AT 4 Rl 4G
Y E LAt s U Ak HH103 /R Xt R, 75K
T AR FLI 57 4 R I A FH S WA 2R AT AR R T Y
FERR  BEAROR S RE RN I 2 mL, 35 50 2 1 P AR
RWiE, HAE 28 d, St H, ki
3WAEYFEER  CRAZAGRIE , AT Y
LR PRAE EAZ R 9 em, 55 9 em, B TR B E
REHR TRER AR FT O 10 2R 0 i S0 P
1.3 HESW

T B 24 FRAE H Excel 2016 259880 H 4211
BT T SPSS 15. 0 A5 22 5 1 2 M 43 Hr 4
Duncan ¥,

2 HFR5SH

2.1 REENESEE

2P Al R 2 1R A3 A B A AR R R R R B
YMA [E{REE R b 25 8 sifbn AR 7%
TEA, BIBE S RUE | 2 meiE B A7 65 2L A
o HGSTRE FEA R DR A R A KRR SR
Jed DALY (AR T S RN TR VR RRIE AR AT A, it 248
05356 | FE T 4 KOG S Bl b 3 B A5 B — AN A AR
PTG SRR (0 B 75 7 45 R an28 , TEZE AR 53 K9
Pl oy B AR B TR R A 44 andd (B 1)

= B

TE: A.an28; B. and4

Note: A. an28; B. and44

1 YMA(RIRL) HEFE LK AR FFHE
Fig. 1 Phenotypic characters of rhizobial single

colony on YMA ( congou red) medium
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2.2 WEESTEE

FEVEAT I HE B Ji L K, 0 486 v o ) AR IR
B ZH 5 DNA 7ER PCR A py 45 4, 9 1t AR Jg
T an28 Fil and4 H1f1) 16S rDNA {5573 K 241, i
PG E 20 1 500 bp, BFFEEE R R, M9 W
an28 Fl andd HH 38 H 1 16S rDNA JF 31 K/ A
1500 bp, 45717 i Wi AR 5 (181 2) o Ah, 75 B
PCR 7= #6477 J52 LS, IKs 150 ™ 9 3% 2 pEASY-
T1 SRR ARIEAT I T, I 25 558 7 NCBI 7E 2 44
PEE ) Blast T H5 TP F 750 647 e X, 45
T LI 4 0 aF FA 53 245 B T R an28 1Y
16S rDNA {5 )7 51 5 MR8 B & ( Rhizobium sp. )
RIEE N 99.86% ; LLLZA% 53 J 7% F AW 4y 8545 2 Y
PAKR and4 (1) 16S rDNA P57 751 5 2% G AR AR TR
( Sinorhizobium fredii ) FHALLEE 1 99. 79 % ; 38 12 #4)

A

0.0010

RGRA R, AT PR AR B o3 1) 55 AR LS R LY
BRI SE 2 L R, KW an28 J& T2 AR &,
andd J& T AERUE R (K 3) .,

M 1 2

2.0kb
1.0kb

7. M. Trans2K Plus DNA Marker; 1. an28; 2. and4
Note : M. Trans2K Plus DNA Marker; 1. an28; 2. and4
2 IRFEEHY 16S rDNA PCR ¥

Fig.2 16S rDNA PCR identification of rhizobium

Rhizobium rosettiformans strain WTB92

Rhizobium rosettiformans strain DK31

Rhizobium rosettiformans strain WTB3

Rhizobium rhizophilum strain NS10

Sinorhizobium americanum strain ENCBTM 31

Sinorhizobium sp. 74

Sinorhizobium fredi strain AGB2

p——————

0.0010

VE: A.an28; B. and4
Note; A.an28; B. and44

Sinorhizobium xinjlangense strain LMG 17930
Sinorhizobium fredil strain USDA205

Sinorhizobium fredi strain PHABA-1

3 IR¥EHE 16S rDNA FIIRSGL B
Fig.3 Phylogenetic tree of 16S rDNA sequence of rhizobia

2.3 RIEHE an28 1 andd EERB N EBRE
FERAIRI A and4 FEfE ERE L EREEH &
THA an28 JF HARBE R Z WARLE (K 4), 50
Bri e 5l FE A AR TR an28 T and4 1Y 459
WHERDF andd & an28 M 4.96 f5(F 1) ;40H7

MY AR FT, H2 FhAR IR I an28 Ml andd FLAR KT
2 mm PRI ELH A 2Z A K, andd J& an28 1Y 1. 43
5 HAE EAR/NT 2 mm FARRECE 2257 W3, H
and4 & an28 M1 15. 20 1%, YA MRIE A andd FEWETE
B Z2 AR A B ELIE &CRE ) Pl B 2298 T an28 ; i#F
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— 1 i A RO B PR AT AR SRR
andd JE A SR M EE T B E & T an28, it

TEAN R i EAEFPHRR B, K BURIR B and4 7E45)H
AE S AT AU RE 1 LR EA T AR an28

x1 FRRBEEEXSREHER

Table 1 Phenotype data table of soybean re-inoculated with different rhizobia
EHAZ >2 mm AREEH B <2 mm HREECH ARAREEH Py GR A EE]
G| LS eE]
Diameter >2 mm Diameter <2 mm Effective nodule Number of
Rhizobium Nodule number

nodule number nodule number count inactive nodule
an28 19.50 £4.43 b 14.50 £4.73 a 5.00£1.63 b 16.50 +4.65 b 3.00+0.82 b
and4 96.75 £24.76 a 20.75+8.92 a 76.00 £29.75 a 88.00 £21.24 a 8.75£4.50 a

T AR/ NG FRFRIR&A 2 W 25 B2 (P <0.05), T,

Note: Different lowercaseletters indicate significant difference between treatments (P <0.05) , the same below.

A, an28;B. and4
4 EERBEFSAKEEHRERNRAES
Fig.4 Root phenotype of soybean re-inoculated with

different rhizobia

2.4 1RYEE an28 K andd HIFTAESHE S

W32 7 d )5, M an28 Ml andd 1 KR R
(Km) VL% R (Spe) (EEE R (Cm) FIFEF- (Rif) |
PR (Gm) Hi 8 Z MR ER (Neo) Y IEFRIE 13
ABBIER AR (R 2) , RUIMIEE an28 1 andd X}
FRrRE IR 6 FhbiiAE RAEA Bitk  BAELL%E (Ery)
WPk 20 weg-mL ™ 1Y TY BEAE 373 ol DA K
an28 7€ ERY /5 K EBRUE H 50 pg-ml ™", F 4
and4 AIDITER T H R (Car) RE 100 pg-mL ™" F1E
WK,

=2 AEREBEHERRREZNEKER
Table 2 Growth of different rhizobia with different antibiotics

YA ZWE Antibiotics concentration/ (pug-mL ")

HRIRE T —
N FIRH % K A Spe AHmH Cm P Rif
Rhizobium

20 50 75 100 20 50 75 100 20 50 75 100 20 50 75 100

an28 - - - - - - - - - - - - - - - -
and4 - - - - - - - - - - - - - - - -

LI R Ery RKER Gm BERBARER Neo BRNHERR Car

20 50 75 100 20 50 75 100 20 50 75 100 20 50 75 100

an28 + + - - - - - - - - - - - - -

an44 + - - - - - - - - - - - + + + +

T+ B - ARG T,

Note: +. Grow; —. Stop growing; the same below.

2.5 1RYBE an28 0 andd MR MBI LT
W3 Fim 5557 d Ja, RIARIEH an28 BE
% 7E NaCl ¥k B 550 mmol- L™ LI R A5 35 5L FIE %
A K NaCl #5353 600 mmol - L' I, 250 o Ji 75
18 AEARSR T LAAE K, R an28 AT 45 3 A Tiid R 455

P MR T and4 BEREFE 150 mmol - L' B () 5 97 5L
LIEH AR, 2 NaCl #5380 2] 200 mmol - 1™
I, AR A AR B I A2 20 4], (H G AR A7) BE 22 12 4
£, X —25 R UL an28 # andd H A W5 A it

ik,
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R3 TRRBEEMEHREEE

Table 3 Identification of salt stress resistance of different rhizobia

o ki
Py
A NaCl concentration/ ( mmol-L ")
Rhizobium
0 50 100 300 400 500 600
an28 + + + + + + +
an44 + + + - - - -

2.6 #RYBE an28 F andd MITEAMEITIELE
AL S0 AL 2 W R B A AE 40 T B A

FEAH L TAE P £ A S A A A0 B B, A Lk

—IERARE B an28 1 andd JEFT T T AR LS E . T

R4 PR,EFH T d 5, BRIE R an28 BEFEFE pH11.9
TIE#AK, BARK B EA IR, HA 55 W
BRI, SR, AR R  and4 {LRERSTE pHY. 9 T IE
WK, UL an28 5 andd ELA BRI R

x4 FARARBHAEMDERELEE

Table 4 Identification of resistance to alkaline stress of different rhizobia

AR pH
Rhizobium 5 6 7 8 9 9.5 9.9 10 11 11.5 11.9
an28 - + + + + + + + + + +
and4 - + + + + + + - - - -

2.7 1RYBE an28 F andd HIEIBRENLE

W2 5 i, HR B an28 il andd #BRETE 10 4
RIG A EIE R S5, Uil 2 MHREHEEA )20
LA ZERRE Ty, LAl LB AR IR B U T, 24 2 IR 41
o, BB 2 AR TR BB RS 7E X 10 AN KGR & ##
A . MHYEECE KR B KGR 554 5 5 |
G50 K BA 531 M T andd HZSIRECH B 0
o TR TR an28 ML A H 2 H A2 A 530 hy
21.67 ~35.67 F12.00 ~12.00 - #k ", #E H HH103

&

HLERE R H AL IS R R 9. 00 ~ 26. 67 A~k 1, Hirp
KD SFPEEE 4 5 SR B andd 415 25 RSCRE
U SR A i 2 (35. 67 A kk~1) . TEREMFIE
3= 50 FIBA 531 o, B an28 Ml and4 FARIEEH
PR EAR TR HH103, (AR T E LR H X7
(F£6), LRZEHFRM, R — 5, K A AR I8 B b
B K A EEEH R 5 [R]— AR T, Ak 3N [+
KEF A, RTS8 HWA —#, Bita]
INNGREY S [N e RA e Ok ki

®5 TRSMEMRBHEORBHE

Table 5 Number of nodules inoculated with rhizobia on different varieties L NIVAR Y

K Gl Soybean cultivar HH103 an28 and4

K4 5 Qingte 4 11.66 £3.51 b 8.00£2.65 b 35.67+7.02 a
e 5 %5 Jinnong 5 19.33+4.93 a 8.00+£1.73 b 26.00 +2.83 a
B 8 5 Tiefeng 8 26.67 +5.77 a 12.00 +2.83 b 35.33+5.77 a
AHRAE Niuyanjing 13.67 +3.79 b 7.33+1.53 b 23.00+6.24 a
MILER Heizhenzhu 9.00 +3.61 b 10.50 +2.12 b 21.67+4.73 a
34 5 5 Qinong 5 17.67 +3.21 a 2.33x1.15 ¢ 11.00 £3.61 b
WF 8 5 Shuangbao 8 21.33+5.03 a 2.00+1.00 b 23.33+4.16 a
43 50 Hefeng 50 9.33+3.21 a 2.67+1.54 b 7.00 £2.00 ab
S 49 Heihe 49 11.00 +3.46 b 8.67£2.08 b 27.00 +4.24 a
M4 531 Heinong 531 12.67 +3.79 a 5.67+1.15b 11.00 +2.83 ab
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®o ARMMEMRBHORBTEERN

Table 6 Nodule dry weight inoculated with different varieties of rhizobia

KA Soybean cultivar HH103 an28 and4

KA 4 5 Qingte 4 0.07 £0.02 a 0.04£0.02 a 0.05+0.01 a
Hp4% 5 %5 Jinnong 5 0.06 +0.02 a 0.07 +0.01 a 0.06 +0.02 a
2+ 8 5 Tiefeng 8 0.05+0.02 b 0.07 +0.01 ab 0.08 £0.01 a
AR Niuyanjing 0.07 £0.01 a 0.04£0.00 b 0.08+0.01 a
B Pk Heizhenzhu 0.01 £0.01 b 0.05+0.02 a 0.06+0.01 a
F+4 5 %5 Qinong 5 0.09 £0.01 a 0.06 £0.01 b 0.06 +0.01 b
XE 8 5 Shuangbao 8 0.0320.01 b 0.03 +0.00 b 0.0820.01 a
43 50 Hefeng 50 0.03+0.01 a 0.03+0.02 a 0.05+0.02 a
B9 49 Heihe 49 0.05+0.00 b 0.06 +0.01 b 0.10£0.01 a
M4 531 Heinong 531 0.03£0.01 ¢ 0.07 £0.01 a 0.0420.01 b

3 itig

AR B 2 1K T I e 1) T SR AT AR
R, A B4 Ak 53 s F R TR I 1Y
I3 B EFRAEE X o B Al AL Y AR AT TR
SE TR E DL R I B 0 M e, S5 R AS B T bR
FJRE 7, — Bk M MR % 18 J8 ( Rhizobium sp. ) fif 24
an28 , — kN 3% [ Fh 4B M98 B ( Sinorhizobium fredii)
T4 and4, TEFSHTRIBTIE T, N Z P Y AE v
AT T REMR IR, B, T REm S fEA
OREZ b b 2o AR T 203 Bk, L rbrb Az AR
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