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Research Progress of Rhziobia Associated with Acacia Trees
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Abstract

(Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou, Guangdong 510520)
Most Acacia trees could symbiosis and nodulate with rhizobia, which is significant in the soil fertility improvement, soil conservation

and vegetation restoration. The research history and status of biological characteristics, genetic diversity and inoculation effect of rhizoia associat-

ed with Acacia trees were summarized, so as to extend the research and application of research about Acacia rhizobia.

Key words  Acacia trees; Rhizobia; Biological characteristics; Genetic diversity; Inoculation effect

HAREVE (Acacia) j2 5 75 FRH Mimosaceae ) ) —MF K
J& , RFAREGEA 12 A T B T s X, FRIE A 20
242 60 AEARTF IR KA 5 [ Fh . AREUS B AR AR A TR 2 1Y
ZEPEAN A, T ELRE S5 ML A AR [, Xl R I T K
T OREFRE A ST B 5 S TR AR R R A ) T
RBRZ M OTE, A b, W R IR T R AR = AR R
PIAFEIE R AR R, SCRB I/ Ab A it FH A > I PR 85 15 G
N L b R HE A SR b 5 R TR 0 A TR R R TR AT
FEAHZ AR AH ER e AR AR R TR U, A7 A0 X AR SEAR R v i F
FEIRIATEGS o S b, XoJ AR SEURS e AL 88 T 2 ) 2 R st
& AR SO AR SO S5 T TR FEA T 2504
1 EY2EEMR

RO T A= 2 e e HAS B i — s 1, %) 0 1B AR
P R AR B SRR AR 1 T B e A A 7
R RCR . PR AR B R AR YA e — B AR B
TAERYEZNE .

HIH T2 B S R BR ], X5 0 SR TS PR R A % .
LA W SRR ) AT TR e TR P 1 U T 1 L AR
AR, AT 5 [ R . 20 120 90 4F4R, b mi % ok
JE AT T KM AR (Acacia auriculiformis Cunn. ex Benth. ) . &
VB I (Acacia confusa Merr. ) Fl &y (5 4 B\ (Acacia mangium
Willd. ) AR BT 1 45988 [T R0 5 WG PET T o S5 R 3RIT, AR
JEURRL Y8 T [ RO P 55 0 B RO IR R R SR A
AEAAT I AT B A B K T[] b 2 4 5 1 31 2005 MK
Vo X RE S HW ARG RGA K.

Bl HA Y &R, BIFFE T TR AH SRR T 1 A
P R PE A A S R A ZE R R R T U AE R
P PO ST R B R S BRI

HETH RLAH SRS T LT B (20116B24320016) ; 4k k2
PEAT e AHAF 5 57 22 % 5R B (201004075) ,

EHH(1987 - )k, T EGBA,ALBRAE, FLH A
BRBAE, «BRAE, R R, AL A FIF, AF A
A M 7y @ 09 BT 2, E-mail : klh587 @ 126. com,

2013-05-26

EEEN

WimBH

PUC TR XCOREE T 15 R G LA EHUIR B, X R AL |
HUMEHEAT THIESE  UEWITERE R R T S IS A AR I A
FEBRAEARARE BUE TR SR, /NS M VT AR
HuIX 4 5 VA A SRR AR TR AT T T WY, LT
T e AT T S A5 R T MO T 3R IR T 52 0 1) R
TR . HERR AR BF TS & B, R 2 8000 B F B AR AT
(Acacia melanoxylon R. Br. ), JK K # & ( Acacia implexa
Benth. ) 4837 (Acacia dealbata Link. ) #1525 ( Acacia mearnsii
De Wild. ) &5 I RH I HURE BN TR , D B0 KB, 51 9)
A — PRI R bk . T 45 HOR T ORI R 18 K 43
i30T B AR BT 5 AN Pl AR R TR X R S AH JEL (Acacia cras-
sicarpa A. Cunn. ex Benth. ) 1 A f 4z B A A iy, & B 42 Ff
KR e H i TR M B PR 1 o RS e T A
[) B AR (B v 2B v PR ) DA SO [R) A 2 R A 1Y
JEESEAR AR PR TR R BTk o A5 3R, F 4 v AR IR T 1Y
£ 58 N B G Y P 2B

MR T A= )27 e ik 5108 T PR 22 (8] G 2R (W50 e
PRI AR R e . AN AE T ST T I e ORI
L 5 AR R T R RR VA RE ), R AR TR VA B RE ) 3t
HEfE ETCK . Zhang O BESE T BREREE R KA, - AR
PR R B SE I T AR 119 07 26 2 B 5 % bt IX AR IR
SRR, TR N 200 B KRR B TR % 2
40 PR EAfRwERE ) AR R, H b 2 BRA B Re R, )N
Hb DX G5 B 1 ELA i R 1 1 AR R R R D S LA 2 Y
FRIEHIIX % . K0T g SEREEN R A . Lind %1 R
AR EE b B R PR A T R R, R TR Y 25 S
Hhaf g,

el RV A P o R A P e A s O P R R
RALA Wy it , FEOE P 1 R IR 55 AR R A 1] U RE ) L HE AR
Ko FAEMASE 5538 A RMAHE 28 BARE (Acacia holo-
sericea A. Cunn. Ex G. Don. ) 1 5 5 AH B AR B8 B 1E 47 1 [l
e IR HIE T AR R RS RS R, K
AR AT (Acacia cincinnata F. Muell. ) (G VEAHE B



7512 G AR e

2013 £

A S AR AT 5 MR TR 2R, LI U P /NI Sy
RIFAHIE > JEIERE > A,
2 BEESEMHR

4 R ZHOH B R R Fh B RE S5 AR T A 2508, HLAREUAR
AW EA FE s 2 AR A £ A8 A
ORI TR HS A AR TR R T L v AR R T S0 R
J& IR R 0 R R EER G AT RER T RER

F [ 53 (0 AH SEAR R AR T 322 oI TR AN Y18 AR
MR R 18 AR MR TR R AR TR bk, A B E
PN R BRI DI 48 45 15 A0 S8 b 2 5 o A AR R B
PRZ: AFLP BOXair-PCR 23 #T, i 2 18 A MR R s o A%
TKE FIA T AT ) P SR AR B kA 4
S B, A3 AT AR OB AR TR 8 A AR R T A g A AR
FAWE . BT NP 3 IR R 488 T 45 R
HURITE . 16S rDNA R G K B /rHr R, 55 AR LR 1Y
F R E AR, DR g AR AR TR, 5 ORI AL
FE (Acacia mangium x Acacia auriculiformis ) %5955 W) A5 4V 04
BRI LE AR T, TS 6 VS AR 1Y 40% 2 HUE R
TR ,60% J& TAKT S o X UL AH BRI o 1) 2Rk 515
FAEPERPRE A A 060 RIET 7R AR 6 5 WORIE T
G AT AR A ARRT TR | A8 A AR TR, G v g A AR R R
HEFRIRE

Rl b Xof AREURS A AR e T ) F 90 T AR v A A Y
I8 LA RCAS ] & 11 32 R R 5 R T 1 A B
Hi. Diouf 25" WBTHIAFI A (Acacia seyal Wind. ) 143 B5HY
MR T R 22 @ T v 0 AR AR o A b AR AR B R, 23
64% F129% , TCIE R URE J7 A AHT B A o 78 R8s 17 T
BAFAETAYE . Barnet 25 HCRK A A [ 4358053 5 114
HAH R YR P AL 5 PR A AR O e, DA AR T R
BRI 5 M X 3 B 1 RROMORIE ¥ 3 15 L 1 R 18 A AR
TR, DB I ST L1 23 1 0 Sy A A AR TR, X g 2
AR A MR S5 2 s ) AR SRR 8 A T2 1
[, Mohamed %" FHRL{E 432 () )5 B4t 30 MR4TBS
WM G WK (Acacia cyanophylla Lindl. ) S5AR & B M AR
WY T RBFHE T, PR E 5 2R, Hoh ik
AT T ARE BT 4 M, ZEARRE S 4B (Acacia sene-
gal (L.) Willd. ) 22X 4554, Crisdstomo %5 )R K 1] 753
9 T AR AR SERL IR TR 0 AT TS A AR TR A g A R TR
T A4 43 Bt AR 71 4 A 48 MU 1 . Ndllovu 21
XK IS A 1 FA 4R 15 S 19 462 98] (Acacia pycnantha
Benth. ) AR B HEA T 3 2 4008 M2 FEERIESY , R B &0 2
55 6 Pl A R A AR R Y TR AR R, ELRE 5 0 AR
KA PEHEAE A O 82 R TR R 3 AP AR IE AR i
XF nodA FERIH R G E 5 IE 40 - AR 2 IS A
REVEEAE . Samir 45 W5 JE WA BEHL R (Acacia tortilis
(Forsk. ) Hyne. ) #1432 31 #RHRJR &, A RFLP.IGS ., 16S
tDNA JPF ST I3 20 ANHE, 3 A 7E P AU s
ANV T AR TR, b rp AR RO R R D DR A

X5 Ferich 47 L4 RARRF o S8 Wik X S5 AR
JEURRL 2596 OO AR TR0 B4 B A g v AR R T Jm/ 8 T o Ho-
que 2577 PIRAFIE AR R 35 60 AN RAE 54555t 1 S AR IR
W (Acacia salicina Lindl. ) F1£k I 455 3K (Acacia stenophylla
Cunn. ex Benth. ) 458 (LR TR AR AT 45 1038048 261,
SIATERYIRE T8 S0 B8 | i AR AR TR A v R AR
& AT TR R R A o Susana 257 ST & B, UK A
I T VA B bl XA A R (Acacia longifolia Willd. ) ZE5] A
B, A R T 2 0 s T8 A AR TR | T 2248 A A
MO o A & I AR, DTS 2R AR TR S A — i
G, Negom 2520 PS5 0148 [ (1 D 5 MR b 43 s 2
FE 1 MRS AT B R, BE 5 5 A AR O G AR (Aca-
cia albida Del. ) F1 5 ¥ # ( Paraserianthes falcataria ( L.)
Nielsen) Z598 . 3X 255 1 YCHGE €& FIAF R R 19 TR R RE 5 A AR
JEWFPEEIE

AR B E AP 7K i B W st e 2
Khbaya 257" ) JEEV&EF RIS 4 R (Acacia raddiana Savi) |
WY 5 AT 4 FhoAHSERS 23 29 1) AR IR T 43 A 7 Th AR AR R
IR T, AT A S 4 Hh AR AR T4 ( Sinorhizobium: me-
liloti) 3% CH AR IR (S. fredii ) FIAR I + SEAT i (Agrobac-
terium tumefaciens) o Bevan 257" 3B [ K0 HH L B AR R T TE
16S tDNA JF5 43 #r v 510 728 £E M98 i ( Bradyrhizobium lia-
oningense ) 115 B 18 4= #2984 1 ( Bradyrhizobium yuanmingense)
B, Clapp 7% H PRS HANS 26 #2085 A AR
TR PN ZRE PRSI, 46 % 55 35 [C 1% A5 AR T ( Brady-
rhizobium elkanii ) 388f,50% 55 H Z< 8 4= M98 1 ( Bradyrhizobi-
um. japonicum ) BHE 4% 5 KA Hp 18 A= 2988 B ( Mesorhizobi-
um loti) JHF . Marsudi™ WA PY 3 IX 9 A [FIR
FERUIBS Y 133 M POAH SRR 18 v, 39 Bk R DA AR
1,94 MRS A MR T . PRAR B2 2 AR AR T

18R 5 H A AR AR B B Crisostomo 25 % H] BOX-
PCR 4 753540125 X 53 WIS ARSI RV 26 A 114 46 AR B rp 3
B RO . BRI LTS A AR R AL A B B 1
H: MBI ( Bradyrhizobium canariense) 345 ¢ 25500, 3 HES 1
URARE 43 BRAH SE 43 25 = i RE AT TR ( Phyllobacterium
trifolii) Witk . HEA IR, FEAREUS MR b3 2 5] 4 U
R, EE PR R/ SR bR, WK 1,
F1 S5HBENMEENREET

MR TR =4 mE
SRR Sinorhizobium kostiense Acacia senegal
AT HAMBI 18497

218 LR 4EMR Sinorhizobium terangae Acacia laeta
AT LMG 78341

M AR Sinorhizobiurmr americanus Acacia acatlensis
] CFNEI 156"

PG EFAER  Sinorhizobium mexicanus Acacia angustissima

T ITTG R7T™
L8 AR Mesorhizobium plurifarium Acacia senegal
A LMG 11892""




41 £ 17 H

EHRBE AT EBMARG A LR R 7513

3 EARIEFhRRAR

KR 5 S ARME A B3 56 R M B A K i Rt
HEAL 7 K AR REFTE R S A LA E B I VEH . AR
FifE 3R E A i X R TS [ FRAE Y, T 5 MR R e ) S AR AR i
RS2 ITE o AR HE T A FE R 500 7 328 w5 285 T okt i oA
FEH A,

LA AE SRR I , 4R 22850 SR b () A AR 98 TR B
R AR A2 T Al o AR SEUARS o %) A A (L7 A A A S50 R o
PRI T 22 S8R, S+ A4 R B, 30 0 o R JEAR
IR B RE S D R L I A R B R SIEAH SRR R A RR
PR K, BT A 45 6 25 85 B AR MR K
AR TEL AR S I 6 KR R e ) SRR R AR, R R
T/ PR A AL AR RO 22 AR K, SR DL O 328 HE — MR BB i 5 g
B KA TR . PR A5 o () AR R o 22 o 1) 3
AR LR T AR A IS s 0 0 2 265 SR 0 8 11 2 Bk R
Fikk. Galiana 4504 8 Firig A HURITH B AN 2 BRHUR TH B
FRAZEFh N S AR B AR, &30 H A 18 A2 AR 3 R bk
[ e N E R NS SySE ¥ i N L 7 8 D
FELY) , H AR T P R A R B SRR e (S AR R R 4T

IR (1 4k B8 5 3K X B AR 42 B AR B R R O B
AL e B AR T TR AR A TR b P A ) A v R R R
ARG, A KL E WA R R AR,
INEEE DS SRR [ SRR SR | A T R SRR R AR SR B AR R
WS A SRS R BAME, o E S IR
AR . S5 MR TR + BRI + AR B 4L 5 %
SERHE A A KA R B B Sarr 251 BESE TR
AL S BT A1 B AR) FT BT A 4 B WU 45988 AR K I 2 M, 7 TR
T AR T R B A AR R TR I v R R TR A VRN A K AR
BRI
4 NG

LT, o SEARE ol AR 988 T B T 5 e ot 2 405 1 , A AL R
FHApP T HER e, XA Bh T 4w e T i AR S5 A
IS S R R GBI TR R 5 A S . B
TEAELT U T RO A JESEMTE, B ARSI
S EAHE BIEAE KA E SR 423 A ) (AR IR B
FTTRRSG AW RIBIFT, E B HE R 1 0 A P A AR |
AT T AR e TR AR R B A A K B S
%61 UG P R MG , X 5B 20 B RRAY 16S tDNA il nif Ht
PRIHEAT T4 18, HEm A T R 4R R V74 45 b g S K
AHEARIR B IR AL ZRE I T T REWMARSE, FF T T A
Bl St — 25 0k S R AR PR AR Tk . FREAR R
WA R R MRV R A B R R S R A R R
T IEIRBE > (A1) 5 2R | o ORR R 1 T 79 %) iV 5 T A R R
WA
e

[1] st SR, 4 1 ARG R S ). T3
IR, 190(1):1 -6

[2] S50, A1 S, ExtRB AR SR WA B 1), 1
HAEHEIREE, 193,22(1) 1 -6,

(3] THME, WUBIR, BE = 8, &5, AR A St L o5 R A58 [l 2 ) s )
(1] Pl R B4R, 1994,2(2) :15 - 21.

(4] EURCRE FHRER, 25 R, 6. MR A S AR BRI T (0 A2
PERFFELT ] Rl ,2008,35(2) 1215 -219.

(5] B/ INAT ISR, EOMR, 55, DL DX SR PR BRI 24

5T ] KT 9T ,2008,13(4) 175 =77
(6] FEmfe, 2538 AR BRI B MR EAIE A 77 M IR B MR A T e [ J 1. ARl
RIFRF5T,1998,11(6) 581 —585.

(7] Lhifges, BRRRAE, TR, 55, S PR B LS AR K S5 i A i
[J]. FREapll B R E2#47,2009,29(4) <74 - 78.

(8] W, BpichE, B R, G EE BRI s bt e gt [T ].
FApRL RS R 22#41%,2010,30(3) 1123 - 128.

(9] fedn2, A1 BRI AR AT RHE I RYR R TR E L) . Ak
Al AR},2010,46(10) <1 -6.

[10] ZHANG Z ,WONG M,NIE X et al. Effects of zinc (zinc sulfate) on Rhi-
zobia-earleaf acacia (Acacia auriculaeformis) symbiotic association[ ] ].
Bioresource Technology,1998,64(2) :97 - 104.

[11] kA, HEnnte, Lhig s, 5. BUA gtRE D ROFR BB iRk [ T].
PRIRIZAFT,2008,21(5) 1619 —624.

[12] THRALL P H,BROADHURST L. M,HOQUE M S, et al. Diversity and salt
tolerance of native Acacia rhizobia isolated from saline and non-saline
soils[ J]. Austral Ecology,2009,34(8) :950 —963.

[13] EVERH, BUBR, A E f. SRHR PRV [T]. A2
#41%,1996,20(4) :363 —370.

[14] JRNRS , WUBES, THIE, 5. RS O RHE VS Rl AR B
HIREPTE LT ] SEDZRERE 2003, 11(4) :309 -321.

[15] Fiost, B, ok I, 5. PU) TS5 TARHE R R B (G 22 R
[J]. RS ERSRAEDA#4,2008 ,14(1) :83 - 89.

[16] 7k &. S ER YRR D], BT PEARS, 2006
15 -19.

[17] LV C,HUANG B. Relationships between the Diversity of Acacia Rhizobia
and the Tree Growth Characteristics and the Environmental Conditions
[ C]//ICBEB 12 Proceedings of the 2012 International Conference on Bi-
omedical Engineering and Biotechnology. Washington, DC, USA: IEEE
Computer Society,2012:1638 —1641.

[18] FXUT. &R GE WA EHIRE L E R BIR[ D]
JEET: PRI, 2005:20 - 28.

[19] DIOUF D,SAMBA-MBAYE R,LESUEUR D et al. Genetic diversity of A-
cacia seyal Del. rhizobial populations indigenous to Senegalese soils in re-
lation to salinity and pH of the sampling sites[ J ]. Microbial Ecology,
2007,54(3) :553 - 566.

[20] BARNET Y,CATT P. Distribution and characteristics of root-nodule bac-
teria isolated from Australian Acacia spp[J]. Plant and Soil, 1991, 135
(1) :109 —120.

[21] MOHAMED S,SMOUNI A ,NEYRA M, et al. Phenotypic characteristics of
root-nodulating bacteria isolated from Acacia spp. grown in Libya[]].
Plant and Soil ,2000,224(2) :171 - 183.

[22] CRISOSTOMO J A,RODRIGUEZ-ECHEVERR{A S,FREITAS H. Co-in-
troduction of exotic rhizobia to the rhizosphere of the invasive legume A-
cacia saligna, an intercontinental study[J]. Applied Soil Ecology,2013,
64.118 - 126.

[23] NDLOVU J, RICHARDSON D M, WILSON J R, et al. Co-invasion of
South African ecosystems by an Australian legume and its rhizobial sym-
bionts[ J . Journal of Biogeography,2013,40(7) ;1240 —1251.

[24] ROMDHANE S,NASR H,SAMBA-MBAYE R, et al. Diversity of Acacia
tortilis rhizobia revealed by PCR/RFLP on crushed root nodules in Tuni-
sia[ J]. Annals of Microbiology,2005,55(4) :249 —258.

[25] FTERICH A ,MAHDHI M,LAFUENTE A et al. Taxonomic and symbiotic
diversity of bacteria isolated from nodules of Acacia tortilis subsp. raddi-
ana in arid soils of Tunisia[ J]. Canadian Journal of Microbiology,2012,
58(6) :738 -751.

[26] ROMDHANE S B,NASR H,SAMBA-MBAYE R, et al. Genetic diversity
of Acacia tortilis ssp. raddiana rhizobia in Tunisia assessed by 16S and
165-23S tDNA genes analysis[J ]. Journal of Applied Microbiology ,2006,
100(3) :436 —445.

[27] HOQUE M S,BROADHURST L. M, THRALL P H. Genetic characteriza-
tion of root-nodule bacteria associated with Acacia salicina and A. steno-
phylla ( Mimosaceae ) across south-eastern Australia [ J ]. International
Journal of Systematic and Evolutionary Microbiology,2011,61(2) :299 —
309.

[28] RODRIGUEZ-ECHEVERR{A S,CRIS6STOMO J A,FREITAS H. Genetic



7514 G AR e

2013 £

diversity of rhizobia associated with Acacia longifolia in two stages of in-
vasion of coastal sand dunes[J]. Applied and Environmental Microbiolo-
gy,2007,73(15) :5066 —5070.

[29] NGOM A ,NAKAGAWA Y,SAWADA H,et al. A novel symbiotic nitro-
gen-fixing member of the Ochrobactrum clade isolated from root nodules of
Acacia mangium[ J]. The Journal of general and applied microbiology,
2004,50(1) ;17 -27.

[30] KHBAYA B,NEYRA M,NORMAND P et al. Genetic diversity and phy-
logeny of rhizobia that nodulate Acacia spp. in morocco assessed by analy-
sis of rRNA genes[ J]. Applied and environmental microbiology,1988 ,64
(12) ;4912 -4917.

[31] WEIR B S,TURNER S J,SILVESTER W B, et al. Unexpectedly diverse
Mesorhizobiumstrains and Rhizobium leguminosarum nodulate native leg-
ume genera of New Zealand ,while introduced legume weeds are nodulated
by Bradyrhizobium species[ J]. Applied and Environmental Microbiology ,
2004,70(10) :5980 —5987.

[32] CLAPP J P,MANSUR I,DODD J C,et al. Ribotyping of rhizobia nodulat-

ing Acacia mangium and Paraserianthes falcataria from different geo-

graphical areas in Indonesia using PCR-RFLP-SSCP (PRS) and sequen-

cing[ J]. Environmental Microbiology,2001,3(4) ;273 —280.

MARSUDI N D,GLENN A R,DILWORTH M J. Identification and char-

acterization of fast-and slow-growing root nodule bacteria from South-

[33

[l

Western Australian soils able to nodulate Acacia saligna[J]. Soil Biology
and Biochemistry,1999,31(9) ;1229 - 1238.

NICK G,DE LAJUDIE P,EARDLY B D,et al. Sinorhizobium arboris sp.
nov. and Sinorhizobium kostiense sp. nov. ,isolated from leguminous trees

—
%)
X

P

in Sudan and Kenya[ J]. International Journal of Systematic and Evolu-
tionary Microbiology,1999,49(4) :1359 - 1368.

[35] LAJUDIE P D,WILLEMS A,POT B,et al. Polyphasic taxonomy of rhizo-
bia :emendation of the genus Sinorhizobium and description of Sinorhizobi-
um meliloti comb. nov. ,Sinorhizobium teranga sp. nov. [ J]. International
journal of Systematic Bacteriology,1994 ,44(4) .715 -733.

[36] TOLEDO I,LLORET L, MARTiNEZ-ROMERO E. Sinorhizobium ameri-
canus sp. nov. ,a New Sinorhizobium Species Nodulating Native Acacia
spp. in Mexico[ J]. Systematic and Applied Microbiology,2003,26(1) :54

-64.

[37] LLORET L,ORMENO-ORRILLO E,RINCON R,et al. Ensifer mexicanus
sp. nov. a new species nodulating Acacia angustissima (Mill. ) Kuntze in
Mexico| J . Systematic and Applied Microbiology ,2007,30(4) :280 —290.

[38] HUANG B,LV C, ZHAO Y ,et al. A Novel Strain D5 Isolated from Acacia
confusa[ J]. Plos One,2012,7(11) :e49236.

[39] FHERH 2 280N, 5. S AR AR R B S TR R A [T .
T PEA AR, 2005 ,24(3) 1215 -219.

[40] FRER‘E. AREEAIEMRYRBEIIIZ L ] Ml REASY,1998,11(4) «
343 -349.

[41] ISz, S ARE, DTN , 5. AU ESEAR SRS B AR T ]. AR
AV REFERFZT,2008,21 (1) ;79 -83.

[42] GALIANA A,CHAUMONT J,DIEM H,et al. Nitrogen-fixing potential of
Acacia mangium and Acacia auriculiformis seedlings inoculated with Bra-
dyrhizobium and Rhizobium spp|[ J]. Biology and fertility of Soils,1990,9
(3) 261 —267.

[43] gk, ASHE, M, 5. ARRRBEEAR AL TR AR E B AR MO 1T
[T, VhballRl,2004,33(2) :88 - 89.

[44] fchy, S . HRUREEFERSS S D AR B B AIREE [ T]. 7 VRl R
2#,2002,31 (4) ;204 —205.

[45] Hv N RIRIBEMRZH AR B AR AN FE ) A= AE TR [ D ). 48
PN ARBRAIRIE: 2008 :52 - 55.

[46] SARR A,DIOP B,PELTIER R, et al. Effect of rhizobial inoculation meth-
ods and host plant provenances on nodulation and growth of Acacia sene-
gal and Acacia nilotica[ J]. New Forests,2005,29(1) .75 - 87.

[47] DE LAJUDIE P,WILLEMS A ,NICK g, et al. Characterization of tropical
tree thizobia and description of Mesorhizobium plurifarium sp. nov. [ J].
International Journal of Systematic Bacteriology,1998 ,48(2) ;369 —382.

(48] EVpich. ARERIPPARIBTAIISEL D . B bl A, 20047 -9.

[49] Euplcht, TR R, BEE, & AR AR ME S B Lk
RAIEERELT ] m sl A 2241 EARRIANR,2003,27(4) <15 - 18.

[50] Eiplcht, iR, B0, B AR B FMRIREEa I A= T ] ik
P, 2003,30(4) :1 -5.

[S1] 2550, 2Rl (2R, 4. AR AID TR T . Mol B
H4:,2010(1) .32 -35.

(EE% 7510 W)
Z—o WIFEREH K R G & A 18% ~25% , KV M &
BTE 15% oA AT & =7 1. 5% ~3.5% , B A5 -5 1R
Fe—fBLL 0.8 ~0.9 Jylt, EbH 5 MRkt —fB 6 ~ 10 N, %t
S A S L KSR AR BT R &, et
WRGEME TR, 22 A 1 B 2 B R, T L LA it A Ak 38 ) 2 4
PR i AR EB RS - A O, LA PR T R (R
T JREB TSI AT e, BB TR LS R A T, BRI
A PRAE A LR NEFIE AR, T RS T A 2R

g5 LT ma v B g e J A e it AR =X SR i R
J5 B BT A R A K 2 B sk 25, i ELFE SE B 7=
W UEA T S, B A Y Ak e A R R R AR
PSR I A A 5 3 A7 1) oAt 1 22 PR3 s i 38 R
BRI HE LS AR5 BT AFE SE PR AR i B eh IR N 2R P
B[R 2 [l i i A3 A RO REAC 5 5K, A fE 3R R a6
PIHRFEL R JRs O S A R iy S5, (2 A 7l P2 e o
B 3k

(1] AL AF, FREAR, % IBIREZREE M. bt Rl HA e, 2000
1-5.

(2] XS, RS IRGTR, S5 I 1017 B AR [ 1] Al
43 11990,27(2) (216.

(3] 24, X T, ka5, vp R B RE B AR P T BUIR 5 R 22
[J]. IR ,2003(8) 130 - 35.
(4] Ffzik FEABEREBRHEAE e = R R A SR L) 1. Bl
Rl ,2002,30(S1) :19 -22.
[5] BRSSP, DA o DR R HEAR S AR 7 o R 52
[J]. sPEIR SR ,2004(3) 246 -48.
[6] ER B, ful, 4F=. NIRRT & B S A=
FISEAL ). iiRa AL Rl 2006 (4) 253 - 55.
(7] BAERA, AR, FREAR, S5 B e [ M. dbnt Bl i, 2000
30 -35.
(8] Mt ko, EEr v, 55, s R A A AR = SR o
R ). AR EIRER:,2002(3) <33 - 36.
(9] flfz. ToRb SRR A, R A MR R E LT ). ik
F,2010(4) +39.
[10] Fhes BB, RAE, 5. =/ 12 AHENEIR 33857 R S A
H[J]. IR ,2006,37(4) 684 —687.
[11] ZE0E, BINEE Aot 55, IR 1358 K Mg B M HheRtson;
[J]. FHEEIE,2004,35(3) :323 —326.
[12] Sz By, FHeES. i A MR B E o B R
FEAISEIALT ] YEYIFST ,2010,24(1) 227 - 29.
[13] =358 Mail, ¥ 2e. R FEAE AL TR M= B 5 S s SR )
I ] B R ,2009(8) :117 - 119.

[14] ZEBeme #HE, 57 €, 55 RAATUTEHIERESIHAER L & M Tt

sol[ ], 22l , 2012 ,40(34) 116575 — 16577 ,16584.
[15] b8 €, ET95, SR, 55 Wl ot AR R R S
SR ]. AedbAesAA, 2011 (S1) 2209 -213.
[16] FEISCa A, St 55, b A I A KR
QEAT T . THREA4R 2013 (2) (647 —652.



