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FE B ISR S R E, At
FE ) B AW ORI T A o & b . A Bl
LUK, FRER A KJERE, A EY ™
i, B AEEm, H S Z=AEY A A
HAE] 40%, JLAERAEZ 800 T t BEAC BB AR
HI, #mRFIHR 10%-25%18, KR L
BERRHOIE X 545 | BEASRSE B 455 0 O PR
FRERAFTE T 88, RBEMS R iR 1,
R A RO R SRR IR M E
Z B A R e E AR R R T
VR EEENZE

Wil 5 3 A AR 24 A0 N PR IBCSR 7 St , PREE A
G R R R %) B R R R A 0 I B I T A
FI PR A e o T B A Wi e L 3 b LA
Y ERATBER , TR s fedE -
RGP Pk (A R Ak o
AR ZE MBS e e 5 ) P 48 v g e e
AW R BRIEA AR, MO AT AIE Pl oY
Y EE TR BRI A TRTE IR R G IR A ) A
K7 G EEA A 0, —J7 TR XA T L
BRI MSOR P A B AS , 55— T fe dhAs
YIXPEFRICR IR, [BHESCERR A K AT
IR =2, i, 248 AR AR
VSRR TR AP AR A AT R AT RS R R | A
ft e R 4 v B R PR B RAT B3

A — A 24, AR AR
OY B TR ARAR AR R A s AR, n AT
15 Ue 23 85 1A 7 I B (Burkholderia sp.)!™, AL
1R FEHHE AL 53 S B Ye IR BE (Pichia farinosa)™,
AT 5 A 39843 B 2 ) 0 h B (4. awamord)!'™, K
oK M £ B B B H R B (Penicillium
oxalicum) MG 5 ZE AT 18 (Bacillus subtilis)!™, )\
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HRERL PR L Ff v 43 B H W) B AT 1R & (Enterobacter
spp.), AR ] 498 53 5 2 5 S 85 (4. niger)
s =M F(A. tubingensis)!'®,

DRETAE Y I AR S s, TRy
Z Y REFPHE AR R D HE , V2090 R B
WEA A AR KO R B A B P RCR,, Rk
R VM G 7 AR FH - A St v O 3 AR A 1 v RO
e, 5 RN % (P. decumbens) . A%
(A. niger) TR 75 (P, oxalicum), 75815 45 R
R A W AR S X B L, A= A
AR Tk BB 449 v 0 ik 5]
(ARG B 2R AT TR (B, subtilis)Xof/INZZ P et A7 Fir 4
. BRI R T AHEPN 42
THH N A B RS ] 2 BREA mAUAEE . R
PRINHE HLEE 0 W TAA WIIE TR (4. awamori)
BN (4. niger), FHRPIX VI EE Y REA L
ORISR S, RS SR AE .

AAS 5] B4 HE B8 B 58 v 20 AR AT 1 9 T PR Y
P S HLRE T AR AR P21 s il 2 4 1 g
T LA 0. R IS BRRCR A ETHE , FRXHEYIE
KEZEHER . REFEYAT A RKENA .
BESFOC R, &ad KA TTHL & W AL A
ML AW SORI T, X i B T R W R T
FEMEAP P, H AT T 5% i & e B R
T RO B HOE ,  ELR R FE R AL
38 T W 228 B % A A A1 A 500 ISR AR 1B, 4%
I b = R E IS TR, X T bR - s v A
PEHAL S WA A RESBE B S X

AT DT It HE T o 7 8 VS I L,
HEE AL RE ST, IRt 2R R R R 5T xS
YEI AR B, B R T R i 0k e Vs s TR
FGIAE Dyl a) P LR FORE, ST & 3 E AR AE
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M 23 5 #H 3l ol 28 0 S RHAE 2 G 4l A 7 P Y
IR

L ARR

1.1 AR

111 HEARAARLRIE . MENCAE S RE T M
VP IXCARTMAR, DARER: . BEAS N IRk 2R AT H [R) HEIX
JER, FEECRETHIEME 20 X, H51RESE
J2(0-15 cm), HJZ(16-30 cm)FIIR)Z(31-50 cm)
FEMEHENEAE S, 4 °CARIRDRAE . T IR Wi AR 1Y
I3 B

1.1.2 ¥EFRE: (1) MER ISR SR (e/L): Hi
ZBE 10, (NH,),S0, 0.5, KCI 0.3, NaCl 0.3,
MgS0,-7H,0 0.3, FeSO, 0.03, MnSO, 0.03, i
VS WU Cas(PO), 10, [ AR 37 3 I3t ig 15-20,
IZEAKZE 1 L, pH 7.0-7.5, /33 THEIEM,
121 °C K4 30 min, 45, (2) PDB 53535 &
BUL AR A A K 24 g, INAZEMIK 1 L, Bifk
IAZE W R 5E M, R THIEM, 121 °C K
W 20 min %5 .

1.1.3  BERABEE: (1) 4 =45[Cas(POy),
(P,Os 45.78%)]. ZrHr 4B iR £F[Zn3(POy4)2 (P2Os
36.80%)], Mg T K RHE AL 2l R A PR A H
(2) BHERBT LL Ao A R 7 55 (P,05 0.37%)-
114 Hpt: WF) MNRUAR MR A BRA
A, M SR NES 03%, 2 0.1%, AR
93.2%, HAPAMmESEN 2.991 g/kg.

1.1.5  FEEGIFUES . B DNA $2 Bulih & .
A W W I R & W T e R R A
FABRAR; 519 ITS 5 FIITS 4 AT A4 T
FE( ) B A PR ARG B B34 DHP-9162,
W T kg —fEAEARA A PCR UH

846-x-070-280, W T 1= HE = A A 2 e 4 23 Wl
LN R 752N, W8T R AHL A HT R
AR E] HE AN DX14413,
1.2 BEBEEbRE 0 B ik

FREL 10 g i i A AT 90 mL TG B /K Y HETE
JEH, 180 r/min fHIRIRZ 30 min, FJCHE KL
BB 107,107,107, 10°°4%, 43 HIWEHC 0.1 mL
F1%) i o T VU4 A T Tl TR 615 DI L O [l A 5% 7 -
Me b, REREEES 3Kk, fHil 28 °C flE R
3d, MELTRVE ARG DL . PRIBUHE FELEAT B 235 B
B BA TR P53 A 2 PDA 5550, 4lifk, WEEI
ARRE, JFFE B T A TE S RER AR, H
15% H - A7 T80 °C VKA o
1.3 FEHRMEE

2 B8 Zhang* A #AS R 1 FE B AR 1Y) DNA,
DLt MR AR 514 ITS4 (5'-TCCTCCGCTTATT
GATATGC-3")#1 ITS5 (5'-GGAAGTAAAAGTCG
TAACAAGG-3") 47 ITS F By 4, PCR P=#¥)th
A TTA Y TR E ) By A BR S /I e o 45 3
()75 5 NCBI 4 2 L 7 90047 Exr, 9 DA
IR FIIE RS2, FIF MEGA 7 #5825+ ITS
PO ARG LB
1.4 PR

LI Cas(POy), Fil Zns(PO,), AW IR HEA T SF-H i
BRI, B S Cas(POg4), Fll Zny(PO,), Y
RiFRFE, WM 5 g/L, EIRK R R SR,
WM, A PRIBOHT RV W TR A TR D
FRiFER PR, DL PDA BB ER R, &
AN S ANES, fEIR 25 °C BB 7 d, g
7 W B A2 (D) I i 7% ELAR(d), T15E D/d I H A,
FR/NA] R BRI LB DY RE T, UK
TR R 75 Tl B ) 78R

http://journals.im.ac.cn/actamicrocn
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1.5 BBEEE DC30-2-P1 KL%

&4 0.1% Tween-80 F4 JG B /K BE il #6172
TR, HEFPE 150 mL (%) PDB WRIARE 7R 3L, A&k
£} 1.0x10° spores/mL, 25 °C. 180 r/min 15 if &
ViiiFR 10 d, B 24 h FEHLIC 3 JRRE SRt DB I s
Wz, WTIRRRE, eflAkiisk.

1.6 VEBEE TR X METS T T AL B 1A A% RE 7 I €

2 B85 Q0 3 PV A1 B B BL 2 7 I 5 A R
SR BB 4 0.2,0.6,1.0,1.4.1.8 mg/L
B B AR IENR , FH A6 EETHINE HAE 660 nm 4
IR B 22 Tl B & F bRt 2. 76264 100 mL
W AARXEVS TCHLBE R 2 5510 250 mL #ER I hEz A
RN LA A6 UK 24Ul 1.5%10° spores/mL,
23 A BRLEAUI A 150 mL AR METE T RS 55
B, B 3-5 4~HES, 25 °C. 180 r/min fH
IR % 96 h, 235F 0. 24, 48, 72, 96,
120, 144, 168 h WIBUREM , B0 5 I EIE W,
FBLJEIE 660 nm AL OGAE , MR IEARME RN T
B S R, FRHE S pH A2k .

1.7 BBEEERE R

TR SR FH I 0 TR VAR 1 A TRV AL B R
TR0 ARV B BT B2 FP 2 PDB 53R 5E, 25 °C,
180 r/min fHIRIRZ HEFF 5 d RAG W, ZARIAL
IR ELUT 4 AR BE, 25 (I IR A SRR+
REFRZH B NE B +1% Cas(POy),; AFRA] C ML
W E+1% Cas(PO,),+5% PDB Hi3:IL(V/w); AbH
H D FEH 1 +1% Cas(POL) 5% IRIEE R (VIW),
FAMRSNG T4 2% IR AR BRI 1 7E
@, AR 200 g, A HHABURGE F SRR R
WA, Tl 2% S BRI 20 min R
TCHUK ML 3 I Zad S R 2P0
R S — B BT AR AN R AL B e A
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WAL 4 ANER, A2 bR, TSN 28 °C, JH
HAMOERE 16 h SERE 8 h 4514 T H55% 33 d a4 i
EBORUHD, | bR A ) 6 R T, AR R
R A S 0 A e
1.8 FHESHT

¥ F Excel 1 SPSS 23.0 (IBM, Armonk, NY
USA) B b 3129 X 36 A (] Ak 2 1% B0 40 i
T8t B 3 J7 22 53 (Fisher’s LSD test)

2 HERAPAT

2.1 BEBEEREM B

i b % B AR TE TG HLIE BE 77 3L 15 R 1 AR
A Tz W R 1 H R R B AR E R . TEXT
FEMHHENE AR B A W A3 B g eh . A TE ML
[ 1A 35 77 L 0 % 3] — bk 454 DC30-2-P1 (Y FL
W, H R R ROR, B R R BRRECR
B2 ZRERGIRA T E BB
22 WHEEEKNEE
2.2.1 JEARFHE: EF§ DC30-2-P1 7 PDA }i3%
$E b 28 °C Bige, VARG, PR ATEEH]
22K, 2R, R E S, 55 3 d
W& ELARIAE] 24 mm, Rl 55 7R A 0] B 2R AE £
ST, BB IR . R B T AT
4K EHLBEEHE, B 6-8 um; SR T3k 5 i
%, AERTFERIE, HAR 34 um (K 1).
2.2.2 M. it ITS PRI, KRS
FF£51)(No. MT953924)7E NCBI %48  rh B = B Ak
Fr oAy et , H 5 & (Aspergillus) 4 Fi B
B EWAHME, HY 4 awamori 2 H #k )
ITS FF%(No. NRO77143)AHML B f i, 35 5
99.18%. [A] i, LA it 25 J& A Fh i1) Fe 51 VR 2%
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LI#EE B P ornatum (No. NR138306)f ITS J¥
22, SR 4B 4% % (Neighbor-Joining,

NN @ERGERE R, 45 87FY], Htk DC30-2-P1
5 A. awamori FiEFE CBS 139.52 #4741 (No.
MH856964) LL#4 = 1 32 £ K (80) &, T — 4~ 7l 37

(Bl 2). &L, Btk DC30-2-P1 &85 Rifl
% ih 7% (Aspergillus awamori Nakaz.),
2.3 HBEE DC30-2-P1 A KM & A2

VWi DC30-2-P1 7€ PDB AR 3R
B3 7 d, e T EAHE RS EIHE

VA

20 cm

0

B 1. E# DC30-2-P1 HEFEHSMBMUE
Figure 1. Morphological observation on the strain DC30-2-P1.

DC30-2-P1
458£|7A. awamori CBS 139.52
42 4. awamori CBS 557.65"
201 4. foetidus CBS 121.28
17} 4. welwitschiae CBS 139.541
=% A. niger CBS 554.65
90|' 4. niger ATCC16888
A. piperis CBS 1128117
91 |4- costaricaensis CBS 115574"
65| 4- tubingensis NRRL 4875"
82! A. luchuensis KACC 467727
71 A. brasiliensis CBS 101740
WlA. brasiliensis ATCC MYA-4553"
A. ibericus IMI 3914297
99 _|A. carbonarius CBS 111.26
891 4. sclerotioniger CBS 115572
A. ellipticus IMI 172283

96

Penicillium ornatum CBS 190.68"
0.0100

2. ETF ITS [F%# Neighbor-Joining &% & & 1
Neighbor-Joining phylogenetic tree of strain DC30-2-Pland reference Aspergillus awamori species.
Evolutionary distances showed in Figure 1 were calculated by MEGA7; Bootstrap=1000. Bar, 0.0100 substitution
per nucleotide. Numbers in prentheses represent the sequences accession number in GenBank. The number at
each branch points is the percentage supported by bootstrap. ': Type strain.

Figure 2.

http://journals.im.ac.cn/actamicrocn
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TREREaSE . N 24 h FFAR T 22 KO R B
24-96 h N KA BCA A, Kige 2 120 h 22
FHEILFRKRM, K 10599 mg, QLR FHRHE2
TEBH T EE 3).
2.4 VBRI E FE bk DC30-2-P1 A BRRE S
He TRk DC30-2-P1 H2 i 2 Ml PE T LB RS 5%
FooVtr b, 25 cCHHIREESR 7 d, 5 PDA X HEAH
b, R Cas(PO4), MEVE B IR L BB 75 4
KRB K BARWA 225, Zny(POL) MEW BERE
FEPREEARKEE, B bmEaaR
(K1 4). Ca3(PO4), Fl Znsy(POy), MEVE B #72 3E HH I
Ve S LA D R i IR, P34 B B A2 40 )

1200
1000 [ Pl
800 - "
600 [

400

Dry weight of mycelium/mg

200 - )

0‘..10-0.. 1 1 1 L 1 ]

0 24 48 72 96 120 144 168
t/h

& 3. E#tk DC30-2-P1 AU a2k

Figure 3. Growth curve of the strain DC30-2-P1.

A

4. EH#DC30-2-P1 EAREEFRE LHEEESR
BHEMER

Figure 4. Colony morphology and phosphate
dissolution of the strain DC30-2-P1 in different solid
mediums. A: PDA; B: Ca3(POy);; C: Znz(POy),.
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IEF]T 65.33 mm 1 67.67 mm, Znsy(POy), 5554k
HTR AR ) D/d fH(1.50) KT Cas(PO4), 15 F5 54(1.16)
(F 1), £WHEKE DC30-2-P1 X LHLBE Zny(PO,),
R i BE 11 R T Cas(POL), BITEIRBE T .

2.5 DC30-2-P1 7E Ca(PO,), IR I F T
BERCRM E

2.5.1 BESEWEMZL . DORRWRE R HERR IR
1E 660 nm K AYIROCEE(E R AR bR, LI Rk
PR bR E 2, 15 B B BEbR o i L
HREH Y=4.9267X-0.0108 (R>=0.9997).

2.5.2 DC30-2-P1 BEBERCRINE : 7EHE 5 ] (1Y
%50, 24, 48, 72, 96, 120, 144, 168 h WHE
OIEMRE TR EIEW, 7E 660 nm Ab I 2 W OBAA,
AR PE bR e 2T TR A R & i R EoR, =
P 0F B 2H Bt R B I (] 3G hn A 8ol & i A W
Bk, HS5AFE o h WA 2R, AEgs
ROt o i Bl B SR I A RO R R ETHE TR
Meryiash, Hrh7E 0-96 h, ARSI I P A R
T 74.28 mg/L ¥4 N2 i K AE 2973.85 mg/L,
96 h J5 ¥E SR WA AW B s T IR TR 25 O R
KR pH BEshiifEllh 7.0£0.7, ZEH4IM 0 h
(pH=7.01) FF#%] 120 h (pH=1.86), 120 h J5}53%
& pH # A ETHIA 5),

#z 1. E#k DC30-2-P1 35 7E I L BIATER (7 d)
Table 1. Phosphate solubilization in culture medium
by strain DC30-2-P1 (7 d)

Medium d D D/d
PDA 58.67+1.15 a - -
Ca;(POy), 55.33+1.53 a 65.33+2.08 a 1.18 a
Zn3(POy), 45.00£2.65 b 67.67+2.31 a 1.50 a

d: diameter of the colony (mm); D: diameter of the halo
zone (mm). The letters indicate the significant difference
at 5% level.
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=== Available P e pH
3500 a

3000 *.
2500F -, ¢
2000F
1500
1000 e B B

500 ¢

Available P/(mg/kg)

(e]
S = N W A WO\
pH

0 24 48

72 96
t/h

120 144 168

5. B DC30-2-P1 XEZRFAIAMEHMEER pH Y
T

Figure 5. Soluble phosphorus content and pH in the
fermentation broth of the strain DC30-2-P1. Different
lowercase letters above the bars represent significant
difference (P<0.05).

2.6 DC30-2-P1 & B EARXTBRBULE K 2 M
WAL FEAE IR UE 251 T 5% 33 d A,
SESLRIR, S VA TR A B A AR A ROTR I T A
DC30-2-P1 & PR E AR X A R AR, Ab 3]
D [H54+1% Cas(POy)y+5% 55 HB (VW) [N
KA BAL T HAE IR , KA DC30-2-P1 K%
TR S X 55 /08 B A7 R A (] 6).
WM AL BEZ , JCie vk e s | T8,
M DA B S R O i, BBEAN TR T A VR 1 A 3 28
AAFIRRERRFEGE 2). ALBA D 525 7R ]

B 6. ABEE DC30-2-P1 X ERMATRE R
Figure 6. Effect on growth promoting in pepper by
phosphate solubilizing fungi DC30-2-P1. A: Peat soil;
B: Peat s0il+1% Caz(POy),; C: Peat soil+1% Cas(PO,),+
5% PDB medium (V/W); D: Peat soil+1% Caz(POy4),+
5% shaking culture liquid (V/W).

41 A AHLG, BB b AT A T
75.9%F0 120%, Hb T #0 fif = A0 430 5 m T
92.9%F1 100%, =GN T 23.4%, M4ERSE
BT 33.9%; ABE4I D 5 B AL, b bR
AT EA I T 18.6%F1 43.5%, HiFF6E
AT E T 302%H 25%, FPREEn T
13.6%, MR ZE T EMEIN T 44.9%; 4b3HA D 5 C
AL, MWEARFB IO 25, HEBR 73R 5L 52
s AbFRZE AL B 5 C B ELER, BRAAIS A4
KARPR I TCH] 8 25 57

2. ABEE DC30-2-P1 WEHAEYE 090

Table 2. Effect on biomass of pepper by phosphate solubilizing fungi DC30-2-P1
Above ground Under ground ‘ Chlorophyll
Treatment Plant height/mm
Fresh weight/g Dry weight/g Fresh weight/g Dry weight/g content/(mg/g)

A 1.16+£0.49 b 0.15+£0.08 b 0.85+0.35 b 0.10+£0.02 b 114.13£15.10 b 14.03£1.60 b
B 1.724+0.22 ab 0.2340.11 ab 1.26+0.47 ab 0.16+0.02 ab  124.00+21.61 ab  12.97£1.71b
C 1.60+0.25 ab 0.234+0.06 ab 1.12+0.58 ab 0.15+0.03 ab  125.50+23.24ab  13.74+£3.09b
D 2.04+0.07 a 0.33+0.05 a 1.64+0.39 a 0.20+0.02 a 140.86£10.24 a 18.79+3.65 a

The different lowercase letters indicate the significant difference at 5% level.

http://journals.im.ac.cn/actamicrocn
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FARGKAT , WIMEBER DC30-2-P1 (43
41, YA R L A AU O R AN TS N
HHEE A A P E s, H 25 5 i 3 (P<0.05)
(7. & 8). HL4I D5 A, B, CHLL, H#HY
T RIS T 303.0%. 90.9%F1 80.5%,
TIEA BT RO AR T 631.1%. 182.0%F
84.8%, VLW Cas(POy), TE A VB TR I 1H (0L
DA AE P B MOR T

0.20 a

0.18

0.16 -
®0.14F
o
g 012} s
E 010t v
& 0.08
<
£ 0.06 |
o U c
= 004t

0.02 -

0.00-

A B C D

7. ABSEE DC30-2-P1 M EMBI BRI S EH M
Figure 7. Effect of phosphate solubilizing fungi

DC30-2-P1 on phosphorus absorption of pepper.

500
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b

250
200 - .
150
100F 4

o o

0

A B C D

El8. AHEHEDC30-2-PIMKKELIRENHEE
BY 52 i

Figure 8. Effect of phosphate solubilizing fungi
DC30-2-P1 on soil available P after harvest of

pepper.

a

T

Soil available P/(mg/kg)
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3 i

SR S v 7 e K R OV R C AL BR 5k 1
A=, B R AT B T vk 2 B o AR TR 2
T3 AR BRAER R, X A Y e A
FE R 5838 N7 fil 7 22 0 3R B AE - HE v AR AR
EONUE /e 1B e N SR /R NN 19 IR 1
b, - A T R RE RSB TA L L An DA ER R 3
BB ZEAOAF I SKDIP-128 ) I Vb5 43 B85 3 il 5
BRANER XY2J64%, R X IS i o LA 55
(AT 2 1, X PRBEIE BB S5 . RERT R A R
Mg R, (AARMERE Y BRI A, 38 AT &
VE R A S S Ayl X b i LY . A LS5
AT A, FEREAHENE A P R AR ) R A
AR, Rl TR A R — RS TE Y T RE
ARSI, R IRAT S R AT, ARWFSELARE
S JE SRR 2 B B T 1 BRI
DC30-2-P1, ZY%E MM EE (4. awamori).

FIR, S230 = 8 2 PR AE AR AT B AR
AT IG5 1 B R AR B RE T /N ) AR
A B B J8 (Pseudomonas) RCO1 7E TCHLEE 55
FrHk 28 °C 1547 7d, ME W% HAR K 30 mm, %
Wil 42l 40 mm, D/d &y 1.33; Ithipon Z£PUHF
FER LA B e O WL SR 2 B0 D/d e
1.14 2 1.40; 7EMIFIZAET, 50 A0S0 00 2 W
¥k P83 Y H 75 H 4% M 36 mm, D/d A 1.38; )i
O e ) 1 BBl 2 P1-1 FIR R h 4% P2-2, 7E
PLBERE R LR 3% 5 d, D/ BT 1.50; 1M#XJE
REEPNGESE B (1) (Enterobacter cloacae) DD284 i
(Pseudomonas putida) DD291 32 B H B 55 1) 7% 1%
fet1, WIEHERIMCH 4.70 mm F1 4.20 mm, AW



SN | UEYI2EAR, 2021, 61(1)

85

Pl EAHIAE] T 39.30 mm il 39.70 mm; AHF5T
e B M IE BT DC30-2-P1 7E JC ML 15 5% 2
28 °C Hig% 7 d, MIE W& BHAZr %0 55.33 mm
[Cas(PO4),]. 45.00 mm [Zns(PO,),], VWEIE EHiRik
#|'T 65.33 mm [Ca3(PO,),]. 67.67 mm [Zn;(PO,),],
5 IR RSB A, R B s B R
15 (DAY 514 1.18 [Cas(POL),FI 1.50 [Zns(POy),],
T FE R DC30-2-P1 X TCALBE Zns(PO.), HY ¥ ff fE
FTIRKFXF Cas(POL), MIVEMRRES, 58 KRR
Wi P83 gk o PYBEST 1) BF1. BFS 454 —
., HEEEPIRN IG-22 4RI, Xt
Cas(POy), A RRE JJ R T Zns(POs),, (D/A)53 514
5.40 F1 1.67, n] BRI IRIAE T AN [R] 2 28 A 925 1l v %o
BRI I RE I A 22 5 -

AN, 3 5 BV B TR TE K TR R P A S 1Y
TR AT RAE LI BERE T KD, (H PR R R
SrE BRI BERE I AR R 225, FRED
WM 5E RV B R 5 25(P. oxalicum) QM-6 F1 QM-10
PO BOBR B T R R A RO BE B i B
1239.21 mg/L Fl 1386.93 mg/L, 3k @ik £h
T b 075 16 2 9 48 R 5 B2 (P, funiculosum), FERE:
FRIMAT R B P ik ] T 1064.21 mg/L,
o [ AEBTIRE S () B i 25 (A. niger) MEMOT ()75
TN 1242.49 mg/L; 1 — S BE TE 1V W e 1 AH
XS, VFE AT BB (4. niger) M1,
e RIEWERAUA 75.40 mg/L; ¥ 4 25 5O 16 3]
— MR BT T3 (P. oxalicum), X} Cas(POg), I
N 557.00 mg/L, AR S0 G FEHEIE 4y
BRI TP chrysogenum)®f Casy(POy), HY
AR E] 138.36 mg/L. F40F7T F Wik

B AL AE SR IIRE, PRI N (4. awamori)
MQO13 Ay R B (A 260 mg/L 2451, TRk
S29 X} Cas(POy), M MR 1110 mg/LU'Y, A
WF5E i B i E DC30-2-P1 75547 Casy(PO,), WiAA
KRS s 2 96 h, W HEEIA%) 2973.85 mg/L,
5 RO A BE A L B BRI,
Wi BT TR PR BV R T 5 R R I R E Y g
KONZIASEPEAR K, X 522 S BG4 HE 1Y
58— B X IR T pH 2 & B pH 75 1k
EARGHES R R, X521
251 —3 .

Vs Tl AT X w0 R R 1 A A T
X R AR AT BRG], AN [R) ol 25 198 7 Tl 1 %o A
PRAS A BREEBR 0 S AN (], 1T R B AR e T 1Y
ZE S, RARAE 1 50 h R I BERE ) A
FERCRZENE . USIMAME B AT ek T 1EY )
BIRGE, P TEMIX N. P K BIRILEM
W, $EEAVEI A IR B3R, Rl
AR R A P 3 T ke 0 S TSI YA
DX A ) AR B 7 326 1) — AR A B MU TR (Pseudomonas)
BN TS AR (Acrocarpus fraxinifolius) K FFz 4>
WS AT B EVE R, AR AR b AR P b X
B 14.5%-30.5% , MR AP b B
27.6%—45.7%. A5 B A RE - HEAE Hh 32 5
(R BH B (A. awamori) , BERRH K B 0T i 25 4R
B PR (Capsicum annuum L)W SR
e, HARBARAEER, SEAEEMND R
MR PR AR v 43 0 32 1 0 L o B 1 P 0 v ke
125 (4. awamori) JP-NJ1 #5845 B —3{( . Rachana
SR P Pt s ih B S29 AT I I M AR R 11 A
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KASBEWN, SR S29 MALFAAL, &
WS B T 50%LL ;s Lee Z519MF 5T R0
525 P IR LA, T GAK2 Ab PR K R
BT 36.6%; Yin 25 UORE ST 0 A i B
(Aspergillus aculeatus) P93 F Silitonga 15T
By E RN AR T (Talaromyces Pinophilus) M1, -]
T (Aspergilus terreus) M2 I HAR AN T-45 5 Al
Yok o A U 12%. TEABEGEH, BN
1% (4. awamori) DC30-2-P1 (1) 4b FHLH X 45 55 A
Yy 4w o M A S AR B T 80.5%F1
84.8%, 5 RO I M AS 8 LR I ) SR Y
e R A A R R AE T

AU LR, Wk S U awamori)
DC30-2-P1 H¥AEBAEAEHLEI T RE S LT Ly A
K B, WEERACH A A LR, BRIR T
FHE pH, X Ve R R B VA M Y,
T AR R BB 405 WS T AR T R e A T 1 4 R 2R
KET; B, W RBSGE TR E R4
T B A R TE 5 R, ORAIE R A K PR
fEHCEERIE RIS, & T HERIRPiaE
715 B, R P el e LA R R
AREYE, WMAERKE. BIRORSE, ©A Sk
e WV 0 A R TR RO BOR B T R 2R 1R R AR
FRO, FEYIR R KB SR A R i A K
FZA—E KR,

TCAE 1 TR R ) 0T 2 R R R 2 R T
PRELA MERBAGE . 1AM S SRR AL, T B AV
PR o7 L7 558 5 1) R B 3 0 BE ) DA R A - M v
I EFHRE T o BRSO 3 B8 A VA B 1 S A T g
B2 B AR, A 3R RE 0 B P A

actamicro@im.ac.cn

Py A, TR AR 4 v R B R R e
P, SEEHEME YRR, KT E S
PR (R PR A AP PR RN AT R 2, el s T — 19
PRIOARTREME . BRI A R AW P, ik
[, AR TAEAE G et o b, Kk msthw
(A. awamori) DC30-2-P1 1Y 7= A TG EH T RE ST . X
WEEE BT . A 3P RO EFERE S AT E
FEHRGT 5 H A T BE R PR BAE XA P 77 A A K0
AR R B LENLS], R I A )
TR0 2 I P B4 e S e A

4 Hib

AW FE LA SR AE N H A, AR H I 554
FE TS B b HEA TV B EL T TR L | SEE L
BERCR R AEAE WS, B8 T LUTF 458
(1) BATRE P I b Ak 7 32 38— e v 250 0 Wl L 7
DC30-2-P1, £5E J il B ith % (4. awamori) .
(2) ¥ DC30-2-P1 P 1E S Cay(POy), Al
Zn3(POy), [ PAD }:33E I, B S AR
Z (DAY ok 1.16 F 1.50, 2 BHIZ AR 2 BLH
R A 1 75 A LB R ER O VE T o (3) EVR AR iR
KR, DC30-2-P1 fEGSHF Cas(PO,), Fisk
AL LA RO, WigRE 96 h AR ik F
2973.85 mg/L, (4) #Fh DC30-2-P1 A EFK AT T
FIREAMAED R HgRTE. HY LS
AR RO i, R B AEE . AR T
ARG AW FFE (4. awamor) FF T R BEHUE
PR SSEE , FHAA NH TRCE IR R &
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A phosphorus-dissolving Aspergillus awamori strain from
sugarcane leaf compost for growth promotion of pepper

Jiantian Lai'?, Ting Yangz, Fachao Shi’, Ruimin He*’, Xin WangQ’3 , Danqing Shao™?,
Qin He'?, Yinglin Lu?, Liming Hu', Yuxing An*"

" College of Resources and Environment, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, Guangdong
Province, China

? Guangdong Province Pharmaceutical Fertilizer Engineering Technology Research Center, Institute of Bioengineering, Guangdong
Academy of Sciences, Guangzhou 510316, Guangdong Province, China

’ College of Agriculture, South China Agricultural University, Guangzhou 510642, Guangdong Province, China

Abstract: [Objective] Isolation of strains with high-efficiency of phosphorus-dissolving and growth-promoting
functions from sugarcane leaf compost has provided available microbial resources for bio-fertilizers production.
[Methods] Phosphorus-dissolving strains were screened from insoluble inorganic phosphorus media containing
Ca3(POy), or Zn3(POy),, and identified by morphological characteristics and ITS rDNA sequence analysis. The
phosphorus-dissolving ability of the strains was determined by the halo zone and molybdenum antimony
colorimetric methods, and the growth-promoting ability of the strain was analyzed by pot experiment of pepper.
[Results] Strain DC30-2-P1 was screened from the compost and identified as Aspergillus awamori. The diameter of
the colony of the strains (d) was 55.33 mm and 45.00 mm, the halo zone (D) was 65.33 mm and 67.67 mm, and the
D/d value was 1.16 and 1.50 on the medium with Ca3(POy), and Zn;(POy),, respectively. After 96 hours of
cultivation in a liquid medium with Ca;(POy), as the phosphorus source, the available phosphorus content reached
2974 mg/L. The results indicated that strain DC30-2-P1 had a significant effect on dissolving phosphorus. The
results of the pot experiment show that the inoculation of DC30-2-P1 promoted the growth of pepper. Compared
with the treatment group without phosphate solubilizing fungi, the above-ground fresh and dry weight increased by
18.6% and 43.5%, the under-ground fresh and dry weight increased by 30.2% and 25%, plant height increased by
13.6%, and chlorophyll content increased by 44.9%, both plant total phosphorus content and soil available
phosphorus content increased by more than 80%. [Conclusion] Strain DC30-2-P1 from sugarcane leaf compost has
a high efficiency on dissolving insoluble phosphorus compounds, promoting the absorption of phosphorus and

improving crop yield.

Keywords: phosphate-solubilizing fungus, Aspergillus awamori, phosphate-dissolving effect, growth-promoting
effect
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