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Abstract:  Phosphorus supply shortage in soil is one of reasons for decline of Pinus massoniana stands in China.
Phosphate-solubilizing fungi (PSF) are able to dissolve insoluble phosphorus, which is otherwise unavailable to plants,
and transform it into soluble phosphorus. PSF can also promote plant growth to some extent. Since Masson pine stands are
facing degradation of soil fertility in southern China, screening high-efficient PSF from rhizospheric soil of the forest and
developing phosphate—solubilizing microbial fertilizers are an effective way to improve the soil nutrient and promote growth
of the pine trees. To this end, in this work 45 phosphate-solubilizing fungi were isolated from 12 samples of P.
massoniana rhizosphere in Nanjing Jiangsu and Huangshan Anhui of Eastern China, including 12 fungi that had strong
capability to soluble phosphate. After a test of phosphate-solubilizing capability, two strains with strong phosphate—
solubilizing capability were obtained: JP-NJI and JP-NJ4. Their solubilization of Ca, (PO,), accounted for 1 051.69
mgeL "and 872.18 mg+ L', respectively. They belonged to Aspergillus awamori and Penicillium pinophilum, as
identified by morphological observation and analysis of 18S rDNA sequences. The two efficient phosphate-solubilizing
fungal strains were inoculated on P. massoniana seedlings and it was found that both the fungal suspension and their
metabolite could promote growth of P. massoniana obviously and the root weight of P. massoniana was enhanced notably.
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Tab.1 Information of sampling site

%5 KA L et £yt KA H W
No. Sampling site Soil type Sampling date
ZR L s
1 Huangshan Mountain . . 2011 -02 -21
R . Yellow soil
Anhui Province
2B oAl P Tz
2 Zijinshan, Limestone 2011 -03 - 15
Nanjing soil
B R K2 R g e
3 Nanjing Forestry Yellow 2011 -04 -12
University brown soil
35 AL
4 B0 B g 2011 09 — 05

Academy of Forestry, Yellow soil

Jiangsu Province

L2 g RE R B ML B RE 9% 58 (NBRIP Kf 5%
%) (Shekhar, 1999) : 7 % $% 10 g, (NH,),SO,
0.1 g, MgSO, * 7H,0 0.25 g, MgCl, * 6H,0 5.0 g,
Ca, (PO,), 5.0 g, Z1#7/K1 000 mL,pH 6.8 ~7.2,

Ty B S 25 Bl IR B 7R 2 (PDA B9 0%) (FE SR
W, 1994) @ AR 200 g, RERE 20 g, 555 20 g, 2540
7K1 000 mL, H 4% pH i .

CYA [ 4k K5 7% & (4L % 58, 2007) : K,HPO,
1 g, &GRS 10 mL, B2 REHR$E Y 5 o0 BEFE 30 g,
I fiE 20 g, 1% /K1 000 mL.
1.2 REAHZE
12,1 S Rbr AR R = ARV 4y
R R S HURE AU S AR BE L. SRFEI, 7
Ih S A B AR AR 7 [ oK S B IBCR R B 2 3R =
T JEHEE 20 ~ 30 em, DLEREFEA A5 R 2 R
bRl L) o ¥ 5 RAAAR &R b — 26 T g AR R & B IL |
(0 b g — BN T A8, V1 R A M S H L -
S B, BT 4 CUKR AR AT
1.2.2 PR - IEAR 0SB 20 B FREX10.0 g5 8
FAMR bR 38, N34T 90 mL JC TR /K 1250 mLAE %
i, =Y R 180 remin ' YE ¥ 30 min, i 10 min
Ji o ¥ BT BORG FERRRE A 101,10 0 1070, 43 SR
100 wL ¥ Aii T JC LB 15 77 56 1 it (NBRIP 15 7% 55)
LB 3 K,25 CHIFR T ~10 Ko BRICEFHR B R
A S R LA A R 1) B R VR B AT Al A OE
HOr B R, AR % R gR 5L (PDA) A} Ks 77
7 ~10K, B 4 CKMIRAT

B (%) = H AR ST B0/ 5 B R B
M x 100,
2.3 MEEREEERAE KBRS EABME
73 5l 4 Fh B NBRIP P4 F,25 CHFE 7 ~10 K,
I W P& H AR (D) A bl B (d) vk 5Ll (d/
D) o &3 2 XF FL G fE B RE ) AT I L o G — K
FU AR K 3 T S0 B8 1) A 0 e ) . LR > 1 B
fUFR Tl L AT A B ) e, LR 0.5 ~ 1 I AR B
Eom, WO < 0.5 WA GE 859 . AR 50 ik #
Vo5 Tl DB A G KT 3 W EL LKA > 0.5 10 1 bk 8 47 1%
. BT 4 CUKFRAE -
1.2.4 @m0 K bk w0 A 3
B AR B2 B 2 PDA PR BG4 BE 97 7 R, BLOG B
EHL 6 A~ H 42 6 mm B B4 Ff 22 50 mL NBRIP ¥
ARG R, LUK 2 0 2 11 NBRIP 8% 5% 58 00 Xt
HEC(CK) 5 B A A I 1 Bk B 3 &, 25 °C, 200
remin T R IR T R, b 98 K W R AH B L L
I S A S . UV - 160PC 41 — mT W,
J6 0y JeGEE TV AET20 nm Ak L (5 JF I 2 OD 1 (4
B, 1998) o VR RIE A A0 B R R R O
&£, 2010) .

fil R (%) = (Bp nl s M i & — X T %
PEBE S 5D /I AN EHLEE R 1) x 1005
12,5 SuiEm s % E 76 CYA 537
FE L E A Ny R AN AR B 498 0 3 2y 20 3R AT 1 AR
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WEILE,25 CHiFR 1 ~2 Ji, MBI D s B V% 11 22 1)
T UL KA AR AR SRR AE (B8 L 20085 FL AR L,
2007; FAH [, 1997; Bk 2z, 2001; B3 %%, 2006;
FETNEZ A, 2007) , X fift i L o1 TR AR R AT ) A2 4 5E .
1.2.6 TR L4 DNA (320 SR CTAB VE$2 1
FRrON R AR DNA o 4 3 B A K F VLT B 220 IR
B 800 pL 165 °C i #4 ¥y CTAB il 200 pL DTT,
65 °C /K33 45 min; 3R 12 000 remin ' &0 15 min,
WRH S ION S5 A AR Iy A7 S G (250242 1) JF
P, %y R 12 000 remin ™", 15 min 5.0 ; W EL L3
O NS ARFG T : v ORE (24 2 1) JE4R %,
12 000 remin ™" B5.0r 15 min; WEL F35 W N 1710 44
FEULED I8 B2 0 R0 2 5 AR A — 20 °C TUA I8 B K & B
—20 CYIEL A ; 12 000 remin ' B5.0» 15 min J§3F I
THIB M T0% 1) LEEVEBUTUE 3 R B2 TR
10 min; KT JE%A#E T 50 wl 1 x ddH,0, —20 C % AF-
1.2.7  FLE AL R 41 DNA (1) PCR 47 3 £ I Al )7
YEHGE FH 814 1TS1 (TCCGTAGGTGAA CTGCGC) A
ITS4 (TCCTCCGCTTATTGATATGC) ( ki 25 3% Wl %
28w A ) R AR EAT B 1

I8 L PCR 43 W76 &4 EB 11 1. 0% [ B¢
IR R IR R K FL UK R D R S AR B G AE 5 A
ST N Mg 4G . ¥ PCR =946 A 3h il P AL b3t 47
Fe 5 N (A 5t os & R SE R A A o
1.2.8 LB REMEARE YSREMMTERA
Mo H 1% @SR A BRI A 7 1 h, 1A B koK
M 12 ho BN KA 20 A A 4 JF DR R
BT 20 CHRMN 1 RELBATHLDT . FHiH 1
H o RN R 5 i bR e, B TR RN, b
Hew i K (121 °C,2 h) Ja ¥ S0 i R 1 o R
By e LR, HEZA 1 ~2 em [ KK
(121 C,2 h) Vb A 5,25 CHFE. FHtimE 6~
8 em/Ai i JaiE LA, B L AN AR 2/3, B

1 Fko B30 20 C R AT B %, IR KR R 47 1) 06 ORI
IK I3 G AT A i W -
12,9 RO Wl 30 o1 1T 00 o % Sl ph ke it
TR PR T B B A 2 B A B IR P 25 °C g B
T Ko KRBEWE LS min (4 C,6 000 remin'),
TR 22 A T B ) 584 A AT 0 5 > VR R BERR FEAR RS A2 2
T T R B 22 P Bk B0 JF 1 J0 B AR B K Y B
2 BB B (7 x107° ~ 8 x 10° cfuemL™") | B B
o B0 5 IR L VAR B e W = A R A

MR K 7y Oy 4 P AL BE, B AP AL PR 10 BR 5 R AL
B &N 15 mL SN AR B A O TR 22 B i
B 3 B PR R R, C O A 1 1 T R S 4 R
WRE IR (PD) , D O O & 2E B 37K (CK) o R4S b
P20 YOS, He A RO KA B TR E (20 C) S —
B G K o R A BRI B R A AR K 150 R
Ji DU SE REAR P R B AR R PR 5T R R R O A A
b FEH S BIE
1.3 HiELE

iz [} Microsoft Excel2003 #l1 Spss18. 0 % {1 ff &%
TF 53 M7 > Zs LA mean + SD R R o K Wl P15 2 16 )7
A 55 BLAST %4 Fi ¥E AT A U5 P 2> #r, Al MEGA
(4.0) 27 £ f) NeighborJoining ¥ # 3 & 4 it
A o

2 HiR50MH

2.1 BBEESBSWHF

W SLB /E NBRIP B 97 3 FAEKmf K2 &7
A2 37 B W R IR R T 3R A B 45 bk B
el 1 At 9 2 A1 I o e 8 4 Ll AR SRAS 6 R A
FLTE 7 MO K24 J5 1l R R SR A 15 A A8 ol 2 A
VL 548 MOl BE 22 F 53 B A 3R AT 18 B o L 3 22
B AR 6 MR MR B ST B (3R 2) , U0 A 0 L
PRI LE A [) S R A A 23 AR s 1 38 o [ 2 A B AN [

*2 DEMREBHAEAESSER

Tab.2 Isolation ratio of phosphate-solubilizing fungi from P. massoniana rhizosphere

45 R i R B 2 w20
2 KA AL KX % N
7 ¥ A
No. Sampling site Samples Fungi number FUEH oF B %
Fungi number Separation rate (% )
1 gt gl 3 6 _ _
Huangshan Mountain, Anhui Province
5 #ﬁﬁ%‘ﬁmnﬁjinshan, 3 6 - o
Nanjing
3 H‘],‘;{?I‘/f\ﬂkj{’?}ﬁm Nanjing Forestry 3 15 12 80
University
I 3| % FIE 25 122
. NI M&\lkﬂfﬁﬂnﬁm Afademy of 3 18 14 77.8
Forestry, Jiangsu Province
11 Total — 12 45 26 57.8
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M2 T UL M fif W0 RE 0 5 i TR PR 1K) 20 B R
AN 57 8% o HUME K5 A 1l B B 5 R R )
12550 80% 11548 MOl B 22 BT 5T e 3 1+ #F 1 2y
BEAEA TT. 8% » Ut W) B 15 0 3 A 43 R o 1 i 9l
VAT Tl 1 0 5 T 56 < Ll A A R T I R
R BE I8 o A 45 MRARBE LI AW %
W H d/D > 1 (R sm g ek s bR AT 12 Bk
2.2 MBMHEEFMBRHED LR

K W0 97 3RAT K 12 BR AR 05 5018 £ B T NBRIP ¥
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PREI S R 3, £E 25 °C, 200 remin ™' 4 fF F 1 9%
TR i D8 I i T i) o i, A5 R (1) &
B, 12 K AR W LB 4 Ca, (PO, , (VSR SR8, &
PR R M AT 2R e TN R % R AL R
T AT 0 Bl 598. 11 ~1 051,69 mgeL ™', & 14
FEMERE S H 10.19% ~19.3% o H f, JPNJ1 Fi JP-

NJ4 B PR (¥ 5 I 90 AT 230 W 5 &k s 08 1 051. 69 Al
1 042.98 mgeL ™", it % 4 53 4 19.3% K1 19.1% ,
2 T AR R Ak

fRBE
Solubilizing rate (%)

JP- JpP- JP- JP- JP- JP-

JP-

Jp- JP- JP- JP-  JP-

NJT NJ4 NJ2 NJP NJm NIb NJx NJa NJ6 NJd NJI2 NJI5
JRBEEL B AR Solubilizing fungal strains
C—1 fi##56E 7 Solubilizing capability —8— f#BEZ Solubilizing rate

1

Ly AR BR 12 7 0 T BT 1) A7 W R

Fig. 1 The phosphate-solubilizing effect of twelve fungi from P. massoniana rhizosphere (P <0.01)
ARIRE NG FhEFR R 2 5 8% (P <0.01) Different smallletters mean significant difference (P <0.01)

2.3 SUMBEEEMRIERLSERE

X ) 0 R A 1K) 12 R AR 0l D0 s 5 R B 2 R
il W i 7 5 CIK) L B 1A AR JPNTT R JPNJ4. JPNJI
WFEAE CYA Br g dk /A KIH,25 CRFR T Ry H
FEAE 65 mm Aidy o W VR A, B R SR 4L
Tl ez 9ok (& 2A) 5 WiV A iR s . 2k
L7 76 TR 3 b ) 2 AR R R B R (A o AR A A
FEAR 25 (600 ~800) wm x 10 pum , FE 2 I 45 9% 4 11 ;
PSR R oy AT BR Y BOE BR O, AT 3.5 ~
5 pm, BESEHE o i B AK7E NBRIP 15 9 5k E AR KA 47
1,25 CHiFR 7 KRJG W& HAE R 35 ~40 mm, ¥ ¥
PEl KT 3% B, B4k 46 ~ 65 mm; 18 V& T Hb 22 950K
WL 8RR oy HE AT AR D B R R R Ok
B, BB TR R . AR I TR i
DA S W %€, w120 %8 e JPNIL O il 55 8 — Fib
(Aspergillus sp.) o

JP-NJ4 EHIRAE CYA B9 3 |25 CHi R 7 K,
W V& ELARZY 30 mme T 3 1 55 b0 A7 IR KGR
255 BN 55, VR S BURCIR (B 2B) 5 402l
THEAE, ER P e, Wetkst, g
DB VR A (35 W W VR BT RS A0 (. 1 B PR AE
NBRIP 125 C#53% 7 K, W% H 424 26 ~30 mm.
VRS B W], AR 18 mm A, R KR K

BRTHEBEER 24 KA 02 X) wiE a7
KT W& A BB 9% g i, DY A 2
ER RN RN E S SR N S ReiN  EA - Rl R AR 5
0o AR TR TR AR 1 T 2 2 4 i R S OW 5% )
WK ENFEFE R (Penicillium sp.) o

K2 2 MmO s e CYA BRIk Big
T VR AL
Fig.2 Two phosphate-solubilizing fungal strains colony on
CYA medium
A. JP-NJ1; B. JP-NJ4

2.4 SUMBERERS TERE

2.4.1 R DNA ITS PCR 4748 LLAR i 24 14
) DNA 1 4 A5 R 3@ F 514 ITST R ITS4, % H
(LR BeEAT PCR 38, 13 2 (K7~ 9 1. 0% 3
JBi W e g H Uk E AT K, JF L DNA Marker-DL 2000
VE R X e &5 AR WT, 2 B fif % 2L 5 7 500 ~ 750 bp
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W B2 50 %

AR AT 1 4% WY BT 5E 19 DNA S id, T i iR 24
100 ngs ™" H3%AT HAbARRE 5 M 445 o DRIk AT LA
H I X 2 4% 7 R4 3R A3 19 H g DNA 5 i, ) R
R

2,42 RHELKEAEWMRMEL I K2 bk U
i L TR TR BK 18S rDNA [ 8] [ J3° 41 £ 47 PCR 97 1 JF
IRy K I 45 ) 1) 188 rDNA ITS [X 5 41 43 5 5
GenBank "1 f) B ¥k )3 51 2E A7 A ALLAE 20 B, OF
Bioedit #fFE4T 2 B S LLEL, 1] Mega 4. 0 4K fF
Neighbour-Joining method ¥k 3 & WA R G K T
> F Bootstrap HEAT B 4IF « 45 3 % B, JP-NJ1 B £

19 1 Be K/ A 590 bp, JP-NJ4 Btk 573 bp. #f
EAT 53 i BEAT blast Hooxk e B JP-NJL B HR 5
Genbank 1% FH AL B K 1) 7] U5 1 #8 AE 99% DL L, &
ith 2 (Aspergillus niger) F1#y 5% it % (A. awamori)
P B IR 51 2 Kk F el WIVR TR 38 2 100% (K] 3) 5 &5
Er PN BRI 25 E AR JA > 7TIA G TP-NTL 1 #k
Wk A (R, 1997) o JPNJ4 1 #% 5 Genbank
o 2 A AR B AR B0 ) U5 1 A AE 98 % LA b, JL S g A
7% (P. pinophilum) (HQ392503. 1) J& %] [f] 3¢ 2 % &
I [ g v (I 3) WA o 201 TP-NJ4 hy g
[/

Aspergillus awamori (HQ285611)

Aspergillus niger (HQ392475)

® NJ-
10 NIJ-JP1

Aspergillus niger (FJ668837)
Aspergillus niger (HQ014691)
Aspergillus niger (IN561269)
Aspergillus awamori (AY373840)

Penicillium vanoranjei (KC695696)

Penicillium sp. (JF439498)

g |1 Penicillium viticola (JX003129)
5 || Penicillium sclerotiorum (AY373931)

71 Penicillium guanacastense (JN626098)
Penicillium aculeatum (HQ392496)

9 | @ NJ-JP4
Penicillium pinophilum (JN602366)

10

7 Penicillium pinophilum (JQ776546)

9V penicittium pinophilum (GU566197)

3 BT 18S «DNA ITS /771 (¥ fift 8 5 W8 R 40 K B M
Fig.3 The phylogenetic tree of efficient phosphate—solubilizing fungi based on 18S rDNA ITS sequences

2.5 SUMBERNIEREKNEZN

2 B W A D I R AR K 150 RS, X 1
AR R AR (9 A2 KR B0 LA K 2B )k TE AT 0 458 R0 A
g5 UL SR WY, 2 bR A W R 0 2 B R R E AR
T A B R AEER (R 3) . HoJP-
NJ1 B AR [ B 8 9 17 2 1 4 ) e &2 %% (P < 0.05) ,
T A HL AR 4 S b CK 4 K 19.36% i 27. 83% , fif
Jo o RUAR T & 4y i b CK 3 K T 104.13% Al
153.12% o JP-NJ4 TR AR AR 40 00 Hid Jo & (1) 5% mi) KT
B 5 CK A L3 b 59. 38% . PD k% 55 %}
Th 2 F T e MU AR A R R T R R A A 3R

.
3 4k 5itie

AW AT 95 T 5 AT 22 BB 12 6y By R AR AR
B LA R o) 1 U 45 BRWTAE NBRIP G HL#E 55 77 4 b

AR XL B B R AR . T
LA A B T 12 B AR 19 i ) B0 I AR B I
IEFEN26.7% . Horb,6 Fiok A # stk K S
B, 534 6 Bk VL IR ML B E0F T B LR
0 R 56 e Ll b AN 22 B L R R R A B A B
D7 R BLTE B AR o AN [ DX B - 8 A 19 L T )
A LA KR R A7 AR 22 57, X AT g B R R DL &
TIEAHAE RIS 0% . 0L ik e ) it — 2D
58 BT 2 Mot Cay (PO,) , LA 5 i 0 i ) 1) 22
HIP-NJUAD JP-NJ4 o 28 8656 53 53] g 10 ke ity 5 15 g A
T A . Horh, JP-NJL R Ak B g A i ot 2 ) 4
FR) 5% S % 2R B M A AR E Rl o T VR R TR T
¥ S THT G (0 B B A (0 B BT & (1, Ty JP-INT T TR AR TR
Ve PR (0, 5 TH R B0, DAL TP R AR kY it
% . Whitelaw 25 (1999) M /N2 (Triticum aestivum)
MR g b 4y B9 i1 10 35 % (P radicum) , 7E 35 37 21
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AR« Ly R A MR B et 28R R TR ) O 8 R AR 2 2 87

K (25 °C) J&i» % Cay (PO,) , 1 fi# 3% BE J1 4 360 mg*
L' 55 A LG ASBIF S 07 3 3R A3 K0 2 k8 ol B0 1

TR 45 14 A7 0 i ) B i

*3 SHBBEERNIEREKBZNE (P <0.05)
Tab.3 Effect of high efficient phosphate-solubilizing fungi on the growth of P. massoniana (P <0. 05)

KRB Seedling growth

kA=) ' Seedling biomass

Hi = Height

H1 4% Ground diameter

fiif Jfi 7 Fresh mass HE i &= Root mass

b B 1 K- % 1K 2 1K % 1K %
S 8 4 TEE e IR e e i
Increase Increase Increase A Increase
Value/ Value/ Value/
. rate rate rate Value/g rate
o (%) e (%) . (%) (%)
PNJ1 14 B i
]P—N;l _fNJ %{ﬁl . 23.67 £0. 86a 19. 36 2.71 £0. 27.83 4.45 £0.55a 104. 13 1.62 +£0.36a 153.12
ungal suspension
PNJ1 Py
JP—NJJI i J }xfi’xl&l " 22.67 +2.00a 14.32 2.5 +£0.29ab  17.92 3.24 +0.36b 48. 60 0.8 +0.19b 25.00
ermentation bro
PNJ4 13 B ik
JP—N.‘II4 _fNJ %{W . 24.17 £1.29ab  21.89 2.45 £ 0. 15.57 3.6 +0.25b 65. 14 0.95 £ 0.29bc 48. 44
ungal suspension
PNJ4 Ky
JP—NJ&f . kt@t{ﬂ&‘l i 22.1 £1.147ab 11.45 2.18 £ 0 2.83 2.9 +£0.31be 33.03 1.02 £0.23bc 59.38
ermentation bro
PD $ J2 4k
PD iﬂzﬁ,i 22.42 +1.52ab  13.06 2.19 £0 3.30 2.34 £0.35¢cd 7.34 0.66 +0.21¢ 3.13
medium
CK 19.83 £ 1.05b — 2.12 £0 — 2.18 +0.4d — 0.64 £0.18¢c —
CHURERY, Mt W L2655 W “ . .
2 ¥ X #

(Penicillium) « | 75 W (Aspergillus) 8 %7 (Rhizopus) «
Wk I (Fusarium) ~ /N ¥ B (Sclerotium) %%, H §f
WU 2 (2 & A M a (R RIS, 2010) o« ARHF
FUil i JE A5 2% F1 188 rDNA ITS F 41 73 47, % 2 #k 5
JR AR B 2 W ZL B JPNJ1 R JPNJ4 4T T %5,
53 ) A v il B RN RE AL I 5% o Mital (2008) 45—
FR R h 75 32 Bl 1 W S (Cicer arietinum) » K ILAEY)
RRAC b7~ H DL R o A AR W 2 s A E R
W A2 0989 0 K AR A D ks AT BLRD SR A Sl K
i (Oryza sativa) (I RRF) (00T, 2001) 5 [A) B A
W B 2 ] AR W W 2R DA 1 R ) 2R K () 7
25, 2000) o ATFFUHG 2 Bk R0 B L B 0 T R AL
B HEAT B R 5, 25 R W 5w RO 1R 18 2
BRVROE 2 KBRS AT LA B A 2 T R AR ARG, R
e U A B AR AR A8CR e T AR W 0 AL B Babana
25 (2006) fF 5T A BRI ik ol 5 0] /N 22 A 1 K R
HIA 60% » AR 56 v i o ith 25 TP-NJL ) 5 AR 1 AR
JoU R ) B A R I i T Rk A5 AL, JPNDL R AR
AR TR BAT R A RBOR - B AT G AR 0 1
IR 22 4 vh T 8 W A T A T I R T 9 A D
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