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Sudies on the interactions between phosphate-solubilizing bacteria and nitrogen-

fixing bacteria in rock phosphate sol ubilization
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FENG Rui-Zhang'*, YAO Tw’, ZHOU WanrHai® , LONG Rui-Jun' , QI WerrJuan™ (1. Northwest Plateau Institute of
Bidogy, Chinese Academy d Sdences, Xining 810008 China; 2. Faculty d Grassland Science, Gansu Agricultural University , Larnzhou 730070 China;
3. Agriculture Scence and Technology , Larzhou University ,Larzhou 730020, China) . Acta Ecologica Sinica,2006,26(8) :2764 2769.

Abgract : Severd microorgani ams goecies are known to have the function of disolving inluble phogphate through organic acids
excretion. Therefore, the higher crop yid dswould be gained when the seed or the soil were inoculated with phogphate- ol ubilizing
bacteria (PB) which would be able to inprove the olubilization from fixed il phogphorus and gpplied phogphatic manure.
Furthernore , the interactions between phosphate- ol uhilizing bacteria (PEB) and nitrogenrfixing bacteria (NFB) in rock phogphate
sl ubilization have been paid much atention in the practice recently. In this research four grainsof P (Lx81 DmB4 Jno2
Lx191) and 3 grainsd NFB(ChWs ChWe ChO6) were sdlected to i nvedtigate the efects of interaction between P and NFB ,P
lubility pH value and totd organic acids production through incubation of those drains in Akovaskaia,s (PKO) medium
indvidudly or in parsdf different combinations.

The results showed thet different PIB regponded differently to NFB on P solubilizetion , pH val ue and tota organic production

(30371021) ; ; (2G035-A41-001-04) ;
120050526 ; :2006-06-18
(1978 ), , . , . Email :ruizhangeng @163. com
* Qorreponding author. Email :longrj @gsau. edu. cn

Foundation item: The project was supported by Nationad Naturd Science Foundation of China( Giant No. 30371021) ; The* 100" Tdents Pogram of CAS; Gansu
Key Research Program on techrology ( Grant No. 2G3035-A41-001-04) ; Minigry of Educetion, Tuition Fee and Sentific Research Encouragement of  Young
Excdlent Ingructor

Received date :2005-05-26 ; Accepted date :2006-06-18
Biography : FENG Rui-Zhang, Ph. D. candidate ,mainly engaged in microbiology of grasdand and plant growth pronotion rhizophere (PGPR) o grass. Emall :
ruizhangeng @163. com



8 : 2765

when they were incubated in pairs. Gonmpared with the sanplesdf only PSB inoculating groups, the capacity of P ol ubilization was
increased dgnificantly (p <0.01) whenLx81 inocuated with 3 NFB gtrainsin pairs repectively ; dmilar trendswere a9 found in
the groups of inoculating of Lx81 , DmB4 and Lx191 with ChO6 in pairs repectively , the groups of 4 PB drains thet inoculated
with ChWb in pars regectivdy as wel as the goups of Jm92 that inocuated with ChWhs together. In contrag, the P
lubilizations capacity of incubation of DmB4 + ChWhs , Lx191 + ChW5s , JnmB2 + ChO6 were decreased. The pH vaues of mixed
inoculation groups were al increased conpared with the groups of only PSB inoculation groups except for the groups of LX81 +
ChWe6 and Lx81 + ChO6 whose pH vaues decreased. By measuring the total organic acids content leves, it was found that
cormpared with the groups of only inoculated PSB , the levels of the total organic acids were increased Sgnificantly when Lx81 or
JmO2 inoculated with ChwWs , Lx81 ,JnB2 inoculated with ChO6 and Lx81 inoculated with ChWb together respectively (p <0.01)
but the valuesdf other 7 treatmentsin pairswere decreased sgnificantly (p <0. 01) . The linear relaionships between two variables
of the content levels of P slubilizations and the pH vaues, the content levels of P sdlubilizations and the totd organic acids
oontent levels, the pH vaues and the totd organic acids content levels were found anong the sanples of groups that inoculated
with PB or NFB separately , The content levels of P lubilizations and the pH vaues of the groups of DmB4 Lx191 inocuated
with 3 NFB drains mixed or sparatdly had linear rdationships. The content levels of P solubilizations and the tota organic acids
oontert levels of the groups of Lx81 inoculated with 3 NFB drains mixed separaiely had linear relationships. None correlations
between the variables of the contert levelsof P <lubilizations, the totd organic acids contert levels aswell as pH va ues of other
groups were found S it was concl uded that the interactions between PSB and NFB would be either cooperative or anticooperative in
di slving rock phogphate when they were inoculated in a mixed way.

Key wor ds:phogphate- ol ubilizing bacteria; nitrogen-fixing bacteria; interactions; P <lubility

95 % Tt A )
5% 10%, , 25 %, (
) [1]
H [2 4] H
1]
5] [6] .
7]
, (PB) (NFB)
1.1
( Triticum aestivum) ( Medicago sativa) 4 ( Triticum
aestivum) (Avena sativa) 3 ( 1; Pikovaskaia ,s(PKO) (pH 7.0),
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1
Table1 Srainsfor the experiments

Srains types Srains No. Srans reources Note
PB Lx81 "
Dm 84"
Jme2 ”
Lx191 "
NFB ChW5 Azotobacte 9.
Chwe Zoodoea 9.
ChO6 Azogirillus Lipaferum
* Unknow
150m PKO 50m , 25min LB 24h 7
(1 ( 100 -m™Y) PKO 4
( ) 4 imi; 3 imi ; 4 3
( 12 ) 1m 3 , (28 ,160r/min) 8d ,4
(5595¢) 15min , , pH
: (mg-L™") ;pH MP220 ;
, O.1nol-L™' NeoOH (mol L~ 1) 9
1.3 Exce DPS
2
2.1
2 4 PKO 8d
(p <0.05) , 154. 3mg/L ( Dm34) 32. 9mg/L (Lx81) 3
4 3
Lx81+Chws Jm92 + ChWh Lx81 Jm92 (p <0.01) ,
(p <0.01) ; ,Dmd4 + Chwh Lx191 + ChwWh
Dm84 Lx191 11.1% 48.5%,
30.9% 59.6% Lx81 + Chws Jm92 + Chwh 1+1>2 , Dmd4+
Chws Lx191 + ChwWwh 1+1<2 4 ChO6 ,
, Jm92 + ChO6 (p<0.01), 3 (p<0.01),
,ChO6 178. 6n”g/L , 4 , Lx81
+ ChO6 1+1>2 ChO6 ,Chweb , 4
Chwe A4 1+1>2 (p<0.01)
) ,  Jm92 3 ; 9
2 (mg-L" ")
Table 2 The ability of rock phosphate solubilization (mg-L = %)
Srains Lx81 Dni34 Jmo2 Lx191 PKO Medium
Irocuaed PB sparatdly 32.9C 148.58 48.48 154. 38 2.0D
ChWs + 255. 9A 132.0B 157. 2A 79.5C 42.4B
ChwWe + 198. 3B 232.5A 167. 4A 243. 2A 19.2C
Cho6 + 280. 2A 203. 3A 33.2B 238. 7A 178. 6A
* () , 0.01, The same or different |etters mean no sgnificant or sgnificant

difference between the treatments regectively ; capitd letters ( p<0.01) ,the same below
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pH
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Table3 Changes d pH in liquid medium
Srains Lx8L D4 Jme2 Ix191 PKO Medium
Inocuated PB separatdly 5.2B 4.48B 4.78B 4.4D 7.0A
ChwWs + 6.2A 4.9A 4.9B 6.5B 6.2B
Chwe + 4.9C 4.4B 56A 5.2A 6.2B
Cho6 + 4.9C 4.5B 59A 4.9C 4.6C
2.3
4 , PKO
8d Lx81 Jm92 Chws ChO6
4 (p<0.01) , Dm84 Lx191 Chws ChO6 4
(p<0.01) 4 Chwe , Lx8l+ Chwe (p<0.0) ,
3 41.0% 50.0% 86.1%
, ,Dm84 Lx191 3 6
, Lx81Jm92 3 6 )
4 (mol-L " %)
Table 4 Changes o total organic acids(nmol-L ~ %)
Srans Lx81 DmB4 Jme2 X191 PKO Medium
Inoculated PB separatey 4.2D 25.2A 17.5C 23.3A 0.29C
ChwWs + 19.7B 18.8B 22.0A 17.3C 4.9B
ChWe + 5.8C 14.9C 8.7D 3.2D 5.4B
Cho6 + 20. 7A 4.9D 19.1B 20.18 18.8A
2.4 pH
4 3 pH ,
pH ( 1, , 4 3 12
pH ( 1) ,Dm84 Lx191 3 pH
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Fig.3 Reationships between organic acids and pH vaue
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