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WE K 4 BRYEBEE (Lx81 .Dm84 ., Jm92.Lx191) . F1 3 #k [E & B4 (ChWS.ChW6 .ChO6) I FIiB S MG EH F M A SRS & .
pHEREANBIBOTE MRAEHENGSAESEHU BN EAEBN., SREH, EM TRMEREBEE 181 53 4%
BERESHNESEFREBERHET B NBEMBES 4 BREBES Chwe, Lx81.Dm84.Lx191 55 Ch06 43 5118 A 1% 5% B Jm92 + ChWs 4
AHEHBRBRBEMM(p <0.01) ;D84 + ChW5 ,Lx191 + ChW5 ,Jm92 + ChO6 H A HIHEBER T (p <0.01), & Lx81 + ChW6.Lx81
+ ChO6 ¥5 373 pH M4 R A RN HTAAE R B pH HH R P BB EHREN A E. HUBRNELEREW, 1x8]1.Jn92
5 ChW5.ChO6 4+ #liE & 3% 7% .ChW6 + L8l HE AV B ERA R (p<0.01)  KETHASHAENBRI BEXNR B MEHBEHEN
ETH(p<0.0), BHANEAEEEERNERRS pHE FHESEANRSBR pHESLANMABZAEAL
P X ;Dm84 \Lx191 5 3 Bk BB H B S REHR S pHEZF L8] 53 thEREA B A EREHBRELAIBIE
CZEERAHMAX HEHAAMNERES pHE SR BB AN, FREAERAERSERMEERT BELE D
FERB A BERA.
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Studies on the interactions between phosphate-solubilizing bacteria and nitrogen-

fixing bacteria in rock phosphate solubilization

FENG Rui-Zhang'?, YAO Tuo’, ZHOU Wan-Hai’, LONG Rui-Jun" > ", QI Wen-Juan® (1. Norhwest Plateau Institute of
Biology, Chinese Academy of Sciences, Xining 810008 China; 2. Faculty of Grassland Science, Gansu Agricultural University , Lanzhou 730070 Chinas
3. Agriculture Science and Technology , Lanzhou University , Lanzhou 730020, China ) . Acta Ecologica Sinica ,2006,26(8) :2764 ~ 2769 .

Abstract: Several microorganisms species are known to have the function of dissolving insoluble phosphate through organic acids
excretion. Therefore, the higher crop yields would be gained when the seed or the soil were inoculated with phosphate-solubilizing
bacteria (PSB) which would be able to improve the solubilization from fixed soil phosphorus and applied phosphatic manure.
Furthermore, the interactions between phosphate-solubilizing bacteria (PSB) and nitrogen-fixing bacteria (NFB) in rock phosphate
solubilization have been paid much attention in the practice recently. In this research four strains of PSB (1x81.Dm84 . Jm92
1x191)and 3 strains of NFB{ ChW5 ,ChW6,Ch06) were selected to investigate the effects of interaction between PSB and NFB, P-
solubility, pH value and total organic acids production through incubation of those strains in Pikovaskaia, s ( PKO) medium
individually or in pairs of different combinations.

The results showed that different PSB responded differently to NFB on P solubilization, pH value and total organic production
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when they were incubated in pairs. Compared with the samples of only PSB inoculating groups, the capacity of P solubilization was
increased significantly (p < 0.01) when Lx81 inoculated with 3 NFB strains in pairs respectively; similar trends were also found in
the groups of inoculating of Lx81, Dm84 and Lx191 with ChO6 in pairs respectively, the groups of 4 PSB strains that inoculated
with ChW6 in pairs respectively as well as the groups of Jm92 that inoculated with ChW5 together. In contrast, the P
solubilizations capacity of incubation of Dm84 + ChW5, 1x191 + ChW5, Jm92 + ChO6 were decreased. The pH values of mixed
inoculation groups were all increased compared with the groups of only PSB inoculation groups except for the groups of LX81 +
ChW6 and 1x81 + ChO6 whose pH values decreased. By measuring the total organic acids content levels, it was found that
compared with the groups of only inoculated PSB, the levels of the total organic acids were increased significantly when Ix81 or
Jm92 inoculated with ChW5, Lx81,Jm92 inoculated with ChO6 and 1x81 inoculated with ChW6 together respectively (p < 0.01),
but the values of other 7 treatments in pairs were decreased significantly (p < 0.01) . The linear relationships between two variables
of the content levels of P solubilizations and the pH values, the content levels of P solubilizations and the total organic acids
content levels, the pH values and the total organic acids content levels were found among the samples of groups that inoculated
with PSB or NFB separately, The content levels of P solubilizations and the pH values of the groups of Dm84.1x191 inoculated
with 3 NFB strains mixed or separately had linear relationships. The content levels of P solubilizations and the total organic acids
content levels of the groups of Lx81 inoculated with 3 NFB strains mixed separately had linear relationships. None correlations
between the variables of the content levels of P solubilizations, the total organic acids content levels as well as pH values of other
groups were found So it was concluded that the interactions between PSB and NFB would be either cooperative or anticooperative in
dissolving rock phosphate when they were inoculated in a mixed way.

Key words : phosphate-solubilizing bacteria; nitrogen-fixing bacteria; interactions; P-solubility

KEBRE +HH 95% L) FRBEES H B Fe'* (Ca® 1 AP S5 ST EEARE" 3 A8 Y
ZHAE—-BRES% ~10% , 00 EEPTHER, A BT 25% , B A + 585 K348 I8 KL GRS GER
A) METFLESRY, ITSE HEBENBERE, BEAEIBEAERNFEG L, RBREERY, R
HALERRE PR — B EE, EERERIRERRIEY, T BPHEESSHERMLEY . BB E L ESD
K LA A 0y T B R R P B A A T IR CRI R T S, MR B 1R 7 B, — R R UL 7 B T v 1
SEEEBBRRNEES, T EZHKRBERENR R, Rt S HERKFEE XY, —XBEDEE IS —%
MAEWEKEBERTEENOFMNER , (EIS LAY EERUNE THEREG, FVRZEKRBHEE
MAEYTAEES N — AT R LT HEA KSR — B4 B AR ERAE RGN R, A
B —EREBRE WA AE KBRS . B, ESEWIER MBI, T X s A2 [
HAERLBILRMEAE YA IR S E—RER, AR AR FRREEFHSOUR, XM AEYIER KT LR
RREE, A 3GES 7 B ANR A 550 A8 B A B R s a5, 3T /A B (PSB) I & & B8 (NFB) £ 1%
FEBE T MY BT B9 ELVE RN, KASA N FF R 3304 ¥ T R 48 R R 25 AR 4
1 HE5HE
1.1 #H

PRV A B 8 /NE ( Triticum aestivum ) . H 18 ( Medicago sativa ) R FREY 4 £k 75 8% B8 A /N & ( Triticum
aestivum ) 3% (Avena sativa) HPRAY 3 BRIE B (£ 1) ;3 I H N Pikovaskaia,s(PKO) &K 535 (pH {H 7.0),
LB i35 (pH{E 7.0)" ;BEF A Ca, (PO,), (SF#iél, REEM M THBRARTLET™).

1.2 FHFE

Pikovaskaia,s (PKO) ¥t % # %8 10g; (NH,),SO, 0.5g; NaCl 0.2g; KCl 0.2g; MgSO, - 7H,0 0.03g;
MnSO, 0.03g; FeSO, 0.003g; B8 0.5g; B 20g; Ca, (PO, ), 5g; 718K 1000ml;pH=6.8 ~ 7.0,

LB 533 B Sg; B H Bk 10g; NaCl 6g; BE 20g; 2 487K 1000ml; pH 7.0
1.3 KR ®
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Table 1  Strains for the experiments
B2 Strains types B ¥4 5 Strains No. BBk F IR Strains resources & Note
WBEE PSB Lx81" =M /NERER L
Dm 84" EA HERE LR L S Y-SE2
Jm92* R BRI Bei LR E R
il - = INE R L
& % % NFB ChW5 Azotobacte sp. ZM NERR TR
ChW6 Zoogloea sp. =2 NERER TR
ChO6 Azospinllus Lipoferum R# MEBE LR

* fF % 5F Unknow

F 150ml =AM EA PKO BAKRKEF 5 S0ml, H E KB 25min 5 . W7 LB R FRE EAK 240 197
BRAE (R DAAFBRERK(EELR 10° N -ml ) EMTF PKO BRI RE, KRBT 4 M EHE. O HE
(REM); QEM 4 EBHERS In; QB 3 BREAEEBS 1nl; ©F 4 BRIEBEHEM 3 bk E R 25148
FAROGIRIMHES ) EMFHERES Iml. BMNEEEX 3 K, IR F (28°C, 160r/min) 8d, 4°C B L
(5595g) 15min, UE B LHEBR MEHAHHSE pHENRAIRSE,

SHEAASI AR E, FRE LMY BERSR (mg-L™");pH EH MP220 BE HUE; A VLK
B MBS RA, B 0. 1mol- L' #Y NaOH 7% 2, LAFNEE X BB 2 R (mmol - L),

1.3 SGitmdk  AEKHE KA Excel #1 DPS #1740+ 5047
2 #£8
2.1 BERmBT RS

R2ERAREBESHBAMEMNT PKOBREKEREPIERGIEMER FERPHRESBEEAASEK
BRBETHNENZEREE (p<0.05), B KMEN 154.3mg/L( Dm84), B /ME K 32.9mg/L(1x81), RIAt,3 #
BKABEAENRYE —ENBEHEN, s REHANIRE AR JASRAERGHEBBETNNENIRR
—3,Lx81 + ChW5 1 Jm92 + ChW5 40 & A B B 3¢ Lx81 F1 Im92 B IF AN B EAE (p <0.01) , AR FHE
PR A MR B EBEE Z M (p <0.01); M2, Dm84 + ChW5 1 Lx191 + ChW5 A M A B R &
Dm84 1 Lx191 A E B FHET 11.1%F148.5% , WA P H AT FI A M Z R R B R 2 M
MR T 30.9% F159.6% . 1580 Lx81 + ChW5, Jm92+ ChWs B NAHGSEB 1+1>2 HIEBERE, T Dms4 +
ChW5 \Ix191 + ChWS B PNAAERIM 1+ 1 <2 MR, 4 RIABEDH 5 Cho6 IR, 5 A ZEMEBE
BMEEL ,BR Im92 + ChO6 HHBEHE TN p<0.01), KRITMHBGZHEBRENIBERE LFA(p<0.01), R
1M ,ChO6 B ¥k B B MVEBERE 115 178 .6me/L, ¥ K 5 4 RIE BB A MR FP RS B A BE B - A NS , R 1x81
+ChO6 AEEM1+1>2 WEBERR, 5 Cho6 R[], Chwe A HHWERBR /N ELH4KBEHBAS NS
ChWo REHEFH/G 4 MAGHEN 1+1>2 WEBBR (p<0.01), [Fl—¥% B E XA [F] B 2B 59 & A 46
A% FRmEMEEE, 0 In2 A7 53 kERAERGEREEHRENRRME, MEE I MHEMER
BYRER AR mEME AR,

*2 BRBTHHOES (mg-L7)
Table 2 The ability of rock phosphate solubilization (mg*L ')

BBk Strains Lx81 Dm84 Jm92 Lx191 PKO 3535 & Medium
ERE B E B Inoculated PSB separately 32.9C 148.5B 48.4B 154.3B 2.0D
ChW5 + 255.9A 132.0B 157.2A 79.5C 42.4B
ChW6 + 198.3B 232.5A 167.4A 243.2A 19.2C
ChO6 + 280.2A 203.3A 33.2B 238.7A 178.6A

» SRNBRAIGHFEBHRAERERAEE  AFFHEXREEKFEHN0.01, TR The same or different letters mean no significant or significant

difference between the treatments respectively; capital letters (p < 0.01) ,the same below

2.2 EFFW pH EHMZ
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SRR 4 BRIEBEEM 3 HREAE , £ PKOBEFHELEK 8d /G, HITHFEM pH HH B E R F AR/
HME(p <0.01) (K 3). 4 HREBEFTHE 3B RELH S, BR Lx81 + ChWé 1 Lx81 + Ch06 A-H 2 pH 1
BB H R A N EMRKIN p<0.01) HEAAWENEARBENAST. A—ARESN A ARBERSE
B B & AR, 40 Dm84 43 315 3 RE AR et 80, K pH B AMBEFEAEN NEEK, THE 94

A 1 pH (EAE X T 58 20 He Fp [ 00 B R T W R R AR
®3 BERWpHMEATL
Table 3 Changes of pH in liquid medium

BBk Strains Lx81 Dm84 Jm92 x191 PKO 53¢ % Medium
B B PR Inoculated PSB separately 5.2B 4.48B 4.7B 4.4D 7.0A
ChW5 + 6.2 A 49A 4.9B 6.5B 6.2B
ChW6 + 49C 4.4B 5.6 A 52 A 6.2B
ChO6 + . 49C 45B 59A 49¢C 4.6C

2.3 BAVBREEMTL

EHESEARMNARAESBERBREVNRTERNAZSER., R4 X2H, FLAENEKRAE PKO 5
FEEAKSFMESV—EBNAINR. SRMBEMBEBHEME, Lx81.Jm92 4515 ChW5.Ch06 R K
AHEZHINBREREZEFR (p <0.01), 1 Dm84.1x191 4355 ChW5.ChO6 TE R 4 HEZ BV MBS EWE
TR(p<0.01), 4 BRIEBEE I H5 Chwe IBA 55, B8 Ix81 + Chwe HAHIMSBA®TI(p <0.01),H4
SHENEDFBREMBERFEBRETRET 41.0%.50.0% 1 86.1% . [ — 285 88 X K [F) B 8 8 5 RN th &
ARR,SER G L MBMAAL,Dm84.1x191 3|5 3 HEREFLR 6 NMAZHNBEBETRSHAEEN

HZ, B 1x81.Jm2 53 KEAFEHRMN 6 ME , HAVNRSEYHEARBEN L7,
4 BHENRCBHTNL (mmol- L)
Table 4 Changes of total organic acids( mmol-L~')

BB Strains Lx81 Dm84 Jm92 1x191 PKO % 7% % Medium
BB B M B Inoculated PSB separately 4.2D 25.2A 17.5C 23.3A 0.29C
ChW5 + 19.7B 18.8B 22.0A 17.3C 4.9B
ChW6 + 5.8C 14.9C 8.7D 3.2D 5.4B
ChO6 + 20.7A 4.9D 19.1B 20.1B 18.8A

2.4 pHIEEBEHEZHMXR

ST A KREBEM I REA B S MBS RRERE S pHEZ MM XA LI, L EHKIEBE
BS pHEYMHFELHEMAX(E D, BEXERAENS , —EHXEER. 1+ RBBES 3KBERAEZ 2 1MRF
HEZRERBE pHEERHEEZIAAF(E 1),Dm84 . 1x191 5 5 3 BB RAER G FESHEUB SRS pH
HZAGFEREMX, HHAX 6 MEEHENTHFTERENR FHEM; T Lx81.Jm92 5 3 HERHK 6
NHENAFEMXE, N FHEK pH, TR ERFRBHESFR —BEAHES AN AERE, LR F— B8
HEAREAEBEEFNARBEFHEMRA, RAXLASNBEREATRESHEERA X,
2.5 AYMREEHRENXR

ST A KREBEM I REAE S S AR B EERBEANRERAREN X R LI, WEAHKAE RS
BHEBRBZAIFAERKRNAXAE?2), HLHEK pHESHAIRSBEELMAHEX(E3), 217 4 BRIEB
HES3KRERFARSHEANAERA, L8l 53 HEREI I REERNERBRSAVRZAGFEEEM
X589 81 53 5ERFSINRBEER, S WAINREBRNEDERAERBHENTIERE LA 4N
HRAEEXHE(E2) 4 BERE S 3 ERAB IR EGERAAIMRS pHEZ RIAFEMEE(E 3),
3 itig

HHIT Ca, (PO, ), NMEFREFHUANBERER - NEXNIR  ARBAHERBEBTHNEHIZRE
K,AELERBEBRVGGRAL SR, TEHS HREH BAENGEEN I RIERARENE TS BRI
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& PSB ANFB O Lx81+NFB  + Dm84+NFB X Jx92+NFB A Lx191+NFB
y=-151.55x+ 804.52

[ o R2=0.79**(PSB)
= g y=-9238x+603.52
o 2% F R? = 0.98**(NFB)
g y=-194.50x + 1084
T 200 |- R*=0.99**(Dm84+NFB)
'.% y=-10741x + 781.49
E 150 R?=0.96**(Lx191+NFB)
JE]
2
a 100 -
#
B ool

0 L |
40 : 70

B1 FHESpHEXE
Fig.1 Relationships between P solubiliztion and pH value
& PSB A NFB 0O Lx81+tNFB + Dm84+NFB X Jm92+NFB A Lx191+NFB

= y=5.86x-685
5 300 R =0.75 (PSB)
E 150 [ y=-1077x -24'41
g a A R2=0.94 (NFB)
.% 200 + y=491x +169.13
N R2 =095 (Lx81+NFB
Z 150 L . @x )
3
g 100
a
™ 50
& 4] I L I I 1 |
5 0 5 10 15 20 25 30
HALEE Organic acids (mmol-L™)
K2 BHBRSHILRXER
Fig.2 Relationships between P solubiliztion and organic acids
30 & PSB A NFB O Lx81+NFB <+ Dm84+NFB X Jm92+NFB A Lx191+NFB
o ( y=-2502x+134.51
35 25 | R? =0.99 (PSB)
£ y=-8.53x+58.04
=20 L o R?=0.099(NFB)
o
o A
8 15 L
L2
8
& 10 |-
@)
8 S+
=
T o 1 I L L L 1
40 45 50 55 60 6.5 70

pH

B3 HHES pHEXER

Fig.3 Relationships between organic acids and pH value

o, SR MEARERGERN, A ERAHFNEBRERT2AA, AT LRPRBEEBRNER. 5
A MR BEE AR 181 5 3 BREI A, Jm92.1x191 4415 ChO6 IR &I IR EEBREE VIR & 4 BRIEBEE S0 5
ChW6 3L [F] 3% SR 7 9% B K08 B2 B 7t , 3¢ BUOR T v 9% o 10 (6] 580 B o 910 B0 o 33 3 0 ) (BT SR I RN, TR B T RE R
EREMERERMEMNE E - ENHEEATERMO W —SFF TRMBEMNEEREYR, X &Y
R, REME T BAFENERMEH, RERNBARANRE SR, WA RERE T B RREE M, AR
HERE RIS BEE AR IR ENTZ AR RIFE AT, X 2o B Bk ol AR A A AR BRI R E S E Y ER
FEMEFHRBEEK. XMERESHEREIRMELIERAYIE ARE—STR.

HTHAEYZENES B HRSEAEEGTE BAHSHERERMNER 2RXBERATHEHRR
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TFTRERIE G, i Dm84 + ChW5, 1x191 + ChW5 1 Jm92 + ChO6 ZH-& B BAHX 2 Bl S A A R
BENTR. SRZHEREAEANER., P ETHEARBE BAEASEARA"  BARESEA
H R RS, FEEFRNZENES, S —FEAN B R KFAEFLSRRABREYRNER, R
HEBR X 26 53 Wy X B MR S BE U R MM BRIVE A s Rl Bt B R I AE DA K ERMU T ER TR — ERBENE
AHEMBEFER P EEE - BB EMEY AR . 3 E, XS B A AR AN LB AE
PIRBR (R 1), HEMBEHEFE IRA - THESNMIRE REHTEBENZR B ENZRAAERR
fER .

KREWMHAREZHEHEBMEFRNR pHEZ MBS HXHEY BHERE - FXAAEAEEENML
P AR 4 BRIE BB A 3 Bk BB A B A SRS B R pH S B B N AR BB AR SR 5
WEHEF pHESHERBRAAFAESKRRADEMAENETERR, KEXEEHRARH " BRESHIWN
AVREBZ RIRFEREMLE, R, EXE"SXUAVRIBSEREBEZAEEEXMY LA AHR
FARBEBRENIRERAE S RMIER L8l 53 HEAERASEAEINRSESABRERNGEEREM
KAEHECLABUAR, TESERENREEZ MREABRER, XARBTIERA X,

MEMREEREETLER LA Z, ErUBRRFZSHERT REEREAERRNAE, XFTELH
FEFOBESERETREDZRAEAERKRRBUAER. BT EY A EN BT RE L, MEME
VM AEY E AP E S FERFEEFTEANARE BN REDWERFEFTRSN T, AT SIEME
My 3 [7] 3% 35 09 B KN FH % 1 o
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