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Abstract: Phosphorus is an indispensable element in the process of plant growth and development, but it is mostly in the
form of ineffective bound phosphorus in the field. The microorganisms in soil can convert the ineffective phosphorus
into free effective phosphorus, and fully improve the utilization rate of phosphorus. In this study, a phosphate-
solubilizing fungus XZY3PSF was isolated and purified from the corn rhizosphere soil using the phosphorus-
solubilized halo method, and the strain was identified. The activity of the strain to dissolve 2.5-20.0 g/L tricalcium
phosphate and the phosphate solubilization ability of 10-10° spores/mL to tricalcium phosphate in 1-25 d were analyzed.
The mineralization ability of 2.5 g/L and 5.0 g/L calcium phytate was evaluated, and the interaction between it and
Bacillus amyloliquefaciens and the pathogen of banana Fusarium wilt disease was evaluated. Based on the
morphological characteristics combined with /TS and S-tubulin gene sequences, the strain XZY3PSF was identified as
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Talaromyces purpureogenus. The highest content of available phosphorus dissolved by phosphate-solubilizing strain
under different concentrations of tricalcium phosphate was between 500 and 570 mg/L. The content of available
phosphorus in the medium decreased with the prolongation of culture time. The decreasing range of the available
phosphorus content in the tricalcium phosphate medium was weakened. On the 25th day, the available phosphorus
content in the 15.0 and 20.0 g/L tricalcium phosphate medium was significantly higher than that of the other
concentrations. With the increase of the spore concentration in the medium, higher peak value of the available
phosphorus content in the culture medium appeared, and its decreasing range expanded with the increase of the spore
concentration. During the test period, with the extension of culture time, the mineralization ability of XZY3PSF to
calcium phytate was stronger. XZY3PSF and Bacillus X5 had antagonistic effects on the pathogen of banan Fusarium
wilt, but the phosphate solubilizing fungus and Bacillus spp. also antagonized each other. The research results would lay
a foundation for the development of microbial fertilizers composed of phosphorus-solubilizing fungi and antagonistic
bacteria. At the same time, the mineralization of XZY3PSF on calcium phytate would provide a basic theoretical basis

for subsequent studies on whether it can degrade organophosphorus pesticides.

Keywords. phosphate-solubilizing fugus; Talaromyces purpureogenus; tricalcium phosphate; calcium phytate;

antagonism
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1.1.3 Bk3Eak (1) B ARICHLEE B AR 55
e WA 10.0 g, BRREL 2.0 g, WER =45 5.0 g,
Bl 20.0 g, 7K 1000 mL, pH 7.00~7.50.

(2) fai A W ¢ 4 000 ] 44 1% 3 . ) 26 b
10.0 g, fiREL 2.0 g, FHFRES 2.0 g, Bl 20.0 g,
7K 1000 mL, pH 7.00~7.50,

(3) BALARTCHLEE (A PLEE ) WK R4
W 10.0 g, BiFREZ 2.0 g, WERR =45 5.0 g (#1
R4S 2.0 g ), BEEE K 0.5 g, Z5BF/K 1000 mL,
pH 7.00~7.50,

(4) -FFH PDA Hiaedt. S5 200 g, #i
ZgHE 20 g, B 18 g, ZEMRI/K 1000 mL, H4A pH.

(5) LB #5573 (g/L): BEEFAM 10.0g, &
L8 10.0 g, BEREEREUY 5.0 g,

A R SR e 121 CEME T EIE KA
20 min,

114 sk (1) FHREEW . 13.00 g 4H
PR %%[(NH4)sMo070,4-4H,01% T 100 mL Z£1# K,
0.35 g W41 BR B4 KSbC4H,0,-H,0 )i T 100 mL
FEARK o FEASWTEE P (0 175 450 P 4H R e Vs VR AR
FIIAE] 300 mL 50%AR BRI T, AR5 A A TR
PR OIR S, TAAENE 4 CIRAE

(2) 10%PLIR MR : 10 g PLIR IR T
100 mL A28k, FAREIH 4 CIRTE

(13) 150 mmol/L X i FEA WML —4M ( pNPP)
VW . FREL 2.784 g pNPP IA T 50 mL ZEME /K,
12 Ak
1.2.1 FaFEfra g PREGEERNEZ, T
PDA P, 28 ClEEIGF 2K i1, HTHE
IKIPPE IR TOR 3 R AT IR, R
FH TR0, 2B TEL N 73104 /mL,
122 HasAsFMNE  WH AL B IE
2mL F 10 000 r/min B.L> 10 min, SRR
FIERBR T L s, ISE 38 P 1A o & 2 (il
FYERR 10 mm By HL @I, KR A 700 nm), U
ANHEEAE A2 X IR LS 700 nm ARG FEE S
(0D700) jﬂ%ﬁéﬁ‘ (y ), @F@?% (x) jﬂ:ﬁiﬂéﬁ?
B bRE 2R, A5 2B B0 P b v il 2R 2t )
952 : y=0.5031x+0.0112, #HC 2%k R*=0.9976,
3 A Wl o i 2 T U9 AR T R T TP A RO
i, LU E AR R RE ) o BRI R A0
VTl R = (2 TR A A5l 5 ) R 5O 5 ) A
TeALIEIR ) 1> 100% o

123 MeRle s (1) MR R0 . PRI

10 g T3ERE VS T 90 mL L /KH, 28 CHRE
¥ 30 min HIA R, HIEEWBERER
107" 1072 J&5 73 590 FF 3% B8 B 04 A T O ML [ 1A 33 75
b, W R B 0 0 IR BT AR R R AR
H 28 CHi R . i WSS AR b i EL R B v S
JE A W B R A0 T e AR TR, PREREL AT A
HH I 37 P BBl 1 L TR B VR % 2 2 PDA AR AT
alfifb 3B 3%, IR A i il 1 T A2 0 R 07T R R

(2) M E R E . 150 mL =AM AT
LB AR R 3R 58 S0 mL, 432 A & 09 7B W)
200 L, F 28 °C 180 r/min Z%H i FE 5d. fEHEXT
HEBARE LGIPT . ZEEFF IR XS M LB Pl Fi s i
% T LB Wik g5, #8485 16 h )5, 4raliEsh
200 pL WK E MR AR ST, F 37 C.
180 r/min FEPE F15F5E 5 d, WA HERHK 2 mL &0
JE R, AR RO S I s, X AR
PRI IR A RO BE I DN, i 1 e Al o

(3) B A MU TLRE ST . PRI B
PREADFE TR SR RS SR 5 -, @i
A BT B T R S R A e A R, il
SEfRBEE RVE B (d) MEsEE R (D), 3
A MAREC(DId), S BT R BB fk i
[) A 1) 155 FE 363 I 2 mL 150 mmol/L pNPP,

TR, 4h MR B AR, A a4
50 P Tl T 3 DA Tl TR
1.2.4 #MakRAwEE (1) HE DNA MR
P 2 B f Al Al E MR TE PDA R SLrbiliAk , B IR
SDS PRI DNA, T-20 CI#-7E.

(2)ITS FEHFH4 34 . FHE 3 514 1TS1
( 5'-TCCGTAGGTGAACCTGCGC-3" ) ITS4( 5'-
TCCTCCGCTTATTGATATGC-3" )i 47 PCR 44 ,
PCR ¥ # )X B A Z . # 1 pL, 10 mmol/L 514
£ 1 uL, Takara Mix 12.5 uL, ] ddH,0 #p % 25 pL,
PCR [ #5f4: 94 CHUZEM: 2 min, )5 94 CAE
P 30s, 55 CiBk 50s, 72 ‘CHEMf 1 min, 3k 35
MEH, FJ5 72 CHEIEM 7 min, PCR 34,74
BT 4 CHRAE.

(3) B-tubulin FER)FH Y44 . FHE PR 5|
¥ Bt2a ( 5'~-GGTAACCAAATCGGTGCTGCTTTC
-3')., Bt2b ( 5'~ACCCTCAGTGTAGTGACCCTTG
GC-3') #47 PCR ¥, PCR ¥ 4 N IAR . #
# 1pL, 10 mmol/L 5|¥)4 1 uL, Takara Mix
12.5 uL, Al ddH,0 #M% 25 uL. PCR J W 514
94 CHIZZME 2 min, R)5 94 'CAEME 30 s, 58 C
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Bk 50s, 72 CHEM 1 min, 335 MEH, ®5
72 ‘C FF4EfH 7 min, PCR ¥ =¥ & T 4 CHA7 S

FH 1%350 8 WH 5 e R, 1o P2 BEA T A, PCR
FEY b E R A T A TR (1) RAAR
ANENE, IRISHYFESIZ: GenBank Y Blast 12
¥ 5 80808 12 v 0 TR R A AT B e b, AL
DNAStar SRR LB .
12,5 MBAW QR > (1) MBHk
XPASR) R B W R — A5 i ff s RE 1. 50 mL Ak
PR =85 B TCALBRR ARG R L E T 150 mL — i
tr, B 0.125. 0.250., 0.400. 0.500. 0.600 .
0.750. 1.000 g BfR =45, il Lk 5N 2.5,
5.0, 8.0, 10.0. 12.0. 15.0. 20.0 g/L [WICHLEE R A
REFREE, A5 200 pL 45 09 7 7 B
180 r/min, 28 CHEIREEFE 11 d J5, I E I,
IYSFESS 1, 3.5, 7. 9. 11, 13, 17, 25 KW}
BURE IR 2 mL, W05 A 50wl 7 1 S FR T pH,
FRAbPE 3 IRERE . ERMRERE T R B TR
R Ve D 2 AN 42 A B FR TR SV B, B 3 IR
HEEMFHE (mg/L ).

(2) Ff Bl TR RS TR 96V B R T A e
50 mL JCHLBER AR RS T 150 mL =i,
il 28 10 T B A B B 0.2, 2. 20, 200 pL,
2 mL $E A TCHIBER AR5 S 96720k B 4331
428,280, 2.8x10%, 2.8x10%, 2.8x10°//mL . 28 °C
LK 180 r/min 355: 11 dJ5, TREEEFR, 7+
WFES 1. 3. 5. 7, 9. 11, 13, 17, 25 KW
REFRWE 2 mL, D A R A, AR 3 R

(13 it B TR R X A (] e AT R 65 1) 7 f T
1 HEF 50 mL( B RS 2R 73 5124 2.0.5.0 g/L )
() ] A I 3¢ & R VR AR 15 32 36 19 150 mL = Al
SN AT B 200 pL, A HRIEY K 2.8%
10*4~/mL, 180 r/min 28 CHEIKIEFE 11d)E, %
IEFE R, PIES 1, 3. 5. 7. 9. 11, 13,
15, 17. 25, 35 RWHUGFRMW 2 mL, @A K
W, RRALEE 3 REE .
12,6 MEAWLS FHAH. FEAERAZN
B9 EAEAE R SR P AROGTIRE 25 0 A i i L TR
XZY3PSF 5 2R AT XS F AR Z%H B2 26
A EAEPUEH . AR ZE W TE B2 1] PDA i
i HE A B T VR A A 1 AR A R L i AR R
W, BHEESELEOR RGO, RS
=R LR A2 N 0.5 cm B & AEAEZRR
B B2. f#WsELE XZY3PSF HUf M FHERIATE X5

B 10 uL, 28 CHiFE 3~4 d, WEAHH 22 8] 9 F5
PUE L,
1.3 HELE

K JH Excel 2010 1 SPSS 19.0 %4+ B i 1k
AP T AL B, BUE AT X B 45 J5 2R I LSD ik it
T2 HE I, KA Pearson’s AT AHIEE T,
FIH Excel 2010 B4 HilFE & 2% o

2 ZERE5HH
21 EREEMNEE
TETCHLIE B R RG F5 A b, Ao ot 1T R ] ]
RETE I — BB R (K 1A), Y8 E R R
JINTT LA ) U i Tl A A s 8 T P 55 .
o A3 7 %) ot Wl TR AR A T Al R T S, 2 SRR
5 d JEIZE MR PR BERE 115 8] 502.1 mg/L, 75 &
TR AT Mk LGIPT (68.9 mg/L ). F5H0 2 fAF i 14
Pk X5 (53.3 mg/L) 7.3 f5. 9.4 fi5. fftmi i bk 55
TR 5 KAESE 4 IR B R R 5 5L ) mT s 14
Bk 1.6, TN pNPP J5 W R4 B (a7 (K
1B ), id WA s T 0k T 40 A W R I o OS5 % B Rk
%K XZY3PSF, Jfitk— 255t Hotb A 7437 % 8 Fnfig
WBRAFERTSE

A: 5 KREBEEM; B: 45 7 Ky BEREEE .
A: Phosphorus dissolution at the 5th day; B: Phosphatase
production at the 7th day.

B 1 BBEKRERSPERERE ERAB
BEEREEE
Fig. 1 Phosphorus solubilization and phosphatase
production activity of phosphate solubilizing bacteria strain
on Montkina solid medium

2.2 BHE XZY3PSF HEE

Itk XZY3PSF 7k PDA }igr 5 b AY0)AE 1/ 22
NHAGEN, 3 d IR AR, REL T
He, SRR 22 E G, PR A G,
FifR 2 15 d R W 2L R A, 7K ek
@ (K 2A), PR EELE (K 2B), i
¥y 3 oy Bk (B 2C), T HERDE, 3.16~
3.69 pm, filFRKERR (& 2D ),
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A: WYRIEW; B: FAREE; C: -f4ii; D: TR,
A: Picture is the front; B: Picture is the back of the PDA culture plate; C: Picture is the spore-forming structure;
D: Picture is the spore long chain.

2 Btk XZY3PSF % PDA LHEESRFES
Fig. 2 Colony and spore morphology of strain XZY3PSF on PDA plate

VeI ITS 5 B-tubulin FER F 5 1Y 7] —H
e, JFI PPN HATORE, RSB E RS
REW, KMEM XZY3PSF § ITS 5 p-tubulin
HEPEFI S HE T T purpureogenus

CBS184.27 %5 9 HREMRTE R —7 32, HARRIE K
£ 99.8%( &l 3 ). iRARIL B MELH ITS 5 B-tubulin
FEHFFHINT L gE 3, %8 XZY3PSF MR E R

fohe

( Talaromyces ) F=4RWIRE (T, purpureogenus ).

T. californicus isolate NRRL 58661

T. californicus isolate NRRL 58221
T. louisianensis isolate NRRL 35826

. 'I T. veerkampii isolate NRRL 6095

T. veerkampii isolate NRRL 62286
T. argentinensis isolate NRRL 28750
T. tumuli isolate NRRL 62151
T. liani isolate NRRL 1009

T. versatilis isolate 3708
T. cnidii strain CNU 100149
T. siamensis isolate A3S2-39

T. aculeatus isolate NRRL 2129

T. gii strain AS3.15414

T. purpureogenus strain CBS 184.27
T. purpureogenus strain Q2

T. purpureogenus strain G7-2

T. purpureogenus strain DI16-125

T. purpureogenus strain DI16-124

T. purpureogenus strain DI16-123

T. purpureogenus strain NG_p17

T. purpureogenus strain G9-1_T1

T. purpureogenus strain DI16-122

7.6 1 |

I. XZY3PSF ITS+beta tubulin
=== T. purpurogenus strain DTO173E6

6 4
AR (x100)

3 ETFITS. p-tubulin ERFINRELEW
Fig. 3 Phylogenetic tree established with /TS, S-tubulin genes sequence

2.3 Bk XZY3PSF xR =55, HEERTSHIRE
wiaE

23.1 HE#k XZY3PSF R KB BR = 45 09
Beae A1 N 4 AP, BEE BERR — A5 T,
B R b 0 e A Al S e B ARk, S /L
FiR =45 (1) 15 75 WP 8 R & AR B, T
2.5 g/L BETR =SS I B iR m , TR BER PR —
B B BN B AIG o Bl B SRS T A ZE 4G, A
%9 RITUG, A& BT TIE, 7658 13 K5
RO B R = e R R RO Ok, HLTE

5525 K, WA 15, 20 g/L BEER = F5AYA 3L
Wl R e T AR (K1),

2.3.2 HE# XZY3PSF KR FoF K E st #h ik =45
wgfemERe 1 NS W, B SR R AR Tk
FERI3E AN, A RO B i A e IR B ) 32
B, AR 11, 9. 9. 7. 7 K MiEHIE
At ] A SE K, T4 N 28 AN/mL BT R &
TR, TR BETE S 25 K5 fem W (H
P RS, JLLIREE R 2.8x10° Ay /mL AL
B R N AR BENY, TE55 17 RARWE S X
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S
T

AR R
Auvailable P content/(mg-L ™)
S S
(=] (=)

(=)

~25glL ~50gL ~80gL -=10.0gL

- 120gL 150 gL ~20.0g/L

Bif ] Time/d

B 4 B#k XZY3PSF X ARRERE
BB = {5 MR R

Fig. 4 Phosphorus solubilization effect of strain XZY3PSF
on different concentrations of tricalcium phosphate

R 1 XZY3PSF ERKENREIRERE =55

SESESEe )
Tab. 1 Available P content of strain XZY3PSF in different
tricalcium phosphate concentrations
e Jir £ %W & B Available P content/(mg-L™)
Concentration/(g-L") 7d 25d
2.5 513.9+3.3B 31.8+2.4%P
5.0 566.0+5.6* 24.9+1.6°C
8.0 558.9+2,2%4 67.5£1.5"®
10.0 555.0£12.3% 74.9+2.8°8
12.0 543.9+5.6°* 76.4+14.5%8
15.0 546.3+22.3% 189.1+5.5%
20.0 566.8+3.2* 195.8+11.4*

H: FSIAF/NEFRRIRZEF BFE (P<0.05) 5 FIIA
RS F R FRR 2 5B (P<0.01) .

Note: Different lowercase letters in the same column indicate
significant difference (P<0.05); Different capital letters in the same
column indicate extremely significant difference (P<0.01).

-~ 284~/mL 280~/mL  ~ 2.8x10*4~/mL

2.8x10/mL - 2.8x10%4>/mL
700 -

600 -
500 ~
400 -
300 -
200 -
100 -

(=

EEESC
Auvailable P content/(mg-L™)

fis ] Time/d

B 5 Wik XZY3PSF NEMAFREXBEER =55
Fig. 5 Effect of strain XZY3PSF with different spore
concentrations on phosphorus decomposition
of tricalcium phosphate

}193.9 mg/L, 75 25 RATRWE & 700 10.3 mg/L,
5557 KAHkHZE 5.6 5. 50.8 £

233 H#k XZY3PSF R [ R AR BR 45 44 g 5%
#e A M 6 nlgn, FEMARTRIBN, 2 FRAER

B e JBE 1Y A SO e B4 B T R N () 9 S K i 4
m, HRREESh 5.0 g/L WA RO AR TESS 25 K
IR F i g 5[] N B R PR B 6 B B T v, AR
WS IR0, TEAS [ o [R] 24 S A0 b 3 2% 5

450
400 - )
350 I
300 - f
250 -
200 - i
o i
100 - et s

LU

0 To==gcc=cp= ) 1 I 1 I 1
1 35 7 9 11 13 15 17

] Time/d
B 6 B4k XZY3PSF XA [E iR E SRR R

Fig. 6 Phosphorus dissolving effect of XZY3PSF strain on
different concentrations of calcium phytate

LS
Available P content/(mg-L ™)

25 35

24 Bk XZY3PSF 5FATE X5. FEWRE
fRHE B2 ZEMHEEEH

K FHXT IRE B 3% v 25 6 UF A B R R XZY
3PSF 5 T A& AED AL & i ZE AT I XS
YRR B2 A RKIHIEN, et
Pk XZY3PSF 52071 XS Z I8l AH E AR, #F
9% K PRFE B 1 XZY3PSF n 1l A AEAL Z50R 1 B2
K, RS ZERIAT R XS 2 A7 7E—E Al
HIPUEA (7).

a: XZY3PSF; b: B2; c: X5.
B 7 Btk XZY3PSF 5FMITHE X5, BEMERE
B2 Z BIMtHEERA
Interaction between strain XZY3PSF and
Bacillus .sp XS5, banana Fusarium wilt pathogen B2

Fig. 7

3 iTig

ASHIEFE T 2 AY R TR RR XZY3PSFE 5% R
B PE LGIPY . ZETOAFIE XS MHE, HABSICRLE 7
L) b, x5 WHITELAW 281057 25 S8 AR,
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H Btk XZY3PSF &% 10 )5, HALRAE
WA BTG . M, WK XZY3PSF %8 M
SRR (T purpureogenus ), WIRFE ( Talarom-
yees ) Je—FhIERIF R FIH LB AR, Tl
B MNIF R NS Fh B b B A8 2 i IR (T
Sflavus ), LR GEr~ A LT Bl , M0 6IA% 2
BRI . SR B A B BE T AR, A BE A
SR TR | BEAS L TR . SR TR () 961 T 1 R R T 22
RS, P i POV B S IR B Q2 BB
LR A EA BRI TER, BEEERYL E
Q2 TR b T 38 Ao 7™ A A4 R G5 i il R SR S 9 TR
WeLe s, EEMHEIRE A KAE- .. JHEA
v SCHER L E R T 5 R T A A T A B
FERAE oAt = = RSP R R PR M XZY3PSF
TN A A 22 TR A B AR L XA bk
WEA =0 35 iU U E R, e S
VI NE Rt R SRR R P AP

ST 0~25 d fFBETRAR XZY3PSF X iR
“ES RSO0, RBIMEAE B RE R I,
[7) 6~ ¢ B B[] — 78 - Yk B A R ol 1 — 5 9 BE 1Y)
AR ES TR, JUHE] 13 d #rE R IR G TR
HUE P, X AR BT AR AR TE AR BT B
NARSIAN 2PV %2 80, 550 v 0k B £14) Wl o 9 W T
HETC M, HEm FREENRSAER, HERAE
Koad f rh 2 DL B SR 2 o s e U B0f
W T T e, 2 T Uk IR
PSF1 7£ 1~6 d X e — 45 /) ff i i 2 LT,
FESS 6 KFfHE A 2 = e s T RE, AIREEHm T
DU TR R AR 2 X T AR R T8k X —
K5 NARSIAN 201 25 5 084 i — 3
HAMRGRILTEREBE, S580 %W, ol %,

AWFIE K& FRBE AR XZY3PSF XA ML
PAE R 5 A R0 fRAE R, Bl BE 3R ) Y
FEK, 0~25 d AR & 2R LIHER, 5
35 RETHEA TR T2, Hizxmbkx ALk
FEBEIR A AL B o 2R SR T iGE I B R 2R
AR P 1 o e R O g W E RN = Uy R ]
RENS A S5 A LB AN JCALEE , XJBR @RS i
O3 I A RO B R B R E N 1.67 mg/L, AR
LR XZY3PSF X AHBRE5 4 1k )5 A R % &
ik 368.6 mg/L, XK OPmE G H %)l R A R i
ik 94.5 mg/L (BHE 7175 HrAb 28 ),
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Al Bt 5 DL R T R R T L R
SR TR A e T i il 525 2R 1 T % BRI 1) i
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