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Diversity of Mycotoxigenic Fusarium armeniacum Isolated
from Rice Grains at Harvest Time in Korea
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ABSTRACT : A total of 509 rice panicle samples were collected at harvest time from fields in 8 provinces from 2010 to 2014.
One hundred five grains per sample were plated on potato dextrose agar and 6,658 Fusarium isolates were obtained; among
them, 67 were identified as Fusarium armeniacum by sequencing the translation elongation factor 1a (EF-1a) and confirmed by
their morphological and cultural characteristics. Considerable variation in conidial size, colony color and EF-1a. sequences was
observed among the fungal isolates. The ability of 24 F armeniacum isolates to produce T-2 and HT-2 toxin in potato sucrose
agar was determined using liquid chromatography-mass spectrometry. Twenty one isolates produced T-2 and HT-2 toxin, resulting
in varying toxin levels among the isolates. The results show that Korean isolates of £ armeniacum have diversity with respect to

morphological, cultural, genetic, and toxigenic properties.

KEYWORDS : Fusarium armeniacum, Grain, Rice, Toxin

=

| —

M

1

N

N

Zit 54 (mycotoxin)= Flito] A= 554
OFHNIERMA E24 FFo] ASE 5 Qe
Sk 2 - FEOA FE] Wl

KR
=
L

3 HIAsH wAyste] A
o Tt B9 S 2N 5 ok, Hat

ol rr

L

Kor. J. Mycol. 2015 September, 43(3): 158-164
http://dx.doi.org/10.4489/KJM.2015.43.3.158
pISSN 0253-651X e elSSN 2383-5249

© The Korean Society of Mycology

*Corresponding author
E-mail: jgryu@rda.go.kr

Received August 5, 2015
Revised  September 11, 2015
Accepted September 23, 2015

®This is an Open Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

158

gz o2 kst gk A=A A, 7he 52 229
ol ME & HalEA] dorn=z Fihee] die B8 7}
T =29 Aol =0t g, =
ZHE FAEAS Yo A YRR Fo
=EERS W O 2 HaE VR 5 3
52 R 27HA] WS = Fusarium
3 A AurAell A @AY= it Peni-
cillium?s, Aspergillus%3} 7o) #7F Fol] WA= Zt o
2 et B S Qo

UM FEEA AplE A Qe ve 8 A
E 8t & Theagell ] S Xl A 24

2 g 7] Wil A=sae] ARFQ] edde =z 7t
B Falo] a7ET. 8] Bot rlEdA ] |
oA E2ld T73S B Fusariumdso] 4193, Al-
ternaria, Penicillium, Phoma, Myrothecium, Cladosporium
o] MAEATH1, 2]. FUHAF Bl A MAYS= Fusarium
Toll o3t Fa AMEALZE T-2, HT-2 545 X33}
A% trichothecene®} deoxynivalenol (DON), nivalenol

rr b of
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(NIV)S E35}= BE trichothecene & zearalenone(ZEA)
5ol BaEo] 9lth(1-5]. ¥WollA BE trichothecene X
ZEAE A= T O ZA Fusarium graminiarum 55
A7 BAE QAT 3], 33 58S Zie s s dHA
AUe T2 54 H 1 iR HT-2 54 (615 sk
ol sl Bare vl §lck

20109%E 20143714 5137+ ¥ S=87]0)] 2HH olat
oA Fusariumss WS ZARBIE T S22 HIEX|TE T-2,
HT-2 542 Ael= #o 2 A8A A= Fusarium arm-
eniacum®] Aol RN 2 A= oA EelE
E armeniacum®] Qe F, MiFH, F34 e 2 T-2,
HT-2 52478 AF-5 ZAstaA} AA 1

M=z 3 S8

tH EX} *A Y Fusarium & 22|

20109F€] 201497H4] 5137 ¥ =817]0)) 8= 30149
FAoA 5097 W oA RS AL, 4 AR B
10570¢] ¥ FAS 1% sodium hypochlorited]] 23-7F #1A]
st W A5sITh A%E AL A= 23] A
2 & FEdE A E7)E AAZ U2 100704 strep-
tomycin 600 pg/mL7} $HTE potato dextrose agar (PDA)
o] X8t} 25°C 2710 A 5L7F v St & Fusarium
o2 ddee TFS AWsle] PDAC &711L A} ¥
48 wW71A] e gStaTt. IAEE NS EHdulA] (water
agar)°l] =3 TS 25°C 71014 12417 vl & &
22} S AAIEI

DNA £ % g7|Me 24

¥ Fusarium 0575 W3 OE genomic DNAE F
Z317] $18l1A 2+ BE potato dextrose broth (PDB) H
Al HZF3kaL, 25°ClM 5~7U3k A wfFalict. v
B TAHIE miraclothZ G431 F2 71381 vl &
acetyltrimethylammonium bromide (CTAB)-phenol/chlo-
roform F=H [7]2-2 genomic DNAS FE3)aL, -20°Coll
RshHA 3ol ARSI, Translation elongation fac-
tor 1-a. (EF-1a) F34Fe] A714<€ 498 2131 O'Don-
nell 5[8]¢] ol e}, 5-ATGGGTAAGGAA GACAA
GAC-3'(EF-1)%} 5-GGAAGTACCAGTGATCATGTT-3"
(EF-2) 2Z2}o]HE A3} polymerase chain reaction
(PCR)= XT3 PCR BHE-H-2 100 ng/pLe] template
DNAE ¥35} 1x Taq buffer, 2 mM dNTPs, 10 pmole
I3F primer’d, 0.5 unit®] Taq DNA polymeraseS
%% 50 uLE AZ3IATE PCR FZ-L 94°CollA] 30%, 50
‘CollA 30z, 72°CollA] 90%F 353] WHESIRIAL, HE2 2
Z 72°Col|A] 78-3F post extensionS HAISIATH SEAHE
2 QIAquick PCR purification kit (QIAGEN, Germantown,

o

1A Eele Rit=4 WA Fusarium armeniacum®] TF9/d 159

MD, USA)YE ARE-st BAIgE & Q71X 4GS 4813
EXH 7)A€ GenBank (accession no. KT223045-22
3047 ¥ KT339744-KT339764)°l 553} 1L, Genbank %
FUSARIUM-ID (http://isolate.fusariumdb.org/index.php)®l|
B 7INEH FsAdE 4590 Clustal W A
Edo][91E o83t AVIMES AEaL, AsTe
MEGA 6.0 22138 A83}4] neighbor-joiningtH OS2
g,

ey S4XAL

A7 LGN 3l TFE E armeniacum®] ¥IFH 54
2 PDACIA ZARITH WA #5-5 217 5 mm®] cork
borerZ 2} PDA 8] Tl HESH &, 797 25°C &
A v & TAES ZARIAAL, T B
3 A, Ak 0] 4 58 149 F 2. Fe
EXL Leslie?} Summerell [10]2] WHO 2 ZA|H carna-
tion leaf agar (CLA) HIX]ollA AL ATE. FHIE vl x]o]]
5 mm cork borer® A& TES XAFS}L near ultra vio-
let (NUV)E 124)7H1¥€ 02 ZALEE 25°C F27]0014 2
2 W T P AEAS) R ), 2R
o) A F, 2% B =), FHEAS) B HF- 5
SEREENEIEY

T-2 ¥ HT-2 40| MEEN

Potato sucrose agar(73A} 200 g, sucrose 20 g, S
1,000 mL) ¥l FA] 5 FHESIL 20°C oF el A
277 Wikl 250 mL AFEERARE) wig HiAE
P31 acetonitrile (ACN)= g@ 5 mL¥] 718 T3 14
Zr Rt X F=8kar, oA (Whatman No. 1; Sigma-
Aldrich, St. Louis, MO, USA)Z 733t} o2 1/5
2 3]413}%] immunoaffinity column (IAC)S FHAIZ] Th
S 33 75 10 mLE AlF3}aL, ACNS 500 pL 2 33]
% 1.5 mLE FIAA 8EAIZT. AFel e AAaHzA]
5 50% WERE 1 mLoll = EAel] ARE8IT. LO/MSS
o8-8k FA0] A4S 9J3lA] Waters alliance €2695 sepa-
ration module (Waters, Milford, MA, USA)™} Waters 3100
mass detectors ARE-3}1AL, AH-2 Zorbax SB-Aq (3.0 x
150 mm, 5 pm)E AFESIATE AH] &5+ 40°C, U
L 5 uL, oA 552 0.3 mL/min, SUEAAL 5 mM
ammonium acetateS H7}3F SH59} ACNS 70:30°0.%
45 FLF U, 7E7HA] ACNS 85%2 S7HIA 61 5
F FANFIL, olo] Z27VEEIS] Bl oE AR
T 2585 AR AR 719 AEZ7LS Table
17} 2T}, capillarys= 2,500 V; source <%+= 150°C, B84
3} 5 450°CHAL, F 7k 7S 100 L/hr, 28713}
7}~ 7 600 L/hre] AT LC/MS®] A2 Mass
Lynx 4.1 (Waters) 222 13-8- AMS-5}TH
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Table 1. Parameter for the mass spectrometric detection of mycotoxins

Mycotoxins Formula Parent ion (m/z) Cone (V) Ton mode Retention time (min)
T-2 C,H.,,0, 484.19 26 Electrospray ionization + 11.13
HT-2 C,,H,,0, 469.37 22 Electrospray ionization — 8.80

Table 2. Occurrence of Fusarium armeniacum from rice grains collected at harvest time from 2010 to 2014 in Korea

Fusarium armeniacum

Year No. locality No. sample ~ No. Fusarium N N v
surveyed collected isolated (A) i i 0. o. requency rate
Y Province (No. locality) sample isolate (B) (B/A, %)
2010 57 131 2,016 Chungnam(3), Gangwon(1) 5 15 0.7
2011 59 109 429 - 0 0 0.0
2012 59 98 546 Gyeonggi(1), Jeonbuk(4), 7 10 1.8
Jeonnam(2)
Gyeonggi(1), Chungbuk(1),
2013 70 115 2,751 Chungnam(3), Jeonbuk(1), 13 38 14
Jeonnam(2), Gyeongnam(3)
2014 56 56 916 Chungbuk(2), Chungnam(1), 4 4 04
Jeonnam(1)
Total 301 509 6,658 7(26) 29 67 -

E=T i -~

o 22| ¥ BXrEEZSN F armeniacum S8
2010958 20149714 5137 = 8%=9] 30171 A,
50971¢] B o|2kA oA Z 6,65870S] FusariumsS O
7} 22 E AT B2l ol tiske] EF-1a 7302k <
7IES AR A, BES AR = 7% 2649,
WAEZHE 67757} E armeniacum® 2 TG JTH
(Table 2). E armeniacum®] E-2RI=S ZAFSE A3}, 2010
9 0.7%, 2011'd0ll= o] A 43kaL, 20121 1.8%,
2013 1.4%, 20143 0.4%ZA] 3wt} thi zpe]7t %)
Ot ti7ll 1% ol3te] W2 HEES vERTE A AAIA
o2 WE ¥x3ste] By, ¥ T FFAA 54484 Fusa-
riumit O 2= FH2F OIS YO 7= E graminearumE
EA (FGSC)7F & 1A T3], FGSCe A&t
o2 v RIsHA] WAsHHA it 48 AStAId
Bt ofj2}, BY trichothecene, ZEA 53 22 S45 A
2ke a5 AEE 8 A= X WHE, E arme-
niacum-< V|57, opZE]7}, S, A FollA] vl e ®
T2 WA, S e e Y Do AAFe F
o 2 EY, Holzgrlxe oAlER e} ARl &
2 EYG, vledxes BAo] gle S5 R AT 1%,
YRME ZRTA BuEJTH11, 12]. FE3F, 1]
Al FEEASHE [13], T BN E £7] 2 i
S Yo7)= AEHYTOEZA A% o 14] B
M= AlEH oy FAITe g2 g vl ok, 1
&9 E armeniacum-S- St EEHIE w ol T2 A=

LU B Ly |

A2AA) Fusarium=9l) ¥I&l| 24 FE-8 Hkx] B3l o) 12

¢} HT-2 E4Z AAX3= Fusarium = = 3P=EA 453+
Ao} F7141 A2 7357t B dlodl= EY
ol A HIHsHA Eelule AR dHA itk (11, 12]. ¥IS
A LFEAE LAAIRE UL @ujel A o]n] T-29}
HT-2 540 ¢0] Bag v} 9Jar[5] ¥ AN E arm-
eniacum®] WZFE 2| 7] wiiol] =] 1 Aufol|A]
E armeniacum®| &I+ T-29} HT-2 54092 7135k Al
Uzl o= Azt o, o] Il thek o]He] dF=E &
o) =423 vid RIS @Ak o] o} -5
7ol A&AR 792 ts5st 20] FAE EY U o
UE7t F7FskaL, B 5ol 3t W] =E0 = EqA]
opro g o] QPE= AN Al BT 7Fs
’Jo] =Tt

F. armeniacum®| {8 CI2kN

EF-la 737k 97IMEBE 7|22 E armeniacum©=E
SAE S 24079} FHHOE FARE ToE Izl
Fusarium acuminatum 2 71 E2] 50 =& Fus-
arium S=3 A AFTE Attt (Fig. 1). =] 5=
= 98% ©)’de] E-2 bootstrapatell 2J&l 3709 groupo =
T-E= T}, Group 1 E armeniacum®] type strain (FRC
R-9335), U2 5=2) (H02-781L-5B), Y& FZT] (MAFF
236716), 59 EY(NRRL31970)l|A] )€ w7} 2
TN, T 24T T T EISE, T, o, A
QF, W, el 2 A dAlelA EelE & 167(67%)7F
F3tE]o] 71 2 groups BAASIATE. Group 2= F H
QF 2715*(10Rhcnta5-15-W4, 10Rhcenta8-4-R6)9}F 35 241
Z+(10Rhengj1-W2, 10Rhengj1-R5W) 2 74 ol A £
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— H02-781L-5B(GU116572)
10Rhcnsch1-11-R7(KT319746)
10Rhcngj1-P1(KT223045)
14RRCn0701-P3(KT339764)
10Rhcnta5-7-P1(KT339749)
CBS485.94(AB674279)
- 13RhGn04-6(KT339759)
13RhGn04-12(KT339761)
MAFF236716(AB674280)
10RhGWROW3(KT339755)
FRC R-09335(GQ915501)
NRRL29133(HM744659) I
10Rhcngj1-W6(KT339745)
13RhGn01-7(KT339756)
13RhGn05-3(KT339762)
10Rhcngj1-R14(KT223047)
10Rhcnta8-9-W1(KT339754)
9| 13RhGN04-5(KT339758)

10Rhcnta5-2-R1(KT339747)

10Rhcnta5-5-R4(KT339748)

14RRCb0401-10(KT339763)

NRRL31970(HM744664)
— 10Rhcnta5-15-W4(KT339750)
il 10Rhcngj1-W2(KT339744)
10Rhcnta8-4-R6(KT339751)
10Rhcngj1-R5W(KT223046) o
3RhGN04-3-1(KT339757)
13RhGn04-10(KT339760)
ﬁRRL43641(GQ505430)

1

1
se.L

ORhcnta8-7-P1(KT339753)
8 L 10Rhcnta8-4-Y21(KT339752) I
NRRL6227(HM744692)

[ NRRL29896(HM744660)
99 “NRRL29897(HM744661)

161

|Fusarium armeniacum

|Fusarium sporotrichioides

—
0.02

= NREEggg‘g\‘z}gﬁg% 2) Fusarium langtheciae
— NRRL31084-1(HM744693) |Fusarium graminearum
L AS2(AB972879) |\Fusarium asiaticum
NRRL54218(HM068316)  |Fusarium acuminatum

Fig. 1. A neighbor-joining tree derived from sequences of translation elongation factor 1o region of Fusarium armeniacum. Num-
bers on nodes (> 60%) represent bootstrap values (%) from 1,000 replicates. A phylogenetic tree was conducted using MEGA
6.0 with neighbor-joining method. The letters in parentheses refer to isolate numbers. Bar represents 0.02 substitutions per site

(scale bar = 0.02).

2)% 27 (13RhGn04-3-1, 13RhGn04-10)E 33t F 6
T (25%)5 XA, o= o5+ A XU
Group 3 FEHATOE v]= Lo wol|A Eed o5
(NRRL 43641)9} 7]z B2 7A%00A E2]9 75 (NRRL
6227)7F ZHEJAL, ) dFEe S HIMIA E8€
275*(10Rhcnta8-7-P1, 10Rhcnta8-4-Y21; 8%)E &S}
k.

E armeniacum2 19833 U|=r2] S50 E acumina-
tum®] BRG] dFEA A5 A=A, 19931 £
Ao ok 7, #EFH, AFES 7IZE E acumi-
natum®] °F& F PR E acuminatum subsp. armenia-
caml 2 7|1E% e, 20000 FA44, I3, isozyme
9 RAPD 415 o8¢t 1304 TS 7122 F acu-
minatumI= TEEE o2 FHEATH11, 12, 15, 16].
o|e} 2ol E armeniacum™}t E. acuminatums T-23517] 9
& BRe vlw A7 oldE olFold ghork,
12, 15] E armeniacum®] S 7RA7tol] teh 5214 tjet
A A= o|FolA vl itk ¥ AT A= E armeniacum
o] iAo E Hojx 379 IF O FHEEY, T T

Aol EA= A ARSI, A MAIHSZ E armen-
iacum®] FUW F-37 T3 A7 oFA7HA wilg- mIggh
Aolng B2 o] - 9] 75 Ul’dO.E multilocus se-
quence typing (MLST)= ©|-&3t 771 o 7o & A
2t

SENS, HilS SA o S2My

PDA B R|OA] E armeniacum- Z710l= WA o] FH-3}
AEEARIZE A=), webalgio] Falahea] el
T 8AE W AE Ueh AT (Fig. 2A) &5 w5
= =S W ol Ado]Jal (Fig. 2C), HIA|E]
SHS 34 (Fig. 2B)olvt &9 (Fig. 2D)S UFERALE
TEAFE w0l webd o 23R ti7f A 7
2 80 mm ©Fo=2 wW=A AT (Table 4). CLA Hl
Aol A P EB IR A - A FA ZALE] (sporo-
dochia) (Fig. 2E)®] £-A]H #8249 @742} (monophia-
lide)ol M XA BY=ATHFig, 2F). NRRAEAE
A1,y 2% (falcate), B2 T4, 3~77012] Aol AN
o}k 7l 3~57H2] A¥-S 2= 10Rhenta8-4-Y21(Fig. 2G)
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Fig. 2. Morphological features of Fusarium armeniacum. A~D,
Front (A and C) and reverse (B and D) of colony on potato
dextrose agar; E, Pale orange sporodochia on carnation leaf
agar; E Branched conidiophores with monophialides; G, H,
Macroconidia produced in sporodochia; I, J, Chylamydospores.
(scale bars: A~D = 10 um, E = 300 pm, F~J = 10 pum).

oL - Y - wald - AEL - 5

= BAEARS] F717F 3.0~4.5 x 28.4~55.5 pmZA]
Aol A 714 E acuminatum®] BRYIFA H7](2.8~4.2
x 30.0~55.7 um) [11]1¢} FABIAAL, 5~67] - =&H) 7
7He] A¥E- ZH= 14RRCn0701-P3T3(Fig. 2H)E= A E
Z}e] F717} 3.6~4.8 x 37.3~91.2 um (FT 4.1 x 68.5 pm)
A Aro] ot BAEALY] A7 e Aol AT
AAAEE i, goldar, At 7k A, 71HAE=
T3 foot XAt HAYEAFE A FAE EAYEA}
o] A7|= wel b ZA BEAT 2.9~4.9 x 25.0~
91.2 pm®] HF ol UL, AFFAEA = TR &
UTH(Table 3). FEFEAR= TAF WollA] 270l Fsht
W} QS e, B, A, Akr S golel
Al ATt (Fig. 21, 2)). BIS Y5 E armeniacum
152 IAA71= E acuminatum®] EA7|2}F A
A9k A552] TR Fel A, w2 5432 Burgess 5[11]
o o3l 71E€E E armeniacum™ ¥]nA 2 AX|FHHTH
(Table 3).

FAE 247500 Ul T-29F HT-2 522448 2418}
G9 v}, Bietoll A E2]E 27 (10Rhenta5-2-R1, 10Rhen
ta8-7-P1)¢} ol #2]E 175 (13RhGn04-3-1)E A
QlearL 215t FellM F 7HA] o] HAE B AL, =
A TE Aol webA] ThdsiAl YR T (Table 4). T-
2 54w D 13RhGn04-57F0A] F4 1 ppm*PE] LY
13RhGn04-6775-0141 Hth 100.5 ppm7HA] AAFE AL, HT-
2 54 B9t 10Rhenta8-9-W1THFoll A 2~ 6.0 ppmit-
E] 214 10RhGWRIW3THFollA] Z Tl 229 ppmZ7HA] A
Ak Z2A490] QI 31 Fig. 29 frRldow
%9 FE armeniacum S group 1, 2, 39| Z}z} E¥Xslar
RX 54 A groupd} ST AT/ Ql=
A== o)

ool AFE R F57] W ojrtol| A Eeld Ttk F
armeniacum 2] TIF-2-0] potato sucrose agar (PSA) Hl|
Ao T-28F HT-2 45 AT 21 18k
2¥E 37X E sporotrichioides, E. langtheciae, E. arme-
niacum 5 TF3Y Fusarium =0 &3t T-2¢F HT-2 &4
Q4o Harslout1e, 17], =] F=2HE] HellM
T-29} HT-2 545 WA= E armeniacum®l] T Bl
© Agolth. o g 8 A W A A 545 2

Table 3. Comparison of morphological characteristics of Fusarium armeniacum isolated from rice grains

Structure Present isolate Fusarium armenaicum’ Fusarium acuminatum’
Macroconidia Shape Falcate Falcate Falcate
Size (um) 2.9~4.9 x 25.0~91.2 2.8~5.0 x 22.9~89.2 2.8~4.2 x 30.0~55.7
Septa 3~7 3~7 -
Microconidia Formation Absent Present in some isolates -
Chlamydospore Formation Present Present Present

‘Burgess et al. [11]
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Table 4. Fusarium armeniacum isolates used in this study along with geographical origin, cultural characteristics and toxin

production
Cultural characteristics Toxin production (ppm)
Isolate Geogr.al.)hical Mycelial growth Colony
origin T-2 HT-2
(mm) Texture Front/reverse color

10Rhcnta5-5-R4 Taean 86 Floccose PW/YRYW 55.7 19.3
10Rhcnta5-15-W4 Taean 86 Floccose PW/LB,YR,B 344 14.1
10Rhcnta5-7-P1 Taean 86 High floccose PW/LB,YR 47.8 101.2
10Rhenta5-2-R1 Taean 86 Floccose LB,RP/BW,P 0.0 0.0
10Rhcnta8-4-R6 Taean 86 Floccose PW/RB,DY 38.0 84
10Rhenta8-4-Y21 Taean 83 Floccose PW/LB,YW 24.6 6.2
10Rhcnta8-7-P1 Taean 84 Floccose YW,PP/PB,YW 0.0 0.0
10Rhcnta8-9-W1 Taean 83 Floccose YW,W/PPYW 36.5 6.0
10Rhcnsch1-11-R7 Seochan 86 Floccose PW/LB,YW 9.1 15.9
10Rhcengj1-R5W Gongju 84 Floccose PPPY,YW/LB,YR,YW 56.3 13.4
10Rhengj1-R14 Gongju 85 High floccose PW/DO,LB 389 9.6
10Rhengj1-W2 Gongju 81 Floccose PW,PPYW/LB,YR 10.2 36.7
10Rhengj1-W6 Gongju 86 Floccose PW,PP /LB,YW 4.2 20.1
10Rhcngj1-P1 Gongju 83 Floccose PW/YR,YW 4.8 29.1
13RhGn01-7 Gimhae 83 High floccose PW,PP/PY 9.4 37.3
13RhGn04-3-1 Miryang 75 Low floccose PW/RB,YW 0.0 0.0
13RhGn04-5 Miryang 84 Floccose PPPW/YR,PY 1.7 25.8
13RhGn04-6 Miryang 85 Floccose YW,PW/PY 100.5 144.5
13RhGn04-10 Miryang 81 Floccose YR,PP/PY,YR 17.3 28.4
13RhGn04-12 Miryang 83 Floccose PW,PP/RY,DO 6.1 53.2
13RhGn05-3 Haman 84 High floccose PW/YR 7.4 38.5
10RhGWRYW3 Inje 85 Floccose PW,PP/LB,DO 93.9 229.6
14RRCb0401-10 Yeongdong 85 Floccose WYW/YW 82 417
14RRCn0701-P3 Buyeo 81 Floccose PW,PP /YR, YW 22.9 11.5

PW, pinkish white; YR, yellowish red; YW, yellowish white; LB, light brown; B, brown; RP, red pink; BW, brownish white; P, pink; RB, red
brown; DY, dull yellow; PP, pale pink; PB, pale brown; W, white; PY, pale yellow; DO, dull orange; RY, reddish yellow.

3

= T-2¢} HT-2 S2A7E 9181 E armeniacum®| o)
B

AR, A7), SR, B 5 A,
=]

8lA A7 Qs Ao 7 AZbET)
b.S | Q
b | L

2010956 20153704] A=t 8%of] Qe B oA &
710l F 509709 olAA E7F ARHHAT. A F5F 10570
o] B F4o] potato dextrose agar (PDA) HZ]ol| 22| = %]
1 6,658’02 Fusarium =7} B-2|E A}, EF-1a F3A}
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