2026, 66(3): 1211-1224 G =i
CSTR: 32112.14.j.,AMS.20250763 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20250763 http://journals.im.ac.cn/actamicrocn

Research Article Bt &

RIS e it X & fa i 26 (R & AR B Y i A 2 R Tk

HAbm A2, BfFE°, AKk#E°, Amg’, kwE "

1 EgOERRABEAO L IR S A XRIBE ST, 67751 St m b A s, Jbat

2 WEEE RS AaRleasebe, NS AR IX RAAE IR RS SR TR L, N5 PRI R
3 SRS R A IRA R, NS FEAIE R

4 AR R EaRleesibe, IR %

AL, B, EVh, XU, B, TRIEET . Sl DX 1 T 5 A1 A ARV 11 A0 9 e 2 R RIE [D]. A= 241k, 2026,
66(3): 1211-1224.
ZHENG Duxiang, WEI Jie, YAN Yiru, LIU Changtao, YAN Ruizhi, ZHANG Xiaoxia. Screening of salt-tolerant and plant growth-
promoting rhizobia from alfalfa in Inner Mongolia and verification through pot experiments[J]. Acta Microbiologica Sinica, 2026,
66(3): 1211-1224.

B OE: (8] 4t ART R EEF B FEAE SR, ANZREE ERE T s itat 4
ik, RARRKGRBE, AALRZALBRAZEDERED, HAFLRACYH S EELR
PHRBEA RN REAN T RAELERE. [5F] EARFAHBERRE 6 NFF AR A LR,
BEMFERREFZ B BRBE, 5B LG R 16S rRNA KB F 5] 5041 %5 % B o K i ;
WAt K. B UM B/ MRAT R M e . F %3]k -3- T B& (indole-3-acetic acid, IAA) 5 Ak % HE A
TAMFIFMIRA G, Lo THLRES WL ZHXEN T ARE B EMEGRR. [4X]
5B 250 AR E AR, T B AR @ (Sinorhizobium meliloti) & 90.8% (227 #k); ik 8 ¥k FH 3K
B EMR(BIY. 1B2Y %), ¥ EEE RS MAPR D, o0 E (20 2B3Y. IB3Y) T fE A HLEE .
FERBAK; 9B3Y 89 IAA b3 3 5(67.5 mg/L), 16C1Y #2484 3 % 5(2.684 g/L); 1M
i8(0.4% NaCl) &1 T, 2B3Y &L Z2AH 75 # L3R 6F T A B AKAT B AR3E K 29%, H B ELZMAT T 9
R F (R KRAAR)., [££] HARFOBARLEZ 2BIV)AELE . i IAA 5t %
BENBAZEBREMATEFEOFAER, AZEZERATHARTE R LBEOEELE S5 LR
PR .

XKEIA: ARE; B i RABHRA; et

TRNIUH - WP AN R TR QUH U A 0 H (2023RC-R 5 44-1); - H B AR} 272 Bt 5B 55 (CAAS-ZDRW202407)
This work was supported by the Hohhot Talent Project in the Field of Science and Technology Innovation (2023RC-Consortium-1)
and the Major Scientific and Technological Tasks of the Chinese Academy of Agricultural Sciences (CAAS-ZDRW202407).
*Corresponding author. E-mail: zhangxiaoxia@caas.cn

Received: 2025-10-12; Accepted: 2025-12-08; Published online: 2025-12-29



1212 ZHENG Duxiang et al. | Acta Microbiologica Sinica, 2026, 66(3)

Screening of salt-tolerant and plant growth-promoting rhizobia
from alfalfa in Inner Mongolia and verification through pot
experiments

ZHENG Duxiang'*, WEI Jie?, YAN Yiru®, LIU Changtao®, YAN Ruizhi’, ZHANG Xiaoxia'"

1 State Key Laboratory of Efficient Utilization of Arid and Semi-arid Arable Land in Northern China, Institute of
Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing, China

2 Inner Mongolia Higher Education Engineering Research Center for Protection and Utilization of Biological
Germplasm Resources, School of Life Sciences, Inner Mongolia University, Hohhot, Inner Mongolia, China

3 M-Grass Ecology and Environment (Group) Co., Ltd., Hohhot, Inner Mongolia, China

4 College of Life Sciences, Shandong Agricultural University, Tai’an, Shandong, China

Abstract: [Objective] To screen indigenous rhizobia with high salt tolerance and plant growth-
promoting traits from alfalfa nodules and clarify their phylogenetic status and functional potential,
thereby providing strain resources and a theoretical basis for developing localized, efficient alfalfa
symbiosis and further addressing the constraints of saline soil on alfalfa production in Inner
Mongolia. [Methods] Indigenous alfalfa rhizobia were collected from six saline-alkali sites in
Inner Mongolia via a trapping method. Following isolation and purification, the taxonomic status
of the strains was determined by 16S rRNA gene sequencing. The plant growth-promoting
functions were evaluated through nodulation tests, along with assays for nitrogen fixation,
phosphorus solubilization, potassium solubilization, indole-3-acetic acid (IAA) production, and
exopolysaccharide (EPS) content. Seed germination and pot experiments were carried out to
evaluate the salt stress-alleviating effect of the target strain. [Results] A total of 250 strains were
isolated, with Sinorhizobium meliloti being predominant (227 strains, 90.8%). Eight efficient
nodulating strains (e.g., 1B1Y and 1B2Y) were screened out, all of which possessed nitrogen-fixing
and potassium-solubilizing capabilities. Some strains (e.g., 2B3Y and 9B3Y) could solubilize
organic phosphorus and produce siderophores. Strain 9B3Y secreted the highest amount of IAA
(67.5 mg/L), while 16C1Y produced the highest EPS content (2.684 g/L). Under salt stress (0.4%
NacCl), the aboveground fresh weight of alfalfa inoculated with strain 2B3Y increased by 29%
compared with that of the saline control, and the strain significantly alleviated the inhibition on
seed germination (notably increasing the root length). [Conclusion] The strains screened out,
particularly strain 2B3Y, can effectively mitigate the inhibitory effects of salt stress on alfalfa
through nitrogen fixation and the secretion of IAA and EPS. These strains show promise for
application in alfalfa production and soil improvement in saline regions of Inner Mongolia.

Keywords: Inner Mongolia; alfalfa; saline soil; rhizobia; salt tolerance and plant growth promoting
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1.2 EFRE

YMA Kig# 3 (g/L): HEEE 10.0, BRI
¥ 1.0, K,HPO, 0.5, MgSO4:7H,0 0.2, NaCl
0.1, IR 20.0 (FMAREFRELH, WARKEFRIEA N
Bihg)

TY #5575 (g/L): JEEE F R 10.0, BB
5.0, NaCl 5.0, g 20.0,

B 251 D1 JG & 4% 7 %L (g/L): H EE B 10.0,
KH,PO, 0.2, MgSO47H,0 0.2, NaCl 0.2, CaCl,
0.1, CaCO;5.0, EjiE 15.0,

5 4 AT DL 85 32 2 (/L) & BE 10.0,
(NH4),S04 0.5, NaCl 0.3, KCI 0.3, FeSO,* 7H,0
0.03, MnSO,-H,0 0.03, 5 & 51N (B Al fin A
T 78187K) 0.2, CaCO; 5.0, BERFRY 0.4, B
fig 12.0,

TeHUBERE I (g/L): M4 10.0, (NH4),SO0,4
0.5, KCl 0.2, Cas(POs) 5.0, MgSO4: 7H,0
0.03, MnSO4-H,O 0.03, FeSO4 0.003, NaCl
0.2, MR 0.5, Biflg 12.0,

fRAR SRS (g/L): N 5.0, BiRREL 0.5,
MgS0,+7H,0 0.5, NaCl 0.1, B%A245 1.0, #iK
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Rl EHEREMAE RIBUFE

Table 1 Location and physical and chemical properties of soil sample collection sites
R A, KA EFER IUREAR R PR B R SR
Sampling point Longitude and latitude Sampling pH Electrical
information plants conductivity
(EC) (nS/cm)
TEILER AR AL AR 44°12'5.29"N, 121°35'58.35"E s 8.57+0.17 96.10+5.21
East of Zhurihe Sinochem Base, Tongliao Alfalfa
LR H b g 44°12'22.32"N, 121°31'47.40"E  &75 8.56+0.13 137.93+13.39
West of Zhurihe Sinochem Base, Tongliao Alfalfa
AT L E R 44°23'12.97"N, 121°15'44 22"E ISR 6.69+0.22 141.17+£23.13
Tongliao Jalut Banner Alfalfa
LR S — Sk 41°13'59.24"N, 108°46'48.97"E 1% 8.70+0.04 141.80+4.90
Urad Mid-term Second Base Alfalfa
SRR 40°23'3.75"N, 111°33'3.80"E EE 8.50+0.04 127.10£13.9
Heimawa Alfalfa
FTBRAE R 40°29'3.59"N, 111°50'6.71"E HTE 8.67+0.04 76.41£7.31
Horinger County Alfalfa

41 4> A (g/L): KH,PO, 8.8, KCI 62.0,
MgSO,-7H,0 100.0; #1743 B (g/L): CaCl, 86.0;
45y C (gL): FrEMmE 12.0; 415 D (gL):
NaNO; 12.0, MnSO,-H,O0 0.4, ZnSO4; 0.1,
CuSO,-5H,0 0.1, H;BO; 0.1, Na,MoO, 0.02.
PAASYT BB R4 I 5Ll Pl 13k 4 Fh 73 45
RRURA, FEFZEIBKRRRE 200 155

P 7. ARWFR Al R0 52 A R RS
(4 A1) B 3 A7 BIR 2 w) I HE 412 4L 10 S5 46 B 45 < IR
H2%5,

1.3 EHHESE. 7ENRERE

PR AL w R IR ATCHR B 57 L o s A=
11 He i AT A, R SRHE YR 4
AR P YRR T R IR A AR . TR E
JRAES R S A T RRIRE (iR

VA R DA 35 6 R A 5 O R AT 3R T
HERM R 75% BRI 2 min+2% R R N
B 3 min, BRI ERTONEIEESR, &5 HICHE
AP gk 10 P TR BRI B AR b,
BRI E S 1% WISRLLH) YMA 4 b, 30 °C
B3R 2-4 d, MIEEFEA . B, FHPEME
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TR O R A R IR e R PR R T O R Zealidh,
HIEIIT oS, SRJEH 20% H iR T-80 °C
VKA R N
1.4 IREEDFEE

PREGE 5 YMA }i7R5E FEREE T TH47 30 pL
TCRK O T, WK 10 min, #Af5-20 °C
VKFE % 30 min, 10 000 r/min 250> 5 min B _F
THW, BRI DNA KB

XTI 16S rRNA SR #E T PCR Y73, 514
} 27F (5'-AGAGTTTGATCMTGGCTCAG-3") I
1492R (5'-GGTTACCTTGTTACGACTT-3"), PCR
P8R £ (25 pL): 2xTag PCR StarMix 12.5 uL,
. NS (10 pmol/L) 45 1 ul, #&Ak 2 L,
ddH,O 8.5 uL. PCR J Wi &% : 94 °C il 48
3 min; 94 °C7AEM: 30s, 55°CiEk 30s, 72 °CZE
il 150 s, 330 DEH; 72 )CAIEAH 10 min;
4 °CHAF . PCR FEHIZE 1% BB WAL F Sk
G SRR R AE R B A FR A RN
745 5 A% 22 NCBI B4 2 (https://www. ncbi.
nlm.nih. gov/) Fll EzBioCloud %% i J (https://www.
ezbiocloud.net/), 5 1T BLAST 7EZk 1L
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Mo R ER o | MR
1.5.2 EFREEHINE

EREAE BT 20 D1 G TC A AR 85 R 0 L e fs A=
KO BERR, $Mh 20 0 Bl 20 DL % 5 3 b iR AT 4%
REEFR, 30 °CHEFR, EEALAN 3 W, WELHR
FAERAEN, A REMIEH B KW L% A
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b PR R e P 1) 52 4 SR T AL s 7 L (G 2
Vi JCH LB BE 1) RN 5% 4 IR O Wi G 15 5 6 (0 =2
fEAPLBERE ) I, AR E 3 K, 28 °CHiR
4 d JEMEIE A B A, AW IZ R
A fEmsae 1
1.5.4 fREFEESINE

P TR bR A B A e 1 5 5L b, Bk
5830, 28 °CH;FE 72 h, WELHERR Eh 40 # 1% 7%

SV O A 1 B Y R R R LA O R B
B, B TE A I B R B o P I B
A s ae .
1.5.5 FEEREAREEIE

MR MR IR 2] CAS Kl 3G 5 5L |-, bk
WHKE 3K, 28 °CHiF% 48 h, K&K & =9
R, FREER, SEEREN R,
FrE R A B )
1.5.6 ZM|R-3-ZER(AAA)BE ST E

BHR R R IER TRSA 10 mL 5 0.2 g/L (AR
R ) YMA WARR: FR R0 20 mL $ER 4,
ANAEFE 3 ANEE, 200 t/min B 3R 96 he
50 mL 35% HCIO4. 1 mL 0.5 mol/L FeCls Fit' il 1%,
Salkowskis LW, 557 W) T 4 °C. 8 000 r/min
B0 10 min, WEHL 50 pL b5 W0 T M B8
b, [RIEHRE A 50 L Salkowskis A, LL&5E 5
AR B IR R 28 (AXHIR, 8% B (5 30 min
JE LB Bt AR, 5 0 A8 A 0 2 B A% TR PR
REMNS = A TAA, T AR (SO 2 & A= 2 £ AR
AV AR K N 530 nm Kb 09O, SR 4
Mr 4l i) TAA BRSO, 5. 20, 40, 60, 80,
100 mg/L) 22 il b i ph 28, R 5 b o il 2831 55
IAA fy 700,
1.5.7 FERESMNZHERESIMIE

PER AR AP T A 100 mL YMA ¥ {485
FEEEM 250 mL B, 28 °C. 200 r/min 3557
72 h, BUERER T 4 °C. 10 000 r/min &[>
10 min, _[590 RIA MR B A M 22 ki 0

SR FFVBE B - T 3k 00 5 P 4 22 5 e US0 B
0.1 mL EPS F$2 T4 1, A 0.9 mL ZE1%
K, A 5.0 mL BCER A R R D TR A,
KW 10 min, Y KiEHREVR A, WE 620 nm 4k
WOGAE, A HR AR 2 R 5
1.6 MFEEAIRIE

¥ TY 5557 48 h WIS ODgo=0.2
(CFU=105% 1, R T2 75% L B2 1 mint
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FH o BT BRI B 6 Fh 76 AR R A R R
X HE(CK) R AR FZ AL BR, Fh 12 90 76 JC B A
Rigederh . BA T ET 0.7% KRR SR,
B 10 40, B 3, JGHEEFRAAEIE, 24h
WP T GO, T4 3 RIMERK .,
BRI REH . EHFEFR. RFERK
(germination index, GI). 1 JJ 48 % (vigor index,
VDL Hodr R 2R ARG S S R BV 4 )
Fe (DA Q)T
GI:Z (Gt/Dt) (1)
K. GLNEZFIREG GomE « HINA ZR4L
D AAHR YA 2E H L
VI=GIxS ()

A VIORIE IEEG GL A ZEEE; S M
50 3 HIASRI LB AR K (cm) .
1.7 THEMRE ZFok e
1.7.1  THENREFRIA

Be il NaCl ¥ B 53 518 0. 0.2%. 0.4%.
0.6%. 0.8%. 1.0% MY/KIFAR(0.7%), il KA
Ja B TCH SR & N o BRI — 00 7
T, H 75% LT 1 min, FEH 2% KRR
M8 2 min, ) HTCRE K g 10 k. WA
(A AR T B 7K B (0.7%) B — IR PSR &
W, L IRIGS 3 d IS4 EHE R %,
1.7.2 TEMEAE ZFITIE

WERT SR aRERE L1IREG, B/
2N 100 g 1R A H TS BelE 100 mL TCRE K,
BB S itF 1, BT @Q5+2)°C. 16h
/8 h IF . AHXHEE 60%-70% YR % rh 15 47 9F
WERTAMK s REGTE A 1 JRIEE E A =i IR,
W35 77 2 XA R R AT R IR 1T 2 ODegoo=
0.5, HFHRARTBLEHE 0.5 mL &, XF a4 pe
N ARG IR 3L, R4 7 IREE, WAL B
1A A G WORAE AR F )5 SRR R o
1.8 #HiEAIE

B 56 K HE flf ] Excel 2021 F1 GraphPad
Prism 8.0 FXA A0,
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Sinorhizobium saheli LMG 7837" (X68390)

Sinorhizobium shofinae CCBAU 251167 (KX247539)
66

Sinorhizobium sojae CCBAU 05684T (GU593061)

ST Sinorhizobium glycinis CCBAU 233807 (KJ556384)

Sinorhizobium chiapasense ITTG S70T (EU286550)

Sinorhizobium mexicanum ITTG R7" (DQ411930)

Sinorhizobium terangae LMG 78347 (X68388)

51| = Sinorhizobium kostiense LMG 192277 (278203)

Sinorhizobium fredii NBRC 14780 (D14516)
1

00 1 Sinorhizobium americanum CFNEI 1567 (AF506513)

Sinorhizobium alkalisoli YIC4027" (KX668272)

Sinorhizobium garamanticum ORS 1400T (AB682669)

50 Sinorhizobium psoraleae CCBAU 657327 (EU618039)

5T Sinorhizobium arboris LMG 149197 (278204)
Sinorhizobium medicae WSM419 (CP0000738)
Sinorhizobium numidicum ORS 1407" (AY500254)
Strain 2B3Y (PX642336)

Sinorhizobium meliloti LMG 61337 (D14509)

Rhizobium leguminosarum USDA 23707 (MF977620)

0.01

El1 ET16S rRNAEF 55K F 4B#E 5% (neighbor-joining method) i M E#R2B3Y R EHEXEHK ARG &
B, HHRA 5 N GenBank 5o 5 19 AT 1 0000 H R A T 1 SRR (IR 2R =50% ) 5
i R B2 0.01 1% 38 4 A% 1 BR A 5 1% M e 4% TR BEU B bk s 2B3Y A 1F 53 I ik (NCBIES 55
PX642336); 4N NRhizobium leguminosarum USDA 2370" (MF977620).

Figure 1 Phylogenetic tree of strain 2B3Y and its related strains constructed by neighbor-joining method based
on 16S rRNA gene sequence. GenBank accession number in parentheses after strain name; Node numbers are
support rates for 1 000 self-expanding double-counting (only values=50% are shown); Ruler length 0.01
represents a 1% substitution rate per nucleotide site; " denotes the model strain; 2B3Y is the study strain (NCBI
accession number PX642336); The outgroup is Rhizobium leguminosarum USDA 2370 (MF977620).

51, MK G LS 211 em, £UERM  16C1Y. 17C2Y 788 K55 b5 45 7 K5 T4k
30X E R T R AR IR HeAh XA, B

BRANFEIR . 2B3Y M T KO IR K i 2.5 THERZAEEIE

R EMRHAEN, 11C1Y. 15BlY, M 4 R ZMHREE T, B 1S 4 OE
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E2 ME\ELABEIEGIHERKZHEREEBSEER. K5 R BE%). A #fik—; B: #ik—; C:
R = B3-4KEL, *: P<0.05; **: P<0.01; ***: P<0.001. HR¥EAHKESREGES AT 108 HRAbH
AT ENERARF 5 17512 17675 058 LI CER AL A PR 2 7] HATAEAE e Rk fie A R AR E e AR
T

Figure 2  Statistics of plant agronomic traits (including nodulation number, plant height, root length, fresh
weight, etc.) according to nodulation experiments. A: Lot 1; B: Lot 2; C: Lot three. 3—4 replicates per group, *:
P<0.05; **: P<0.01; ***: P<0.001. According to the agronomic traits of the top ten strain treatment groups in
terms of the number of nodules in each batch; 17512 and 17675 are the high-efficiency rhizobium bacteria
currently used by M-Grass Ecology and Environment (Group) Co., Ltd. to promote the growth of Chinese alfalfa.
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Figure 3 Germination performance of alfalfa seeds under different NaCl concentrations. A: Germination pattern
of alfalfa seeds under different NaCl concentrations; B: Effect of NaCl concentration on germination rate of
alfalfa seeds.
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BasE T RE AR M S ARG S, PR TR
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FE3RAT 8 M 1 A 45 T8 W AR R A T 45 TAIE A= 1y

f 8 AR PR R (18] 4C). DL b s 5 o 451
ERIK X HRZH (0.125 @) UM K X HRZH.(0.182 g) ™
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Table 2 Effect of soaking seed with different strains on germination index of alfalfa

I3 R F B RIFH R MRS IIEE PR
Group Germination energy (%) Germination rate (%) Germination index (GI) Vigor index (VI) Mean root length (cm)
YCK 90.00+10.00a 90.00+10.00ab 2.45+0.69abc 5.11+1.31bc 2.11+0.12¢
CK 86.67+15.28a 86.67+15.28abc 3.00+0.33ab 17.48+2.47a 5.86+0.92a
TY 70.00+£20.00abc 73.33+20.82abc 2.89+0.51abc 14.59+2.95a 5.03+0.15a
YTY 66.67+15.28abc 70.00+17.32abc 2.34+0.58abc 4.51+2.00bc 1.88+0.49¢
Y17512 73.33£57.74abe 76.67+5.77abe 2.56+0.20abc 6.13+1.42bc 2.43+0.72bc
Y17675 53.33+£15.28bc 56.67£11.55¢ 1.89+0.38¢c 5.25+0.46bc 2.84+0.52bc
Y1BI1Y 46.674+23.09¢ 60.00+26.46bc 2.00+0.88bc 5.28+2.23bc 2.66+0.19bc
Y1B2Y 60.00+26.46abc 66.67+32.15abc 2.2241.07abe 3.71+0.62¢ 1.96+0.90c
Y2B3Y 66.67+11.55abc 70.00+17.32abe 2.33+0.58abc 7.32+1.38b 3.26+1.00b
YIB3Y 80.00+20.00ab 93.33+£5.77a 2.89+0.38abc 7.73+3.06b 2.62+0.68bc
Y1IClY  76.67+15.28abc 93.33+5.77a 3.11£0.19a 6.68+1.36bc 2.16+0.53bc
Y15B1lY  86.67+15.28a 90.00£10.00ab 3.00+0.33ab 7.69+1.10b 2.57+0.36bc
Y16C1lY  90.00+10.00a 93.33+5.77a 3.11£0.19a 6.99+1.07bc 2.24+0.21bc
Y17C2Y  76.67+5.77abc 76.67+5.77abc 2.56+0.20abc 5.52+0.64bc 2.16+0.12bc

YCK: #HKBMHARIERXT I CK: KX TY: FEFREXIR; YTY: $hKBHa+TYREFREX M, Y17675. Y2B3Y%:
LKA+ ERAL B, ARTR/NG FRRAC I AL B 8] 125 25 57 (P<0.05); BUE="F- I 5pnifE 2%
YCK: Saline stresstuninoculated bacteria control; CK: Water control; TY: Medium control; YTY: Saline stress+TY medium control;

Y17675, Y2B3Y, etc.: Saline stresst+corresponding strain treatment. Different lowercase letters represent significant differences

between treatment groups (£<0.05); Value=mean+SD.
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Figure 4 Phenotype and growth index of alfalfa in pot experiment with different rhizobium agents. A: Alfalfa
plant growth phenotype under different rhizobia treatment; B: Root morphology of alfalfa treated with rhizobia,
elliptical shadow is nodule; C: The statistics of alfalfa agronomic traits (including fresh weight, dry weight, root
length, nodulation number, etc.) under different rhizobia treatments. The significance analysis compared with the
saline control (YCK), *: P<0.05; **: P<0.01; ***: P<0.001. CK: Water control; YCK: Saline stress+uninoculated
bacteria control; YMB: Medium control; YYMB: Saline stresstYMB medium control; Y17675, Y2B3Y, etc.:
Saline stress+corresponding strain treatment.
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R"3 EHRIRETHEEFFE

Table 3  Characteristic of growth-promoting functions of strains

L7 S TE) filAT L i TCHLIE fige B ngIWe-3-202 AN
Strain ~ Nitrogen Organic-phosphate  Inorganic-phosphate  Potassium Siderophore IAA (mg/L) Exopolysaccharide
fixation  solubilization solubilization solubilization production (g/L)

IBlY + - - + - 63.4£1.2 2.379+0.117
IB2Y + - - + - 61.3+10.0 2.130+0.052
2B3Y  + + - + 58.9+3.4 0.500+0.018
9B3Y + + - + 67.5£10.7 1.166+0.118
11ClYy + + - + 49.0+£9.7 0.551+0.018
15B1Y + + - + - 56.0+4.4 2.320+0.074
16ClY + + - + - 61.142.6 2.684+0.051
17C2Yy + + - + + 57.04£2.2 0.730+0.029

+o BAE; - B BE=TIRebeii,

+: Positive; —: Negative; Value=mean+SD, n=3.

n=3.

fit A WL RE ) 5 T AT T AR X T A TS LB BE
FRPRFFIETT I . 8 ARIEIPRY BAT NG Ty o kel
PR SEEEMEFTH: 2B3Y. 9B3Y. 11C1Y. 17C2Y
AP AR AR . TAA SIS 2T . A TR
IAA ST 49.0-67.5 mg/L, Hrb 9B3Y fith
(67.5 mg/L); MFhZHEE N 0.500-2.684 g/L,
16C1Y % 5(2.684 g/L).
3 Wik
3.1 ENBERSMIEEN ST
H AR 5 B e A= S5 R R 20
15 T Sinorhizobium. Rhizobium, Pararhizobium.
Shinella. Neorhizobium 5 & i) 20 431~ &0 Ff
g, Hoth Sinorhizobium J& N By 2 Fhb
(Sinorhizobium melilot 1 Sinorhizobium medicae)
RO OF, HIREC R T RE
80%-90%, HIEARFA:A XAt LIk,
ARWFFENN ST 6 A RAF A5 H A AR 20 B
3 2 250 tRAN o E Y, Hobh R E A
(Sinorhizobium meliloti) 5 Mt =ik 90.8%, iX A] {E
HWNSEH MR SRR ZE R . &RFER)M
T RIS 1 . RS ) B YIMOC . E AR
fe i, HHERUCEY) A B 0 AR
R TR) A 25 P15 2 0 1 ) D) R e i B AR AR
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W€ KR TR0 = LL BB IR T Sinorhizobium
meliloti Xt PN 5E 1 £h 15T AL AR BRSO 1Y R 4838 L
P, A B 2 DX 1 MR A TR AR E 1Y P 3R
TR, b S S0 e = A R R B E T R IR
Hefih

ks, 7 2wk X P ST L
AWFFE 53 B TR TE AR A T AR b 5 22 Ak o0 A o
A WTTE I W], BT Hl DX fi ol T R % AR
FEEP MARBIT A 8 bR SR MR R R
fit TTALBERE ST, (HESREA RURER, Hrb 6 Bk
(2B3Y. 9B3Y “H)HAMANBEIIIGE. ZYInHE
T Ry DXl TR RS T A 8t T 3 A
3.2 EHRIRENHI S IMBE YR

XoF 8 ke 20K 45 96 R vk 1) 0 A ) R T 4 SR
o, HAZOAEAENLRI T8, 3 25,
321 FHOBMMK

Fir A W RS B AW 1, AT EE IR
HAK R, EAESRT L IE D S e N
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W I EE B AL A RO, SRR E
TH S AR TR BERCL Ak, ) R
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322 EYIHRAT

AR FR Y TAA 43 M 7E 49.0-67.5 mg/L
Z[a), Hrh oB3Y it m . TAA VBN CHE
YR, PR E TR R AR (AR
MFRIE ), HERAR R XT K2 5 3R W RE
XA 9B3Y FERN i A e P i E R TR K Y
B JFE KO
3.2.3  ERmBHLE

16C1Y HYMIAP M & i i = (2.684 g/L), JiEg
G ZWE T FEAR R R IAE AR, pii bk B 1
BESHE, BEETHEP; i 2B3Y. 9B3Y
SETRMR P R P R eI R H S X T R 1Y
W, ZZff R I aa T AR E = ek, R
HRPUEALRE S, W R,

i 3 Rk i g i — 2D B IR T TR AR 1Y S R R
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