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TR LRI 2 R B R B ) 5 AR TR TR A SR RE HE — 2D 4R R O R B b A i AR i AR R R
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32 B Bk . Mesorhizobium huakuii 7653R (fi
Frk 7653R); Sinorhizobium fredii HH29 (fii Fk
HH29); Bradyrhizobium japonicum USDA110
(f& X USDA110) ; Sinorhizobium fredii HH103
(R HH103) ,

A3 RE S AL HE O K B R TR £ R R IR
7% FH R BB I 20 A K G AR, I JC e K IS ik
6~7 WL IHET 5 mL OB h RS RHIRS.
R BB 107101072 .10 ° I Tk A T i T AL Bl 5 9%
.28 CHiFR., KEIREMBIRASTH 50 mL B
KK = A H 2220 r/min &% 30 min /E KR
W AR REZE 1077 107 (10 IR iR A TR JC AL
WV, 28 CHs g%, i TCHLBE T M B 7 an R - A 4
B 10 g, (NH,),SO, 0.5 g.MgSO, « 7H,0 0.3 g,
NaCl 0.3 g, KCI 0.3 g, MnSO, *« 4H,0O 0.03 g,
FeSO, *» 4H,0 0.036 g,Ca; (PO,), 10 g, %+ ddH, O
% 1L, 4 pH 6.8~7.01'%,

12 HAEBABEE.IAASENER 16S DNA E£FE

PRECAE 75 T 5 mL LB 41,28 “CH5% 12 h
VER — G T, #e 100 $ P i 35 & IE 4R VR AR 0 —
P . JE L 1Y B R R A 100 mL fif TS L
Wk IR T, 28 (CH5 3R 60 h. A 86 4T e (0 3k I 2
S TR AT A R R R BRI A 2 R T K Y i
TGRS bR i R e S Bk ik R 2 S
WSTR[ 173647 .

PEBUCRA R V542 T 5 mL LB A, 28 “Cid ni ks
FRAE AT T M AE LB+ L- & 2 (0.5 g/1L)
REEFR P A K 12 h, BRI E OB B 4 mL,
A SR Salkowski {6k, B #E 30 min ,
DI SE 8 L- (0508 1 LB YA 85 3% 56 0 X IR o
KW AE 530 nm AL MMOGRE . TAA Fr o il £
SR D& W i) 2 25 SCHRC18 ik AT .

PR A T A A JF H 16S @ M 5l ¥ 27F/
1492R #17 PCR ¥4 44845 19 H B9 R B i Ji 1]
W, ZJE R T B AL 2 KA B b, BRERUR R
TR P& HE 4T PCR BGHIE , Bkt PCR 560 1IE 1F 6 19 B8 1% »
W T PR BE 5% 5 3% W F 2 /L F 4R 153 16S rDNA
JF31,

1.3 RN

DRE B0 . ok UK I 1Y b B 13
KEFF.75% LB 5 min, 5% WA 44T 2
5 min, G KRS 8~10 K. T 1% KBS F W

.28 CIE®EMEZF 2~3d, HIERAMIE AT
KEE ., MM T . EAH 101.31 mg/kg, #
AW 6.35 mg/ kg, AHLETH & 12.66 g/kg, 22 %0.18
g/kg.pH 7.30, ¥ 1381 2 mm G . 4E 2F 5 ) Fp 7
TR BB R KB RN h 36+ 450 g &2
fi BERIER 2~3 WK E A . KB IE 4 A
AN 6 ANEA LS dRHEE . SR REY K
951 R EL L B0 IO WA, FHJE R K RS ODygg,
F1.7~1.8, FHR LU Ab ¥ 76 A6 0 MR 2R I 30T 2 AT
N . AL 1. BAERD S, fredii HH29 WK
1 mL; AbBE 2. B F2 Rl A K S AR R M1 ) 43 B3 15 ) 1Y
BT PSB-1 1 mL; Ab B 3. 432 Fl 2 45 i lEIR & 1%
K &7 M JR A AR B T PSB-1 M 1 mL, X B AE AR
AT mL G K. X KEHIBEE B. japonicum
USDA110 2R F MK 5 AR B - 18 4 85 45 3210 11 i 1 7
HZP1 JF4T B Fh IR & 5 P, 76 B R &5 (24 ~
28°C,16 hOLME/8 h EHD A K ,2 d 58 1 IR K 7%
TB7K . $21E 28~30 d W2 Al ) 3R 7Y L 60 45 iy fif o
ot AR B AR R T L [ U R AL R I
SR E Y .

DB AW IR . 52 TR T KA
PA M H,75% Z B 5 min, 5% (V/V) R TR 91 3 1fi
M7 10 min, LR /KPE¥ 8~ 10 K5 L H /KR
4~6 h, PA7E 1% ~2% PR BAR M L 20 °C 6
IREIEMLE 2~3 d 5K L3 2 mm . 55
B Rl FRE R R A 250 ¢ RKE A1 1S KE
WAREBY n e * mus =23+ DG, B4 K
P R 3 4 AN AN 5 AN EE . IR
5 R G A RIS R Fh 4350 R T 2 B ik i 1 PSB-
1.HZP1 Ml M. huakuii 7653R #17., 16 GG F
(16 h GIR/8 h M, 18~22 “C) 4k K, B8 7y =0
Je A 7E 5 K G AHIA
14 HEKEEITREFSE ERAZ

i B AN T e { e S = B TN K B o o1 B w4
[l R AL AR50 . AT /N . AT A A A
AR REFIET 1 d BEBE, R R R R RS . B 13
I 134 RV R W AN B, japonicum US-
DA110.S. fredii HH103; fif i B & Fh ik £ HZP1
FEFh . BA/NXGE 4.8 m K 5 my /NX AT 0.4 m
Kok 8 A 2= 1 m SR . &40
XHF 10 A7 #E R BATRE RN 200 g Fh L FF LB
et 10 em fRE 1 BRGARMERI S . X & 5 b
LA 1(CKD) : ANEEA WA 403 2(RD
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2 Fp USDATL0 B 7, Fs &b 3 3 (R2) . 42 Fil
HH103 B 7). $E 50 b2 4 (P) 4250 HZP1 &7 . £
s AbF 5 (PHR) L HEIE musparie * 72 1mos
112 BBl aEq7 i A PEFl . B0 2E 3 A
5L HEALHES . RS BCAJE S OHR IE I BN XK
IS
T Ab /N DGR 56 b 35 7 A R AR B 5 b 50 S
Mo, 3O B2 b T /NE OISy h A AL
P AN 281.66 mg/kg, HEAHE 21.03 mg/kg,
BEHLR SR 21.72 g/kg, &% 0.15 g/kg.pH 7.56,
BRI G 12 M3 17, BA/NXA 4 17,47 E B
0.5 m, %47 6 m., BA/PNXFHFM 480~500 ki K &
BT, fRH BT AR 10 cm AR B 1 R AOAR T E) 1 .
WA K AR W S, fredii HH29 I fif W 14
PSB-1. A5 4 MEH, B4 3 AEE ., i
BT 5 7 e [ 38 b /0N X3k 56 3 A — 20, (H T8 A
AN
TR FLAR 0.3 mm 0 9] 0, 7 FLAR 0.2
mm i 2 i . Z 5 ¥ 450 g R+ 50 g BEH kY R4
FFIRAT 121 °C K 60 min, K% A6 I (19 K 5 M 9%
PRI DA AR R W TR HZP1 452 R0 T 250/500 mL = Al
() BSE 5 27 b L s 1 PSB-1 82 A LB Wk 5 5%
Forfr, MURE R 28 CHEIREE 3R 2~4 d. il 1 5%
Fi1~2 d ZH ODyw A0 1.8 K K - I I 150
mL ¥ A 500 g B H il AT e B R . I E TR AR
x1

P Mmouze T

KSH, MR R FH B 0 77 3 KRG A 500 By s
AR NS 7 g T 40~50 mL K, I RS 2 7006
IS T 00 3 IR L Fe B8 100 @ B I PEFRR 1 kg KRG Fb
TFOARAE TR LT YR AER .
1.5 HBEHTELE

FH Microsoft Office Excel 2007 #4728 48
Th e E TR I SPSS-FANOVA 47,

2 ZER55MH

BHEENSBEMEE
I A T ML 36 8 PR 3 5 B A K G 13 4R
JEMORE S B AR B 1 bR % B A PSB-1; AR AR PR +
b oy AR 1 MR R HZPL, BP9 16S
rDNA J751 23 i 5 #1 NCBI Blast 1) Fo XF 43 #r
850 HZP1 & B K ZF MU & (Bacillus megateri-
um) M ,PSB-1 NAHH @ (Enterobacter) 4T .
2.2 PSB-1#1 HZP1 RS 6E T HIM E

A o B B BT e R I A B 9R 60 h ARV R AT
B (R D LS5 R R 280 PSB-1 R HZP1
55 S KB K CCKO M L 2 RV RT3 1
MBI T 7.31 A0 4. 84 f%, 35 F) 307,44
193.72 mg/L. DAIMASERR L-A 2R LB Wik N
XFHEL IS 2 FhAn T A 7 A TAA EES) . 12 h &
B H HZP1 fil PSB-1 7= TAA 43 ik 5] 73,56,
32.76 mg/L,

2.1

2 7 PGPR ¥k IR BEE R IA AR E(n=3)

Table 1 The phosphate solubilizing capacity of two PGPR strains(n =3)

AR S i/ (mg/ L)

LSy onil] )
'ﬁXJ,mi‘HHﬁinﬁMnﬁ 1AA /gi/(mg/lﬂ

Hitk Strain Ao Content of soluble P Increase in ‘mulliples Aszo nm Content of TAA
compared with control
CK 0.18640.009 42.614+1.776 0 0 0
PSB-1 1.494+0.049 307.4449.557 7.31+0.085 0.61240.019 32.76+0.85
HZP1 0.98240.040 193.72+7.884 4.84+0.301 1.5344+0.011 73.56+0.51

23 PSB-1\HZP1 ERBEHENEMBM AT LB R
ARKZm

o TR [ A0S B AR L SR TR K B - g
R R T, JF 46 I f W i PSB-1 F1 HZP1 K H: 5 M3 9%
PRV A B PO R S 4598 [ U s ) R 3 5 17 A
4390 BAE Bl T PSB-1 AR T HH29 K X% il
HH29+PSB-1, #W# 28 d J&5, 58 i # skt e /1,
SEHE R MR HH29+PSB-1 B, A Ak 43 98 50
R P8 0 J5 f5 AR X T CKJ 35 389 i be s Ff HH29
PR AR AR 3 5 AR R i 0T Sk b b S 6 T 40 S 4

B 14.37% . 26.94% F1 31.23% (F 2)., R 4EFp
HH29-+PSB-1 X AR J8g [ 0l 15 JC b & e, 45 21
W] K T PSB-1 55 ARR B N A AT DR R
LI B v 2 TR AR R R R T L o AR R G AR
K.EmRKE AR,

PR B 13 J3 5 AR il T HZP1 ARE
W USDA110 K XU4%Fh USDA110-+ HZP1, 48 1148
FRILAE F AL, 25 B (R 3) R WA USDA110+
HZP1 b A 35l K 1 [ 0l 15 L AR IR 250 B AR 93 fif
[T N, AL B R G R A Y A
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HR O R TIN5 2 T A A [ SR S 41

R AR FMERRIE N 12.92% . SEIEMRIEE 24.21% M1 5.89% ., Hf4EF USDA110 H o 32 Fp
USDA110 # &, S Fl USDA110 -+ HZP1 Mk AR Ak M I fef o o 52 A5 B 308 388 {0 H R 9 450 F AR 98

i o o L AR JRE B AR R A SR A 0 B 17.39%0 .

i R AT R

K2 FHEM PSB-1 5 HH29 E AT LM (n=5)

Table 2 The symbiotic nitrogen-fixing phenotype of soybean inoculated with PSB-1 and HH29 (n=75)
e by 1 G T R/ g R % IR fif 57 it/ g [& A GG/ (pmol/ (h = g)) ML EFBF s /g
. Shoot fresh weight Nodule number Nodule fresh Nitrogenase Shoot dry
Treatment . .. .
per plant per plant weight per plant activity weight
CK 2.62+0.57a 13.00+4.08b 0.07040.03b 8.92+2.85a 0.54=+0.10a
HH29 3.65+0.67a 34.8£3.77ab 0.19340.05ab 5.67+1.24a 0.7640.14a
PSB-1 3.474+0.86a 27.3+8.62ab 0.19540.06ab 5.46+1.06a 0.67+0.19a
HH29-+PSB-1 3.7940.23a 39.8+8.65a 0.24540.06a 6.52+1.37a 0.7940.10a

e« R B A S A A ) 7 B 3R 6 B 3 M 22 R (P <C0.05) , T I,

el,the same as follows.

Note:Same lowercase letter means no significant difference at 5% lev-

R3 HZPI EFMAREWHERE (n=1)
Table 3 The symbiotic nitrogen-fixing phenotype of soybean inoculated with HZP1 (n=4)
o Hiy b e T A ; R B O ot/ ik
i 3 ¥ /em . e/ LR / (umol/ (h @) RS R/ s
i Shoot fresh weight . o Nodule fresh weight Nodule number
Treatment Plant height Nitrogenase activity
per plant per plant per plant
CK 21.6041.51ab 2.6340.39ab 15.59+4.14b 0.124-0.02b 25.7548.78b
USDA110 19.00£0.79b 2.53£0.31b 23.2947.76ab 0.174-0.03a 32.00+£6.08ab
HZP1 20.2042.75b 2.78+0.29a 18.22+8.23ab 0.184-0.06a 33.25415.07ab
HZP1-+USDA110  23.9042.92a 2.97+0.28a 26.964-6.46a 0.1840.01a 39.75412.61a

24 PSB-1\HZP1 5EREBEENEMN LR KL HE
REKKEMN

ST RSN 2 o i e AT B 42 A 5 S Aok H A
TR AR A SR AT T A AR R X
7 U3 ) B b AR W T PSB-1 AR B 7653R e XL
HERP 7653R+PSB-1, 3% 28 d J& . AR 3 A Y X 1g
FE AR I B R A B, PR R PSB-1 AR TR 7653R I

MR R AR AR K ARG B (B 1 AL ST a5 R i
1« BABH B P R W5 T PSB-1 AR B 7653R BEHE I
04 R 5 2 B Y b AR W i R LK AR R L JCAR
e B8 AR S JO Sk XA 0 R o [ UG R G I AR
fb. AFEF 7653R + PSB-1 H B 4% Ff 7653R I, 4
75 e iy A R R AR R 48,8 %6, AR U £ S R %
37.2T% (R D),

R4 WHEF PSB-1 5 7653 R ELZHE LEMYM (n=>5)

Table 4 The symbiotic nitrogen-fixing phenotype of Astragalus sinicus inoculated with HZP1 in Hubei soil (n=75)

Hiy bR TR/ g
Shoot fresh

weight per plant

Ab 3

Treatment

AR 9 %L
Nodule number

per plant

IR 6 7 it/ mg
Nodule fresh
weight per plant

[ﬁ“ﬁ%fﬁ/(pmol/ (h -

Nitrogenase

g))

activity

CK 0.3440.0171a 28.5045.802a
7653R 0.42-+0.050ab 39.75+4.787h
PSB-1 0.50£0.022b 40.00£7.393b

7653R+PSB-1 0.6340.060b

38.00+1.414ab

6.884+1.672a 20.10+5.044a

14.3042.284b 12.16+1.974a
16.6322.419bc 10.1342.636a

19.30£2.130c 11.0942.591a

W58 = 5 g3 il PR R A W TR HZP1 ., HUE TR
7653R MW AR 7653R+HZPL, 857 28 d J . 455
HZP1 KOS HE il () A8 AR AR 28T %8 BERE Bk < 35 22 4
(E1 B, Gl R s BIEF 7653R+HZP1 A
B E A AR ON L b B M AR S RGN, AH X
KRAEFAE AR AN T 78.04% F1 29.63% , kb BA 4% Fif
7653R L BE i BT & M 55.32% ., UL Ak, W F

7653R+HZP1 1 % fi¢ i 28 = S 459 S 1 A, W
2 T AL R AR R L AR R O G D T R O LU S
ML R 7653R AH KR 43 B 4 & 45. 30% . 107 %,
92.18% (% 5).
25 HEFBHEELKA

Sy A PSB-1 F1 HZP1 78 K H rp Y 7 255
A3 9 FE T A A7 5 R R AE A 1 2R AT R SR A ]/
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A:PSB-1 5 7653R #EAM KA ; B:HZP1 &5 7653R #Ef R A,
HZP1 and M. huakuii 7653R inoculated.

E1

Fig.1

A :Phenotype of PSB-1 and M. huakuii 7653R inoculated; B:Phenotype of

27 PGPREE = LEMM KRS

The phenotype of Astragalus sinicus inoculated with two PGPR strains

®5 HZPl BMEZRREHEERRE (n=1)

Table 5 The symbiotic nitrogen-fixing phenotype of Astragalus sinicus inoculated with HZP1 (n=14)

A Hby bR BT/ g R A BT/ g I 2 it 07 / I 6 5t i/ mg IR

Treat . Shoot fresh weight Root fresh (pmol/ (h+ g)) Nodule fresh Nodule number
m

reatmen per plant weight Nitrogenase activity weight per plant per plant
CK 0.41+0.04c 0.81+0.13b 11.90+3.39b 16.07+3.36b 39.00+7.94b
7653R 0.47+0.03bc 0.91+0.06ab 20.52+7.12a 17.40+3.08b 35.67+2.89b
HZP1 0.61+0.08ab 0.9940.07a 15.46+1.57ab 27.83+3.37a 60.33+10.26a
7653R+HZP1 0.73+0.03a 1.0540.04a 22.8740.71a 33.27+£8.00a 56.67412.01a

KAREe . ZEHIMERE ) 7 d J5 . 0052 B8 500 AR oG 1k R
71N o MR TR A 80T T BCEE 10° B B O3 BE ik F
10°,pH 6.5~6.9, PGPR T 7l A %% B $ 8 & % h
107, PSB-1 I figik 3 10°, PSB-1 fil HZP1 2 E 7|
pH {43 %1 5 5.97 M1 6.03, 2 Fh i # & K& K
28% ~30% ., KifR 0.18 mm, ¥ KGR F 5 4 4
) R R A S 3 ol

=6

TE K G0 A6 5 0 Ik A 1 g8 /N X AT R A
SRR 13 KT MR E USDALLO 1
HH103 ¥yfig i & {2 H 24598 MBI 5 HZP1 X%
o BB AR 0 R 2 0 L (PR Bb T B PRI R 7RO
B ORI R e (R 6) . FEIR T 134
R T R IR A ) 45 R SRR I A S N A X R A
PR TG b 3 25 S, b L 30 i 5 o S A 4R v

HMtAEAREHENMRXEERRE (n=5)

Table 6 The phenotype of field test of soybean inoculated rhizobium and HZP1 in Shishou City, Hubei Province (n=75)

H1 85 13 Zhonghuang 13

= 134 Jingdou 134

fib # Hbo b AR EE T/ g IR B 5 it/ g R b b AR A T i/ g e ff S5 4/ g 8 £
Treatment Shoot fresh Nodule fresh Nodule number Shoot fresh Nodule fresh Nodule number
weight per plant weight per plant per plant weight per plant weight per plant per plant
CK 40.744+1.65b 0.74+0.01b 50.4443.43b 31.92+6.47a 0.624-0.03a 42.28+9.09a
R1 52.2743.90a 0.99+0.15a 72.33+18.01a 36.71+6.04a 0.5140.07a 36.784+12.56a
R2 50.0841.20a 0.95+0.01a 60.19+10.61ab 35.41+2.38a 0.55+0.05a 36.26416.63a
P 50.32+1.62a 0.78+0.16ab 52.67+7.78ab 31.20+1.59%a 0.66+0.09a 42.0048.77a
P+R 37.90+5.14b 0.85+0.03a 62.0044.17ab 31.27+1.53a 0.584-0.04a 39.00+13.18a

1 :CK: AW F 5 Note: CK: No-inoculants; R1: USDA110 R2: HH103; P:HZP1; P+R:USDA110+HH103+ HZP1.

T I T /0N D0 7= 55 SR o 6 T R 13, 4%
FiAR Y8 B USDAL10 FIARJE 1 HH103 Lt A FH 3
FCK Ak B = B4 5 8.5% F1 13.1% ., B 4 Fl
HZP1 i K 57 o W A5 38 0, Y & R 88 o1 1 A %
HZP1 XU RN H AN Rhoxf B3 7 4.8 %0 (K 2A) . X
THIT 134, R H HH103 877 5% 75 47 . i s

W HZP1 P BEHEI 9 00 76 47 5 WA TR LE T X0 IR 20
G900 . WUHE IR BT B i AR R BRI i B T
FH [11) F) 7 80CR 5 AN B I (I 2A0) o B 43 ol ik e T
B8R BT HE B 28 LI T S Gk 4t DX ) a9 T
5 B AR e A i 0 TR R i B B R A R
Wi e b R AR AR
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o 11}0.00- BCK ®@WR]1 NR2 BHP BR+P
= 90.00f
S 80.00f
~ 70.00}
60.00} == ==
—— [43
A S 50.00f == Y
S, 40.00f = t&j
& 30.00} = o
=~ 20.00} = iR
il 10.00F = 3
§ 0.0 = N
0.00 = —
3

HE
KL
—
[*Y)
=

Zhonghuang 13 Jingdou 134

KTESFP Soybean cultivars

[ BCK ®BR NP BR+P

7 /(kg/667 m”) Yield

KTESFP Soybean cultivars

A AL A E W EHLEE Field test of soybean in Shishou City, Hubei Province; B: it A7 % H ]38 % Field test of soybean in Shijiazhuang
City, Hebei Province; CK: AN A FAL B ; R ARBI B HH29; R1: M8 Bl USDAL110; R2 . HUUE | HH103; P. @B # 71l s P+ R i i
AR IR S H M. CK:Noinoculants; R:Rhizobium HH29; R1:Rhizobium USDA110; R2:Rhizobium HH103; P:Phosphate solubiliz-

ing bacteria inoculants; P+ R:The mix of rhizobium and phosphate solubilizing bacteria inoculants.
B 2 A[E X A5 Ak R R 5 T H OE) A SR

Fig.2 Demonstration effect of field application of phosphate-solubilizing bacteria strains and rhizobium in different areas

] BE , 7E K G400 46 3 6 T b A 5 0 8 47 H () /)N
KRB A, 45 R R 3T 12 FIFE G 17 H R AR
P 7] 41 B 0 9 MR e S AR A B 12
FEFN HH29 -+ PSB-1 Ll 50 422 i AR 98 T81 B A% AR b |
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Table 7 The phenotype of field test soybean inoculated rhizobium and PSB-1 in in Shijiazhuang City,Hebei Province (n=75)
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Treatment Shoot fresh Nodule fresh Nodule number Shoot fresh Nodule fresh Nodule number

weight per plant weight per plant

per plant

weight per plant weight per plant per plant

CK 133.384+42.34a 0.2740.14a 53.13420.16a 101.33+£3.22a 0.0740.02a 44,27424.12a
HH29 109.34412.70a 0.34+0.19b 73.93+17.21a 99.64+22.51a 0.5740.46b 105.33+52.99b
PSB-1 100.81418.98a 0.23+0.02a 64.83+9.62a 103.47+4.89a 0.15+0.13a 55.80+37.80ab
HH29+PSB-1 112.13425.13a 0.23+0.11a 54.86+14.64a 106.71+21.88a 0.14+0.11a 62.33+47.92ab
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Effects of co-inoculation of phosphate-solubilizing bacteria and rhizobium
on symbiotic nitrogen fixation of soybean and Astragalus sinensis

HU Chang, LI Huiming, WU Hui, LIN Hui, LI Youguo

State Key Laboratory of Agricultural Microbiology/College of Life Science and Technology »
Huazhong Agricultural University sWuhan 430070,China

Abstract Two phosphate solubilizing bacterial strains, PSB-1 and HZP1, were isolated form soy-
bean nodules and rhizosphere soil. The ability of these two strains to produce IAA (indole-3-acetic acid
TAA) and the ability to dissolve inorganic phosphorus were measured by Salkowski colorimetry and mo-
lybdenum antimony-phosphonium colorimetry. Soybean and Astragalus sinensis were co-inoculated. Re-
sults showed that both two phosphate solubilizing strain produced IAA. The legume growth-promoting
effects of the phosphate solubilizing strains and rhizobium inoculum were investigated in unsterilized soil
and soybean planting field. Inoculation with HZP1 or PSB-1 promoted the growth of Astragalus sinensis
and soybean. Co-inoculation of phosphorus-solubilizing strains with rhizobium further increased the
shoot biomass, fresh weight of nodules and the number of nodules of soybean and Astragalus sinensis.
The results of field tests showed that inoculation with rhizobium or phosphate dissolving agents alone
had a certain effect of increasing yield but double inoculation with rhizobium and phosphate dissolving
bacteria did not increase the yield significantly.

Keywords phosphate solubilizing bacteria; rhizobium; Glycine max; Astragalus sinensis; symbi-

otic nitrogen fixation; co-inoculation
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