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WE. YRANBEREBANERSZEAE AL LT @/ER , B8 A8 73z kL (PVK)
P BERTMN LR FIERBEDRGFELIE TS BHL R S HREMARN, 2T LR 5 B AL
B ARE] 1 AREFR AR B AR A G, LS50 ZAME %W S IEF 18S rRNA K B 5 7] 547,
HE A EHEH (Penicillium sp. ) ,#t —F AR T C8 MR ZEEREH, 2R AW . G8
VHBBABRR RBEARROEST AR SERARTPAHZEA T RS, N 534.24 mg/L,
G ARy PAABEASTAS 6 RiIAF|J K, H 589.74 mg/L;G8 BER 2k 32 Rk P A &L
BiH S S R E K, A 201.38 meg/L, GS EFiiikfemimiattm P , AA4 35 pH 1A
ERFNHAMA(P<0.05), @i EXRKBFHGBREEALHADNIELE S /L. BAE
1% (4RArb) 35k A pH AR 6 FiBi 4542 0.067 g/L, 3R E0)E G8 9 Bft 1o B3 7%
KB FE; BAAFER; BN, EXRE

FESZES . S154.39 XHEFRERD: A XEHE. 1004 —3268(2019)05 - 0056 — 06

Screening and Optimization of Culture Conditions for

Phosphate Solubilizing Penicillium in Yellow Soil
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Abstract: To further explore the function of phosphate solubilizing fungi in improving phosphorus availa-
bility in yellow soil, eight phosphate solubilizing fungi strains were isolated and screened from the crop
rhizosphere of yellow soil in Guizhou province by phospholytic fungi screening medium ( PVK) plate meth-
od. After repeated isolation and purification, the strain G8 with strong phosphate-solubilizing activity was
obtained, and identified as Penicillium sp. ,based on the morphological characteristics and the analysis of
18S rRNA gene sequence, then further studied phosphate solubilizing characteristics of G8 and the optimal
culture conditions. The results showed that,under the condition of glucose as carbon source,and ammoni-
um sulfate as nitrogen source, G8 had the highest available phosphorus content in tricalcium phosphate
culture solution, which was 534. 24 mg/L. The available phosphorus content of G8 in aluminium phos-
phate culture solution reached the maximum on the 6th day,which was 589.74 mg/L. In ferric phosphate
culture solution,the available phosphorus content of G8 reached the maximum on the 5th day,which was
201.38 mg/L. There was a significant negative correlation between available phosphorus content and pH
value in iron phosphate and aluminium phosphate culture solution ( P < 0. 05). Orthogonal experiments
showed that,the optimum conditions of G8 were glucose content 15 g/L,inoculation amount 1% ( volume

ratio) ,initial pH value 6 and ammonium sulfate content 0.067 g/L. The phosphorus solubility of G8 was
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enhanced after the culture conditions were optimized.

Key words: Yellow soil; Phosphate-solubilizing penicillium; Phosphate solubilizing characteristics; Or-

thogonal test
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AT SRR RAR o AT I B E it A 1 1 S5 R 43
ERRE W RN T N NTITRS S € 7 23 e 7 N =
W R AR T T S I S I e e A 1 T
B WA PR AT RS B Y TS I B . R R T
HE X - SR A S Ak A R 9 1R R T B O
AT LK A 38 v %) X i S B R R Ak R A RUBE L I
WM AR ) A A A K A U R LR W B AR
JIT, T 4 5 Al 2l M 1 ) 25 38 o 398 v o 200
OB R ER e Y B XK
R I TR/ A A AN B L B MO Y R
FKAVLL K fm] — 2 AU AN [ o 288 395 Wl A 2 0 %) i Tl i
I ZESWRKT ., BRI EEBEME Y R, A
AT () 95 Wi A 0 L3 1) R Ak 5 D TRT I 4 P R A T
'

FRiE T Mg " mHRXT
DM B A B B TSR WL ARGE . BEE R E
VU R M X SR 1 M 38,25 3% B v o A A Bt
N, JHCTHT 43 9 o8 5 M T AL b T LR 41. 9%
46.4% , 2 N TR A T HES R 7 S ARl A
PR R AR T RVE T o % X IO R R R A
06, A% T 56 30 3o D 9 9l L O 9 3R (PVIK) SE A B
Frvk , 5 P 48 22 Wl 4% B IX B4 A H o5 398 v 3 25 O
TRV Wl FLTA, OF i — 2D P LIS BRI, R X B
T L TR P B 9 T PR R, O SR Lk — 20 1 v
AL SE A
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1.1 44
L1 X EH  HHRE T RINE LT
X HF A DA TRl 0 i A T B8 SR A b L AP AEAE Y
TR KR B E, RERE TLE, KRMEYR
FOARFLAE TR 24 h N 5 LV W A TR Y 43 B A O
1.1.2 34K PVK 353, #2450 10 g, Ca,
(PO,), 5 g.(NH,),S0, 0.5 g .NaCl 0.2 g KC1 0.2 g
MgSO, 0. 1 g.FeSO, - 7H,0 0. 002 g,MnSO, - 4H,0
0.002 g.0.4% R 15 (pH {5 6.7) 10 mL | BEHkE T
0.5 g Z&M/K 1 L,pH{HIH %] 6,

fif s (NBRIP) i (403 95 5 #4505 10 g.Ca, (PO, ),
5g. MgCl,5 g.(NH,),S0, 0.1 g KCl 0.2 g MgSO,

0.25 g Z&Mf/K 1 L,pH {EHHTT 2] 6,

LR B A A B Bl (PDA) MR K R 56 + 0
200 g pEHE 20 g ZEMRK 1 L, pH {155 6,

[ A 5% 35 35 Sy 43 590 A A YR A 45 7 R L8 ~
20 g Bl o
1.2 ZABEENSBRIE

FRHC 10 g 3 fif - FE B T A 90 mL JC & K 1
250 mL = ff A, I A JLR K 1 B 6 /N B EE B
78 150 v/min {1E AR 2 46 IR 25 min, L3R
W SR 0.1 g/mL, H KA WS W R Lk
IR 1 mL, A 9 mL A JC R K K AR R 10
i, i R R MU R R E R 0.01 g/mL, [R] I
FAE OB £ 5 vl VIR R R R 2 R A & 0,001,
0.000 1 g/mL KA ] 4B 25 5 1 e Bl il 45 2
WA E PVK B3R 5L b fE 28 °CfH i Br 246 v B 5%
5~7do WERTETE, MR A 75 TR M A5 7 A o 00
JZ A A0 R A A TR Tl TR A
MR 4R A s vk gl AR JE AR AE T PDA [ A B 37 S o
B A R L
1.3 ABMEEMNEEESUEM 18s rRNA F 5
=

WSV 0 BRI AR R R 2 B RIS TR S B4

18s rRNA Jy 51l I 52 - i B /b & 76 PDA I 14 15
FRIE LREFR 24 h B 22 BE R A WA TP AT A
JEE SR HUk BLJG 19 CTAB 34 3E4T DNA [, U
ITS1:5' - TCCGTAGGTGAACCTGCGG - 3"l 1TS4
5" — TCCTCCGCTTATTGATATGC — 3" 5| 4 %} 3
Y AT IR G g EE R N (PCR) 718, 97 14 )5 1 7= 4
IS0 B 7 51 5 Blast B4 122 1547 [R] 5 L %t
Gy BT W0 TR .
1.4 FBEEBEBEINE
1.4.1 EHHELARERBRAELHEASETUNE K
oy B A AL I B R 7E PDA YA RS 37 3 85 3% 96 h
JR A TCHE K IR G A LS IR G H 50, &
A BT B, B BOK T 10° CFU/mL 5 4
o K 1 B R AT B R IR 1% (IRBR L) 1 4%
Pl 3 A& 100 mL 2 K 5 (1) NBRIP ¥ & 1 77 5
B = fRf H, ZEE R R 46 (30 °C 150 r/min) Hr4fg
g T d G, TEE.LHL(4 °C L 6000 r/min) | B0
10 min, B 38 V000 2 A5 500 & L &% pH A
1.4.2 FRZR.BRBRARESRLAMNZ TE
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NBRIP ¥ 4 55 3% B b, 43 ) DL RE AR € by FLBE
7 e A R T 2 WA A B R, 5 R R Y LAt i 4y
ANAE 45 T IR T DU S B R W A SO i, LR
FE B 0 S AERUR . 2 )5 LA KNO, \NH,C1 NH,NO; |
NaNO, 2 &I 45 & 8 4 (NH, ), S0, , 3% 18 55 55 31
S B SR B R RO B aE, DA 8 T AR ) o A
1.4.3 EB I H 2 FePO,  AlPO, M5 48 7 ¢ &
7E NBRIP i 1A 3 32 5 rf | 43 BB FePO, | AIPO, %
R Cay (PO,),, K G H M 1% (RFLL) 1Y 42
ot 2 A T A A Tl L T L AR O TR AR
P (30 C (150 v/min) hRG HE Ff . 00 T4 1.
2.3.4.5.6.7 REULWEWECJE, BCEHE R &R
RO 5 R pH B, I 1B N 45 TR A R s X
MR A 3 K,
1.4.4 EBRAWERELHA BT EE R
AW BRI 4 AR [ Bk 2R B SR w0 46
pH {B P& (IRB L) T, Ford, fie U6 8 0 45 B A&
U84 (NH, ) ,S0, k1l 4 E 3 KPIERZRRE L L,
(3") W9 e R 05 35 2 o T e b V0 422 A A
MR TR AR L 5535 7 d 5N A B 3R A R A
i, B E S 3R R KRR T,

F1 EXKBWEEMAE
Tab.1 Orthogonal test factors and levels

X & Factor
R (NH,),80, & S50 bh
KTy G P R
Level Hote Ammonium Initial pH Inoculation
Glucose
sulphate value of amount
content
content  culture solution
1 5 0.067 6 1
2 10 0. 100 7 2
3 15 0.132 8

g9 Ak, K, K, K, i fER 4 HMHE
LRI (A) AR (B) BRI 4 pH {E (C) (HFh
(D) J,1.2.3 30tk 3 MKFE, K, Ky, K
Ky 53R 7E A B C.D HZE FAFN 1 B84
BB R M, R K, K, B FR e AR R &
TOKFER 23 Wil AA BT R M, M,
M, M550 3 WOFATI I 9 K, (K, KL 11,
FAB K/ R B[R PR 2R AN [] 7K X 17 A s i i 0 19
oM, W25 (R,) WAL My M, M, RAE 5 &
AME 2R, B 88K, 3R BT R 28 5 181 A R P 5
AR,
1.5 #iEgiE

K H Excel 2003 % SAS V8. 1 %f %44 ik 17 4531

AT
2 ERERMN

2.1 ABIEFEHFERRBEEN

X RAR Yt BRGS0 A B A B
e PEL 1) L BT T bR I 8 bR 5 O B 4 5 O GLLG2,
G3.G4.G5 .66 .G7 G845 Tal bR 15 77 WA A0 75 1 MLk
2, 8 BRIF BRI XT Ca, (PO, ), #8H A B2 (1 7 A fiE
T3, 4% R bR B IR WA AW R AE 287. 53 ~ 533.°85
mg/L, ¥ 55 0 F AR 025 1 (CK)

K2 BRHEERFREUAMSE
Tab.2 Available phosphorus content in

phospholytic fungi culture solution

WWAE  AABAR (me/L) ECH ORI
Phosphate Available phosphorus ~ Multiplier of increase
solubilizing fungi content over contrast

Gl 296.37fg 8.86

G2 321.91e 9.71

G3 304.57f 9.13

G4 366.94d 11.21

G5 287.53¢g 8.57

G6 395.31¢ 12.16

G7 429.26b 13.28

G8 533.85a 16.76

CK 30.05h —

EAF/NGFRER R ZEF L (P <0.05), T,
Note: Different lowercase letters indicate significant differences (P <

0.05), the same below.

XiF 43 B O e Y 8 BRI B LT i — S alifk, &
P 7 BB AR AE PDA [ A 85 % B P M [k K
AU AR ) W TR, A G8 K ¥ HiR
BERE S IR R o G8 FE PDA [ 1P Al 15 95 3k [ 1)
AR BBE S R G A, HTE T PR
B

DL G8 DNA Sy BifR, F| F 18S rDNA 5|4k 17
PCR ¥4 15 21 9™ 1 =) J5 , K G8 (il Jyr &5 S R
FH Blast #X {4 5 Genbank 1 () J¥ 51 47 LLXF ,G8 &5
Penicillium sp. ( HQ704712. 1) M Penicillium sp.
(FJ647577. 1) () )7 51 [R) P58 P ¥ K F 99% , % e
J& T % 18 (Penicillium sp. ) , KRG KB IE 1,

ARG L G8 AE S X 52, W 55 1% 1A Ak 75 AN [7) A
VA AS IR A [l 5 R R0 A% R IV R e ) DL R
S ZESRE I S U
2.2 AREA®EREM G BHEINZ N

M 3 AR, ARk I8 454 T, G8 X Ca, (PO, ),
(R 15 1% BE 1 4% AR M), % 9% Wb oA Ao A B T
177.07 ~534.24 mg/L, 1€ LU %) 0% A fic U5 B, G8 K
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TR R & i A i, O 53424 mg/ L, B H A A PR AT
o, A BRRE ) W ek . DLTE B R Bk I, G8 B
FRWA B A R AL, X 17707 mg/L, A ), G8

R ERE S ik o AR BR IR 25 7F T G8 1Y ¥ Wi fiE
RO EBE > H# B > BERE > FLBE > JEh .

Penicilliu dipodomyicola(JX171186.1)

64 | Penicillium sp. (HQ704712.1)

G8
73

47 Penicillium chrysogenum strain (HQ262509.1)

Penicillium sp. (FI647577.1)

Penicillium sp. (GU566250.1)

Penicillium commune strain (JN831239.1)

46

96
0.0002

Penicillum solium strain(EU128636.1)

— Penicillium tricobr strain(JN942730.1)
| I

Penicillium

Bl AHERGSHRSZLEN
Fig.1 Phylogenetic tree of phosphorus-soluble fungus G8
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Tab.3 Available phosphorus content in G8 culture solution under different carbon and nitrogen sources mg/L

3 AR

Carbon source Available phosphorus content

A A RBOEE

Nitrogen source Available phosphorus content

% BE Glucose
THEHE Sucrose
VEH) Starch
FLWE Lactose

H #FEfiE Mannitol

534.24 +9.81a
342.39 +20.04b
177.07 +17.46d
230.18 £2.63¢
375.09 +18.41b

B R % Ammonium sulphate
i R # Ammonium nitrate
1k 4% Ammonium chloride
R E Potassium nitrate
H4 24N Sodium nitrate

534.24 +9.81a
492.38 +18.73b
413.10 +21.17¢
356.32 £6.59d
371.26 +15.39d

AT AWM G8 W R AR I R IR A
(NH,),S0, > NH,NO, > NH,Cl > NaNO, > KNO,,
PL(NH,),S0, 2 & W B, G8 ¥ B A8 J) & i, N
534.24 mg/L, L) NH,NO, NH,Cl KNO, NaNO, %
R, G8 15 I W rh A &L W & 5 43 5| Oy 492. 38
413.10 356.32 371.26 mg/L, ] W, , L4k A8 0 &
JEET, G8 My W fie J) 2 i 2 s TS A

2.3 G MMERSHBRARBMEEN

I 2 a0, DL ALPO, S XSS 25 B IR, 15 3R
A O i B A R B B TR B IR 6 Rk
Bl K, 589.74 mg/L. iSRG pH (HE AR T R
RS TR E SR 6 KA B fik, 4 1,35, HifRil
A R i AL pH (M JUE RAL(R) =0.84, &
WETAMK(P <0.05),

el 47 %8 Available phosphorus content

700.00

600.00 |-
¢ 500.00
. 400.00
300.00
200.00 |

ARBHE R/ (mg/L)
Available phosphorus content

100.00

e pHA{H pH value

12.00
11.80
41.60
41.40
11.20
41.00
40.80
40.60
40.40
40.20

pH

1 2 3

4
it /d

5 6 7

Incubation time

B2 G833t AIPO, MAMEIERIEFA pH BT

Fig.2 Dissolution dynamics of aluminum phosphate of G8 and change of pH value in culture solution
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P

55 S RIGIR A Ui & B IK B K, 29201.38 mg/ L,
[l B R pH (IR B AT, M 1.08. B IRl b A Ak

a5 pH [HAY R E R B (R®) =0.96, B i % 7
(P <0.01),

= B R Available phosphorus content

25000 f === pH{H pH value 1 3.00

5 20000 | 1%
~ 8
5 o { 2.00
£ £ 15000 |
~N =
B s {150 &
41 2
& S 10000 F
Rz { 1.00
&5

> L

Z 5000 1550

0 0
1 2 3 4 5 6 7
BRI /d

Incubation time

B3 G8 3t FePO, MAMEERIEFRK pHEEK

Fig.3 Dissolution dynamics of ferric phosphate of G8 and change of pH value in culture solution

2.4 G8EFRFZFHMUER

Fah1~9 500K ~9 kK, k47
MMy >M, >M, My, >My, >M, , M, >M, >
M My, >My, >M,, LT E G8 fiidi B 37 &1 N
WA R 15 ¢/L L (NH,),S0, & 0.067 g/L 4
FRWHI LR pH A 6 HEFP R 1% (KFRL) . 4 MR
B R {E 535k 300.73 .37.36.36.92 7. 68, %f G8 I&
AR 52 W R /MR U A BRI > AU > B IR M0 i pH
1B >4 Fh it

x4 GSEREZHGEIRKBER

Tab.4 G8 culture condition orthogonal test results

AR
5iH (mg/L)
A B C D Available
Item
phosphorus

content

1 1(5) 1(0.067) 1(6) 1(1) 303.86

2 1(5) 2(0.100) 2(7) 2(2) 259.95

3 1(5) 3(0.132) 3(8) 3(3) 221.90

4 2(10) 1(0.067) 2(7) 3(3) 480.95

5 2(10) 2(0.100) 3(8) 1(1) 441.27

6 2(10) 3(0.132) 1(6) 2(2) 459.56

7 3(15) 1(0.067) 3(8) 2(2) 562.04

8 3(15) 2(0.100) 1(6) 3(3) 572.55

9 3(15) 3(0.132) 2(7) 1(1) 553.32
K 785.71 1346.85 1335.97 1298.45
K, 1 381.78 1273.77 1294.22 1281.55
Ky 1 687.91 1234.78 1225.21 1275.40
M, 261.90 448.95 445.32 432.82
M, 460. 59 424.59 431.41 427.18
M, 562. 64 411.59 408. 40 425.13
R, 300.73 37.36 36.92 7.68

1 2 I AR B5 9% 4 1 )5, 7E NBRIP I 1 % &
i, WA A HE 15 g/1. (NH,),50, 0.067 /L, Ca,
(PO,),5 g/L.MgCl, 5 ¢/L.KCl 0.2 g/L. MgSO,

0.25 g/L, ¥ 01ks pH {Eh 6, K1 J5 1% I8 1% (1K
BULL) B2 R0 B4 A G8 il . DL AS 1R T 85 7R I
T 195 TR WAT R A 604. 59 me/L, HOR ALK
T E9534. 24 mg/LAH L4 N T 70. 35 mg/L, G8 ¥
i BE 1 158

3 k5t

AR G038 o PVK S B 3 B9 1 DA 5 ) 22 IR 5 43¢
A AR AR By 38 rh oy B e 1 8 RRVABE LA . &
1 2R 43 B SRS AR B T PRV B BE ) B Y LA
TRk G8, 454512 TR b T8 Vi JE A5 R AiE R 18S rRNA ik
PR 9 43 A 0 2 A 75 B2 T ( Penicillium sp. ) .

P FEEN SR EDF R E L T
FH AP A J HoA A BT I RE AR, G BN R %
A Tl 0 A X O S PR LR R R AR
R ARCAE Wl ik AR, 43 IR 43 5T A HILR 2 W) o
EEEHLH 2 " R TR A HLER R
BR VPSR B R A B U UV S AN T A
A RS . AW FE R, v Bl Gl A W) 08 2oy i
A HLER X B 55 W 1Y) R B BE 7 A 5 L, B R WA S8
G pH A B E RN . R da K
WHoE R, B 2 WA Ui & & 5 pH (L Z R IH &
RIGBE R AR E P, AIPO, FI FePO, 15 37
AR Y G8 R pH {H Z W] 12 2 3% 1A ¢,
YA G8 = %238 ik 43 WA A HIL R R VA fige X VS S Wl L O
FESEFRW pH EH TR, G8 A ANLREZ , pH
(LR RIS, M A B i e B 2, G R P A A
FRBEE.,

B 75 B v R TR L U 1) R 2] B A ) VS Wl R
Y5 T 58 A Al R 280 VR 5 T AT LR 7 A 1 R 2
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o i J3E S TIT 5 W 47 M 140 W i 00 o AN [ T e
B Y1 SR TR A ) S S A [ e e e 5 B g
BT, DURREAH Sy 3 YR, 8 W0 S e AR T 10 9 Tl
B o AE A RBRIRAOE T, LA %R S ik IR
I G8 5 Fr WA AW % & B, O 534,24 mg/L, LA
TERY O e PRI G8 B IR W A A A BRI, AR
177.07 mg/Lo AN[RBR I 51T, G8 1 ¥ B BE J1 1K
WO A > HEREE > BEBE > FUBE > JE b, BE TS 45
Sk S R — B, 3R] R Ok VA R
FRT A o R 3o DX AN ] 3 GRS [ e D A )
MR BRER . ARIRBZET,C8 Hi IR
R & = AE 356.32 ~534.24 mg/L, LI (NH,),S0,
FUIRI G8 Hi R A S 5 f e , O 534.24 mg/ L
TREE Wy T b ) PRS0 A G B AR S #R
AR BRI R, W 5 R 3 B B IE 46 1R X T R
Py A B S B MR R SR AR A A S T
LA 8 35 14 i 5 — S 05 TR 9 R R RE D L AR
Ko, E g X G8 B IR AR AL , 8 37 Wb AT R
HiAF 604.59 me/L, lLLALRIIE N T 70. 35 mg/L,
BRI G8 WV Wi fiE J1 3ok .
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