2 % R 2013, 40 (8): 1574 - 1582 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

LREHMREPEIE HG28-5 XTHRHUE % BT HIHI & 4
RHRPREFEFF R R

wIRE L, RERD KA FAURL ER& N AR
TR KR 5 SRR 2500 505 FT 0 T2 9605, MM 450002 2 FTHEROL P B 2%
HM 450002)

B OB IR 43 20 15 B 1 AR i A B e S B PR 1 A Al e HG28-5 Wbk,
PR IR B 3% L 7 A SRR BT IR, A X RO A B A SR s B e A ROR N X
Ko, AT BB VA R DO R R B R TR e T AE T . 45 RAR W HG28-5 WA
B 57 B R 22 A K WA A BT A WS H R ORI AR AT s HG28-5 R i LA
IBTVA R, CE R AR IR AN DG 1 B YA RO 23 BIE B 92.57%H1 79.96%: HG28-5 11U b 1) 2 5
AEJ7IR 9, FH HG28-5 AbFRBMAN 1, RZFMARFILE I EE N 4.45 x 10° ofu - em™, HG28-5 A-H 7 4k K
WIR R, e B AR 4R E 10° ofu - g UL o RIFEAHFAE. AEFERFTER 16S rDNA JF 5404,
% 5E HG28-5 h4Ret R b

KB B s EWBa: AEDE SRR AR

hESES: S6413 XHEIRRRD: A XEHS: 0513-353X (2013) 08-1574-09

Inhibitory Activity of Pseudomonas chlororaphis HG28-5 Against
Phytophthora Blight of Pepper and Its Root Colonization Characteristic

SHEN Shun-shan', ZHAO Yu-hua', ZHANG Li-jing', CHANG Shu-xian', WANG Jing-jing', and

PIAO Feng-zhi*’

('College of Plant Protection, Henan Agricultural University, Henan New Pesticide Discovery Key Laboratory, Zhengzhou
450002, China; “College of Horticulture, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: A promising biocontrol agent HG28-5, a strain with strong effect on Phytophthora blight of
pepper, which selected from the root of healthy wheat (Triticum aestivum Linn.) . In vitro and in vivo
experiments were used to determine its antifungal effect and root colonization ability. The results showed
that, HG28-5 inhibited mycelial growth, germination of cystospores, and formation of zoospore and
zoosporangia of Phytophthora capsici in vitro experiment; HG28-5 performed good control potential
against Phytophthora blight of pepper in pot and vinyl house experiment, the control efficiencies were
92.57% and 79.96% respectively; HG28-5 successfully colonized on roots of pepper, the colonized density
of HG28-5 was 4.45 x 10° cfu - cm™ with Double Layer Filter paper method, in pot experiment, HG28-5

YefsBHI: 2013-03 - 11; fEE HHA: 2013 -06-17
BEEWB: WA SRS H (092102110096, 122102110042)
* JH{EYE® Author for correspondence (E-mail: piao1203@163.com)
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persisted on root of pepper with a relative high population density which was more than 10° cfu - g';
Based on the morphological, physiological characteristics and 16S rDNA sequence analysis, the strain
HG28-5 was identified as Pseudomonas chlororaphis.

Key words: pepper; Phytophthora blight; biocontrol; biocontrol bacteria; Pseudomonas
chlororaphis

BRI T T BRUE % (Phytophthora capsici Leon) 51 B BB 77 o 6 55 g5 7™ 5 4% 95 2
Z— (JJAM %5, 1984; Hwang & Kim, 1995; Hausbeck & Lamour, 2004; “:piih 2%, 2011,
FOAE, 20110 LT A IR RE AR ST 23 2 0 14 21 K 0] BRBUEE T HAT 8 A FH W 2B BT 8 (Jee et all.,
1988; Park & Kim, 1989; %[k %%, 2002; FLEE#AE %5, 2005; Shen et al., 2005; fiitwf 2%,
20065 SKECTRIFEHERT, 20065 FHEDT 4F, 2007; MK ZE, 20105 HEE K %E, 2012), {HHATAE
AR e N IR AR D

F A 17 B B 16 R A0 52 1 22 TR 2R R o A B0 1 R0 2 B R ) A vk s 2B B R B 5 A 1 o
g, A SINE AR AR AR BR SRR AR 2 b BERE AU ORI 08 S R I R 2, A RELR
R IEAT S, B R IR B R R S, IR RBIR R H B (Kloepper, 19925 FRIAK 4
2000; Shen et al., 2005). EFFIWBANFEAEMH FEH FE . BRI AKX CREE 116
M RN SR R AR B L IERE A, RSP ARCRR R 4 B R A 871 MRAR Pl B, w7 15 U
B AT RIS PG EN) HG28-5 Btk AW LL HG28-5 B ARIGA K, LABRMUE B A 5710
JEURRT, BRI T 2% B RO AR B2 RS BURE o KBRS R B 3 28 SR R0 LR SBOABURR s 11 e B
TE ML b, MRPE I AL AR B AR PEAT 16S rDNA 41 20 H6f HG28-5 HEAT T %5 , ffi i€ HG28-5
HEEEHE ML (Pseudomonas chlororaphis) .

QY i SRS DARF

11 ##

AR HG28-5 BRI i e i@ N C A 187 fhiFl) RS BIE, ISR
LA (2001) (735, IR A5 3 o 1 97 26 vp RIAR V9 1) D5 345 A58 PURIAR 7 (100 pL - mL™)
Wk, RAFT - 70 Co BMUEREE R AT S0 3508 . A7 HEHRBHRA Y FhLE” (T
BRI R R B RAFD, 1£25~28 CHBCAMMIR=EPEE, LLKA 5 H BB
VERIRIEATRL . HEREEFRIE N TSA H533E (EREIE KT R 30 g, Bk 15 g, 2808/K 1000 mL).
PDK 5375 (SR AREIA 20 g, (AN 10 g, BEIEH 15 g, ZEM8/K 1000 mL) 1 V8A Ki3%
B (V8 I 100 mL, BRFRES 1 g, Bifek 15g, ZK1#/K 900 mL).

1.2 HG28-5 #HIHH AR B H M EF £
12,1 sTH A KeIrH4e s

KPR RS 9538 F PDK SPAR P B Fh B B e B, PH 2 i B 25 mm A0 #5F0 HG28-5,
BT 28 CHEEMREFE 7d 5 HAHEA K/ (Shenetal., 2002),
1.2.2  sfashsaT £ R ag 4]

FFTFLES (EAR 8 mm) PIHL V8A K57k LK BEHBEH M EY, BE T LRTRFRIL (HA
60 mm) 1, KL HG28-5 B (10° cfu - mL™), DAWIGFEIR B R 0 22 ik, R
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BT 25 ClEEA TR 16 h, 7ER5EE PR30 %4 (Shenetal., 2002), TG /KAL
PREAEXT R
1.2.3  sFirshia T8 a0 304 4

PR K = A R sh T3 5 T HG28-5 WA, 4 CUKARTICE 30 min, SRJG/E =W AT
JCE 30 min, W5ARIREOE ST . 70 R AREE TR S £ 2 S BRI S £ R U R B 1 e
FHEE, TR RINER, R AK AL AR
1.2.4  sHARIETEF 85 & 64 3745 6

75 R B0 TR T8O FHAUZ 20 A1 1 8 SR AR A0 7 BV, B i R A 7 8 77 R HG28-5
WRW AR, B30 pL IR AWM RIMBE A L, BT 25 CHiRA b e g, A0 2 h fE s
AR IR AR, VHEAR IR AR, TERKAE X R

1.3 HG28-5 XM RBA AR

WRARY: UK S FUH RO BRI A RRE, WS 10° cfu - mL (¥ HG28-5 BB
R ALFE 1 h G B AR (EAR 10 em), SR 5 200 BOBUE B s 8 7 & IF W (10* - mL™',
5mL - B, BUETEEFEE, UL 80% ARG il IR 1 000 £ 8 H A BE AT /K A Ak 2H
. 3 IRES, HEKE 10 4.

ANDRAREG s 2012 AF7E ] R AR MY K2 R ] DB 0 A B AT o ARG 5 ST fe R
a1, BARALEWRIE N 10° cfu - mL™ ) HG28-5 BE HIRM 1 h, SERIN 4 10° ofu - mL™ W1
HG28-5 HRB— AL EE (100 mL - #K), LA 80%CAREREE IR AER 7 1 000 A5 HEVT: 4b BEAN
T RRS AR 1 h 5 @RI AL B 0 IR 3 R, A/MXTEA N 12 m®, BEFLX 415k
7

1.4 HG28-5 tRFREFEBE 1 HINE

Z: M Shen 55 (2005) 1751, RHXUZIELLE (Double Layer Filter paper method, DLF) Fl%%
FARLE M = HG28-5 W s e b fie

SR PELRTE s 28 TOY% NG 2 100 74 745328 (K1 BHUR 175 HG28-5 WM (10° cfu - mL™) Higifa kb3
Vh i, TREZKMME 3 I FWROKART-210, M50 — 2 iE gt g7 (HA2 90 mm)
W, RJE DA S 2RI E A, T 28 CHEEM AR AR ARG, P 1 em HRZR,
BERE, F 0.1 mol - L MgSO, VWM B 10° M1 10° 45 5, WHAE & A RIS TSA 5532 504 L,
BT 28 CERA NEFE 48 h, £F HG28-5 JE i ¥4, 0l g v £, 5 H HG28-5 MRk e i %
£

ARG EVE: K 5 B4 I AE HG28-5 BRI (10°cfu- mL™) g ALRE 1 h )5
BARZEEH (HR10 cm), B FHEESEE, 57 d W HG28-5 /MR R 1% . W
JiiEh: BRI EHHIR R, RS VE, B g, WFBESE ] 0.1 mol - L MgSO, W HifiF 10°
A 0™ VR RAE & ARSI TSA BRI L, BT 28 “CIEIRAT A REFE 48 h, &Y%, I
JE e B B

15 HG28-5 B4 E

1.5.1 T EAFAER A T2 A 04
TS AR AN % % T (Buchanan & Gibbons, 1994), 44 M8 HI 40 18 2% 77 V5 % 2 HG28-5
(R T2 AE R A 3 A= A Ak



8 1] FAWLRE S5 - ST BT MO TR HG28-5 4 SR A A e Ak M R o e B R R 9 1577

1.5.2  16S rDNA 53| M2 B % %K F M7

DL HG28-5 JE K41 DNA A, LA 16S rDNA i 514 27f(5'-AGAGTTTGATCCTGGCTC
AG-3") H11492r (5-TACGGYTACCTTGTTACGACTT-3") (Chen & Chen, 2009) Jy L. Fi#i514)
714 HG28-5 WAk 16S tDNA. SIWHFAY TR (CKIE) AR\ A

PCR Je V21 Ky 94 CHIAZYE 5 min; 94 CAZPE 1 min, 55 ‘CiE-K 1 min, 72 ‘C#EA{! 1.5 min, 30
AMER G 72 ‘CHEM 5 min.

PCR /=#)>% 1] TaKaRa 72 #] DNA #Ez [AIGR 1 &z mDic, IR B pMDI18-T Vector 2 7A3% #z,
PAALE TM109 A2 SR, WA AR, R IRk, PRIk @V, SRk, B4 T
i OKIE) A RRARNT.

H I 7 45 R H NCBI i b () BLAST ST RIS LU 8, BL Clustal X @547 2 S LEX,
FIH MEGA4 % 1F 1] Neighbor-Joining YA R G K G W .

2 R

2.1 HG28-5 3 ERHIE S = RN B8

HG28-5 0 B 57 P 11 22 A K FAT B0
(AT, AW S 11 mm,  BeRP i
o 14 d WEACRUME S (B 1.

HG28-5 HEf BB %5 AT (1% BT 22 T i 11 43
BARRE R, k%, HRLmE, i w2
ERMKIMIYA, BAERKINS (45K E
IR

FEMLPY R HG28-5 b 2 3 b 5
BRI Sh 11 3T RN sh 78 1 BRIl #E 25 °C
TE AR IS FR 16 h J5, 6 AL PR AR
(10 x 10 245) HISEEGRTIE 12433 Bl HG28-5 MM B A ML KSR R
/I\’ ﬁﬁ HG28-5 %}E/[\m@? (10 x 10 f%f%) Fig. 1 Inhibitory effect of HG28-5 on mycelia growth of
A 3425 A, KIS 22T B 3R A )

72.45% (3 1)5 (RIS AiF 8 1 ZERE 0 296 1~ A0 3 30 min f5, X RAC R Rl 2h 18 e T80
H 86.49%, 1M HG28-5 4B Ky 37.33%, HAMHIHILF] 56.84% (£ 1).

Phytophthora capsici

1 HG28-5 M ERAE B B ah 7 T R RN sl 7 T RUB A R R

Table 1 Inhibitory effect of HG28-5 on zoosporangia formation and zoospore release of Phytophthora capsici

Kb B Wish 73 Zoosporangia WeB) i Zoospore

Treatment Bkt 1% IR /% S /%
Number Inhibition ratio Release rate Inhibition ratio

HG28-5 34.25+0.07 a 72.45 3733+£0.39a 56.84

X} # Control 12433 +0.17b - 86.49+0.43b -

i ANEFRERIR P <0.05 KPR 2R B M.

Note: The different small letters after values show significant difference at P < 0.05.
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HG28-5 X BB B el AR 111 1 470

AR 2 e 100

R IRAL IR 2 h IR AR L7 T 5 ik - - A Contl
84.56%, HiJE 8 h HIRKILH T 98.80%, i 5
HG28-5 AbHHf{IR IE L THE35 2 h IR N :f; 5%
19.89%, KiF% 8 h Wik N 37.32%, HHlzk 0l . . ]
Rk 3 62.23% (K 2), SRR

Incubation time

22 HG28-5 MFRIR AR HIFTA R M2 HG28-5 xRHEEE A LI TR SRR

ﬁﬁﬁt%%%%@%, ?}ﬁiﬂ@}@ﬁﬁﬂﬁﬁ_@ﬁ Fig. 2 Inhibitory e;e;:th;tfosﬁiiiZzpz)i/;tospore germination

J5 7 d TFARARNE, MK RS R I IR,

14 d ZEERAR RT3t okl 25, REARAETS,

RIRGZEIR 100% o ACARGREE AL BE LU RURCRAEIR R IR , HE R 218, ARG 14 d KI5 29.80%,
BN 70.20%, 1ff HG28-5 AbEEFE AR5 10 d FFUR 2R IR A REIR s 14 d B R AN
7.43%, P RRIEE] 92.57% (K2, K 3).

TEih Z /N ARE T, BRI 60 d XTI RN 20.86%, 1 HG28-5 AbHE ¥ A H AN 4.18%,
HBIaAARIE ] 79.96%, ARG EEAL BRI Z N 10.24%, BiGAERN 50.91% (K 2). {Eakid
B0 R = /NI Y, HG28-5 A PO AR s (1) 7 v R 38 Sl 2 v TR 29 40 7R, JF H HG28-5 b3
(FIBARR . K] AR T 0 A AR AT BE AL B (1 3).

#2 ERABRBIEEDXREF HG28-5 MM R MFHERR
Table 2 Control effect of HG28-5 on phytophthora blight of pepper in pot and vinyl house experiments

g3 AR Pot experiment /NX AR Vinyl house experiment

Treatment RIRE Y Bia R % RIAZEIY%% G 2R %
Disease incidence Control efficiency Disease incidence Control efficiency

HG28-5 7.43+0.08 a 92.57 4.18+031a 79.96

fRFR4REE Mancozeb 29.80+0.13 b 70.20 1024+022b 50.91

X Control 100.00 £ 0.00 ¢ - 20.86+0.72 ¢

M ANEFRERR P <0.05 K R ZE R B3,

Note: The different small letters after values show significant difference at P < 0.05.

3 HG28-5 & IR MG 5 B RA SR TR
A: HG28-5 kb3 B: UARGRERALEL: C: WK CWIED.
Fig. 3 Suppression of phytophthora blight of pepper by treatment of HG28-5
A: HG28-5; B: Mancozeb; C: Water (Control) .
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2.3 HG28-5 tRFREFEBE

KW Z e 4R & HG28-5 R Fr & i it
1, SRR, MEF TR, HG28-5 BE
T Ky 4.75 %

o ) 2 AARAR e 5 5

10° cfu - em™.

F3 AHAWH HG28-5 BHEHMIR R EHERES
Table 3 The root colonization ability of HG28-5 on the root of

pepper in pot experiment

T 5E I8} 1) /d

Detection days

SERFE (x10° cfu- g
Colonization density

7

wk 3 PN, fEAFAKH, HG28-5 7& 14

FRMN 2R e T 2 FE L Ae e, Ak 7 d e il 58
BIEh 6.85 x 10° cfu - g, 3] 28 d I 5 5 25
N 675 x 10° cfu - g, BWRE4EREE 10°

cfu-g' L.

24 HG28-5 & E

21

6.85+0.03 a
5.96 +0.02 ab
6.27 +£0.03 ab
6.75+0.01 a

H: ANGERELOR P <0.05 P IR B,

Note: The different small letters after values show significant

difference at P < 0.05.

HG28-5 WA N FIFFIR, B8 0.6 ~0.8 um, 1 1.5~2.8 um, 5K, ZARAERTE.

ARKIRETEE 4 ~ 40 C, HiEEKIEE N 30 C,

R, RMEDEHERE, ANEW,

ﬁ,\

e e RV BE S 5% 0 71 NA SPAR BT BOK 1,
LA, R RORE . A48
'J}?ﬁ L- Kﬂzﬂélﬁ%%ﬂm*”ﬁ* TR ERIE S S Ny Ik 48 A S s LA B RV S B,

EIBE. IR NIRRT R

%4 HG28-5 5FBRPMBENESIHESEBE LTS

Table 4 Morphological characteristics and physiological and biochemical characteristics

of HG28-5 and Pseudomonas chlororaphis

BRSNS

Identification index

HG28-5

SREHEUR I (Buchanan & Gibbons, 1994)
Pseudomonas chlororaphis

B RTEAR Cell shape
B AR/ Cell size
#iE Flagellum
#i2% [G & W Gram reaction
1E 4 CAK Growthat4 C
£ 41 TH K Growthat41 C
Hiti A KR Optimum growth temperature
fiif £h#< ¥ Salt concentration
AT #5118 77 Nutrition

JEBY Sucrose

%P Glucose

FFLPE Galactose

72 2Bl Maltose

- B[ H7 A HE L-arabinose

A4 Sorbitol

Frg £ Citrate

TR £ Propionate

1'% & Butyrate
JENKA#E Amylolysis
Witk Gelatine liquefication
%6 (1% Fluorchrome
H,S 7% 4 Production of H,S
TR £ 16 i )2 W Nitrate reduction reaction
T AR V. Catalase reaction

TS AR Slightly curved rod
0.6~0.8 um x 1.5~ 2.8 um
Z /M4 Multi polar flagella

+

30°C
< 5%

+ o+ o+ o+

FHIK Rod
0.7~0.8 um x 1.5 ~3.6 um
A Z A E Single or multi polar flagella

+
28~30 C
0~ 6%
+

+

+

+

+

+

+

E: + R,

- FoRPITE, NT FomARME

Note: + indicates positive, - indicates negative, NT indicates No determination.
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HG28-5 TEHE 1) 16S rDNA J741 045 R o, H 16S tDNA JFAIK N 1474 bp, SE4EHER
Hit& (Pseudomonas chlororaphis) [FIJETEH e, AHMEIILE 99%LA L.

F MEGA4 #44F HG28-5 5K H GenBank [¥] 9 #R41 i —AC L 3L T 16S rDNA JPH [ RSk
B (K 4), HG28-5 54 R M R RAE— 0 o

SEETERRHE AR 16S tDNA JPHI T4 3, HG28-5 % 5w 4 SR S i 1w

61 | HG28-5

99 | Pseudomonas chlororaphis (JF682516.1)

Pseudomonas aurantiaca (EU761590.1)

68
Pseudomonas fluorescens (EF528279.1)

100 Pseudomonas lini (AB649011.1)

75 Pseudomonas veronii (AB334768.1)
Pseudomonas brassicacearum (JN605747.1)
63 Pseudomonas tolaasii (AF348507.1)

Pseudomonas putida (JX237836.1)

Pseudomonas aeruginosa (JQ927220.1)

0.005

B4 HG28-5 RHGABR
Fig. 4 Phylogenetic tree of strain HG28-5

3 e

RPN 5 A7 AE BB A P A A4 v A AR 22 R 008 T o B 5 & FE I E I8 2 e, (B
i RUR) FH R S R e R S A e h R R X EEH 55, 2011 X7 5,
2012),

ORI T3 A PR TR AR T, 5 TR A DA TR 22 AL O P B S BE AR T AR AR R RN - g Rk AL
55 2 AEATIE BT R RN DT o bR LR A A A, A B R KR K AR R, AT R
2%, PR HE RS, WrTR ORI RN B, SO FHIRAT . Wesh T2 LS
T2 BRI B TR A (DAL 15 1 = 2T 0 O/, 1997) .« BRI AE BB (1B ve v, AN AT LA
T 3 A RBP  B ) TRT 22 A G, s T DA sk o o RO B R S T AR AN TR, SRR
PR AT R R 8 AU, 0 2 JBOARO8E 05 A2 7 B I ANASC s T 00 T 22 gl g 0y, il
SE T OIS T RN G R WEsh 7 DR IBUR AR B 7l R A RE ), 25 2 TN B 4R AR 1E N
7 9B ARSI 7 B BT (R AR v o B SRAT ) HG28-5 Ak, 76 AN R I o 2 Bt i 24 (K 00 b
PR B 22 K WA T RIE G VST R ORI L A B R IR, TS 2R AR /N X
50t B AT AL A BB I (W A, JRARAE R ) (R 2R B R

X AL E AR IR kUL, AR R R e T RE ) pee T AR i E N (Weller, 1988;
SRR 55, 20000, — Ak, AR B AT B A T T REAREE, LS IR R, A BELEAEA)
AR B R3S B EAT 565 P AR BT Y5 5 S AEA ™ AR PO RS, 20 55 1) K A (Kloepper, 1992)
KSR I HG28-5 BHAE BT i R MIAR AR R 3, 7EBHBAR R A A SRR R L A
HG28-5, JFYERFARUE e JE . AR % AT, B R bR AL BE HG28-5, #Ak)5 10 d 1
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AU R i 6.85 x 10° cfu - ¢! [RETHEE, HAEIG 30 d 58 10° cfu - g LR E il %
HG28-5 KILH RUFINRFREiiAE ), SoRAN#E . Fah, MDD W= A 2] RS
AIRKMZERE, REZAGHAEY), R T 52 25 PRSP R P B O AR, H AT R
ABA BT . BRI T- HG28-5 741 1) 8. FH BRI 5% i Ak itk — 25

b 5 B S 4 VR A AR B I AR S AR E R 2 — o b SR B L AR SR
PR SR M B e A B AR VA R V2 N o e 32 R 0 ML R B s B A D SE A
PEAERERR R PEAEPUE R PRI AETUMESE (ISR 2, 20065 MOGE FIBL AR, 20110). A
WU ORI HG28-5 WK EA RUF IR Er e fiRe )y, A MR Er e i se 4, JF HAT G 8Lt ot
D I HG28-5 BFRREDS = L gk = MPTAEY R (55K, YD AWK 5B HLH A G,
HG28-5 B kR IRE AN B3 B B PR3 DR 3806 30 4 T 10 S i S5 45 A T8k — 00T 9%
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