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Screening and Analysis for Efficient Co-inoculation System of Soybean Rhizobia
and Plant Growth-promoting Rhizobacteria
XUE Xiao-yun, FENG Rui-hua, GUAN Da-wei, LI Jun,CAO Feng-ming

(Institute of Agricultural Resources and Agricultural Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 10081 , China)

Abstract: Plant growth promoting rhizobacteria ( PGPR ) were screened from soybean rhizosphere soil and collected strains
through qualitative analysis of phosphate solubilization and IAA. Five PGPR strains were acquired, which improved nodulation
on soybean when co-inoculated with soybean rhizobia in vermiculite pot experiment. Furthermore in the soil pot experiment with
Fuyang, Jining and Yanan’ s soils, the co-inoculation of soybean rhizobia with five PGPR strains significantly increased the
number of nodules,,nodule dry weight,plant dry weight, total N and P contents. The result of quatitive determination of phos-
phate displayed that five PGPR strains dissolved inorganic phosphorus efficiently. Analysis of fermentation with HPLC showed
that 5 isolated strains secreted plant hormones and organic acids. Through 16S rRNA gene sequence analysis, three PGPR 1-3,
P7 and P13 strains isolated from soybean rhizosphere soil were belonged to Bacillus sp. , Phyllobacterium sp. and Sinorhizobium
sp. ,respectively.
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Table 1

Strains used in study

BBk Strains

4B M sl R PR Origins or sources

AR 2 ZE AT 1 ( Paenibacillus mucilaginosus) DB
LRI ZFHUAT T ( Paenibacillus polymyxa) CGMCCI. 0224
Z KGR AT B ( Paenibacillus polymyxa) SC2

Al ZE AT 1 ( Bacillus subtilis) CGMCC1.15,1. 108

DGR FAMI E ( Psendomonas fluorescens ) ACCC10645 ,10040

5 R ZEIFT B ( Bacillus megaterium) CCTCCA 92075"
H 718 A K S MR B ( Bradyrhizobium japonicum) 4219
G i AR K T HYRI T ( Sinorhizobium fredii) 4644
MEAETE P4 AT PT LA P13 fLZE T P14
PEAE B 13, e 2-13

AL
ASLB
IARA A7 L AR AR A AR 9 o
RS
AR
BN e
ALY
ALY
g
AR5 T

ACCC g Al f AR Wy Al P PR B oL s CCTCC Sy v [ TR B 32 W) (T . COMCC Sy v [ 353 S AR M R R AR 0 o
ACCC: Agricultural Culture Collection of China; CCTCC: China Center for Type Culture Collection; CGMCC: China General Microbiological Culture

Collection Center.

112 XK a2 At RERFHE 13 dp Ek
R =BV RL 0 it

1.3 BHX B3R LR RBIBE R FIARFLT By
B IE L AT T FIILZR A8 5F 7 AR B e 412 Ak 114 oK 2 Ao
R FH R+

L4 B2RAE EERE R WA 10 g,
Ca,(PO,), 5.0 ¢,(NH,),S0,0.5 g,NaCl 0.2 g,KCI
0.2 g,MgSO, - 7H,0 0.03 g,MnSO, 0.03 g, FeSO,
0.003 g, B REEF 0.5 ¢, Bl 20 g, 2848 7K 1 000 mL,
pH =6.8 ~7.0, 1 Cay (PO, ), HAIUK B 5 5 15 57
B .

IR 2D AR 1 JR 5 K, HPO, + 3H,0 0.5 g,
MgSO, + 7H,00.2 ¢,NaCl 0. 1 g, B¢ REH 1 ¢, H 22 E%
10 ,0.25% W 541 10 mL, NH,NO, 1 g, L-{4 % g
100 mg,7&1%7K 1 000 mL,pH =7.0, W EJ7:
0.5 mol -+ L™'M FeCl, 1 mL,H,S0, 30 mL., 7% /1%
K50 mL,

1.2 REHE

1.2.1 EB#HHE HI10 ¢ HFEET 100 mL
JCRR K, 10 475 28 90 i e 1k I o) L 3880, TR A
PR BRI 28 C R 3R 4 d AR IR VAR )N, Bk
BORTEIE M IR 2 o s 2lifl s, 4°C TR IRAF o

ZFAUAT IR 07 1 BRI 10 g 1A T 100 mL JC
R K, KU A, 10 7 R 8 Rk IS il + 8
W, URAT R A YR R AR, 28°C G 9R 4 d, BRI
BATRIE , BEAS WL 5E 25 A TR, ) ST A ) £k ik g Al

fbJ5 ,4°C NI4T o

1.2.2 FAKRZ(AN) A2 E  ¥KoaoEs
B DA MR 51000 5 P AL RAR AN T A7 50 mL R SRAL
BRI =AM, B T 125 ¢ - min R E
CHIFERIG S MRk 3 EE R 12 d )5,
BCRAETEIR 100 WL 08T AR b L,
100 WL (i HL A3, 15 min J5 USRI AR L, B4 (a
S B , R AR BENS 0 TAA By aT (5 B (o R R
IR TAA REJTRE R T 1M, R T bR AR g4
W TAA TEHCEE 435I A 10 30 F150 mg - L'
TAA 10 BEFEAT M LT (B0 0 TR 8 0 L

1.2.3 maseh e e FoEas kSR
B E PR UL MR B AN T RV B s R L 1 28 C 55k 4
d, ULEE HH B A T 7, D T Pl ELAR (D) (T
EHR(D) RIGRES =L E 5 D/d (5 KR/ K
VIR RE AR IR ERE 11T

1.2.4 5 a8k K IHR R M
AR YMA i b3 fk, S8 5 FE H7E YMA i ss 5%
Ferp,28°C,150 v+ min "' FEREE IR, BIAREE IR 3 ~
4 d, FIAAR YMA 5325905 OD {H (N =600 nm) , fi
AR E R 107 - mL™' A EMAESNEEA
JRARHIRT L 16 Ak, R 5 e e A AR R B L IR 1 %
Frh 28°C ,150 r - min "' SPRIRIEFE  HAREEE 48 h,
FHREFRHEH OD {H (N =600 nm ) , fiff & 74 1 B 1k 5|
10° « mL™" o BEHER/INHAT A K T FR T, 76 95% 1
TR TR 130 s, FH 0. 1% REFREAK T 5 min SR 5
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FHTCEIKIEVE S ~ 6 IR, FEFIE BT KA I8 A 1 2R}
#5(17 em x 15 em) v, BE4% 6 FUFPF, 23 5145 F 1t
AR AR 1 mL, R AP 1 mL, DLEREERPAR
JAFER 1 mL Ry PR AR R SR Ry 4 2s (it
W RN PR 4 RE R REPLIC A HES . BEREARE T
1R 25 ~30°C (& [A] 15 ~20°C \RF KGR 8 h il
FRESE . MR 3 bR, AR 40 d FIGR .
1.2.5 I3 aRAFRE  EETERE A R0 0
TR R AR AR R SRR A S S A, 17
AR TR . KRG TR 1.5 kg
TAEA (17 em x 15 cm) h, A Fh 6 D1, 422
PRI BRIV 2 mL, DUR$E R A Xt A8 A b B 4
ANEE AR SEN1.2.47 {53740 d J5
sk,

1.2.6 ARl Z 3 BITEIE A 28R e 4
R USRI S MR I, ARIBUHR IR 65 C Mt ZfH
FRBUR T o [ A O A b 35843 ( ASE — A iR
AR A3 kR dE) ,105°C /3 1 h,75°C LT EH &,
FRi EARAR T 8. M AR W 2 A0S ok H 4T
UL CRE AN, Hh R IRVEAR A Bh 27 B+ 3 AE
RGN Hh s 5E RS

1.2.7 mapr s R 5 bR AR
LRI LB AR B IR 3 b PR, B AR B O, H
JCRRIZK Uk 2 WK, i 45 B BR B R, BB R 1 x 107
A - mL™ SR 100 mL K 1 77 Ve
BEFREE MO RR IR 5 g - L7, 20 Rk 1 mL
W ,28°C ,160 r - min ' FRIEF B3 5.7 d
FEFEWE 12 000 t + min ™ ,4°C B0 5 min, B
SE AW R pH (B, BRI N X R, A4k
HEAE 3 Ko # LB AE 4 000 r - min ™' E L
10 min, B V5 WM RIS S A5 %, R A UV3010 4£4b
AL EEETTAE 700 nm &b i3 B BT H £ 1k
FE GBI A R & VB O FI R AN R
Xt HR (e

1.2.8 KB e SR S0 s
FE 5 BRAR A B R IR A B T LR Ly o 3%
FAEI, WA A 58 Agilent1100, PUJCH, —
WA B B R I o [ AH A X13-C18,5 um, 4. 6 *
250 mm, A A EANA 0.1 mol - L™'HAc¢,30C
FREEVEE . A AURRASI , A €35 528 Lumtech,
210 nm %22 4 K, 7€ #H & Eurospher100-C18,
5 pm,4.6 %250 mm, Ji s AH 4 0. 01 mol - |
AP G v, AR R A B 3% g B R R
0.5 mL » min """ AEETAROL A FE AR B
G S8 LA

1.2.9 16S rRNA £ 57 54 a3 B

PRAZA: T, $2 B8 DNA, LIGE JH 519 P, P6 #E4T
PCR "1, PCR =4 i3l ", i BG4 T
TR AR S5 A B 5 58 Y

2 HREHSH

2.1 REMEEREFIEREERNEEST

FE Uy BH A O AR B0 AR T 9 AR, 2R AT IR
8 MR TEVY T LIRS AR B B TR 1 RR , ZFEAAT R
20 Fko X4 SRR 38 MR MR T AR K K
A E A 6 BRAGIE 1 MREFAR AR KR

X AC I 2 SR 30 MR R PR IEA T BERE ) M
DU, 12 MR TR RV W RO AT, JF o6 H e AT o3 i A=
KRS e R, 2 12 PRid bk B AT B 0 i A=
KERIRET) . WIS S A KRR, Ik #%
14 BROZARIPR (3R 1) #E1708 40 2Rl .
2.2 WEREHTE

T XA A TR RN A0 s AR K BB T I b
3T R 14 BROE AR AR, 43 51 5 PR AR K AR T
4644 184 R TR T 4219 HEAT IR IR A1 2R W)
e o RN B RRTE BT 13 AR AR A R T
EERWNISREL 7 S: Ul o e U

FHE% 2 AT, 3R 43 WA 5 CK A L, B 45,
TR T AR T A K R R,
PUER AR TR 4644 SAEFZERIATIE 1. 15 24
P13 P7; 184 R GARIE A 4219 524w 13 . B
KEFAIFF IR 92075 78 3 IIE A AR L WIEZ )5,
WERAHOO TR 20 B MR T SRR AR B A R
AYRGIE . PA: K G AR TR 4644 5 Rk B ZE AL AT TR
115 {2414 P13 I PT WAL, 54 mAa te 8 T
AN 132.3% 79. 2% F1 129. 0% ; 988 5 4%
SN 39. 0% 34. 7% FI 42. 0% ; 3= AR J83 55 43 ) 34
I 71.3% 34.0% F1 25. 0% ; ki kk H I 545 51 4
J46.0% 45.5% F125.5% , 184K AR 4219
HERZFMFFH 92075 FEA R 13 A S, 53
FERPAR LY, 98 T2 43 S 14 0 32% F1 44. 6% 5 Rk Hb
LI N 23. 6% F110. 8% , 1L 5 M4LEH
T IR E TR A
2.3 TEBHRSHF

AR 3 R FH B VY A8 2 | 1L AR % T
RCERIHR R 58, 3 A R RGBT B B
T+ PRIK BB ) R 25, FLARAR M B4l CK T 45
RO A 7E E A AR b 208 1 1t 4l /N 1Y G
RUOHMYIR o BRI o B T+, PR K g 1 BT,
AR R CK S5tk 2 . (HAE 3 Fh L1,
ML E5 R A B By, 45 L3k 3,
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Table 2 Basic analysis of quantitative characters of co-inodulation pot plant test on Vermiculite
ﬂ@%% ﬁ/‘t%‘% BRI Nod%ﬁﬁifﬁfnber Noduigi}%eighl gﬁryﬂij;ft
Rhizobium PGPR strains Total nodule number o taproot per plant/s ver plam/s

PR BRI 4644 CK 9.9bed 2.2a 0.076abcd 0.398ab
A= P4 10. 2bede 2. 1a 0.073abed 0.414ab
fEAE T P7 12. 4bede 3.9a 0. 149f 0.467abc
e P13 14.5e 4.9a 0. 139ef 0.650cd
e P14 9.7abed 3.9a 0.081abc 0.363ab
fEAH 1 -3 12.2bede 2.8a 0. 141bcdef 0.631cd
2 -13 13.5cde 4.0a 0.098abced 0.511abed
Al ZEAAT R 1. 15 13.7de 3.9a 0. 177def 0.513abed
Al ZESAT 1. 108 11.8bcde 3.0a 0. 117abcede 0.316a
LR IE T 1. 0224 5.0a 1.0a 0.032ab 0.68d
PR IR 10645 8.4ab 3.0a 0.076abcde 0.312a
PEGIR BRI 10040 9.0abc 3.3a 0. 118abcde 0.521bed
B K ZEATH 92075 15.0e 6.9b 0. 121 cdef 0.352ab
Z RIS AR SC2 10. 8bcde 4.4a 0.071abc 0.471abc
JEE R FE IS 2 FUAT 1 DB 13.8de 1.6a 0.077ab 0.473abe

AR KGRI 4219 CK 21.6bc 3.8ab 0. 105bed 0.463ab
A P4 13.8ab 3.7ab 0. 064abc 0.430ab
e P7 13.7ab 2.2ab 0.092abced 0.424ab
4 P13 13.4ab 1.6ab 0.074abed 0.434ab
e P14 11.9ab 2.3ab 0.071abed 0.391ab
AR 1 -3 21.7be 2.3ab 0.141d 0.613b
fErER 2 -13 12. 6ab 1.0a 0.083abced 0.533ab
B AT 1. 15 13. 5ab 3.0ab 0.089bed 0.516ab
R ZEATE 1. 108 9.2a 2.6ab 0.038ab 0.466ab
ARG MFT R 1. 0224 32.1c 1.9ab 0.129¢cd 0.508ab
DR BT 10645 6.3a 0.5a 0.022a 0.427ab
DGR BA TR 10040 18. 8ab 1.6ab 0.061abc 0.303a
LR ZE AT 92075 18.2ab 3.0ab 0.125¢d 0.539ab
Z RS ZEATIE SC2 19.5ab 2.3ab 0. 166abed 0.416ab
T REESS S AT DB 19. 6ab 4.9b 0.119¢d 0.520ab

FREAE N 4 YAk g 0 A, RFVEUE S A R 7RG AE 0. 05 kP22 5 B3

Values presented were means of four repeated experiments. Values within a column followed by different letters are different at 0. 05 probability level.

R+ 557 AR b, AT RS
XUCEEFP AR BB A% T BUAT RO IR, (R SR A 06 21 9 25
JROUBA WA T HR A . 7E 2 B AR bR £ 3
FRBEAN DA P13 ARPR -+ 35 M4 A P7 | F R ZF AT A
92075 #RMHARIE T HEL & T 80% LA I, B R ZF AT
T 92075 MR T H LS 100% L) |, 5 CK ML,
5 ARUEFP A AR T ER S 12.4% ~39. 2%,
FEAR B R 6.0%~37.9% .

HEZE A 39 2 #0028 P BRAS P AR AR R
PR REAS P2 A A O IR IR AR AR R i
TE B /N TE RO , T fE B Tz XS T
5 EAE AR > H A58 R ) 59 T, AR
B A RS IE F 7 A A RO, AR AR T G K R A

15% UL 1o 25968 1 (4R FHE A3 BEZ R R (1) & A
B, 5 CK M, ARPRr+E @ukgn s P13,
HRPR 2 B AR TR P7 R R 2E AT 18 1. 15 AR AE TS
1-3 AR R AR & AR T 20% LA b, F R ZE AT
92075 fAH IR S A i HE M 52.6% o
2.4 RERFEBISENEENH

i 1 H B A2 A RS R MR R B ) R AL
A S ARIE A TRIAR , 200 RS B 2R AT I 1. 15 A2
AR PT P13 EORZEHIFT IR 92075 A4 2B # 1-3,
B R ZEAATBR 1. 15 RTE K ZEAIFT 1 92075 4, H
A3 MR i K AR PR L3 oy A5 3,5 R AR
WA B EE T . fE AR RREAE 3.5.7d B
Wiae S L 4.
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Table 3 Basic analysis of quantitative characters of co-inodulation pot plant test on soil

o _— I BB M 2% 2% b I- A
A OHURRBR RERRBR n b 1@%#51&*5?@ P JFEfvfjd ; *%\Igdﬁi P JFE;E?] %&‘Ll%ﬁ@ﬂ
S(Jll source Rhizobium PGPR strains odule number d‘l’ll ry l?l(,en.ldoe (0) ry (o] }1e <?rcen.tage ol dry ota content
per plant weight/g  weight increase/%  dry weight/g  weight increase/%  per plant/mg
o Ml K B g
L mi&i@'@ *‘ijﬁfﬁ%’ﬁ@ 14.2 0.874 28.7 0.055 41.0 25.477
{2 P13 21.0 0. 887 30.6 0.073 87.2 29.315
A1 P7 12.9 0.897 32.1 0.075* 92.3 31.969
CK 8.8* 0.679 — 0.039* — 24.043
AR R 13 16.0 1.213 20.9 0.070 75.0 41.630
B-b-9
F R ZEH AT .
92075 27.0 1.127 12.4 0.086 115.0 40.628
CK 9.6 1.003 — 0.040 — 31.665
iy ‘TMEI\T;E?@ *ﬁﬂfﬁl‘%ﬂ@ 15.0 0.990* 39.2 0.062 121.4 37.511
{2 P13 15.0 0.815 14.7 0.051 82.1 33.073
{RAET PT 25.0* 0.3801 12.7 0.080* 185.7 31.976
CK 6.0 0.711 — 0.028** — 28.753
MR R 13 10.0 0.832 30.4 0.053 35.9 29.254
B-b-9
R ZEAIAT .
92075 14.0 0.807 26.5 0.122 212.8 33.754
CK 8.0 0.638 — 0.039 — 24,474
T MU R b R
L% H@ff‘m *ﬁ$?f/§ﬁbﬁ' 11.0 0.680 19. 1 0.017 142.9 28.594
AT P13 10.5 0.735 28.7 0.023 228.6 26.298
{214 PT 12.0 0.712* 24.7 0.025 257.1 25.578
CK 5.0 0.571 — 0.007 — 21.275
AR (RN 13 7.0" 0.803 21.4 0.043 " — 29.896
B-b-9
B RZEH . _
92075 3.7 0.767 16.1 0.023 34.016
CK 2.1* 0. 661 — 0 — 22.309

TR 4 AT IFIE, BE LBOR A Duncan 3%, * FORAE P <0.05 K25 83, * 7 FR1E P <0.01 KPR RE .

Values presented were means of four repeated experiments.

very significant difference( P <0.01).

indicated significant difference( P <0. 05) between strains by Duncan test, * *

indicated

x4 AEMEREEHLZBRPHSE
Table 4 Phosphate concentration of PGPR broth in different time(mg - L")

{4 F kR $EF )5 KB Days after inoculation
PGPR strains 3 5 7
R AT 1. 15 32.96 124.96 255.58
A= P7 146.03 193.08 216.25
A # P13 120. 04 266.11 266. 81
B R ZEATH 92075 44.90 42.09 48.41
fEAETRE 13 82.82 153.05 153.75

BRAG B ZFAOAT B 1. 15 Ah, A2 AR BIAE S d i)
I WEELA R iR o LARG 2R AT 1. 15 QR LR T
P13 iFWERE 1 ek, fie AR P7 e 13 IRZ L B
REFHAT B 92075 Fr2s o

TR M F R AR RR A W, T LR BB o fl
PHE PR & B R ERA TR T (R S5) o 5 CK M E, XL
FEMREL R I 5 Wi I R HE In, 7E 3 Fh L b AR 4
Wi R S 1 10% DL P 2 AR T P13 il i

R 20% UL b o AHAEAR R Y s b Al A RO A
PRABEA S THICRA BT AR, RS R 2 AT A L. 1S,
TEFE T P AW 62. 5% , {H7E BB - H 3R 5
19.5% ; fie A= B P13 RBE N AR E , FE bk 2 Wi
25.6% ~48.1% . {EFEZ F 5,5 4> XL FP 5L i
YA R TR R 55 30% L I, BLFH A T L
ZESFRR  RTHIREE N 12.0% ~62.5% .
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Table 5 Total P content of pot plant
B.[H Fuyang BT Jining 4E4 Yan’ an
R 12k B b Hb AR 2 LW b b AR R A i Ho_E R AR AR LR
Rh'l'ﬂ bi PGPR strai Total P content Percentage of total Total P content Percentage of total Total P content Percentage of total
rzobium stramns per plant/g P increase/ % per plant/g P increase/ % per plant/g P increase/%
H%ﬁigfifz’[ﬁ M ZEATE 1.15 0.288 19.5 0.566 62.6 0.315 36.4
e P13 0.328 36.1 0.437 25.6 0.342 48.1
fELET PT 0.341 41.5 0.414 18.9 0.306 32.5
CK 0.242 — 0.348 — 0.231 —
18 A AR IR T feEH 13 0.438 12.0 0.401 29.4 0.373 35.1
4219
B K ZEAT 7 92075 0.446 14.1 0.438 41.3 0.370 34.1
CK 0.391 — 0.310 — 0.276

2.5 REBEEBERBS ST

I I LS IR AR TR AR R AR 7 TAA 1Y
BE 1o FHERCHORE iy kil 5 BRIE A T &k BE b
SRR AR, K5 S EiE e,

MR 6 TLLE 5 MRAE AR R A AT — 22 1 53 1
AERRIRES . B RZFEFTE 92075 A K K
ook, 48 d I R I b TAA WRBEA2.094 mg - L',
PRATR 1-3 77 TAA B8 18555 ,48 d B & BEWR ik B
0,156 mg « L™, PRGN v € 28 0 Rk A il 31
HER O EERRK, B RIFFAITE 92075 LB
Hiak 18.56 mg - L™ K ZEAFF B 1. 15 {1
0.824 mg - L_lO V& IR e B39 AE 0. 1 mg * L'

AT TAA Y JRE vy IR U v PR v B8 PR ) ML, A
TS R R ILT- B - A R BRI AE 1T o B
HETE 13 40, RO R P, KRR MR EEE
0, RHHA AT KK,

TEAE AT P7 P13 A & B, wT LAAG: I 3] 57
R IR L SR ATN R s BOR 2 A AT 1 92075 Al
R B ZFAOATTE 1. 15 WA SRR AT R &
s e AR bR 1-3 Kl AT O 4 RA LIRS
RN 1. 15 (9RBER(0.353 mg « L71) BRIk
B PT Y RIAR (0. 190 mg - L71) o £E48 h IpAGI
5 ARPRAEERR pH KR T 7,

R6 RAEFMEREBSENHE GINBRRSREE

Table 6 Composition and content of hormones and organic acid in growth-promoting stains’ fermentation(mg « L")

A= TR bR FER AEKR &R EREK O ERR i FrEERR )iz AP St
PGPR strains GA3 TAA ABA Z Malic acid Acetic acid Citric acid Propionic acid Total organic acid
AT 1. 15 0.824 0.554 0.058 0 0.001 0.324 0.028 0 0.353
A= P7 8.496 0.622 0.062 0 0.005 0.089 0.018 0.078 0.190
{41 P13 17.69 0.525 0.042 0 0.015 0.108 0.007 0.062 0.192
B R ZEAIAT I 92075 18.56 2.094 0.029 0 0.005 0.157 0.030 0 0.192
A 13 15.92 0.156 0 0.086 0 0.277 0 0 0.277

2.6 REHE 16SIRNA EEF 544
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