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W O RAFHAL B R A v K2 BB ] B 51 8 0 A ISR SR AT i
GRS, RRARA A PR N B A L0 Mk o 56T I ASRRAE A AL IR R P e TR RR X (rDNA-ITS) 5 S e i [A]
T (EF-1a) HEA (Histone 3) FZRARFRZBEAR/NEIE (meSSUY FRHIAHT, %558 12078 i 1 N 22 41 9
JIE (Fusarium incarnatum). )3 E WAV RSN E SR ERH, HLERKMF-RREREFEY N DR
EREMBIRRE TR (PSA); MREN 20 ~35 CHLAEKEM, 20~25 Crfigmfm A RFELTYERM.
TER FIAE S RRIE IS A T 22 454K, 7= K B AR IE I LR s i SR TR AE 2 R RUR B3R B AR K, PR A
AEEGONBEERRY ;. pH N 8 TR ZAEKE D, AR pH 4B R =N 2 J A RE,; R W E S RA
ARG P REBUF AR, ARDERGM TR ER AR WABULRERN 61 'C (10 min), 434
fFEIERE R 56 C (10 min).
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Identification and Biological Characteristics of a Novel Pathogen Fusarium
incarnatum Causing Muskmelon Fruit Fusarium Rot
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Abstract: A novel disease of suspected Fusarium fruit rot was observed on muskmelon in Taigu
County, Shanxi Province. The isolate was obtained from diseased sample by conventional tissue isolation
method. The pathogenicity was confirmed by Koch’s postulates. The pathogen was identified as Fusarium
incarnatum based on morphological characteristics and the sequence analysis of tDNA-ITS, EF-la,
histone 3 and mtSSU. The results of biological characteristics showed that PSA medium was most
conducive to mycelium growth and sporulation; the ideal temperature conditions for mycelium growth and

sporulation were in the range of 20 - 35 “C and 20 - 25 °C, respectively; the suitable carbon sources for
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mycelium growth were CMC-Na, starch and xylose, the optimal carbon source for sporulation was lactose.
The pathogen could grow fastly on the medium with kinds of nitrogen sources, the optimal nitrogen source
for sporulation was yeast powder. The optimal pH for mycelium growth was 8. The full illumination and
full darkness was suitable for mycelium growth. The sporulation under pH and light conditions had not
significant difference. The mycelial lethal temperature was at 61 ‘C for 10 min, and the spore lethal
temperature was at 56 ‘C for 10 min.
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FHK (Cucumis melo L.) 1ESRSL A KNS BN G W R B AR Gy, 1E R SER 128 T . 5] I
RSLF MR R R R 2, AMER (Aspergillus spp.)~ T8 W (Penicillium spp.)~ I
(Fusarium spp.)~ FITHRE (Rhizopus stolonifer). k&M (Alternaria alternata)  SIALZZ1%HH
(Rhizoctonia solani)~ YALJEEE (Pythium ultimum) Fy 2 K570 (Cephalothecium roseum) )25
% (Phomopsis spp.) 55 (ZERBL 55, 2001; S2JEFE 45, 2004; BT 55, 2007; KA &5,
2010; Mckeen & Thorpe, 2011; XZEfE %%, 2013; Dengetal., 2015), A8 T 56 /2 32 B0 I 4
H 87 E I8 ) JE B2 8l JJ ¥ Fusarium solani (Zhang et al., 1999). W&ZL8k JJ 1 Fusarium lateritium (%
JeFE &%, 2005) FURIEHE J) B Fusarium equiseti (EE 5%, 2011) )07 5| E & IS 595 .

2017 5 1, AR PR B RS BRI —FhBEALR T B 5 E AR S8R 3, R 9 e
SRR IE S, ROREALIMNEG, PR RKEOGOESE, HEELPINRAREEE, KIRELH 10%.
AHIE T A SR FH 20 2355 B0 3 S R AT A B Ak, Jd s A i P2 ) 5 B0 P 5, R T R SRR
HAAZAE AR N 3K ARG X (rDNA-ITS) \ ¥R K+ (EF-1a) « HEH (Histone 3) Mg rh
BB /ANEEE (meSSUD FEPR 3 0 43 HoR o J5L 1 46 8 B0 F0,  FFI05E 10 B B B AR etk it —
A T T 1 RO U e 7 76 B E R AR A

O L SRS DARES

1.1 FEHERHIRERFEENTE

2017 £ 5 H 20 H, E7EE SRS Bl ikl K2 B8 KA Gl el T R oA 2 i R 4
BIEEAUR EAEAMEL, R EEIRRE S . RS Bk TR R E R 5, R s ik
itk sy ey (Jhis, 1998),
1.2 BURMNE

SYESYILE PDA L3R 7d J5, KB R A PR L 1, A8 T E K SRR B 1 % 10°
A omLT TR . % PR RETE R B TURSE,  BL 2% NaClO VAWUE 0 2 min, TG B /K Pk -
BT DAV B AP ET7E SRS BRI HAG O, 7E05 DAL BERh 72 20 ul; FRACFREERD 3 MRSk,
PLEAREXTR, % 3 REE. T 25 CHRIERTE, A7 3d M7 dRIEEEE R Rl R0 i SR s
R B R, 5 RO P U SGE o

1.3 FEREEESLEE
R 2T PDA A1 CLA B59836° Pk I, 7 d J5 WSS 75 B5 F-4F1E, 15 d J57E OLYMPUS DP72
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N B T B TS Bt KN, DLURESEM T HE M A TR AL, R
JRE W) % E R (Leslie & Summerell, 2006) .

14 BEESTFEE

VT PDA AR 3537 7 d 5, BIRCH & 22, {81 Biospin H &K 41 DNA $2 U7
& (BN HREARARD SEECLEN DNA. 438 A 514 1ITS4 #1 ITS5, EF-1 fl EF-2,
H3-1a A1 H3-1b, MS3F FI MS3R %] E % DNA [1J tDNA-ITS (Fogliata et al., 2013). EF-Ia (Palmore
etal., 2010). Histone 3 (Glass & Donaldson, 1995) Fl mtSSU (Stenglein etal., 2010) &K 7411k
47 PCR ¥ H . [ MifK % 25 pL: 12.5 pL Premix Tag (TaKaRa Tag Version 2.0x dye), 10 pmol - L™ |\
TS5 1 uL, B4R DNA 1 pL, ddH,0 9.5 L. PCR F34F2/7: 95 'C 3 min; 95 'C 30s, 50 C
455, 72 C 10s, 3£35 MEE; 72 CEM 10 min. F =40 5 )5 13 ) 1 FF 5I7E GenBank |
BLAST #EAT FUEVELLE, T8 FVEF 5], FIH BioEdit 7.0.9 Xf AN FEREAT N TR, FIH
MEGAS.05 3 LA AIE i R K B W o

1.5 FRIRE I ESFEENE
1.51 BEARANHLA K ZREHT A

PO EFE E D (B426 mm) 73 5#8 TPDA. PSA. PCA. MEA. OA. Richard. Crapek. CYA.
SNA. CMABFRECTAR UL, 25 CHiFRT d, MEREEAE. SREETARFIMA10 mLIH KR
H 5], BDAS R TR TR A BRI e A e (7RI, 1998).
1.52 BAEMNBEZLAE K TREGHA

PR R EEYE (HA 6 mm) 3T PDA P o, M537IRE KA 5. 100 15, 20, 25, 30
M35 °C, 7dENEFEBESMHE.
1.5.3 pHMHE L4 KA FRE MM

WY 0.1 mol - L™ i HCI F1 NaOH 7% PDA 5532510 pH N 4. 5. 6. 7. 8 19, ¥R
JFHEDE (BHR 6mm) ¥48)5, T 25 CHIETd, MEHEHEEAA-HE,
1.54 & R4 RN E LA Ko 0BG Hoh

TR : FEAlEE IR AN Crapek B5773%, /A &HE . ARBE. FLBE. 2P0, D - b, H B,
WAUEE B2 PR ARG . H I AT AR RE R A S i — R

BR: FEARIIEFREA Crapek ¥i7Rdk, /IR E . PREIR. RITAMiE. BEE . SALEN. B
Bk, HARR. FWE. EABRAMERES MERITE 2.

PR EE Y (ER 6 mm) BT AFEBRIFEMEIRN TR, F25 CHFET4, WEEE
HAMM &,
155 RBINRE LA K FIENR

PR REE Y (HAE 6 mm) #E:T PDA AR, 35785640 24 h 2068, 12 h SBHEE/12 h 225,
24 h 4 BE;, T 25 CH:#7d, MEEEEZMHE.
1.5.6 MRAWE LA Li0THAURE

WH 40, 45, 50, 55. 60 65 CIJEFE, RANRE NHNETRIBARA 10 M E DR
E R 10 min, AHEIBFIR G I 100 L #3725 TE PDA i L, BEHLEL 5 N3 DS HE PDA F
Wb, HFR3dE. RIEERARLAEK, WMeSUtREER. EEStRETEERN, #—P51 C
AL BB, B BRI
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L6 HIELEBSHIT O

BRI IRV 3 REE . RIGEIEEF Excel 2007 & FIE Lir#Emz, {HH DPS 9.50
WA Duncan’s H &R ZE LT 5 2 08T

2 RS0

2.1 FREWLHIER

s A B TSR ST, R BT I ARG B, WG IR, 98 BT [ A R,
RIFEAL R E, HIMAOEZ, 5SS AG O OELE, R RN, S
RS, HBESER (B, A,
2.2 BUREMMNE

TR 2H 2y Bk R B S RS L A B, R A A% e b 2o L A T i R SR sk
Fo BERNE FER VIO AR RR B, A3 dERB N, VNG, HERKEAMRELZ (K1, B),
BeM7 AP E MR, ERIERERE, HrEAtare)z (-1, O, HERSaRRM
FER—F, TTE K B AN Rk (B, D). TR & 0 0 S ST AT R A 5, IR
5B T B VSRR — U 2 B

E1 #MIVRIEREFRHERRE (A) AMALEMBTREE3d (B) « 74 (O) FRFAFEKME (D)
Fig. 1 Natural symptom of muskmelon fruit Fusarium rot (A), symptom at 3 days (B) and 7 days (C) after inoculating
conidia suspension and sterilized water (D)

23 FRIREBIFASEHE

JiE T 25 CYE PDA LER:9% 7d, HIEEAN 72 mm. EREATE, 74 T REZIRSAERZ,
VM A, IR ARG (82, A, REFEYHAKES (K2, B). KMSEMTH]
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¥, PimiZEiAga, HAEER, R3~5000, KN 21.12~33.39 pm x 3.64 ~ 6.23 pm (&
2, O MRS AEMTYER, 3~5 4700, KN 836~1325umx225~489um (K2, D);
INROS IR, B R, K/ N 4.25~9.98 um x 1.56 ~3.13 um (&2, E). K WJEHM T
M FRESAER % FIERL T =4 KB AT (B2, )

B2 #NBIBREREREELSSHE
A: PDA 174k FRVEIEMIEAS: B: PDA BiFedk ERVE W IIEA: C: REAMT: D: hAGA T
E: NRFAAIT: F: 2 AEfTRE.
Fig. 2 Morphological characteristics of the pathogens causing muskmelon fruit Fusarium rot
A: Colony on PDA (surface) ; B: Colony on PDA (bottom) ; C: Macroconidia; D: Mesoconidia;
E: Microconidia; F: Conidiophore.

24 FREENDTEE

FEHUF JE1H ¥ DNA, %t tDNA-ITS. EF-la. Histone 3 #1 mtSSU J: R[5 134T PCR ¥714, k15
T BOR/NR 30N 573 688+ 510 A1 685 bp, FRAl#RAC A GenBank, 3158357079 MH979697.
MH979698. MH979696 1 MH979695 .
¥ rDNA-ITS /75155 GenBank -/fJ/3 %I4T Blast b, 5 Fusarium sacchari NCCPF: 580033
(KM921664). Fusarium equiseti PAK54 (KY523100). Fusarium equiseti FUS-18 (MH879583).
Fusarium incarnatum strain gss207 (MH290470) 1 Fusarium incarnatum strain gss210 (MH290471)
FIEIVEEEIITE 99% LA E o ¥ mtSSU %)) Blast LbX, 5 Fusarium oxysporum Fus-var-9 (KU170556)+
Fusarium udum F3 (KU158814). Fusarium equiseti HS1 (MF471698) # Fusarium incarnatum R3.3
(KX218396) [FI[RIVEMEISLE 99% LA Fo [KItk rDNA-ITS Hl meSSU J3 B AN BE 45 1% 1 Mk 45 5 E b
BT EF-1a J¥%] (MH979698) 5 GenBank ' Fusarium JEWFRTFIIMWERGZKEN (K 3),
H 5 KF255470 Fusarium incarnatumKY785018 Fusarium incarnatum~JX269001 Fusarium incarnatum
1 F255476 Fusarium incarnatum 5T [F—4)3Z; 3T Histone 3 J7%] (MH979696) 5 GenBank -
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Fusarium J& 8 NFHIZERFIMERGKEN (KB 4), H5 GQ915477 Fusarium incarnatum F
KX681562 Fusarium incarnatum T [F—73, HICFRN 100%, BRIZEE Fusarium J& 13 ALF

KF255470 ( A5 414 J)H Fusarium incarnatum CBS 132194)
48 | KY785018 ( AS£L8 JI & Fusarium incarnatum HaiN1)
TX269001 ( A L1481 Fusarium incarnatum CC08-67S-4PCNB)

100 || F255476 (ZSLL4R I Fusarium incarnatum CBS 132317)
MH979698

MH445456 (A5 2188 T8 Fusarium incarnatum FS12)
KX702620 (AR Wk T & Fusarium equiseti G15LZ1-15-2)
KX702623 (AR T Fusarium equiseti G15LZ1-9-1)
IX118981 Fusarium brachygibbosum CBS 131252
100 | KX702615 (BARABHRIIE Fusarium pseudograminearum G15KF1-4)
KX702618 (BARAHIVE Fusarium pseudograminearum G15KF3-4-1)
99 | 65| KM062023 (NEM 8k J] 1 Fusarium asiaticum HBTS484)
KT380120 (NEMEEJJ B Fusarium asiaticum Daya211-2)
100 |1 k269084 (RBHRTIE Fusarium graminearum AT)
87 LT548449 (REMIIE Fusarium graminearum IF60)
TX119000 (=88 T1H Fusarium commune dH 23113)
100 FI538242 (2RI Fusarium proliferatum NRRL 32155)
100% 17841250 (21T Fusarium proliferatum TTEM 2400)
KU516644 (4K TIE Fusarium ciliatum 295Jb14)

48

95

3 ET EF-10 ZERFIMENRERER
Fig. 3 Phylogenetic tree based on EF-1a sequences

go| GQO15477 (I LT JJ Wi Fusarium incarnatum NRRL 31160)
100 MH979696
15

KX681562 (S 414 18 Fusarium incarnatum HO6A4K2b)
4(7 KT374280 (A JJ B Fusarium equiseti isolate Le2)

48 GQ915474 (KIgkak JJ T Fusarium equiseti NRRL 13405)
GQO15471 (4R JI T Fusarium camptoceras NRRL 13381)

GQI15468 Fusarium armeniacum FRC R-09335

52 480‘— GQO15481 (FYUME FHE JJ B Fusarium sporotrichioides NRRL 3299)
LT549884 CGRAHEIIE Fusarium graminearum ITEM 6509)
LT549885 CGRA4RJITE Fusarium graminearum ITEM 6510)
LT549886 CGRA4RJITE Fusarium graminearum ITEM 6530)
GQO15476 Fusarium longipes NRRL 20695
r Kr604107 (RIS Fusarium figikuroi W45)

100 L KY914574 (FEAHRTIE Fusarium fujikuros TX-1)
0.01

70

34

100‘

4 BT Histone 3 EEFIIHMBENRELER

Fig. 4 Phylogenetic tree based on Histone 3 sequences

2.5 RERNEYESFNE
251 BEHREAMNHLAEKAE TG A

T3 R B AEAS [ R IR BB 2248 KO G n R 1 Fios. i SR 7E PSA, PCA Ml MEA ET#
HERER, HYE AN 74.67 ~ 76.33 mm; 7E OA. Crapek fil PDA #753E |, WX HATE 70 mm
PLE; 78 CYA B59R3E b A K18 . 9% IR B 42 PSA A Richard 35973 Fr g ok, 20 %l 3.12 x 107
F3.10x10"4 -mL', £ MEA b= fiE &AL,
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®1 EFENELLEKNERNMN

Table 1 Effect of culture media on mycelium growth and sporulation

HIrdk W& B2 /mm Fefi/ (1074 - mL™
Culture media Colony diameter Sporulation
PDA 71.33 +£11.50 ab 247+1.11b
Richard 68.33 £14.84 ab 3.10+1.31a
Crapek 72.00 + 2.65 ab 0.23+0.03d
MEA 74.67+1.53a 0.02+0.03 ¢
PCA 75.33+643a 257+1.26b
PSA 7633 +4.04 a 3.12+1.12a
SNA 63.33+£1.15ab 0.32+£0.29d
CYA 46.00 +£2.65 ¢ 1.75+0.20 ¢
CMA 58.67+5.77 be 2.15+0.63 be
OA 72.67 +2.08 ab 0.15+£0.05d

e FSIARNG FRFOR S A B Z R B (P<0.05),

Note: Data followed by different small letters in the same column mean significant difference at 0.05 level.

252 BEMHLAEKBFIGIE
978 JEL TR T 420 5 ~ 35 CHREE K B, 20, 25. 30 fI1 35 Cr2eAE KR, 30 CHEEERZ
9 82.33 mm; 20 125 CH =R, 43510 3.05%10" #12.93 x 10" 4 - mL™! (¥ 2).

®2 BENELEKN~RENM

Table 2 Effect of culture temperature on mycelium growth and sporulation

HgrC W7 EL4%/mm Feffi/ (1074 - mL™
Temperature Colony diameter Sporulation
5 7.67+0.58d 0.30+0.18d
10 13.54+1.25d 0.52+0.20d
15 42.47+£3.25¢ 1.35+£0.13 be
20 56.78+1.35b 3.05+0.10a
25 76.67 £7.64 a 2.93+£099a
30 82.33+2.52a 1.92+1.09b
35 67.33+2.52 ab 2.03+1.33b

e FSIARNG FRFROR S A B Z R B (P<0.05),

Note: Data followed by different small letters in the same column mean significant difference at 0.05 level.

253 pHMHE L4 KA FIEHM
TG T £ 15 pH 4 ~ 9 T FEL P R 2K L7210, pHL g 8 I T2 2R K et 196 1L 9 71.67 mm
R pH MBI fIft A 2 AR E (£ 3).

£3 pHMELZEKM=RENTW

Table 3 Effect of pH on mycelium growth and sporulation

- W & B2 /mm Feffi/ (1074 - mL™

P Colony diameter Sporulation

4 44.67+0.58 d 2.07+1.07a
5 53.00 £ 2.00 bed 285+342a
6 63.67+7.77 ab 2.80+3.14a
7 61.00 + 8.19 abc 3.60+1.39a
8 71.67+5.69 a 332+093a
9 48.67 £3.51 cd 1.12+0.85a

T FSIARRNG FRFR A Z R EE (P<0.05),

Note: Data followed by different small letters in the same column mean significant difference at 0.05 level.
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254 #RBARIRIE LA KA F IR R

I JRBETE 11 AP ptialaii B3 nT A, (ERIHEEAFE, 7E5A R P REA4E R, ik AN
B Fedt BA KT, BVE B )8 71.00. 70.67 A1 70.67 mm; 1E5 A FLBEIRE SR LB R R,
92.85x10"4 -mL! (% 4).

AR R E 2 MR EYReEF AR, 7R DARERER N IR B 7R i i (R 4).

®4 TRABERERMELEKNHENIN

Table 4 Effect of different carbon and nitrogen sources on mycelium growth and sporulation

TR B R B V& BLf&/mm P/ (10"4 -mL™)
Carbon source or nitrogen source Nutrient Colony diameter Sporulation
% Carbon source JEWE Sucrose 68.33+2.31 ab 1.57+£0.13b
i % i Dextrose 67.67+0.58 ab 0.45+0.09 ¢
AHE Xylose 70.67 +£2.08 a 1.65+0.08 b
FHE Lactose 58.67 £ 2.89 def 2.85+0.83a
F 2 Maltose 64.67 £ 0.58 abc 2.07+0.69 b
D - 3% D-fructose 59.00 + 3.61 cdef 0.95+0.21c¢
H#E Mannitol 64.00 + 1.73 abed 0.80+0.09 ¢
11 Z4EE D-Glucitol 58.33 £ 1.53 ef 0.75+0.26 ¢
LT 4E RN CMC-Na 71.00+3.61 a 0.42+0.20c¢
‘H i Glycerol 61.00 £ 1.00 bede 0.52+023¢
JEKY Starch 70.67+1.152 1.73£0.16 b
AU Nitrogen source Ak Sodium chloride 55.00 £ 3.61 be 0.45+0.17 be
JRZ Urea 72.33 £2.52 ab 0.87£0.48 ¢
R Cystine 62.67+2.52 ab 0.12+0.03 ¢
KIT4 L% Asparagine 71.67 + 10.41 ab 1.27 + 0.46 be
% BLFY Yeast powder 83.50+0.71a 415+2.87a
TilER%% Ammonium sulfate 41.00+794 ¢ 0.20+0.09 ¢
THEREN Sodium nitrate 61.00+1.74b 0.33 £ 0.08 be
H&# Glycine 71.67 + 10.41 ab 0.60 + 0.22 be
-4 E Beef extract 73.33+2.89 ab 2.03+0.68b
2 H IR Peptone 72.50 + 3.54 ab 0.40 +0.13 be
TR % Ammonia nitrate 73.33£2.89 ab 0.30+0.05 ¢

T BEEEGEUR T RS FANG FREROR B AL PR 2 5 R 2 (P <0.05).

Note: Data of carbon sources or nitrogen sources followed by different small letters in the same column mean significant difference at 0.05 level.

255 RBMBAZAKFFRGT R
993 R E A IR A B O T R AE G, BV AR 49 69.00 A1 75.00 mm; RN R HE A
P RER A RE (F5).

F5 RRMEEEKM RN
Table 5 Effect of light on mycelium growth and sporulation

b B 7% B /mm FERLE (1074 - mLh
Treatment Colony diameter Sporulation

4251 Full illumination 69.00+14.11 a 268+1.10a

4 ML Full darkness 75.00+0.50 a 338+2.63a

12 h 6RE/12 h B 56.67+£5.03b 3.08+0.65a

12 h illumination/12 h darkness
A A RAE/NG FREFROR SR ZE R EE (P<0.05).

Note: Data followed by different small letters in the same column mean significant difference at 0.05 level.
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256 AHRABRTEE

BREFEEDT 61 CLLEREATE 10 min J5, BEARHAEK, mbHEEZBRERE N
61 C, 10 min; KT EWT 56 CLL FIREAE 10 min, AP L, FE#ETS00EEN
56 C, 10 min.

3 iR

B E (Fusarium Link.) 7EEHRA A0 12, & REBEHEYHRIEEE, 5 E L% L
JERAARZE . B, FHE. BE. s, iR ELFEMA (Leslie & Summerell, 2006
Leyva-Madrigal et al., 2015). 28208k JJ TR (F incarnatum) 7] 5| & BE 056840 T 5590 (Flvs 45, 2018;
Ding etal., 2018). k{57 (Setaetal., 2004; Singh etal., 2011). FEBLH (Guo etal., 2016)+
FTAKZEW (Gaietal, 2016) i TH. RECHMLMRIIE (Zhangetal., 1999). fELHRTIE (L
JEHE 5, 2005) FIRIESR T (EB 55, 2011) 5EETRERGAHCHE, HRI%IIE (F
incarnatum) 5l EHTE RSB 29, A SCJE H IRIRIE .

WIWEREME L, HIRSFES RN R, AP EAL 740 7K T 5 F T Ak (8] A2 22 55
IR (R 55, 2015), HEAAEIERA, B R R BB ERE 7K ERAEEE
Mg — (EHk %%, 2017). ABFFRHPIETIESRAES DNA-ITS. EF-la. Histone 1 miSSU 57
B M ARG &, 52 IR B I« BRJTTE I rDNA-ITS X Bl 1 A8k T30 284 ik #E, (HAR
REIX M BE R RIT M A, meSSU BRI T R ZHBRTI WIS E R AR CGRMIZL 55, 2016). &
WAL (DNA-ITS fl meSSU 751, ARek iz @k e 2M, S50 Egw—8. T (2017)
Xt 625 ¥4k T FE AR tDNA-ITS EF-1o M1 f-tubulin FHEEXT 041, 28] iDNA-ITS K% € e 1
7%, EF-la [P A AL 28 S o T 9 TR PR R B0 588 o TRAELLEE (2016) ikt EF-1o BRI AT
YR JIFE RN DNA 40600, W (2018) 8L EF-la. p-tubulin % Histone 3 5, 5EM T
51 RS AR AR R T B (1) 2558 o ARLL8RJIB (F incarnatum) SARWIRTIE (F equitseti) N
TSGR, BWHEX 5, W UL Fusarium incarnatum-equitseti 25 Fif7{E (Ramdial et al., 2017; Jacobs et
al., 2018). AW FLLE R K] DNA-ITS Fl meSSU FHIAGEWs & X 5, Wi2E T EF-la 1 Histone 3
PN X AR LRI (F incarnatum) SHATHERISE €, NPT S TR & R KRB 501 2958 H il

VPR TR R R AE 5 ~ 35 CHIReAEK A=, 20 ~ 35 CHLAKEN, 20 ~
25 CHF =R, X590 EAH R B E U T B VS 46, 2018) FIZAAEURERIE (£
W 5, 2012) BFREAERL. 2017 4 5 RS EfminfE 19 ~36 C, GRS ~18 C, W
& 19.2 mm, ISR RETE R IR B AR K R, HRE N E R R AR . R 5~35 C
BIReAE K L=, (EANERE ZRECOR, 30 C P W% EAN 82.33 mm, i 5 C LN 7.67 mm;
20 CRFfIE N 3.05 x 10" 4 - mL™", 15 C RN 0.30 x 10"4 - mL™",  [RIAE A P2 ot LR
I8 W R B R A, IR VA TR Y 2 ek DR B 1 2B K BT P 9 R B TE AR R 4 2
WA T R AR, ARDEIRAME T fEZE R AR, U R S A 00 [ B AR A= fl 2
AR BHIEAAEZE. TR AWEFIRERE SRR A ) T R B s 2 K, R A R T 1
KA, SRS (2018) FIHEHUIESE (2012) MIRFRLSSE —8. AWF7T 4 R L LA A
TR =, (R A SO R ] B LSRR R e e, R TR, BB BRI AR 4T R
JIH (Fusarium incarnatum), N[RGEERIAED) 2RI A BT 22 5% o S B 7E pH 4 ~ 9 Ju N33R A
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