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Table 1 Phosphorus contents of phosphate rock powders

Phosphate rock powder

Phosphorus content (g kg™ ')

Total P Available P Water dissolving P
215. 6 19.6 0.20
Haikou phosphate rock powder
214. 7 6.02 0.11
Huangmailing phosphate rock powder
212.0 7.61 0.24
Huangjinkahuang phosphate rock powder
216. 0 39. 68 0. 80
Kaiyang phosphate rock powder
217. 2 15.01 0.23
Zhongxiang phosphate rock powder
215. 7 14.91 0.20
Shihua phosphate rock powder
216. 7 15.01 0.23
Mabian phosphate rock powder
213.9 30.52 1.50
Yichang phosphate rock powder
215. 2 17. 60 1.50
Yaozhishan phosphate rock powder
50ml 29°C 280 C; : s 20 psi;
(90r min” ') 7d , 121°C 340 ml min~'; 30 mlmin™';
40 min, 6% H20, 2 ,60C 48 h 0.5 H : :90°C
. 3 min, 30C min~ ' 200°C,
55 ml, P17 5 min; : 240 °C; : 280°C;
, 20 psi; 340
R s , 7d ml min~ '; 30 ml min~ '; 0. 541
, P17 [ 8] ,
1.2.2 1.2.4 P17
(7] 0 d
1.2.3 ,
Philip SEM-505
, 3~ 4
: 2
GG-14A; 2.1 P17
: (FID) ; 2 ,
; : GR8A , P17
:90°C 3 min, 10C min~ !
150°C, 3 min; :240°C;
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2 P17
Table 2 P-solubilities of phosphate rock powders to P17 strain

Available phosphorus content in filtrate (mg L™ 1)

Phosphate rock powder

Inoculation Inoculation with Inoculation
with medium mnactvated bacteria with bacteria Increased by( %)
105 2 142. 1 272 4 91 70
Haikou phosphate rock powder
23 8l 49.00 2915 495
Huangmailing phosphate rock powder
. 24 33 29. 88 316 6 959
Huangjinkahuang phosphate rock powder
121 1 200. 0 279 4 397
Kaiyang phosphate rock powder
80 19 91. 68 120 2 311
Zhongxiang phosphate rock powder
71 06 121.8 197. 4 62 1
Shihua phosphate rock powder
. 83 5 107. 1 146 8 370
Mabian phogphate rock powder
45 36 107.5 170 6 587
Yichang phosphate rock powder
78 30 100. 3 173 5 733
Yaozhishan phosphate rock powder
DPS  Duncan’ s SSR s 5% Note: Data in the table were compared

through mukiple @omparison and SSR test of Duncan’ s range test. Differences were obvious on 5% level in each treatment

P17 s 81. 02%
’ 5.93 2.54
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Fig 2 P-solubilizing effed of bacteria P17 on Huangjinkahuang s P17
phosphate rock powder ,
, P17 78.97% , , ,
5.4
, 2.32 )
( 3 4 P17

A: Original sample; B: Inoculation with medum;C: P17 Inoculation with deactivated bacteria P17;
D: P17 Inoculation with active bacteria P17
3 (1 x2300)

Fig 3 SEM photos of treated Huangmailing phosphate ok powder ( x 2 300)

A: (% 845) Original sample (% 845) ; B: (% 2 300) Inoculation with medium ( X 2300); C: P17 (%2300
Inoculation with deactivated badera P17 ( x 2300); D: P17 (% 2200) Inoculd on with active bacteria P17 ( x 2 200)
4
Fig. 4 SEM-photos of treated Huangjinkahuang phosphate ok powder
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3 , P17
P17 ,
, 43.6 mmol L” ' 54.2 mmol 1.7,
) pH 4 ,
. P17
2.4 , 4
2 P17
: P17 : o :
P17 [10,11]7 7
7d pH )

3 P17 pH
Table3 Teminal pH and acids contents in the fementation liquid of bacteria P17

Contents of volatile Contents of norvolatile

pH Gross of organic acids
Phosphate rock powder organic acids organic acids
(mmol L™ 1)
(mmol L™ 1) (mmol L™ 1)
. 3.90 3.10 40.5 43 6
Huangmailing phosphate rock powder
4.20 3.10 511 542
Huangjinkahuang phosphate rock powder
4 P17

Table 4 Compositions and contenis of the organic acids n the fermentation liquid of badena P17

Organic acids( g mI™ )

Volatile organic acids

Norvolatile organic acids

Phosphate rock powder

Formic acid ~ Acetic acid ~ Propionic acid  Butyric acid Ladic acid ~ Succinic acid ~ Malic acid Citric acid
Huangmai ing phosphate 19.5 9517 — — 47.1 563 105 71. 8
rock powder
Huangjinkahuang phosphate - 751 — — 102 375 — 73.7
rock powder
1) « = “ — denotes zero detection
A0(X04) 675, A Ca Sr Pb Mn
3 Zr ;X P Si S Al ; XO4 COsF
C030H; Z FOH Cl Br 1F
, P17
2 2
P17 7d .
3,4,12
SR 39. 7%

[13] , 495%
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EFFECTS AND MECHANISM OF P-SOLUBILIZING BACILLUS P17 STRAIN
ON PHOSPHORUS SOLUBILIZATION OF DIFFERENT PHOSPHATE ROCKS

Zhong Chuanging Huang Weiyi
(Key Lab ¢ Micaobiologicd Engineering o Agriadiurd Emwironment, Minisry o Agriculture;
Microbiology Department, College o Life Science, Naying Agriculiural University, Naging 210095 China)

Abstract Effed of Badllus megaterium P17 strain on solubilization of different phosphate rocks was evaluated.
Through shaking flask experiment and SEM photos, optimum phosphate rocks for - solubilizing bacillus P17 strain were screened
out. Results showed that bacillus P17 strain could dissolve phosphate rock powders of different sources, especially those from
Huangmailing and Huangjinkahuang mines of diagenetic metamorphism phosphorits. After 70 days of cilture and 10 times of i
oculation, about 81.02% and 78.97% of the total phosphorus in the Huangmailing and Huangjinkahuang phosphate rock pow
ders was solubilized, respectively. Results of the experiment showed that P17 strain could improve the continuous exploitation
rate of some phosphate rocks. In addition, after 7 days of culturing, 3. 10 mmol L™ ! volatile o1ganic acids and 40. 5 mmol L™
and 51. 1 mmol L™ ! nor volatile owganic acids were detected in the medium with Huangmailing and Huangjinkahuang phosphate
rock powders as its single phosphorus source, separately ; Gas chromatography revealed that bacillus P17 could also generate o
ganic acids, such as lactic, succinic, malic, citric and acetic acids, which can chelate metal ions, thus releasing P from phos-
phate rocks. P-solubilization mechanism of baderia P17 was discussed in this article.

Key words Phosphobaderia; Phosphate rock; P-solubilizing mechanism; Biological weathering



