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1. TRIPHEABERIRING R, 2R R 2331005 2. intfll RS EarBleA22be, Y195 Fiat 210008

WE: N\t kL PERL | AKE ERYRER IR T 86 MREFANE, id NBRIP WA 3 d, &5
FEOK W T e B R 4.2~387.3 mg L™, JKVE BT E e B S5 97 pH &t 1 3 SMISE (17=0.6216 ), Tkt 3 MRBAN B A T
FORAARIALS, Z5HR, 1 RRBEAN AL R FOK T T A R S R (AbEE 4) AHELTC R E S, 2 ARBRAN R AL HY)
TR T I AR A A 5 0 R LA BRI T 19.6%~37.5%, WBSEBEIN T 22.7%~40.2%, Hi4'sHh

HCW 115 fEmis sk (38 AR 24 Tt FHOCHL#E (P) 10 mg-kg™ AbFE

KEEA: WRANTE; LI EFOK
FE53ES: S144.9 XHEfFRER: A

e K LB MR EFRTTRZ —, Bt
BRI A K VR AR RS 1
ARV R FEORR, IR H IR R S s
SRR, (HEBRRE , R LI & i,
{EL G rh 32 T 0 R R AR B B W SR B T 2
W, ARCEHE—BALE HIESBEN 1%2%, I T
A A KT EE, AT SUANE AN AN T H ] - 35
HA G AL 2R, HLs SR — D TR 28 T B2 50 11 2R
PR B HER TR AR Y, e —&
FEREE AN, Aok R 5 SRR TR 4 R T
8, PRI A R 2R IR 0 A BRI R R B AR
AP ARG Y IR — . IR RS AL
FUAPUBE 2 K2, Hh /YU e T H R YL,
PRl b S AL 0 R 2 L B T i TR Y
B, BT A A AU TRz LAY, i g
5 AR AR 70% UL i TEHLBEIN R AT L3
SRR BB R RN fEX O A 2R,
H I R s s 2 A L TR SIS B T W o i 3 T
RESTOHUBE, (2 FE A M RE A BRI FH Y
GRS R R A EEMRRZ —, WM EYIT
FHRERECAH 60 ZETTT, MIFRT
BRI BORNE | AR R LB R0 |
e, B PR AN A B 2 KR, Ty
VA RTE SR 2 A R R AT ROTARESOR, B
AT, FEAE H AT WZE LA TR, %k
BRI KK, HEANEITMRER, Hi,
PEIATERE TR . B | AR A IR SN R
5HIE GRS EYM AV H T4 2B A
WY, AR IR,

1 #RtERE*®
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1.1 BUETEE

BEARES /N | B, AR PR RITE DM
YR ARPR L, SREMER . M, KHZE L, 2%
M, b, ARHBAE, TEEALEEI L. mPERR AL
ARt KFEL.

111 3#RE

FEAE ST B R TR SR IR a i LB R A

Ay ESIEFREL (R RS Y PVK B5 5505 . 4 10
g, IR =455 g, WMiRE 0.5 g, #fLEN 02 g, B
PREE 0.1 g, AALE 0.2 g, BEFHEH 0.5 g, BRliREL
0.002 g, FiMR V2L 0.002 g, 0.4%IR W (pH M 6.7)
6mL, FHfl5 18 g, Z8M#/K 1000 mL.

aifb R L. WARE 10 g, B A5 S g A
fREE 5 g, BRBREE 0.25 g, FALHET 0.2 g, HRAREZ 0.1
g, 7&K 1000 mL, Biflg20¢g, pH A 7.0.

e % (NBRIP): #jZH 10 g, BifR—=
B55g, @ALEES g, MFREE 025¢g, Afk# 0.2 g,
WilREZ 0.1 g, Z&MH/K 1000 mL, pH A 7.0.

1.1.2 By isik

43 S BROAR s = 398 01 G B /K i ok 1 I B T
FIAIAR , WA 100 mL JCHEK , 5 A 2 4~ 250
mL JCE =M, 1£28.5 C&IFF, #KTED 30
min, KA TERINTERLNG 2 MR ior g /e
Z10°, KB 7 AN RIFRBOR 0.1 mL YA T
SRS ERESR L , fE 285 ClEIE TFIEFE 3d,
MRREM 3 DR, WA & AR KA
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170 r-min” FERREFE 3 d, SRBAHT L (0 E VAW
o B A pH (E. MRIEREANPE A KA . IFHERE K
/N Ko AR A K i e i v I 2 Al 2 A
113 Hrmi a ik

e Y 6 ARBRANTA R MRFNE] 40 mL KR K
R, G EKIR, MHER 10 mL A
90 mL KRy sRdtrp, #25), EE 3 IR, BT
28 ‘C., 170 rmin” FEEFRALFE 7d, TEEEIRI 24
48, 72, 96, 120, 168 h MU I e Wi 20 P B0 |
TR S RV pHo AR BRI A Wl i/ VRN B
DAk, Wi 3 MR R FAE YRR
1.2 #HiAE

RER AR, o+, g
W R RO 5.8 mekg!, AT RSB
13.8 g-kg' o IRIGALHF 1. BT+ 5 kg,
N. K845 150 mg #1 100 mg-kg” 1+, &
NEFIPRZE , #AE AR, it ToHLBib B P10
mg-kg +, AL HIBERR — A4, AL %
Hoiti, AU 0.5 gkg! 1, B HUIERETFKRFF.
AEE PSSR R N A= ZE ST ) o W2 TR FH 0 3 1
#1455 BCWO036. FSJ218 A1 HCW115 A9 3 £k,
AN 1 SERANEE . 2 SRR A 3 SRk, B
2 T K VR A RS % 1 <10 CFU-mL™, 4 1
mL-kg" +, WA TSI, SOl AN K B
5AEVUIERES], MukEek, BimA g, 5+
FES)o FPEK, MAAEFR T PRER EoK 6 kL,
HE W 3R, AKMNHEEREK, {BHEE
3o TR TTHIERE , T RATEARAEE S 4tk kit
T 105 CAHH, 65 CHLEEFE, W45
TR

x1 BRAEAR

Table 1 The treatments of pot experiment

I G JUSE
1 CK
2 AL
3 HHUE+P 10 mg-kg!
4 AU+ T KRR
5 AHLIC+H1 SN R
6 FHLIC+2 SR R
7 AHUIL3 S BRI A B

2 HFHRMSW
21 BiHEAMERHES pHXHR

WA TR AR A A R o i — e T, 1) S Rl
POH, A A R L R S R R R A e 1T S B B
AR, B A AR A2 T T R B P AR T S T A
B IABRRE JT o A0 A L Bk X Vs ol 1
o, EOETEE 86 MBI Talifk, 7ELIBE

PR =55 kg P — Tl IR P R0 A 5% 7% 2 v 22 o ) 7 A o
Kigt 3 d, FEFRWh el Ew ek E N 4.2~387.3
mg- L™, BRANBATEGE 122 SRR, S B AR
MEATERRFRES (B 13000, ) — LB RR N4 HS . ¥
7 pH 4.05~6.78, “Rfbthigk, MK 1 ATLIAEH,
R A WS ) SIS pH A R4 B9 A OGP
(7=0.6216, n=86), VAWEAE I AT TE B R
pH 8AI%, WEHEREIIRMIA TR FR M pH 55, H
AR R AR (1), ERIRRE R4
T, HTBEIR =AU R 3552 pH P, VAR
pH MM, BEER —ESiA MR, AR E S pH

y=-0.0066x+6.0737
A ”=0.6216 n=86

pH

O = N W ks 01 O N
— T — T T

100 200 300 400

pOKTEB) (mg L)
1 B3 pH SAEBEER

Fig.1 Relationship between pH and the soluble P in the culture
KHREHEN ., REHEERMA, BB ED7EHAR
TR TP A AL TR LR, ADARIE SESE Y
R A BN P REAS /IR R . IR . FLIR .
IR IR BRI
FEPIAR T VE I —RE A I ET K3 i waicR, whal
W K3 7RI G R 7 d I, BEaRmo bkt
BRI 6.54 pg-mL #A0 % 655.23 pg'mL™,
pH M 7.00 B2 3.99, BRI =2 P
R . FLRRFIRIRR , HIREE /300 47.39. 25.67 F
1.89 mmol-L™"' ", X PR REREGS R FFEE pH
{8, DA AR XA S B oA e, R
PURRFAES TRE S L. 47 15 5 &R T4 A,
A TERERRER P BRI ok, A, AR
WESZ B AR MAR A, RS T R BT
A, AR T EZRAIREER, mifL
ZAF T W PR HLEIERAFAE . — Bl TEMARE TR
ST, TRV A MURRZS B VR RS W AN B v v M v
PERERRER L FIBLE], e R T, BN
WA A IR S EHI T eSS 2, A LR
AR A TR . AR ASBRRRE RO
RER 1E 3K ER g Ca. Fe. Al R,
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Table 2 Colonial characteristics of phosphorus solubilizing bacteria

kg ML [EE ==L/ Iy PEVR R
BCW036 B P i I BRI R AE . BB . REAEE
FCW029 JBHE 4 3 HRFFR A+ ML . RRINGRE G ISR EE . AR RTOERE
FSJ218 JUBHA R £ R R WIR S . B . BOK. RIAIEPE. Bl . EiR ] 5
BCWO038 IR RS+ INE HRFR BAREFUREY . PR AR RS R
HCWI115 Mzt JHHE bR+ WYERER ., FLa6 . BIE . gEMER RIETORE . R TR I G
GSWO082 b2+ INAE MRbr+ RE VR TRICEIN . TP . i R
HM, fEEMEYAEY . 225 FRR, MY BTGB IR RE N 2 TRV T AN A AR PR R, WA

B -4 i 1 R AN R, A M AR S 50 5
PRI AE TR, RV KA E BR s B, 28
AAEBIRE @, REA IR, TR, A
ARA AR, ARNIOEE, HEsREERE R,
F AR K, SEAUESE 1 d gk nl WEE S w2
WK, AMERKE, T2 2~3 d A HeUELRIBE
TE A, HorP 45 BCWO036FSJ218 F1 HCW115
PR BB BB, H D/ AR 2.8,
3.4 F13.9, MMHBEMERDR, PSR 1 dEHHAT
WELBNMEAAS, JE 3 PRESHAR A Bl 20 11 A Pk
2.3 FBEAEABSSET

3 ONFEIR 7 d BigEmbkistE S Bk, M
R 3UIE N, AN R TR K & 5
ARG, A BN TR 5 I 72 h B b o]
R R R, ZAKEHE S BN, S
J§ BCW036, HCW115, BCWO038 WA A #s
T £ Nl . A B R T 297 120 h B
W AR KA, 2 JRKE RS R R,
I GSWO082 BEAEE 120 h ME K IEwE R W E N
178.6 mg-L", ZJ5 FFE. A BB e AR
[P KAl , g5 FCW029 . HCW115 W4,
REFREE 7 K, KBS EIE LT BBk
TR ] th e 2 P Bete 284k, 4n FSJ218
YR, SRR 48 h, KiFHEARIE &, Hi5
FRAIG, FIEE 7 KA, KIS SO BRI, B
RS 2R 2R, — SN T, Bl
RS TR A, FE—E RS IRl Py, BERdd

*3 EFMESEFEDRTARNXR

Table 3 Relationship between the soluble P and functional time
mg~L'I

WA, fABERETIINGE , KRR W A
[EJIER 3G, Bl R A AkS e, B RS B
M E BT RIS AE, — iR &
W R BEA%, RN EAIET S, WK
s . R RATA LI, A AN B R
— kR, PR HA RS AR ), difb)E iR
FAEFEET, WS FCW029 HIHAHE , 764
PEHEFE 3 d B R BUKIABETURRE A 1643 mg L,
M2 JLREEAL, P TR 3% 3 d /KB
WREAL A 51.9 mg-L', MR T 3152, FrLA, fifik
e ) R e 7 A Yl Y 7 e 7o = il
Wimen . g . Aan i, BN . AR
X 6 HRBEAN M, 45 A WIERIE,
BCWO036 .FSJ218 Fl HCW 115 W20 FH T 21856
2.4 BEEXEXRTYRENRBEER R

LB FR T R W 4, TR
B b, AR A DR ST R ) K ) o A
BREERERE, BRNEHBHCR. 45N
FSI218 il HCW115 (1 2 ARE 20 B A 3 0 P 30 ok
T mE S E (A 4) MEMmT
19.6%~37.5%, WBERIEINT 22.7%~40.2%, #PfT
EREZES, WAk, HEEEYERERKNERE
TR TR BRI T HIERE R B e T E
KW B IR A

MFE 4 BTLIE 1, HCW115 B & AP £
K 5 AN B 53 ) O B 24.112 g T 90.369

x4 BEEMERTHENRBERZM
Table 4 Effect of PSB on the growth
and phosphorus uptake of corn seeding

of PSB in liquid culture TYy it W s
- e — ——
et i 153 g tRfE%E P mgR bR
lﬂ%% 52
24 48 72 96 120 168 1 14.287 ¢ 0.646 53.376 ¢ 0.773

BCWO036 46.3 167.7 318.5 363.2 301.8 273.6 2 17.135d 0.268 63.698 d 1.024
FCW029 14.5 26.2 51.9 102.4 182.1 315.6 3 25.077 a 0.746 92.120 a 1.295
FSJ218 62.7 338.6 312.1 267.6 306.4 364.2 4 17.533 cd 0.575 64.425 cd 0.689
BCWO038 27.6 65.4 129.6 175.3 192.6 155.9 5 18.636 ¢ 0.554 66.758 ¢ 1.165
HCWI115 74.6 2683 3737 3842 4025 @ 4884 6 20.968 b 1.061 79.088 b 1.695
GSWO082 12.5 38.8 84.3 135.7 178.6 147.4 7 24.112 a 1.221 90.369 a 0.736
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mg, ST (P) 10 mgkg! ZLBRE K T4
Jo e R B i TG B 25 5, PR e e (2 i 3
MEFE IR B O A A —EEH . TR
FSI218 4 T Ab B K4 ot it R Bl i 5 6
AR, AHEES, EREEAN HCWIS
WA pE, M H—FAHE2ES . g5 BCWO036 ik
21 A Ak BB T K T I e AR 5 ) R HE T
B 255, W TR K s %A I BAE A, i
A0 R 7E 3P AR R R 2R 1 5
PR AN B ARG Y DY H AN 363.2 mg L,
Wk E S 2 SHEAN, AR R
WU IEBEE, AT, BRI IR AR
BRORIEA B, BIRE, BRI e+
B B TR AR B ME 2 A PRI, AR5 514
T, SCREBAFRIBEANEE, TR R BN 10
mg-kg', MAELZHNEN T, WA P 10 mgkg' A
REW B AE KR R BN Mk, TRk
FARFE AN, T rp A £ AR S TCH L ) 5
b, WA TCHBERIE VLB LA, Rk e - R k-
T8, ALridts, miH, BN rEHERR+
A T HRASERKARR,
3 INE5TTE

(1) BN 2o T3, Aa . KR
YR, VA e AR N A T RE A TCHILEE & 2
AR SR 1 A IR AR K R A
YIRS AR N AR . AR A HL A i e 5%
Rt KR+, wRBEL AK CF) £ K
PASUF IR IR PR £ | R IR 3B T 86
RN PN, WA IRIEBESCR 22 SRR, Kk
411 NSRS Vs 20 A 1P i QU SN L N 1 o
FFRI MR E T 3 AR R AT 2R
Horp 2 BRBE AN EA — 2 1B O AL (1) 1
L LBRIER . rLL, ki wie s . A J15R
TE IV AV B TR A T N A O A

(2) BBECE Y AE A AR v 43 A 45 R A HL
R, T . 48 E A M M B R R
Wil ANFIZRAT, BRI EZ/ER TR
A, BRI THMED AR R RIEN, A
PO EERAYIRSS ARER, mALEGT
DB RRHLHIERAATE o BRI B e AR SR KA i
HHRRW pH 2B EAHC, FBT5H VIR
EAEH, HEEEHEAMT, BT EENE REME
H, FREVEFITREAS RN, 1T HE B0
RS AL ISR . LR . FriEasi £
PUEH, XEEAPR—rHE#E Ca. Mg, Fe. Al
SRR, Wil HHEA T Ca, Mg, Fe.
Al ZETCREE A vT 18 2 B AR 9 FH S 7, 14m

T SRR AR B T IOTE M o AR Fh 2wl 40 B A
Ca. Mg. Fe. Al BEIRERAESI AR, A 1o
FLEERE IROR, AR KRR R, i LI
HEGIE | BERREREREE . B REEEZE RN, FrlL,
A ERE bR A0 B A REARAS BAR SR

(3) TEIVE R AR B I, AR PO S 4
DA A A R BRT P RRAIE L B A 855 5 ol 40 T 5 e 1 7
T B AN A NS, X R A B A B TR AR 5
B E R R KA R SR, RIS R AR
AR . R, WA 0 SR B T4 1 A
R, pkanRfe b e i ae . RSP
- X T e T I R L A Y 2 B S s R
WAV E R &5, HA AR RS fE B
IE S A PR R CR
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Isolation and screening of phosphorus solubilizing bacteria
and its effects on seedling growth of corn

. 1 . 1 1 . -1 22
YU Qunying ', CHEN Shiyong', MA Zhongyou , WANG Jianfei , WEI Lin
1. Department of Resources and Environmental Sciences, Anhui Science and Technology University, Fengyang, Anhui 233100, China;

2. College of Resources and Life Science, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Eighty-six strains of phosphate-solubilizing bacteria (PSB) were isolated from rhizosphere soil and plant root in paddy soil,
meadow soil, black clay soil and limestone soil. After 3-day incubation in a liquid medium NBRIP, soluble phosphorus (P) in the
cultures of strains was 4.2-387.3 mg-L™!, and there was significantly negative correlation (+*=0.621 6) between pH and the soluble P
in the cultures of strains. The effects of three strains of PSB (HCW036 PSB, FSJ218 PSB and HCW115 PSB) were tested in a pot
experiment. The results showed that the dry weight and P uptake of corn seedling in BCW036 PSB treatment was not significantly
different from the control (CK). The dry weight of corn in HCW115 and FSJ218 PSB treatments were increased by 19.6% and 37.5%
compared with CK; while the P uptake were 22.7%-40.2% higher than that of CK. All the differences were statistically significant
(P<0.05). The effect of HCW115 PSB treatment on corn was almost equal to that of 10 mg P kg™ treatment.

Key words: phosphate-solubilizing bacteria; soil; corn seedling



