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11,2 REge k. A7 Bl v ik 0 5 1 MV TC AL Wl 1
FEIE PDA R} 3R 5L PDB kS 3R
1.1.3 2EFERME ) K (mol/L) :K,80, 0.75 x
107, MgS0, 0. 65 x 10 > ,KC1 0. 1 x 10, Ca(NO,),
2 x 107, KH,PO, 0.25 x 107, CuSO, 1 x 1077,
EDTAFe 0.1 x 10, MnSO, 1 x 10°°, H,BO, 1 x
10 °,ZnS0, 1 x10°,(NH,) Mo,0, 5 x10 ",
11,4 F 200 A 8% . e & DNA 2 BOtR &
W A BN BB A BRA R, Tag BEFT NTP I 5 K
AR (AL 50) AR A, 51426 1TS1 F ITS2
A i A T A AR A BR A /& Rk, e a4 o
E r= 3 #r4li, PCR 1%} GeneAmp PCR system 9700,
B %% B O Ml h Heraeus f) Sorvall Biofuge
stratos , 6% i i 4% S OLYMPUS BH-2, 4} 43 3% 3¢ B
IR R R A R A UV-7501,
1.2 BABEMNSBFEMEE

Wi L HE 107 - 10" £, i B+ 08, o H ik
A B MEE OIS 2 56 1 28 C R B hE 42 5 d, ik %
T P A K A B R, B 12 31 PDA A G 5% L F AR
I, Aifk IR A PDA RHH R . 2 BOCER[ 11 ] 4K
P AR TE 5 R AR AE , DA S H: ITS xDNA J7
AT 532
1.3 AMEEFEILESRBRREpHAOTK

7E pH 24 7.0 9 50 mL PDB #% 3% K v i A Ui 16
MBS Ak, 45 3 10° cfu, 28°C, 200 r/min FZ JK £
18 h, ] pH 2 {30 7 T PR 855 5% )5 S W %) pH B,
1.4 ABEHRMEXRRREME
L4175 58 o bR TP Al 355 7 2 v EOK AR R 3 i
P IE M < AE 50 mL A P 4 B SR A 1 Bk
ZEHYEOKFP L BRI R MAEE R W, 25C
JEHRRE R 15 d 5 B B FR M, 60 °C K i il 25 Tk
45 10 £5, 5 B E KRR R - W Y. K 300 mL 5k Gx
Pikovskaya }5 7% KL ¥ 1k, 18 40 3] 50°C £ 47, n A
15 mL 4% IR ) B1F A, B F AR 15 mL iR 4
FEREAAR PR S mm (Y E R, A EE 6
Ao 4 d JE il SRR AR AE RO B0 5 B A KN
4.2 755 oA R X 08 v T OKAR R 40 WA ) 1Y) 3
PE: A AR JE R 1, A 50 mL KR BEAR %€ 80 ¢
T A RBEAE FOKAR R ke 4 i A K
VoA TR A TR R TR A A T Ol 10° cefu/g, £
FE IR 30% - 50% , 78 KR HF 1 A, FH B4 4T
— 1 em BHFL, L &R 7 d imA 10 mL FKAR

B WA, A 3 I TE A TR AR R 73 1Y)
WeArWm 25 CHi R TR AR R B 7,14 F1 21
RIALIH B AR 2 em P8 2 em (1 B M) T HE 7
W JCAHIL 1% 97 JE 1 A Rk I 8 rh i i TR ) K
PR B A W R Y T KO7E 30 - 100
AN A RO BEs R I E £ HE A RO R

=(12]
B o

1.5 BHREGTIENEKRMNBBHEYHE

TIERCA AR A R AR Tk RN A
18 ¢cm x 15 em, & = H B A (1R 30°C A2 47, K [H]
20C 24T ), A PR AR 2 R PR A AT AE 2R
T W ECRRT B 0L B, A il 10° cfu/g + B
FHO6 M. SNERFEFET 14 21 28 35 42 F149
R IURE 0 7 4 8 U5 i T R 1 B A - A A,
WACAR: I D0 e A e i B R R R OK Sl AR
1.6 BABEkEEMA

TEPEAE AR 50 rh 35 N R OK AR &R B AR Zh FH
ZI1 BRI 20 LW, B R IRIR A KR Y 5 kg
B B R 4 T 2208 i1 fil A R
5.4 x107 c¢fu/g Ff1 6.1 x10" cfu/g,

KRGS 2 5 8 8 VLA B B 2% 4k 43 B 56 g A
Mo, FORFRF A IESF 958, B % 9 M ab . DR
I Zh; @ Zh +45 kg 52 B AR 55/hm” ; Q) B
F Zh +90 kg 1o B #R 45 /hm” ; @ RN 7 211 ; © 5
F| Z11 +45 kg #F B2 45/ hm’® ; @ F) Z11 +90 kg 3
RS /hm” ;D7 1 X @45 kg T B R 45/hm” Al
©90 kg it B B 45/hm’, % A B E A 3 A, B ALHE
H, BEA/NX 100 m?  FE K #) 15 em - 20 cm 5
11 o s U S/ 1970 | W | IR B S < 9 ) 1
G FNER AL, H 45 e BECY M i A 7= A8 B, Rt
B B K F KRR 14% I & F oKW 57 &

2 ERFHpAN

2.1 AHIEHNSBEREIEERE

DUTE MEVE B JC LB R 58 b7 2 W) (i B B Ol
i, 38 2o ) i AR S ROR B R LA 1S R, 2R
CEB S E T MR T8 V% T8 R T8 25 707 fL AR
DL HCITS «DNA J 51 JE 17 1 bk 48 5 7 28, Hoh
730.729 72" 715" [ZQ3 .72Q7 .Z11 \Z]1 \ZC N E R
T 2 ( Penicillium aculeatum) , Z19 (720 Jy 7% 4] 5 &
( Penicillium variabile) , Z32 “Jy §il| i1 75 8% ( Penicillium
aculeatum) 733 N %4 0 K B ( Trichoderma viride ) .
718" fy Bl & (Aspergillus niger) .Zh “fy f45) . il B



S IR+ 3F IV R KA 7 Y VA B L IR O e S LN . /B 24 R (2010) 50 (12) 1621

(Aspergillus nidulans) ,
2.2 AEBEEFRIEDRR pHETN
1R pH {EN 7.0 19 50 mL ¥ PDB ¥ 32 th
Or BIFERR 1S PR ECTHE B B IR 18 h I E
WA pH (R, SEER 45 R (1 1) 3R W], 2% R PR BE 8 3%
.
e

5 F

pH

i8]
T

W AR WY pH (R, T bk 232,215 \ZQ3 . ZI1 [ Zh 5
PR TR RE 5 K5 T B pH (EA 7.0 [ 20 2.0 LA R, &
iR 141, Ttk 230,227 \ZQ7 F1 ZJ1 K pH
fEFFZ] 2.0 3.0, HERPRAEMEH A pH {HFE
#)3.23 7] 5.67 Z ],

1 1 1 1 1 1 1 ]

Z15+

ﬂ I ﬂ I ﬂ I ﬂ I ﬂ 1 1 1
732 7Q3 ZI1 Zh 730 ZJ1

72+ Z2Q7 729 733 zC 719 720 718+

Strains

1 ZEMBABEE®. 18 h FIEFRE pH(E

Fig. 1 pH value of culture media after strains incubation 18 h

2.3 BBERN EXRRE DY AE RS

TE G 1 Pikovskaya 5 57 2 i A TORAR & 7
WYE ARIEERAERRA B EER (R 4
TR RR Z30 X TR R 2 A0 1) F) T RE J7 Rk
& ELAR RO, R IE 3 B 1 9 ik AR Y TR PR A K L

x1 AEEKEERRRED DY ABIEHN
EFE LEKMAEBER
Table 1 The growth diameter and the phosphate-dissolving

zone diameter of different strains in culture medium

using corn root secretion as sole carbon source

Diameter/cm

Strains

d D D/d
732 - - -
715" 2.33 3.69 1.58
ZQ3 2.36 3.41 1. 44
Z11 3.55 4.68 1.32
Zh 4.15 6.38 1.54
730 5.34 5.98 1.12
7)1 2.15 2.66 1.24
72" 3.64 3.77 1.04
7Q7 1.74 1.55 0.89
729 - - 0
733 2.89 2.92 1.01
ZC 3.11 - 0
719 1.33 - 0
720 2.17 - 0
718" - B 0

d:colony growth diameter (c¢cm ), D: diameter of phosphate-dissolving

zone( cm)

R /IMRIR Ry 730 > Zh > 727 > 711 > 733 > 7Q3 >
7157 >7Q7, LI w Rl i K N RTE v AR K B AR A
W, TR R Y W BE T B9 KOMRIR 2157 > Zh >
7Q3 > 711 > 7)1 > 730 > 72" > 733 >7Q7, 715"
ZQ3 211 Zh F1 230 7€ DL K AR 2 43 1 40 0 Bk VR A
Wik BAE R R AF, W 227 (733 ZQ7 BARAEE R
K H 2 % W D e sk 55, ZC . Z19 . 720 1 732 0
FEANRETE LA B K AR A 73 WA W o ok 5 0 B R ik b
K,

MR AEFHe byt re, 8 2157 [ 2Q3 [ ZI1 |
Zh F1 730 0k B AE S - 3 i Ak vk R T Rk
2 T AR AR RE LA EOK AR 2253 W W) o '8 SR ik AT B0 L T
7 d G E G S 21 R, B AR R R
9.70 —48. 03 1, £ I Ak 10 B B 18 B 35 1 22 5 (3R
2), L HEH Y S ASCR KRR Zh > 711 > 7.Q3 >
7157 >730,

x2 HHETEPHEEBRL

Table 2 Colonization conditions of 5 strains in soil

cfu( x10° cfu/g)

Colonies

7d 14 d 21 d
715" 95.7¢ 126. 3¢ 144. 3¢
7ZQ3 105.7¢ 148. 3¢ 159.7¢
Z11 178b 252.3b 314.3b
Zh 252a 441.7a 480.3a
730 72.3¢ 89.3d 97d
signif(p =) 0.01 0.01 0.01
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5 TR R T A 1 v A O 1 R e BT B
FE5 (£ 3) Bl A I R) 9 E K, 4 38 b i A R0 o
WETE LR T ORI, LR MR 2157 ZQ3 [ Z11 [ Zh
730 b3R5, A 3 b A R0uE 4y 0 38 i 46. 94% |
45.69% 83.24% .105.43% F1 36.93% , |4 21 K
B Bk Zh 3% -+ HEA A 147.55% Bt B Bk
X A HE A RO A A RS I AR Sy Zh > Z11 > 7.Q3
> 715" > 730,

R3 EHENTERHERBENZM

Table 3 Effects of strains on the content of available
phosphorous in soil
c(P)/ (pg/g soil)

Strains

7d 14 d 21 d
CK 12. 89d 13. 12 13.08d
715" 18.94¢ 21.22cd 23.18¢
7Q3 18.78¢ 22.75¢ 23.10 ¢
Z11 23.62b 30. 17b 32.38b
Zh 26.48a 33.52a 35.49a
730 17.65¢ 20.31d 21.20¢
signif(p=)  0.01 0.01 0.01

2.4 BREBFTERLERNBBREDHIIGIE
H 4 ol LLAE M, Wik 2157 (ZQ3 [ ZI1 [ Zh Al
730 TEA AR FRM b e RE A W 22 R,
MR FREMRSCE N Zh > Z11 > ZQ3=7Z15=730, 7F
557 REF, & R RS B i BAE , Ko IR T &
Z11 FAs Sha Zh e 5 0 B e, B S T HE
AR, BRI ERR R 0 WY R aF i etk
Pk Zh 7525 28 K ik 3 % ok, Hodis iR ih ny
28.03 %, Z G MR T 4R 2 T2 (B AE S 49 KA, B& bk
B R A AR 1Y 16,5 £5 . BAR 211 7255 35 K
W B Ik B oK, R IR 1924, 23 4%, Z 5 TF G TH

T I TR R B Zh 18 7R 49 KR, Dy ik
MECRERY 21,23 i, IBR 2157\ ZQ3 M1 230 R BLAH
[ AR, 7255 28 KB, T AR O A B R K, Z IR O
HR DR L R T
F4 ARMEIKRN, FREKRELHEPEHEBER
Table 4  Colonization conditions of 5 strains in soil

in corn pot experiment

c(P)/(pg/g soil)

t/d

715" 7Q3 Z11 Zh 730
7 35.3d 42. 3¢ 82b 100a 38cd
14 62.7¢ 53.7d 136.7b 203.3a 55.3d
21 82.3cd 88.7¢ 210b 250.3a  76.3d
28 100¢ 92cd 235.7b 280.3a 81.7d
35 78.7¢ 81.7¢ 242.3a 220.7b  62d
42 53.3¢ 44.3d 218.7a 182b 41.7d
49 4lc 31d 212.3a 165b 23.7e
Signif (P =) 0.01 0.01 0.01 0.01 0.01

h# s HUFE N, Eik 215 + [ ZQ3 . Z11 [ Zh FI
730 XiF Z AR T oK - HE R AT s A
S, 0 HE b 3 2% - b A AR S R R
K AR A A T 3 R AR, E 5 49 R, B BB
fIKE] 4. 01 pg/g £ JA T B0 4 A b BLTE S 7
R, HAT R0 B ik B 25 A 9 TE R AR A B
13 m, Hovh Zh 4b B, 4 B 0B S R8N
92.38% . ZHtk Z11 F Zh Kb TR 4 A Ak o
FEAE R 28 RIG AL/ FE5S 49 K, A 2w &
HE T L EY S AR 28.05% I 37.04% . B bk
Z15 + \ZQ3 F1 230 & IAH [F] (4 B, A 80k 1) & &
Wi 5 BRI R 7E T R 2R S A A AR Ak T AR Ak, A R0 B
HEHINE W BT 49 K, A R0 S EAL
EE T CK kb,

RS EXREABRIBPARNERN LERERAHRSENZM

Table 5 Effects of strains on the available phosphorous content in soil in corn pot experiment

c(P)/(pg/g soil)

t/d

CK 715" 7Q3 711 Zh 730
7 13.12d 16.78 ¢ 16.31 ¢ 20.53 b 25.24a 17.44 ¢
14 12.44 d 15.29¢ 15.45 ¢ 22.19 b 27.88 a 17.12 ¢
21 10.58 e 14.18d 14. 10d 21.42b 24.31 a 16.54 ¢
28 8.62 ¢ 14.22 b 13.21 b 20.16 a 22.05 a 13.18 b
35 5.33 ¢ 12.19 b 11.15 b 18.33 a 19.37 a 11.09 b
42 4.32 ¢ 9.23 b 10.46 b 17.29 a 18.24 a 9.32 b
49 4.01 ¢ 8.65b 9.33 b 16.80 a 17.98 a 8.07 b
Signif (P =) 0.01 0.01 0.01 0.01 0.01 0.01
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6 BHEHRLEMEREKIEH
Table 6  Conditions of corn growth indexes in corn pot

experiment inoculated with strains

Stains weight/g

Treament

Wet Dry
CK 57.45cd 9.60b
715" 56.60 d 9.97 b
ZQ3 60. 96 ¢ 11.30 a
711 72.88 a 12.10 a
Zh 66.37h 11.54 a
730 59.46 ¢ 9.81 b
Signif (P =) 0.01 0.01

HI3% 6 W] LA, 76 i % 208 45 18, 5 % BROA
P, 7E A AR MOIR I 22 TR 77 211 1 Zh Ab 2 % 5 K il B
9k 66.67% i1 58.33% , 0 CK KA 8.33% ,
FoRAMAEEII L CK 4277 17 3 -5 do AR 3 bk b 22
Ja, BAR T E REA B E N2, W ZI A Zh
SO, oK I B TR AR 2157 (ZQ3 730

1 CK (AL L, ZQ3 | ZI1 I Zh ZbFR S 1Y E oK+
& E S TRk 2157 230 Fil CK kb3, Hod F
p R Z11 Ah PR S, FOKIR E e, b CK iy 28. 86%
TH Ik CK 5 26.04% . I Zh b5, £ KW
B CK & 13.44, T H I CK 5 20.21% ,
2.5 ABEERHEE A

FORWOR G B BRI E K e R
I 14% FK R TE, MR T 4R/ LUUE S f
FHBENE S, £ oKk 77 & W 3 35, CK 2 ¥4 ] 45 kg
WAL /hm® J& , 36 7= 7. 18% , Jiti i 42 1% W B 5 A g
N KA P i ] 45 kg B HE/hm® F190 kg
BEAE/hm® Z R A 22 5, (B ) 210 4B CK
ZEEA B SR FHER Zh 5,77 & 1 CK
FARE AR 45 kg B AR/hm® Kb B R PR R B
& L35 %] 10873. 05 kg/hm’

®7 ERBRBEANE,FREESE

Table 7 The field yield of corn with microbial inoculums treament
Treatment SSP(0) SSP(45 kg/hm®) SSP(90 kg/hm®)
yield percent yield percent yield percent

CK 8959. 45b 9603. 10b 9795. 42b

Zh 10193. 26a 13.77% 10873. 05a 13.22% 10521. 33a 7.41%

711 9005. 02b 0.51% 9759. 12b 1.62% 9768. 65b -0.27%
SSP: calcium superphosphate.
3 b MR L 15525, R BIE Bk 2157\ ZQ3 [ Z11 [ Zh FI Z30

A

VAR MRS I AETE LD, HTE S ek
BB B MY, b 5 27 AR RS i
PEF 15 MRS AOABE B R, 408 4 B 6 M Rb. X
T e 0 LA ARSI 1 A B T R, S R B PRI 4 e 8
VRV pH (BN 7.0 BEH] 2.0 DL T, B3k 5 1. 41,
i P A A HLRR R 55k B L5 4 B T A, DA T A
VBT Al A Rl KR Y T VA B A — A
A

T SH R 2 L F 5 R B, R A 4 S A B
4 T8 2 0 A - M v B N VA L 1/ 22 B LR W T
EATEA LS, AR s S w7
T L, A A /0 B0 Bl T 7 AR 5 AT AT A L 1 - 4
HRe g " L K £ B b B AR K R U LA
e S R FE 7 A IR 2R 4 W 4 25 S MEAR K, 24
A= 0 0 DAL 0 AR R 4 A 0 1 R B R A K O
TLEbk AR FI B LR Gl s NP

TE S A KA 2200 Wb By 10 55 55 I v i 4 338 rh R i 1%
T A, R R K AR R W R B R A S
1 o

FEAEFACAE T, T BR BB A% R K A AR 2R 40 0
Wy, DI A2 2 48 vl 1 5 1) R, FE VA 1
B A AR L T, 39 i A R el D i A A B
FJg, LEP AR SR RAREEEN &R, 5%
P 45 SR — 3, TS [ T bk e B 25 St b
PR ZI1 1 Zh ZOCR 84T, Pk AR 210 A Zh i)
AR AN AR R, BRI Zh (RO B A T
210 e G AR SR R IR B R, R TR R 210 2k
Ko, TG £ Hh B 22 9 AT 80, i 6 K 26 1R, 1
PR Z10 XE DL TP R Zh A S A T 5 S
T BEAR A 1 A= K, BB A A5 R RO VS 8, DA I {12
ST (L7 NS JA R S S | N N 8 7 = Sl [y NI e S
77 BV W EL TR A A BN Zh
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Screening and application of phosphate-dissolving micr-

oorganism suitable for corn production

. 1 = . 1 - 2 . ) 1
Mingbo Gong ~ , Binquan Fan , Zhenguo Jin~, Guocai Wei", Hongyuan Wang
(' Chinese Academy of Agricultural Sciences Institute of Agricultural Resources and Regional Planning, Beijing 100081,
China)

(* Suihua Sub-academy of Heilongjiang Academy of Agricultural Science, Suihua 152052)

Abstract ; [ Objective ] To obtain phosphate-dissolving strains which can be suitable for corn production. [ Methods] We
screened phosphate-dissolving strains from soil samples. We conducted the plate experiment and soil experiment in
laboratory, pot experiment in greenhouse and field experiment to test the insoluble phosphate dissolving ability of the
strains. [ Results ] Fifteen strains of phosphate-dissolving fungi were isolated from soil samples, including 9 Penicillium
oxalicum , 2 Penicillium variabile, 1 Penicillium aculeatum, 1 Trichoderma viride, 1 Aspergillus niger, and 1 Aspergillus
nidulans. The 15 strains could obviously drop the pH in culture media. Five strains (Z15" (ZQ3 ,ZI1 .Zh and Z730)
reduced the pH value from 7. 0 to below 2. 0 in 18 h. The plate experiment and soil experiment in laboratory indicated that
these 5 strains could propagate in plates and soil by using the root secretion of corn as sole carbon source. The pot
experiment inoculating with the 5 strains was conducted in greenhouse by planting corn. The result demonstrated that the
content of available phosphorous was increased remarkably with strains ZI1 and Zh. The content of available phosphorous
at 49th day increased 28. 05% and 37.04% , respectively, than initial content in strains ZI1 and Zh treatment. The dry
matter yield of corn significantly increased 26. 04% and 20.21% than the control, respectively. Then strains ZI1 and Zh
were used in field experiment as microbial inoculums. The yield of corn treated with strain Zh increased 13.22% than that
of the control, reaching 10873. 05 kg/ha. However, the yield of corn treated with strain ZIl1 presented no significant
difference with the control. [ Conclusion] The phosphate-dissolving strain Zh obtained in this experiment was identified
as Aspergillus nidulans ,which is suitable for corn production.
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