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114°24' E ) 18 4FAAZ AR N T AR, 12X k&8 T
RS, HEIR 220~300 m, -+ I3E2 RN 2135
Wit S T RAEEAERE - N A 7 AR, %G
Bl 0~20 cm 3, fF 7 SRR BBEHEAGREA
KA G I M SE8 %, 4°C P17 FREL 10 g B
ff - BE, B TEAT 90 mL KM =M, TR
¥ 30 min, K HIEETEMGE LR B 105 E 107,
B 0.05 mL A BN 107, 10 HHERIFRISRA T
Pikovskaya(PVK)!" I P-4 -, 28°C #5357 5~7d,
AT VA AL A = B R RV . PRI B
Pl I A TRV, R SRR ki — 2P alifk,

K EHERPT HE €0 3 U4 o) B ok 7 1 E 0 04
FE: TE 250 mL =R INA 100 mL PVK ¥ {5
FREE (BRRAS KRG A ) , A 1 mL ¥R i
R, B TEIRFERS 28°C, 180 rmin' F55F 7d
Je DU PR AR VA i R
1.2 EEUBRKEEKRERE

RIS AN R S8 T, WFoE s ik i A4 B A=k
e SRR Sk $E Hean s 2L [ 41 DNA, PCR
PG T 16SIDNA MY, ¥ 45198 : 27F: SAG
AGTTTGATCCTGGCTCAG3'; 1492R: 5'TACGG
CTACCTTGTTACGACTT3', ¥ kRS EXNEE
B 73R 45 2R 7E GenBank H EAT HUXT, iz
FH MEGA7 #8248 & B B B RE 73 25 A0
1.3 BHREFREGML
1.3.1 FRFRE  RIEEUERENIENESR, &%
PRV R T o I AR A TS R SR A A R T
WAF W R A BERE )1, T AR R SR
PVK IG5, SEM R MRIABERE 1 A R 3R 2 15
FERT] . BRI pH. IEFRIREE | R . AR
U AR, BRI, G RIS, SRS
24, 48, 72. 96. 120, 144, 168 h; ¥ 5
pHEEE N4, 5.6, 7. 8,9, 10; HHFREFEE
710, 15, 20, 25, 30, 35, 40°C; #HFhmEiXE
H05, 1. 1.5, 2, 2.5, 3. 35, 4%, 45l
1%(W/V). 0.05%(W/v). 0.5%(w/v) 13 FE 42 A [a]
il (R . RS . FLWE . 2R HEERE. T
WHEER )« AR (BREREL . AHIRER . AfbEr. IR
F.OEAMK. BREK) . BEE (SRR . BER
B, OBERREY ) oAb B TEIERE IR 28°C, 180
rmin”' #5535 7d, MWERFRIEPERA KR A5
WS, LUREERD PVK RIS JR 3 X IR, T ik
AR I B SRR R 600 nm IS DY 2 B

£ (0D600) . A %0 & Rk B P L (A
DSE

132 ExRE REAREZRBAER, &FT
REBE (2.0%, 2.5%, 3.0%) , FAb# (0.1%,
0.15%, 0.2%) , pH (5, 55, 6) , {HEF (25C,
30°C, 35°C) PURHEZER =K FMIES B XA B A
HATIA . HEH Lo(3%) IEACER, HIZE KT UL 1.

1 L3 EXIKIEEZKE

Table 1 Factors and levels employed in orthogonal test

[X % Factor
K
Level  AZERH/% BRALEL/% c  DipyC
Sucrose Ammonium chloridle =~ pH  Temperature
1 2.0 0.10 5.0 25
2 2.5 0.15 85 30
3 3.0 0.20 6.0 35
14 HiESH

B4y 7 % B SPSS20.0 4k 44 i 47 7 22 43 B
( ANOVA) .

2 RGN

ABEE 1iE
FIH PVK AR 53 B A2 AR AR A 8 v i 5
B, i Zwaifefs 3] 13 BREA I WA uEE r
. A HERIEHEE N 2 IR, KfRmrhA%L
W& BAE 21.61~195.61 mg' L™ ZJa], A& &
R E YR P5(195.61 mg' L™, K, 8PS ER
JE SR TR
2.2 BEHREBENLEER 16SrDNA F 5o

22 QYL R 00 R W B AR PS o 2 Rk
B, T PVK BUIE e | 28°C 1555 3 d JG WA IE
BNEE, h&ss, AaNEY HREDLHER
M, B R . LU A A A A BH A
THPRER A RS, AR, BThiHAs:, H
AT L AT TR . DL AR B
FIpE . HIEZrss, S 4bR/VP LS, #ifb Sk
55, BARCK AR REE K N kil

F4 kR PS 16StDNA J¥51 5 Genbank 1 AR
B bk F 9 R AT %, PSHE MR S Burkholderia
ubonensis JE 5V FILUE } 99.09%, —3P: N 98.8%.
VERREHE 122 AR S =i 1) 7 MEBRIEE BB S 1 RS
MHEHWERGELEEW, WE 1R, PSEKS

2.1
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Table 2 Phosphorus solubilizing ability of bacterial strains

B H 3%/ (mg L)

Strain Available phosphorus
Pl 21.61£1.82 ¢
P2 52.68+4.86 be
P3 45.67+3.94 ¢
P4 39.62+3.59 cd
P5 195.61+£14.92 a
P6 56.63+4.29 b
P7 49.54+1.10 be
P8 46.54+3.01 ¢
P9 36.63+2.85d
P10 24.13+1.81 ¢
P11 50.77+2.45 be
P12 47.08+1.29 ¢
P13 51.73£1.97 be

VE: R FIA F/NG 7 BER IR AN [ AR AE A — € fabr vh 22 57 B 35
(P<0.05), R,

Note: Different lowercase letters indicate significant differences in the
same index (P<0.05). The same below.

Burkholderia ubonensis [R5, FHALLEE F1—ECHEII K
T 98%, EAREEN 78, Hia A BAALHIMT PS5l
Burkholderia ubonensis .

2.3 BEFEGRK

231 BAHRERRHER. ROR., BERERATAK
ol 2 AR AR A AR A AN
[F) B SR E] . pH L TR K B 1) w7 A7 3 2
S, ARV Z I JCH AR OCYE . K57 I D ki
BEE RS AN 2a Fros, B3R b AR A K B BE
I T A 14 hn S T Je BEAR, A8 72 h ik B ok
{E, A %08 & 5 WAE 96 h ik 8 i e #a 7 F
MIE 2b 0T DL Y pH 7E 4~ 10 Yo Bl , A 50wk
MR R R I ETHE BT R R,
PS5 AEKGE R 5~6, i pH R 5. WA K
MR S50 B AR R YR JR A N I 2 e Tk R

— =

99 _i
100

W] P5 MK pH. REEFE 10~40°C YEFEIN, P53
FEW A R e B TR R R
(2c) o JBEALE 25~30°C Z 1], BtRA K&
AR IR B KA . FE 40°C B B ARG 2E 5
{H OD600 KT 1, WEET 10~15°C, BIHIRERE
il v il o PR A R B R R S AR AP 1Y
BT E G A (& 2d) o R BRAE KA R
R 3% WFIAE] T fem e, A SO S R R
2% Bk EIR KM . BRRIREEERE, Fitk
P5 ¢ idi B FE ] fy 72~96 h, fxid pH N 5~6, %
IEREETE 25 ~30°C Z 0], FilHEMEh 1.5%.

6 FIORIE AR IR (FZ 08 . M . FLME. %
BE. HEEBRE. JER ) X RERIABERE 1 A5 25 53
F (K 3a) , #i%bE. FEENME—IEE, A
SR P T PR AR A B o 0 v A 4 FRUR . L
HORERE R PR AR PS B SRR, R Ok ) A >
ZEWESZUM> T BRBESTEN o R 1 0 TR R B X A
FRAEBERE TR, 7E 0.5%~4% (wiv) TEFINK
B8N (BN 0.5%) o &l 3b £IMIE
FEREAR FE RN, A7 0l & S, Rl B
H 3% BT R O e, R RS s A S
T IO R AR . BRARAE A EERE R B A3 n S
FIHE R, TEHIE N 1%~2% [AIAR R, A
[FIRERHRAR T PS PRIRRA: K i R i e JC A W AH G

BRI (BifRe . mfReEr . S bk . IR
2. EAN. BERK) LL0.05% (wiv) HIHE
AR FRIE 0 N ] S0 Rl 7 = 1
W Nl 4a BT7n, 7E DL IR i A AL 8 AR
F, BRME PS AR08 B e A 4 P AR,
Hrp @b AP R R A K m, R
P5 i AR AU . ¥ S AL B 0.05%~0.4%
(wiv) N5 8 MR (BREEN 0.05% ) 7
PR A, 5N 4b, WRIESN 0.15% HFRE 37
AR SRR, TR TR B R IR A
BB L o AR R X R R A K S
Burkholderia humptydooensis (MSMB43)

Burkholderia oklahomensis (C6786)
Burkholderia arboris (AM747630)
Burkholderia ubonensis (CIP107078)
P5

Burkholderia gladioli NBRC13700)

Burkholderia alpina (JF763852)
Ochrobactrum pseudogrignonense (CCUG30717)

1 PSEMRRGERERIRE
Fig.1 Phylogenetic tree of PS5
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Fig. 2 Effect of culture conditions on the ability of P5 to dissolve phosphorus
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Fig. 3 Phosphorus dissolving ability of P5 under different different carbon sources and sucrose concentrations
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Fig. 4 Phosphorus dissolving ability of P5 under different different nitrogen sources and ammonium chloride concentrations
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Fig. 5 Phosphorus dissolving ability of P5 under different different phosphorus sources and
calcium phosphate concentrations

PEOERE . ks . pH. IREEIEAT U R =K IE
ZIAK . M 3R 4 0T, &K B, C X BEAR
WERE I B2 (P<0.05) , HZEDWEE (P<
0.01) , &R ARNRE, ¥ PSHEHENMHE
F W F K D>B>C>A, B i >4 1k 4% >pH> i
B, mE3ATA, KA. B, C. DKFEN A2,
B3. C2. D2, fi#H& A A2B3C2D2, TR &K
A KA XS HA R S5 LT TCRE i, AT
Tk, kAL, BRIIEFRAMLA A A1B3C2D2,
RO FEAR Ry 2.0%, SEALEWRE N 0.2%, pH A
5.5, MR 30C. N TRUEZEAM T PS i #HiiE

J1, A T AT, RS R EHEAAT
PS5 B5 SR WA RO 5 R R A 268.69 mg LT, W
BT AL 5 (PVK WIRRE 3L ) |, 5

A7 RO Ol 195.61 mge L' E W5 1F 58 ik
By, WREJS BRI AR A A TR R E AR PS BT
BRRESS
3 itk

M AN TR A H w08 39) — Mok i 200078 0 1
Bk P53, i A FAE AL ISR A 16SIDNA S 75115y
My % %€ N Burkholderia ubonensis. W53 RM, Bt
BEFRm A, kA K SE BT A TR, AT
RS BT R R RS, AT RERR R TR
A RKGRB) TRES], TEIRESE IR TR, H1E
PRI AR P AR B TR N R AR R, feddk 1
MER IR W B9 AU TR BR PS AR AR pH Y
H 5~6, FEeid TR 25~30°C Ll N Bt
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Table 3 Results of the orthogonal test

s AJERE% BRMLH/% CpH DifitJi/'C 1 2P/ (mg L)
No. Sucrose Ammonium chloride Temperature Available phosphorus
1 1 1 1 1 219.82
2 1 2 2 2 247.66
3 1 3 3 3 229.82
4 2 1 2 3 235.35
5 2 2 3 1 215.25
6 2 3 1 2 255.35
7 3 1 3 2 229.82
8 3 2 1 3 208.77
9 3 3 2 1 239.12
K1 697.31 684.99 683.94 674.19
K2 705.95 671.68 722.13 732.88
K3 677.71 724.29 674.89 673.94
RZER 28.24 52.61 47.24 58.88
FRIBF D>B>C>A
AR A2 B3 C2 D2
A4 A2B3C2D2
F4 EXKWAESW
Table 4 Variance analysis of the orthogonal test
T3 Z R SEITA H ey Fid PlE
Source Sum of squares df Mean square F-value P-value
ACHERE) 418.836 2 209.418 1.254 0.309
B(fUfL ) 1 496.670 2 748.335 4.480% 0.026
C(pH) 1257.274 2 628.637 3.763* 0.043
D(IR ) 2301.778 2 1 150.889 6.889%* 0.006
1% 7 Error 3006.939 18 167.052
S 1T Total 1451 950.498 27

VE: *RIRIEP<0.05/K TV 7 B3, **RIREP<OOUKTFEREE.

Note: *Shows significantly differences at P<0.05. **Shows significantly differences at P<0.01.

FEAF T, ZETRAT B B Bl AR KR R pH 4351 A
37°C. 7.0; XUBRBEAE DA FLAR bR 53 25 19 D) RE T
B 3E A K R 30°C, pH M 7.5, WF5EEM, pH
R85 o 5 1) ol A A A R it K o e v e 2 AR
R, RRAIE T AR AE KBS, 1§ TR,
RN 25 5 B AR R, BeRh g,
PRXT 25 [ RS SR o 2 i B, SO i it
SREE BT, AR BRI, S
AW SR, WAl RE RO R K R =
AT A R B A Y F AR ISR T A A
W P2 -1 pH (E X MROR A2 K HE

IR . BT AR TARARAE K, SR EAET R
AN, HA YRR A2 R, e
D, ABESE 0 1 PS TRIBRFE 4~10 B3 7]
A, AIFEANTA] pH (L HEH
ABFFEIFIE R PS5 T bk i 5 ARtk 5 R0 L8 530l
JERERERGEALE , M AR B B Tk
REJTAA e [ TR W4 (938 BRRUR . &R 53 3o i %
FEFIAEIRER . Park 25 & IUA T K& Burkholderia
vietnamiensi I e AR 5 R 0 UE 43391 2 7 26 0 AN PR
2o HIE AT S R YA ALE Y AR DL R AN
[t . BIRAPEL AP CR G, AN AR
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JRIAPEE KD, Ca-P B 5 1 T B S IR BE U W
STUAI A MLRRFI A G, AT B R Ca-P BYIR 2
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EREST R VR A R R e VS W T A s e e g A
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4 i
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Screening Phosphorus-Solubilizing Bacteria from Chinese Fir
Plantation Soil and Optimizing Its Culture Conditions

WEI Yi-hui, CHEN Jia-qi, DONG Yu-hong, HOU Ling-yu, JIAO Ru-zhen

(Research Institute of Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding and Cultivation, Beijing 100091, China)

Abstract: [Objective] To isolate and screen phosphorus-solubilizing bacteria from the soil of Chinese fir (Cunning-
hamia lanceolata) plantation in red soil region and optimize its culture conditions. [Method] The phosphorus-solu-
bilizing bacteria were isolated and screened by Pikovskava (PVK) medium. The strains with strong phosphorus-solu-
bilizing capacity were identified by physiological and biochemical tests and 16STDNA gene sequence alignment.
Single factor test was used to compare the phosphorus-solubilizing capacity of the strains under different culture time,
initial pH, culture temperature, inoculum size, carbon source, nitrogen source and phosphorus source. Orthogonal test
was used to optimize the culture conditions of the strains. [Result] Thirteen strains were screened out, among which
the phosphorus-solubilizing capacity of strain P5S was the highest. The content of available phosphorus of strain P5 in
PVK was 196.61 mg-L™". Strain P5 were identified as Burkholderia ubonensis by physiological and biochemical tests
and sequence analysis of 16SrDNA gene. Single factor test showed that strain PS was resistant to high temperature
and low pH. The result of the orthogonal experiment indicated that the optimal culture condition of strain P5 are as
follows: 2.0% (w/v) sucrose, 0.2% (w/v) ammonium chloride, pH 5.5, 30°C, under which the maximum phosphorus-
solubilizing capacity could be up to 268.69 mg-L™" and the content of available phosphorus was about 40% higher.
[Conclusion] The result indicates that strain P35, a highly efficient phosphorus-solubilizing bacteria, could be a po-
tential candidate for the development of microbial fertilizer applied to environmentally stressed soil due to their phos-
phorus-solubilizing capacity and tolerance to high temperature and low pH.

Keywords: Chinese fir plantation; phosphorus-solubilizing bacteria; culture condition; optimization
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