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Isolation of Penicillium oxalicum and Its Effect on Solubilization of

Ins oluble PhosPhate under Different Conditions

FAN Bing-quan, JIN Jryun, GE Cheng
( Soil and Fertilizer Institute , Chinese Acade myof Agricultural Sciences , Bei]‘ing 100081)

Abstract: Two Penicillium oxalicum strains P8 and Pnl were isolated in Calcareous soils and their effects
on solubilization of insoluble phosphate were tested under different conditions . In plate assay , P8 and Pnl strains
showed higher solubilizing capacity to Ca;( POys), ,Cag Hy( PO,) 5H, O,CaHP O, ,FeP O, and bone meal . In broth
assay , P8 and Pnl consistently de monstrated marked solubilizing efficiency of Morocco rock phosphate ( MRP)
compared to ATCC20581 . Both NO; "- N and NH, “- N enhanced the release amount of P in MRP, but NO; -
N form is better than NH, "- N form . P8 strain could mobilize insoluble phosphate from soil , soil available P was
increased significantly in both sterile and nomrsterile soils . The incre ment of available P in sterile soil was higher
than that in nomrsterile soil . Nitrogen sources influenced acid metabolism of P8 and Pnl , strain P8 secreted mal-
ic acid, acetic acid, citric acid and propionic acid at the presence of NH, - N, but P8 produced none of the above
organic acids with NO; " - N supply, Pnl showed the same trends. These indicated that there are more than one
kind of mechanis ms of P solubilization of Penicillium oxalicum P8 .
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AP MCERAE N A = iR R A 52 TS 100 43
FESICAE ) RE R} A= 7= v s 1ol e 5 1140 v 2850 A1 A O B st
A KON BB RR IR E TR T T4 .

VT B B (N U AT — Sl b R
T B ( Penicillium bilaii) CEEN G ML EF=1T
SR B PR T 35 1T R 0E 7 S LV ol FH 7 [ P9 4 v
TCARGE . AR SCHEAT 7 W B IR IE R4S 1)
FOR T R AEAN RS R S B SCR AT TR
AT Ay S A 2 A AR ) 26 = SR AR A I PRI A

1 MRS

1.1 WERCEY) Tk

1.1.1 BESkIE FERECAARES NS TS
Wi KA AU R RN T2
IR A T B A b | 97 0 B A SCFE AN it Tl JES T B
RPN eI IR 38R . D) SRR 9 3 I i
NIRS B0 BT 4 CORFE R AT AN fE S I i
NUKAR BIRE S )58 R Bt 2 mm () 1297 .
1.1.2 Ik B MR 955 . PDYA +
10% K,HPO, + 10% CaCl, + 0.02 % BE 8 & +
0.007 Yt 1 Hr 21012, i 3 5 B B B R FH O R 1
Pikovskaya 35 7% 2 (g/ L) : ( NH,), SO, 0.5, NaCl
0.2,KCl 0.2, MgS0;:7H,00 .03, MnSO; 0 .03 , Fe-
SO, 0.003 BEREHY 0 .5 HIZHE 10 .0 B —455 .0,
g 20 0.

WA LA ATE = 3R R IR )0
Y. FREL 30 .0g KT LRI KT ) 50 ml 8}
DV R FLIT I K B AR LR T8 kK
PIKE 80 % AN & /K il RE 9% 2 Ji . AR
1.0 g Frifel s 77 5 1 LA 0.8 % NaCl 1)K 1A
IKRFIRRE R 1074,

R A I 10 * BERY 389 1oopl JRCT
DR FRIE b WA A AR ER 3 30 C
BF% sd. 3 UL H S0 Tl P 1100 11 5 v 19 el
KBRS B FerAr bt — ik .

1.2 HRTE & RS

1.2.1 SEIEEME  HIBEMY S 5 R P8 Pl
ERFBE AW A6 NIRRT HE P, bi-
laii ( ATCC20851 ) Fl R i 5K 2F f0 F 8 ( ATCC
14581) .

1.2.2 SEIRwIE

(1) PR FRIEHEBESLL . RS R Pikov
skaya F5 I BEUEN KD (bone meal , P 14 .6 %) ik
TREE( CaHPO,) IR —45( Cay( POy),) IR J\ 45

(CagH,( POy)g SH,O, P 18.93 %) JEEVS BN £1
( MPR, P 13.9%) .1 MR &k ( FePO,) . B IR %5
(AIPO,) I K A1 ( Cas( POy)5F) . 23 S HL P8 .
Pnl \ATCC20851 .ATCCI 4581 7% B 20u1 5
FHEEFRML L | 4 IRER 30 CHEFE. 5 5 Rl
TV R S R T I AR FTETIN s  a

(2) WARSEFEIEAWESCE . BRIk mISEse 1
A WU A B v EE AR (80pm) . RN 50 ml ¥
W FREEFEN 150 ml =S I 200 mg BES
W™ K3, 121 C K& 30min, % 3 A P8 . Pnl .
ATCC20851 WL 3 FR( 41 .5 mm) AN 0T
AR 25 CHREIRRIFR 104, EE 3 K. 5 REL
WS SE R e R IR BB 10 R  E O
HC B3 . PRI FRIG B3SO T s R LR 1)
WE

(3) IS . S I A KA
JFHh A AP R 9.5 ng/ g . SEIAEH] P8
A6 BRI EX I SR 3 AN A 3 K.
1.3 trrik
1.3.1 BEMHT T COFE A4 7 2 1 v o el
P K B 10 3T FL 2% (615 mm) HUES 98 3 — F N
180 ml ERHIE 0 1 mol/ L #2178 20 ml,ig B IE 55 1
H Y% 30 min(1501/ min) LU AH W b (O V04T 5%
1, QWUARE TR L5 W (A 80 FH AH S bk
WsE ; AR Olsen ¥4 .
1.3.2 APIRMNE mRosAH ek .
1.4 HdEgeit b

KH SAS GEvE 3R A5 £l #4720 M1 (SAS In-
stitute Inc., Cary, NC,USA) .

2 SIRE

2.1 HBEELEIRE

2.1.1 Gk ERE AT D v R TR
BEAT T VAR EII 2 8 . FE IR R IR LG
BT AR B R NIE s
BLW 20 k. SRS FEBEIR =4 A ME— IR 0 R Rk
BRI T X SRV W R AR IV B R ) B e AR
75 3 PRVEBERE ) BRI B0 B EATE 4N P8
Pnl Fl A6 .
2.1.2 7PR¥E KBk ps M opnl 2T E B
BERE I ST AT T8 E VS E AR P8 Pl
R R ( Penicillium oxalicum Currie &
Thom) . Z3CHRAL R IE WA HEIRTT 55 W 1V BEIT
FURIE . WK A6 RBEATHEE N ERIES ST
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P 8 Tt
2.1.3 HRHFHRENES WEEcya L2s C
AR 7d, 1R 45 ~ 47mm AR AEREI A
T-45H ,%ﬁﬁﬁﬁ?ﬁ@ ,i&?ﬂQMéﬁ%( Yew Green, R.
PlL.X X X 1) Gl IR T,

ZHETBE L 25 cAEK 74, HIEHRA 35 ~
37mm o AR T AR 2 T R A0 A5 T T
2K 41 €4 ( Oniomr Skin Pink, R. P1. X X V),
S okt T FHKHE ¢ ( Lincoln Green, R. P1. XL
1) R .

£ cYa b5 ¢7d, 4800k 7E cya 37 €
AR 7d B .

Sy HER A R AR 5,180 ~ 300pm x 3.0 ~
4 Opm BETVH FEIEARRAC I 2 ~ 4 N HH 13 ~
20pmx 3.0 ~ 4. 0pm {5 I VAT A8 I A 50 0 R
5 ~6 A JHRCIREGT TR 385 9.0 ~13umx 2.5
~3 2pm BB B 4 .8 ~6.0pmx 2.8

1 VBRI AN [T B [ R IR A b T VR NV 1 e AR
Table 1

~3 . 5pum BESEHE . e E G U AR R A A
AL R RE R R R A AR

2.2 R

2.2.1 WBERAERFARE TR LIRREEUR Wi
PR AR R AR S I LA 2 AR T AT PR AT R g i
TIHI—ANFabn ARHE 2R 1 R B B RN R v EA T
BRI R IR T . TEH | Fe-
PO, CaHPO, .Cas( POy), IR J\H5 A W I (1) 55 7
S b EREE P8 A Pal B5FE 5d W T R OIS
HH IR s 1 L T X BRI AR AT CCc20851 A K 28 4
FFB ATCCI 4581 73 A BEIR — 45 Fl &k Rs 972 2 I
HOLE R i HLAREL P8 AT pal [F)AF B IR B 7R 5
(RIS FBl /)N . #IFE P8 Al Pnl 7E MRP .AlPO, i fif
IRATIRE IS R WA W Rl JUILAE Alp o, FI %
AT F TR AR KA R A% | 1T AT BRI ER B Ry bR
KIEH (& 1) .

Colony and halo of P-solubilizing strains in insoluble phosphates medium( mm)

WHE  Strains

T UR P8

ATCC20851 ATCC14581

P sources VTR 3 VTR R VT TR VT TR

Halo Colony Halo Colony Halo Colony Halo Colony
Bone meal 50 .5a 45 5a 48 .5b 41 .2ab - 22 .5a 15.0 12 .5a
Cas;(POy), 49 .2ab 39 .0bc 45 .5ab 42 5a 24 .0 22 .7a - 10 .2cd
CagH,(POy) ¢ 44 .7bc 36 .7¢c 44 .2H 39 .0bc - 22 .0ab - 10 .2cd
CaHPO, 44 5bc 37 .2¢ 46 .2ab 41 .5ab - 21 .5ab - 11.5b
FePO, 41 .2¢ 38 .5d 40 .5¢ 37 .5¢ - 21 .7ab - 10 .2cd
MPR - 43 .5ab 38 .7bc - 20 .2bc - 10.0d
AlPO, - 25.2d 29 .2d - 21 .5ab - 11 .0bc
Cas( PO,),F - 27.7d 29 .0d - 18 .5¢ - 10 .0cd
WFVE Signif P.
WU P sources 0.01 0.01 0.01 0.01

Do SRR R AR R R Z S B3 Stand for no dissolving halo. The value with a column followed by different letter are signifi-

cantly different at 95 % probability

BFE P8 AT Pl £EA [F) sl I W 1% 97 6 b IR v
T ATV B SCR LU T . P8 I i ] LA
HH K, Cas (PO, B/ FePO, Bt/ BIvK A 12
DL #8575 56 (K 56 K, MRP IR 2, AIPO, Tt /)N ;i 1k
R LL Cay (POy), B (127.0) , HkJE CagH,
(POy)(122.2) ,FePO, 31K (107.2) . HAK Pnl 1)
W PE LU Ry K ,CaHPO, 26 2, FePO4 Tt/ VR
HAZELL Cas(POy), #¢K ,CaHPO, IR T K A1 it
N EEREURAE B R BRI (117 .9) , CagHy (P Oy) 6
HEAK(113 .6) ,Cas( PO,), HefK(107.1) .

AHMEF 5T TE P8 F pal FLAT VAR 2 Pk
WWEAE R A REW iR APo, FH SR B K A,

ATCC20851 1 ATCCI4581 ¥ fift X fulf I 1) PP 2R 1R
/b P8 Fl Pnl [NEETELE MRP 55973k LA K R AT,
FIT AT IR R v BRI R R R R T AR HE R
S P I 5 20 AT, mT i A LA B B 7 2 /K
WM.

i g% sd D] A4 73 26 vh oA R o 45 R RO
(K 2) ;W P8 X Cay( PO,), Wi N IAF
6.02 mg P/20ml Hf IR K JE CagH, (PO,
(4.704 mg P/20ml) 757 5 IO S 30 .14 %
F124 85 % ;B AT CaHP O, BE A R WA 1) B 5 4%
ML 419 A1 441 mg PLATIIA BRI 31 .25 %
M1 24 .45 % ;Fe PO, WA B RWEE /(3 .48 mg)
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35 45

AR 21 .02 % . WFE Pal VBRI S P8
PRI SRy .CaHPO, «Cay( PO,), «Cag Hy( POy) 6 A
FePO, MW fif 57000 4 .56 3.58 .5.12 .4.61 Al
3.36mg P, MIIABER ] 29 .11 % 26 .51 % 25 .62 % -

24 .36 %I 20 .28 % . PHRR T IS B8 ) e I T
Ha7 # P8 Fl Pnl ,FEKETH % I ATCC20851 X Ca,
(POy), MR Y I E7 28 % , B KA &
ATCC1 4581 ¥R R DO IMABEE )2 .76 % .

Ko [EMEBEIRIEEAABE N 5d AR
Table 2 Soluble P content in petri - dishes after 5 days incubation( mg/20 ml)
# KR Strains
{303 P8 Pl ATCC20851 ATCCI 4581
P sources B % of total  AWERE % of total  VAWEE % of total VR % of total
SPC P SPC P SPC P SPC P
Bone meal 4.19 31 .25 4.56 29 .11 - - 0.37 2.76
Cay( PO,), 6.02 30.14 5.12 25.62 1.46 7.28
CagH,( POy) 6 4.70 24 85 4 .61 24 .36
CaHPO, 4 .41 24 .45 3.58 26 .51
FePO, 3.48 21 .02 3.36 20 .28
MPR
AIPO,
Cas(PO,)3F
YEE Signif. P
WEYE P sources 0.01 0.01 0.01 0.01

Do RIRAM E AR Stand for no test of soluble P; SPC ELFN 203
2.2.2 VRIAKSFREETPUABE R I BEROR RS

FEA&AE T T P8 Pl Al ATCC20851 %5 3 BRI
WL BRI RE ) 85 AR (3R 3) & B kR AT
BB AR Z R W & A P8 .Pnl &
It 1od BIEEFE 50 ml BRI B K EEBECP) 2R
9.71 F16 .82 mg 52 i TS U P20851(5 .95 mg

SPC stand for content of soluble P

P) . SR A0 T R PO VA W R AT 5 5
A E LN I 5 85 5 P8 R Pl M i TS
BB R T 47 .5 %R 28 .77 %R AR
R T A% N U I AL 36,07 % A
25.34 % . oW S RIE AR E R
P8 A B i I R E

K3 WARIEFRAAT N AFIVE R 10d e Ao B 7 i A0 R

Table 3  Content of soluble P released from rock phosphate by fungi in liquid culture ( mg /50ml/10 d)
e NH, " NO; -
RS o— - ]
Strains B MR % B AR %

P dissolved % of applied P dissolved % of applied

P8 9.710 a 36 .07 12.786 a 47 .50
Pnl 6.820 b 25 .34 7.745 b 28 .77
ATCC20851 5.952 ¢ 2211
CK 0.145d 0.54

BEVE Signif P.
PR IH] Strains
IR N sources
BbE " IR Strain® N

0.01
0.05
ns

X5 AW R K 2 B0t 713 B
AE S EY) 1) 00 75 FUE 0 S E A O
TERARAERIL NH, - NN HY R s e,
A LTSI A R Y e S R SR 3 I AR Y
THARR A AR ,( NH,),S0, A
A EER P A W B AR A RER H NaNog 8T,
HArgew A No, - N H H A 8 5m i ig ) 1
AP TR T/ A S5 P 7 30 1 75 5 R

THA R BV WANTE 2 ARl — 5T .
2.2.3 AR TIEBECE W AR
RE T PI5R5S 5 28 LU At - 338l 1R 280 g T AR B
SIS R A LI AR ps A A6 B
FHMEBHEH- (R 4) .

Toil K ik 24K B - $5F pg A A6 AbBE
AR A O A L R B . IR KR P
HT A6 VB8 R AT B 2 5% KB A A B
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B2 MAEKE TR . R LA Rk
RS KR T K I X AR T
TEMAEY S S T R . B IR pg Al
A6 VA TSR R AN K K597 10d Fl 204 1 1435
AR 2. K L HEE s &b

K4 FERNE B N BRI AR O

PSRRI W E T A6 R 10d 3 A0 40 )
IEF 1425 R 12 40pg P /g T3E IMT4RELIE IR IR
B 1) A A AR AL S KB 1 43R SR I S 1
LA P8 FI A6 MIVBEVE I IGAS %M I H Rl 1T %
R i) K T A 2 S T ik

Table 4 The effect of P-dissolving strains on solubilization of insoluble P in soils (pg /g)
. PR A K T - 4
73 Sterilized soil Norrsterilized soil
Strains

10d 20d 10d 20d

CK 9.62 b 9.05b 11.95b 10.95b
A6 12.40 a 12.96 a 13 .44 a 14.50 a
P8 14 .25 a 13.28 a 13.09 a 14.27 a

WY Signif. P
P BE ] Strains
R Z2 IS 18] Incubation time

F AL PR Soils

ns

2.3 AN[E) GO VA R A LR A PR S

P BN E s 20 7R P8 Pl A6 LI
BRI AT WU I PSR IR S IR 254 i T
s FHANLIR(R 5) . 45 REoR AN A RRR 22 AT AL
(10 o 24 5 M 2 S K 1 FL 52 U8 1 8 2 5
R S EI BIRR ps B E W LR
IR LA L2 BEATAR IR AR Pl 20 WASERIR (LR
IR JREAIR ; A6 LLO b LRI IR A R WA
RIR . BT RIS RN A PR IR 2
KA T IRAAR AR i HAT MU 1) A i i 1 AR [
BRRR L A B AL BE B PR P IR 15 77 4k A I AN 3
DAk s P HLIR , prl K BRI . T REZ
NO; ~- N AE RIS 08 T v B35 a1 10 AU 7 1o 048 )

WA DU A AR IVE 2 N . /£ NH, *-N
ZAFN B PR S W& N IUY P8 > A6 > Pl ,
35171 .8 101 .7 A 31.5 mg/100ml;IfiINO; - N
ZAFN Pl AR MW 14.8 mg/100ml,P8 A
0.

RFAR A 5 RS B v A B Al 22 5 R AR R
A RSB P bilaii A HLRAR 05T
I 73 WA B BRI S A R ™ ek 52 SR AT B Yt 1) 47
T, SRR L T AN [R] G0 Tl T bV
REJIRISE R A B A RO B I U Il v AN RE
FIREAS R 18 0 R R TR A AN R 3E  T A Bl
TR ZE AT T LA W] . A0 B 0 7 4 AT 20
AR 3 RS M L BB — 4R

s WAL R AT LR 10 > WA R 2R B R
Table 5 Organic acids in broth during decomposition of rock phosphate ( mg/100 ml)
Strain N Malic acid Acetic acid Citric acid Succinic acid Propionic acid Total acids
P8 NH, "’ 56 .6 69 .3 3.9 - 42 171 .8
P8 NO; -~ 0 0 0 0 0 0
Pnl NH,* 12.1 6.5 3.9 9 31.5
Pnl NO; - 14 .8 0 0 0 0 14 .8
A6 NH, "’ - 56 .3 3.9 2.5 39 101 .7
5 LE TVER R . e R E  IRR( P8 AT Pl ) fif
=H

3.1 ELABERR =55 A ME— BRI FErE R 7Rt
AR T TR RR (VDU i E 0 d J T B H 3 BRI DR g

SN YR E BE W ( Penicillium oxalicum Currie &
Thom) , 74 —HR( A6) MIfF % & . IR R oK,
VA FEIR T A R S BT TR0
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3.2 TEMMAEEFREL SRR FRIEFN L3 b 4y 5l e
THERT R ps Al Pnl W BERE ) MR ILH
BRI E R FePO, .CaHPO, .Cas( POy,), JH IR
J\AS BRI FFERR RN L B W I A . WA
JBE T B R ATCC20851 ( P. bilaii) FIE
KPR ATCC14581 . WP /R A BAR
RIS Aok JENAE BRI T R A
.

3.3 HWRTFHEE ps A pnl HEN AR SEMESR
ORI T B S B R L R ) 2 AN
M)A S UM U I 75 5 B O = TS AL X
U W RARE AN . A HLER 1 73008 [ 52 005
(sgm A BRI AR IR R 2 IR
TS A BRI DA IUAS 1) 5 B A U4 1 R TR 2K
AHER A2 0] Re IR AR 52w 7 A HLIER 1A%
W7 IF S LB L —Fh

3.4 W[RTTRIV P8 AFAE A AT BEVA BEHLEEL TR
THPIURA LB AE Y — P B LB | IX Bl F
S I LUK . R B8 4 A 1T v AR BEMLA] . ]
LUK B e R 2 PR &R AR NE, &
G X —RE PR A S 4 i 830G v R ol R AR 1 —
AT R AR 1
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