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Sundara  Sinha!¥ 1.1
: Paul  Sundara”’ 1.1. 1 P17 ;
19%, P10 ; F4 ; Y3 ;
( Bacillus megaer-
um ) ; Molla Chowdhuryl6J , 1.1 (1 : 10 g,
(3] 0.5¢g 0.3 ¢, 0.3 ¢,
, 5d 0.03 g, 0.03 g, 2 g,
11.73 Vg mI™ !, 1 000 ml, pH7.0~ 7.5 (2)
Kucey 7 10 g 0.5¢g, 0.3¢,
10 , 0.3 g, 0. 03 g, 0.03
, 12. 8 mg g, (
* ( 98 05-2 )
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) 50¢ Mmol g 'h™ '
2.0, 1 000 ml,
pH7. 0~ 7.5
1.
1. .1 i |
P17 P10 F4 Y3 28°C 48 h,
10%cfu ml™ ! 1.1
( )3 ) 3 10% 1 , F4 Ca3( PO4) 2
, 8°C , Y3
7d 121C 40 min 6% H>0, 2 ,
,60C 48 h , pH , Caz (PO4) 2
, 55 ml,
[ 8] Ca2t i i
1. . pH )
1.2.1 : ,
48 h , pHS-3C pH L1or
pH , 8 000 H202 s
r min~ ' Smin [9]
1
Table 1 Comparsons in capacity of solubilizing Ca3(PO4) » between diferent P-solubilizing microbes
Available P content of filrate (mg L™ 1)
Microbial
Inoailation Inoculation w ih
symbols
with microbes imctivated microbes CK
P17 Strain
109. 4 76. 72
Badallus megaterium P17
P10 Strain
. . 42. 82 33. 66
Brevi bacterium P10
26. 09
F4
190.0 130. 8
Strain Penicillium ¥4
Y3
156. 4 134.7
Strain Rhodotorula Y3
L P10 Y3

4
,P17

P17
F4
6.47 7.51
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Table  Comparkons in capacity of solubilizing calcium phytate between different P-solubilizing microbes

Available P content of filrate (mg L™ 1)

Microbial
Inoailation Inoculation w ith
symbols
with microbes inactivated microbes CK
P17 Strain
129.8 41. 61 20. 05
Badallus megaterium P17
P10 Strain
87. 40 67. 11
Brevi bacterium P10
F4
150. 6 59.90
Strain Penicillium F4
Y3
77. 40 67. 10
Strain Rhodotorula Y3
.1.3 ,
3 P10 AIPO, ,
11
6.68 P17 i
F4 P17 ,
AIPOy P17 P10 F4 Y3 : 2]
3 AIPOy

Table 3 Comparisons in capaciy of solubilizing AIPO4 between different P solubilizing miaobes

Available P content of filrate (mg L™ 1)

Microbial
Inoalation Inoculation
symbols
with microbes with inact vated microbes CK
P17 Strain
182.5 138.4
Badllus megaterium 17
P10 Strain
498. 7 241. 8
Brevi bacterium P10
74. 67
F4
490. 6 86.21
Strain Penicillium F4
Y3
429.4 149. 4
Strain Rhodotorula Y3
.1. 4 )
Y3 430. 4 L
-1 -1
mg L., 8.94mg L. Y3
FePOy : 4 Y3 Fe™*

P17 P10 F4 FePO4
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4 FePOy

Table 4 Comparkons in capaciy of solubilizing FePO4 beaween different P-solubilizing microbes

Available P content of filrate (mg L™ 1)

Microbial
ymbols Inoalation Inoculation w ith
with microbes inactivated microbes CK
P17 Strain
192. 6 66. 04
Badllus megaterium P17
P10
182.3 138 4
Strain Brevibacterium P10
8.94
F4
1%9.5 47. 98
Strain Penicillium F4
Y3
. 430. 4 241.8
Strain Rhodotorula Y3
1.5 P17
Lel F4 P10 , Y3
P17 70 d ,
, 81. 02% (il 82.72mg L',
P17 F4 26.63 mg L~ ! P17 P10
) P17 7 F4 ,
d, 291. 5 mg s
L', W 208.9
mg L~ 1, 5 )
5

Table 5 Comparsons in capacity of solubilizng Huangmailing phosphate rock powder baween different P-solubilizing microbes

Available P content of filrate (mg L™ 1)

Microbial symbols Inoalation Inoculation
with microbes with inact vated microbes CK
P17
291.5 49. 00
Strain Bacillus megaterium P17
P10
153.9 86. 63
Strain Brevibacterium P10
23. 81
F4
208.9 103.3
Strain Penicillium F4
Y3
82.72 26. 63
Strain Rhodotorula Y3
I~ 5 DPS  Duncan’ s s I~ 4 1% ;05
1% ;Y3 1% s
1% Note: All the data in the tables were subjected to Duncan’ s range test of the DPS system. Differences were

significant at 1% level between the treatments in Tables 1~ 4. Differences between the microbes inoculation treatments and CK were significant at 1% level.
There was 1o significant differences between the mactivated Y3 moclation treatment and CK. Differences were significant at 1% level between the treatments of

mnactivated P17, P10, F4 inoculation and CK
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o
P17 .
1 P17 (
pH 1 , ) )
P17 2 , P17 KH,>POs NH4H>POq4
2
5
POz~ - 1-
- 6- R pH

—_ 5000 | B E{EHERE RS Acid phosphatase 7
= 4500 | B W B ELRT Alkaline phosphatase -
%E" 4000 E &
5 3500 E S
& E 3000 | 3 % R
£ #2500 E 5
8 %

8 & 3
§ & 2000 = E
E 1500 It 2
E 1000 z
= 500 1

0 0
A B C D E F

Phosphatase activily (pmolg 'b")

A

B F B No phosphorus; B. Ca; (PO, );: C KH,PO,;
D NH,H,PO,;E &5 Calcium phytate:

F. B EW BT # Huangmailing phosphate rock powtler

A. No phosphorus; B. Ca;(PO,) ,; C. KH,PO,;
D. NH H,PO,;E. Cal cium phyt ate;
F. Huangmaiing phosphate rock powder
1 P17
Fig. 1  Comparison in phosphatase adivity of P17 between
media different in phosphorus source
50000 B ALBEEAR Acid phosphatase

45000 - B Pt 4 AR EE Alkaline phosphatase

PERBITE

B C D E F

A_ A RIE No phosphorus; B Cay( PO, ), ;C. kH,PO,:

D_.NH,H-PO,; E. #{ B ¥4 Calcium phylale;

F. &F ¥ BEP 8 Huangmailing phosphale rock powder

No phosphorus; B. Ca3(POy) 2; C. KH,POy;
D. NH4H,PO4; E. Cal cium phyt ate;
Huangmailing phosphate rock powder
P10

Fig.3  Comparison in phosphatase adivity of P10

between media different in phosphorus source

A B HBEH No phosphorus; B. Cay (PO, )2 C . KH.PO,;
D.NH,H,PO,:E. fi B 4% Calcium phytale;
F. & #0435 $ Huangmailing phosphate ruck powder

A. No phosphorus; B. Cay(PO,) »; C. KH,PO,;
D. NH H,PO,; E. Calcium phytate;

F. Huangmailing phosphate wck powder
2 P17 pH

Fig. 2 Comparison in fermentation termial pH of P17 between

media different in phogphorus source

&7

|
sat
2,
R
5 &
= o2
=
= 1+

B F

AR #i BB No phwsphorus;B.Ca3{ PO, );; C KH.POy;
D.NH,H, PO, : E. #4 F# 5 Culcium phytate;
F & WY # Hoeangmailing phosphale rock powder

A. No phosphorus; B. Caz(POj) 2; C. KH,POy;
D. NH4H,POy; E. Calcium phyt ate;

F. Huangmailing phosphate rodk powder

4 P10 pH

Fig. 4 Comparkon in fermentation termmal pH of P10

between media different in phosphorus source
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P10 pH
pH P10 3 F4
pH F4
S 11
; Caz(PO4)2 R 5006 Hmol g™ "h™ ';
KH,POs NH4H>PO4 ; KH,PO4 , 5 284
, Umol g 'h™! F4
3 , F4
P10 , , 5 6
4  .P10 . F4 ,
pH _P10
6000 p
Ll dedor ]
= 5000 = st
E-) =] -]
e ] B REME TR E=h
g =] Alkaline = L
E‘, 4000 -] phosphatase £ m 4
CR- = g E =
> ] "] a2 E
§ & 3000 = g § =
w & -] = e =
73 = 27 =
2 %= 2000 = E
£ E =
g 1} =
= 1000 = =
= =
0 A B C D E F
A B C D E F
A. B H BRI No phosphoruss B. Ca; (PO, ), : C. KH, PO, ; A BA#E W No phosphorus; B. Cay (PO, )3 ;€. KH;PO,;
D.NHH,PO,; E. #8145 Calcium phytale; D.NH,H,PO,; E. # B¥ 45 Calcium phytate;
F. 3324 8% 91 Huangmailing phosphele rock powder F. A F 588 ¥ Huangmaling phosphale rock powder
A. No phosphorus; B. Ca3(POy) 2; C. KHyPOy; A. No phosphorus; B. Caz(POy) 2; C. KH,POy;
D. NH4H,PO4; E. Cal cium phyt ate; D. NH4H,POy; E. Calcium phyt ate;
F. Huangmai ing phosphate rock powder F. Huangmailing phosphate ok powder
5 K4 6 F4 pH
Fig. 5 Comparison in phosphatase activity of F4 Fig.6 Comparison in fermentation teminal pH of F4
between media different in phosphorus source between media different in phosphorus source
.4 Y3
pH 7 : P10
( ) )
KH,PO4
) pH ; pH
-1,-1
7 500 Bmol g " h ) KH2PO4
8 868 Mmol g~ 'h™', NH4H PO,
Y3 Y3 pH ; s
3 3
: 8 Ca® Fe* Fe' Al
2
[3,14]

KH2PO4 NH4H2PO4

1~ 8 ,

[14]



292 42
_ 5000 o B ESRE Acud phosphatase
;:: Ir e WEF¥ BN Alkaline phosphatase 7
B 5000 - = - 6
g ! Es
2 = 5
g g w 4
g & EE°
£ B = 2t
=] -—
= = 1L
H E o
A B c D E F A B b E F
A B8R Ne phosphorus: B. Cay(PO.),; C. KH.PO,; 4 WHFEE No phosphorusiB. Cayt PO,) ;3 CL KH, PO, ;
D NH,H.PO,:E {845 Caleium phylare; D.NH,H.PO.; E. B ES Caleum plytates
F.REWR#RT R H iling phosphate rock p F. M &E G BEF # Huengmailing phosphate rock powder
A. No phosphorus; B. Ca;(PO,) ,; C. KH,PO,; A. No phosphorus; B. Ca;(PO,) ,; C. KH,PO,;
D. NH H,PO,;E. Cal cium phyt ate; D. NdH H,PO,; E. Calcium phyt ate;
F. Huangmaiing phosphate rock powder F. Huangmailing phosphate rock powder
7 Y3 8 Y3 pH

Fig. 7 Comparkon in phosphatase activity of Y3

between media different in phosphorus source

P17
P17 48 h ,
pH ; P17
7d
, ) 7d
pH
] Hz(h ] D)
[15-17]

P17 P10 Y3
F4 (

48 h

Fig. 8 Comparison in femmentation terminal pH of Y3

between media different in phosphorus source

, P10

KH2PO4 s

, Ca3(PO4)2 FePO4 A1PO4

B

; P17
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COMPARISON IN P-SOLUBILIZING EFFECTS BETWEEN DIFFERENT P-SOLUBILIZING
MICROBES AND VARIATION OF ACTIVITIES OF THEIR PHOSPHATASES

Zhong Chuanqing Huang Weiyl
(Key Lab ¢ Micaobiologicd Engineering o Agriadiurd Emwironment, Minisry o Agriculture;
Miaobiology Department, College o Life Science, Naying Agricdiwrd Unwersty, Naying 210095, China)

Abstract Different P-solubilizing microbes can live in media containing different phosphorous sources. The author com-
pared four strains, namely P17, Y3, F4, and P10, in phosphorus-dissolving mechanism and phosphorus solubilizing ability.
Results show that bacteria, fungus, and yeast play important roles in phosphorus- solubilization. Such artificial phosphates as ale
minum phosphate, iron phosphate, calcium phosphates can be dissolved by yeast and mildew easily. Strain Phosphobaderia P17
( Bacillus megaterium) could dissolve phosphorus from phosphate rock powder from Huangmailing of Hubei Province easily; while
yeast Y3 could improve solubility of calcium phosphate the most significantly among the four strains examined. They demonstrated
different predominance in solubilizing phosphorus. The results also show that different strains of P-dissolving microbes can accet
erate solubilization of phosphorus to a varying extent, which reveals that different chemical bonds have different effects on solubt
lization of phsphates and phosphate rock powder varied in solubility. Acids, acid phosphatase, and alkaline phosphatase have
synergic dfeds on phosphate dissolution. Phosphatase could utilize substrates containing such organic phosphates as calcium
phosphate, and Strain phospobacteria P10 produced the highest phosphatase activity among the four strains. Activities of acid
phosphatase and alkaline phosphatase vary with P-solubilizing microbes. When growing in medium containing NH,H,PO,, and
KH,PO, as phosphorus sources, activities of acid phosphatase and alkaline phosphatase with Strain phosphobacteria P17, Strain
phosphobacteria P10, Strain yeast Y3, and mildew F4 were low. Activities of acid phosphatase and alkaline phosphatase were
high in medium containing such hard-te- dissolve phosphates as calcium phosphate, aluminium phosphate, iron phosphate. The
results show that in conditions shoit of phosphorus, acid, acid phosphatase and alkaline phosphatase help phosphorus- solubilizing
micaoorganisms dissolve phosphorus more easily.

Key words P-solubilizing microorganism; Acid phosphatase; Alkaline phosphatase; Available phosphorous



