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W OE. 2R AE KRR EE A214 o HG28-5 kA EAM, ERER B LB T HKR
T 2 A E R HAE G AR L F AR LA SR, AR ERBAR TR 75
Fo BEREAWA21-4 A2 HG28-5 iZ AP AL 2 46 B F 42 B3 #, e sP B 5 31 3 3 40. 54 %0 A=
37.85%; Rl Bt ,A21-4 Fo HG28-5 ¥ B E AR st MG A K TR EF L ERRAREN . TEELE
Al ad BB 3 A 65, 4990 Fo 43.66 %0, AR A 7E A B AT B IR F 77. 91% F= 55.81% ; sk Sh, A21-4 Fe
HG28-5 ¥ 2 %42 3 AR R L3 B 7 R LR Fe ik BBk 69 48, L FL - A21-4 04 kB 76 M 1
IR E 66. 01% , A ML A5 te AT BB 3 A 66. 62%, HG28-5 84 A% BR B 7% P Yo 3t FB 32 5 88. 16 %,
B AL FIATBI I 67.53% ., B 4h,A21-4 Fo HG28-5 ¥ LA RBAFe9AR IR R A4 A, A A &
FA B HE M R E R, A A 2.15X10° cfu/cm Fo 4. 75X 10° cfu/cm, £ R & F F 44,
A21-4 Fo HG28-5 A3 MARIS Z 30 55 B &AL 44 10° cfu/cm #= 10° cfu/cm £ 4, EAR IR 23E 46 4%

#F 10* cfu/cm #= 10° cfu/cm A L& R FE
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PGPR £, SR 5 A TR Fp AL 38 , i 6 B A ¥ 1 ) PGPR
Bk, PR TERTEI g i et A21-4 FIHG285
2 BB A W 71 PGPR B 8%, i — 2 K0T A21-4 #
HG28-5 {470~ 4 3% BRAR A £ A2 25058 L X BRBUR B
SRR LA S AEBRMUR BR 14 22 B BB 7, BT BLIA SR
RUT BTG A Wy b AL BRI PR HE R
1 MEEFE
L1 K5ahk

PGPR Mtk A21-4 F1 HG28-5 Btk = MPEZFI/NE
RSB A IR B L 1R & 75 R MR B I ik 3R A8 52
FERIHLAIAEF (100 pL/mL) B kR, REFETF —T0CRAE%
TRUKAR . BEIBRBL P B AR 197 B AT pE 44 B B
FHRS FR R AL, (IR 57 B O TSA 5 5% B (Trypticase
Soya Broth 30 g, lg# 15 g,2&8187K 1 000 mL),
L2 R Bk
1.2.1 PGPR EEBMECH % PGPR HEkE A21-4 Fl
HG28-5 78 TSA #5553 F}E3% 2 d J5, A 0.1 moL/L
MgSO, ForE# B AR 10° cfu/mL Y& BE A TR
1.2.2 PGPR M SHMMIEET o BOERE B
i, A21-4 F1 HG28-5 HEF K (10° cfu/mL) 2 Fik
1 h 5, 8RR CE R RN & 22 F B R R
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ARARETH B —RERTEH LR, 7E 26~28C
HASERBIRIRZENIET  #BFEE 10 XFSE 14 KiA#E
BREUFNF 2R 55 60 RIFA BRANE B AR B 1R dn f A=
R .

1.3 THWE

L3.1 BMUAETAAEMERNE  BHAEF BRI E
T BRARR R 2R AR R TR R R T,
AFERNETRESEMRARE . TREITEMN
W 8 SR F 43 66 BE T iR 2R 3 77 R SR F LTk = 2R 25
POEME(TTOEMY

1.3.2  BREURER T IEEHEERIE  BRBUR bR - IR B
TE I SR R IR SRR L B0k, DL 24 h )5 1 g H48
T NH;-N 2 5e 5030 s R BT M 2 SR PR IR R —
Hefaik, DL 24 h )5 1 g HEP R R ERR .
1.3.3  BHURPR - 5EA VLB BB E  BUR
PR 3EA PR & B E R A ERRF AR -THRR
T SRR A R SR R IR A T

1.3.4 PGPREMAMRFREFERE S M E PGPR KK
MR PR EFARE 1 R FH L N XUZ 38 4K (double layer filter
paper method, DLF) \ 7C# R I 25 . 1L Y BUZ U8 4R35 R -
¥ 7050 FOTERE 2R THD TH B 40O BOBUFP T2 M8 F PGPR B
W (10° cfu/mL)H b3 1 h J5 , FTCHEZKWIBE 3 ¥, I
IKARI T o SR J5 1 BRAF Y73 55 T8 A — 21 IR 4K
FEFRIL(E R 90 mm) o, R % — ZWIEIELR, &
F 28ClERAH B s PR HRE VTR 1 cm,
JEREZ J5 0.1 mol/L MgSO, ¥ B —EW B , ik bk
TEINFIREF- () TSA B &P b, & T 28CHEIRMA N
KRR 48 h TR DA T, 0 A 9 S50 B8 L AR B B
F1o BRI - K PGPR Wb F A0 B 5 4% 1. 2. 2
FAER BT . WE RS %, RIR IR B
HRER, ZEW K B Ve, BYHR 1 g BRI fS A 0. 1 mol/L Mg-
SO, VAR R — & W BE MR PR 7E I 1) 48 T F) TSA Rh 3%k
AR b, BT 28 CHEIRFE NS 48 h, FFIE BBV » Kl
Ve L TE BRABAR T 1) e T 25 2 5 WU e AR B -3 P 5

FERE WL 1 g ARPR 13, A 0.1 mol/L MgSO, ¥ Wi
BE—EWREEMRIRTE INFIAE T TSA B FFAR b, 4% |k
TR FIRE ARG AT I B 0 A e e T
L4 BAESHT

% Excel 2003 F1 SPSS 13. 0 #4347 848 947,
5 FH Duncan [ 8 % 2515 (SSR 85 #H4T B BRI,
2 HRE5SW
2.1 PGPR FEEXT BB H 7 1 R

Hi# 1 T LIE B, A21-4 FI HG28-5 ¥ Fi ib 7 347 B
WARHE T BREAUF . B 10 X AaF A21-4
HG28-5 ¥ Fh 4b P A9 B B B %5 35 3 69.33% F
68. 00 %0 , 1M 7 7K Ak B /4 XiF R HE 7 #0049, 3396, 2 Bk
PGPR B #k TR Fh AL HEL ¥ (5 35 32 05 R B 57 B, |
HH T A B L BRAR S 40. 54 % F1 37. 85 %% , TG FIES 14
B XU B R 22 5, 2 Mk PGPR B R IZ FR
b P AN K X BEAL P IR E] 80 %5 LA E

x1 2 ¥k PGPR E##F AL 3¢

BT H BB R

Table 1 Effect of pepper by seed inoculation with
two PGPR strains on seed emergence potential and germination rate
i HE# MR
Treatment Emergence potential/ % Germination rate/ %
A21-4 69. 33+2. 10b 84.00+2. 10a
HG28-5 68. 00+2. 50b 82.33+4. 20a
CK 49, 33+4.17a 81.25+4. 31a

R PIFF B E R RNE FRERR 2R B3 (@=0.05), FE.
Note: The different lowercase letters after values show significant difference at P<C

0. 05, the same below.

2.2 PGPR B RSB 914 K B R

i3 2 ATLLE .2 ¥k PGPR Btk A21-4 F1 HG28-5
IR T Ak 30 35 (. 25 42 T B BRABURE: Vo L 2O RN B T 2
WER MM AR S &, R RS EA LTI
T 65. 49 %1 43. 66% . [FIAT,2 #k PGPR B Bk (3% F ik
) E AR R AT B IR AR T EAR R
6 1 AR R I 145 LU AR R 77. 912601 55. 81%6(F 3,

x2 2 ¥k PGPR BRI E Bt E S AERKMHZ R EN R
Table 2 Effect of pepper by seed inoculation with two PGPR strains on seedling growth and chlorophyll content
hb3 /31 T AR Eviil 3 F Shoot MR AR
Treatment  Plant height/cm Leaf area/cm? Stem diameter/mm  #f & Fresh weight/(g+ #% 1) T & Dry weight/(g+ # 1)  Chlorophyll content/(mg « g~ 1FW)
A21-4 20. 96+0. 21a* 92. 2442. 99a 3.24+0.02a 3.68+0.18a* 0.51+0. 05a 2.3540. 0d4a
HG28-5 20. 0440. 22a 82.78+3.12ab 2. 7640. 04b 3.67+0.21a 0.49+0. 04a 2.04740. 12a
CK 16. 46+0. 29b 79.0142. 82b 2. 8140.04b 3.29+0.12b 0. 30+0. 05b 1. 4240. 06b
*3 2 #k PGPR E#R3 SRR AR £ K TR R & TR0
Table 2 Effect of seed inoculation with two PGPR strains on root growth and activity of pepper
Abyg IREEE WTE RARWEN
Treatment Fresh weight/ (g » #—1) Dry weight/(g » #—1) Root activity/ (mg * g=! « h—1)
A21-4 0.93+0. 032a 0. 06740. 005a 0. 1534-0. 001a
HG28-5 0. 87+0. 051ab 0. 06040. 001a 0. 1344-0. 007a
CK 0. 7140. 052b 0. 050740. 003b 0. 08640. 008b
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2.3  PGPR BRI BBUR PR - S M (45 1R

HIE 1 ATRIE .2 bk PGPR B bk i 25 32 v BRBUR
B - SRR A R B PR BEE 1. Horh A21-4 TR XS BRHUR
P I M 355 P B B R 8OSR BE O B, HCUR I 9 M R

251
A

—_ [5%3
W (=}
T T

/(NH3-N mg-g™)
=

Jl#fE Urease

wn
T

f=}

HG28-5 CK
ALBR Treatment

A21-4

21.78 mg/g, L X HBIR B 66.01% (J& 2A) , HG28-5 it
BREE SRS R E IR E, RSN
80. 08 mg/g, L X} HR R Er 88. 16 % (] 2B),

100
80 F

60

40 +
20

A21-4 HG28-5 CK
AL Treatment

2R Phosphatase
/(B Phenol mg-g™)

Bl 1 2%k PGPR E#R3T R R + BENRES (A) FREELES (B) E4EA %I
Fig. 1 Effect of soil of pepper by 2 PGPR strains on urease (A) and phosphatase (B) activity of rhizosphere

2.4 PGPR MR BRAR PR 18 A DL FLE % 7 2
p Al

HiF 2 AT, 2 Bk PGPR Bk AR Bl b 2185 1 2% 48
FRBRABUAR B L A DL A OB & B Ho A21-4

450 A
375
300
225
150
75

AU E R
Organic mater content/(g-kg™")

HG28-5 CK
ALH Treatment

A21-4

MAEVEEEMRSURENEE HAIEEERN
375. 4 g/kg, FLXF B AN 66. 62% (& 2A) , HG28-5 X
WURPR R & B R S RE N B2, HEU & &
i 51. 6 g/kg, tLXT BRI N 67. 53% ( 2B),

60 - B

AT
Available phosphorus/(g-kg™)
3

HG28-5 CK
AL Treatment

A21-4

Bl 2 2 # PGPR BBk ERAUIR BR £ A HUF (A) FERBE (B) & 2RI
Fig. 2 Effect of soil of pepper by 2 PGPR strains on organic matter (A) and available phosphorus (B) activity of rhizosphere

2.5 PGPR FEETEBBUR PR 2 58 %

i3 4 ATLAE H,2 #k PGPR HEifk A21-4 F1 HG28-5
EFRARRY A BRI E5EEE ). 7E LA R A DLF
P e HoE FE AR O 45 R, A21-4 1 HG28-5 7E BRMUK 2
MR 1 2 78 25 B 4 51 R 2. 15 X 10° cfu/cm 1 4. 75 X
10° cfu/cm, FHIE 3 AT 51 FEFR S FEBANE B 0], 26 B
FRFF AR Byt S R Fe— B TR BT, JE PP 3R 30 R
A, A21-4 F1 HG28-5 7E B HIAR ¥ 1) & 78 % & 4% 35 5
10° cfu/gfll 10° cfu/g UL k., R G & F R fud >, H—H
PR¥E LR E ) e B 5 BE (B 3A) , FEBRMUR B 8 1 =2

>

2 7,

= A

5 6]

Swgar Tt

C s -

S & — A21-4
s 2 HG28-5
W0

30 40 50 60
&R G K%L Day after seeding/d

PR TR 18 0, [E AR R 5 60 KA, A21-4 F01
HG28-5 i EFH# BT REIA 2 10° cfu/g 1 10° cfu/g
PAE(E 3B,
F4  FEOANEEREENE 2 tk
PGPR EHRESRMIR REHAENER

Table 4 Root colonization ability of two PGPR strains on

the root segment of pepper analyzed by double layered filter paper method

PGPR itk RESH B
PGPR strains Colonization density/ (X105 cfu « cm™142)
A21-4 2.1540. 01
HG28-5 4.7540. 01
>
= 7 -
5 B
g 6|
N Iy
< TQD [
2E4 \/\
L5 3
S O
O] - A21-4
s 2 HG28-5
” ~ 5 —-— -
jﬁ! 1
=
Y

30 40 50 60
165 KEL Day after seeding/d

B3 FEEHRMERMIE 2 %k PGPR BARFEBRMUREB (A) F iR R 1+ 3 (B) i E 5H % B

Fig. 3 The root colonization density of 2 PGPR strains on the root (A) and rhizosphere soil(B) of pepper in seedling plug experiment
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TR PR e & 1R 2 X A 4 BB R A B wE R i
PR 7 R ) PGPR B Ak . 1% 0F 558 0 6 HH B9 A21-4 Al
HG28-5 J245 3 N 8 RN AR Br 43 B8 3R A5 () XoF S BUE
e SRR S YR E B A B R SCR AN . 8
T I8 HRIN T 35X 2 RRAE Bl B AU EL A B R BUR > 1
HarBAR#AEYER, AT HEEASARENDI6E, 2
HAW 11 PGPR Ftk. —MiA, PGPR bk RE 5 1A
W EEASHE R HEEY R AT Y RE SR TR
BmEl LS AFEEY . B RS M EYEEY R,
MR Y A& K R EEY =& . R YR
EELZ R AW IR . B A21-4 F1 HG28-5
BAMR YY) B R R R 2R B ST R, TR st i 3 0 AR P
MAKET . WNHZES &, BESHBIBRE S, Bn
H T E .

HEYRB A 5P AR AWM BT, L1
i S B - 38R A i AL BB O B R AR W TE M, R R
AR M EBE R, LR REARE AN EER
XK, HES 58 NILEWREEIL (2 R EMEIF; - 5w
PR — R A VLB L & 0 fL B K i, 5 3
BOUBE e LB R EA B, HIEEE
IR Al AR Y ERE SR R ) 3SR 4y AR T L4
FRAORIMER RS 5 + EENE Y A B, %
o A21-4 F1 HG28-5 34 i 7~ 48 1 AR Br 1 338 JUK ifg
FIBERREG TS, A I AR & &, X
5 2 ¥k PGPR Wtk HEBMA: KA % WA o, AR
TRAENHIA FFFiHE—2 5.

ARk, i F PGPR HA 558 AR Br <2 58 AE 1 A
TR A2 TRE , B R A= B AR 1 9% U5 A B Bk IR
FIBFST S . AP F PGPR 1 A% RE A% 76 M8 W0 4R B A=
FHRKEEHAF—ENEHEERERELEER
FIRTHR . 51 AR A B 1 AR 0 7 A8 0 AR s 2 L BB 1 Y 5
FFRRE VSR U AR ) S, XA A214
1 HG28-5 S 7EB MR PR B A R 47 i 28 BB 11, 76 R
AR L P R — E M E %, e R ER
TRAVER , R E N AT .

2 BB 19 PGPR Bikk A21-4 F1 HG28-5 %3
ROAR PR 1 S 16 1 | - S U8 37 A 3 A i ) LA
S DL B LA A T e — AR .
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2R 5 Z @A E 7703 BN B & I\ ( Cucurbita maxima )
T4 5l R BRI 22

ow B, B OBCF. M G, EE R XA, BEEE

CRAbARL K2 FAZ B, BIEIT MR EE 150030)

W OE 29 EdNRMES £ 088-3,2013-12 e ik i dn & 9-6 A XA, B v T A fe T
I HH(AVG A= STS) 33T T s p N R R A A e XL B %rh . SR AW B THAL
2,3 AP B A NG R AR e, B 1 SRR T AR AT, A IH IR A L3 AR AR
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SRR RAG AR ARG CHRCHIPHMNORBERERRAA X, A5, ELHALEE,3A
FPESHRNGEZYHAT REAREGKRF R AR TR AMHIEL,

XK : B N (Cucurbita maxima) sPER|FRIK s ZKEH] AV BRER (STS); AFE AR LIGH
2 FR (Aminoethoxyvinylglycine, AVG )

hESHES:S642.106%7. 2  SCEAARIRAE:A X =4S :1001—0009(2015)18—0030—05
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FEEMOHAMRSE. BNF R EER T EE, R
P EEA T E R R (C. moschata) , L4445 TR ARIK; BB E
B J(C. mazxima) , X4 )N FEMW RN (C. pepo) , X4 T8
BT, SR M R AR S AR A Y, PR TR, AR
F B ZERMAL i v AL , A B SRR A A & B
Y, mMNBEYER RIS R 3 B 1 B
T B X — B B R AR M AE sl = A Jm » A SS
2 BB METE FIRE LSS B B B 58 3 B B 2 A MEAEBY
B, X —Wr B Ry A M. 58 3 BB A e e
e JEN: AT S-S RN

T RHEY) M B R IA A2 B AR AR G S

Abstract: Two PGPR strains A21-4 and HG28-5 were used as materials, the effect of two PGPR on emergence, growth
and rhizosphere soil microbial ecology of pepper,and its root colonization activity were studied adopting plug experiment.
The results showed that seed inoculation with A21-4 and HG28-5 were all significantly enhanced the emergence
potential ,increasing rates 40. 5494 and 37. 84%; At the same time, A21-4 and HG28-5 were all significantly promoted
seedling growth, chlorophyll content and root activities. Increasing chlorophyll content rates were 65.49% and 43. 66%,
improving root activities 77. 91% and 55. 81% ; Moreover, A21-4 and HG28-5 were all significantly enhanced the soil
enzyme activities, and increased the organic matters and available P contents on the rhizosphere soils. Especially,
inoculation with A21-4 could improve the urease activity 66.01%,and increase the organic matter content 66.62%;
Inoculation with HG28-5 could improve the phosphatase activity 88. 16%5, increase the available P content 67.53%.
Inaddition, A21-4 and HG28-5 were all successfully colonized on the rhizosphere soil and roots of pepper. The colonization
ability were 2. 15X10° cfu/cm and 4. 75X10° cfu/cm in the DLF test,in the plug experiment, A21-4 and HG28-5 were
persisted on root of pepper with a relative high population density which were more than 10° c¢fu/cm and 10° cfu/cm,
persisted on the rhizosphere soils were more than 10* cfu/cm and 10° cfu/cm,respectively.

Keywords : plant growth promoting rhizobacteria;effect of growth promotion;soil enzyme activity;root colonization ability
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