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—HRASREBHRATHIFE, EERTASE RN

UK, AN I, XIENE, SKER, SKEE”

(PEBFBER =T, EAR KEFE 130112)

W OE. ASRREGGLIPAM, GRS AN A A, 5 S T AR S R, H KR
FBE LS SBAS RN TR, Fik, R ASRIX 3 ik @ SUR s A 5, R ASRER, o
SASARK, BFE, BEENER Y BRI, DI A S e g AR AL R AR, MR N
SO K R, I PKO AR B R85 75 MEF L1 24 X 38005 08 e RN 1 . AR 3 4R A A S
WibPR, SRS 6 LBk TANA B A SN, Bout IR (CK) FIARIRZL, Frog R s, M4 Bk s—

B NS, SRR 7 S R ROE A E NS BRI, AR R ELRY (90 d) HURE, M f A e F
SR TR, DEEORY . SRS NPK B &R BIEREETE . SRV RO OTER 8 MU A AR SRR

W, 1) TR A0 0 FRE A AR 2 PL, PT BAR, BRI IRP, PLORTIAMEE N 472.85 pe/mL, P7 AT VERE R
437.33 pg/mL, 2) Pl B ASSREE TEREST P7, BM, CK 43, HhEBES TR, HgRaa
WEETPT. BM, CK (P<0.05), 3) Pl AHME it ASH LT RE MWL, HEBEESRTHRRE,
4) PERNE AT LIRS IR R i RIS 2, LA PL AL PR A B3, PLALIRA SRR LR RAE . AR IE AR

fiff . ALY Y B, 5) P BB ERE T ASRYP Fe, Mn, Cu FJ&
P1 AbEE Zn 55 %) HEAH LL 38T 19. 96% ;

52.74% , 127.03% . 28.96% ,

3 ) B8 BE B T
NS 8 LAY P1 ALY 255 T

P7. BM, CK, 6) £ 16S rRNA 4347454 P1 IESWIAE S MR ARG,
KR, NS, MU, HHERRSG; DERNGES; ASAK R

FESES. S144; S567.571 XREFRIAAS: A
ANZZTIMP NS |2 AL AW, RA
“HRZE” WEE, BA KA ITA. MGG
AR R R RIhRL, ee B E SR
WA 2 S 4 sk B R — KRR
1998 4E 24, RHRZ O NS F 2R R AR
K HME ASFHIX A 3 & i, Bemlk
A RBASHRAKEAR, WSS9 5
LR, PRSI,
TEEREY R H R I EE R, M
YRR 3 A A R A R AR T, 25 1
gerh AL, iR S E SRR E R, A
WHEPITER . FEPUE B LR W A5 Oy A SR A A
K7 HA — e\ R A U R A
WIS PR AR . WSS 22 7 ZOR Bl I 1 E 1T A

WKimBHE . 2017 -01 -03; REEITHHI: 2017 -03 -20
BE&WH: HMERHEITHHE (20150204053NY)

EE®N: 2% (1991 - ), 2o, BRPURBHA, 7Eiefit, #Fssir
W2 A E FR AT, E - mail; 13154361705@ 163. com,
BIWAEE: 5KIEE, E-mail: zyyl966999@ sina. com,
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BRI A, AELAN (Rl A Wl ol A 0 14 i 0 T
A 2 I T A AR R 22 S ELAE A AR B ) B
A BUEHAELL A . MOR 1D 2 AU L2
MR EREE, R R Z ARG BA BT LSS 250
HHINS, NI, A 0B F RS R KRBT
L2 AR X e v 7 308 o 250 e 0 T b, A R ) s
HAh 2R 2 4 b L e BE A S Y R
i 0 AR T 1) 2 AR X o O R 2 R A
WA, 5 R REFRAT R R 3 4R 4 NS R
W, T ASLRIBORE, BF 52 0 Xk NS
AR R B, A HEIR IR 0 A S il T 4 R
BN S 0 0k B 5 1 0 R Rk, O BN A TR
b DX TR R -5 A [ AR ) 2 18] ELARE AL BF S 2458 S
PedE NS 7l ) 2k (U BR A RE

1 #R5FE

1.1 #hk

.11 h#
KA T 9L T SArfEfb i F 5, S8 15
A, RFEVRIE 0 ~20 em, SREERFE] 2015 4F 9 H {7,
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PSR 845 RS 12 K2 20 em TR
T EERIE, REHTBIEE S AR MRS
fiir K25 em B9 +-3E, BT IRESY, vk LARA
AL 24 hAF ISR E I T RS 124°777,

b4 40°75", VAR KBS N £, B3R T
WA, AR 6°C, FHFEAKE 1 100 mm,
PR TC R

1.2 Jrik

1.2.1 ZpEhiaedk

TOWLBE W AR B 32 5 (DL R fiTid b PKO 85 3%
B . F%BE10 g, (NH,),S0,0.5 g, NaCl0.3 g,
KCI 0.3 g, MgSO, - 7H,0 0.3 g, Ca,(PO,), 3 g,
FeSO, - 7H,0 0.03 g, MnSO, - 4H,0 0.03 g, 7%
7K1 000 mL, pH{E 7.0,

TCHLRE ARG T3k . TOHLI R A 4% 37 3k 1) S Al
IMABIERY 15 ~20 ¢/L,

VSRR R ERGFR. IREI 10 g, BERESR
B 5 ¢, NaCl 10 g, pH fH 7.0 ~ 7.5, Z&MHK
1 000 mL,

1.2.2 5B

FRIBURAE T 12 £ FE 10 g A 90 mL JCH K
H I AGE R IEER , 30°CHRIEIR Y 30 min, ML
BWRmBEE£107, 107,107,107, 107, 1077
B, HEFE107° 107 1077, 1070, 10775 MBI,
U0, 1 mL A T PKO B3R 5L |, Ak &
B3R, 30°CHFRT d, PRECHAT B i 0 T G TR
TETE PKO R SR EEEAT R o 8 S slifh, LAgkfs 4l
Wk
1.2.3  VEBEDEPRAGTE AR w0 i

WS VABEPE e . B PKO 144 85 55 58 ) 4 A
B, 436 X, JHKEE 25 X S — 1wk, 30C
FIERFR 10 d, WEEE RSB ER, 1A
W SR HARL,

1.2.4 IR RIRE S 0%

TEPRIE W] el AR RNz W R 5 T T AR LR Y
BRI 4 100 mL TS HUBE W M4 855 95 22 1 250
mL =AY, DA™ Az 5wl Bl 0 TR ARl X TR, A
FZFF, 30°CHERFER 170 v/min §5557 d 5, &
FRWE LA 10 000 r/min B0 5, HUGE & 135 OH 8
P EE I 5 B R b A R A
1.3 7kt
131 it

IR BN R E 2L A%, T 2016
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AE 1A & 4 A R B E BRI T AR )
FROLBGE AT, FAk N S T K A i g vk £ R
SHF A, 3 pH {H°h 5.47, W A 66.96
mg/kg, A A W 25.00 mg/kg, XL B 154.57
mg/kg, FHHLIE 188. 83 g/kg, K LA 3 4EHE NS Fh
WAL, AEAFE 6 B RE A R N SR,
TR (CK) . A KL 3 A LB K} 723 30 mL; Ab
PR . FERMEBER 30 mL, H R E KT
BM ( Bacillus megaterium) >R F H [E Tl i 4
%%ﬁ%ﬁ%ﬁ¢b ﬁﬁ%iL5@,3mEE,
FEAS TR, B4 AR REAEFE A
ZH, R 7 20K R R E N S AR AR &
BHE, ZEAS B RIE, 57 d B—KK,
ASHHRAERK Za BYIE (90 d) BRI 2 4% 10
it
1.3.2  WEFahs KTk

KA R E NS £ Y, +
HEfb 2R AEAIRE i NPK R i ﬁ%@é%%*
S (HHERALA ) AT, R B P R
1 H — ﬁ%m%wé%,m%UMhFlgmi¢
NH, — N B2 e BkeoR ), Bl 1 1l FH i R R
Bk, S5RLL37CHE PR 1 nmol @h%‘%l‘f
TIERERRETE M 3, 5 - TSR IR L vk, 4
RPI24 h 51 g W8 B A AT A B 1Y mg 038R, +
Bt F LB S AR BT, SSRH24h)5 1 ¢
BhrEA 1 mg REERETRERERRY, ASHM
BH&ESE (hEZM) 2015 R
1.4 TEHRIEE

SR [15] XEww#HET R0 % E . R
Takara 1277 &5 B U 8 21) B 7 % 781 356 1R 240 DNA, H
Y0 518 27f (5' - AGAGTTTG ATCCTGGCT
CAG - 3') Fl 1492r (5' - TACGGCTAC CTTGT
TACGACTT -3') #47 PCR ¥ 3¢, ¥ ¥4/ 3% 1§
URARIN T H Y, 5% %2 EzTaxon Server ver-
sion 2.1 (http: //www. ezbiocloud. net/eztaxon ) [
16S rRNA L P40 2047 b g, o8 Hh AR AU o 1 B
FRFS1, SR MEGA 5.0 #4, RSP (N))
251 000 kT EF RN, DMWE RS L E
fEB
1.5 Hdisiba

B R SAS 9.2 Gt #F ¢ Excel 2010 i#47
3T,
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2 HRE5HF

2.1 UEBEANT AR T4

R4 7E PKO [ 1A R: 725 L= A= 0y i W 1, W)
it 10 ARIEBEAN T, 2 1 AHRVE EAR . BB E
RIGENBERZ D SHEEERE d b, WK1 ATLUE
H, 10 BRIAWELNTE PS . P6. P7. P8 B B H AR
P T 11 mm, HA, P8 B EARK, N
12.67 mm, {H i THEE R, Bt D/d &
TE1.15 ~1.40 Z 8], 1 P1 /9 D/d £ 1.69, AL,
2] 175 B B B4R S D/ d (BRI R BR 2R 1 7 4
SERy, i L R

R ABAENTEGER

k7S d (mm) D (mm) D/d
P1 4.33 0. 88 7.00 £0. 58 1.69
P2 6.67 +0.33 7.83 0. 44 1.17
P3 6.00 +0. 01 6.33 0. 08 1.06
P4 1..00 +0. 01 1.10 £0. 01 1.07
P5 10.17 £0. 17 11.67 £0.33 1.15
P6 9.33 £0.33 11.33 +0.88 1.21
P7 8.33 +0.33 11.67 £0.33 1. 40
P8 10. 33 £0. 67 12.67 £0.33 1.23
P9 6.37 0. 32 7.33 20.33 1.15
P10 8.83 +0.27 9.67 +0. 33 1. 10

. DBUREER; dFEEER,

2.2 AWM ROREINAL i
TERI AR |, B IR B A & D/d Bk

WA P, P6. P7. P8 HEATHEMSCES, DIARIEE
xR, MHREI SRR SR T d 5, RO (CK) B3R
Hh AT R 0 Vi B A 4. 88 wg/mL, FIE A HER b
BEYIHN CK 19 ~ 11, Hi Pl ER&, N
472. 85 pg/ml, P6 WRIERAR, {0 381.23 pg/mL,
ittt i@, PL, P7. P8, P6, CK R B
AL,

R2 PHAEMNEMBESER (ug/ml)
L7 T L7 [RGR
Pl 472.85 £6.94A P7 437.33 +8.30B
P6 381.23 £5.93D Pg 417.33 £6.96C
CK 4.88 £0.41E

E: AFTFREF RGN ZEREE (P<0.05), T,

2.3 A[FEAEFEXT NS PR E P Ta b5 10 5 e

3 Won, Pl A AS MR EE | THEAD
e p7. BM, CK, 1fi P7. BM. CK Zb¥E2 (8]
WS, ULE P1 Ab 3R Al b B AR AR HE S AR 1Y
ARETYRMRE, PL ALK S & T P7, BM,
CK 3 MNbH, Hr5 cK ME, R8T 5 EKFE,
4 NMEBANS R TR E T, 0P AR
P7 5 27.16% . b BM 4bPRE 6. 14% . b CK b B
15 26.09% , DL EEARUEH T P ARBRBEAS [RIFE B 1Y)
BEHASHR S E, P1ALFEI F i RS 5
WEET P7, BM, CK; P7 ABIM iR SRR
FET BM, CK, 1M BM, CK AZbF > [a]mf b it4t &
TR ELER, VWIIARER S AS6E1ERF
FEZS, PLACRE:, BM 32,

®3 TRLEASERBEMEIER

Ab 7 BRES (em) G (g) Pl (g) AL (mm?) 2R (mg/ke)
P1 30.33 £ 1.36A 46.23 +2.24A 12.62 +1. 10A 44.94 +1.07A 21.54 = 1.27A

P7 26.80 + 1. 88AB 35.21+4.10B 9.72+0.83B 35.34 £4.26A 17.61 +0.70B

BM 27.00 +1.41AB 31.45+2.71B 8.45+0.48B 42.34 +1.84A 10.33 £0. 81C

CK 22.75 +0.95B 31.13+1.27B 9.14 +0.09B 35.64 £6. 12A 12.92 +0. 59C

2.4 OR[RIAEE A4 pH E . AL R ERCA B
FAT

MEA AR, ASE-NEFMEE, X
M (CK) 14 pH (HECKRSHIREIR T 0.29, TIEA
WESR SN T 10 mg/kg, X RERE ASTEA
SRR TR, MR R HLER B BRI L A
B L, AR T HRPR L5 pH (A [FIB R RS 700
RRM I R A, - HE pH (E . Bl A

BHUT, A& S0 A TC B 225, (HAVA
LI A SR P1 >P7 >BM > CK, AHLUE SR PI
>CK >BM >P7, f&BE &5 BM >P1 >P7 >CK, H
T PL OB AR L. A AL OGS R i 8. 28% . 6.08% ,
BM A R RGN 16. 59% , 1WA B AR in 1
A W0 IR s AR 02 + 4 pH {H; CK 355K
P REEESTPL, P7T, BM3 /MG, P7 A1 BM Ab
P2 (] AL TG 2 S (HH SRR 5 i 2 i 2 T Pl
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R4 ARLEXLE pH E, BREEZRBERFS

sEAl)

i pH (& AEA (my/ke) A (mg/kg) AP (g/kg) R (mg/kg)
Pl 5.17 0. 06A 67.71 £1.44A 76.91 +3.32C 195.60 £7. 53A 38.75 +1.26A
pP7 5.17 £0. 14A 66.05 £2. 88A 88.11 +2.48B 167.26 +11. 17A 37.43 £2.62A
BM 5.18 0. 05A 64.29 +1.95A 87.37 +0.99B 181.27 £16.32A 40.97 +4. 16A
CK 5.25 +0.05A 62.53 £2.31A 109. 54 +2.22A 184.39 +6. 72A 35.14 £2.30A
e i 5.47 +0.02 66. 96 +0. 67 154.75 +4. 68 188. 83 +6. 02 25.00 =0. 63
2.5 RFAEFEXS AR | M2 m AR 1) THRLREES, AShafdE Pl AR E

= A B

MRS FTLUE Y, 4 DAEEZ AR A i
TREES, ASHhefs &7 bERERT
CK, 5P1, BM B ZH I E 2SS, P, BM,
CK Z [ TCHEER; 4 M NS b 44

BT BMANRE, 5 P7, CK AbBH |80 B 3 2% 5
AR LEESE P, PL, BMAHYE EST
CK, AZSnta b Pz e ol 25,

£5 ARALKLEXASIR, HEERBAISHHM (%)
25 24 L
fb3m i

1’ " 1 H I I

P1 2.18 £0.20A 2.11 £0. 12AB 1.24 £0.07A 1.44 £0. 10A 3.55 +0.20A 3.31 £0.55A

P7 2.11 £0. 11A 2.38 £0. 06A 1.41 £0. 09A 1.34 £0. 05AB 3.71 £0. 63A 3.83 £0.34A

BM 2.04 £0.08A 2.02 0. 15AB 1.30 £0. 06A 1.16 £0. 06B 3.29 +£0. 10A 3.76 £0. 67A

CK 1.98 0. 13A 1.76 £0. 13B 1.19 £0. 11A 1.20 £0. 07AB 2.60 0. 30B 3.91 0. 11A

2.6 A[EALFEXT NS A eGP ) 52 1) P P1, BMACER R & & T P7 A F(H Y CK L &

BRI, PLALBRAIRES . FRTEREARER . 1T
SALYIEEY) = T P7. BM ., CK, o IR i 0% 14 0
PR MW FR A O Mk B T i OKOF, il S AL W T

600

N n

(=3 (=3

S (=)
T T

W

(=3

S
T

JORBE 1
[NH3-N ug/(g + 24 b)]

N3

[=3

S
T

—_

(=3

(=)
T

(=}

o —_ —_ —_
o ) wn 0
T T T )

e

AR

[GHO; mg/(g-24 )]

o
w

(=}

P1

CK

B 1

PR, P7. CKAMBRZ (6] JC B tE 22 5, REWHER
WM P7. P1. BM, CK 4 M4k 3 2 6 06 B # P
E5F,

—_ [ N (9%
W [=] W (=}
T T T 1

PR AT

[GH:OH nmol/(g-24 h)]

W
T

(=3

TR

[Glucose mg/(g-24 h)]

P1

TESCIEN L EAREE, BRERIERRE, T RUMER, RAEEE RN

T BRI RERR AL B 22 5 3 (P <0.05),
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2.7 AFEAEEEXT NS TT R 150

T IO R 245 A ) 2580 1) K, Ahas 2
JFBA B RNAR L, 4 R LA SR T 24 5 i Bk
B BE, HEEAA N Y, M e AT, ATE AL
X ASR PR ITTR WA 2T, PL AR
NS Fe, Mn, Cu P& 5 E & TXE, 74

WIHEIN T 52.74% | 127.03% . 28.96% , Zn 5%}
HEAHEEIE N 19.96% , P1 AbBE A SR Fe 85
BM BRI E 2R, BEET P7T A, Cu
i Pl, P7, BM LR #EMH2ZS, P7, BM, CK 3 4~
MR AN Z MR Fe, Zn, Mn, Cu & i G I % 1k
ZE5

xo6 ARELEMNASRBEBTESENZM

Qb3 Fe (g/kg) Zn (mg/kg) Mn (g/kg) Cu (mg/kg)
PI 0.223 0. 053A 31.507 £4. 177A 0. 084 0. 003A 16.557 +0. 552A
P7 0. 138 +0. 008B 26. 448 £2.789A 0. 043 0. 009B 13.718 + 1. 056 AB
BM 0.185 +0. 008AB 29.067 £2.817A 0. 050 +0. 003B 14. 801 £0.947AB
CK 0. 146 +0. 003B 26. 266 +2. 294A 0.037 0. 004B 12. 839 £0.912B

2.8 AFELLBEXT A S A& A

W], ASRBHEBEIANS LR EH
Tk, PO NS B PPAN 32 S8 rp X T
MBS RIS, R 7 R, MR

REAS [F] AR B 52 g N\ S AR 8 il oA i 1 0 5 3
Hrp, Pl AR S M AR RS R B EN RS T HE
AFE, P7. BM, CK 3 /~Ab 3 2 [a] #) b 5 {4 52 4
Rg,. Re, Rf, Rc, Rb,, Rd, Rb, LW EMERF,

xR7T AELEXNASREFSENZIT (%)

Ab ¥ Rg, Re Rb, Rf

Pl 0.731 £0. 048A 0. 546 +0. 041 A 1.241 +0. 060A 0.199 +0. 012A
P7 0. 461 +0. 064B 0. 388 +0. 065B 0. 848 +0.018B 0.125 +0.013B
BM 0.395 +0. 028B 0.307 £0. 027B 0.625 +0.011C 0.108 +0. 001B
CK 0.491 +0. 064B 0.292 +0. 032B 0.619 £0.001C 0.113 £0.011B
sl Re Rb, Rd Rb,

Pl 0.573 £0. 068A 0.559 0. 048A 0.076 0. 007A 0.515 0. 077A
P7 0.337 +0.061B 0. 306 +0. 053B 0. 043 +0. 008B 0. 266 0. 032B
BM 0. 240 +0. 027B 0.257 +0.021B 0. 043 +0. 003B 0.251 +0.024B
CK 0. 320 +0. 050B 0. 330 +0. 060B 0. 046 +0. 008B 0.250 +0. 020B

2.9 WK PL WIS E

TE PKO K375 | 30°C £57537 40 h 5 B4 5L
PRz S, WG, RIRE, AR 4
MRS QI . BARATIR (B 2) . 16S rRNA J
HEHnrRWH (K 3), Pl 5 Pseudomonas
yamanorum8H1T\ Pseudomonas brennertCFML 97 -
391 " MRIIE A 99. 85% . 99.56% , ZEETHARIE S F
16S rRNA #1120 IAR P12 (B M T4

3 itig

R L IRCEY . YRR LR IE
A AR A B — 2R A AE T s R B AR RE T 1Y
AYIETEYIB, 245 e R A AR R R RE B

iy i o 5.0 M k
El2 BEHPIEXZRLE (£) M
7 PKO EFE LHEE (A)

Hedl, SR IR SHENEER R, Wik
e - SR AE Sy 1 — A EE B AR Marcote 25 HF
R, AR W AR A T s A R
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99 Pseudomonas arsenicoxydans VC—1T(FN645213)
64 { Pseudomonas prosekii AN/28/1"(JN814372)
27 4‘j Pseudomonas lini CFBP 5737"(AY035996)
51 Pseudomonas kilonensis 520-207(AJ292426)
83 Pseudomonas chlororaphis subsp. Aurantiaca NCIB 10068"(DQ682655)

47

Pseudomonas yamanorum 8H1T(EU557337)

0.001

Pseudomonas veronii CIP 104663"(AF064460)
Pseudomonas antarctica CMS 357(AJ537601)

67 Pseudomonas grimontii CFML 97-514T(AF268029)
WLPseudomonas rhodesiae CIP 104664"(AF064459)

Pseudomonas panacis CG20106"(AY787208)

40 — Pseudomonas libaniensis CIP 105460T(AF057645)

31% Pseudomonas synxantha 1AM123567(D84025)

97

Pseudomonas gessardii CIP 105469T(AF074383)

Pseudomonas azotoformans IAM16037(D84009)
59| 531 Pseudomonas brennerii CFML 97-391"(AF268968)

Pseudomonas proteolytica CMS 647(AJ537603)

B3 Etk Pl REBEXMENREHMLK

FE Y IX R, B A W B R - A Ak
Mt BERRNG . LA ARG A R TG P, A G
R, R E AR P1ACBE 4 9 IR R o R T
P E MR T P7, BM, CK 3 b3, 44y
i T P7, BM, CK, WRES ASR R ARG K
BRITETEA K, Pl WK E T AS IR 45,
T HEREE, A LEERIMASR RS WY
Wi, FWARPR SR M R e R, I
WA, (R IR AL AR, AR
PR Wi ad WO 21 3850 TR T AR R
AR R 2 O AR PR A W B R, T A
FIFUREG , FRMEBSRREG . oS4

VBRI Y R R DL 2 — 2 i A
TR AT DR, AR AR By 35 pH {E, i wfe
Ve PERE G Ak A T LA R A R AR RS
H Pl BRRTCIR FERAR KG 55 55 0 T iR SR 4P T 1 18
o, BHRE T A SR, PL B SR AR
FPER TR, i 4 pH (KT, AT LA
FHE BT FIT 2 A Tl B o 3 1o 43 06 A ML P AR T - 48 pH
8, WET RIS T A

ANSE T2 ER A Y, [R5
KZ4E, ARSEPIRPR + IR0 e — 24
FEMT R, AR R A 0 R S T MDA
TR, EEERUEY PRI NS RT K| Fe,
Mn, Cu, Zn WML, @S AS BT & &, AIREn
— 168 —

JEAA A — e - e e i 1 e rh gk [ e
B P, Fe, Mn, Cu, Zn FFEICEMNGfL, 25 HAT
FIRPE, Bist T NS R E B SRR,
TR S A W TAA L GAEAE R
BT, feit T ASHRAIH MR AR, MRAE
KRR, MR 8 B9 % AL A 5 3R e R A
F I FRE R A IE i A NSRRI K 58
o, BEEEP A, TN A B ) o B
B Fe’t | Mot Cu’t ., Znt FEME IR
Sk, EREHERRY ) RAREASERER,
I ASRARB LR, 5,

4 £5ig

T 35 Al O RN LA 0 1 T i MK SR X £
erhii 2 — PR E SOABE TR P1, SEMIEAR 16
rRNA W25 08 W R , Ak 42/ 3 R NS
WSS R R, X AR AE e - R . R T B R
fitf . AL EG TG E, REmASHRE . BT,
fp | AR R SR, WA AR AR, R
PEASHEE B B AL BRI, A
SUAACYIRIE AL, A S AR 1R 1] g
NS ZEANART R, IS SOk 2 1%
WA W o] LAVE S NS i el A 0 B ARk %) ) R A T
B, RIEAS s E KR,
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Screening and identification of phosphate-solubilizing bacteria from ginseng root zone and its effect on ginseng growth
LI Le, SUN Hai, LIU Zheng-bo, ZHANG Chun-ge, ZHANG Ya-yu" (Institute of Special Animal and Plant of Sciences,
Chinese Academy of Agricultural Sciences, Changchun Jilin 130112)

Abstract: Ginseng is one of the famous traditional Chinese medicines. The available phosphorus is low in Jilin Ginseng soil.
However, the excessive application of phosphate fertilizer will lead to a decline in the quality of ginseng. Therefore, a serious
of experiment was carried out to isolate high effective phosphate-solubilizing bacteria to reveal the effect of phosphate-solubilizing
bacteria on soil fertility, soil enzyme activities and ginseng growth and quality. By PKO plate method and liquid medium, the
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high effective phosphate-solubilizing bacteria was isolated from soil of wild ginseng root zone. There were six ginseng seedlings
with the same weight planted in 6 pots separately, based on the materials of 3-year-old ginseng seedlings. The control and
treatment groups were set for comparison. After the leaves were fully planted, the phosphate-solubilizing bacteria were inocula-
ted around four uniform ginseng roots by drip irrigation. The plant growth, chlorophyll content, soil available nutrient content,
the content of NPK in leafs and roots, soil enzyme activities, the contents of trace elements and 8 kinds of saponins in the roots
were determined at the 90 days of red fruit period. The results showed that; 1) With PKO plate method and liquid medium,
P1 and P7 strains were obtained, the soluble P in the cultures of strains P1 and P7 reached 472. 85 and 437. 33 pg/mL, re-
spectively. 2) The fresh weight and dry weight of ginseng in P1 treatment were higher than those of P7, BM and CK treatment
(P<0.05), and the plant height of P1 treatment was higher than the control group. The chlorophyll content of P1 treatment
was higher than that of P7, BM and CK. 3) Pl treatment promoted the uptake of potassium by ginseng and increased the accu-
mulation of phosphorus in roots significantly. 4) Inoculation agents could increase the activity of soil enzyme in different de-
gree. The effect of P1 treatment was most significant. The activities of urease, acid phosphatase and peroxidase of rhizosphere
soil in P1 treatment were highest. 5) The roots’ contents of Fe, Mn, Cu and Zn in PI treatment were the highest, and in-
creased by 52.74% , 127.03% , 28.96% and 19.96% respectively relative to those in the CK. The content of 8 saponins
were higher than those in the P7, BM, CK treatment. 6) The strains P1 was identified as Pseudomonasby 16S rRNA analysis
and bacterial morphology.

Key words: ginseng; phosphate solubilizing bacteria; soil enzyme activity; soil available nutrients; growth and quality of gin-

seng
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