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L1 RIERESCRIE R B AL i d RIS
YEVIRR PR L HERE AL 200 4>, L BESCEG HHER A T E
PRBHBE S g0 He M, A AR 4, pH A 6.8, 0 -
20em +IEAFHHE S E R 6.20 gkg, 4 A
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72| Penicillium sp.1-95(FJ795356.1)

0.005 73

Trichoderma viride (DQ200258)
Penicillium pinophilum (AB369480)
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732(GU384213)
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Penicillium verruculosum F32f (EU497958.1)
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] S Penicillium minioluteum (L14505.1)
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B 1 Bk 232 ET ITS rDNA FIIREEHENREEZEH

Fig. 1  Phylogenetic tree of Strain Z32 and reference Penicillium spiences. Evolutionary distances showed in the figure were calculated by

MEGA4. 1; Bootstrap = 1000. Bar, 0.005 substitution per nucleotide. Numbers in parentheses represent the sequences accession number in

GenBank. The number at each branch points is the percentage supported by bootstrap.
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Fig.2  The final pH values of of mediums after culture for

18 hours of the strain Z32.
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Fig.3 The Colonization condition of strains Z32 in soil.
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P AL-P Fe-P Ca,-P A5 AR AL T R F AL (3R
1,2,3) Cag-P AL-P Fe-P Ca,,-P & A #5216 0
Ca,-Po Herr Cay-P 35 B B3 B PR A2 K IEAH SR
e, 7ERT 21 d, A B BT . AR TELEE, X 4%

*x1
Table 1

FEISCHRETEMEKRZ2 F

The contents of inorganic phosphorus in soil with strain Z32 in different time at 15°C

FIIEA ) TCHLBE 0 52 U A 10 35 25 5%, 78 20°C 514
T, AL h Ca,-P By & i K, HARRRR B B, i 7E
I5CHI30°CEAE T, Bl K 232 f3ET, H Ca,-P
WAL ] Cag-P Al-P Fe-P Ca,,-P %1k,

, AEIET E LR TR & 8

Inorganic-P fraction/ ( pug/g)

vd Ca,-P Cay-P Al-P Fe-P 0-p Cay,-P Total
0 20.94 d 116.93 a 32.96 a 42.15 ab 7.50 be 470.81 a 691.29
7 23.67 114.59 be 31.53 b 41.83 be 7.61 abe 47114 a 690. 37
14 26.98 b 112. 58 ed 31,11 be 41.25 od 7.83a 470.69 a 690. 44
21 30.47 a 111.39 d 20.77 e 40.26 7.49 be 469.89 a 689.27
28 30.22 a 111.64 d 30. 15 de 40.55 of 7.38 ¢ 470.25 a 690. 19
35 27.35 b 113.45 ¢ 30. 68 cd 41.09 de 7.55 abe 470.36 a 690. 48
4 23.19 ¢ 115. 67 ab 31,02 be 42.56 a 7.69 ab 470.66 a 690.79
Signif(P=) 0.0l 0.01 0.01 0.01 0.01 0.01

1 15°C e TR BK 732 I, Cay-P 75 6
SR B 21 KR 7 RS, He CK 3
T 45.15% , 4375 1 ) Cay-P Al-P Fe-P . Ca,,-P /3
Am Ca,-P ¥ 46T 5.54 pg,3.19 pg.0.89 pg #l
0.92 pg,0-P &A1k, Cag-P A O d 3| 21d, & &
WA 5. 54 /s +, BEAE 4.74% 21 d 5, Cag-P &

x2

E20CHEMGTEMEK 232 5

BT, AR 42 d B Cag-P #5746 1.26 e/
TOAHER A, ALP £E21 d B, A% T 3. 21, FEIR
9.74% ,fBAE 21 d Ji , HABIE A AW S 1) AL-P 24k
Fe-P [1] Ca,-P 5 4L )5, 10 28 d J&, & & i & T+ &
Cayo-P A A [ HE IR AL

, ANFEIES A L MR B & 8

Table 2 The contents of inorganic phosphorus in soil with strain Z32 in different time at 20°C

Inorganic-P fraction/ ( ug/g)

vd Ca,-P Cay-P AP Fe-P 0-P Cayy-P Total
0 20.94 1 116.93 a 32.9 a 2154 7.50 a 470.81 a 691.29
7 25.47 ¢ 114.01 b 30. 89 be 41.93 a 7.42 a 470.36 a 690. 08
14 30.58 cd 111.21 ¢ 30.25 cd 41.28 b 7.46 a 469.23 a 690. 01
21 33.26 a 110.55 ¢ 29.52 d 40.59 ¢ 7.41 a 468. 84 a 690. 17
28 32.31 b 110.36 ¢ 30. 89 be 4113 b 7.52a 468.31 a 690. 52
35 31.09 be 111.24 ¢ 31.21 be 41.09 be 7.48 a 469.02 a 691. 13
) 29.43 d 111.50 ¢ 31.76 b 41.16 b 7.51 a 469. 44 b 690. 80
Signif(P=) 0.0l 0.01 0.01 0.01 0.01 0.01

15 20°C Z5 00 N HeRh A Bk 732 J5, Cay-P & 1
HEE N, BI5 21 REF, SRR FECK, 1 CK 3
Y 58.83% , Hih4g i+ rfr Cag-P  Al-P Fe-P Ca,,-
P 435 m) Ca,-P #4617 6.38 ng.3.44 png.1.56 pg
197 pg, O-P A4k, Cag-P Y] IHF 2 14

K, HRFEMS. 72 ng/g 1, FEK4.89% ,14 d )5,
Cag-P FEEAARNFaE . AL-P 2] 21 d B FFK T
3.42 pg/g 1 FEAR10.38% (HAE 21 d J5 , HAWE S
I 3 ) AL-P 544k, Fe-P ) Ca,-P #4L/5 , Ho & &
FasE o Cayo-P A /A0 N L EIL S,

R3 EICHREGTHEHMENR 232 7, FERE L EFERTNBENSE

Table 3 The contents of inorganic phosphorus in soil with strain Z32 in different time at 30°C

Inorganic-P fraction/ ( pug/g)

vd Ca,-P Cay-P ALP Fe-P 0-P Cay-P Total
0 20.9 ¢ 116.93 a 32.96 a £2.15a 7.50 b 470.81 a 691.29
7 24.52 ¢ 114.63 b 31.61 b 42.03 ab 7.52 b 470.22 a 690. 53
14 28.33 a 112,09 ¢ 31.29 be 41.59 he 7.46 b 469.87 a 690. 63
21 29.18 a 111,64 ¢ 30.81 ¢ 41.29 ¢ 7.51 b 469.73 690. 16
28 26.42 b 113.79 b 31.26 be 41.43 ¢ 7.55 a 470.25 a 690.70
35 24.89 ¢ 114.60 b 31.88 b 41.50 ¢ 7.55 a 470.19 690. 61
0 211 d 115.96 3.72 b 42.03 ab 7.59 a 470.81 a 690. 22
Signif(P=) 0.0l 0.01 0.01 0.01 0.01 0.01

15 30°C 4k F HE R B 732 I, Cay-P AR IR

FESCIE I vy, B 5 21 KRk, S AR EOR, T
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CK #n7T 39.35% , 4§ 7 + H i) Cay-P 7] Ca,-P #%
BT 5.39 pg fHZ )5, gk [ e, i Al-P Fe-P
WHALSE , R ERE ., O-P Ml Cay,-P Z 3K
AN AR A B E AR
3 itk

H AT, B Py AMIT 9 0 B AT 550 7 W B8 1 7 TR bR
FEN R & S B . NS
Wbk LR 5 2 1 P8 A1 Pnl 7EMEIA TCHLEHS 23 -
Rig% 5 d 7l RBAE =5 49.2 em f145.5 em (1% W]
B, i PR R A B 2 MR E
(ATCC20851) HBEME = H: 24.0 em (135 B @
ARSI A R T B T 232 TEMES BT 5 5%
B EHEFE 4 d BEX 90 em K557 ML A XE 5 9 58 42 I
i, FE B DR R TR T B DR AR XV W T L AR B AR S
24 M KR RS FERR S mm (T HEE 3R 4 d 2
RS IAE] 55 em Zify, TR I R ELAR T K,

W E D S BB RS 5 AP A PLIRR V&R
F(NH,-N #t5y) Bl (EE ) A1 A
WS T A MR — AR R
AVLRBE S EE 50 V8555 2 25, DI X v i i
AU O o A S I 0 0B A5 Y R 75 B Y
SRIY A TRR R ILRE T, RERELE 18 h P PDB
() pH (ERER] 1.5 A4y, T 5% 7 W R 0l B2 1) A2 b 5
WWERE 1 2 (8] HA W B AR OC M BT e o i,
Fif MEVES TOAILB (1) RE 7 iR

PRPRTE B e T R ) AR DeE T L
IR AR S P i 458 21 (%) AL 5 B R AE 15°C - 30°C 4R
REARG (2 0, Horp 20°C /2 Bl s, 78 30°C I, bk
FESS 49 RIFFEARTET. , X5 B A KRR —2

T 25 T 7E 1 358 rh R ARV T L A TR 4 1 3L
B, Salih HFWAEREE 85/ Penicillium sp. T 3,
BRI T b A s S Y R RE R
A g 3 W O A A Il e ) e
B2 A B B PR 7 T AR S2IG A5 B M
TR 232 HA T 150k, 78 3 P Be g i fift 22 Pk
VS TCHLIE . 7E 20°C B, XV JCHLRE ) A 250 19 7% 1k
2, #4) Cag-P Al-P Fe-p Fl Ca,,-P JEA I TCHL
WEBEE A 0 A KBl e Ak, X 5 A 75 25 7E 20°C
A EL A T 1) 2 B RE 1 AH— 3 Hor Cag-P ] Ca,-P
A5, Cag-P R B A AR 0 I T 7 1 AR
g, 16 15 M 30°CHf, Cag-P Al-P #fb )5, I
B 2 T ) BT T 58 A [ 5, 17T Fe-p 1 Cay,-P B
HWEMRIET 2P B . bk 232 X 41
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Isolation and identification of a novel phosphate-dissolving
strain Penicillium aculeatum 732 and its colonization and
phosphate-dissolving characteristics in soil

Mingbo Gong, Binquan Fan™, Hongyuan Wang
(Chinese Academy of Agricultural Sciences Institute of Agricultural Resources and Regional Planning, Beijing 100081,
China)

Abstract ;[ Objective ] To obtain new strains that can dissolving phosphate, we screened and identified a new strain Z32
capabile of phosphate dissolving from soil samples. We studied the colonization and phosphate-dissolving characteristics of
732 in soil. [ Methods ] Morphological, growth on various media, and ITS tDNA sequences homology analysis were
performed to identify the strain Z32. We conducted a soil experiment in pot to investigate the colonization and the capbility
of the different forms of inorganic phosphorus transformation of the strain Z32. [ Results ] The strain Z32 was identified as
Penicillium aculeatum. 732 dissolved all Ca, (PO, ), in solid culture for 4 days and decreased the pH from 7.0 to 1. 5 in
potato liquid culture for 18 hours. Z32 presented high colonization ability in soil and the optimum colonization temperature
was 20°C. The number of Z32 increased 9. 83 times in 21 days and kept alive in 49 days at the optimum temperature. Z32
promoted the transformation of insoluble phosphate like CagH, (PO, ) + 5H,0, AIPO, and FePO, to soluble CaHPO, and
the CaHPO, content increased by 58. 83% in soil compared to CK at the 21" d at 20°C. [ Conclusion] A new strain Z32
with high performance of phosphate dissolving had colonized well in soil. Z32 showed high phosphate-dissolving ability for
different kinds of inorganic phosphorus in soil. At the same time, Z32 inhibited the transformation of CaHPO, to insoluble
phosphate.

Keywords: phosphate-dissolving microorganism; Penicillium aculeatum; colonization; inorganic-P fraction

(AL shm: 2HF)

Supported by the Central Public-interest Scientific Institution Basal Research Fund (2008-13)
“ Corresponding author. Tel: +86-10-82108689 ; E-mail: bqfan@ caas. ac. cn
Received : 30 October 2009/ Revised; 8 February 2010





