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Identification and Chemotype Profiling of Fusarium Head Blight
Disease in Triticale
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This study aimed to assess the disease incidence and distribution of toxigenic in Korean triticale. The patho-
gen of triticale that cause Fusarium head blight were isolated from five different triticale cultivars that culti-
vated in Suwon Korea at 2021 year. The 72 candidate were classified as a Fusarium asiaticum by morphology
analysis and by ITS1, TEF-Ta gene sequence analysis. And the results of pathogenicity with 72 isolates on seed-
ling triticale, 71 isolates were showed disease symptom. Also, seven out of 71 Fusarium isolates were inoculat-
ed on the wheat, to test the pathogenicity on the different host. The results showed more low pathogenicity
on the wheat than triticale. The results of analysis of toxin type with 72 isolates, 64.6% isolates were produced
nivalenol type toxin and other 4.6% and 30.8% isolates were produce 3-acetyldeoxynivalenol and 15-acetyl-
deoxynivalenol, respectively. To select fungicide for control, the 72 Fusarium isolates were cultivated on the
media that containing four kinds fungicide. The captan, hexaconazole, and difenoconazole-propiconazole
treated Fusarium isolates were not showed resistance response against each fungicide. However, six isolates
out of 72 isolates, showed resistance response to fludioxonil. This study is first report that F. asiaticum causes
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Auj=lar QJckHills 007; Mergoum -5, 2009; Simmonds,
1976). EZE|A Y-S al LA, EGE FolA= WAl et
e Ao AT Wak oliz} Hel, Az, Adeix] G
9 7}&=AtR 2 AFEE A QItH(Ciba, 1983; Mergoum 5, 2009).
H2o|= e FEELE o §HIL 7% 5, Fjof
A E4H57he] 2A1R bl 0|83 Aoz =9l
(Heo 5, 2002). ESE|A| Y- A =49] d Hl&o] &1L, o|EE
ghabol ek, B, Hwe) S3t vlws] ol4to] W we) zgh
w2 ghepo] © 11, hasiebe] T © Wol 115 7|
do] =& AHlo] slen, o] 7|5 vzt e dF A=
of Blsf Aol a1 SHEAol S-dte] Al AHEEA O
407} 271813 A FAlo|th Fel A E A7) 5% (Youn
=, 1986), A1%9(Heo 5, 2002), ZAl(Han %, 2012), AlA)(Han 5,
2016), A% (Han =, 2017), 18]11 Z%(Han =, 2019) S-o] 7k
sof BFSH gk

A AE 2 2R 2N Fa4o0] Frheka gl sy
Aol A= g, He, A2 53 Zo] HF2FxFolol o3 2
&7} AYSEL QI Arseniuk 5, 1993). W& H-2- 3ol
Z oMo}, B, {9 5 A AlIAR ez 9, Be, a4 A,
2] 50] Thopgt o] wrEstel B WalE Fi WA
olth. $L B HAL 43 Zaot B2 A3ke] U3l
o] o] A &A1) ZefjgHEgt ot FH-2HF ool A
sk FHol Bz o) A%o) 7=, WAL Wl Aok o
5 thorg 4] Usle] HY|E Gk B golwo] A4
3= 8 E4 2= deoxynivalenol (DON), nivalenol (NIV),
zearalenone 5-°] ®11%| o] Itk (Desjardins, 2006; Leslie2}
Summerell, 2006). AN|AZC 2 Wx B oFxgo|dS Qo
7le g =0l dEAf=T, I F 78 9t Fu-
sarium graminearum, F. pseudograminearum, F. culmorum, F.
avenaceum 59| wtF-5°] BIEHN, o]0 EFA|E o|F
o] ZAfat: A0 2 elA YUtk o RFEL AGER F
27} th2w, U Folgt slejgt AlBuyshE o 2 o
oFst Ao 2 d#A O’ Donnell 5, 2004; Yang 5, 2008).
A AR 2 PSH= F2FFolS IHllAE B, 2,
8428, F|jolA] o] WA Shz A= kelA gleHCho
=, 2019; Kim 5, 2016; Lee 5, 2010; Ryu 5, 2011). =jo| A &
2, &, %‘Fll oA st FHEa Bl et A= ‘Ez?ol

HuEov ESEAYA TAsH= H25FolHol gt

°“ _ll-n oln

u&

Hm

|

AL vl EE Agolek £ AL FholH 54 L A
3 gl R0 EeleAld ESol WASHe Beggolyel £
2 YR F 20| TPy BAS, W YAE U A s
SHPAIS] oBA| by 2 52 sk s

ELIRIE

S UME RANY FEEA] 20219 FYAH S
Z+E-E. (54, Seoho-ro, Gwonseon-gu, Suwon-si)2] EZE[AY
el Z7Fo) A 57 FF0 EEAYY HeHBolE TE
ZALe} HAo] Hol= F4S stk H2a3oly A
E e 2T e dRARR A7 S 9ASH
of XgYsteict. ELEALY ﬁﬁtﬁi A= ZAol|l A 25
N A FAZ A5 30cm PSS 0|85t S ¢ E
AL & 7 oiv] 3 2 7HX11 5 SAsIth =3 W
A ANA Q] ZHzte] FAoA B A B SAsH T4
AA g ] B Y 2UES SASICE AT A
A A2 2EE HYdS BEa5] 98 % NaOCl golo 2
357 W At $ Bz 23] AAS 83l o] F, clean
bench ¢tofAl Bt El o227} S01%U+= plate ol X437t %
5-79 5 54 A8tk o] F Fusarium spp. 22 A3 E
= 79 @ AE F5}o] potato dextrose agar (PDA; rifampi-
cin 100 ug/ml)of| 4] w35}t

-?Lm:: i

Fusarium spp. 432 &<l
Eigd Hﬂl A} FAo] Golgt 7}Lﬂ°14‘l A viR|of| - F=
AE T 24X749] A A 7-1047F vl 3t 3 near ultra-
violeto] 12 hr/12 hr ZAFE]:= 25°C 3h27]0]| 4] 24A]7F s}
Sk HiAlo A FAEE 27 B P EAEAY] -7 T FEA
=443} PDA Aol GAE FE) A 502 250 hopA
EXS 2AIYLE 1 AAE Fusarium B35 H) 5L (Leslie}
Summerell, 2006)0]] W} 12}& 0 2 Z(species) =+ 2
B3tgr) o]s #o] B2z AL 2]3) internal transcribed
spacer 1 (ITS7) (White -5, 1990), translation elongation factor
Ta (TEF-10) (O’Donnell 5, 1998) §-AA}o] A7|AES &4
stk AR} G714 YL MEGA-XZ 2 134 9] UPGMA (un-
weighted pair group method with arithmetic mean)fj &2
AETE AR AT Aol AHE-E F. asiatium NRRL
261565-2] [TS1, TEF-1a §-AA}9] &7 <-& National Center
for Biotechnology Information (NCBI)¢|| 525 SAAZEE
o]-g3}to] EX3}¢ith Trichothecene& TRIZ} TRIT3 - AA;
(Ward 5, 2008)-2- 0|85} Fusarium spp. ¥52] E4-3}5t5
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HEALAD)Hel FFstA e, d2F=2 o|n] 7]E Lo
A HHAd HAo] &= H F graminearum PH-13} F. asiaticum
18DG11E |72 o] §3to] WEARE ANk, £

Ao A HYA AAo] EH FF F 7435 Adsto] E
ZEALRD), D)ol tate] ¥e vl A= Fst

ok A
oA 7_100;_1 5 25°C FL27]ofA] v} F AT HE 0] 85
o] #AF EHS Fojll 3 NUV Autol| A 24A]7F wleFslich
FAE T $AS 1x107ml T2} FE2 AELS TE
ek FR71) e Yol EgfEAY 2 F FXH-E NaOCl &
o] 582 EQF E2} 2E-S X3 T FFya 330 AR Ao]
Hisich Aol 9RE A4S B ol AL 59 Eefol=
of] X|Ats}o] 3UE0t oFXlof| A Hhol & ZIgYslgiTh 0] % 42 =

AL ) A% 3= carnation leaf agar B]j%]

oF A2 3ol Al Tk oF 12 hi/12 hr 7HA.0 2 vjoFS A1k
t}. o] &, F. asiaticum 18DG11& Z&3t 7552 HEH 5ml

£ GE7} A Beo| =0 BESTE o|F 792F 25°C %
Aol HleF 34 AZEE 25t o) AzhE e
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Soll o] ehb] ¢hg, 18 Beje} E7] B R o] o}
27 o] hebd, 280) 0] 271 LR 2ol o B 1}
ehd, 38 o] 2719 FU7H B, 49 9] &
7] 2/3014 A, SHAL Wol AlsbAl wabsto] el 27 5
o] ZALg)

exaconazoleg k"kxiﬁ“* AlR]of| AR&-sHiT EfE
AdzBe Bag 72709 Fusarium spp.2] #+3Z PDA i
of i = 27 5mm A2 HHE Hilo] A 5= &
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Table 1. Disease incidence of FHB on triticale at Suwon of Korea

Diseased Infected

. spikelet/ grain/Total . I?usease
Variety . . incidence on

Total spikelet grain on each field (%)

(%) spikelet (%) ?
Joseong 7.21 35.99 259
Shinyoung 1435 30.30 741
Shinjoseong 8.53 37.22 3.17
Shinseong 10.05 14.83 3.22
Saeyoung 5.60 26.78 1.23
Mean 9.15 29.02 3.52

FHB, Fusarium head blight.

H Fofol tht A T ARE SRl AR FoF
o] FEw 7 5o ¥ F== AESI3IT Captan] 79
2,000 ppm, hexaconazole 500 ppm, fludioxonil-2 1,000 ppm
S AF&3) o, difenoconazole-propiconazole A= 1,000
ppm 5= 2 AR5

EElAY E5Y HeEo|
ah4) FHAEE LAk 4 Al
o, AEA, N, NG BFO) He
S}ATHFig. 1). W 2P 24} A W oAt g2 7
14.53%, 8.53%, 10.05%, 18]

1o
Y

7}
5.60%% UEFtom, 35.99%,
30.3%, 37.22%, 14.83%, 18] 1 26.78%2] 1 uh) Yolg-2 1}
ERQIc AA ETEAY Au)EFo] HA) FAL 2

I~

B 3.52%% UERtTHTable 1).

Fig. 1. Fusarium head blight (FHB) disease symptom on triticale at field (A) and pathogenicity test (B) with triticale and wheat at seedling
stage. (A) Symptom of FHB on triticale. (B) The results of pathogenicity test and symptoms on seedling stage triticale when inoculated with
Fusarium asiaticum which isolated from triticale (left, inoculated with buffer; right, inoculated with F. asiaticum).
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Table 2. Species diversity of fungal isolated from Korean triticale

Kinds of isolated species No. of isolates (%)

Penicillium spp. 6(6.59)
Aspergillus spp. 13 (14.28)
Fusarium spp. 72(79.12)

=X 0l CjobA BAM,

EZEA
A o] WA A =HE FFo|
FE B2t 43 FHjsty o 2 371X 9] FFol7t B E
tHTable 2). £ 521} Penicillium spp. 6.59%, Aspergillus
spp. 14.28% “12] 1L Fusarium spp. @37} 79.12% = E-2]F|o]

sJ52-3
J0S3-2
J0s3-1
SHS2-4
SHS3-4
SHY4-5
SHY5-4
SAY2-3
SHS4-1
5J55-3
SAY1-1
SAY1-2
SAY2-1
SHY2-4

SHS1-3

Fusarium asiaticum NRRL 26156
Fusarium vorosii strain NRRL 45790
Fusarium vorosii strain NRRL 45800

Fusarium spp. #57} 8 BHY#o 2 B FQith(Table 2).
B9 Fusarium spp. &3 & HYA AL S8 thFs A
A Uk K9l 157) F3E Aksto] TS PAT} TEF-10 -G
Ao} 71D BASIRh SRk 7ML A AT, 15
7Ne] #F B5 F asiaticum claded]] &3 =
thFig. 2). ER|E|A| Yol A £, 53H Fas:at/cum2 Eg g
dERt obzt &, Hel, g, 2] SoME HFe R Ze
RtHChoi 5, 2019; Lee 5, 2010). 2442] 7% x]oﬂoﬂ w2}
Frowrg ol aatel 22 Uehted = X199 4
% DON 2343 F. graminearum©] $-3E&o]5 o, S59] %2
NIV B4 F. asiaticum©] $-%Z0]|%tHLee 5, 2010). &2] 79

AR &

i

sambucinum
(FSAMCS)

"™

jaticum isolate JGF-3

um strain CBS 131778

o

Fusarium poae NRRL 25799

Fusarium poae strain LCH056

Fusarium kyuchuense isolate Fky-1

Fusarium kyuchuense stain NRRL 6490 -
Fusarium incarnatum stain NRRL 32867 —
Fusarium incarnatum stain NRRL 13379
Fusarium_equiseti_strain GZUA.1655
Fusarium_equiseti strain UP-PA002 -—
Fusarium sacchari strain CBS 138962

Fusarium sacchari strain KC8

Fusarium concentricum isolate FJAT-31669 —
Fusarium nisikadoi Air110

Fusarium fujikuroi CBS 221.76
Fusarium fujikuroi CBS 262.54
Fusarium proliferatum strain FP9
Fusarium proliferatum strain SMFP3
Fusarium solani strain MRC 2565
Fusarium solani strain NRRL 32492
Fusarium avenaceum strain JA-0925

um strain CBS 131251

Incarnatum-equiseti
(FIESC)

fujikuroi
(FFSC)

Fi
F

S A b ﬁL

Fusarium avenaceum strain GSLZA-A-2
Fusarium tricinctum isolate ZD3

isolate 24E tricictum

(FTSQ)

Fig. 2. A maximum likelihood tree of Fusarium species derived from combined sequenced of TEF-1a and ITST genes. FSAMSC, Fusarium
sambusinum species complex, FIESC, F. incarnatum-equiesti species complex; FFSC, F. fujikuroi species complex; FTSC, F. tricinctum species
complex; TEF-1a, translation elongation factor 1¢; ITS7T, internal transcribed spacer 1.
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F. asiaticum, F. graminearum 2]°| F. culmorum, Fusarium voro-
sii 50| T Zo|yo] QelFe 2 BaEg] on, F vorosi=
-, BEoAE fdlwe = £ HUTHKIm 5, 2016; Lee
S 2016). FwrFololls thdt Aol EASHAIRE =
ol A Aul=l= Bt = oA BAYstE H257e1EY
ZFQ YFL F asiaticum 2. 2 THETh 2 Ao A= =
A} @l Ba) Z73po] 3t Lo & sHAE o] X9y LA Folatn
57| ofHu £ asiaticume] ESEA LS F25801
o] QoIS BHelgh Atolc.

4 Zd Zat. EfEA YA 2t #59] HYd
Z13Y53ieh ETEA YA £ R 58E 4=
Z 72712 712 U3t HaloA] HYPA AAo] 9 F asiaticum
strain 18DG11Z} F. graminearum strain PH-15 H| 1202
Foto] WU HARS AdYsiieh 1 2, 7 F = HeA
o] thFetA el om, 727) 45 F 71709 Aol A Bo]
HAYSEGITE 127]) o= el AZ=71 0 o)A 2 v]gk Aboll
Fet HdgS Uehllar, B A7t 4 ojife 2 Helgo]
o FFE 20730, UHR] 4035 9 AZher) 2 o]
4ugto 2 Z7F Ao g S Uehl= Aoz 27
It Supplementary Fig. 1). 29} oA 733t HYAS
EFd F. graminearum PH-1 #32] 749 E-jE|lA Lol A= 8Y
HO] T AER U on, nRiriA 2 Ut HeloA 7t
YAdo] B2l F. asiaticum 18DG11 #F+= EZEA YA =
oﬂ*éo] UERR| ool o1 WU ZpolE YEtiTth £
asiaticum 18DG1 3= -2 F. asiaticum Yol = &3}
Ho g Hk-2 o] Mg T2 Ueh} 7|3 Eo]A 9 lineage
s 71 A5 S5l YA Zpolof thigk ¥l o] F
2 garEh 72709 Fusarium sppol| A theFst B
Uetd 771 F5=5 Adsto] dof M5t B
et A3} J0S3-2 =5 ALt 571 #59] B
E] ]?:_]l‘i‘:} ol A A et om, SAY1-2 o=
HE HekThFig. 3).
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SA type BN, EEA Aol BT 9179 FBo]
= 2 Penicillium spp. 5 52 A LISt Fusarium spp.2 5
HE 727) B30 4 typed PCRE 8 HAsqt) 712
o Bl w57 AAsHE A= il 54 F NIV, DON
typel] 545 B A3t Ax}, 7271 -5 £ 68.06% 571 NIV
£ AASI o1, 31.94%2] 57} DON type Z4E AA5}
%It} DONSJ subtypeS A5t A1} 417%, 27.78%2] 457}
3-acetyldeoxynivalenol, 15-acetyldeoxynivalenol E4& A}

Disease severity (0 to 5)

JOS3-2  SAY2-1 SHY4-5 SJS2-3  SHS3-4  SAY1-2

SHS1-3

M Triticale ™ Wheat

Fig. 3. Disease severity on triticale and wheat when inoculated
with Fusarium asiaticum which isolates from triticale. The wheat
(cultivar Jokyung) and triticale (cultivar Shinyoung) were inoculted
with F. asiaticum at seedling stage. The disease severity was mea-
sured 7 days after F. asiaticum challenge. Bars represent meanzSE,
sample size n=10 plants per treatment. Different letters indicate
significant differences between treatments (P<0.05 according to
the least significant difference. The experiment was repeated tree
times with similar results.
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BT AT NV 547} ThE S w3 ul$ 7] A4
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o] AJAFsl= NIV typeZ=4-= DON type 549} v W3] =4
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A B4 ol JHNE SaleA o] et ¥
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Table 3. Trichothecene chemotypes of Fusarium species isolated
from Korean triticale

Trichothecene
NIV 3-ADON 15-ADON

Ratio of distribution of 64.6 46 30.8
toxin types (%)

Kind of toxins

NIV, nivalenol; 3-ADON, 3-acetyldeoxynivalenol; 15-ADON,
15-acetyldeoxynivalenol.

3 4 Gl OFAIE Al $i8) Bejo} Wel ALg b of
A|Q1 captan, fludioxonil, difenoconazole-propiconazole, hexa-
conazoled]| that oA g BAY o -5 ghelskct 2 59k
U F=7h -E iRl 75 2SSt HA A =S
2R3}ttt 1 A1, captan, difenoconazole-propiconazole
A 9 hexaconazoleo] Tt Wj/Ad- HAY5EA] AFStTh Fu-
sarium spp.2 3% 72719 #F= thAC Z captan?] AHE
A 5=21 2,000 ppm @2 viR|o|A] =5 vt At
527119] = dAPE AE A=A ¢FkaL, 2070 ol A=
Bt 23.49+3.55 cm & A S Hof ko] Mk gAY
87127191 42.5 cmzch 2ol FAA o] AT} gl Ao
2 "oz Qlth Hexaconazole?] 739 207 #5371 24 5=2l
500 ppmof| A AAZF A SHR o™ T AR = Bt 19.36
+4.63 cm O] BE-& Uetiio] A% 5% WellA AR A|
9ol Fel= Uk

Difenoconazolex} propiconazole &A1 2] 7-2- 247]2] o+
27k FAF S Bt A HEE B 1096£571
cm= 4714 oA % FAL AAIRIEo] 714 A e,
Fludioxonile] - A8 7 W A 43S Rk g2
of 25| Aol Alslol H 12461371 ] F
A AYS BR o, o] F 67 52 ¢ Bt A o]
47964315 cm©. 2 oFA] v]2l 23} v wato] Hhd S
71221 42.5 cm&] o]Ake 2 22} fludioxonilo]] Tt 2FA| #]
/o] AT o= Holo, ThE oFAof Hlsf oA AR <

A Ao ojd AL = HtEtH(Table 4). Park 5-(2012)¢] <
3} 2 110 2]8}HH fludioxonil %23t BE-oF3o] #3327} HiA|
of ujFe wiol = A2 Ao A At & Aer B
NECE T A= 2 At A3t 2ol S Bof A 109 A
o] U gt Al fludioxonilo] T3t tdo] BAERE Ao =
S h F asiaticum®] 2FA] WA ¥HAle) gt B 1= fludioxo-
nil¥gk olya} phenamacril, dfenoconazole, propiconazole
5] FAlA = Ha 7k HQick oFA] WA T ARle MYo-
SIN5O1U CYP51 5] 31212 Holof 27t Rofetar o Flth
(Li 5 2016; Yin 5, 2009; Zhao 5, 2021). 0|23t A1 2= &
2 ESEALAANE YA B3-S Fol7] Hsf Al et
W Y HUB P A A8 ASAe s AT 9ok
o] & Ao = Atk

O O
|

2 AFoAe ASE ARAEEA T840 T8k
ElAILONA AT F25goly A 58 %

o il 3o

4 type S A5 EejglAe] HELHO R G HsH
A SRS st B8 HeTYo] Fro) FoFAY
X ol g Btk 24, A2, A9, A4, A9 5 5

7N ESEAIY FFolA Bt 915%9] B WA olAtES B
o, A GUES 29.2%= U 1 23 ETEA
oA TS F25 7ol HES Faf 3.52%2 e
o} F2a 3ol A HE A= RE F oY 7t =
Eglom, o] F H2HFo| ¥ T 728 sttt &
2]t #32] e 9 internal transcribed spacer 1, translation
elongation factor Ta - 2#12] G714Q B4 Ay}, EEl
ol A Belet #+FEL A Fusarium asiaticum 22 57
Hok £ 8E #5759 54 types PCRS T3l #4]
3t A1}, nivalenol (NIV) type E4+ 64.6%, 3-acetyldeoxyni-
valenol-2 4.6%, 15-acetyldeoxynivalenol2 30.8% 2 tjH &
o] NIV typeE4& AYAS)= F asiaticum S =2 EA =}k &

Table 4. Mycelium growth length on Media that contain fungicide with optimal concentration

Difenoconazole+

Mycelium growth length (cm) Propiconazole Captan Hexaconazole Fludioxonil
Mean of mycelium growth length of total sample (72) 3.65+6.14 5.22+9.97 5.38+9.05 12.46+13.71
No. of over grow than 5 mm 24 20 20 72
Mean of mycelium size 10.96£5.71 23.49+3.55 19.36+4.63 12.46£13.70
No. of over grow than 42.5 mm (ECs,) 0 0 6
Mean of mycelium size - - 47.96+3.15
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< 5 o) VIR R o] A A 25 F0
Y EO] FoA| L k. EYEA Y 5

WAE 4= = SFFAI7E itk 2 AdoA= 2o
529 RIS hYO = ELALN EeE BTl
W #3359 oA WS 573 27} captan, hexaconazole,
difenoconazole-propiconazole $HA| = AL A7 oA 23717}
UL Fludioxonil®] 7-¢- 7270 o= 5 6709 7} A &
SOl A Bk SFAIST| 221 42.5 cmE 2 47.96+3.159]
A &S 2o fludioxonilo]] gt W/do] At o2
AU & d4t= Sl A A Bl B Fasiaticume]]
o3t EREAYY F25Fo WA Atdloln, B3t H2
Fol7t s F4 BlE 75k, 55 HAl &FAI7E 6l
= E gAY a2 YA} 7Hset WA uA ofA
£ AXB= a3 A Aol
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