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PEREIRERFL AV A ] WSR2 , A i il
RE T E AR v i i W (phosphate-solubilizing
microorganisms)™! . 1 iR ) 32 40k Vi i LT
AT, B RoN, WA B8 S i L A
(g 2-50 500, SRT, VAR AN W AE A S R P i
BAEE VERRAR B KGR, 1 TR A 0% T A I
BE ¥ T wan ) Ao B bR R
T ith 5 & (Aspergillus) . # %% )& (Penicillium) ., %
J& (Rhizopus) . /N & #% 1 (Sclerotium) 1 #f 7J
(Fusarium), Hirp | FEARZIEwECEY R, hEE
T AT ) e e e 1 ) L 2 S Ve
TRERTRA TS N A K e T A
ih A JE BdaE . BN NIRRT CL N TR
CIN XA s weny e, 458/, the
2TCiF2 Fll 4TCiF6 7£ L NOs AR IR HBG SR L p 3£
PSR AR TG T . R AT S U SR il A X T
RSO BED f BA EEE . R gt
5 TS 13125 43 590 DA BAGHES A/ MR o o ol A 2% AR
Bl 39 s R s e A . R AT AT A e
itk 1 R AE 0 TR A K b L T B o ot 2T
I 5 2 B ot i BB A R - S N2 )
HRA AN

Wi 2 v A5 e T AR R Bl A O TR T A T
(7 IUIE e 2 N eI N O S R Eag 77 7 N v i
I T 5t R R A B BT L € T XA 31 ) v A8
AT E PEAUE R E , 25 S PPN HE Bk
Ho T AOM A5 BT 2 (GC-MS) X 7 6 1 7 IR
Vi) o3 Hr , WIS B A L,
T 1] 22 b I B T 10 20 5 1 2 B s Tl A M IE L
RORBYA RORES , T G 8] A e 2 PRI 5 &2
RETEZH A MR 55 . AESEA RS — R R
NRE R MELF, U EWIE R RO A it T
ARG (%) TR A B I

1 ArAey ik
1.1 #he

1.1.1 YEY -8R VE . 13T 2015 4F 10 JI SR A
W B X KRG B3, EARFERKH,
KA 12 7, HAERDUS ETRERSE, AT
VS ol L TR Y T 2 o
1.1.2 BEFEE: (1) A OB RS A
10 g, MgS047H,0 0.3 g, Bl 5 g, (NH4).SO,
0.5 g, NaCl 0.2 g, KCI 0.2 g, MnSQO, 0.03 g,
FeSO,7H,0 0.01 g, Biifig 20 g, MERE 059, /K
1L, pH{H 7.020.2, 121 °C K 30 min £ /. (2)
PDA 57 5(EH BD A r)HTHEEEFR . (3)
PDA. milC 1 S( ARIPUMEMRHA PR H])
LA (35 BD A rDIRA G FRF T R A
PEIGE o (4) A IREERRE IR S SR (CYA) T
FRISEE . KoHPO, 1 g, 5 Rk 10 mL, fEhE:
ek 59, FEME 300, IE 159, /K 1L, ARUK
45T : NaNO330 g, KCI5 g, MgSO47H,0 5 g,
FeSO, 7H,0 0.1 g, ZnS0O, - 7H,0 0.1 g, CuSO,-5H,0
0.05g, JCHZK 100 mL,
113 B EE RSy R
Cag(POs), (FiFAZEAEYFIEARA ), A
KA(LEEIREYBEARAA), B
Zng(POy), (b5t s HEFRHE A FRA 7).
1.1.4  HEATEME R 2407 % YES-2 (CGMCC No.
2012) . MM {6 4% % 1 HDZ-9-47 (CGMCC No.
2878)F11 14T NC1 (CGMCC No. 12154) A%
S S I 0T 6 1) R R U R R R,
1.1.5 FERF: PCR Mix Il [ KM AEALRHE AL
OB BRAF]; 514 pt-2a F1 pt-2b i E¥AE TAEY)
BEARA BRA F G A

BRABEIC ATV . I 153 mL ¥R BRER (2l
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WIE 1.84 9/mL), ZZZEMAZ 400 mL Z=1BK
AW, WA, FREUEES AN EHIR S 10 g W
FAREEZ) 60 °C f% 300 mL KH, A1, RIGH
PRV W G B A SHIR B b . BRI 0.5%i 41
FRBAHN R 100 mL, Y2205 , inZK 6 #& %2 1000 mL,
A, ARG RDR . ARBRBTE A AREX
1.50 g IR MERYA T 100 mL £HBAI AEvs T P, It
BRABONAE, EREECRE

5 mg/L BEARIEE : FF 0.4394 g 1 50 °C #it
FHWEER —E 8T 100 mL K, 5 mL AR
B, FKEZR S 1L, W 100 mg/L BRI,
AT DK IAOR A . W B IRV 10 mL F
200 mL ZEERS, MOKZAREE, WEEN 5 mg/L
BEAREVA W, RN B AAT
116 FEMNE: BHVEIRIEIRA DNP-9082
(kG 5% S B i A A PR ) s B2 R HZO-F160 (K
O TR IR LI A A B2 vl ) s PCR X ABI Veritio6
(EHE); /66 Bio-Rad SmartSpec3000 (3
E); St W Nikon eclipse 80i (H A%); S AH,
T T FH I GCMS-QP2010 Ultra (55 HA w).
1.2 VEBERRBRAY LS R E] 52 A
121 ETHBHEESERIETHIR : HIE
(1072107 iy - BE B, ¥ - BB IR AT T L
Cag(PO.), MR B JCHLIE B 77 3 (7% 100 mo/L 455
RMEFER) L, 25 °CHige. =L n
PiZ PDA i3t |, 4lifk, 15%1HH-80 °C {- 17 .
1.2.2 VWA SIhREREBRA AR LS 1 PDA.
F G 1R LA B3R 44 LU BR & K 5 LA
15 cm KGRI, REEEFRIEEER S A bk HDZ-9-47
I NCL FRLLH IR )y e Fp R B 73k
30 °C 597 2d. SRJE FHATAL AR HE TR 5d 7Y P1-1,
P2-2. YES-2 Wk &ATH 0.6 cm BYRPE, 4351
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A HDZ-9-47 A1 NC1 ik 0.5 cm (N & . T
25 °C TR E 4555 5 d Ja WAL B AR IR ) AR M3k 2t
1.3 EBEERAIAE
131 WEHERZFME: WA F: 450G
Feha, PREGRAR TS R OE S WY R, Tk E
TG AR N SR, LSRRI BEOEAS . S
SrAEf Tk TREE . JURIZER . A3 AR A RHE,
Z: f e [ L A (B T ) i B B AR DG A 1 Y
AT HARTE
132 EETHEHME RN p-tubulin B 73 8 &
GERE M HIGRIL IR DNATL, Jf
F51%9) Bt2a (GGTAACCAAATCGGTGCTGCTTTC)
1l pt2b (ACCCTCAGTG TAGTGACC CTTGGC)
P BB MAE B 1 B-tubulin BLEK . PCR 47374
H b 5T 1 B L DR L A 5 O A B JIN T o L
BLAST #2744 B-tubulin /351 5 454 2 b O BT A 7
FNHEAT HLXT, BE IR S5 AR 7 51
FFIFH MEGA 5.0 1T RG A B
14 BT AR EREBESCR I E

K i i AR TR B, B 200 pl R
T 6 cm FEFRILA, BAFEFRILELA 5 Wi RE Bk 1Y
SJUMR . 25 °C 5537 1 d J5 H 6 mm 4T FLARHT K
HUF, BHEPHEA S Cag(POs),. Zns(POs),. ¥k
WK AT B JCHLBE Al |, 25 °C 155 5 d Je e i
W B ELA2 (D)5 B 7 ELAR (d) Y ELAE(DAd) K/, DAL
KA1 78 TR R S RE D -
15 ETHEI I AENEREBECREE— 2
5EJ GC-MS X ™= BR¥) it 1) 5 i
1.5.1 BEbpUEMZRAILH] . % 50 mo/L MIBEPRIE
Mkl 5 mg/L, 43 WEL 5 mo/L IBEFRIK 0, 2.
4, 6,8, 10mL Z 50 mL Z&HEIHA, JAZERK
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ZRBN 30 mL, SRJE A 2 7 2,4- fiS S HE R
F, A 4 mol/L 1) NaOH ¥ 2 A i i
PR G €6, FRZIR A 1 mol/L Y H,SO, B (n
WK 22, 35 A 5 mL dHBMHT B EFK], Iz
WAKERZRZIE, AAFRTRA 20, REH LR
R 1 00 T ) AE A3 Y BE T I RO B A
WK BEAE A 700 nm. DABEHREE AR ARAR, DAOE
FEME DN bR, 22l B AR v il 2%

152 SHEPIHAENERBER T A BB &
B: 78500 mL =M A 50 mL & KR
PUBEREFRIL, MEEOEIRER IR 0 5 /L, 3l 4ERh
200 pL BEW, 25 °C. 200 r/min $£KE55% 5 d.
W R R FEST, B 20 mL F] .04, 8000 r/min
B0 10 ming WEHCS mL i E] 50 mL 125 S
o, IMAZERK 2R 30 mL, A 27 2,4-—
HSFEmTE /R 7], FHIDA 1% 1 mol/L fY H,SO, BT
BRI 2, SEE A S mL EHERLA], E R
BZEF, EWETEE2 h A5 ERFeS 05
R [FIE A YT B RS, PR
700 nm., ARHEHRIEIH L1 6 IO AT A5 2 o
153 WBEE P1-1, P2-2 KB pH {ERZELL
£ 500 mL = I 24 A 50 mL EL KB ) JCHLiE S
FRHk, MEABERRERVREE R 5 g/L, 43004 200 uL
FEI T 25 °C. 200 r/min #EIRRESE, 4568 24 h
B 5 mL & RN E pH (A -

154 SAHEAE-FIEE(GC-MS)Xt & B ™
BRI AR . (1) FESTHIAS: 78 500 mL — £
A 50 mL KB R TCHLIER R AL, 45l
Fil 200 pL BRI, 25 °C . 200 r/min &K 5E 5d.
W R TR FE ST, L 20 mL ) 2.045 8000 r/min
250 10 ming MRHC VW 100 pl, fiTA 400 pl ¥
Fs, FZU3E 1 min, 14000 r/min. 4 °C &>
15 min; U400 pL E35WAT, £, 4 °C A7

. (2) MTAALIY SR E - FF R T A i
A 100 pL 20 mg/mL AU W (S Tk BE ), JR)
ZUTEA 1 min, A 10 min, 37 °C /K 1.5 h;
JIA 80 uL MSTFA, JIZWER 1 min, 37 °C Kif
1h, 14000 r/min, 4 °C &.0» 15 min; B 2 uL b3
HERE . HEREINE 72 ISR [20]

2 HERFAH

2.1 VBRI 43 B O -5 BRI AK I ) SR A 2B
211 WREEEE: MLl B X KT
M Fl + 3 (E116°07.909'; N40°11.303")F1 /3253 6
AR R E AR, Hp, P11, P2-2 THkK
AR, HA R IR 5 16
IERRCRERE . BAERE iR AMSEIEREX 2 TH
WA TIRADFFE

2.1.2 THEEREMRERAME: DR &MY
HDZ-9-47, NC1, YES-2 FIsSZi itk P1-1, P2-2
TEIRA R IR 3R 5 d SRR IESIE 1

<—HDZ-9-47 NCI YES2

1. BAHMENRSREANEERKEILIESR 5 d A
ERS

Figure 1. The colonial morphology of the phosphate-
solubilizing fungi with three biocontrol agents
co-cultured for 5 days on plate.
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fi7se P1-1. P2-2 WHRAEK RYF, H5&HERE
ToHEPTE S, £ P1-1. P2-2 FAK5 DIRE B kKR
YHA BRI AE, oT URAED REmA: 9
PR AEHAFSE

2.2 BERIIERE

221 THHRIEARZEUE . HHRAE CYA Bkt B3k
775 dJ5, PL-1REHRMEATE HAA8 N 4.7 em; WYk
Bt B AR S B, SR s TR S b 0
Pk, ARG B TN ERE,
A% A 50-80 pum; A FERE , HAR 3.0-4.5 um,
P2-2 WK 74 B2 N 2.8 cm; THEEIE N (A,
SRR BokE €5 DA ST ORI 805 B
W/ BEAERE, HAEH 50-80 um; J3A: 1
TERIE, HAE 2.8-4.5um,

222 BMMAEER p-tubulin FFIILHT: A
B-tubulin K PELIYIX FERE#HAT PCR #3415 5]
520 bp M EH MY ). H BLAST F2/F X R #k
P1-1. P2-2 f#) B-tubulin J 4155 86d 12 4 BT R
GNHEATAZ Y R RIS X, AR A 7 40 AH R A 2
REKREFM . Btk P1-1, P2-2 Xy ih & 8 Bk,

Hrpr, P1-1 itk 5 R il (Aspergillus niger)J¥ i []

— 32, P2-2 Hikk- 51 R i R (Aspergillus tabingensis)
TEARTE 73 3 (K 2)0 S5 G TES2HHE, Wbk P1-1
WeE B, P2-2 NI
2.3 BEBEEEA FIBERR B RBOR

P1-1. P2-2 EHRTEMERRES . WEIREE . FRELHE
JRAT R BEIR R TCHLBERE R 4L T 25 °C K537 5 d
J&i , 7R A B  Rv E RE (18] 3). 2RI R PL-1.
P2-2 TR R BRI AN [RITE 2L TE LB U

[FIBT G TT P1-1 PR AE AR N B 5 5 b s il Pl
(4 B 42(D) 5 B 7 B A (d)AY F (B DI 19 R /N93 531y
159, 2.89, 1.23; P2-2 BARTEXT I BYRE IR b
D/d i}y 1.76. 3.17. 1.29. Z55R%KW P1-1, P2-2
TRl R Tl 2 1 A B S Wl R 5 R K
IBEST5R (3R 1)
2.4 EHERTEA FBHE & B T RCR I E
2.4.1 FRAERIRAYERST . ¥ 5 mo/L HIRERR IR
0.2, 0.4, 0.6, 0.8, 1.0 mg/L, ZRIGFE/EE
JEIE EIE RO REE, BKRBE Sy 700 nm, DLk
W HE R AR R, ARG RE(E A AR ARAE IR, 153
y=0.3371x-0.0071 (R=0.9955) f{) i b /i i1 2%

Aspergillus niger CBS 554.65T

99| A. niger CBS 126.48

95

39

61

64

A. niger CD 1200

Pl1-1

A. vadensis CBS 113365T
P2-2

A. tubingensis CD 1318A

A. tubingensis CBS 134.48T
A. carbonarius CBS 111.26T

A. ellipticus CBS 707.79T
A. heteromorphus CBS 117.55T
A. flavus CBS 100927T

0.05

A. aculeatus CBS 172.66T

2. ®#k P1-1. P2-2 &EF p-tubulin F5IER MR R R Gt L
Figure 2. Phylogenetic tree of strain P1-1, P2-2 and reference Aspergillus species. Evolutionary distances were
calculated by MEGAS; Bootstrap =1000. Bar. 0.05 substitution per nucleotide.
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E 3. AMEEARBRERIEFE L AEE
Halo of phosphate-solubilization microorganism on different solid media. A: CK; B-D: P1-1 in the
media containing Caz(POy,), (B), Zn3(PO,), (C) and Phosphorite (D). E: CK; F-H: P2-2 in the media containing
Caz(POy)2 (F), Zn3(PO4), (G) and Phosphorite (H).

Figure 3.

F 1. Pl-1. P22 AMREARR LA BEFEP=ER

HEMNEZRSEEEREMILE

Table 1. Diameter ratio of phosphate dissolving circle

and colony circle on the media with different

phosphorus source (5 d)
Caz(POy),

D d Dd D d Did D d D/d

Zn3(P0,)» Phosphorite

Strains

P1-1 59 37 159 26 09 289 64 52 123
p2-2 58 33 176 38 12 317 6.6 51 129

D: diameter of phosphate-dissolving zone (cm); d: colony
growth diameter (cm).

242 REEREBESCRNGE . DIAHER XTI,
Cas(POs)z. Zn3(POu), . FEHEMWEIK A 15 I FEmy A 34
B &/ ilJE 3.98, 0.95, 4.80 mg/L; P1-1 pFfk
TE Cag(PO4)2. ZNn3(POy), . FEFEME JK A1 S B U5 1 WY
RIGFRIE IR SR 5d J5, KB Al e i
Iy s8] 83.36. 64.08. 90.18 mg/L, &A%
WA 20.94, 67.47., 18.79 f5; H:fh P2-2 )5
2 K TR R AT RO S i) & 79.50. 62.30,
86.92 mg/L, ;& AN HEE W) 19.97 . 65.58,18.11
53k 2).

T 2. AEHER 3 MUEABERIAARREE D

Table 2. Solubilization ability of P1-1, P2-2 strains to
three insoluble phosphates in liquid medium (5 d)
(mg/L)

Strains Caz(PO,). Zn3(POy),  Phosphorite

No fungi 3.98 0.95 4.80

P1-1 83.36 64.08 90.18

P2-2 79.50 62.30 86.92

ZERIRN, RGN 5d, WP T

RS RGN T 18-90 f%, B R R0 TCH L
V15 A7 BB DI A58
243 WREHWAKBRT pH EMBAER: %
BEAME P1-1. P2-2 ZEJCHLBRB IR B R B 5 57
WEE BRI R AE R, pH B TR 2l 1R
60 h J5, pH HEAE T V(& 4).
244 SMHERE-FE(GC-MS)WEL R Ik
F Rk P1-1. P2-2 i GC-MS B 13 (3% K fir
N, ¥R 5 d e 2 BRI BRI R TR PR
JEARL(E 5). £ NIST 3R R4 E H 2 bR
BETR 77 AE R O R . WA R . FLIR
FH M -
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(A) ——p1-1 —=—No fungus —*— No phosphorus (B) —e—p2.2—8—No fungus —*— No phosphorus

8 8
6 6
= 4 = 4t
o
2t X
0 24 48 60 72 0 24 48 60 72
t/h t/h

B4 AHEELHBEFRED pH ENTK

Figure 4. pH variation in culture medium during solubilizing period. A: P1-1; B: P2-2.

(A)  x10000000

- [TIC
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85.
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2
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£
0
[~

(B) 10000000

875t

S
o

[N
9

Relative abundan
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TIC

Glyceric acid
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v

Oxalic acid
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t/min

5. AMEM PL-1. P2-2 XE& P AHER GC-MS E 45 E
Figure 5. GC-MS detection of organic acids in phosphate-solubilizing strains metabolite. A: P1-1; B: P2-2,

3 g d

A AE AR A AR K AR R 4 B gk
37 2 bk e . Hop—#k P1-1 0 LIS SR

e T AR R B0 BE S A MV PR B R Y HIEE(A. niger), 55—k o [ P2 IR 8 B T
MAEY, FEMAIEEBEERE . R E A EUL RV 2 B 1 25 (A. tubingensis).

Pz B R e, o,
7% )& (Aspergillus) il & B

R R E R R B RE S—BF 3 FNSE ik, —
i (Penicillium) o BFIETR i st o e 05 MEVE P AR B 0 B 70

B, v mEih e R AR i EXHEY AW b e vk R E A 1 E R BN
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SEHFA TR IR, 8 B SR A R Y
SORMMT R, W HAA s T,
NG LR 2 MRAIRE %18 P8 Fll Pnl 1EXER
TCHLBERS F7 5k Cag(PO4), FIEF% 5 d 73l B8 7 Ak
4.9 cm 1 4.5 cm (iE I, 1 E PR AT RN
M Z B9 5K 55 18 (ATCC20851) HAEME ™ 4E
2.4 cm Y B B2 ACHIF T b SR W P T )
i A, P1-1.P2-2 FMRTE TCALBERE 72 Cag(PO4),
A4 5.9, 5.8 cm AYE I IE , EEBESCRIER B
Fo (A, FHAHBA BT YL €010 X0 175 Wl A1 AR R T i
AT I E , W I A I P ol 2 ik 5 ) R
FHECHE N T 18-90 £, L5 REIFUIN] 2 BRiFwEA
(IATRRE AR SR . 22 2 FhO5 I8 B IR w4
BOM—5, XF Cag(PO4);. Zng(POy),. FRIEBEIK A
Y RA BRSO Hoh, ot P1-1 &tk
WS P2-2 TR RIART Zng(PO4), HA W5k 1Y)
WA TT

A W 0 A BRI T — A A 2 fR T s A= W 4
WA LR , X LR RERE SRR AIK pH L, AT 5k
L. BEER A, M EER R R
itk AEAWTERIEEFRAN T pH B TRE, JFA
JEUAE YRR 0 B A R (HBOR AR 2 BB 5T
RIS BRI pH EAFES —E 7
FISCHET S WA 45 R RER ), BEE M
FOBEAN, pH {ELZMTREAG, HHE0 v BT 1) Vs ik i
SUBEE IR MG . HRikIE, RRUEIE TR
WAV ENANRZ /2, FEARHRR
FLER . SERER . BRI . WA . fER . &5
LR, TR . WERMR. L. EHRR. &
TR . PIRR RV AT RRR AL, Sl S - TS
TR PL-1. P2-2 (= IRM I T T %2,
SER I 2 BRI BRI P R SRR, ERA LR |
AR . FLERAH IR . 2 MR BE B R Y T A

] A 25 R PT fE 2 B T e AT SR 400 R BRIy Ji A
(% 2).

VS BEUE DA TR R BRI BE T . B AIA
NEA . R AT RIS AL RIS R Y
AYEE, B EENIF RN HME, EHEY
NERMHF T B aF AL, BEFRRIT, AN 5 B Ee
T A ) TR R 4 T - i O AR AR B
A g ARG iV A e POV ik 4 2 R
LEPER o TG B P R ) RE A R B SR I
P T HCRE I N B R )2 5 B RAT I AR e 4
PEo ABRIRIE TR PL-1, P2-2 5—417%
MREELL MG AE Y AR AR AT, BRI R &
T P R BRARR AL

2 % W
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Isolation and evaluation of two phosphate-dissolving fungi

Shun Yang™?, Ting Yang®, Bin Lin"?, Xingzhong Liu'", Meichun Xiang"

! State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Objective] To isolate phosphate-solubilizing strains from crop rhizosphere soil for functional composite
microbial community and bio-fertilizer production. [Methods] The phosphate-solubilizing capacity was evaluated
by the halo zone of dissolving phosphate and molybdenum antimony colorimetric. Phosphate-solubilizing fungi
were identified based on their morphological and cultural characteristics and p-tubulin sequence analysis. Acid
producing substances of phosphate solubilizing fungus were analyzed by GC-MS and the biological compatibility
of microbial strains was tested by medium method. [Results] Two phosphate-solubilizing fungi were screened from
soybean rhizosphere soil, P1-1, P2-2, which were identified as Aspergillus niger and A. tubingensis. The volatile
acids (oxalic acid, gluconic acid, lactic acid and glycerol acid) were detected in both fungi. They were compatible
with a group of nematicidal microorganisms (Purpureocillium lilacinum + Streptomyces olivaceus + Ochrobactrum
pseudogrignonense). The D/d (diameter of the halo zone/diameter of the colony) value of P1-1 and P2-2 was
detected after culturing on three media with Caz(PQO,),, Zn3(PO,), and phosphorite at 25°C for 5 days, and the
available phosphorus contents were detected after 5 days culturing in liquid medium containing Caz(POy),,
Zn3(PO4), and phosphorite. The results indicated that the two phosphate-dissolving fungi had similar capability in
dissolving phosphorus. [Conclusion] Two high-efficient phosphate solubilize fungi were obtained, and they could
activate a variety of insoluble phosphorus sources accompanied by the production of volatile acidic substances. The
two strains showed good biological compatibility with a group of nematicidal microorganisms.

Keywords: phosphate-solubilizing fungi, Aspergillus, screening, multi-microbial agent
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