FY#3 273 Journal of Plant Protection, 2019, 46(2) : 330-336 DOI: 10.13802/j.cnki.zwbhxb.2019.2017215

A\ ERmREEERERETN A

KEde FEX RME fRFEZ X ¥ HHE

(O [ i o ¥ o R S oy e 1 S S I | A (K= [ A S el (=L AL = A b D i bl R =
BB R R AR T S =, db st 100097)

TE: A EINE > F—F W AR T e RRAFE, 5 B KT AR XGL601, 5 2 2 5
Fabk, AR A F A LA (DNA ITS 5 9] AT 5 RO 8 T 3205 R 69 0 kW ds , BF R T RF A H Al
BT A B G NAY T AT iZ R E e R, ERET, LA SBFIERIDNAITS A7) H K57 &
L € A Ak XG1601 A R F04k 71 8 Fusarium oxysporum f. sp. niveum. %% R A A Fr-F 454, 5] A
0 NAYF A Z 0 , B INFY T B Ae AP RE GG A B 5 B A 5.4% Fo 1.7%, B E T HEAF30d £ 45, %
& 6 K IR F T A 35.7%~41.1% FFF AR E QB B RIELERET,625% 4 F B R 5 R M
BIFA R A Fe 2.5% & i B AR A &R AT AR E 6 B G 2R 55 A 67.0% F2 68.6% ,80°C T
AL D AR T 72~96 h 68 By & 2R3 4 100.0% , Bxt AL 32 A F 04 8 3 4 B W At 3 £ RA %
v, BLA 80°C T # AL B2 AFF 72~96 h X T INAR A% & K 9 69 By o4 #OR BT

KEBIE: BN, RIOHARB; B2; BHRE; FERER

Identification and control of seed-borne pathogen of watermelon wilt disease

Geng Lihua Gong Guoyi Song Shunhua® Xu Xiulan Wu Ping Meng Shuchun

(Key Laboratory of Biology and Genetic Improvement of Horticultural Crops of North China Area; Beijing Key
Laboratory of Vegetable germplasm improvement, Ministry of Agriculture and Rural Affairs; Beijing Vegetable
Research Center, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China)

Abstract: To clarify the pathogen of one new watermelon seedling disease, the strain XG1601 was ob-
tained from the symptomatic seedlings, and the strain was identified by the morphological characteris-
tics and rDNA ITS sequence analysis. The control effects of dry heat treatments and different fungicide
treatments on this disease were tested. The results showed that strain XG1601 was identified as Fusari-
um oxysporum f. sp. niveum. The rates of infected seed coat and embryo were 5.4% and 1.7%, respec-
tively. After sowed in the greenhouse at 30 d, the rate of diseased seedlings was 35.7%—41.1%. The dis-
ease control efficacies of the treatments with seeds coated with 6.25% metalaxy1-M - fludioxonil seed-
coating suspension and 2.5% fludioxonil seed-coating suspension reached 67.0% and 68.6%, respective-
ly. The dry-heat treatment at 80°C for 72-96 h showed the best control efficiency (100%) against Fusar-
ium wilt of watermelon without negative influence on seed germination energy, seedling emergence rate
and seedling fresh weight. The results indicated that the dry-heat treatment was the best disease manage-
ment strategy.

Key words: watermelon; Fusarium oxysporum; identification; seedling disease; seed-borne Fusarium
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PO TR 22 A2 70 HH B0 FEl N )02 AR i — T
U IR B A AR R R T TR S R B AL T Fusarium
oxysporum f. sp. niveum , 1% b8 1£ 1 338 Hp A7 1% B[] ]
K-k 8~10 4F (Miguel et al.,2004) . Z4E¥, 1475
A 22 9 7™ 1 5% W) PG JICAE 5™, H R ik 38— A
10%~20% , /™ 5 A} 1] 1k 809%~90% , = % 1l 1 Al 44
7o YEHRE , VAT AT B 5 SO R T T
(Gargouri et al.,2000) , TR [E A PG JINF - F 15325
1538 7 HA ORISR ] H Fusarium oxyspo-
rum f. sp. niveum ( 5e2£ 7255 ,2009;2010) , B 4535
P55 T T 14 LU A9 5 407 A 22 23R A5G (M-
chail et al.,2002) . 2007 4 & 7} & R i 3B 75 I LA
TEAG 220 R A G 4™ BRI AR S A
J& H 4 5 2R 34 5 50% LA I+ (Boughalleb & El-
Mahjoubet al.,2007) , 11 7£ 5% [E 5& T H A f1 ik )1 5 |
AP NFME R 2R A R ARG R WARGE .

H AT, P9I 229 AT LA 3E o 35 FHms S A A T
o IR BT A AR 2 SRR
TrBiIE (BR A 245, 2013) o P0G B FE B IR PE A,
FR A R — MR R B R R A S e R AR S BT
o5 B AN TAEXEBE RO 3 EHE i B PR, R A
WHAREE AT ARMESS 2 T TRAERIE s il K
FITE A2 2R B 25 A AR PR B A Bty >fe /™ AG
o VNG 2 H ARG A% 75 A, 2205 5
AT Z— HARMN20 40 20 4EACH 45, 2]
80 "FACIEF th i gt 7] i r N & AL B F. oxyspo-
rum f. sp. lagenariae )R JI iy it Renshi /F Al A Jf:
32 1 (Sakata et al.,2007) , & H i A B4 A
B I6 PO A 220 oA i Y ) K . TRy G4
R B7 1A TE A Z5 46 T 20 T2 70 448, 80 4E4C R
C 7z W T AR 7 O v A, 20005 75 P 25 45
2005 ; 1AM, 2006 ) , A I i 2 AR T A
2295 H 18] A9 2SR 18 8 B (RAUAE S5, 2004) .

VYT 225 78 18] (%) F UL i IR AT AT 3
HAY BLHE L AR PRI, e A AE AT R =
Y PR A RN 2 A AR 45 T () 22 B AR, 302 7 A
ZE 0 ML BLRE R R 255, 2001) o 2016 4R 4E4]
FR PG I DX B —oRT i P4 I &J i s 3, HORE IR
ST INGE SN ORE S B it o N I 3 oy 2 o
TEB W R INIGHE & 75 AR k4 & Fi
FEREBET S, RN R 335 80% , 16 1 118 188 KA 1)
& TR . ARG R A IR A A T
o i TR 43 25 RN Ak, AR 95 I AT A T R s i
# rDNA PN #R 5% 5% 8] ff X (internal transcribed spac-

er, ITS) P4 53 BS WA T4 , BT P T4 0T
o 5 T S AT () IR 20 R R T FH R] 40 i 2 o 1Y)
YR AR TR B IA 2%, LA A2 3 0 Bl 4 43t
AR
1 MR 57A=%
11wt

BECAE R G TG R 2 i Ol 2016 4F
1A TIARE B R BTN E iR . PR
TR Al TR 5T K 307 1 b A6 5 T ARMRL 2 B
Bt oe iRt

257 : 6.25% A H 75 R - W& B (metalaxy1-M -
fludioxonil ) 2 77 A A ] | 2.5% W B i (fludioxonil )
B TE P AR A 50% M5 TR (fludioxonil ) AT 3 1 43
A, R IR R A TR A

B 7 3k - S 25 % 0% B I (potato dextrose
agar, PDA) i F2 5L . 54852 200 g H 05 20 g 3R
20 g 7218 K 1 L; B J5 2 /K 3 i (carnation leaf
agar, CLA) Y557 58 : 20 g DR 281K 1 L, fE B2
9 cm [ FRILT-M_EINA TN 3~5 mm? [ 5 T4 2
R 5~10 F ;5 4% 2 3 B (potato lactose, PL) 1% 3¢
Bk 1252200 g FLE20 g ZEMRUK 1 Lo BT A iR
I 120°C R K1 20 min fif

TR AN A « LA 5 R 2H DNA PRk i 12 1855
& 4l ANTP  Tag DNA ¥ 34 . 10xBuffer DNA
Marker IT, It 30 =1 S A ARG BRTEA A H
BTG E 73 Hral . MI-150F-1 8 58 35 %
7, bl ER SR A R 7] 5 C1000 PCRAY, 56
[l Bio-Rad /A A ; DY Y-6C HLIKAX , AL 575 —{XER)
NIKONS80i {2 558 , H A JE BEZ w5 A1 #ikk 2
Bl BURACE R B A7 FR A ) s PRX-450D-30 1 it
JCHRBEFRA , Wi LI G PR LI SRR TR )
1.2 7i&
1.2.1 JRRE M5 B AR BRI

o LT 14 0 B Ak < R R LA 2107 1 vk ML
YR 1 0 {28 AL B 4~5 mmx4~5 mm [/
P TR 75% SPE R h R 2~3 s, SR Ja K
JK W 3 K, TR R 4R 1 7K 43, i E PDA -1l
[ 25°CHEIR 37 2~3 d, B4 B T bk AR Al AL f5 i
A PDA B FREAE N A ORAF 2 F (5 hi5,1998) .

TR R A S50 P 00« R AWl D 12 DU 8
PRAEAT BRI o B 53 B Al Ak 1Y TE Bk A TR
PDA K dk b 72 25°C oA T3R5 d, I i /K 4
FERSCER U , K 30 R 5TH P A 5 172 4Pl B T
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PRIRAE—E, M EE RN em /NE &,
DO 7t g e e (B DO P = g =i
2/3 BB B I K R AT, 56 2 2R AT U 30 R
PG NRR 7,55 3 2 55 1/3 & 1 & A9 K i g
A, BT 25 COEIREE A P RS IR, RO E 12 h,
I v R g Aot ol . RS 3K,
1.2.2 W NFP A IR 0m R T 69 58

s I TR O 22 S < o AR i S r A 3]
PDA Al 25 C RS 5514 F 1535 WS B TE TR A
7 dNAYAKE SR 7 CLA 55373 | 25 °C SRS 1
I EER RV A /NG A AR T R 6 £
10017581 & B s T A ME /NGy A AT Y P A
FIHA R A EIRE SR IEAKPE Leslie & Sum-
merell (2006 ) H1 G/ TR TS E

P B T 1) 70 AR 2 S < R SR AT R T PL
RRFRBE b 16 25°C 125 /min &1 PR 57 3~4 d,
1 UE AR B 22 IR R B A , 44 HE LR S PR 4
DNA P i P2 70 S # A Ui W S UL T DNAL, 1]
LY ITS1(5" - TCCGTAGGTGAACCTGC-
GG-3" ) M1 ITS4 (5' -TCCTCCGCTTATTGATATGC-
3")(White et al., 1990) X} %5 JiL /& tDNA [ ITS X i
fFPCRY ¥4, 519 i b 5t = 1w s A 8 R A B
A . 22 pL VAR F : DNA AR | pL  ANTP
1.5 uL. Tag DNA §" 34 fiff 0.5 pL . 10 x Buffer 3 pL .
ITS1 F11TS4 5| ¥ 45 1 pL, ddH,O #b &£ & 22 pL.
PCR ¥ HEFE P 7 : 94 CHIAE T 5 min; 94 °CAEME 1 min,
57°CiE K 1 min, 72°CZEAH 1 min, 3 30 MEIR; fek
72CHEAH 10 min. 3 PFEFE K 150 V I 1%
BrRE AR I P kA I, 14 7 B el b = AR
WA BR AR F AT )T, K 15 2] 19 )7 51 £
GenBank HifE47 F X, il i BLAST #8 2 Fl [ U 43
BEXo s i PR A T 25
1.2.3  BRAFF 454 R Fadk 7] B o946 m)

A TR 4 35 ik 307 PG TR - v Bl ML 3 BORD 1
1 000 K77 FR PN ERHF R A o R A5 T 1% 1K
ABRGNIE IR 1 min, SR I JC B K w3 %,
FE TG 15 5% MRS L 2 J2 KR I 48, B Fh 8 A
Horbr, FHOCH IS AR T Fh R 1 7K 3 5 FHIC B i 1)
TIHG R0 A B AR B 2 (P s )
R 23 24 ST HR A BLAR M 15 em Y PDA -4 L,
BN K57 LA - #2250 20 S b B2 sl B IR, JlC A
25°CEIRAR h RS RE 3R, 7 d 5 o0 B A B il e
Fofr JU 1 TR A R O 3 B DL iR ) TR B 4 )
PDA BEFREE [ #2 1.2.2 Jr kAT I A SRR A 43+

WY RTE S 8 S5 5 oy BT TR B R R Y
W, iz ) T Ze=rfy AP B2 V) B0/A6: D
Fz (IR) 580 100% .,
1.2.4  FPF 4 323 09 INFP A Ak 2 Jm 0 By 74 20R

AR I X P TR A B A 45 2% BT A B 3
AP, REEFVARERRN O (D Baris LB
YA T A 1 6.25% 45 T 7R 7R - I T T 2 F
T 4 1) 01 2.5% W65 P i 2 7 A AR R, 24 55 b 142 1
250 T i LA T AT Ik SRR A 1A
SELF R BRI Y A B4 AR AR 1Y BT R AR R
T A SR ACK R AR R B 5 A5 TS 1R AT W A 25
MG A4S BRSO GRS FHE T Enas
)P BN R R 2R R TR R
], AL A E T E N BT, B TR (2)
50% M AR 7 4 000 75 =2 4 h, WK o
Ut SRIE A EE 5 (3) S IR TR EE Sy 55 °C I KR A i
ZF 4 h, T3 50% W% B i nD IR R ) 4 000 F5 012 2F
0.5 hJ5 5 &R 5 (4) IORALE A Fp 7~ R X B

T APk R T T AN EENLY,
BESAAREL (1) XFHE(CK) , ANAbHE 5 (2)72°9C, 96 h;
(3)72°C,120 h;(4)80°C,72 h;(5)80°C,96 h, TEFP
TR TR AL BRET , SeAE 35°C AL P 24 h, SR 5 50°C Ab H
24 h, L5 TR R AL B, P HUUR  FEMLER Y
JiCE 24 hF BUR - & TR IR N .

Tl 7~ Ab B 79 577 963 50 SR R+ 45 Ak 2L I L 4 B
250 RiFhFREFD T 72 FLF MR AR A K
FEA . FEFE M E B A T RS RN
25°CAAT , AT IE R ALK AE B, Bl 0 5 B KA
A RITE L AL IR IR T S B AR AE AR , 7
Pl f5 30~35 d 2 1k, dicfm T4 9 s SR
FACBEABEROR IS 4K BRI R=RIN4)
B/ A BB X 100% ; B 1A 80 R = ) IR % 0 %
A9 ) % R 95 < 100% o
1.2.5 FFRIEFTE A5G K40

FR AP -4 B 3 B B YA R , i e o LA
BB AR B b 7 A B 5 3, X LA B ) o i
13 % 2R, P iz A B 5 0 PG IR ik 307 F 1
(A3 1 RSy i A A S A2 ], DR A B 7 TR ik
307 FpFAE AT (CK) o K Ab 3L P+ B2 3%
FREER WA, RO KA A, & T 25°CEE L
D=12 h: 12 h 551 FEEF% . $&FIG A4 i,
BRI TS O, 0k BT R] . BEALER 100 47 Fh
T, EmE AR WG S AIFERNFIR ZES 14 AT
AT R SR AR R T 4l
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AEAREERT K2l B AR R PR R 5 A BB AR
RSy PR A EE Y ) B R T
SRR R, RIS S RIE R AT AL
/R S < 100%
1.3 HiESH

TR KO K i SPSS 13.0 #4347 48 1143 #r
) FH BA. ] J5 22 1% (one-way ANOVA) 17 54 /3
1, I SNK ( Student-Newman-Keuls ) £ #1722 & i
R

2 BER55H

2.1 REESBEALIERENE

SRV IR Ha 1 8 A AE AR BN 1 M JR T 2
Ja WA GO R 259N T 328 AR R 3 B4l i
B HERIET (B 1) o #%H UTER R AL
LAY e A e SEA T SR e B AL, 3RS 2 1 ARy
ESPITRAR XG1601 . 2] ik I (1 22 2 RE ik A
FERR I BEEPIIR N KRB, 5 T R4l A AR A
RERARRT , L o By a] DUR e v R4 5 1k &
o IR R A H 103 B Al A R IR, 5%
Or BRI S EARIR], DN R 2 i 0 B R DA

A B

v d

1 AR EFERHERR R REEIR
Fig. 1 The typical symptoms of seed-borne Fusarium wilt of

watermelon seedlings
A RIS B IRIEATAY4T - A Scion of graft-
ed seedling; B: seedling before graft.

22 HARFERERBREESE

TE A5 2FHRE 5 U 7E PDA 1535 58 520
o, W5 Y B 2290 Bk, 72 25 C RS 451 T T
PDA Az A9 A3 A 11.0 mm/d (F] 2-A) 5 KAY
Iy AT R TR A 3~5 AR, LA 3 AN
([ 2-B) s /NS HE 90 F 80 22 WG IBLJE L 0~1 1> 43
B, LATCRR A 3 (F12-C) s A 1 P A TR 2
T, B Jear A s SR I A7 AR s fml A RE , 2
Sy A R Xt AR s AR A (B 2-D) o RIEIE
ARHEAR] P S5 78 120 I DA R A VT v

A

25 pm
D
/.
74 5
d & ¢ “*
< - = r
J i
d 5 7
D D Bpm 25 pm,

B2 ANFERZERRRENESEE
Fig. 2 Morphological characteristics of the pathogen for seed-
borne Fusarium wilt of watermelon
A: PDA AR E TV IETHE A B: REMAET 5 C:
/NGRS D: 434/ F A, A: Colony morphology on
the PDA plate at the positive side; B: macroconidia; C: mi-

croconidia; D: conidiophores.

SRR E BT IE 5 ) ITS1/1TS4 X
12993 R tDNA [ 1TS X #E4T PCR Y14, 314 =4 25
1% By R A 26 J Fl ARSI, A5 1) 14 K/IN24y 520 bp 11
TH T A5 (& 3) , 280 7 43 B HAK B2 R 518 bp, K%
¥ 51 $E32 & GenBank, iifi i BLAST #E47)751 H Xt 5
IR 347 2 9, L5 909615 T 1 (KJ475803) 55 11
JEHN AR R 5 100%. 25590 R B TR A8 22 RRIE
IR R R A AR T T

M 1

bp

1200

700

foo 518 bp

300

100

3 ET rDNA-ITS F5IH) PCRIELER
Fig. 3 PCR of the pathogen for seed-borne Fusarium wilt of
watermelon based on IDNA-ITS
M: 200 bp marker; 1: F# XG1601. M: 200 bp mark-
er; 1: XG1601 strain.

2.3 AT FRAIETREREERL

Xof FH ) 2 55 B 5Tk 307 78 TG 245 SR g6
AP HEHT A A T T, FL R 2 SRR T T 4y B
R 4.1%~6.9% , 3453 BNTIHE N 5.4% s PRIt
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TIR N BEHRH 0.9%~2.4% , F-X3 BN 1.7%.
2.4 FhFZEFIAIEITHEERIFE R

AN A VA BT TR 7 356 VG TR L R 259
A —EMBARCR (R 1), #EME 35 d, % AR
4 56.6% ,6.25% Kt F 45 R - 1 PRI TG BT AIACR \2.5%
W TR B TR AR A T L 509 I B I T R A 0] 4 000 4%

W2 Fh 4 W ANZ 2E 0.5 h PUFP 24550 A BRS 2 A R
359K 18.7% . 17.8% . 42.7% F1 44.9% , F: 5 16 30 -
I3 5 M 67.0% . 68.6% . 24.5% F1 20.6%. 5 XF MEAH
Lt , 6.25% A5 H A R - W T I A2 1 b A 51 A 2.59% 1
PR 2 P o A TR A A - X 3 A — 2 I BT TR AR
B 2 R FR A B A RN B

R1REF S EAE N Fh 73 BN E R ZERABIERR

Table 1 Effects of watermelon seed treatment by fungicides on Fusarium wilt of watermelon %
i WG 35 A9l KR DIREEI €
Treatment Seedling disease incidence at 35 d after sowing Control efficacy
X CK 56.6+14.5 Aa -
50% W% Bl WP 4 000 570 2£ 0.5 h 44.9+1.2 ABab 20.6£1.2 Aa
50% fludioxonil WP 4 000% bud soaking for 0.5 h
50% M5 T i WP 4 000 50 F 4 h 42.7+0.7 Bb 24.5+0.7 Aa
50% fludioxonil WP 4 000% seed soaking for 4 h
6.25% ¥5 F FR R - K FNE FS 18.7£1.8 Cc 67.0£1.8 Bb
6.25% metalaxy1-M - fludioxonil FS
2.5% W& B FS 2.5% fludioxonil FS 17.8+£5.1 Cc 68.6+5.2 Bb

R PR AR RRE R o [RFVEE AN RIR /NG TR R 4 SNK LK IR 7E P<0.01 11 P<0.05 7K P22 5% B3 . Data

in the table are mean+SE. Different uppercase or lowercase letters in the same column indicate significant difference at P<0.01 or P<

0.05 level by SNK test.

2.5 FHAAEITHRERIF AR

4 T FRAh B 6 T TR A& A 2590 A BT A 5%
AR BN X AN A RE A IS 7 d 4l TR &0
RIS 30 d 411 A0 58 35.7% 5 72 °C. 43 i Ab 3
TR 796 h #1120 h, AR 30 d 2 &
RO H 18.29% F1 15.9% , FeB AR 43 30 49.0%
H155.5% ; 80 °C. 43 5| Ab BT T P4 JFR - 72 h 196 h,
HAF 5 30 d A LD L, HBHIA R A
100.0%. B 72 CANREAT S0 H TG A+ L #5471
AT JT B, B A RS (RIS RE R = Bl YA A5 5 1

80°C AL AT~ 72~96 h X4 Hie 1 TR Y T S8R B
U, Ui BH 80 °C T AL FFP T X AP A% 9 3 B TR RUR
BE(R2),

IR, %iF 80°C - #AKEHH 72 h 196 h At 1 75 I
P03 1 R4y v e S EA T, 45 2R o, S0 R
AHEE L 80°C AL HE AT 72~96 h Ji5 , X} Fh 1~ 19 % 2E
LR R i A TG s, e rp b B 72 h S R
T EFR T AR A E 53 R 96.0% .99.0% F
0.390 g, b ¥ 96 h J5 53124 98.0% .99.0% F10.388 g
(#£2),

F2 FHAEX A NFERZRIIIARR

Table 2 Effects of dry heat treatment on seed-borne Fusarium wilt of watermelon

fhg RS 30 A9 K DIREEI € K2 Hi BETE (g/b)
Treatment Seedling disease incidence 30 d after Control efficacy Germination energy Seedling emergency Seedling weight
sowing (%) (%) (%) (%) per plant

X CK 35.7+12.1 Aa - 100.0+0.3 Aa 100.0+0.3 Aa 0.385+0.004 Aa
72°C,96 h 18.2+8.6 Ab 49.0£13.8 Aa - - -

72°C,120 h 15.9+5.4 Ab 55.5+8.6 Aa - - -

80°C,72h 0.0+0.0 Bc 100.0+0.0 Bb 96.0+2.2 Aa 99.0+0.8 Aa 0.390+0.011 Aa
80°C,96 h 0.0+0.0 Bc 100.0+0.0 Bb 98.0£0.5 Aa 99.0£0.5 Aa 0.388+0.006 Aa

FHEAE PR . RISV IE A TR /NG TR 4 SNKIE KRR £F P<0.01 F1 P<0.05 K-V 225+ 1.3 . Data
in the table are mean+SE. Different uppercase or lowercase letters in the same column indicate significant difference at P<0.01 or P<
0.05 level by SNK test.
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3 itig

Bl T TR A 1 v ) A B TR R (R R LA
2011) , 51 BRI VG T R 2525 , Bl IA b 2 LRI Ay
HARE . AT FRE T RS> T4 )
M 5 VG TG 1 B 3 1 L A A 9 B 70
B o AR 2007 4 B YR ARGE V8 JIVFR L 4 22555 1) & A=
1153 (Boughalleb & El-Mahjoub,2007) , 5 2% % 4
(2009;2010) AT [ P4 JICRP =073 25 15 31 I 70 Hie
JIH A B ABOR M. AT S G TE R RHE
DL S rDNA ITS J7 91 43 B AR 45 5t e 3% E P K 3
7K B A7 PR T R A T B 5 R R A%
M9 , 10O TR [ OCF A 7 v v RS Al 2 & A
LS SE T T AR BT URARGE , 2 e 45 1L 5 R A MR T AR AT
(Boughalleb & El-Mahjoub,2007) .

H F7E A= IR B A G R B R T £
A& VG IR 2590 S0 I BT TARCR (BN & FP AL A
FIRMIBTIR o B A R Fh A 3R B IR Fh AL
FEH L E B CRINAESE ,2017) . A
TF 58 R 4 Fh A2 24 7510 b B0 0 Fn 4 Fh T $uAb B
IR T R4 BB 6 TG JTORD % A 250 1 3L
3, o 7 80°C T AL BT 72~96 h X vH SN FlL
T () B A SR B i, 35 81 100.0% . T HAAb R
28 FH T b7 B A A —Fh A BEAL B 5 3, e [
bR L9z B A A R 7 L (Kim &
Lee,2000; Kim et al.,2003) . RS [R/EY) %) = iR Y
TR R —E A B 10 B e TR VR Fh 2
TSR DA (R TTRS AT 2 501 CRITAESE ,2011) o EFXF
Fh—F_EASTR] % B g i 22 oK B R B AN AR ], A
{1497 L TR 8 B v 1 T B A R A FL KT, W S A
M3 (Lettuce mosaic virus, LMV) , {B 5 =5 0165
35— S TG 7, A I T X6 L R g K
TE SRS BRAR XA G B AR T 2 X M g
R IKEH) S5, DISEA 2550 K 36 P A% SR A , T
MR B Fl - ) i (Lee, 2004) o AR 55 (1) 80°C
TR TP~ 72~96 X P IR & A 22905 14 B TR AL
0 100.0% , i ELG PH TR 10 & 2E 85 R
fief T YA A W R, IS BT IA T RS AL 25
BRI o

AR R G AT T R E VG AR = R AR
— PR RO E 0 o AT ) R YL s RER
VO IRFIEAGZ20 , I iom & B IR S it T —1id)
SERIAT IR o (R A5 L8 () A 5 A 5 E— 2
WFFEHET, L, S AR A0 T I R 2 ok H T

AR B DU TR 2200 5 12000 75 1) A2 A 2 A5 PR TGt ol
ZESHIIAN [ 5 12000 3 1 AR5 T R PR IR A I %
PRI AR ST S350, THCK T B4 A, A
Ko, DU 1 SR ], A Ak BUR T A7 BR, I
A LB — AP AN L 2 IR AR AP 24557, L
WA= PR BEA R R BAR %
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