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# E: Y (Amorphophallus spp. ) IR E EE M 25 & FIRZTAEY , SRTH =V & K 30 32 0% s b, 2508
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SCE R AR (8.25% ) BEAIEAE . T EMZ (16SrDNA ., prod. gapA M mdh ZI3EHN RGBT M) $EK
RIEE M IRE, KB EE NIl 3ECE ( Dickeya fangzhongdai, 5 88.64% ). MMIRKHATE ( Pectobacterium
aroidearum, 5 6.82% ) ML REATE (P colocasium, i 4.54% ). BUR HIIE B, D. fangzhongdai WIEUR I35
BT HARIRE; FNGRHELEH, 0.3%MNERN D. fangzhongdai B HIFOR A, AL HIEE (MIC) H
1.825 pg/mL, 80%Z. 3% (MIC 4 25 ug/mL ) F1 25%JR E G (MIC 4 125 pg/mL ) W2, 38 I AR E A 56l o g 2
WM D. fangzhongdai 123 it F2 H AH S B S ME BT S8 AL B S5 T BRI sh 481k, 5 REM, R 72 h )5, BMELY LR
(SOD ) Flit %84kt (POD ) I /3 %3k 182.57 U/g £ 300.33 U/g, 435l e R 2.27 £ 7.03 £ 1t SE AL A i
( CAT) 1R HE7E 24 h iBIE(E (1093.67 Ulg), JGiIFEZ 658.01 U/g (72h); N (MDA ) & it b= YLt fE#is, 72 h
BT HR 3 30.51%, p-FFLWEHEE ( B-GAL) TG PERFZE - FH[97 nmol/(min-g)], HuXTARZLHE )N 36.86%
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Abstract: Konjac (Amorphophallus spp.) is an important medicine and food economic crop in China, but its industrial
development has long been threatened by soft rot disease, known as the konjac ‘cancer’. Hainan is an emerging konjac
producing area, but the current epidemiological pattern of konjac soft rot disease and pathogenic bacteria population
structure is not clarified. The study was aimed to carry out soft rot disease investigation, pathogen isolation and identi-
fication, and to provide a scientific basis for the control of the disease. The survey of konjac soft rot disease in six cities
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and counties in Hainan showed that the highest incidence rate (46.01%) was found in the third team of Danzhou Ex-
perimental Farm, while that of Wenchang planting base is low (8.25%). Combining morphology, molecular biology (/65
rDNA, proA, gapA and mdh multigene phylogenetic analysis) identifications and distribution information of pathogens,
Dickeya fangzhongdai (88.64% of the total), Pectobacterium aroidearum (6.82%) and P. colocasium (4.54%), were the
cause of the disease. Pathogenicity assay showed that D. fangzhongdai was high pathogenicity, and indoor screening
showed that 0.3% tetramycin had the best inhibitory effect on D. fangzhongdai, with the lowest inhibitory concentration
(MIC) of 1.825 pg/mL, followed by 80% ethacrynicin (MIC of 25 pg/mL) and 25% bromoxynil (MIC of 125 pg/mL).
The dynamic changes of defence antioxidant enzymes and malondialdehyde in konjac in response to D. fangzhongdai
infestation were determined by pot inoculation experiment. The results showed that the activity of superoxide dismutase
(SOD) and peroxidase (POD) reached 182.57 U/g and 300.33 U/g, respectively, after 72 h of infestation, which was
2.27-fold and 7.03-fold higher than that of the control, while the activity of catalase (CAT) peaked at 24 h (1093.67 U/g)
and decreased to 658.01 U/g in the later period (72 h). Malondialdehyde (MDA) content increased incrementally with
infestation time and increased by 30.51% at 72 h compared to the control, and f-galactosidase (5-GAL) activity contin-

ued to rise [97 nmol/(min-g)] and increased by 36.86% compared to the control.
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(KGM) 1ERKE 20— R KRR = o TG
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WUIMHG, ZARGE T N-BEHE & 22 R N R
( AHLs ) {55 57011812 SR 050 il =5 2 0 B I f P 1)
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B iU [k LB B R (BERHEE) 5 g\
JRE A 10 g, FfL8 10 g, BUEM 17.5¢g. &
B F7K 1000 mL); AR LB K533t (EERFHEHL
Y 5e. BEAN 10g. HIL8 10g. BEFK
1000 mL ) %5,

ARG 1,

&1 FASY
Tab. 1 Primers used
L BE
LW 3l siEsl (s TRRE
Gene  Primer Primer sequence (5'-3') Fragment
q length/bp
proA proAF1 CGGAATGCGGTGATTC 720
TGCG
proARI GGGTACTGACCGCCAC
TTC
Mdh mdh86F CCCAGCTTCCTTCAGG 500
TTCAGA
mdh628R  CTGCATTCTGAATACG
TTTGGTCA
gapA gapA326F ATCTTCCTGACCGACG 450
AAACTGC
gapA845R ACGTCATCTTCGGTGT
AACCCAG
1.2 FHik

121 EF#BRHERE 202349 H—2025
AE 8 H, FE R B AR X AE N P B i . 4B
MFIPRE . W OB X =113, R, A
VDT . SCB SCHUBM B T A, @il i
P BEDLIAE R A A i, RS FL RS
RRHHBERE 5 /X, RA/NX LR 40 BREEE,
VAL RO, . AIREAR A, [R)I Xof 28 B 2
SEREATHI, RIS T 4 CRAF, HTHH
BRI 53 S L 2lifh .

122 JR/RE &t RE N a)HF [0 8 %
FE Oy FIEAR S ) 20T, (1 0.1%7t
RACIZ UL 30 s, SRIGHH 75% L FEETE 30 s, FA
TCHKIEDE 3 K, BRK 30 s; KL IERMALN

B2 KW /MBS, InA 1 mL TREAKHEST
FIES 5 KRS I 0B P A5 A Tk A T A
W HL 100 pL JRAARTE B 7R LB B 3373 b i A, B T
PHr s T 28 CHEFRAA T, #5820 h, FRPAREK
AW S, SRR R IR R R R R R Ah, 4l
b 3 W Kot 5 RS B R R AP 2 A LB B
Fider, T 28 °C, 180 r/min £ 74 24 h, HL 800 puL
PRI A 7E 800 pL KB 1Y 40% H i, +-80 C

KFET IR,
123 BREHBEMNT ¥ 122 MO EHE
AR E R LB 85 3R 3 rhih ke, BRICR B T
EWR LB B5373 v, F 28 °C, 180 r/min, 1537
16 ho B R B 1x10° CFU/mL., F K
F AR TT6 i BB 22X ) A 40 mmx40 mmx
20 mm FJ/NER, 10 pL PR R B/NEEE IR
B, BT 28 CIREPEIE 24 h, UIJCH/KALHAE
TR, WS RGO, FORRE S, KRR
SRR IEAT o B . 2lifh; RIE HEA T A A B
FRRE8 , B 100 WL B 3 TR G 32 b 2 il E A bk
MARERAL, BT 28 CHREST, ML LR AN
L, FNERAS P E R . AR, L
TR AR AT, S HEE 3K,
124 mBREMEEL WaifbrR R EZFh 2
R LB B35, 76 28 CHRMh#E 24 h )5,
MER KL, B O WAE R G % E T ) )
ST B Nl AN LR N S| E R E TR e 2371 27
125 mRA»>T%5E  (1)JEEE DNA
PRI B S VR B TR LB 3R, F
28 C, 180 r/min PR H HFFR B, B0 UEE 1A,
%M E. Z. N. A Fungal DNA ki i{# &0 45, 2
HU4H B 5 DNA

(2) BHRIEH K 16S rDNA FER 5T
SN EUIMA ST, MR, xHE
Uy 5L DNA #E47 = X8 KB H 16S rDNA K: P
) PCR P14, P IGRR: LTS I945 1 ul, &
DNA 2 uL. Taq A 12.5 uL Al ddH,0 8.5 uL,
I 25 uL, PBRFLE 2; KN PCR
PRI Y, ORI T I AL,
&K pMD18t, EHARFR : PCR 774 4 uL . soul
5 uL FERAR | uL. Ffb)s, PRI TR V& 17 PH
SERERTIN , RS AR R B TR % FE AR RS
A= YRR A BR S w0
12,6 RS X FARGME KA F ) H
DNAman #4781, SR J57E NCBI blast 52 [fi( https://
blast.ncbi.nlm.nih.gov/Blast.cgi ) #E17ELXF, K3
FHIE B 0, DO J22 v 36 BCAH DL B 48 v 1 )7
G, #TZFH L, I MEGA 11 Ffbik
TTHAFE K FE T prod. gapA Fl mdh 122 3E A4
HERFEEEW,
1.2.7 *F9% R 847 Biolog £ 32 A fLml 2 JEF
Biolog GEN I OmniLog Plus &%, X} 5 #
FTAER RS e . WEARTE AL . BRI F T LB
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Tab. 2 PCR reaction program
A Az AR SEA T SEfif (EE
Gene Pre-degeneration Denaturation Annealing Extension Re-extension Cycle number
prod 95 °C, 3 min 94 °C, 1 min 54 °C,45s 72 °C, 1.5 min 72 °C, 10 min 35
mdh 95 °C, 3 min 94 °C, 1 min 54 °C,45s 72 °C, 1.5 min 72 °C, 10 min 35
gapA 95 °C, 4 min 94 C,40 s 55°C,45s 72 °C, 1 min 72 °C, 10 min 35
16S rDNA 95 C, 4 min 94 °C,40 s 557C,45s 72 °C, lmin 72 °C, 7 min 30
R FREL, LWL 2 I BRBURRIERIEE 12,11 SRR B £ W 25 A G i o AR 4] R A

BUG }i 5k, T 28 CHiF: 24~48 h, WA %
DL IF-A $5 3R IR e BE AL 2B R 100%, Fk
BT V5 B TR R, M HE R 92%~
97%; TALAOINAE : BB IEA V7 BUMAEAE,
i ] 8 MW AR 100 pL/ALINA GEN T 96 fL
M, F 28 CHiF% 24 h, $dliR4E: i@id OmniLog
RGN, 30T 95 Fls I A FH G .
1.2.8 mRMHEBAME  M-80 CrkAH HHEH
PR IR, W1, M HRECR TR TS, 2
LB AR Fe L, 7£ 28 ‘CHEIRT, LA 180 r/min
IZME R %597 24 ho il G B AR 1 TR0
Tl % 1x10° CFU/mL, WIS L TR 2 KA
MOfE IR ZF X (40 mmx40 mmx20 mm ) 7
e DIAZ R TG AKAE XTI, BT 28 CHiFEF
K97 20 h 5 USRI EH R A I RS AR, IR B
HAR . YArES HEBEEE R R
<20 mm, RHKECHE T (L); 20 mm<iHIK HE <
30 mm, MHFEEH S (M); FHHEEE>30 mm,
MRS (H ),

129 mEHEKWEAE  M-80 CokKAHHHL
WORAERR R B, WAL, PRI 75,
F| LB AR g2 5L rp 76 28 "CHEIR 1, 7 180 r/min
(R4 T R 9% 24 h VRN BRI, W RERG RR 2
1x10° CFU/mL, W 1 mL #FEZE 100 mL WAk
LB Jigidtr, F 28 °C, 180 r/min %537 24 h, 4
B 1 h WX 200 uL R, MIE ODgoo fH, HM4b
HEE 3K,

1.2.10 R~F pH *m R H ¢ Hha M-80 Tk
RO PRAE PR R R, TRk, PRI B
A3 pH N 4~10 (AR LB WRK =&, 1E
28 ‘CHEPRH, 7E 180 r/min MY Z1F F 2 1557 24 h
Ve R B, KRR ZE 1x10° CFU/mL, W HL
1 mL B EAFIR LB J3adtd, T 28 C,
180 r/min 35 3% 24 h, WL 200 pL & , M 5E ODgoo
H, BHNEBER 3K,

(MIC) 2 A E AR 25 B M ECE o
( http://w.icama.cn/zwb/dataCenter ) 7t 3% B i F &
o R 200 TR PR 3 A G 24 7], e R 8 FH 1 2 T )
W 3o Al FHTHR T P A T 2 A,
R ERE (7R 1.2.9), W 100 uL B &
LB [E{REE IR P AT IR, AERE TAE G i
T, AR T K 6 mm JELRHE TR K T
BEN I 3 A B 5
BE 500 £5F1 1000 %, 43 5IMEHL 10 uL 24550054 i 22
R e a R b, DAJCTE K AL AR R X R
T 37°C, 5% 16h J5, R T2 3 &A1)
W ER, ITEMEE, B4R ER 3K,
mﬁzzﬂ@mﬁﬁﬁﬁ—ﬁﬁmﬁﬁaﬁ
AEFRAN B B ELAT

A0 T foe AR 30 ) e E ( MIC) B2 B 2% S
Bk[16]. PRECHATR VA AP 2 LB WA 36, 1
Fr BNEAERI, 2R e B AR R, 7E 96
LA, 55 1 3 200 pL i v R 245 700 B
JEEEAFIMA 100 pL T3, AR 1 FIHL
100 pL AARFERE 55 2 SR AT (2 R R ), IR
RS 11 81, 55 12 F A BT R (s 3R 3+
B ). BFLIMA 100 pL MR R A BB . % E
25 AR IR (AN SR+ 250, JCTRE ) FIBH X IR
(AW, JC2i¥ ). ERmNwiE, &T 37 CH
IRIEFRA R 35 24 h, IR MK AL ERE, W
RPN, W sE4a i, JonT WA WAk M,
MAIH, BREAEK, MICH HTEZRE &0
ST A 200 TR AR K I S AR 24 AR B
1.2.12  JEF *F Dickeya fangzhongdai 13- 3 ¢ % 22
AfedgArnl e K LE R RE DZ16 (D. fang-
zhongdai ) ¥:Fh % LB WAKRKEFR IS, FRIRKES:
16 h, SKJ5 FHICH KA B % 1x10° CFU/mL T 1E
SPHEAD . P il R B 2F B AR AR, E L AR
1~2 cm AR E S E CFErk ) G
100 pL 9 Ji T TR IR, DA 422 i 25 o TG TR KA SRy X R

x100%
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Tab. 3 Pharmaceutical information

FFs Iy i A BURIT S| 2 AR

No. Drug name Active ingredient and dosage form Manufacturer

1 ILENES 0.3% U 7K 5 LT R TR A BRA 7
2 TR NiE 25%R i fFL R TLIRFEBRAR AL B A R 7

3 WE T 1.5% M0 25 i 7K L 5% e PG P R A k5 Sl AT BR 2 ]
4 AR R 3% A TR R AT N i LS A ] A BR A

5 LR 80% 75 R FLiM TFE R A A E R A BR A
6 F W M TR £k 1.8%F T4 Jie B R £ 7K 77 TR AR 250 A BR A 7

7 TR 20% J5AiF it gk 7 5 LT PHRTARG R

8 AT TR TR 50% S IR S TR R ¥ PR ) TR RS 0L A BRA A

9 WIE R 20%WE R 51 8 7 571 WA AL T A PR )

10 A AL 46% 2 A 2K 43 IR ) R W K A B

11 TT&m 0.3% T 7 By il i W5 INARAZ A A A B

12 THER 8% T F 2 Z /KAl T A= Y B A PR ]

FRE AT AR A0, s s JRLAR L 1 G A s
YHERE 24, 48, 72 h BALFEZH 5 0 h A X B4
HATHURE, AR 3 DAY FEE M 3 A
HARELE AR AR R 1~2 em 401
MRS, BREE LB EA R A, RIFET
—80 CUKFATRAT, A Mo A7 & vt il 5 00
SOD. POD. CAT. S-GAL i&VEFI MDA &,
1.3 #HHEAIE

¥ FH Microsoft Excel 2016 %44 4bFH i 56 %%
#2581 1] IBM SPSS Statistics 26.0 %4 [¥) Duncan’s
B E W 22T I 22531 (P < 0.05); ffi H Origin
2021 Pro fil Graphad Prism B4 141 .

x4
Tab. 4

2 HRESMH
21 REABLER

T8 o X U R A 3 XS R R E Y T
o, SRR, Mg 48 R A T AR T B R
WL AR AR AR T, DABRZEBE R0 &, %4
Tl P18 0 J5 5 2 BRI R A 5 T A JBE 3 A 1 R
RS W 1 | & A, ™ o AT S Bk Bk 4 SR A
T, A EE 2 PP AR I R A FIAR R D, AUAEAE N
& B/ PERR R A HLE A AR L R A AR R
(£ 4), RINFGIFEE R, EBMNLET =
BA %9 R fe i (46.01% ), 3C B ikl 56 %5 %
(8.25% ).

BEERFREREFER

Incidence of konjac soft rot in Hainan

AR SR A& R 1 I Incidence of main cultivation varieties

X PR B
Region TR FEREF: H B HoAl i Planting status
A. bulbifer A. konjac A. albus Other varieties
{3} BbRER R - - - PNl
it BbRER R - - - PN N Y N R N
XE LIk =9V &0 - - - PN
i BRERLA: W KA W K PEARBES, R KR NN Y2
= BRERLA: - - - PN
(S}l SRRy, 42 - - - PN
Hb BbRER R - - - PNl

T SRR R

Note: — represents no planting observed.
22 WEEMSE. a4 5BmENE

B B I o 1) TH TR REAR R B = R 3
A 2 0 i B 2 (K BURI FR 8L, BT Rk,

M1 AR 5 RSB I ARSE AR SE 2 B, k55
27, RARZEILFR TR, (RERE A7)
PRFFaR 0, SRR A E = IE, SE /2
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Bk, R EORET, B RTE e AR A
SR BURAFLINEEE , T Ik T A0 2 5 SR
PO MR, BE R I R
byl 2R (B 1A ),

HRAR 280 fhean, IFMRARIIFEM th o 25
225 PRANGE A TRBRE N 6, BERGEM 3 d 5t
19 HH B S B IS L R N A K (#] 1B ),
HAEERD 5 d JFBMAR R . BUCERK (B 1C)
PR, BRZGEEL 44 BREERN S A RetR S ) gE
IR R I — B RbR , 2P I RARSCHEY
23 REEHSFERE
231 $AReyHFEENH R 16SrDNA.
prod .mdh Fl gapA FERXT 44 B0 H AR #ETT PCR
Y1, AT R BRIV A2 1500, 7201 450,

~ F /7

500 bp, &l 2 J2Hr 24 AR 3 B R AR Y HL UK
Kl (291500 bp ). ZFefbikd, vk HrRENIG
PR F . PSP, PRIE A TR AR
EAGREW (E 3A), 45REH, HEk QHIS
FIBT10 5 C 438 19 K RIEHT TRI( Pectobacterium
colocasium MT27-1, CP140126.1 ) ARRIMER R, 1%
DRI 76 1 B JBE 2 1 R WL ARG 5 RIBk BT16 F1 BT20
S5HAMRREKATE (P aroidearum QIJ315, CP-
090590.1 ) AHMIPER =, HARRMRE 57 dhikil
LI ( Dickeya fangzhongdai ) ¥t & (i
T LTSS RARE, B, SGEBCH R 4 Dbk
VER AR TR ). V6 e JBE 5 5 i 5 205 JL v ) 40
YS5E N Pectobacterium spp.Fl Dickeya spp., 54
XTI 5 45 SR — 3

A KRERBGHER; B, C: BHBRENWEIE, a NEFMEE DZ16 3 d JF R LMEER, b IR BT20 3 d 5 & WAEIR,
CK R TR X B, ¢ HER IR DZ16 5 d R IR AER , d A ERN AR BT20 5 d J5 A IEIR
A: Symptoms of naturally infected plants under field conditions; B, C: Koch’s Law Verification Test, a represents the symptoms of the disease
3 days after inoculation with strain DZ16, b represents the symptoms of the disease 3 days after inoculation with strain BT20, CK was the
control plant injected with sterile water, c is the symptoms of the disease 5 days after inoculation with strain DZ16, d is the symptoms
of the disease 5 days after inoculation with strain BT20.

B 1 BFHRERER
Fig. 1 Symptoms of konjac soft rot

M 12
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M: DL200 DNA marker; 1~24: 35800 # ik o
M: DL200 DNA marker; 1-24: Pathogenic strains of konjac soft rot.
B 2 16SrDNA #B4rEEikE
Fig. 2 Partial electrophoresis image of 16S rDNA

232 ZRAFINSAN WIFEFIGH 44
PRI 3 MEREER AT IF AN PHE LT, 1
HIET prod. mdh Fl gapA WMZILHEE RG K
"R (K 3B). 4R%EW, Hh DZ36. BT24,
QH31 5§ 39 AR AE R —1> 5332 H R JE M
5, Y& TF D. fangzhongdai; Wk BT20 fil BT16
BIEF—N0r 3%, JBT P aroidearum; ¥k BT10

Fl QHI1S5 BAE[R—1453%, & T P colocasium,
5230 R E B R T AR —EL

30 SO0 S R AT A0 B M, e BRI P TR
WIBWRIRIRE A 3 M. Dickeya fangzhongdai .
Pectobacterium aroidearum M P. colocasium , Forp
D. fangzhongdai 7 FEHREE A , 5 88.64%; 4iAi
Nz, BRI X A RE S 5 3 P. aroidearum
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BT10

QHIS

CP140126.1 Pectobacterium colocasium strain MT27-1
CP084032.1 Pectobacteriumn colocasium strain L1

CP090590.1 Pectobacterium aroidearum strain QJ315
CP090589.1 Pectobacterium aroidearum strain QJ316
PP587563.1 Pectobacteriumpunjabense strain J2 S2

OP941521.1 Pectobacterium punjabense strain ZB18112
MH249622.1 Pectobacterium punjabense strain SS95

OP941520.1 Pectobacterium punjabense strain ZRIMU1526
MW115910.1 Pectobacterium quasiaquaticum strain A535-S3-A17
ON795108.1 Pectobacterium versatile strain 22TC1

99 PP587606.1 Pectobacterium versatile strain J54 S54

KY817904.1 Dickeya zeae strain DZ15KB01 7
KY784647.1 Dickeya zeae strain HNJF02

MF279209.1 Dickeya zeae strain MS2

CP069601.1 Dickeya dianthicola strain 16LI04

100 CP069597.1 Dickeya dianthicola strain 16ME22T

CP017454.1 Dickeya solani strain PPO

95 ||100CP051460.1 Dickeya solani strain IFB0421

BT21 r Dickeya spp.
QH31

wC17

MY33

DZ16

CP031507.1 Dickeya fangzhongdai strain QZH3
CP020872.1 Dickeya fangzhongdai strain PA1

93

~ Pectobacterium spp.

Pectobacterium aroidearun 1.6
100 |- Pectobacterium aroidearun YKX
9! Pectobacterium aroidearum LJ2
BT10
QH15
00 | Pectobacterium coiocasium MT27-1
8] Pectobacterium colocasium L1 — Pectobacterium spp.
Pectobacterium versatile FN20111
0' Pectobacterium versatile FN20121
Pectob: ium ilie FR19412
Pectobacterium polaris FN20211
Pectobacteriun polaris YMC22041802
00 Pectobacterium polaris HYC22041801
Pectobacterium punjabense ZRIMU18112
Dickeya zeae JZL7 =
86" Dickeya zeae CE1
Dickeya zeae MS3
Dickeya oryzae A642-S2-A17
92" Dickeya oryzae A003-S1-M15
Dickeya solani IFB 0099
Dickeya solani IPO2019
Dickeya soiani IFB0417
Dickeya dadantii DSM 18020
Dickeya fangzhongdai PA1
BT24
QH31
QH10
96|DZ36
DZz33

100

— Dickeya spp.

100

Dickeya fangzhongdai J21

0.05 -
L

3 ETFI16SIDNABERE (A) RE T proA. mdh fl gapA EEFABREERXAEH (B)
Fig. 3 Phylogenetic tree based on /65 rDNA (A) and the combined phylogenetic tree based on pro4, mdh and gapA4 (B)

i 6.82%, AU A EAEMN T A RS EL s P. colocasium
17 4.54%, AU TEGR S BB (R 5)
24 REREHESENE

N 44 Atk Pk BAA R YE R £ 2 EUR
W D. fangzhongdai }& 2 ANAFEFECEE (P
aroidearum 1 P. colocasium ) #ATIE 2R %E,
BT %8 B AR 435 A BT20 (P aroidearum ), BT10 ( P

colocasium ) 1 DZ16 ( D. fangzhongdai ), 1 LB
FASE TR I, 3 DA B IE S, B2
FLAt . REUMEDE, RighRpER, Kt
W, NGRS EE YA R IIE; 4
R TR, = HRBRIES2RFFR, WL
BEE, Wik DZ16 9 RFIK T BT20 #1 BT10
(&l 4 ),

x5 REESBEEER

Tab. 5 Distribution information of pathogens

[EE73 IR o D T A 2K (3 ST 9 JE T i 2
Strain Source Pathogenic bacteria species Strain Source Pathogenic bacteria species
DZ1 A& JH D. fangzhongdai BT4 {5 D. fangzhongdai
DZ24 Az JH D. fangzhongdai BT10 s P. colocasium
DZz33 ffE M D. fangzhongdai BT14 = D. fangzhongdai
DZ16 ffE M D. fangzhongdai BT16 = P. aroidearum
DZ23 AN P. aroidearum BT20 s P. aroidearum
HK6 fs3n| D. fangzhongdai BT21 (=2 D. fangzhongdai
HK25 fs3n| D. fangzhongdai BT23 (=2 D. fangzhongdai
BSI R4 D. fangzhongdai BT24 s D. fangzhongdai
BS2 H b D. fangzhongdai BT27 e D. fangzhongdai
BS6 H b D. fangzhongdai DZ59 M D. fangzhongdai
BSI12 M D. fangzhongdai DZ44 1M D. fangzhongdai
BTI =2 D. fangzhongdai DZ50 A& M D. fangzhongdai
BT2 =2 D. fangzhongdai DZ28 A& M D. fangzhongdai
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Tab. 5 Distribution information of pathogens (continued)

k73 R o D T A 2R LS KA s D B A S
Strain Source Pathogenic bacteria species Strain Source Pathogenic bacteria species
QH1 Bindii3 D. fangzhongdai QH36 Bty D. fangzhongdai
QH4 Bindid D. fangzhongdai WC6 XE D. fangzhongdai
QHI10 Bty D. fangzhongdai wWC7 X5 D. fangzhongdai
QHI15 I P. colocasium WCI11 XE D. fangzhongdai
QH22 Bt D. fangzhongdai WC15 XE D. fangzhongdai
QH28 Bty D. fangzhongdai WC17 XE D. fangzhongdai
QH31 BhiihE D. fangzhongdai WC19 XE D. fangzhongdai
QH32 Bindii3 D. fangzhongdai WC20 XE D. fangzhongdai
QH35 Bindii3 D. fangzhongdai WC22 p'g=! D. fangzhongdai
BT20

P. aroidearum

BT10
P. colocasium

DZ16
D. fangzhongdai

el LB PARKEFRAFAE s N HE 2 GG @ (100 x ); 7B FEHAEE (2000% ),
The left figues show the characteristics of LB plate culture; The middle figues show Gram staining images (100 X );
The right figues show the scanning electron microscopy images (2000x%).
4 SN EIREKRBESRE

Fig. 4 Morphological characteristics of three pathogenic strains

2.5 J%/EHE Biolog 4 I8 4 1k 4514
PERCEA R HE DZ16 (D. fangzhong-
dai) Fl BT10 ( P. colocasium ) #17 Biolog 4= #f
AR E, S5RE, A RERH LT Y.
D-ZF4E 0 . Je B TR R o-D-FLEE . B-H
B-D-HE W . DK . N-£ BE-D-Hi 2 M e |
o-D-Hi %M . D-H &8 . D-FILW . KilER . D-
HWE R TR L TUMREE | DU | RPRERR |
L-BEET M. 1%3LMR8 . D-H e, JEE. N
=B D-H# A -6-BER . D-SME-6-BE R . D- KA
2R, FWER SV, L-RI'AHAR . L-ZER .

MATEZR | BRERPUZS 4N, BILBERERR . L-F3LbE
iR . D-FiAE PR A e (£6) .
26 FEEHRADNE

X BS Y 44 BRI R T bR T B0W )
W, 2RER, A RS RI S8R )
KL oK, Hob, Bk DZ16.BS1. BS6. BS12,
DZ59. QH28 il WC20 MY EUG f1 ok, Mt E R
A 40.0 mm, 4 D. fangzhongdai; TEIE BT14 .
DZ1. BT16. BT1. DZ33. DZ28. BT24. QH22
M BT23 B aE80N I HAR Tk h m 8uUs
J1, WBEEAEHKT 30.0mm (£ 7),
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Tab. 6 Biolog physiological and biochemical results of two pathogenic strains
%5 No. T Item BT10 DZ16 %5 No. T H Item BT10 DZ16

Al 9 2 %o A - - C9 WL - -
A2 S W W C10 1%FLER EH +
A3 D- w Cl1 2 % 0 iR w
A4 D-iff b + W C12 D-22 % R - -
A5 D-4F 4 — + + D1 D-11 A4 - W
A6 Jo iR + + D2 D-H @ s + +
A7 TR + + D3 D[ ¥ - -
A8 D-#r ZHk - - D4 JIINC + +
A9 IR - Y D5 N = + +
A10 H 4 %o 8 + + D6 D-4 % ¥ -6- B R + +
All pH6 + + D7 D-S i -6-5 iR + +
Al2 pH5 W % D8 D-RA&HIR + +
Bl D-% = W + D9 D-22 % [ - -
B2 a-D-ZLHk + + D10 BEVTEETE R W w
B3 D-% Wk % + D11 FItEREE SV + +
B4 B-FAB-D- AT + + D12 ) AIUIETS - -
B5 D-K#% 1 + + El B - w
B6 N-Z, Bk-D-#] %5 b e + + E2 H 2R - L - 2 R - w
B7 N- £ Bt-p-D-H 22 b i - w E3 L-N & W W
B3 N-Z.Mt-D-1 ZLE e - - E4 LK AR - -
B9 N- 2, Tk H 25 458 e 7 T 7 - - E5 L- R[4 %R + +
B10 1% NaCl + + E6 L- B &R w W
Bl1 4% NaCl + w E7 L-2H %2 - -
BI2 8% NaCl W - E8 L-EA AR - -
Cl a-D-F % b + + E9 L-#2 &% + +
c2 D-H & H + + E10 MR R + +
C3 D-JR A4 + % Ell EIN W W
C4 D-PFL b + + El12 T PR DU 28 44 + +
Cs 3- R FE A 2 b - - Fl P w +
C6 D-A B M - - F2 P FLAERE R + +
C7 L 3 - - F3 L-2f FLBE R + +
C8 L- L 2= W F4 - % M 1R + +
F5 R 25 W T TR + w G9 R BEFR W w
F6 AT A S T M w % G10 ZE0E A R - -
F7 RS R + + Gl1 ERia: + +
F8 E - - G12 DAL - -
F9 D-#i bl — ik + + H1 5 40 - -
F10 T ER + + H2 P23 TR - -
FI1 Py s 22 + + H3 a-FE I TR - -
F12 DY e + + H4 B-FRRIEET IR -

Gl X2 HER TR - - H5 a- T TR - -
G2 TR i W + H6 LB W -
G3 D-ZL1R iR - - H7 WR - -
G4 L-A#& - HS it iR W +
G5 FrE IR + H9 H iR W w
G6 o-Ti % — R - - H10 E=Nili) - -
G7 D-BAET MR - H11 TR + w
G8 LRI T iR + HI12 TRR N - -

e MM WOoRSS YR B

Note: + is positive; W is weakly positive; — is negative.
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Tab. 7 Results of pathogenicity of different pathogens
RS 9 BE LA B0 ) % Bk 3 BE ELA B0 ) %
Strain Diameter of the lesion/mm Pathogenicity class Strain Diameter of the lesion/mm Pathogenicity class
DZ16 40.0 H HK6 34.7 H
BS1 40.0 H QH31 342 H
BS6 40.0 H QH32 342 H
BS12 40.0 H QHI10 33.8 H
DZ59 40.0 H DZ50 33.6 H
QH28 40.0 H BT10 33.5 H
WC20 40.0 H HK25 33.2 H
WCI15 39.4 H QH36 32.5 H
DZ44 38.8 H WC6 32.5 H
WC17 38.7 H WCl11 32.1 H
BT27 38.4 H BT2 31.2 H
QHI 36.7 H DZz23 30.5 H
DZz24 36.4 H QH4 30.4 H
QH35 36.4 H BT14 28.9 M
BT20 35.7 H DZ1 28.8 M
QHI15 35.7 H BT16 27.3 M
BS2 35.6 H BT1 25.5 M
BT4 35.6 H DZ33 25.2 M
WwC7 35.6 H DZ28 25.2 M
WCI19 355 H BT24 24.7 M
WC22 355 H QH22 24.1 M
BT21 34.8 H BT23 22.1 M

2.7 FEEERKMENARR pH X% R & 2200
TE 28 C&MFF, B E Rk DZ16( D. fangzhong-
dai ). BT10 ( P. colocasium ) F1 BT20 ( P. aroi-
dearum ) ¥R 2 LB WA FRIET IR, Rk
Fr 30, 3 BRE A B KW 12 h S Ek
BT10 1 BT20 Y 4E 3 AR 5% , 7E A Gt A= K
M B DZ16 WIFEH5 3% 14 h G A TR B E K

~A —=—BTI0 —»— DZ16 —— BT20

14+ AAAA A A A aaaaaa
o
12 r ‘.‘ /-‘
1.0+ ‘_A"’," ’,.HH'O—Q—QHQ
. / -
g i *
A 08F ey 4
0.6 - i/
"
0.4 }ﬁ /
02f %
s“l
0 1 1 1 1 1 1 1 1 1 1 1 1 J
0 2 4 6 810121416 182022242

fisf[E] Time/h

ODﬁOO

Ak, fE 28 CHigRid i, Witk DZ16 e
f) ODggo 8. 2% T BT10 F1 BT20 ( [&l 5A ),

Fi#k BT10, DZ16 A1 BT20 7£ pH 4.0~10.0 jii
RN R K, (HiaE pH /A2 5%, Wk BT10
£ pH Jy 4.0~6.5 B}, A=K EFE pH FhEmisg i,
£ pH 4 6.5~10.0 B, FoAE KBl pH 510 T B
ZHEM N EGE K pH R 6.5, i #k DZ16 fil BT20

L6 :B —=—BT10 —— DZ16 —— BT20
1.4 |
1.2 +
1.0
0.8 +
0.6 -
04 +
0.2+

10 11 12
pH

B 5 WH#k BT10, DZ16 #1 BT20 MK hzk (A ) RARE pH XEEBE M (B )
Fig. 5 Growth curves of strains BT10, DZ16 and BT20 (A) and effects of different pH on pathogens (B)
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KR 2245 -V BE Y S s 5 R A K S ) A R S 727

s A pH oA 7.0, sd BREGE AR 2511 T &5
i R Ak A K (18 SB ),
28 WEBEZEMNAWIFEM MIC E 5>
Pk 1 e B OB R EE BRI D, fang-
zhongdai IR IER MR DZ16 #4725 5 i i,
B 12 FhA B BIFGRE 500, 1000 4% 38 1 A
BRI 2555 (I 6 )o B55RRH, U 0.3% U5
. 25%REEM 80% L RA BEMESCR.
Hrp 500 pg/mL 25% 7R H G A1 6 pg/mL 0.3%PU%HE
RN T, IR R 77.47%H1 72.62%
(£ 8). MWLM EX 3 FlR RN FE K DZ16 Y
ARSI RN E (MIC) R, 03%MUER . 25%
TRENE M 80% L5 ZE M MIC 43514 1.825.
125.000, 25.000 pg/mL. Z55REMH, 0.3%MUE R
EE S iem, HIRH 80% 3K . 25%IRE G .

A: 25%RENE; B: 03%MHE; C: 80%ZE;
D: 20%7RA4EE; E: 0.3% 1 F&M; F: 20%BEZRMH ;
G: 1.8%FHMEERREE; H: 20%BERMT; 1. CK.

A: 25% bromonitrile; B: 0.3% tetramycin; C: 80% ethylallicin;

D: 20% bromonitrol; E: 0.3% eugenol; F: 20% thiazene copper;
G: 1.8% octamine acetate; H: 20% tiametrone; I. CK.

B 6 FREREFIE DZ16 BTN R
Fig. 6 Plate inhibition effect of different fungicides
on strain DZ16

29 B DZ16 BLEXMNEFEBENIERN
=410

mE 7A Fos, SEE TR DZ16 Bk R LB
AR LS, FEIZYLET R K, SOD & PEZ T
BN, 0~48 h BEETEZNE [FF, 48~ 74 h WPk I
Tk, 72 h AR (182.57 U/g), B CK 1Y
227 1%, BYWIH (24 h) SOD WEMES CK £ 5%
ANRF, RY 48, 72h 5 CK 27 B%,

*®8 3IMREFEH DZ16 W E %
Tab. 8 Bacteriostatic rate of three fungicides against
strain DZ16
. i R

Dilution concentra-

FUIEES

Fungicide tion/(ug-mL ") Antibacterial rate/%
0.3% MU % 6 72.62°
3 65.59¢
25%IR i 500 77.47°
250 69.30°
80% L AR E 1600 66.70°
800 54.37°

E: ARNGFREFRRZREE (P<0.05),
Note: Different lowercase letters indicate significant differ-
ence (P<0.05).

R4 24, 48, 72h Z I ERE 2T B E . KW
JESEAE 32 B R R R 2L AR e B, JE 45 SOD i
PR bt AR RE Ty, DA R E R E

WE 7B FiR, DZ16 1 FkAR Y E 4 - f 41
A5, MEREELER, POD IF M % i
hn, 24 72 h 5 E 5 KME (300.33 U/g), S CK
) 7.03 1%, 124 24, 48 h ) POD &P It CK 43¢
T HE R 289%F1 364% ., 45 AL FRAL FI CK = [A] 2=
SATE

HHEALE M (CAT ) 7Eta b2 E 2 n A
T, AT i A8 Ak S50 i R K RV ST T
R AA P 3 S A &, AR A i B A2 S Ak 7 S A o
CAT JHPEIE LS BB 7C Fros, Rl 5 3 12 g
BRI ZE K, 0~72 h BEE A4 CAT T2
TR LS 12U 24 h, CAT G B
T, ARIFFEEM (1093.67 Ulg), A CK )
2.27 1%, Bfif5 CAT JEP: 2% TR, 24« 48 h, CAT
TEPE R 802.45 Ulg, 2 CK 1 1.67 f%; {=24% 72 h i}
CAT %% . FREZ 658.01 U/g, J& CK 1Y 1.37 1%,
FERR IR kit 5 3 1 R R PTA L RE 1B IR .

B-2E R ( f-GAL ) S — Fiowi 7 /K fii it
AT D3 S R AR ) A R RE R i e LB, B S
20 ffa R 1) T R S R A ) (PR RE . W&l 7D
Fis, MR AER: , 0~72 h JBEE AR
MW B-GAL TEVEZR TR . 124 24 h, B-GAL
THPE FTFZE 77.47 nmol/(min-g), F CK 34711 9.30%,
TR EES; =FY 48 h, f-GAL iGN HE FIH &
87.62 nmol/(min-g), t CK 34/ 23.62%; 2% 72 h,
B-GAL {EPE 3% F TR FE R MEH 97 nmol/(min-g),
kb CK 3411 36.86%-
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é 200 ? = 300 T a 1000 | ES
E 150 b E E L -
8 125 T 8 2001 b g 70 ¢
a a b =
S 100 I O 150+ ¢ S soof 4
# I5F H 100 Eal
$s0f =l d o250
8 25 = ’—1—‘ >
CK 24 48 72 CK 24 48 72 CK 24 48 72
i} /E] Time/h fsflE] Time/h i} 8] Time/h
=100 D a 22000 g
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Bt Time/h A 1] Time/h
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Different lowercase letters indicate significant difference (P<0.05).
B7 RERFREAERAERFEEENERHEL
Fig. 7 Changes in physiological and biochemical indicators of konjac after infection by soft rot pathogen
N (MDA ) 28 W) 40 i i i S A i 7 T 20 a K, BRI A 3 R R IR K i
Wz —, ERERME YA GRS Ak, T, AU e 8

bR, MEYZE TR, ELEMan, 4
WIEHA (ROS) S REE, SEBENET AL,
HE =42 MDA, MDA 5 5 1) 38 il 5 5 41
Ji BB 0 A B I e, ] A B e T AR BT AR AL
AEJT B 7E Frow , Bl 1R JL i [A] 19 ZE S, 0~ 72 h
JEE AL MDA & S i in . (24« 24 h,
MDA #Fir g FA#a#, (15 CK TR EZER, 1M
48, 72 h if MDA & &0 3 = F CK, 433 fin
19.49%F1 30.51%. FKIATERYL 48 h J5E AR
L AN RSP A R R B i, A2 B AR W i SR
Tt

3 itig

T I NI R A R R 7 XA R Y A
B, IR EEEMN . AV BG5S & A
oA N G b — A R et = (46.01% ), L5
SCHEEAR (8.25% ). HUEHE A HAERE, IR
BT FE e R AR o 0 EL R AT R R A
KYGEESEORER &, 135 i E B
SEREREAERIEE , ARG T LR

JE = OB s AR AR B O P aroidearum (i
66.7% ), HUK N D. fangzhongdai ( Y 33.3% ); 5t
I JBE = K96 (16 SRR L P aroidearum R FE (5
70.0% ), 534 )12 , D. fangzhongdai IR Z( 28.0% ).
M2 T, B2 DR X L P, carotovoru-
m HE, MUINEEMSEERNSES P
aroidearum®™, WM AT WL, S HE 0 R B
Z R o AT ST SRR E U AN 44 R S50 T rh 48
EH 3 FRIRE . D. fangzhongdai ( 88.64% ). P.
aroidearum ( 6.82% ) F P. colocasium ( 4.54% ).

HHr, D. fangzhongdai JFFEEHEFN, i)
HEBUR 158 P aroidearum BIEUR J1H 4, L
WLFAEM . PRE; P colocasium BIEUG 158, 1H
SRR (AR L 3 ), H oW R 48 i i
R G R E R . PR BN, D. fang-
zhongdai ( BB IRIE R 30°C, MWmEmiE) b P
aroidearum ( T i BE 28 “C ) T Ly vk R 1Y) o Ui
a3 AT REE O A SR A RN, 4
BRAZ B AT RE 0RO, T AEMR, 3 FP
R TETE LB 522 L E R A6 FE,
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BRI, AR, B KRB, Witk DZ16
TR KR, (AR E BIZEY & ( ODegoo ) i
FART AR 2 Bl & TRARLE pH o 4~10 AR,
il pH K 6.5~7.0. BORMENE R, 3 BREH%
UK ¥k AL, Hd Rk DZ16., BSI
A P fes® , B E RIS 40.0 mm, D. fang-
zhongdai 1R i FE UG T 20 WA 1) SR i 5 2 4k
T R 20 M R A e e 1 RS A B s A
T2 R AT HE— 25 22 B U A HLER 1 s
FEYIE, I At i L A AP AL R SR
T 377 A 1 SR A I IR o E 2 P 24 70 5 T
TPHGRIE R, 0.3%MUBEE . 25%IRE G 80%
CFFFEMMEACR B, K, 03%MUERNH
Jifes® (MIC i 1.825 pg/mL ), AJAE Jy H &) B 4
(B 2571

1€ D. fangzhongdai {7 Yt # v, JBEFIR N
RS (ROS) P84T . SOD E MR ROS
MR O IEPUASLEE, 5 POD S WrRIVEA, JLH
Herp A AL [, POD BB 5 KRS
N, S T R B i A L ] A R 1R
e, M ROS LR FE RS, 5] & BEAG A fk
KN, SN (MDA) S aTHE, dEmibed
M e Z B . L, SOD. POD itk
MDA 5 & T AE Ry PEA R R 1 11 S g A LA
PRl AT ST A AR, BB T AR Y T
FEFEMPTAIL RS, £ K SOD. POD i HhFiL:
ETF, DUEBRad s EUR M ROS, SR, CAT i
FERYLE W T %, SEH0, BUE, Jiml T K
N AL RN, HETT RIS MDA & B RREL T,
bR A gimEl . [FIRE, B-GAL 6% i 3 4
S, AT AE AL B 5 40 i e E A PSR AL RS ) B
BERE, FEPUR AR R AR AR . A B A ]
{14 DI ) ST 0 2R e ) R B A i e AU 2R

AW FELEW . (1) 1R 8 8 A
IR, AN K R e e (46.01% ), WS LA D. fang-
zhongdai ( 88.64% ) AAEXTALHF, HE K LM
P. colocasium FHBURE . (2) 3 BRACTR M 5 1E
TE pH N 4~10 Al HAE K Z o, Witk
DZ16 X E AR, HAaE AEY & (ODgg )
M. (3) Wbk DZ16 RERIFH Z kIR ; 2540
b, 03%MHE RN E K DZ16 MHACR 55
J1 ¥4 5sE (MIC K 1.825 pg/mL ). (4) %5 JFii2 e
5| B E R N B R s A48k, SOD. POD,
B-GAL WEMEFRZE TF, CAT NISETHEFE; S5iLH

i, MDA 7 Rl R Qe [ 2, b 535 40
i S A 0 5 AN R

JBEAF I —Fh B R A THIMEREY, Tz
P TR BRI T ARG, Ak, R
JBE 77 i R TR, R B 4 A s 1 K £ 3 R
HORAK o AT T 2R G A ity i B
ol AL i F) A0 g A A= A DL, X IR R A T M
W T B EBOR RS HE—2Pas F#E ses A
WL BRI IBE 1 Wi S S5 i e L]
Sy R S A P R SR i 2 B A AR RS T
PUpa BIL 4R AERL 22 L K3
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