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1
1.1
5
Enterobacter sp. 1TCRil5 Erwinia sp. 4TCRi22 Arthrobacter
spp. 1TCRi7  1TCRil4 Penicillium spp. 1TCRiFS  2TCRiF4 Aspergil-
lus spp. 2TCiF2  4TCiF6
1.2
1.2.1 10g NaCl 0.3g KCI 0.3g MgSO, 7H,0 0.3g FeSO, 7H,0
0.03g MnSO; 4H,0 0.03g NH, ,50,0.5g 1000mg 1000mL
pH7.0~7.5 KNO; 0.76g/L
FePO,; 4H,0 Fe-P 13.3% AIPO, Al-P 24.9%
Aldrich Cay, PO, ¢ F, FAP 18.0%
RP 10.3%
1000mg
1.2.2 PDA
1.3
24h PDA 7d
30s 10° cfu/mL
1.4
150mL 50mL 160°C ~
170°C 2h ImlL 28C 160r/min 7d 4°C
9 000g 20min 4
1.5
10
mg/L pH  PHS-29A
5 80°C  8h mg/mL
STATISTICA
2
2.1
1 4 Al-P RP
Fe-P FAP
2TCik2 4 Al-P
310.28mg/L FAP > RP > Fe-P 4TCiF6

2TCik2 RP © Flﬂi'ﬁﬁﬁ?&@%@%ﬁ@ﬂ%ﬂﬁ%éiﬁﬂﬁ%ﬂ http://journals. im. ac. cn
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Fe-P FAP
pH 3 1TCRiF5  2TCRiF4 FAP RP
4
NO, -
NH, * FAP
1 2 Fe-P 2TCiF2
NH, * 172 2TCiF2 Fe-P  RP 50% FAP
30% pH 2 2.89 4.71 A4TCiF6
Fe-P 6 Al-p 172 pH
3
1 4 NH, *
Table 1 Solubilization of different insoluble phosphates by four fungal isolates in ammonium medium
Phosphates Isolates pH Phosphate solubilization capacity/ mg/L Fungal mass/ mg/mL
Asp .2TCiF2 2.21+0.07 129.47 +26.41 1.12+0.08
Fop Asp .4TCiF6 2.50+0.03 11.26+5.72 1.70+0.18
“ Pen . 1TCRIiF5 2.37+0.14 1.52+0.59 1.15+0.26
Pen .2TCRiF4 2.30+0.03 -7.17+0.19 1.54+0.40
Asp .2TCiF2 2.24+0.06 310.28 +73.45 2.00+0.18
ALP Asp .4TCiF6 2.76+0.10 107.73 £26.77 2.42+0.18
Pen . 1TCRIiF5 2.59+0.04 12.86+4.49 2.17+0.53
Pen .2TCRiF4 2.50+0.05 8.67+1.45 3.04+0.53
Asp .2TCiF2 2.89+0.06 255.42+19.15 1.04+0.09
FAP Asp .4TCiF6 4.13+0.56 56.98 +7.27 1.01+0.50
Pen . 1TCRIF5 6.45+0.39 69.70 +4.27 0.19+0.07
Pen .2TCRiF4 2.89+0.01 60.17 +2.07 0.73+0.21
Asp .2TCiF2 4.23+0.33 240.39 +31.32 2.15+0.25
RP Asp .4TCiF6 4.54+0.42 210.46 +4.28 2.29+0.24
Pen . 1TCRIiF5 5.42+0.14 14.35+1.38 2.16+0.54
Pen .2TCRiF4 7.40+0.26 2.65+1.13 3.17+0.28
ISD P<0.05 0.34 32.49 0.42
2 NO, -
Table 2 Solubilization of different insoluble phosphates by two Aspergillus isolates in nitrate medium
Phosphates Strains pH Phosphate solubilization capacity/ mg/L Fungal mass/ mg/mL
Fe.p Asp .2TCiF2 2.72+0.15 212.66 +42.07 0.67 +0.06
“ Asp .4TCiF6 5.41+0.11 81.46+12.19 1.01+0.13
ALP Asp .2TCiF2 2.37+0.13 327.46 +37.33 1.53+0.20
i Asp .4TCiF6 5.77+0.42 48.18 £6.80 2.68 +0.09
FAP Asp .2TCiF2 4.71+0.19 176.05 +6.83 2.40+0.24
Asp .4TCiF6 4.45+0.56 53.95+4.68 2.73+0.24
RP Asp .2TCiF2 5.23+0.55 345.83 £ 32.61 2.82+0.37
Asp .4TCiF6 4.43+0.22 235.12+19.33 2.52+0.18
LSD P<0.05 0.49 ©, ﬁ#34§“'l%%iﬁ;llﬁi/’\%i§ﬁjﬂ http:// \ﬂlQ"l’?’ll s im_ac_cn
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2.2
3 Fe-P 4TCRi22
Fe-P  Al-P FAP 41.16mg/L 1TCRil5
FAP 42.00mg/l.  Fe-P Al-P  RP
RP 11.47mg/L FAP  Al-P
pH 4 RP
pH 4
3 4 NH, *
Table 3 Solubilization of insoluble phosphates by four bacteria isolates in ammonium medium
Phosphates Isolates pH Phosphate solubilization capacity/ mg/L
Arth . 1TCRi7 3.41+0.02 0.08+0.18
Arth . 1TCRil14 3.49+0.06 1.05+1.69
rer Ent . 1TCRil5 3.53+0.08 2.05+0.70
Erw .4TCRi22 3.53+0.03 -0.43+0.88
Arth . 1TCRi7 3.96 +0.05 2.21+0.29
Arth .1TCRil14 3.99+0.04 3.22+1.38
Al-P
Ent . 1TCRi15 3.58+0.02 7.30+0.57
Erw .4TCRi22 3.44+0.02 -1.17+0.59
Arth . 1TCRi7 4.07+0.02 6.30+1.49
Arth .1TCRil4 4.08+0.01 5.51+0.44
FAP
Ent . 1TCRil5 3.43+0.06 42.00+1.99
Erw .4TCRi22 3.06+0.04 41.16+0.45
Arth . 1TCRi7 3.88+0.03 11.47+0.22
Arth . 1TCRil4 4.06+0.01 9.07+0.14
i Ent .1TCRil5 7.91+0.02 6.57+0.58
Erw .4TCRi22 8.56+0.08 1.79+0.35
LSD P<0.05 0.06 1.33
4
Table 4 The pH and phosphorus concentration in the non-inoculated cluture medium
NH,* Fungi NO; = Fungi NH, * Bacteria
Fe-P  Al-P  FAP RP Fe-P  Al-P  FAP RP Fe-P  Al-P FAP RP
pH 346 5.25 6.62 7.29 3.4 516 6.25 7.08 3.39 549 7.25 7.47
¢ Phosphorus / mg/L 10.70 2.34 0.57 0.80 7.27 1.66 0.51 0.97 10.04 2.82 0.10 0.33
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The Solubilization of Four Insoluble Phosphates by Some Microorganisms

Zhao Xiaorong Lin Qimei Li Baoguo
Department of Soil & Water Sciences ~ China Agricultural University — Beijing 100094  China

Abstract Four insoluble phosphates of ferric phosphate Fe-P aluminum phosphate Al-P  flu-
orapatite  FAP and rock phosphate RP were used as a sole phosphorus resource for some phos-
phate-solubilizing microorganisms. It was found that there was significant difference in solubilizing
these phosphates by the tested isolates. The fungi normally were more powerful than the bacteria in
dissolving the phsophates. The microorganisms generally solubilized more phosphate when supplied
with NO; ™ than with NH, * . However the isolates of 2TCiF2 and 4TCiF6 had much higher capacity
to solubilize FAP and Al-P respectively in NH, © medium. Most of the isolates solubilized readily FAP
and RP and then Al-P.Ferric phosphate was the least soluble to these isolates. Only isolate 2TCiF2
showed strong ability to solubilize Fe-P. In particular two Aspergillus sp. had much higher capacity
of dissolving Fe-P when suppled with NO; ™ . The isolates of Evwinia sp.4TCRi22 and Enterobacter
sp. 1TCRi15 had higher capacity of solubilizing FAP. But two Arthrobacter sp.showed the highest ac-
tivity in RP medium. It is supposed that complexion of organic acids with metals may be the main rea-
son for these isolates to solubilize the phosphates. However other chelant substances may be much
more important for Enterobacter sp.and Erwinia sp.to release phosphorus from the phsphates.

Key words Phosphate-solubilizing microorganisms Insoluble phosphates Phosphate solubilization

capacity
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