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AR ML, MO TR R B A RO 5=, 1% 363.64 mg/L. FRE M1 Al 32 10% NaCl, ¥ M1
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BER B AR LT ZREFRILRZ—,
AN A FH MR 18 7 A S it . it A - S Y
HNE 90%LA HHEeAk Jy e, A G Bt YR A
SERRIEAFARCR LR EE RN, 24, iR
FE AR K T DR R R 6 ORAVE DG 7, IR L
4, NI BB 55 I8 0T 2% B AR RS . FR 1=
90%LA EHYBER N PR AL, TR AR 2 &,
T E A FHAE IR AL 20 48 AR, 5
BEACFBER" BT IR 0 60 PSR . 1R IR A
ROPE, SR BE BEIR A A i, o R A
b T R A A R

VWA A W) RE A RO A A B L 4R
NEFHZ . REHEEDE ™ . REEY R, N
T RO AR (R, VA B A AT R —Fh
FAL . AU IRBE AT RIS AL I MES B AR )
it , HABE RN 1. BWHEAEmIRE e S
FAAEAPLRT . A HUR O, K B AL
MR, TR A A A e A
TERE 2R B AR W0 RO AN A Py 3 7 vp e o AR
. A 1903 4 Staltrom!™ M\ -3 b s 2043 25 2 VA
BEANTR LK, WY — B2 B2 K0
HAL, NSRRI RE TR Y R R T T
TS5 S0 S st Rl v R A o ) g - e
VA B A R E RN AE R AR TR IR
F14) VB8 TR BN () T ok 22 ] 1 3 W e T A A IR
ZESER, L, RO BRI R B AU
2, DAMERR, HREMERRE KT,
MR E R R 8 7 RERe AR, Kb, &
%1% (Penicilliumsp.) . %5 & (Aspergillus sp.) . K
14 (Trichoderma sp.) . #E4& fil T (Alternaria sp.) .
Sk J] 1 (Fusarium sp.) FlER 9 78 (Talaromyces sp.)
6 MR HAEBERE ) o I W R R e S

VERSUEMIRIR, Y24 A B i i B T A B
M2 (A nigen)t™ | Bl EE(A. aculeatus)!™ . Hh
(A, fumigatus)!'® | o & (A, awamori)!'® | 5
hE (A clavatus)™, AR (A, ustus)!™™ | 4 5
7% (A. nidulang)™ | # il 75 (A. flavug)®® | BLHHEF (A.
foetidus)i® | JK &5 (A. glaucus)®? . &% (A
sydowii)?? | #e%5 il (A, melleus)®@ | il (A
terreus) 2RI 2 1 25 (A. tubingensis)®14 MFili,

RPIT AR, 26K 22 B0 W TR AR 2 AR AR B
TR, (H AT S B e IR BR BRI vh o)
By, LU S T ik FLAT Ve B35 2 BB N e L3y
T FIREE AR, Chatli 2528 PG IR V0 B 4 X 43
BT S Ak FC28, FC39, AWM R
¥k AF; Naveenkumar %4 JAFAS 72 % 374 h 3k
157 Wl 25 1 bk Strain-1; Bhattacharya %5127
N B3| SE A8 v oy B B AL St Rk Vv 2
i 7 45 1200 Mg 28 4 N o 0 s 00 7 T R T
tk PSM-1; Nath £ A - p 4388 1 1 15 25
1 (AF014929).

K EBHA 1812/, b b 10%,
F0 43R TS e Vs Wt 1 7 ) kA 0 R B A e
BT TSR A i T EE, RS EBER
TFJ T R fe Wi e g 6 T e vl 1 A, o, ek
%75 25 1 (Penicillium oxalicum) QL15015% 41
1% £} 1 (Rhodotorula sp.) PSA™Y | A% TRC3
FIPE A W IR 14 (Talaromyces verruculosus) P10M3144:
(L7 RN AP WIS

4RIk, B IS T R
R TV B E Y S LA ek T R T . K
SRR, VA A A S A
e B 28 I S RN A A P 4 e b A )
WA RER DL AR Y A K R S 1
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PR RS R E R, TR Y RO
PINERHE R IR XE 0 el DB IE B AR AR
PRI B R NI, R AR P i L
WBEFE AR P, I3 T e B o A i wfe
R SURER PR R P R T R RR
ABIFE & TR 2L i £ Y R RO R LA, TR
HIR W R RE ST | AR AR RCR B LU T
FE, NIF A R A AR A e AR A B U

L AR
11 #K

111 BHORIE: RAWSSH It B Rk
FH 4 1) H SEAR B - 3R i 3 150 4>, 2k 3k A
Jemtii AR+ s RLRER R L LRUK
FE AN LAV IR £ . HIEFRALRIR I3 1,
1.1.2 ¥EFREE: (1) WG 5555 TS
FeH, PDA BiFR3E, AR R AR SR ED
(2) Pikovskaya P R #5557 (g/L): % 10.0,
(NH,),SO, 0.5, EEHt:fh#E4 05, KCI 0.2,
FeSO, 7H,0 0.001, MnS0,-4H,0 0.001, Cag(PO,),
5.0, MgSO47H,0 0.1, pH 7.0, 115 °C, K[
30 min“Y, (3) PDY K5FidE. +75 2009 5 1L 7%
TRKIRA E W 20 min o238, JEWAKELL, N
AFERE 10 9. BEERRY 190 (4) PDYA 5555E: PDY
TnEfg 18 g/L. (5) MEhEEFE3L. PDYA fil NaCl.
Sy Ll NaCl 54 0. 5.0%. 7.5%. 10.0%f!

12.5%I0 B 75

1.1.3 HHABEIE . (1) /Hraliihik = 45[Cag(PO,),
(P,Os 45.78%)] . 41 #r 4l B 2 45 [AIPOs (P2Os
58.18%)], I TR HBHZE IR 2wl o (2) Bl -
SN T BH#E ™ #3 (Kaiyang rock phosphate, Kaiyang
RP, P,0s 33.87%). VL4585 (Jinping rock
phosphate, JPRP, P,Os 34.37%). =R T Wi 8
(Jinning rock phosphate, JNRP, P,Os 33.79%) .
AL HLILBE S K (Fanshan rock phosphate, FSRP,
P,Os 33.91%) #l = 7 [ FH B ¥} (Kunyang rock
phosphate, Kunyang RP, P,Os 34.13%), Wif 41
Bkt 100 H (149 pm)fii . (3) HLEHHE Lb kil
TE W R W R, SRR L R A R
i, Kaiyang RP, JPRP. JNRP. FSRP fil Kunyang
RP AT &4 & 2 (P20s) 73 3114 0.37%.0.31%.0.29% .
0.38%7I1 0.34%,

1.1.4 ¥ &R BE FH (Liquid chromatograph-mass
spectrometer, LC-MS)ifil: (1) A HLBRFRIHEN .
9 R (DL-Tartaric acid) . 2 (Oxalic acid) . #7
IR (Citric acid) . YRR (DL-Malic acid). LR
(L(+)-Lactic acid) . 31/ (Succinic acid)FI4E i 2%
iz (Fumaric acid), 114 F #&[% Dr. Ehrenstorfer 23wl .
(2 MR bR E KR (Auxin), KR
(Zeatin), W9 T#%[= Dr. Ehrenstorfer /A ). g —
KPR RBERR O R, R . TN R N H
(Methyl alcohol) ka4t (32 & Tedia A wl). L5
FHAK B4 (HLBH 2 18.20 MQ-cm).,

F 1 B

Tablel. The physico-chemical properties of test soils

Code Soil types Organic Total N/ Tota P/ Total K/ Available nutrients/(mg/kg)
matter/(g/kg) (9/kg) (9/kg) (9/kg) P K

1 Paddy soils 17.46 1.55 0.63 21.28 5.58 185.99

2 Viscous fluvo-aquic soils 10.96 1.03 0.44 13.84 6.01 219.81

3 Salinized fluvo-aquic soils  21.61 0.43 0.76 22.17 5.94 318.43

4 Calcareous fluvo-aqui soils  31.22 1.03 0.82 19.74 8.26 129.63
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1.1.5 Hoagland % 3F ¥ BZ & (mol/L) : K,SO,
8x10™*, MgSO, 6.5x10*, KCl 1x10™*, Ca(NO,),
2x1072, CuSO, 1x10”, MnSO, 1x10°, EDTA-Fe
1x107, HsBO; 1x10°°, ZnSO, 1x10°°, (NH4)sM 0,0,
5x10°, il 0.01 mol/L NaOH ## 1 0.01 mol/L
HNO, 7 77 pH % 5.8,
1.1.6 HLEMR: H 4% (Aspergillus japonicus)
FAR M1 AR LRk R ilhE (Aspergillus
niger) & & DSM 821(ATCC 9142), I A 7% [+
Leibniz W55 T DSMZ A W) R At s 55 o
(PR E AR MEHG 7). SR HHESE I DSM 821 1 Xt HE TRk
117 FEEGRFNLE: AL DNA FRBGLH)
& Taq BEF ANTP I [ RARAALRHE A FRA R
IR ITSLFNTSA AR T AW TR (i) IRy A
PR F) G B A A [ 7= 4 B sl 5 ] 24 4R
A2t A IR W . 555746 DHP-9162 AU
H g —ERARAFR; PCR 1L GeneAmp
PCR System 9700; = 5.0: 4L} Heraeus 23w (1)
Sorvall Biofuge Stratos; Jt:2% it f# %5 &y OLYMPUS
BH-2; A4l 7 B4 FEI-QUANTA200; %
SN SO EEACN RERHA PR A W] UV-7501, =
AR PURR AT BB AR GE [ Agilent): 4L
Agilent LC 1290 Infinity2, Agilent QQQ 6470; L.
fE¥k . Agilent Masshunter
1.2 HBEERI B E

SR PR BE R RRTRARAS R 5N RS B -3 T
W PRI L g PR9ET 4 °C vk HTEE +3%, FH 0.85%
KWL ICK + R RS 10°-10° £%, 4
IR 0.1 mL 3R A T IO IR PR
b, BN IR IR A 3R, BT
FRAfh 28 °C BIE IR, MEERIABERE R Rk,
FeAEE) PDA AR SRR B, 4ifb /54 A PDA
AR

FAH LB AR T AT S A R 2 B 2 Dl
DT, FELBEN: BEOSRTRRA 2.5%)%
HE R, 0.1 mol/L Y PBS 28 MWRIEYE 3 1k, FHK
14 min; MU N 50%. 70%. 80%7i1 90%i1
CTERENGK 14 min, FM 100%0H9 SEEK 31K,
R 14 ming S5a FUBCT B S =101 Al T iss
PE LR, BRK 14 min, BSR4 4k
B, [ THARR EE T FEI-QUANTA200 A4
HLBE NSR
1.3 AR A BEIR IR SRS

# 100 mL & 5 g/L MEV B 1) Pikovskaya 1% 57
RN =S, MEVS BEBEIE 23 0 o B R =5 |
WEfR4s . JFBH#EH Hy (Kaiyang RP). 8 5t W ks
(PRP). HF T ¥ (INRP) . #LILIEEH ¥ (FSRP)FI
ELPH#EH Ky (Kunyang RP), T 121 °C, 1.01x10° Pa
B KB 30 min, AP 1 mL IEBE R T U
Frgpdkrh, A M . (1) XFRE(CK): A%
Wi (2) BHiEH DSM 821. 5 —xtid; (3) H
AR M1, B 3RELE ., BT 28°C,
160 r/min £ KRGS, 7090 T 3.6, 9 d BUE 5 mL,
12000 r/min, 4 °C #.[> 5 min, B3 e A
R B i
14 HHAFEMRTERERR =55 . BERRSEFBED B il
BRI pH E2 4L

RIS E A 1.2.2 58, 20l e fe e —
5 WEERER AN 5 AhBEA K TR A Ak M1.DSM 821
AR pH (E AR AL .

1.5 ARk E

FHTC T HAN R AR 224 PDY H55 0k
BRI/ INBR RS A AT R 3 75 Fe b e,
F 28 °CfHRIEFRAF, M 3d FFIAEE H SR
BRI 22 7N [R] i NaCl 19 PDYA P f AR KR
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1.6 TEBERETAH &

BETHRET 5 L =Mk, 121 °C.
1.01x10%Pa, 55 K 30 min, fHfiAEwiFtk M1,
DSM 821 433k T PDY ik B 3kd, 28°C,
170 r/min $ERKGSR, B H I PG, YRk
JE k%) 10° CFU/mL B, s bk 5 K B HORTR A1
57, BRI 0 TR B A T A — Rl RPHL BT 28 °C
g%, R0k 5%10° CFUMg 7, T 2R .
1.7 WREBALC-MOWIE HAMER M1 ¥
TR A LR

7£ 200 mL =fAifirh%E A 100 mL % Pikovskaya

WARKEFREL , BRI B A BERR =45 . BEIRER FIJT
PR K3 —Fh . KRS HeFP 1 mL 10° CFU ¥ B
B M1 AT B, 28 °C. 170 r/min & IR % 55
3% 6 d. KM 12000 r/min 2.0 2 min B E T,
T 2 3 0.05% A 5L s LA il f3 A= 90  sh 5t 5 11
A PR o K TRIRGAT /KA 0.22 um RS E AL
M
1.7.1 AHLERARMERRECH] . 23 kS 0 R IO A1 7R
(Tartaric acid). Hi2(Oxalic acid). >FHR(Malic
acid). FrE 2 (Citric acid). FLER(Lactic acid), #E
22  (Fumaric acid)FI3E¥1%2 (Succinic acid) 7 F#
A HLRR bR UE S CRE B 2 0.0001 g), FHILSIHT A IR
R, FHFLAR 0.22 pum IMFLIERS T g, E5
T 50 mL A, BO BT AR A S 100 mo/L 1Y
il #5 W, 4°C .
1.7.2 ArAERRLRA ] . ML SR B S BR A v 5
MR RS, KRR . AR . R . LR
MR . MEHIRIR . BRHIMRHLIR 25:50: 50
5.0:5.0:0.5: 15.0 iy L FIBCHEAR , 28 200 Bl
5. 10, 20 f55r 50k a. b, c Ml d FBIbRIER
BRRCELA o Horh a IR HERS IR Y ik 2 R 56.0.,
120.0, 140.0, 103.0. 150.0. 10.8. 300.0 mg/L .

actamicro@im.ac.cn

(1) =RCEARSAE: s A Bl RSHERR
i KH,PO, (f5#f 22 0.0001 g), FH i 4li /K 7 fid i il
WeEE A 0.01 mol/L, AT i HaPO, 17 pH £
2.73, ZKZFLIEH 0.22 um FTFLIEIE g, AR
AR, 3k B Sl 0.1% N R/K - FIEE=80 : 20,
g R a . Bty ZORBAX SB Cig
(5 um, 250 mmx4.6 mmy), i N 0.5 mL/min,
Wik 25°C, JEFER 10 uL, 24 7RF(E] 10 min,

(2 Fuigs&iE: fmEFaa, SM e, TS
JRLE 300 °C, $IE 250 °C, B4 HIE 3500V,
5 H i 500 V o
1.8 WBRBA(LC-MOWE HA MR M1 5
TR ER

RIGBTHR] 1.2.6 7. MY SRR
il s 0 BIPRE Al AR IR K2R (Auxin) Fl R K R (Zeatin)
Frufedh CRE 6 22 0.0001 g), VARG RR, FHfLIZ
0.22 pm MFLIERELIE, 2T 50 mL 25,
Bl TV 3l 100 mo/L HIBE 4G, 4 °C A0

(1) RBGRAAE: WshAH R 5 mmol H iR
K : HEE=70: 30, fi%H: 4 Eclipse XDB Cig
(3.5 um, 2.1 mmx150 mm), ¥iiE K 0.3 mL/min,
FEIR M 25°C, HEFER 10 L, 1 7HFE 6 min,

(2) Fuigscfr: [EEFHEM, MRM &, T
PRSI 300 °C, R 250 °C, BANEHIE
3500V, MWEHEHL R 500V,

1.9 A[FEIZEE 138 5U oo vk PL R 2k

FKRFIT 0.4%M U BREN R KA, K7
TRRZK B 4 R B 22U AR, P 55 °C K 2R 1R/K
B, 7E 30 °C IR RS ¥R A KL
A AEZE . Il A YR 4(18 cmx 15 cmx 15 cm),
T 4% 13 750 go WAL IE (1) XTHR(CK).
AW, M MEERE; (2) WAWEE DSM 821, %
W, M AIXEA R () AR M1. HEWE, it
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Viwh o B 3 Fl, 4352 Cag(POs)2. AIPO,
FIFBHBED B (KYRP), R BEIE A E N 1.0 g/kg
3. WA AE R 5 okg T, FAS R
G5 KSR A IR S, KL
(). #HEE2) . S Q@A KM L 4), W
INXEZS BERERR — 55 . BERRED AT PRI M (KYRP),
Iy BIEA VSRR M1, DSM 821, DIASHEE xR
CK. B/ FE 4k, it 144 . EFME
(2014 4 3 A 28 HAME, 5 H 4 HUGGK, dbr
K- 28 °C, 1XI[E]°F-3 18 °C), HFAHEM 2 Kik
R E R, ARG 10 d BEERYE TR
100 mL/%E o SRAE FORARFR - 38RE S AISOIR £ KA
PR, MPEAAREEEE . TEM ARG E, K
Al AR L 958,
110 R R/ DX

20144 5 At at i G0 A& T HA/NMX G
5%, HERA R M1, DSM 821 Fl1 ATCC20851 Xt
HEBRRR, /NXREHLE AT 10 mx4 m, FEHRI5>
1.8 mx0.8 m f/NX., B/ INXFEFPR 7] 300 g,
AREEA . (1) XTHR(CK). ANZREBEET; (2) $HFh
ATCC20851 1711 : (3) A DSM 821 I a7l ;
(4) HeFh M3 R (5) b ML IEBERN .

AP AW, IR SRR 16 om BHERE G
A7 )5 B578(200 cmx20 cmx20 cm), FASZERMEAE A=
16 #1, 155d Wik Ml fEAEAdpREE AN T . fEA:
REEEREANTE, B/ DX RIT S R,
WSOAR ISR A A R AR AR R 3 -3 Rl 5
111 BARGEHAE

KM SAS 9.2 SRl B dE AT G b
(SASIngtitute Inc., Cary, NC, USA),

FIF SPSS 19.0 #if i — R MR (Generdl
Lineral Modé for Univariate, GLM-Univariate)i/f 172
RITZIMHT .

2 HERFpAH

21 BHERENTEE. X%

AT H SE A PR 3R Sl 2L sy 25 5] 5 B ik
F, HAPEE ML ECHUBER R FAE K BT
(& 1-A), 5d REBH 9 om 5357 LN A TCHLBE 23
Ve, DR DA ELA BRI IR R RE T, B
B MLAE AR R B bk . Bk M1 7€ PDA
Rigidtrp 28 °C B5 (& 1-B), WyEAKME,
2, 2 die kRS ER T, 5 diEaE

B 1 BAR#EE MILEEHIE
Figure 1. Characteristics of Aspergillus japonicusisolate M1. A: colony grew of strain M1 on PDA medium; B: a
phosphate solubilization clear halo of isolate M1 on PVK plate; C: observed the hyphae and conidial heads of
isolate M1 under Scanning Electron Microscope.
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2 Ho %, BiaEE e, G0ES
R, JCHR AR, W R e, AR
ZH MR M1 IR F A HIEDE (K 1-C), EA29 5 um,
A R AR 7 R B v, T 22 TR T
HIFIITS rDNA %551 P13t mbk 4T PCR 47
#4755 538 bp 1 H ) DNA F Bk, #2525 GenBank
(& 55 MF073328) . | il BLAST ¥f45 GenBank
B AR PRI g, 25 R B RERE M1 5 H
2 1t 75 (Aspergil lus japoni cus) 1 [&) 5 1 15 3] 99%.,
FI ] MEGA 6.0 ) Neighbor-Joining %k {447 2 55
EBEWIHEE 2), Hik M1 5 Aspergillus
japonicus 4bF AW & & HLAL, VLB M1 5
Aspergillus japonicus7E ITS rDNA J¥41] b HA7 & i
PRI, B S — R R p S 20t i S i e E
BT i, B TS P9 % E 4,
R—F, WML HAHE
2.2 HBEREIMR M1 KIEBRECRITS
221 UEBEEMRNA FIMEE BRI HMERRCR
FEAD T W R R A T Wl ] 0 TR R (1 3, 1 4)
DIBERR — 45 R Wl (R b R, 422 s ol R R
SR 3 d, FHE ML AR T AETCE SO SR

579.37 mg/L, DSM 821 i kkAb B WA R %
o 34175 mg/L ; FEMHPAEFI AL 6 d, Eik M1
RO A R 5 3] 1020.89 mg/L, DSM 821
Ab PR B SR A SO ik B 696.18 mo/L,
3dHH LA FIHE fin 441.49 mg/L F1 354.43 mg/L, CK
b PRA S iUl 24.05 mg/L s RS R 9 A,
FERP IR M1 Y b JA 25015 51 980.89 mg/L, [t
DSM 821 45 &k i 38 il 294.16 mg/L , R — 51
VRN 60.82%, TPk DSM 821 X HERRES VAR
1 42.58%. VABERREE MwE AR i,
AR MREGFE 3 d I, TPk M1 [k DSM 821 14
ARSI 106.15 mo/L ;. HERMRMIRIIE SR 6 d T,
AR M1 ZEFRAIOR S ik 3] 995.69 mg/L
(kb 3 d 34 633.13 mg/L), DSM 821 kb3 it 47 %L
W A% 772.86 mg/L (1 3 d #4111 516.45 mg/L),
CK AR /A 21.28 mg/L ;. FEHFEA AL 9 d
IF, TR M1 AR5 ik F) 976.49 mg/L, LR
DSM82 A & il 260.59 mg/L , M1 X FRER Y
VRN 47.65%, Btk DSM 821 X lR%ER v i
KN 34.93%. AT L RR ML XHRERR =505 FIRERR AR 1
VfRRE IR TRk DSM 821, W B & m T,

Aspergillus aculeatinus strain NZD-mf8 (KM278127.1)

37
41 _|: Aspergillus aculeatus strain NZD-mf13 (KM278123.1)

Aspergillus aculeatus isolate LS20 (KM520043.1)
Aspergillus aculeatinus strain WGS11798 (X406504.1)
M1 (MF073328)

98 Aspergillus japonicus strain VIT-SB1(KC128815.1)
91 { Aspergillus japonicus strain NRRL 35494 (EU021605.1)
48 Aspergillus uvarum strain A-3297 (1Q316520.1)

2. HEH¥EM1ETF ITSIDNA FIIRIRMHMENREL B
Figure 2. Phylogenetic tree of M1 and reference Aspergillus species. Evolutionary distances showed in the figure
1 were calculated by MEGA 6.0; Bootstrap=1000. Bar, 0.05 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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14007 o = DSMS21 = M
1200}

1000+
800+
S 600F
400+
200+
0

r/d

E 3. E# M17F1 DSM 821 Xf Cag(PO,), BIiRHRE
Figure 3. Soluble phosphorus content in Cag(PO,),
broth medium by strain M1 and DSM 821.

Available phosphate
content/(mg/L)

1200 ocCK = DSM821

1000 +
200+
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t/d

& 4. HF# M170 DSM 821 3t AIPO, BIAfRE
Figure 4. The soluble phosphorus content in AIPO,
by strain M1 and DSM 821.
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222 VEBEREBRN N FIBED B AR RRCR : Wik
PERRG TR T, LAARIE 5 o by ki, 42
FIAEPE M1 5TEkk DSM 821, 4RI, 2 bk
BRI BERE ) B2 TR, Rk M1 i
Bk 25 KT itk DSM 821 (% 2), ¥R 5 6d
BF, B ML XTFBH . B BRI T 00k rh s i
4y ik 3] 236.98, 220.33. 363.64 mg/L, X}
W3 948/ 233.57, 216.37. 359.59 mg/L, %5
LB B h i B i S X IR AT 22 55 I
Pk DSM 821 XA by i 1 W e 1 W A% T P Ak
M1, HXFHREEA 113.94-359.59 mg/L, i DSM

R 2. BRI AERIREET M EIERRE (6 d)
Table 2. Soluble P content released from RP by fungi
in6d.

Soluble phosphate content/(mg/L)

Srains “ayang  JPRP FSRP Kunyang  JNRP
RP RP
CK 3.51c 339b 4.05b 3.86¢ 4.05c¢
DSM 117.45b 18.62a 20.12a 206.33b 281.64b
821
M1 236.98a 592b 478b 220.33a 363.64a
Signif  0.05 0.05 005 0.05 0.05

(P)
The letters indicate the significant difference at 5% level.

821 X or ALLLIBAR # A Wl et 43 1) A 18.62 mg/L
H120.12 mg/L, Hext R34 15.24 mg/L #116.07 mg/L,
ZIRF R EKY. SEtk DSM 821 MLk, itk
M1 2 Rl T BH 8% 7 by Ab 3 A %5 A A% 3G
119.53 mg/L, HzFh B BHBEB oAb R A9 A 24
BT 14 mg/L, FERNE T WSR3 VA RO
Hhnezmg/L. ML, Fk MLXFTIFRH . B
T B R R HERE T = TR RETA PR DSM 821,
ZEEPRA, WRE M1 7EBEER =45 . BERRGT
PR H . EEPHEED B . B TR VA R AR )
KT Wtk DSM 821; XIBEMR —#5 M fERE I KT
BRERR ER R 4%} o
2.3 BEREMXTYEEBHE IR pH ERIR A
231 TCHUERBRRASE RS pH Bk 16
G pH (E R 7.0 MBEER =55 FIBERR 408 35 FR i
(% 5), itk M1, DSM 821 5 CK #It, ¥ pH
EW] TR H 25 5 3 . BRIR —Ah 3R lh, W
Bk M1 85 5R 7 d RHA W pH (= R ARy 3.36, [
IR ATtk DSM 821, 2=Fik i E /K. BEfR4R
B, Wtk MLEFR 7 d RHATR pH (M 25
ik 2.98, FEME/NTHitk DSM 821, 2R3 A 3,
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(A) 8¢ ——CK =Ml -« DSM 821
Tr &=—3% % & 3

pH
[==T N S B S R S ¥ )

t/d

E

pH
S = W RN

—+—CK —=-M1 ——DSM 821

-

F— ¥ ¥ -

14

7
t/d

5. Pikovskaya 1EFFi#[MEAMS A A Cag(PO.,).
(A). AIPO,4(B)#E#EH M1 /5 pH ERZEL

Figure 5. pH vaue change in Cag(PO,)2 (A) and AIPO,
(B) mediated PVK broth inoculated with isolate M 1.

2.3.2 WEBEAMRNBET MWASESRE pH HRR
MR R M1 Al DSM 821 F2F 43 %l i 5 Fil
PR Ry AR ARG TR kb, 2R R, P At
PR pH (34 H CK 3 NI (3R 3). Witk M1
FETFBABED R b pH (T B 25K (3.97), Ftk
DSM 821 7E ¥ 7" W k3 pH (%K (4.18). Ktk
ML {15 5 FhBEEH 1R pH (54K T I #& DSM
821, ERWE,
2.4 BEREREBRIn Eh M AR 0 I E

VW TR AR M1, DSM 821 43 Rl AT £h 1% 55
i 4), 5 CK (NaCl &ah O, AEEL &&=
i B R IR FE bk DSM 821 By A= Kz il
MR ML ARG S CK A AR 28R 5 i

actamicro@im.ac.cn

7.5%IM, TRk DSM 821 i A KK g i, TRk
M1 (I HIFE R T DSM 821; 7Eih &N 10%
B, TRk DSM 821 Tk K, TRk M1 g™ A .
UL, FEBEECDE ML TSR ARE B, B
it 5% 10%F4 Eh e B .
2.5 N[RIXERS BRI B BR R

AR M1 A B S BEIR =45 . BERR BT
FHE6 ¥y 1Y Pikovskaya i F2 1, #IH LC-MS
I 5 VR P A HLIR RS Rk B (1] 6) o 45 SR i
PRARTEA RIME BE IS SR, 77 AR A HLBR 1A 2
R, EWREA 225, Wk M1 76 3 RixEA RN
ERFRWOT, DA IR R AR £, YO
TR . FLRRFIBEIIRR , SO W A PR FIAE SRR
AR M1 TERRIMEAREE 5 4T, MANLIR Y
Wit Cag(POL)>AIPOSHEER 5, 435k 1161.63.
984.10., 940.77 mg/L,

% 3. BEMIBBEE 6d FIEFIAN pH A&
Table 3. pH value of RP-containing liquid medium
with fungi after 6 d incubation

Insoluble rock phosphate

Strains -

Kayang RP JPRP FSRP KunyangRP JINRP
CK 7.69a 784a 785a 79la 6.94a
M1 397c 403c 417c 4.34c 399¢c
DSM 821 4.21b 438b 4.32b 454b 418b

The letters indicate the significant difference at 5% level.

x4 BWE M1, DSM 821 ## A PDYA Mighigs&
AR (5 d)
Table 4. Isolate M1 and DSM 821 growth on NaCl
containing PDYA plateat 5d

NaCl content/%

Strains

0 5.0 7.5 10.0 12.5
M1 +++ +++ ++ + -
DSM 821  +++ ++ + - -

—, +, ++, +++ represent no colony, colonies inhibited severely,
colonies inhibited slightly, colonies thriving, respectively.
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900
oCa,(PO,), s AIPO, mKaivang rock phosphate
800+
- 700+ {
%“ 600+
=2 5000
2
o 400+
g
20 300
o
200¢
o [T
O'D "D I‘D "C.u “0 ] o
S > » T X & >
o > N > & o S
&‘SC\ rbc\b O+‘bo\b' é\ ‘bs‘\b C/ ‘bc}b \"b "bc’@(c\ﬁ'@%@\b%\}&%@\b

6. Cag(POs)2 AIPO,. FFPREAT #IXAMERE M1
FEEAHER(6 d)RIFZ M

Figure 6. Effects of organic acids produced by isolate
M1 inin different phosphate sources (6 d).

2.6 RIFRIXEEBEXT A BERE I Y BR N
AR M1 FEA GBI S BEIR =45 . BERR R AT
FHmEW 5 1Y Pikovskaya 3535 4, FIH LC-MS i
MER AR E B K FE (R 5). 45REH,
B ML fEARRIMERE B I AE KRR S 22
F, MAWFEKRRTRIHEZR . Wk M1 £
KR W Cag(PO,)> Wi B >AIPO,, 7351 h
7758, 3229, 1845 mg/L; W LKk E S EHT
¥y>Cag(PO,),>AlPO,, 4344 0.11, 0.07. 0.06 mg/L .

& 5. Cag(POy,),. AIPO, FNFFFHERH M X IAME R M1

FEETEYHER (6 d)RI ST

Table5. Effects of phytohormone produced by isolate

M1 in different phosphate sources (6 d)
c(phytohormone)/(mg/L)

Treatment

Auxin Zeatin
Caz(PO,)» 77.58 a 0.07 a
AlIPO, 18.45b 0.06 a
KYRP 32.29b 0.11la
Signif (P) 0.05 0.05

The letters indicate the significant difference at 5% level.

2.7 WEBEEE SXERPE AR LSRR
271 VEBETAARN EOR AR LM B A R
RO LR M1 A DSM 821 BH @ 48 5+ 3
AR R, 5 CK ML, 225k B K
(% 6). W M1o3nildRh T 4 Fh 1, 45K,
AT ARh - 3ERA RS 5 = T A DSM821,
1M 77 DSM821 A A4l & it v T4 IR, LA - 45 Rh
KR FEBRE, WA R R A R B 5 AL 34
TR Yy, AR R, 4 FhEEERDL 1
SRR LA RS s, FH0h 33.08 mg/kg,
FHETER ] M1 Fl DSM821 1E /KA 1 1% b xi s
BEAIRE S BcR ;4 S KM b oA RO i
%, b 31.40 mg/kg, UiBARE ] M1 fil DSM821 7
AR BEROR I 2%, R M1 il DSM821
FETKRE b P s e MV W Y BB T i T LA 3 -4
PER R RIS (CK)BFE R, a7 M1 +
A RO & i i (33.22 molkg), CK 384 %5t
T f(9.59 mg/kg), FEFPTE T M1 L X BN
23.61 mg/kg; FEFNEETT DSM 821 - HEA7 o 5 i
“h 30.91 mg/kg, HCXTHRMEHN 21.32 mg/kg., AN [
DRACFRT , DAL BR A IR ) - A o 5 i
i, 3231 mglkg; LAFF FHBES B R B G 1 18
AR o Bk, O 31.58 mglkg, FEMREF M1
1 DSM821 7t - S rh G LB RR 4R 1V RE 1 o, L
THER —F5 B

A Fh 3 2 FhEEFIAN 3 Rl BEIRIL 36 4
AbFRH,  DABSRR R A BRI KRS 4R TR M1 1Y
AbBR, AR o R (37.13 mg/kg), 5 CK
DSM 821 tHLt2E 5 3, [t CK 34/ 27.56 mg/kg,
WKk 287.98%; A= W LA FEEED#5 hik
PRI CKAL ) -3 A Rt 5 AR, 1 8.92 mg/kg,
R AR ST, LA Sk
Wk TS AL RE 1S o
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*6. EXRZRRBPTREAEYHEE
Table6. Soil available Pinfluenced by soil, insoluble P and fungi in corn pot experiment

Soil No. Strains Treatment Available phosphorus/(mg/kg) Mean/(mg/kg)  Increase rate/%
1 M1 Cag(POy)> 324049 33.73 298.52
AIPO, 37.13a 287.98
KYRP 31.66i 27291
DSM 821 Cag(POy)2 31.77 hi 32.45 290.77
AIPO, 35.74c 273.46
KYRP 29.83n 251.35
CK Cag(PO,), 8.13w 8.73 -
AIPO, 9.57s -
KYRP 8.49v -
2 M1 Cag(POy)> 36.42b 34.49 243.58
AIPO, 35.03d 229.85
KYRP 32.02h 258.97
DSM 821 Cag(POy)2 31.75i 29.94 199.53
AlIPO, 27.81p 161.86
KYRP 30.25m 239.13
CK Cag(POy)> 10.60 q 10.05 -
AIPO, 10.62 q -
KYRP 8.92u -
3 M1 Cag(POy)> 31.35] 3251 235.29
AIPO, 32.87f 223.84
KYRP 3331le 228.50
DSM 821 Cag(PO,), 30.531 30.60 226.52
AlIPO, 29.42 0 189.85
KYRP 31.84 hi 214.00
CK Cag(POy)> 9.35st 9.88 -
AIPO, 10.15r -
KYRP 10.14r -
4 M1 Cag(POy)2 33.01f 32.17 260.77
AIPO, 31.02k 232.12
KYRP 324749 204.60
DSM 821 Cag(PO,), 31.32] 30.66 242.30
AIPO, 29420 214.99
KYRP 31.23 jk 192.96
CK Cag(POy)> 9.15tu 9.72 -
AIPO, 9.34 st -
KYRP 10.66 q -

The letters indicate the significant difference at 5% level.

X K AR I o A R T 2
WZ T 2200 W, SORFBWIRDERbR . TR |
MEE B XL HAR N, 2R RE . gt h T
fii Eta 7 (Partial Eta Squared, #?){fiZ25 3300
R VA PN N o S B S & S R (S E PO
S A8 RSOV B R /N IR O T T

actamicro@im.ac.cn

(7°=0.966)> 1 7 i (17=0.880) > ¥4 i 1 371 > X 7
(1°=0.825) > Bl 1 1) x - HE ot 45 9 (4°=0.712)> +-
198 (17%=0.485)> - 58 x M 73 (17%=0.357) >4 Bl 14 7]
+4E(7*=0.353), VABETN . MEVABESL R KT
AR {E S 0.966. 0.880 1 0.825, + 42k
TR PR ZABONAR Y A 0.485, [RIIL, W mEE . A
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Ves I S HL S8 A PR R R i A A S O e
PR,

Zi FULEH, BRI M1 ECES ) DSM 821 X
A R R A B AL, W M1 5k
FE @R AE, 79 DSM 821 5 25 4 & It

PR 2E, W M1 5 4 380058 B k2 TR
7 DSM 821, HAG N W T7 .

2.7.2 BBEEMY ERZRAMERPRERR: X
FORAEY) A 5 LA AE S AR R, R
B M1 il DSM 821 figd i oK AEW) (3% 7). A

F 7. BRWEN. ERABAMLTIELXNRNERENENZMN
Table 7. Effect of P-solubilizing fungi, insoluble phosphate and soil types on corn biomass

Soil No. Strains Treatment Shoot fresh weight/g  Increaserate/%  Shoot dry weight/g Increase rate/%
1 M1 Cag(POy)2 35.17a 90.91 6.27 a 268.28
AlPO, 35.06 ab 90.27 6.10a 255.69
KYRP 29.93 bede 48.95 593a 232.82
DSM Cag(POy)> 29.72 cde 61.31 4.37 bc 156.83
821 AIPO, 31.15 abed 69.05 4.65b 170.85
KYRP 26.72 cdef 32.96 3.78c¢c 112.20
CK Cag(POy)2 18.42 hijk - 1.70 def -
AlPO, 18.43 hijk - 1.72 def -
KYRP 20.10 hij - 1.78 def -
2 M1 Cag(POy)> 31.26 abc 45.03 6.0la 214.66
AIPO, 31.12 abcd 44.44 594 a 205.13
KYRP 30.07 abcde 33.89 59la 207.55
DSM Cag(POy)2 26.11 defg 21.15 3.92bhc 105.24
821 AlIPO, 26.83 cdef 24.54 4.28 bc 119.77
KYRP 25.25 efg 12.42 359¢c 86.98
CK Cag(PO,)» 21.55 ghi - 191 de -
AlPO, 21.55 ghi - 1.95d -
KYRP 22.46 fgh - 1.92de -
3 M1 Cag(POy)> 16.67 ijklm 53.53 1.82 def 46.28
AIPO, 16.98ijkI 48.87 1.80 def 39.34
KYRP 15.62 jklmn 48.64 1.69 def 30.81
DSM Cag(POy)2 14.39 kimno 32.49 1.71 def 37.83
821 AlIPO, 11.94 Imno 4.67 1.45 def 12.40
KYRP 11.49 no 9.32 1.42 def 10.27
CK Cag(POy)> 10.86 no - 1.24 def -
AlPO, 11.40 no - 1.29 def -
KYRP 10.51 no - 1.29 def -
4 M1 Cag(POy)> 11.72 mno 21.68 1.29 def 27.16
AlIPO, 12.53 Imno 5.45 1.39 def 22.15
KYRP 10.85 no 2.14 1.31 def 26.88
DSM Cag(PO,)» 11.67 mno 21.13 1.29 def 27.16
821 AlIPO, 12.16 Imno 2.34 1.21 def 5.70
KYRP 10.74 no 111 1.13 ef 9.20
CK Cag(POy)> 9.630 - 1.01f -
AIPO, 11.88 Imno - 1.14 def -
KYRP 10.62 no - 1.03f -

The letters indicate the significant difference at 5% level.
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Fp 3, BEANER ML B R R R TR
) DSM 821, 4 Fili -3 rh 42 TR A FUAS [R] B AL
TN, 15K EREY RS, ffE, TH
4354 31.29 g Fl15.18 g, B 77 M1 F1 DSM 821
FEKFE b BRI IR AR RO BT 5 4 5 A KM
T FERAY AL, ffE. TESHN 1161 g
M 1.27 g, B FI M1 I DSM821 7547 JeE 1
M AR RORE S . HERI R (CK)AL LT
HREER ML R RAEY s, &5, TES
Wk 23.08 g 1 3.79 g; CK ALK F KA ¥yt i
ik, 5. TE4 500 15.619 F1 1.50 g,

KR A Fp (8 B AR — 5 10 R B R R 35 ML
AbFE, RERRTEMK SRR, S 268.28%; f1/K
YL+ Hr R ) DSM 821 LT FHBE A4 b i U5
FOAb R FERRSE EIROR RN, T 1.11%, $EA
B M1 5 DSM821 Atk , M1 [ ik + 5 Fnfef 5
FAEN ., FBER M1 7E 4 Fh L £ k2R
Yy e A ROR 4F TR DSM 821,

X AR FORAE YR T |, A5 AR R
B . ISR eI O SSHAER], 25580

EHEACE(E 7)o HSFORAEY R ROV : B
M (B #*=0952, T-HE #°=0.960) . Mk (ff
n=0.774. T 5%=0.922), i +IAsni (AR (e &
n?=0.110, T-F #*=0.078). I UL, WABEEN . MEARE
R A H AR KA PR e P R

ZEEFRM, A ML X KA R AR L
RO F R DSM821, T 1l M1 55 4 Ff - 48138 Fic
PR T HIF) DSM 821,

2.8 EBERERIN/NXIRER A6 A = B Y

FERN TR AR AR (AR KA W] AR AR OR it
IR A A AR 1 B R T LR B o 2
XFAE A 7 B AR AR AR O | K] M1>DSM
821>ATCC20851>CK (4] 8).

BB ML X FEA T8 S E e A1
A, 5 CK A, B ML AL kR .
TN 43.92%7F1 27.67%, 35 13.50 t/hm? Fil
6.69 tthm?; Jifi /i 7] ATCC20851, fitkffd , T
EL CK 23 5I3 40 13.96%711 16.60%, iA %] 10.69 t/hm?
1 6.11 t/hm?; %77 DSM 821 b Bk bk 8 . T
i H CK 4513 18.87% 71 14.31%, 1k 11.15 t/hm?

7. AHEMRN ERIEEBRMZRINLE (37 d)
Inoculated with soluble phosphate fungi for crop growth promotion in pot experiment (37 d). A: the
period of seeding emergence; B: jointing stage.

Figure 7.

actamicro@im.ac.cn
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160 O Fresh weight @ Dry weight

4t [
e
£
< 10f 1
=
S 8f
Z 6f
=
5 af
2,
O™"MI  DSM821 ATCC20851 CK

Microbial incculum

B8 AREEHRLETHEEEKRETE
Figure 8. The shoot fresh and dry weight of peanut
with different strains.

0.
Figure 9. Inoculated with soluble phosphate strains
for peanut growth promotion in field experiment.

BME R L EMIRERR

1 5.99 t/hm?, A8 AN [ £ 781 790 %o 46 2B A AR A4 2R
MERARTE, HH M1 5 ATCC 20851 A L, A fif
T 2.81t/hm?, TEHE 0.58 tthm?; Hi M1

557 DSM 821 ALk, AHPRIEEE . T H 401
i 2.35 t/hm? 1 0.70 t/hm?, Z& b3R8, BRINEH
ML X /INX IR AL AR AR W AR A BOR B g o
29 PRABHRERNSIEAE LR HER
BRI R

WA RN (3R 8), JliiniE7 5 CK AL,
AR ES TEEFDE, WA RLWRE
AR R ) M1>ATCC20851>DSM 821>CK ., %
A RS R KA T M, T CK AE4E
Wb dE | TER 1.39 tthm? Fl 0.81 t/hm?, ik
5.35 t/hm?® fil 3.65 t/hm?; B 71] ATCC20851 4b#i
ffeA: ot . T, o CK 345" 0.80 tthm? Al
0.50 t/hm?, ik 6.15 t/hm*#il 4.15 t/hm*, 5 M1
L7 ATCC20851 Ah ¥R (446 A SR A fif 8 | - Fi
Jin 9.59%71 7.47%.

TN N Be AR e R P A A Y i
(% 8), HxtHMIth 2R B X b S
HOZ IR HEA M1, 5 CK N 91.67%
ik 35.58 mg/kg; i DSM 821 5 CK H 1A %%
W& N 9.58 mg/kg, ik 28.14 mg/kg; il
ATCC 20851 5 CK [, 347 24 & =g fin 42.02%,
ik 26.36 mg/kg. PAFIAIEZ 8] - A RBE 25
W, HH M15 ATCC20851 #ikL, + 1A %0
TGN 34.98%, ZE BRI, B M1 FE/N X
B X A8 A 7 i DA SRR A A i O R AT

# 8 ARBEHEMNEETFEMTIREYHERMR
Table 8. Effects of P-solubilizing strains on peanut yield and soil available phosphorus

Fresh weight/ Dry weight/ Dry weight Soil available
Treatment i ° (t/f)llmz) ’ grgwth rgatd% phosphorus/(mgrkg) oS ratel%
K 5354 365¢C - 1856 d -
ATCC 20851 6.15b 415b 13.70 26.36 42,02
DSM 821 5.75¢ 4.05b 10.96 2814 ¢ 5156
M1 6.74a 4462 2219 35584 91.67

The lettersindicate the significant difference at 5% level.
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3 Wit

WA Y B Y A A . e
YEYIEE R PER, B i B AE YA 36108
89 Fl, LIRBLITITHERERHEY . BT, Wk
LT 0 410 T8 ) B i % 18T (Aspergillus) . %%
B (Penicillium) . K % 1 (trichoderma) . 8% 1 1
(Saccharomyces) . iE 7 % I (Eupenicillium) . &4k
P (Talaromyces) . # %5 & (Rhizopus) . #it /J
(Fusarium) . /) B % I (Sclerotium) A1 & #% &
(Verticillium) 55, Horp s S 43k 5 25 141 A0 il 25
W o BFFEN G E A 545 A [R) S 7 A 358 v 43 15
FIRE A EE, PTG SE EEHE HOE
0 2 PG R R A M 1% B P 21 3 AR Ay AR Ak 1 g e
FiveFI A E 01-12 F1 O1-401F | 71 B i s K 1l
KAy R R N Ak P i
FUMHI A P EAE S A 4 b 4y s 5 2
e P85, ENRE. PRI, gk, R
Rl AT K - e oy B B w2 i A Bl
A g 7 A O B i O A R R
ARG R B A TR | ORI B M1, 58
BN HAMEE, 124K W TN EhTh B HIE

Vo ol TR R R X Y Wl R EL A R e e R, (HRE
VSR BEIRF SR 2, BE B, N HTHT ST
HAM®ERE M1 TERIARRE R/ AT,
Xof Z2 M I AR AR I BRI R RE 1 . BLE R
IE AT AR IR SRR B kA Pe5 (A
niger)!™ . S36 (A. niger)* 11 FS1 (A. niger)*¥,
SRR INABERR =45 5 g/L, HiFRil iR
AV PERE &4 ) 706.85, 312, 537.5 mg/L.
AR MLZEMIA 5 o/l BEfR = ¥5 55370, ARk
FORUPE Y 1020.89 mg/L, 1EVAf#ERR =45 I %

actamicro@im.ac.cn

T LR wtk. DIMEMR RN, S804 8 kT
AR 6 (Vs A R TR R AR A 7 A 1
VR BRI SR LI IR W LA R A B 2 A,
Horp Btk B1-A (A nigen)! ) ik FSL (A. niger)!*
FIE#R 260 (A. niger) ™% BERR 47 5 AR fE A0
IR MR B R FE 4351y 942.3,713.0.,624.1 mg/L,
HALREV B RR AR A I & Bk, Al PR S R
£ 41100 mg/L 9 HAh A M1 X BERRAR YR
fift o4 995.69 mo/L, FRK ML XHIEER BRI 75 ik e
TMETHEME BL-A. FSL fl Z60. —fBmis, Wik
B IR AT v ki A R R B O B BE
28-266 mg/L1MH | BkR M1 16T TR Rl
R Al 363.64mg/L. WAL, HAR
e M1 XTBEH ifRe ) & = T RE28E
WB MR o AR, T RS An2®, BiE
An2 FEFRBEIR B (TR P T G 5 g/l B9 AER)
FIA 3R 1178 mg/L, = FHIRE M1, {HXTBERR
=S FOBEA K Vs g RE 0 W AR TR AR M1, An2
IR R i 0 1o 861 mg/L 1 89.5 mg/L; [F]
PRk M1 X NaCl 18 KT 32 120 10%, 1 B
An2 {LHEM 2 5%HY NaCl. i EhAE J1 80 1Y wi bk
P. oxalicum® , Saccharomyces*F1 Trichodermal®?
MEEFRWF NaCl B 0.4%-1.5%I0, FvEA K
W2 RS, Wik M1 RIS &
MM HERE ), T E AR ) B & T HArC A
FIR) T Tt o 2 T T

FATR IR AT H A EE M1 5 4 Fp iR
THEE AT TR, SR ER THA M1
W - SR Wl e AL A A AL R R 4 o - e
R ML K AR W die KO i 58k 268.28%,
MR TR ML R AR . KEHRGE BoR,
Vs ol il 2 TR E - B T R AR E VR B LA R AP R R
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B, REMEUHRERRAY A KB SR, EEEE Y
SR RIME B . 22 - S0 3 e (9 A 9% R DL 4
i o Yin ZE0E AR B0 - B A IR | SR
PR 7] P85 (A. niger), X HEHH L - 1A skl & ik kg
Tl 98.01% ., T KABFRA A A4 9.31%. Xiao %Y
R WHAKL (A, niger)Jfita in@ o F 11
b, 50 BRAH PO A R T SN 37.04%, /NAZAE
PR T EH4 N 36.8%. Mittal 25875 208 L e b s
BEIR = 8538 AR A R Ml VHL (A, awamori)+
VQ2 (A. awamori), A S SN 26%, M T
Ty FIAE AR S AE Y SN 61.11%, #ERRGH M1 T
AR A ML LI A RS
FEXN, BEINEE R KNy 287.98% (£ 7), FA1H
W R GEE M1 53 E R -+ AL A A= i
AR o s, K2 KA RS, B,
MLAE bk 27 43 P ER R % e 0% i L 1R A ob
WA BIXMERSBE, AR h Rl M1 R
PR AL T 8 AR

FURT, &I o8 i v it Fe— il ok 2
PRARTE A K B 7 AR I A DLIR, X8
HURRE A 0 B R JE S eV PR £ 1 45 . 2k
BB BESRETES, NS
JI AT VAR Vi L A A PR R S 8
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| solation, identification of a salt-tolerant, phosphate-solubilizing
and crop-growth promoting Aspergillus japonicus

Hongmei Jiang, Zhongwei Yin, Fachao Shi, Caiyue Liu, Bingquan Fan’
Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: [Objective] To isolate high effective phosphate-solubilizing microbial strains from growing sunflower in
saline-alkali soils for bio-fertilizer production. [Methods] Phosphate-solubilizing fungus M1 was isolated by
petri-dish methods and identified using ITS rDNA sequence homology analysis. The phosphate-solubilizing
capacity of M1 was measured by broth medium and soil pot experiment. The effect of isolate M1 on plant growth
promotion was studied in field experiment. Organic acids and phytohormone produced by isolate M 1 were analyzed
by means of LC-MS. [Results] Isolate M1 was identified as Aspergillus japonicus and had a strong ability to
dissolve insoluble phosphates. The rate of Cag(PO,), dissolved by M1 was 63.30% and the concentration of
available phosphorus was 1020.89 mg/L at 6 d shaking incubation. Soluble phosphorus in AIPO, liquid culture by
M1was lower than in Cag(PO,), added medium, the content concentration of available phosphorus was 995.69 mg/L
and the solubilized rate of AlIPO,was 48.59%.The greatest concentration of available phosphorus dissolved by
isolate M1 from Jinning rock phosphate was 363.64 mg/L after 6 d shaking incubation. Isolate M1 combining salt
resistance properties as well, the greatest content of NaCl was 10%. In greenhouse pot experiment, isolate M1 had a
significant growth-promoting effect on corn in four kinds of soils (paddy soil, viscous fluvo-aquic soil, salinized
fluvo-agquic soil and calcareous fluvo-aqui soil) under three kinds of insoluble phosphates treatment such as
Cas(POy),, AIPO4 and Kaiyang rock phosphate with 4 replicates per treatment. Compared with control (CK),
inoculation with M1 increased the fresh weight of corn biomass by 2.14%—-90.91% and dry weight of corn biomass
by 22.15%—-268.28%, and soil available phosphorus content increased 21.81-24.24 mg/kg. The adaptability of
isolate M1 with four kinds of soils is greater than strain DSM 821. Field experiment showed that isolate M1 had a
greater effect on enhancement of peanut yield, the yield was average 4.46 t/hm® and increased 22.19% being greater
over control. 7 organic acids and 2 phytohormones were analyzed in liquid culture of Cag(PO,),, AlPO, and
Kaiyang rock phosphate. Out of seven acids, significant increases in the concentration of oxalic acid (616.16 mg/L)
and citric acid (413.69 mg/L) were recorded in 3 liquid cultures by isolate M1, respectively. The concentration of
indole acetic acid (IAA) was 15.45-77.58 mg/L, zeatin was 0.06-0.11 mg/L. [Conclusion] One new phosphate-
solubilizing isolate M1 was obtained and identified as Aspergillus japonicus. Isolate M1 could solubilize insoluble
phosphates in petri dishes, broth medium as well as pot experiments and increased soil available phosphate and
corn biomass significantly in pot condition. So Aspergillus japonicus M1 strain have a better potential for
bio-fertilizer production in the future.

Keywords: Aspergillus japonicus, phosphate solubilization, plant growth promotion effect, organic acid,
phytohormone
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