Research Paper MRIkE

WA W) %4 Acta Microbiologica Sinica
54 (11) :1333 - 1343; 4 November 2014
ISSN 0001 -6209; CN 11 -1995/Q
http: //journals. im. ac. ¢cn/actamicrocn

doi: 10. 13343 /j. cnki. wsxb. 2014. 11. 011

—HREBEEFIEEEREBHBEERR
LR BT YL S A

oL AR A 2 AR B R 5 AR X RIBE ST, b st 100081

FE: CE MY M A% 0 226 o 2000 9 G0 40 T ok » R s ol A 2 0 JEORE O 8 i A3 s 8 o vl 8 e K79
I FH BB I8 25 25 e M S B FRAFAE AN ITS tDNA J¥ 51 43 87 J7 v5 AT 1R BE 58 5 » &5 & W AR B F f0 L 3 15 5% Uy
TG PR TR 9 e 0 0 T SR P S A 2 RN T JR) /S DX 5 W A 9 0 B P83 (R R AR KRR mAE
PR R R L4 Y v bk P83 %y B b BF B (Penicillium decumbens) o A 45 #F F 55 9%
10 d, # Fk P83 R I 3 = R AV W RE 1 X Ca, (PO,) , (5g/L) MW i R0 B, A5 Uik 956 mg /L, % filf %
h 42,68 % » X I A 7K R BTORY 6 9 0 L T B IR B 1528 mg /LK P83 T Ak 43 i 2 Bl T it H Ca,
(PO,) ,~Zn, ( PO,) , FIEEH" K (RP) 3 i fiff Y5 (1 72 Ak a0 00 148 ofr, &5 S W0 7%, B Pk P83 X K Al Ak I 7
LR R R m, BRI ARG 2 5 9. 5% -89.2% T HEIG I 35% -231% , L IEA Bt 2.1 -
40.5 mg/kgo IR /N X B K 7= o 45 B 57, % 0 B P83 M = A R 4f (P =0.05) , KKF R =145 9.2

t/hm? , L AS B2 Bl i 00 (0 % S8 0 2. 4 ¢/hm®, B4 5l 35, 3%

(4598 X 3RAT T — MR it e v w0 0 A B 5

B P83, E e i AL 2 ol Ml v M Sk 2 B DN B AT O K P ORF T OK AR R T A e e R AT B AR

o & B R DL L 2 Y T 5% 1D v 200 1 o
R BRI < RN R T A B W REAE D SR AR OR
hESES X172

B 2 M B R KT A = K R SR e R
— U B S R B P ROR e A 0 I A R AR
U 5 5 i 4l 2 0 0 U 1 ) 28 R e 4 Tl A
A 8 R A T R . WP STR WD, N LI
BENEAT 90% LA - % 4k S sl v W, 2 PE 1 49 % 1k S
Rk R B, 7 AR Pk b R ALl B R 4 P . 4R
EE A BRI PR R AR AR . (R 3R
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TLAS 104 0 2 i, 3% I (0 B 6 A BR RSB 20
Ao B IO R P 8 T e A U A 9
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NPT JE T R R S R R AR AT 0 ) T
¥k B i 2 (Aspergillus niger) B B b % A
I B e 00 80 5 TR R RR O FE 3K T A (Penicillium
bilaii) " .

WHEMAE Y e B F AR m LI A AR S
RO R R B 2R K PO R R T R T R
FR) W B 2R ) S RE B R B R BT, &= R
Philom Bios 24 w] IV H F 3 9 %% A48 7= ¥ 0% 0 K} ™= b
JumpStart, 10 575 JEHFFT R W) G806 4 & 1 45 A7 2% ok
GRLEWR S 6% - 9% *Y o BN 3 B AL N A AR
Tl K2 SRR TR7 A 7 3 0l A P N ORE R 20 7 il s FH T
W 40% 15 My 450 22 0 Y T 3 BN R B
K2EHWH (Bacillus megatarium) 4 77 % 0§ 4= ) I
e

i 12 e 00U B S AR T A 58 Y RE g s ) 0 BT
FRJE KA LUK B 5B K I B bR o AR5 B 7 i ik
o Z5 R B PR 5 R P R I S v VS AL R ) DL
TR BE A A2 K R 2k A Ay v 280 1ol Tk 28 ) I R A
555 R A& A R TR A B U

1 MR Ik

L1 ##

111 H3ERIE R AW b iE e 5wl Rk K
SAE YR By LI 600 AN, Ak Lk A AL Ul
MR RIS A R -, 4 A (P) 5.3 mg/kg,
R (K,0) 128. 5 mg/kg, &% % i 0. 016% » 13 Bl &
18.7 g/kg.

11,2 3EFE (1) Wbk I ik 5 55 7% - T AL 0 5%
3 PDA B33k, F W E R AR RS . (2)
WO R SR GA B IR FE L CYA B 97 3. G25N 85 %
HP L (3)PDY B3k 15200 g 5 1000 mL i
£ & 20 min i 38, JE N K 22 1000 mL, i A
10 g [ BEHY 1 go (4) PDYA £ 35 5L PDY i 35 g
18 g/L.

1.1.3 ik sE: (1) g =45 [Ca, (PO,) ,
(P,0545.8% ) 1.5 #r 4l i IR & [Zn, (PO,), (P,0;
36.8%) 1, 0T RAEFRFE WA A A (2) HIrA
KA Ky (RP,P,0,33.62% ) 5 A ¥y it 100 H
(149 wm) o (3) BUAH B Lb (8 72000 52 7k RV 4
TR, BB B Bk W A B A & (PO
0.37%) »

1.1.4 EREFKE A $ A28 (mol/L) « K,S0,8
x 10 %, MgS0, 6.5 x10 *,KCl 1 x10 *,Ca(NO,),2
x107*,CuS0, 1 x10 7, EDTA-Fe 1 x 107, MnSO, 1
x 10 °, H,BO, 1 x 107°, ZnSO, 1 x 10°°,
(NH,) ,Mo,0,5 x10 ",
L 1.5 &k RS 5 (Penicillium decumbens)
B FE P83 FE K5 75 18 (Penicillium bilaii) B ¥k ATCC
20851, Hifig & & (Penicillium oxalicum) T ¥k P36+
th 5 (Aspergillus niger) T& Bk P43 Sk A Sz 56 =5 77 1%k T
Fho FEIET 57 W ATCC 20851 1E by X Bk
1L.1.6 FZaif 7 A28 A & DNA 42 HUk 77
%~ Taq WA ANTP ) 5 KA A6 Bz (A6 50) A R
N BI N ITST R ITS2 fy B TR ARE
B2 W) A B HE e iR O [ o pr Al B SRAR N
DHP -9162 R T~ Fifg—1H R 2w PCR X
73 GeneAmp PCR System 9700 ; = i# ¥ % & 0 Bl 4
Heraeus 2 7] [] Sorvall Biofuge Stratos ; Y 2% & il %55 A
OLYMPUS BH-=2; % 4b 73 ) 0t BEAY Ok R 56 BF 4 A1 R
AT UVI501 .
1.2 EREEFGE
1.2.1 BHE &S &7E BNRE & W P83 FE 3
T % W (ATCC20851) , [ Bk P36 (B 15 4%) Fl P43
(P hEE) 2 BB Bl Bp T PDYA 5 97 38 L 15 9%
72 h, ff 4 BRECB AR 20 il RS 100 mL G R K
) 300mL = ff )i, T 28°C <160 r/min 4 T, &
% 30 min DAy BB 7 B e WO T & 1 mL, B
T BB I T RCE, 4 1 x 10° efu/mL,
PR3] &5 A7 100 mL PDA ¥ A4 55 7% k18 = f1 i
1,28°C <160 r/min, # K KEFE 3 d.
1.2.2 A#EFHEFZE K S0 g HRET
500 mL{¥) = i i1, 121°C 1. 01 MPa, 30 min /& &
KT o IR VA B B PR A T PDY VAR RE R Bk
28°C\57.24 (x g) #EIKRH; 7% 3 d, &F H AT P AT
B S B K ) 10° efu/mL, {34 B Bk 5 K B
WAL 12 AR IR G385, BT 28CH R 3 -7d,
B H AT AR R 1 5 AR HUA B4 5 < 10°
cfu/g W, F T 2 B 5 -
1.3 BRI 5 F L

K HY 28 91 M e 1k SRS AN T A R 3 i ) L e T B
W PRI 1 g PR T UK A8 16 8T 5 1+ 4%, H] 0. 85% K
BT 1) 74 A 7KK - R SRR A5 1077010 1L 10 TR
10 4%, 23 WL EL 0. 1 mL 38 B0R A T To WL 5%
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FRIEPAR b REA T RO B IR AT 3 AR 5
BT R, 28°C HEFE 3 d Ja . FHE R R Bk
Pl K TR TR Bk 5 6 42 1) PDA AR} I OR J6E A PDA P Az 4
o Gl Ak B Rk B2 B 31 J8 WL 1 AR, A B PR B
3 WG28CH R 5 d o, Il v P 5 B v HLAR
Ko
1.4 BAHEKRNETE
1.4.1 E#k ITS rDNA RY % TE K5 0 3% 51 10 1 bk #%
F) PDA AR KT 77 3 vh, 30°C £7 K 36h, Jo TR 451 1 LA
KA 14 H Bk rb b gk 43 20 5 22 4k, SR T B
DNA 2% 71 5 5 OB K 5L DNA, ] L3 ] 514 1TS1
FITS2 445 18S rDNA ) ITS [X 35, PCR ¥ 34 7= 4y
b A AR B R A R 2 w0, R 3R A 188
rDNA 7 %), % N\ GenBank, 3k 15 ¥ & X /) & % 5
(KF977506) . FH Blast £ /7% 18S rDNA J¥ 41 5
o B B A e A EAT B X i B IR YR P 95% LA
B REFE ), JE R MEGA 5.0 M4T R4 R B W
ARE
1.4.2 BEHBIRSERE GIED) Wi w5
TRE2NE SHEPTEHARE CGE=1THE) -F
B8 B A VB 6 T A AT A
L5 (FEEHRIEBRHFENTEIARAR

¥ 100mL ¥ JE b Sg/ L s v 9 16 5% 9% W N
250 mL = A A, B Ok B R A S K RUBERT R .
F121°C 1. 01 MPa & £ K B 30 min, 38 1 mL %
T TR R TR AR Ry R A b e B0 A B A A - (1) %)
W(CK) s AR (2) FE3E T 7 B0 58 X i (3) &%)
BhE %5 4 P83. FEALEE 4 RFEHE . BT 28°C 160
r/min FRIREE 3R, 40 9T 3.7 110 d, U 5 mL,
1118 x g+4°C &0 1 min, B & WM & B Rk & &
1.6 HXEHMIBEERABYRAR

b b 5T P e S AR, SR AT
WL (18 cm x 15 em x 15 em) , & 2535 13 1 kg
B A B A (1) 0 B8 (CK) @ AS 36 18, it FH o o 1
(2) %5 W P83 HL 14, Jiti FH M v 5 (3) ATCC20851:
BRI BE VR 8 3 Bl 420 2 Ca,
(PO,) ,~Zn, (PO,) , 7K FIEW Ky (YHRP) , 4 Fl f
RN 1.0 g/kg L5 WA HRENS g/keg £
Bowm S LRGN, BALIES 8 K It
72 fe EAMK E R RO (5 7 4 Bk, db 5T R F
¥ 26°C, B F¥) 14°C) , B A 4 R F KA T
TEHLERE FR W 100 mL/J§,40 d fiegk. KA T IEFI

KD RE > U 8 A PR 66 B T 3 R0 b 3 AT 20 7 .
oK T A B 5 958 6
1.7 HiKEH#RENMRIREBRAR

2013 4F 6 H A8 A6 5t i 5K e A & T R N X
R . AR b P36.P43 I P83. ATCC20851 %
X HECTR B /N DX S0 H AR A 6 mox 4 m, ¥ H R 4y
J92mx0.75 m BN, BEAS /N X A A 300 g,
WAL EE Sy (1) Xf B (CK) = A 7 (2) 482 3 71
ATCC20851 : (3) £ p 75 1 18 P83 ; (4) Hz 14 71 v o
W P43, (5) 18 7 v W i P36, BEANALHE 3 (AE
SR A ERE 1S cm LR AW A FEZE
(200 em x20 cm x20 cm) , BENZEFHL KK 10 £,
T K il Bl Ok 8 B 958,105 Rk o I SE TR K R B
FAF R R EE R R T . KN RS
h 5O BRI 7 SOER IR SR AR TR S 3 e
A S =
1.8 BEFKiItHINAE

K] SAS 9.2 Gt vk B AT X K4l 2 AT Ge vk 2 My
(SAS Institute Inc. , Cary, NC, USA) .
2 HURAI
2.1 BHERSDERIE

FE b 48 15 € EL 9 AT il i 97 328 ) o 8 0OR

BUFM B 6 Mk (R 1) o fELHBEPR EEEFR S d,
P AR P83 ¥ i Bl 11 4% i KA 8.5 em, W ¥k P67 Ay
6.3 cm, B bk P54 [ B I8 H A2 B/, AU 4.5 eme
W Rk P67 T K AR d K, 4.7 em; Ho vk b bE

F1. FHEETIRLEBBEHYR (S
Tablel. Ca, (PO,) ,solubilization by strains in plate in 5d

Ca; (PO,) ,
Dissolved
Strains Dissolution
D d D/d Amount /
rate / %
(mg/plate)
P32 4.8 d 3.8d 1.26  42.66 e 28. 44
P67 6.3 b 4.7 b 1.34  73.50 b 49. 00
P34 5.9¢ 3.8d 1.55 64.47 ¢ 42.98
P35 5.7¢ 5.1a 1.12 60.17 d 40. 11
P54 4.5d 4.1¢ 1.10  37.50 f 25.00
P83 8.6 a 4.5b 1.91 136.97 a 91.31
Signif (P =) 0. 05 0. 05 — 0. 05 —

D: diameter of phosphate-dissolving zone (cm); d: colony growth
diameter (c¢m) . The letters indicate the significant difference at 5%

level.
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P83, V-1 4.5 em. Ak P83 [ o 1 Pl 142 5 1A
WHEAEZ W (D/d) K2k 191, BBk P34 5K
155, F#E PS4 A0 1. 1o Jr A il 5 W AR AH L, P83
BV B e ) B o, PR O M BE R = R
136.97 mg, ¥ fif K 15 3] 91.33% ; H X 0 B K
P67, i F L B 49% o U1K HUR Bk P83 HEAT IR A
RIAE ST o

2.2 AHMEMETE

2.2.1 FS451E: % H Bk P83 #:5h T PDA,28°C
i 35 77 36h, PR W] 75 210365 W (19 1 22 4k . #0135
727 & B EAR R 50 mm, R 22 4 S0, R
T TR VR A G YR AR OB N W8S, T 22 R
Ao ok kB R R, BEJR, HAA N 1.8 pm -
2.2 pm, KFEH 23 pm —50 pm. SEME G KN 4 -
8 A, K 8 pum — 10 pm, 4 A £l 7 M 3 B, 61 42
K>3.2 um -3.4 pmo.

2.2.2 IEFEAEME: R VAL CA Ri9REE | 25°C R 9% 12
d, HAE A 18 mm —30 mmo R BB, B IR 4 S
s A A T R . W 2R, TG
B RR 3 (. WA 7E CYA i g5k | 25°C &%
727 d, E4% 20 mm - 26 mm, 5 200N 3 20, 704
WP, o IES O, WML a 6, RERE O W
2 G25N F2g3t Fi23R 7 d, H4S 10 mm — 13 mm,
OBE HABM B R 80 AR TR Z, B K
Gt RIMR A A, 72 CYA ESCHiFRT d,
ARG BRI 3R/ o

2.2.3 TE##Y ITS rDNA F 51447 F) F ITS tDNA
FF 5 5 1 )6 W R EAT PCR 1445 21 924 bp 19 H 1
DNA B, #2248 5] GenBank (%35 & KF977506) .
FI ] Blast # {55 GenBank (1) ¥ 41 AT [7] 95 1k L %%
S5 R OR BBE P83 5 R BN A M W] YR Tk A B
100%

Penicillium aculeatum (GU384213)
T =l
0.05 37 Penicillium sp. (KF848942)

37

30

Fungal endophyte voucher (KF673573)

49

Penicillium pinophilum (GU723454)

Fungal endophyte voucher (KF673671)

Penicillium pinophilum (IN62491)

84

Penicillium sp. (KC790522)

14 { Penicillium pinophilum (JQ776546)
19 Penicillium pinophilum (AB606412)

P83 (KF977506)

100 { Penicillium decumbens (JQ664732)
85 Penicillium decumbens (HQ455812)

[ 1. E#E P83 & F ITS rDNA FHIEIRMEHENRELEN

Figure 1. Phylogenetic tree of strain P83 and reference Penicillium species. Evolutionary distances showed in the figure 1 were calculated by

MEGAS ; 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.

2.3 ABSENE P83 HIAMMERMAR

TP 5 Tl AT A 11 v 9 o B L) R ey (] 2,
Bl 3) o 70 LA — 45 4 B U5 1 A B b, 38 b
WRRE 3 d, B bR P83 Ab RN W AT ABE Y i N 853
mg/L, ATCC20851 B PRk AL HE P A i & = 0
478 mg/L; R P E AP T RE T d, T RE P83 AL BE T ¥
WA RS BT 3 d, #0056 mg/L, ik % 909
mg/L, ATCC20851 4b ¥ FAHEL T 3 d, WA 200
N 281 mg/L, iAF] 759 mg/, CK A 2 & & L
145 mg/L; 4 ik Hh #2 Tl B B 10 d, 1R bR P83 5 1A
Bk ATCC20851 A1 b, A7 2% 8% 3% fn 135 mg/L, ik

956 mg/L, X il [ — 5 1) ¥ il K Ok 42.68% » 1A Bk
ATCC20851 i i MR 4% (1) 5 filt 22 4 36.65% - W] WAl
Bk P83 7E i TR 4T ¥ it b L p #k ATCC20851 47 .

TE LA RV A 0 i 5 (1 Ak B b, &5 CKOAH LK,
ATCC20851 &5 P83 [f) ¥ fift i W W 3% Jn o 42 06 v %
PRI AR 3d, W Ak P83 A EE N W A S RN
45 mg/L, ATCC20851 B # 4b B2 N %5 i A 250 % 5 &=
32 mg /L BRI R AR 7 d, AR P83 Ab LR
TWE A AL T 3 d, 890 97 mg/L, 3 K%
h 216% » 15 %] 141 mg/L, ATCC20851 4b 3 FAHLL T
3 d, WA O S R N 95 mg/L, iE #) 127 mg/L,
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Figure 2. The dissolving content of phosphorus in Cay

(PO,) , by strains.
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3. AMIEMRM BT MARE

Figure 3. Solubilizing rate of rock phosphate by various strains.

CK 7 R % & & A 17 mg/L; $7 i £ Fh 16 #k
10 d, # Kk P83 #HEL ATCC20851, 10d ¥ it WA ¥ v
W R W D 18.3 mg/L, ¥ K £ 13.6%, i& F
152.8 mg/L, P83 ¥ fift /K A1 W 1~ Fy 19 e J1 = T
ATCC20851
g L RTIR, W RE P83 S i R S 5 WA 1V A AR
e )R T B BE ATCC20851 , %) Bl 2 45 11 v it e )1 '
FRTWENH
2.4 AHEN P8 MEFMTIEMEBTHNBRYR
WEFEs R oR (3% 2) , il in v Ak I 2 9
AR S e DABEIR A N BEUR ST A
B AT P83 Ak B - 9 1) A K W B s 34 B 23,59 mg/

kg, 5 CKLATCC20851 A Lbik 2] & 3% % 5 K ¥ 5
CK Af Eb, %5 W 14 P83 Ab BE L 938 45 24 W & & 1 I
15.6 mg/kg, 34K 2% % 195.2% ; ATCC20851 B #k 4b
RN B b B Ak B A 3 20.39 mg/kg, B K E
155.2% o DABEIR B 0 B U5 I 45 111 T B i Bk P83
5 CK AL, T3 ok & & B3 4w, ik B 55,01
mg /kg, WK Ky 278. 6% o it I A A 8 A A%
O P83 > ATCC20851 > CK; 76 W 1™ ¥y Ay ol U5 11
ZAF N B R E B P83 AL HE ) AT S B S CK
ik 3 R E K AR B RO 6,75 mglkg,
# Ky 45. 8% , HL vk kB bR ATCC20851, 14
WM& E4 6.27 mg/kg.

5 b 3B A AT S TR AR R AN T3] X v ol 100 W A8 28R
AN TR]  FETP VR R 5 38 b A R O R A > W
B> WETORr o LU R B W VR I 2 Bl B bR P83 1 Ak
PR, LA ROWE T s LABER R B VR 1Y CK At
AT R R R . RN A B A B R, B Rl R
Pk P83 & CK AH L, |- 458 8 7% 79 1k 21 Wb 2% 72 S UK -F»
AR R B MBI AT Ky by Wl st 1) 45 0 e Fh T 57 P83,
AT O RO T RN T ) ATCC20851, 7 e R
K BB F Ko L5 Ln] g Ak P83 X L R IR I
P AAEMRH. 2.5 ABE Nk P83 M EA A
A REHR
2.5.1 EHMERERME LIS EYE RS W
FAEREW] (R 3) , M A P83 5 CK AHLL, £ K
R AR M 130 AR ) i 0 3 B v T TR A Ak B R b
TR0 P83, A R i 1Y K A B KL Ol 113 % 5 IR B Ak
PR HEFD P83, M AK f HE G i AR, O 35.4% o W
Pk P83 5 ATCC20851 A bk, A Ak () T 5 1 6 & 07
B, JEARIE R B E K

AR IR 85 A Wi P A5 1 T B AP B R P83, 5
CK AH b, ff 75 L 320k 3 2 3 /K1, 20 i 39 n 113 %
51 7% ;5 ATCC20851 A1 Lk, Fl Ak th b 358 43 ff &
BN 6% , ik F| 21.26 g, KK L 2 T 5 8
5.2% 158 2. 61 go LLABEIREE N BRI 4 1N, 2
B E 7 P83 5 CK.ATCC20851 #f b, fif & . T & 4y
) 38 51 35. 4% F126.4% ,9.2% F18.6% - LLBEH ¥y
Sk B U 16 454 R 5 T kK P83 AHEL T CKLATCC20851,
MR 6 5 59 0 35.8% - 24. 1% , i bk T & 4 i
6.4% -28.2% o AN[FIBEYEAL BN, BRI ) P83 &
CK ALk, Hy 1358 2 5 L 08 21 I 3% 22 K
Pk P83 5 ATCC20851 AH bb, Hb b3 4y 1 T &5 ff 7 #1
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2 EARZRABRAARESLREAHIBOEM
Table 2. Effects of P—solubilizing strains on content of soil available phosphorus in corn experiment
¢ (available phosphorus) / (mg/kg)
Treatment -
Ca, (PO,), Growth rate Zny (PO,) , Growth rate YHRP Growth rate
CK 7.99 ¢ — 14.53 b — 4.63 b —
ATCC20851 20. 39b 155.2% 53.75 a 267 % 6.27 a 35.4%
P83 23.59a 195.2% 55.01 a 278.6% 6.75 a 45.8%
Signif (P =) 0.05 — 0.05 — 0.05 —
The letters indicate the significant difference at 5% level.
RI. BHMERMIEBEMNEYANEMERE LS ERYR
Table 3. Effects of P—solubilizing strains on corn shoot weight under phosphorus sources
Shoot fresh weight /g Shoot dry weight /g
Treatment p P
Ca; (PO,) , Zn, (PO,) , YHRP Ca; (PO,) , Zn, (PO,) , YHRP

CK 9.98 b 14.90 b 12.66 b 1.72 b 2.65b 1.69 b

ATCC20851 20.03a 18.48 a 15.56 a 2.48 a 3.08 a 1.71 a

P83 21.26a 20.18 a 16.56 a 2.61 a 3.34 a 2.09 a

Signif (P =) 0.05 0. 05 0. 05 0.05 0. 05 0. 05

The letters indicate the significant difference at 5% level.
AR K P83 X R Ak b b A B 1 A AR AR
T Bk ATCC20851 .

2.5.2 HBEMFEBERREVENZ I UFAL
FER W AN ) Bl A BN 5 e 0 Y B A AR P83 5 CK
FH G, AR B o 5 ARk 21 8 25 22 e K 4 il 4
93.3% -231.2% M1 9.5% -89.2% (% 4) .

AR R 25 0y Wl 5 1R 4% A1 » R A ) P83, oK
R AR AR I 1 o 6 1 5 2 Rl CKLATCC20851 54 3 1
F 22K i R Sy ) Ok 4. 14 g RILLT5 g,
5 CK+ ATCC20851 A b, 4 8 W T 3 5 230 5
231.2% F189.2% , 8. 4% F1 37. 8% ; LI 8 ¢ g
WA T, B Rl A P83 &5 CK. ATCC20851 #H
B, KR AR AR I T T 6 T 3 3 W 2 22 Ko, R

o EE L T 84> B 4 93.3% F1 51.8% ,27. 9% F
2.5% ; LAWEAT N S 0 U5 0 AL BT, B2 Bl R P83 5
CK # Hb, M0 T . 6 6 ik 8 8 % K P
ATCC20851 AHEL, MM T T 25 5 A B 3, MR T E 42
52.5% .

A Vo) B3 050 A L i) 5 T A R AR 0 B L TR
AN BERREE > BN R > BERRES o b B B AL BN 2
FpER 7] P83, L i T A5 K, HEIA 6.92 g, B IR A AN
FETRT IR Ak AR B T 0 /5 AR 1. 25 g W R B Ay 19 U
LR R P83 MM, R T EE RO, N
2.49 g, g/ by W IR A AN 2 B A B R B R A N
0.96 go £ L0 UL, Bikk P83 40 FE T Xf 4 kML A {2
A 25 S e U

R4 FHMERTARBREDELEMERREYENIERARR

Table4. Effects of P-solubilizing strains on corn root weight under phosphorus sources

Root fresh weight /g

Root dry weight /g

Treatment

Ca, (PO,) , Zn, (PO,) , YHRP Ca, (PO,), Zny (PO,) , YHRP
CK 1.25 ¢ 3.58 ¢ 2.20 ¢ 0.96 ¢ 1.64 b 1.67 b
ATCC20851 3.82 b 5.41b 4.31 b 1.27 b 2.43 a 1.72 ab
P83 4.14 a 6.92 a 4.86 a 1.75 a 2.49 a 1.83 a
Signif (P =) 0. 05 0. 05 0. 05 0. 05 0.05 0.05

The letters indicate the significant difference at 5% level.
PR RERS T ERBER~ENE
P B AR K A KA B AR AR AR
SECA B it o et 70 KRS AT AR T 5 9 i Y e

2.6

KAEY) & AT A R O 5 P83 > P43 > 20851 >
P36 > CK ([ 4) .
A R P83 X K K A A I T I £ R A AE
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M Ehf, 5 CK AH L, w571 P83 4b BE 1 5 A1 1+ & |
4y N 16.3% F1 31. 1% , fif & 4 28.2 t/hm’,
TN 12,27 t/hm?; i i 7 20851, 5 CK M L,
KRG AT T TS G0 17, 5% F1 9. 3% 5 1k |
25.3t/hm® F1 11.23 t/hm’; i 7 P43 &b RS FT 16 T
HE L CK AR LG, 40 5l 4 = 14, 9% F1 27.9% ; 1
) P36 AbFEFEFF T 5, #F 5 5 CK A H, 43 5138 In
4.1% F19. 6% o ¥ I A (7] 1) 1R 7510 %5 K HE Ak 1) 42
A AN, BBk P83 5 1 Fk P36 P43 A Lk, A FF
{0 543 50 389 0 4.6 t/hm® F1 0.6 t/hm’, T 5 5
B hn 1.6 t/hm® F1 0.47 t/hm’. ¥k P83 5
ATCC20851 A EL, K 5 FF ) #F 7 $2 %5 2.9 t/hm’,
TH R m 104 t/hm’ . 25 b W] %1, s 00 77 P83 %t
DR RIS KR A AR R B A

33r # Fresh weight
30k R Dry weight

P43 P83 20851

micro bial incculum

B4 FRIEHRGETHERERTRE
Figure 4. The shoot dry and fresh weight of corn with

different strains.

27 DERAREHMMERTERTIESNHY
A1)

W Es R (RS, A5 CK AL, &
K T R KO R IR B R 2 2 K. i N
) P83, 5 CK MLk, T KM 1Y i 2. 75 t/hm?, 3% 3|
16.95 t/hm’, i jn 4 71 P36 L5 jti b 1% 71 P43 H. A7 4
A {0 B K8 8, 5 CK M B, | K 8F 548 i 1. 73 ¢/
hm?, 75 %) 15.93 t/hm*, 1% 7] ATCC20851 4k ¥ 5 CK
e R, FOREEE AN 1. 38 t/hm’, jifi 0 B #1216
AR B 7 %, 17 P83 Lt ATCC20851 4b 3 i) &
K AE TN 1. 37 t/hm’ .

o T KA Rz o R d K 1) B 7 P83, b CK
FHEG Kb R T A A BTHE N 2.4 6 3 7 mik
35.3% ,i5 %) 9.2 t/hm®; Hoyk hy # 71) P43, T Kk HL
EEATM 1.4 , 2% % 20.6% , &%) 8.2 t/
hm”; 34 7] ATCC20851 Ff ki 3 i 1.3 t/hm’, % 7
BN 19.1% o B 7 P83 55 I Ath 1 71 b B IA 2] B 3
25K F, 5 ATCC20851 A b, 5 24 i K K 34 7~
1.1 t; % P36.P43 5 ATCC20851 Z H A%,

NYIINE RN AT TR e L e S g T s =
Wz kB B E R KFE(RS5). bFE P83 L
CKAHLL, B & m bbb A S &, lMmE R
17. 4 mg/kg, ik %) 26. 12 mg/kg, W 7] P36 5 P43, 5
CK LbA, RGBS & nHmo.2 mg/L 5
12.4 mg/L, 75 3 17.71 mg/kg F1 21. 19 mg/kg.
7 ATCC20851 5 CK #H b, & T v 4 358 A X0l 384 I
9.8 go B M AL HLZ W] ZE B E, W OR P83 L
ATCC20851 HLEL, A Mt & B 3G K 42, 6% -

g b] DLTR AR P83 A /)N X S G vkt K R A
P S 77 4 A 0 R B

RS FRBABERMERFEMN L EALHMERAYRR

Table 5. Effects of P-solubilizing strains on corn yield and soil available phosphorus

Fresh weight/ Dry weigh/

Treatment

Increased production/

Increased rate/ Soil available

(t/hm?) (t/hm?) (t/hm?) % phosphorus/ (mg/kg)
CK 14.20 d 6.8 ¢ — — 8.72 e
ATCC20851 15.58 ¢ 8.1b 1.3 19.1 18.32 ¢
P36 15.93 b 7.8 b 1 14.7 17.71 d
P43 15.93 b 8.2 b 1.4 20. 6 21.19 b
P83 16.95 a 9.2 a 2.4 35.3 26.12 a
Signif (P =) 0.05 0.05 — — 0. 05

The letters indicate the significant difference at 5% level.
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3 g
- B T K R A7 B 0 R S B 1 R

BF 5 5308 00 95 T O 2B A v bk B L o 1 S R g
P LA T A R il B R R A TR M S
i U R B 4 B O G O VA B A I A B
B I A A I 0 1R A DG A

T 0 5 A S o U — A B AP S AR T
AR A B A KR R B R B G 0P R R R
A7 A0 SCHR R T FE IR 7R 7 d - 10 d e TR K
iR VS Tl R O A5l i T A MR A AT AR R AN [
VT R AR FL AT TR B VR PR R VAR 1 v R 2
U A e A R R Y b Y e
F4 b T R 45 %) ¥ i i 2 150. 6 mg /L, 4% 5 7
LI R P21 5 P32 X T RE MRS VAR RS )k
862.34 mg/L 1 742. 42 mg/L, %R % Ky 37. 69% F
32.45% ; AR5 P83 TR BE X W IR A VR ' N 956
mg /L, W5 N 42, 68% , 1 ¥ fif W TR 45 L B4R T
P21 55 P32 Bkk. A% =0 2 B bk P36 ST 7 R BS B K
PR it e Ay 82. 32 mg /L, A1 AL E B Bk 10 d,
B B2 100 mg/L; ) T30 B B 6
ok 2w EBH SV TE R A AR, B AR C5-A TEIX
PR BT Ry bW B R 4 i 279.38 mg/L
149.55 mg/L, {H & B X @ B 25 W w i & AN
125.79 mg/L, P83 3 7K FlI W4 Ky ¥ %5 fift A 11 g 148
mg /L, Pk P83 i C5-A H AT — & I Bt 9

T R P E 3 v 6 A 3 v TG ML LA AR A 1 A
HREMS R R BRI K O EmE D, Y
%[34] PR KIAE - 3E R RN P, expansum HB 5
TR o B 1 25 5 MR 0 4 0 B9 i 10.1% 5
12.5% » + 3% B i A7 AW & BN 17.5% o B e
e BT UE B B PS 7E F AR o K0 2R AR
o 56k B A LG M b M R B s B i 128 %
5 43.3% , Salih ' 452 B %5 5 75 % 14 Penicillium sp.
R LV N ERTE S DI w: L VSR E Tl P
TEFEAED A K

ATCC20851 Jy FF 315 5, 70 B b 14 2 A i
R A 285 SR A 1) R BRI
Pk P83 St il 12 415 55 sk AN BB (% 9 R 2% R AL T
ATCC=20851, 1% 3% 10d % B & 4 W 38 b 135 mg/L
F18.3 mg/L, 75+ 853856 o, 46 B AR #0 R 32 1 1

138 T A7 0 (9 2 B B BR P83 LK Bk ATCC20851 T
REAS 8 o L 3T A L AE R R L W IR B B A
oy Ak B ep AT S50 S & 4wl G m 3.2 mg/kg. 1.26
mg/kgFl 0.5 mg/kg. B PR XL PR 142 2 20 R i A
T, WKk P83 XfAH MK ML B M E Y
ATCC20851 AH Eb, - fif H 3% in{H 3% ik 21 & 2% K,
T 4y AN 6% —9.2% F15.2% —28.2% ,
Pk P83 S A &R )4 A2 AR B ATCC20851 ik 3] & 2%
IV 0 T 5 4y S 4 = 2.5% — 37.8% Al 8.4% -
27.9% o FE/NDXSEE R, B P83 AL BE R, OK A B
BT, ROR P R, R B S R AR T
W7 ATCC20851 #5A  # $& i o

A AL 25 O I 18 AT WF 6 % W A A 22
Tk H W E R G EEY) AT N H RO
TEAN A AE D b #03e B Hh B S5 0 19 7= 20, 42 P VE
G S ST SO T 7 R o L S I 7 s
Chabot %5 " 38 75 1 38 |- 55 Fh ¥4 B 81 bk 78 T K A
BB EL AEY R B R T 8% Ml 6% .
Sharma ™ ¢ -1+ 38 v £ Pl v 0 1 FE 3K 75 45 10 B A, D
Hprra T EIEN 16% o ASZE ¥ Bk P83, H iR
F) K 5 ok AT LG 4 7 38. 9% 5 A5 RS B N
17 mg/Lo 22—k B A B UF S H]FT 5t & Rl 5t 5

WRETCAE Y B A A g e, s LI
R 1) & i AL BEAE W AR A A T R D e ROA TR
TR A= ) W o AP 5 41 T 1) Y Tl L TR 1) A 198 1) T
B 4 BT 9 5 {EL 9 T T ) ol S L A T 2 /D AR
56 LA ™ FHAE WA B 438 D4 4 kLS 18 AT V8 ol 1T Y
i 36 ~ %5 58 VR B AR BORWIE S, BOAS TRAR B
B4k

(1) DLAE IR =41 Ay B8 50 075 326 1) — Ak H AT B0
WERE s I EC B P83, i i B ITS F7 41 70 #r 5 T &
W B, VB MK P83 MM E WA BN EE
(Penicillium decumbens) o R W} 5 25 S 710
B

(2) W] 44 55 77 B VAR 8 FR B A0 LI A R IN
WG4 2R S s s Rk B 7 % 181 P83 T AR T R A D TR
PR R M A5 HME v e L R ) VS AR RE D) o VR AR R
FREAE TR BIENT 55 T P83 W AR ME VS Bl 1) R W 3
KT Mk ATCC20851 ; 7 4% 5 1 I /s X3k 56 4%



SRR AR R VA R O 2 M S VR R AR AR TR A 4R (2014) 54 (11) 1341
T, B EE P83 X A 35 Mk s o A= A AT 2k o A Rk SR sterilizer and in garung befindlieher striffe any dil

B3 & T ATCC20851.

(3) R}k 7 % B W bk P83 £E AR K & 1F K, A

AREREERER RS ER'EOAR. 2K
TR0 4 AL N T TR B BE Y B R AR 1 2R )
i, BAK P83 AU A F. HIMISAER, W P83
EHEE ROk E, 5 ATCC20851 AL, EKH 7 1.1
t/hm®, P00 13, 6% ; 14 71 P83 55 A A FH] 45 Tk 14
UM X A L, = B4R 2.4 t/hm?, 3R %G
35.3% .
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Screening, identification of P-dissolving fungus P83 strain
and its effects on phosphate solubilization and plant
growth promotion

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

Abstract: [Objective] To isolate phosphate-solubilizing microorganisms from farmland, and to provide P-solubilizing
microbial resource for biofertilizer production. [Methods] Phosphate-solubilizing fungus was identified using
morphological and cultural characteristics and ITS rDNA sequence analysis. The phosphate—solubilizing capacity of strain
P83 was measured by Petri dishes, broth medium and soil pot experiment. The effect of strain P83 on plant growth was
studied in field trials. [Results] Strain P83 was identified as Penicillium decumbens with a strong ability to dissolve
insoluble phosphates. P83 dissolved 42. 68% Ca, (PO,),(5g/L) and the concentration of available phosphorus was 956
mg/L during a 10-d shaking incubation. The concentration of available phosphorus dissolved from Yonghe rock phosphate
by P83 wasl152. 8mg/L after 10d shaking incubation at 28°C and a speed of 180r/min. P. decumbens P83 had a
significant growth promotion effect on corn in Chao soil under three phosphates such as Ca, (PO,) ,, Zn, (PO,), and rock
phosphate. Compared with the control, inoculation with P83 increased the fresh weight of corn biomass by 9. 5% —-89.2%

and dry weight of corn biomass by 35% —231% , and soil available phosphorus content increased 2. 1mg/kg — 40. Smg/
kg. Field trials show that P. decumbens P83 had a greater effect on enhancement of corn grain yield, the yield was average
9.2t/hm* and 35.3% higher than the control. [Conclusion] One new phosphate— solubilizing strain P83 was obtained
and identified as P. decumbens. It solubilized insoluble phosphates in petri dishes, broth medium and pot experiments.

P. decumbens P83 could increase corn yield significantly in field trials. P. decumbens P83 strain has the potential for bio—
fertilizer production in the future.

Keywords: Penicillium decumbens, insoluble phosphate, phosphate solubilization, plant growth promotion effect
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