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AEIRERE SCAUS8 B R, (BEMRRAARAELENR
et M RAKRT &2 | g #EAT
L M g
(1. PN R BR AR P HE 611130)
Q. ML R BE SIS B P AR 610066)

B E: (8] XREZRREZTZOREY, AR KB B AR R G Z0R VLT ZAEH) R
. ¥ranih e K ARG H SCAUsS £ vI)| AT F 69 K S AP A & R AT H 8] 354 12 K5, F)
BT AR AT R A . [FE] A % EARBHHE, £A KXHREHEEF KL
ARSEH SCAUSS *F K 2 4938 = R, KA EIEAH R SCAUSS #9418, A Salkowski b &%
AR bk CER(IAA)BI 6 . A 242,58 KB (16S rRNA, atpD, recA, ginll, nodC,
nifH) 5 7)) oo #13- X B vk SCAUsSS #4750 £ iz ey A2, (4R ] KB XA, B4 K 2 AR5
B SCAUs8 &, Katitey™ 2. &, TEFHAFNIE S T REMTRCOLE, Ld ke
HEMR T F L REAY CK 38 7= 21.4%-29.7%, 2 FE R ERKF. sHEHKE R SCAUs8 #4769 fif BR
BPE. WEEEME. A KIBETEE VAR b TAA B )M A A4 R AP, AHXE AR SCAUsS 484 pH
5.0-10.0 EwAK, T NaCl REH 0.5%, £AKBETLEAZ 10-40 °C, femit IAA. &4
16S rRNA. atpD. recA. gin Il nodC. nifH B &5 3| 5#7, XINERXBA M SCAUS 5
Bradyrhizobium diazoefficiens USDA110" A84ikE 3% 100%. [45#6 ] 44X E #k SCAUsS £ 5 9]
FHREBAP A R EREAT O T AR, TR R, 2L IR BRRE . 2T
A KB ETCE Ak IAA 895871 . AR B AR AEBHX B SCAUS8 #4Z A B. diazoeffciens.
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Field assessment of symbiotic efficiency, growth-promoting ability and

phylogeny of soybean rhizobial strain SCAUs8

HENG Nan-Nan' CHEN Yuan-Xue' XU Kai-Wei'~ ZOU Lan' LIU Ming' PENG Dan'
HUANG Li-Ping' FENG Wei-Jin' YANG Fan' ZENG Xiang-Zhong®

(1. College of Resource Sciences, Sichuan Agricultural University, Chengdu, Sichuan 611130, China)
(2. Soil and Fertilizer Institute, Sichuan Academy of Agricultural Sciences, Chengdu, Sichuan 610066, China)

Abstract: [Objective] Soybean is the important legume crops in China. We can reduce chemical
nitrogen fertilizer effectively by soybean-rhizobia symbiosis. The former screened soybean rhizobial
strain SCAUs8 was used in field inoculation to two important soybean planting regions, in Sichuan. In
addition, we identified the taxonomic position of this strain. [Methods] Field experiments were
conducted to investigate the effect on soybean production by inoculating soybean rhizobia strain
SCAUSsS in Sichuan hilly area and Panxi area. We studied the stress-tolerance of SCAUs8 with the
point inoculation method. Growth-promoting ability was determined through Salkowski colorimetric
method. Multilocus sequence analyses (16S rRNA, atpD, recA, gin Il, nodC, nifH) were amplied to
identify the phylogenetic position of SCAUSsS. [Results] Field experiments showed that plant fresh
weight and dry weight inoculated with SCAUSs8 were significantly higher than that of no inoculation
control (CK). The yield increased significantly by 21.4%-29.7% compared with CK. The strain
SCAUSsS8 could grow at pH 5.0—10.0. It could be resistant to 0.5% NaCl, and the growth temperature
range was 10—40 °C. Growth-promoting capability of secreting heteroauxinc (IAA), was also be
detected. By analyses of 16S rRNA, atpD, recA, gln ll, nodC and nifH sequences, we found that
SCAUs8 clustered closely to Bradyrhizobium diazoefficiens USDA110" with 100% similarities.
[Conclusion] SCAUs8 was a good candidate matching with main planting cultivars of Sichuan
soybean. This strain had alkaline and acid tolerance, wide growth temperature range and could secrete
growth-promoting IAA, although the salt tolerance of it was weak. Phylogenic study proved that strain
SCAUSsS8 was assigned as B. diazoeffciens.

Keywords: Rhizobia, Housekeeping genes, IAA, Symbiotic nitrogen-fixing
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REJEHE ZARE AR, b EAR
ek, BT ZrEZH, Mk iz, HEAR
FIEFNEY . KRR G RE IR R R,
JEMUR RS R IR R R, R
R E 2 A R IIHE) R R EHURE R EOR, A3
AR AR E A AT I, e TR R
R TR T PR B 10 A0 N RIS TARAE WA &
o FRAEKE XN B AR EZ =X, s
DR I R ELER — ™ X, Xk ™ DX R
Lt 5 AR AR PR DT E B 110 R TR B BIE AR N A
LU B R ILR T, R R TR
(g i et AT R o AP X i K R XA K
PRI ZS P B AHVE BEAY DI RARIE I 5 S DA T

R AR B -5 K A ol 22 ] 114 3 2 2358 0[]

RBEAAAEZE S, BRIV SR o IR 2 i b 2 ) A
FE—E LA PE R R, BB R 2 iR
R I ATRE S B, AR IR P9 5k A A
AR AEAER A TAH X S0 5 A M X 2R A AH AR
X PR ARk, IR RIRK G A,
REERN PN FER AR Z —, AP R4
[EHEZ 2 6 1, R A Zefs I i R AN 5+
TR EERERY), WIIRESE TR kB S
PBURF A ELC, H, G DU R B R
Foft D PC PR e 9 DA R BRI 2 i R B 17 T A3CR Y
HEGRAE, WRIIRE R S
MEAR S . U3 B R EARJE I SCAUSS 5
V0 2 8 Yy R it ol (ol 1 B K it o)< o i
157, “HE 1257, SFEREFFEF LRI,
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HS5HERE MM REE 8 S ILE AR sk
PO AE K UG K & SRk Gk a
I, ZEPUNIRE A= SCAUSsS HA il i b4 mh
FIIEEE . Wik, AWFFORE SCAUSS 76U HA~ 3
B A U b X K 7= ) M A0
BV b, DX (VO )| 1 R R 1) 7 DXk AT T )4
o, AnSR RN FHACR A, FH TRk
PE, DA Z AL B R T 91 43 B B R 1 2 426
HA7 o
1 MREE
1.1 iR w4y

MUK : SCAUSS. Z IS AL 535,
F TAERIAE 5k (45 DU )1 AR S Fhesiak 15,
“BIEL 127, PR SR DRSS I AR

KGR “TTHE 1 5 M<T IR 8 57, “Tlik
157, EFAE RPN R R 400 KGR 50
Fr, “FIG 8 SR BTG IX F A & K Gl

At 25N IR PR BT . R FH A I 1 [
b R A A LA IX A 3 DA B BERAE T AR X R e
ST, MELAE R IR Tk 45 (0 R e
Bt &G kt), pH 6.7. AP 35.4 gkg. &4
0.7 g/kg. ARCHE 31.2 mg/kg. HAAHH 54.4 mg/kg;
BERAET A X KRR & 3 5 pH 6.4
AP 10.8 glkg . £ 0.9 g/kg . A5 9.3 mg/kg .
AT 109.4 mg/kg.
1.2 RIEHZE
121 KHEIRE: (1) B X—FEP)IHEZ N
3 DX P T i

RIS AN B, FEFPARYE R SCAUSS FIAR
PRt IRALBR(CK), % 3 RE, RA5EABELIX
WiTE, TRPEREDU] R SR eTTRE 15, FiiE
R HAT T 2P e, X5 T 2013 425 H&E 9 H
AT o RAFERNEER, BIT )5 74, REFhET R
CK. #3533 cm, BH&HE 6 B0, 17HE 35 cm, &
3 bk o TEMEMRBEAEIA (A B 64 d)RAE, M FE R
L MR, b AR AR T ORI (AR

131 )i =ik, IR0 A0 A8 B AR P R R 2 1)
FUE AT IRI0HHE ] Excel 2007 1 SPSS 17.0
PEFTEEHHT

(2) ZEVG b DX —FF DU )1 ZE AR A AR IX (1 1 ]
e,

PR Y H R R TIG 8 5, MR PANAL
P, BERPARIRITE SCAUSS FIAEERIG IR (CK)LL B,
W3 WEE ., T 2013 4 5 HZE 9 Hikr, 4%
PR RN 715 5 BB XAHTR] . 2EAE MR SR (4 & A
67 d)RFE, MIE AR . AR, b R bk
T WORMICETE R 98 d)IiE . WA R
P Y AR P AR R SRR LA T o s
Excel 2007 F1 SPSS 17.0 #EA7451H4347 .
1.2.2 AR E: S E RT3
BLIEAT T MR ER R | R DA R A K R R A
SEo L YMA R FRIEM D SR IR

(1) THERBRFNMNERPE . HHAUATRTE YMA 555
3 EH IR SR . FH NaOH, HCL ¥ YMA ;3%
S pH A% 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0.
12,0 DA (U B X TR i T 52 1% 3 £ NaCl
) YMA FAl b, NaCl Z9REARICH 0.5%. 1.0%.
2.0%. 3.0%. 4.0%. 5.0%K:MHHAERRTT NaCl
it S, ¥ILL pH 7.0 BY YMA SEACH BHEERT IR, R
JRERPE, A 3K, 28°C BiFEEE 7 d.

(2) ARKIREEIER: Z0liE 10,20, 40, 60 °C
(60 °C A ALHE 30 min J5 T 28 °C K557) 4 MAbHE,
7 A PR AR AR AS TR EE R AR A 0, BHPE X
HR RPN ZE SO T ik S P 2 A R

(3) feA:=BE ST R Salkowski H {03 % (i T
PEAF M IME ) A K R (AA)RE T 5E o I 5E 15 97
FERFH A R B RISR LT AR 3 ) B B ke R T
A 50 mL REFREER) =M, 28 °C. 125 r/min
PSSR, 3UCHRE, Bk 12d )5, R W E
W 100 pL & F F Ayt b -, i 100 pL #H
A, 15 min JEWEEEI 8L, JHCRE R, MLl
N YE, FORERRRENE 70 TAA, ML 1A
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TRFTR T TAA BETER; To AT, Fn bk
ANREST IS TAA . FE L4 im A 10, 30,
50 mg/L TAA fEXFIE(CK,, CK,, CK3)HEfTHer(
B TR I LR
123 S EMAHAR: R GUTC & HUH bR
SCAUSsS ji DNA!") X ikk SCAUsS /3547 168
RNA | recA. atpD. ginll. nifH 1 nodC 3£ PCR
P, LIS DNA St , RHEMSIY P1/P6.
recAF3/recAR3 . atpDF3/atpDR . GSII-1/GSII-2
nifHF/nifHI, nodCFn/nodCR, J{di JHAH R (4" e
Fe Xtk SCAUS8 43|47 16S IRNA | recA
atpD . gnll . niffl Fl nodC PCR 4141 PCR 1
F Bio-Rad MyCycler™ { %%, PCR §" 34 =#1 ] 1.0%
F18) B B W M b ARG 5 326 e B R (138 ) 2 i aE
FREHIE . % DNAMAN 6.0 JEF75: R 41
AL AT

M F45%] 16S rRNA | recA ., atpD . gln II | nifH

nodC F:H ¥4, 78 NCBI _3REU R MR A ik K
BT 95 AR T A5 2 OCH[17]. 1] MEGA
5.0 JAEI3 R A AU TR R 2% BE R 51 S5 4
0L 2 a0 A T B 9 R AT L X, AR 4 1k
(Neighbor-Joining) i # & ML RGE K BW, &
& H JE{E (Bootstrap) A 1 000,

2 AR50
2.1 M)l BBz XA E) =R

TE LAE 22 7 R 3 DX AR 3R 1Y e e X e A
MY SCAUS8 MR ILZR 1, N 1 a5, Hefh
SCAUs8 MJAbHR, TEmSAEMIMMET 8 5 KM CK
MESRE, e, BB CK mEHERE
K EIKT . $5ERD SCAUSS Ak B i 35 40 7 1 Ky
2955.87 kg/hm®, o CK % 21.4%. A WL, SERP 4L
SRR TR T A AR B A6 01 DA A K i 2 1 T A
. AT SCAUSS &5 4k fFpsiik 1 57t

F 1 HERTH WX AYE EEAHR

Table 1 Effect of inoculating rhizobial SCAUs8 in Yucheng district Ya’an city

AL Blooming stage

R Harvest stage

AbEE
Treatment M TR HRIREEL s Lt CK 7=
Plant height (cm) Dry weight (g/plant) Number of nodules (per plant) ~ Yield (kg/hm®)  The yield increased (%)
Rl SCAUSS
Inoculated with 75.58+2.08™ 30.75+1.20° 24.5+4.5™ 2955.87+131.42" 21.4
SCAUSsS
XTHE CK 70.6443.66 20.39+1.98 222423 2 435.76+96.04

TE: % SRR B S AR RN IR Z (A AT EE IR 1% A9 W5 ™ P b B R B 2 i) Fr) T AR 2 2K

Note: *: Significant difference at 1% level; ™: No significant level.

F2 BT HANXAYH EEFBER

Table 2

Effect of inoculating rhizobial SCAUs8 in Renhe district Panzhihua city
W] Poding stage

W 4] Harvest stage

Qb3
Treatment <=1 FHRE T UisSEIEe Fri It CK #45=
Plant height (cm) Dry weight (g/plant) Number of nodules (per plant)  Yield (kg/hm®)  The yield increased (%)
B SCAUSS
Tiesulkied vl 70.0+1.3" 18.61+0.62" 7.5+0.7 3330.5+153.8" 29.7
SCAUSs8
XHiE CK 60.6+3.3 14.63+0.94 4.4£0.9 2 567.2+58.7

T A B AL B S AR B Z [B] B9 8 1%, 5%E0 5K

Note: * and ** indicate significant difference at 1%, 5% level.
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BoPEL | SE A AR AR X (V)1 FE B X)) K G A = e
FHRPE B AR A
2.2 M) RN XAYE EEFHR

FEVU B ACA X F IR 8 5 KA =
A EEIXTE R SCAUSS WRUR S T3k 2,458 SCAUs
MIALER, TERIZEMARIRS . fERR T E . AR
FET CKo WO =5 L CK 3901 29.7%, ik
FAKo AT, BEAHUETE SCAUSS 5541|257t
X ER A mF TR 8 S E b, Sl A%V
A KRG A= R AR

T DU )1 T A S 70 g A 285 DX F ] e o ik 6
FERIL, HEAMIAARR B SCAUSS J&, fHkTH .
HRIRHORT = B ) i TR TR, FLA W g
B, AR 21%L) o AT, AERAHIR B SCAUSS
FEDU )N FEBg X R BRSPS P i [X 1)
i R AR P e B HE) T T T
2.3 PUSAMEFEAE N E

it 2 A i g 2 BH R PR SCAUs8 7 pH
5.0-12.0 HFREA K, 7F pH 10.0 A RKAEN R, H
pH 11.0 A1 pH 12.0 “FA_E KA S YMA Al |
PR R, HAE R AZ B — R B Al . TR
Pk SCAUS8 B4 KIREIEF Y 10-40 °C, £ 60 °C
PP 30 min J57E 28 °C #FRtaA 1<, BHUX
FRRIAE RSO, H R 2 & i bk
SCAUs8 HfETE NaCl kA 0.5% 1) 5544 T IE# A=

61

57
100

0.05

K, I Tk T R BE 80 2% o AR A RE
FUIE R SCAUs8 /MM TAA, HIH LN
MLLE, KL AR THABHEN R CK, (IAA
10 mg/L)Fl CK, (IAA 30 mg/L)=Z[a], BJE#E
SCAUSsS 41ilh TAA &84T 10-30 mg/L Z[A],

24 RBAHON

MR FE SCAUSS 11 16S rRNA H: P 1755
1.4 kb FrBt, MIE 1 ATLIFA ), fEf5Hk SCAUsS
5 Bradyrhizobium diazoefficiens USDA110" &b T[]
—RGEREF L, BRI 100%. 38X
SCAUSS ) HAFF R FEH (ginll | recA . atpD)IF5| 1]
MERTH, SCAUSS 1 glnll . recA. atpD RS K
FHE 16S rRNA FEH 5E 42—, 7EIX 3 PMER
MRGELEBEM T, Bk SCAUsS Sk B.
diazoefficiens USDA110" FAHITEYS 515 100%,
I, APHW SRR RN B. diazoefficiens .

K 2 B, BHAE B. diazoefficiens SCAUSS 1)
FEHEIED nifH Tl nodC W RGRE R F2—BU,
5L bk B. diazoefficiens USDA110" 4b T [F]—
REKRE 7, HARIERS 100%, 155601
4 MFFBENMRGE K FHALE 2 Uil B.
diazoefficiens SCAUs8 (34 It [H 21 HE Ly .

3 WiE4S®
TER T, FeATHREAE IR bt L3853

Bridyrhizobium yuanmingense LMG 218277 (AY386734)
Bridyrhizobium liaoningense USDA 36227 (AF208513)
Bridyrhizobium diazoefficiens USDA110T (AB909430)
SCAUs8 (KT957914)

Bridyrhizobium japonicum USDA6T (AB231927)

—— Bridyrhizobium canariense LMG 222657 (AJ558025)
Bridyrhizobium elkanii USDA76T (U35000.3)

E 1 SCAUsS £ 16S rRNA EERFZE LB SR

Figure 1 Phylogenetic relationship of 16S rRNA gene sequence of SCAUs8
Note: Bootstrap confidence >50% are given at the branching points. The scale bar represents 5% nucleotides substitutions. Sequence
accession numbers are given in parentheses. Superscript’ indicates the strains are type strains.
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Bridyrhizobium japonicum USDA6T (AP012206)

100 | Bridyrhizobium liaoningense LMG18230T (EU818925)

Bridyrhizobium diazoefficiens USDA110T (NC_004463)
SCAUSs8 (KT957915)
Bridyrhizobium yuanmingense LMG 218277 (EU818927)

Bridyrhizobium elkanii USDA76T (NC_017249)
Bridyrhizobium canariense LMG 222657 (EU818926)

| Bridyrhizobium japonicum USDAG6T (D28962)

100| Bridyrhizobium diazoefficiens USDA110T (NC_004463)

A
88
—
0.02
B
0.05

SCAUs8 (KT957916)
Bridyrhizobium yuanmingense LMG 218277 (AB354633)

Bridyrhizobium elkanii USDA76T (AB354631)

Bridyrhizobium liaoningense USDA 36227 (JN993965)

Bl 2 SCAUsS B4 EE nifH (A). nodC B)RFEABE XA
Figure 2 Phylogenetic relationship of nifH (A), nodC (B) gene sequence of SCAUs8

Note: Bootstrap confidence >50% are given at the branching points. The scale bar represents 2% (A), 5% (B) nucleotides substitutions.
Sequence accession numbers are given in parentheses. Superscript " indicates the strains are type strains.

e, T AR AR I8 B PR 5 1 32 AR K
SR8 AR LR T MR SCAUSS 7 Ze A A B
FEAC ARG B . T SRR A YA s, I
RILFNBE KT, RGN Rk SCAUSS 1
K8 R F AR [ R Y et T A HERR
HETR R SCAUSS MIRRIURAZ 1 32 2+ R T Y
Som, TS R AR E R SCAUSS BEAE A0 5
AIRESE, AR S K IR G Y - e R AR
FIARTRE T R Z 3 T — e R Rl 5
TGRS, SRR E AR S DL B R,
Bl SCAUSsS T 71 %)™ & I 3 7 TR I (CK), 37~
21.4%., TEZEAGAEHE X A FR 56 Ao SE TR ik () 1
o DSOS A e e G REBA B, i
PRI 29.7%. TERHRE T, WAL T
FHBR G SR A—FE, AT SCAUSS fig#g5 )|
M IX PR AR A A B R AR SR R . AT SCE R

B[] A SRS 2 B MR T A s, g
PR SCAUSS 7 WA [ i X S AR i
Fror 1A SCAUS8 RIS AN [F A 2 X,

MR A AE R P2 R A [ AVER, 2284
YRR AP R P RGE R o X sRON 2
A eSS R ERMEY m 8o BRI AR, 1 HL
BRI R BT R AR A RE T . — AR B
Tl A KK pH N 6.7-7.5, s BREGEBiAR 2 2
YRR IE R AR, Xk SCAUs8, pH A K3l
il 5.0-12.05 AERKIRETEHETE, BEIELE 1040 °C
ZMFIER K, H 60 °C HJALI 30 min 5, %
FRRDREIETE YMA BEFRAE Faka b K, ] LAt
BIRRAENS ST i 32 =i . SCAUSS gk IAA, fH
MitEhaE 1425, HEETEARIBIL 0.5% NaCl (&1 T
Ak,

EHES AR MK OREEE B
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