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Identification and biological characteristics of the pathogen causing
banana bacterial soft rot disease in Guangxi
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Abstract In order to clarify the pathogen causing banana bacterial soft rot in Guangxi, the pathogenic bacteria
were isolated by tissue separation method from tissues of diseased banana, and their pathogenicity were verified
through Koch’s Rule. The pathogen was identified based on morphology. physiological and biochemical charac-
teristics, molecular identification and biological characteristics. The results showed that the pathogenic bacteria
were isolated from the pseudostem and fruit of disecased bananas. Their morphological characteristics, physiological
and biochemical results were basically consistent with Dickeya sp., and the 16S rDNA gene sequences shared 99%
similarity with that of Dickeya sp.. The optimum temperature for the pathogenic bacterium was 28°C . and the op-
timum pH was 7.0. The homology of dnaX, gryB and recA gene sequences between the pathogenic bacterium and
D. zeae was more than 97% . Multiple-gene phylogenetic analyses indicated that the pathogen and all the bacteria
of D. zeae clustered in the same evolutionary branch, with a self-supporting rate of 100% . According to these re-
sults, the pathogen causing banana bacterial soft rot in Guangxi was identified as Dickeya zeae. Furthermore, the
toxicity of 7 types of bactericides against strain GR-1 were tested. The ECs, of copper hydroxide 46 % WG was the
lowest among the tested bactericides (186.69 mg/L), and its 500 times dilution had the best inhibition effect on
GR-1 strain, up to 76.89%.
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B REBRCEFIE R A P BUR RS & R M R B
JUE R ERFNSE T, AN % A H A IR ]
TGRS ECR ISt TN JE 2 L 3 AR AR K
HENE  RIeAN/N AEEHER B SR T2 R IX
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PRI ORI T R A O BB BTG A
S FERE RO A 2006 AL ARIE 7000, IR Z
b i R TR1HE K AN 368 i el (1) BRK 565 23 fin
IR HE R AEAAT . NS iR IE Y e A AR AR
ZEREEA AR ] E & B LA Fusarium
oxysporum f. sp. cubense 5l M FEMER . HE
FiE Ralstonia solanacearum 5| #5752 240 & M Al
ZhN B M LR Erwinia chrysanthemi 5|5 )
LA R BE s b 2R AE T 1 R AR R Cus
cumber mosaic virus banana strain 5| # F 2L H
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(BBTV) 5| i 4 7 £ o T00 55 5 15 3 A SR A A
A EERIEE Colletotrichum musae 5| 1) 2 )
JHIA « HAE 8O Fusarium concentricum 5| T
PRI B B EE KR ZE S Macrophoma musae 5|
1Y A A6 TR B DL e el AT AT A8 A L Verdicillium
theobromae 5| FFEMMIIFE" . SR, H A
JVG FH ) AR B B AG T A AR AR [R] I S 3 A AR
SRS KRR 7 FE P R WA SR E A B
B LI D BT 1) 2t BRI s 2005 55 1) 9 D T
PEATHEE 5 00 28 SR AT R IR 1% Y HEAS HiT
Shy B 22975 T 11 L o A BIF 5 308 3 % YL 114 A AE A1
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Az AR AN 1 R A )2 R 0 2 DA R 20 3 1Y
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1.1 BEFEFMERER

NA K373 NaCl 5 g 4 F 3 g E A 10 g,
B 15 g.7K 1 000 mL, pH 7. 0~7. 2; DIANINBG
SRR BRI

PR AR 2 300 v A B R AT IR R R (55 ok
T A= R A BR A 1)) 46 %6 S A B K 23 BIORL
(& E AL A FD 80 Vo ARG £ P IRA:K 751 (P 1K 45
el BF A PR EDD L1, 6 Yo MEFE TR I 1500 (e 5 7Y
RAEFERIFE SV A BRA 71D L 18 Yo A i R 4 L itk Gl

R R A BRA R (1. 8 Y037 B i Il R h /K 751 (7
LR AL PR A ) .80 %% £ 7% 2% 3L iih Gl 7 B4 I8
THRATFD.
1.2 REENSBSHL

2016 4E 8 H o N7 VG EART 260k B A A IX.
R AR B A A 1 A S FLAE SR T {5 B A 1T B
1 em® FUZHZUINEE, T 75 %0 LR 30 s,0. 10 FHR
THEE 1 min, SRJF TR K ik 3 Wk, PRI HCR K
BRI 5 mL JEBE /K s oS, F K
FERDIAEE IO S V7 NA Sl B RIZk & 28°C 1G5
24 h PRI R AT Al
1.3 RRENBRENE

¥ B Ak B R IR B R 2 NA iR 57
F, 7 28°C,150 r/min $53% 24 h, BH|HE H 1 X
10% cfu/mL AR 45 0. AR HERD: L 4~5 0t
IR © AR B6 A AR A R L R I T SR A
¥ 500 pl A IERD B AR 2T &8, UJC T 1)
NA WA B TR 5 28 (AR R R AL B 5 IRE A . #E
TRALFN SR S A 2 S A 05 A4 b, DB 0 2
R F 1 mL FE R B AFERA, LCE
NA VAR IR H A 28 PO I R AR 3 5 IRE R

DA AR AE T P AR R BE AR ) DR A7 0 5 T B
T EE BEAT L 1 A 1) H 724 28°C L A R K
TRIE ST AT S AR ARG O . 73 A
FERE S 4 REEAE TR R AR 5 10 K
WS IR M 4G
L4 REENEE
1.4.1 WAFWE

RO 2 NA A, 28°CHEFF 24 h, AT
LA RIBEXTREFR 20 h (4 B AR IEA T 35 53 v 52 0
ZE MBS RAR I RN B S FHIE
1.4.2 16S rDNA 5 7| 5 #7

KA TAEY TR CEE B A BRAF 5
Ezup #1040 41 DNA i 32 12050 &0k J5t B i
14 DNA B $2 B0, LUl 5149 27F/1492R (5'-
AGAGTTTGATCCTGGCTCAG-3'/5'-GGTTAC-
CTTGTTACGACTT-3") #k 17 16S rDNA 4 #4,
PCR Witk Z N 25 . f04% 10 X PCR Buffer 2. 5 L,
MgCl, (25 mmol/L) 3 pl, dNTPs (10 mmol/L)
1 pl, 27F/1492R (10 pmol/L) % 1 pl. Taq fif§
(5 U/pl) 0.5 pl g6kt DNA 1 pLsddH, O #b 2 %
25 plo RNFEFF . 94°C FiAE P 3 min; 94°C A8 P
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45 s,57°CiB & 1 min, 72°C ZE# 1 min, 35 MG ; i
Ja 72°CHEAH 10 min, 4C A7, PCR 7=#14 1.5%
B ARRE IS v vk [P H AR DNA R Bt s » B 46 1
S R R R w AT DU W A R
BLAST # - #£ GenBank 45 22 i # 47 [F] I M L
%F s & MEGA 4. 0 B Neighbor Joining ¥ LAAH i
JPHI R GEREW .

.43 ZHARTERE

Shyath— 25 B B 9 D BRI 0 /N B g i) o R
DNA B4 11 7 5 (dna X) \DNA {2 i filg 54 [
(gryB) FIE 4L (recA) X975 JFU 1 14 2 DNA iE
T8 5T, 51 FEFEENER 1. RNIKRS
BECLL AL 2, )RR T 94°C AR P 5 min; 94°C AR
30 s,54°CiR k 30 s,72°CHEfH 30 5,35 NMER; fiee
72°CHEMH1 5 min, 4°'CHE7F. PCR P=#4: 1. 5% Bihg
WEEERE HL Yk ML H AR DNA F BLS - B 46 1 A&
R BR A WS TIY .

I R 2 3 R R B0 & B W RIAS EE : 7F GenBank
BAREP RN 5E dnaX . gryB FlrecA X 3 4>
SR P S HAL Dickeya sp. NGB HEF 51, 50
P 3RAFRR IR Y 3 A3 AR IR Zead Clustal X 14
FEXt HAS 1E )5 » 50 345 B8 dnaX-gryB-recA [ 15
FEAE  H AT IR 8T . LUK TR Pectobacte-
rium carotovorum subsp. carotovorum YE KNS, K
MEGA 4. 0 #%) Neighbor Joining 144 255 I i Mk 3 T
dnaX . gryB fl recA ST R G KT

%1 dnaX.gryB FlrecA EES|¥E7FI

Table 1 Primer sequences of dnaX, gryB and recA genes

HRME T FF31(5'-3" TR RN/ bp
Gene locus Primer Sequence (5'-3") Product size
dnaX dnaXf TATCTGGTYCTTGCCCGTAAGTGG 536
dnaXr TCGACATCCARCGCYTTGAGATG
gryB gryBfl  ATGTCGAATTCTTATGACTCCTC 2412
gryBrl TCARATATCRATATTCGCYGCTTTC
recA recAf GGTAAAGGGTCTATCATGCG 700

recAr  CCTTCACCATACATAATTTGGA

L4.4 7AW

T BT A AR LA AL M8 2 IR ORI BT 52 7
DRI AR AN R S T AT
L5 fRIERERENFEHENE

it —4 1A DR A A S e L DL
X2 E BEAT B IA - 23 IR L pH Rt 25 125 5
HHEATOETE . 2081 3 B J7 3k A I TR ) T
B TSR /K A BE R A B O 12X 10° efu/mLL,

4CIRRAFHH .
L51 BEMNKEREAEKNEH

W1 mL 9 S 9 TR B 2 100 mL NA A
Begrd, B T 10.13.16,19.22.25,28,31. 34,
37°C fi1 40°C, 150 r/min ¥ 5% 18 h, &4 3 IR E
. T 600 nm PR HERIM R T @ & Ak
PR ARG (OD)
1.5.2 pH X HEE A KB TN

S35 T mL g SRR Y TR B 2 100 mL NA
R RS R R 30 pH 20518 3. 0.3. 5.4, 0.4, 5,
5.0.,5.5.6.0,6.5.7.0.,7.5.8.0.8.5.,9.0,9. 5,10. 0,
10.5 #1111, 0,150 r/min 3% 18 h, A3 3 IR E
K5 T 600 nm KR FHEEAM OGBS TN E & Ak
PR WA EE (OD)
L5.3 XEAAREFNENE NN

SR o S O ISR IS . TE KT B
FRIL FFRA g 2.5 em AEXTRRIBCE: 3 4> K G A4 AL .
W95 S BRI B BB 100 (V/VD BRI AR AL I %
R 45°CHY NA B3R 0k, IR G #8550 G B A A
AR PR BT S B A AR B L B AR 7 mm
ML FHTCEK X HE Y 7 Fh 2550 (GR D #1746
JER R B A 500,1 000,2 000,4 000,8 000 f51Y
2300 S 250 1 5 390 0 2 000, 1 000,500,250,
125 mg/L, J3 3L 50 pL AN [alH B2 1Y 24 5 22 4% /)N
fL, ATCHEZK X B BN R 3 IR AL 28°C H55%
48 by SR FH A3 S I 41 e B AR SRR X
B LAZY IR X EE A AR (o) o A TR 22
MY JLERME N PR AR 5 () S 8 7 [ O 2 o ok
TE R R A RBOH R ECs,

RS EUI R S
Kb S R v

1.6 HBEBFHITSHT

FIT A5 Excel 2016 #EA T SEYIETHE R
YRR 25 8 R DPS 7. 05 8449 Duncan FGHT
B 2EIIAT T
2 ZER59%m
2.1 HE¥REER

TR FE R AR N« B e AE BRZE B Bk 2L 5 )
ZEASFAL PR AR B L BERE S ) R L BR 2R
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a: Cross section of diseased pseudostem; b: Soft rot of pseudostem; c: Symptom of whole plant; d: Diseased banana;

e: Longitudinal section of diseased banana

B 1 FEAREHERFHEREEER
Fig. 1 Symptoms of banana bacterial soft rot disease in the field

2.2 HfEEE

SR A B B3 00 0 T £ Sk AR SR 0 7
AR EIA T GR-1 AR GR-2 Bbk. SRS
FRPE 73 2 AR P R AR AR I R
AP 1 d i Pl BRTRHE ( BE A TR Bt
JE P RS B ) L e 2 5 R AR K AIRAE . B2
TR SO A B . R 4 d A
T T A P R RR BB ELR i aise T
PR 2 A FOR P 3880 10 d )5, Je e iRl
A5 BRLL A (U B B R BEAE SR A gl R
DR R BT 2 R . DA EAEARSS 5
FITRAEARAHAT (151 2)
2.3 mEREESHIE

A 22 LI 25 SR 2 T o D TR 2 AR R/

(0.5~1.0) pmX (1. 0~3.0) pm, 22 KM, 8
HMEEIE B ATERCZEN (K 3a) s HAE NA S A
K VR L, B R SR IRDE  HrE] i, O
B PCREOHPIR i 30 2% (8] 3b)
2.4 JHIEER 16S rDNA FE 554

LLE B4 27F/1492R %f GR-1 F1 GR-2 bk
MBI ZH DNA i#47 PCR §7 3, 28 M JKAS DU 3145 K
JE2y 1 500 bp (1) DNA R B (4, [alfiiz fr Bt
PO AFENCEE y 1370 bp /) GR-1 AR EEH P51
(GenBank %5755 : MF041857) , ) KAk 1 348 bp (1
GR-2 BRERL T3 (GenBank 555 : MK578204) , 7
GenBank #1417 BLAST HXF 2R, 5 GR-1 1 GR-2
BRRRF A [ R TE 99 %60 LA B A B A% 34 R Dickeya
sp. .« B MEGA 4. 0 %% GR-1 #1 GR-2 itk 5
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GenBank H) 11 BRIk Iz i 1 240 1 — & Al g 2k
16S rDNA J¥ I IR 84 70 - 45 3 (18 5) 3R
JEH GR-1 #1 GR-2 RARRAE [ —fe/ Ny 32 B

Hb R GR-1 H1 GR-2 itk 5 Dickeya sp. B4
AT IRl RGr S A TR SRR 8000, R EAT
Y Dickeya sp. WIZREREAL FRIBER I, L. H

SCREREH 10000, RUTEAMNIM RGO REHEIE. 1 PHROREE GR-1 R GR-2 Bk ¥ E N Dickeya sp. .

a

4
a: 25 XS B be JBIRARAR; o 2 EIXT AR d: B AR

a: Blank control; b: Diseased plant; ¢: Blank control; d: Diseased fruit
2 SEEKGR2 MEEHMERNBHRENE
Fig. 2 Pathogenicity test of strain GR-2 on banana plant and fruit
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a: o S AT AT AT 285 b R SR R TR B 25
a: Mycelial morphology of the pathogenic bacterium; b: Colony morphology of
the pathogenic bacterium

B3 BEARERERRFRREENFSHLE
Fig. 3 Morphological characters of the pathogen
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causing banana bacterial soft rot
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M: Marker; 1: GR-1¥k; 2: GR-2H bk
M: Marker; 1: Strain GR-1; 2: Strain GR-2
B4 BEARMEKERFRE 16S rDNA FHIH
PCR #18
Fig. 4 PCR analysis of the 16S rDNA sequence of the
pathogen causing banana bacterial soft rot

Dickeya zeae (JQ284040)

Dickeya sp. (JQ301888)

Dickeya chrysanthemi (KT897717)
Dickeya paradisiaca (NR026538)
GR-1 (MF041857

100' GR-2 (MK578204)

Pectobacterium parmentieri (NR153752)
Nissabacter archeti (NR147393)
Serratia marcescens subsp. sakuensis (NR036886)
Enterobacter asburiae (NR024640)
Klebsiella pneumoniae (NR117684)
Xenorhabdus hominickii (NR043648)

Pseud: cichorii (MG197708)

0.02

5 ET 16S rDNA FIIEFEEHFRE R LR B/
Fig. 5 Phylogenetic tree based on 16S rDNA sequence
homology of the pathogenic bacterium and the related

bacteria derived from GenBank database

2.5 WEENZEESTEE

% GR-1 HHRER dnaX . gryB Fl recA £:H e 41 i3
AR 0 5 23 ARy 509 bp 1) dnaX 747
(GenBank % 5% 2. MK566230) . £ £ 24 2 301 bp fi¥
gryB J§31 (GenBank & 55 . MK566228) Fl4 5 2y
713 bp B recA J¥%1] (GenBank % 53 5. MK566229)
(| 6)., 1F GenBank W #£47 BLAST X, B 783X
3EIFINE D. zeae WRIEMERITE 970 LA b, 1E
GenBank T #;, 23 #R IR BT & HF dnaX.gryB Fl re-
cA FERBY Dickeya sp. BtEFS, 5 Pectobacterium
carotovorum subsp. carotovorum Vg R AN EERFELT 43
M 25 (B 7)) FEB, 18 dnaX-gryB-recA 3 MRS
SR R R B W, 23 Bk Dickeya sp. bk
I3 VA i B SRR IR AE 6 AN A Y 23 3L, A —
AN SRR T X R Y Dickeya /N, Hirr, GR-1
WARSITAR D, zeae 4 # RAE R — >/ NiE ALy
SO HOE R SCHEE R 1000,
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PR RS AL SEASARAT o
bp PRI S AR 25 5 AL A B A AR AN 23 4

bp
2 000 5301 Y KBS BRIRE GR-1 %58 N Dickeya zeae,
74r Dickeya zeae MS1
1000 90|L- Dickeya zeae NCPPB 3532
750 713 96| L_Dickeya zeae NCPPB 2538
GR-1
500 100 Dickeya zeae EC1
509 100! Dickeya zeae ZJU1202
72 Dickeya zeae Ech586
200 ] 100; Dickeya chrysanthemi Ech1591
Dickeya chrysanthemi NCPPB 3533
100 Dickeya chrysanthemi NCPPB 516
100 61 Dickeya chrysanthemi NCPPB 402
100 99, Dickeya dadantii SUPP 877
99[! Dickeya dadantii SUPP 2162
M: Marker; 1: dnaX; 2: gryB; 3: recA 100 -Dickeya dadantii SUPP 2200
100 Dickeya dadantii MAFF 301767
B 6 GR-1TE#E dnaX.gryB 0 recA EE 51 PCR ¥ 1 Dickeya dieffenbachiae NCPPB 2976
X . 1001 Dickeya dianthicola MAFF 311042
Fig. 6 PCR analysis of the dnaX.gryB and 100 Dickeya dianthicola MAFF 302984
recA genes of strain GR-1 00 Dickeya dianthicola NCPPB 3534
Dickeya dianthicola SUPP 2565
. . , 86| — Dickeya dianthicola SUPP 2525
2.6 RERERERELSHE 99U Dickeya dianthicola MAFF 311149
VERCEIBE GR1 AT T 24 S0 F 5 1 L  Dickeya pardisiaca EckT03
. . N e o ) 100! Dickeya paradisiaca NCPPB 2511
25RO AR AT VA B IR, (EAS RE 7K i € B s o] 43 Pectobacterium
. N " carotovorum subsp.
fitp 2 1 PR A TS W s AN RE 01 e 2R A T S5 7 0.02 carotovorum PCI1
2y R v N M. ap s Jf=
FRERIA I S B A VP 56 o B VE s AN RE AR N 2 7 BTF dnaX, gryB il recA EEFIIHEEME
PR s TR I 280 5 7 R AHAS 7 05 Re R AW L 1 R RS L B R
AU S e L N 5 (B N 2 L S N Fig. 7 Phylogenetic tree of pathogen causing banana
EFEMEMIDALEE (£ 2), WMWBUARNFALXETF bacterial soft rot and Dickeya strains based on
WM B A TR A AL I S E 45 5 5 Dickeya Jg 4 concatenated sequences of dnaX, gryB and recA genes

R2 B GR1WEBEEUREMNELR"

Table 2 Physiological and biochemical reactions of strain GR-1 causing banana bacterial soft rot

WEImH Physioliii%iig}%i(‘)rjchemical WEIH Physiol(flgzii%ijl{zi%i(\%zchemical
Index characteristic Index characteristic
H,S ;=4 Production of HyS = KM Xylose 4=
H 2T Methyl red = H &% Mannitol =
M Jit i fk Gelatin liquefaction aF H#& 8 Mannose 4
TR ER A )5 Nitrate reduction = % Raffinose 4
VP i VP reaction = 11 &L Sorbitol =
TERKf# Amylohydrolysis = HUbE Fructose =
RN B Phenylalanine = FLBE Lactose
5| p= 4= Indole production 4= i Maltose =
iz ki Glucose = REME Sucrose +
D A BN ;s — s BN

-+, Positive; —, Negative.

2.7 REX GR-1 FHkERKIFM 22> ODgoo fI6TF 0. 156,
Hi & 8 AT, Fibk GR-1 7E 10~40C{E R NY 2.8 pH Xf GR-1 FHREKEIF N

ARG IR 28°C I AR GR-T AR Kb, GR-1 WAL pH 4. 5~8. 5 JuH N AE R Er . I

ODsoo K 0. 7375 438 BEAE T 16°C I 1% B Bk AE K ODsoo ¥J7E 1. 373 DA F84E pH 2Ry 7. 0 5 2 i K
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{5, ODgo0 K 2. 3157 pH=>9. 0 B, % HE A ODyg
DG ¥ & 0. 753 AR, pH<C4. 0 8 pH>9. 5

I ¥IAE S GR-1 WA R (E 9.

087
0.7F
0.6
0.5F
0.4
0.3f
0.2
0.1F
0.0

OD600

10 13 16

ARNGFRREBEARAES YK F LZFRBEE. TR

The lowercases represent the significant level of difference

19 22 25 28 31

5. / °C Temperature

at 5% level. The same below

MR ERE GR-1 HRFERE
By mE THREE

B8 HEAH

Fig. 8 ODsy of strain GR-1 causing banana bacterial

soft rot at different temperatures

34

2.9 REFAMHERENENSHNR
TS T 7 b A% TR R T R B B (8109 7
i TR AR T B A P ECso . R 3

ALY 7 R4 BR 18 000

37 40

RIRHT EC 1 80%%

R3I REFXNEEHAEERE

Table 3 Toxicity of bactericides against strain GR-1 causing banana bacterial soft rot

L EC A M ERER LA, Hofth 5 Fh 24 5]
BIFeah — 2 AR R . 45 24500 A4 B R AR B 2
T PR BE f T A . Herpr L 46 Y0 S LS WG 1Y
ECs 51K, R 186. 69 mg/ L, HAM R ZCR AT, H-AEM
FEh 500 AR R 3 e » o 76. 89265 T 1. 6 Vo1
I PN 1) ECso fie - o4 2 031, 84 mg/L, AN
R8s T 1. 80 3 T i B R kA6 W B AR ALE T
4 0005, MR FIIHI/EH

2.571

b ab 2

0 .
%Q ﬂ)‘) D\Q bf) ‘3Q ‘;) bQ ‘o‘) (\Q ,\‘) %Q %‘) on q‘ﬁ QQ Q‘) \Q

pH
9 BEHBEMEIRERE GR-1 BHRE
AFE pH THIRSLAE
Fig. 9 ODgy of strain GR-1 causing banana bacterial

soft rot at different pH values

fAE GR-1 HRIENTH

HERZ7] i REAS AL T A%/ em MER/ % TS AR HSERE(R?) ECs0/
Bactericide Dilution times Diameter of inhibition zone  Inhibition rate ~ Toxicity regression equation Correlation coefficient mg e« L~1
46 % A E AL WG 500 2. 38+0. 06 76. 897+0. 55
copper hydroxide 4675 WG 1000 1. 7540. 04 68. 6040. 63
2 000 1. 5120. 02 63. 5820, 37 y=0.711 52+3.384 1 0.992 7 186. 69
4000 1. 1940. 04 53.7841.51
8 000 0.990. 08 44, 44+4. 10
804 (AR B WP 500 1. 6640. 05 66. 8720. 89
mancozeb 8076 WP 1 000 1.5240. 02 63. 820. 48
2 000 1. 4740. 03 62. 5920, 77 y=0.796 8z+2.931 6 0.872 3 394. 35
4000 0.93+0. 11 40, 86+7. 97
8 000 0. 800. 08 31. 2546, 38
3N R WP 500 1. 4140. 04 60. 9941. 02
zhongshengmycin 3% WP 1000 1. 3240. 08 58. 3342, 44
2 000 0.9940. 09 44, 4445, 62 y=0.969 5x+2.181 4 0.962 0 807. 74
4 000 0. 7740. 03 28.5742. 90
8 000 0. 7040. 02 21. 4342, 07
1. 6 % BERZ R PN 500 1. 08=0. 03 49,071, 44
benziothiazolinone 1. 6% PN 1 000 0. 8740. 03 36. 78-2. 35
2 000 0. 7040. 04 21. 4344, 59 y=1.293 02+0.722 9 0.985 0 2 031. 84
4 000 0. 6140. 02 9.8442. 66
8 000 0.5940. 02 6. 7842. 38
1. 8V E HIRERERR D AS 500 1. 4640. 03 62. 3340. 86
xinjunan acetate 1. /0 AS 1000 0.6240. 03 11. 2943, 66
2 000 0.56+0. 01 1.7941.31 — — —
4 000 0. 5540. 00 0. 0040. 00
8 000 0. 5520. 00 0. 0040. 00
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HERZ 7] T REA AL TP H A%/ cm MH=R/ % EPICVEY Y HIERB(R?) ECs0/
Bactericide Dilution times Diameter of inhibition zone  Inhibition rate ~ Toxicity regression equation Correlation coefficient mg+ L1
18 %M EER A EC 500 0. 55+0. 00 0. 00=0. 00
copper abietate 1875 EC 1000 0.55+0. 00 0. 000, 00
2 000 0. 5540. 00 0. 004-0. 00 — — —
4 000 0. 5540. 00 0. 0040. 00
8 000 0. 5540. 00 0. 004-0. 00
80 Z73r%& EC 500 0. 5520. 00 0. 00=£0. 00
ethylicin 8076 EC 1000 0. 55-£0. 00 0. 00=0. 00
2 000 0. 5540. 00 0. 004-0. 00 — — —
4 000 0. 5540. 00 0. 004-0. 00
8 000 0. 5520. 00 0. 004-0. 00
CK — 0.55 — — — —
3 e SERIEAT] R, T ELE B 2 ARSI T 8 AT 4

A LN TR 1 B e B T T 1983 AR AE PY i in it
MR g D TEFAE B [ B R B
FATRC A A A OCHGE . FEFR I R R A
HRAEHES . 2016 AFEAE) TG EARTT X600 B A AR X
KIVANTEPER R EAR S Lin 4650 /AR5 1Y
HRIEAL . CHIO F5M 75 5 [ 2R T K& 3 Er-
winia carotovora subsp. carotovora Fl Pseudomonas ci-
chorii W] 51 A AL S . Lin 460 7 48
BB N LR A AR b n] g SR S
SR NIRIEAN ] B 52 » ASWEFEAE B N 1 O I
AR ) B AR fR Y A AR 2, SO AR th T
SV . GRS oy TN RS e A
FRA AN 30K AR W 2 e M T 7 O 25 R AR IE S R
AETE)T PO B BRI R 2L 7 N Dickeya zeae

(BT R » ASBIE S04 DA AE Sk 026 2R 73 5 3
F187 3 D TP ) [ 2 gt o 6 S AR 2R L o T 2 ]
SEOH DAL . R Sh R BES 1L 1R1%
WA T IBOR J5 AR R AR A R B B B A 2 A
B T 1 B2 1 B B XA . XA
B4 2 5 A R S EA

Dickeya sp. Ji 4 Pectobacterium chrysanthemi .
Erwinia chrysanthemi™ , ] 5| {2 2 Fh/E Y 09 4% &
.S 6 ANEUR R, 8k D. dadantii, D.
dief fenbachiae. D. dianthicola, D. paradisiaca.
D. chrysanthemi fl D. zeae """, W F Dickeya
sp. BRI Z 8] 1 BE PR 22 AR/ P REr 2 R 2%, H
SRIBHREAHF A E Pectobacterium sp. #4514
Pre ERARE T, I AN 255 AR B AR AL
B 16S rDNA R T HI5F BE T IX 70 -5 1 408

S DASR 0 SRR I T 3R . Hu 22 3l 5 arpD-
gyrB-infB-rpoB 4 PR FATIC G 00T #5506
RAFEAHILH) Dickeya sp. AS[a] i i bkl 70 A
R RGEK B ZR T Dickeya sp. AR E] Y %
E. Lin ZPIR ] dnaX-gryB-recA 23K &5k
BNk IS Y Dickeya J& 240 T HXE X 5
dnaX.gryB Fl recA 3 ANILH A M8 T E 24
Pk Dickeya sp. Wk Z M RGE L B R 45 R %
H1. 9 I  GR-1 MRS 6 £k D. zeae JF 5 BRAE R —
AN ST 3 RGEFEAC ST R B A B IR 100045 1
HAWRFIEY Dickeya sp. AR LA H & 09 AR LR
AL — b7 3. PR I GR-1 T AR 38
b D. zeae,

W5E T 7 B A TR AN GR-1 T B B 40 5 808
SERFZH, 460 E AL WG, 800 AR B 4 WP,
SV AR R WP 1. 6 0 WEREER PN 1. 800 T I i
MRER AS 7 A 20 T 1 5 s TR S — 8 Y I TR AR
F. Wey S5 {1 A ARG B X 5 26 40 08 00
Ioa T ELA B A RISOR S AR ST 45 SRAR L

T AL TR R ) VU Aok AR o ™
FRHT B AN TR R T I B R e R X )
VYA ALY AR 7™ A ™ H1 U o 150 7 A AR M T I
FRIRIEH . HETC A A OCHE TE B 7 AL A0 B R R
s Jer P P A O K P AR L KRB AR K
R H AR W E SR AR RAR IR %
B SRR EAR TR IEREE 14 B 21 Fh
FE o PRI X A A0 B O 9 1 Bl YA S B
SERAG IR AL D 30 AR I AT A L ik H
[ 3, IF 1 B SRS BRI SR LA hlizs
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