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Sensitivity of Exserohilum turcicum to Carbendazim and the Fungicide’s Efficacy

in Controlling Northern Corn Leaf Blight in Thailand
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ABSTRACT

Northern corn leaf blight is caused by Exserohilum turcicum. The use of carbendazim in
combination with demethylation inhibitor fungicides is included in the recommendations for
controlling this disease in Thailand. However, the efficacy of carbendazim against £. turcicum remains
unclear. This research assessed the sensitivity of E. turcicum isolates (n = 36), collected during 2021-2022,
to carbendazim along with sequence analysis of the R2-tubulin (Tub2) gene at codons 167, 198, and
200 of the E. turcicum isolates with the highest and lowest sensitivity to carbendazim (n = 2/ group).
Field efficacy of carbendazim and other fungicides for controlling £. turcicum in sweet corn was also
determined. The results revealed that approximately half of the E. turcicum isolates exhibited ECsg
values exceeding the established baseline sensitivity (1.23-8.70 pg/mL). The frequency distribution of
ECso values showed a unimodal distribution with positive skewness, indicating a shift towards reduced
sensitivity in the population. Sequence analysis of the Tub2 gene revealed no differences between
the isolates with the highest and lowest sensitivity to carbendazim. Field trials with natural infection
revealed that carbendazim (50%SC) was less effective at disease suppression compared to
tebuconazole+trifloxystrobin (50+25%WG) and azoxystrobin+difenoconazole (20+12.5%SC), applied
at recommended rates. These findings suggest a decline in sensitivity to carbendazim within the
E. turcicum population in Thailand. The control efficacy of carbendazim on E. turcicum was relatively

low compared to the other recommended chemical mixtures.
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Table 1 Identity, location and GenBank accession numbers of E. turcicum obtained from this

study during 2021-2022

Location

Isolate code (GenBank accession number")

Nakhon Ratchasima

ET-NMA-9-1-1 (PV436745), ET-NMA-10-1-1 (PV436746), ET-NMA-15-1-1 (PV436747)

Ratchaburi

ET-RBR-1-2-2 (PV436748), ET-RBR-6-2-1 (PV436749)

Kamphaeng Phet

ET-KPT-1-1-1 (PV436750)

Tak

ET-TAK-1-2-1 (PV436751), ET-TAK-8-1-1 (OQ733355), ET-TAK-10-1-1 (PV436753),
ET-TAK-11-2-1 (PV436754), ET-TAK-12-1-1 (PV436755)

Mae Hong Son

ET-MSN-1-1-1 (PV436756), ET-MSN-6-1-1(PV436757), ET-MSN-7-2-1 (PV436758),
ET-MSN-8-1-1 (0Q733356), ET-MSN-10-2-1 (PV436759), ET-MSN-12-1-1 (PV436760),
ET-MSN-14-1-1 (PV436761), ET-MSN-16-1-1 (PV436762)

ET-CMI-2-1-1 (PV436763), ET-CMI-12-2-1 (PV436764), ET-CMI-19-1-1 (PV436765),

Chiang Mai
ET-CMI-21-1-1 (PV476778)
chi Rai ET-CRI-1-1-1 (PV436766), ET-CRI-3-1-1 (PV436767), ET-CRI-4-2-1 (PV436768),
iang Rai
s ET-CRI-6-1-1 (PV436769), ET-CRI-7-1-1 (PV436770)
Lop Buri ET-LRI-1-1-1 (PV436771)
ET-KRI-1-1-1 (PV436772), ET-KRI-4-1-1 (PV436773), ET-KRI-6-1-1 (PV436774),
Kanchanaburi*

ET-KRI-7-1-1 (PV436775), ET-KRI-9-1-1 (PV436776)

Nakhon Pathom* ET-NPT-1-2-1 (PV436777)

Y Accession numbers of specimens deposited in GenBank (NCBI), * Samples were obtained in 2022
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AulIeA1IANTIUUAITHEINIAT baseline
sensitivity @ 1WA ualelsiandaulng finns

Usumlpeiiszaunnulifeaisasiuunduanas

(%
= 6 A

feoraduteoushinmefauumesaeiugides
figunusearsasivundululsznndes
nelsaluludunalugvesdilnaluussialneg
o114 He et al. (2020) I¥danguawladioans
ASLUUANTUTDN S. sclerotiorum Wae B. cinerea
Tnendafiuansan ECs; tioundn 1 pg/mL dnoglu
nquileftlasoasiall (sensitivity) liofiuansdn
ECso 110N31 1 pg/mL wsitdoendn 10 pug/mlL dnag
Tungusumusieansiedluszius (ow resistance)

WoluansA ECso 11nA71 10 ug/mL uatiasnin
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100 pg/mL Ynaglunguatuniuseansiad by
seauUIunaie (moderate resistance) LAl
LaRAIAT ECso 11NN37 100 pg/ml ﬁ’masﬂuﬂq'm
¥ 1 = . . Q’J’ dy
AIUNIUABATITLAU G (high resistance) N aU
NuUITdnul eauliseansasiuuaguly
ynlelelanvauiosmMagaukanIA1 ECso 11NN
v & I Pl .

1 pg/mL dstiueraululardn £ turdicum ynleluan
ldl a o JQJ 1 1 v 1

Aunulalunuideldneglunguduniuse
A15ANS L UUANTY 1AL 851 50% N1 59USIU U
NUIATIL A UNIUAE1TANS L UUATUTUSE AU

Urunanaiiag fsdu nsldansasiuuanduead

Mean + SE = 62.30 + 24.59 ug/mL
Median = 10.24 pg/mL

>

o
&

&
2

= 27939

= 20874

== 5364

e 70,19

1502
140
120

EC,, values (pg/mL)

=

S ——

. === p-value = 0.078, range of EC5,=1.23-8.70 ug/mL
: (n=17)

p-value < 0.010, (n=19)

Frequency

-
|
sl ]

Figure 1 Sensitivity of E. turcium (n=36 isolates) to
carbendazim. (A) Carbendazim sensitivity
of each isolate represented as ECsg value
(ug/mL) with mean+SE and median. (B)
Frequency distribution of carbendazim
sensitivity in £. turcicum population (n=36).
The Shapiro-Wilk test was performed for
a test of normality, and p>0.05 indicates
normal distribution of the data. The range
of ECsp values within the normally distributed

data represents the baseline sensitivity

UszAnsnmsilunisauauidonelsalulud
unalngluunsiiufivessumalne eflmantside
atuilaonadpefusuideves De Rossi et al.
(2015) Fanuindesnelsalulndunalngdriine
nnleloanisusalfanuszmaenauiuuay
us¥adnegylungulilidearsarsivundy
(carbendazim insensitivity) Wag3gy31815.A%

srananluiduiuse £ turcicum

2. nMsasrvdevanuindlalnaudiaduiudi
yyau2 luleleianiluansdn EC50 Auazgegn

lelmandoniiiamalwoansmiuumas
qeaALanIA ECsoaneantolaianid a9l
anuladeaIsasiuuadusnaniia 544.8 Lvin
Famsremevanuigiuiinelii seduanulasie
415075 UUAIT T wANE1IT LR 19N TENTINS
é’hLmulaIszLam%aiwﬁlwiamimﬁﬁwqmLLazqqqm
Tugesduusnijy 9130a1LUALANIINNITNAY
U naB Tub2 Adumidlaneu 167 198 uaz
200 9 nnisenuanuilndlolvea usiudu Tub2
¥0uT 051 £ turcicum lelsian MSN12-3-1 uay
KRI6-1-1 Fanansanuladeansasiuuaduman
wazlolean NPT1-2-1 wag MSN7-2-1 & audnq
rubwieasialigege swdaduindlalng
vosdudana91nden £ turcicum anowug
Et28A (accession number = XM 008032318)
E. turcicum isolate ET001 (accession number =
KU670340) way E. turcicum isolate Et-09
(accession number = PV778075) Wuin 1385114
7 lolgian wansarwnuilindlelnausnulanou
167 198 wag 200 1idlaunu (Figure 2) Ingfuinus
Tanau167 wunswlasiansnezd luvilalnlsdu
il Liu etal. (2019) FIg9uieglLuUNINaTY

v & a a v a a o |
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nfidaszardu (AW swdulnlsdu 4
APUFUNUS A UAIIUA TUNIUAITANT LUUAT Y
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fuguvunsnaneiugdu q lulssrnades
F. eraminearum n®lsA Fusarium head blight
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ATl nunsnesdTurdalvlsdu 7 duns
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ET001 wag Et-09 (Figure 2) saudislolotandu q
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v < 1 o 1 Y] 1 =1
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Neurislanaudu 9 909 Tub2 $21A8 D
YeensAnwiliseungudsnalnnisiuniuens

AU Faluguuuudu 09 fanunisuanseen

vesB N TMUANTas MlusAvlungu ABC transporters
A o v P & .
wievhanudnlatienalnueadest £ turcicum

Tunsususieanseauanulimeass LBy

Y
167
Et28A CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACATACTCGGTCGTCCCCTC 60
ET001 CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCTACATAGTCGGTCGTCCCCTC 60
ET-09 CTCCAAGATCCGTGAGGAGWCCCCGACCGCATGATGGCTACATACTCGGTCGTCCCCTC 60
NPT1-2-1  CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATG GCCACATAGTCGGTCGTCCCCTC 60
MSN 7-2-1 CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATG GCCACA TAGTCGGTCGTCCCCTC 60
KRI6-1-1  CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACATA _G:TCGGTCGTCCCCTC 60
MSN 12-3-1 CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACATA __,QTCGGTCGTCCCCTC 60
e e e e e e ol o ke b vl e e ke ol ok ol ol v e o ok sk ok e sl e o ke ke ok e e dle e o gk e e i e ook e ok ol o vl e vl o o s e ok o e e e e o ok e e e
Et28A GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
ETOO1 GCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACCCTCTCCATCCACCAGCT 120
ET-09 GCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACCCTCTCCATCCACCAGCT 120
NPT 1-2-1 GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
MSN 7-2-1 GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
KRl 6-1-1 GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
MSN 12-3-1 GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
dkhkk Ak ko ko hkkkdkdkdkdkkk dkdkk kb dkkrkw ko d Ak dedkddr koo dedkokde ook dde ok ke ok
E F
138 200
Et28A GGTGGAGAACTCTGACGAGAC({JTGCATTGACAACGAGGCTCTCTACGACAT[TGCAT 180
ETOO1 GGTI'GAGAACTCTGACGAGF;CC'ITC!'GTATCGACAACGAGGCI'CTCTACGACATCTGCAT 130
ET-09 GGTTGAGAACTCTGACGAGACQ’H_TGTATCGACAACGAGGCTCTCTACG&CATCTGCAT 180
NPT1-2-1 GGTGGAGAACTCTGACGAGACGTTGIGCATTGACAACGAGGCTCTCTACGACATTTGCAT 180
MSN 7-2-1 GGTGGAGAACTCTGACGAGACC_C!I‘GCATTGACAACGAG GCTCTCTACGACATTTGCAT 180
KRI 6-1-1 GGTGGAGAACTCTGACGAGACCTI’CI’GCATTGACAACGAG GCTCTCTACGACATTTGCAT 180
MSN 12-3-1 GGTGGAGAACTCTGACGAGACCWUGCATTGACAACGAG GCTCTCTACGACATTTGCAT 180

Edk k‘kx*****\\***\Ex****r*\\*x**\kwu kw kkkkdhdrEadkhidbb kR i kb hhhkhdd khkdkw

Figure 2 Comparison of nucleotide and amino acid sequences at codons 167, 198, and

200 in the partial

nucleotide sequences of the E. turcicum f3;-tubulin (Tub2) region among the most highly sensitive
isolates (NPT 1-2-1 and MSN 7-2-1) and less sensitive isolates (KRl 6-1-1 and MSN 12-3-1) to

carbendazim, alongside the reference strain £ turcicum Et28A (GenBank accession no. XM _008032318),

E. turcicum isolate ET001 (accession number = KU670340) and E. turcicum isolate Et-09 (accession
number = PV778075). Mutations at codons F167Y, E198A/V/G/L/K/Q, and F200Y in the Tub2 gene are

commonly associated with resistance to carbendazim. Asterisks indicate positions with identical

nucleotides across sequences, while red letters represent nucleotide polymorphisms observed in

certain isolates

3. Ysgndamvasaisiaiilunisaauaulsaly
wuasugn
Uszdnsnmnismuaulsalulusiunalvg
v A a & . v
YIINNATLAANINMBSI E. turcicum Tut13tng
NIUN UG Lausng3 wazlauind59 da1ny
d@anAananu (Table 2) NNSRANUANTANSLUUMTL
= a a a v v 1
Juszansnmlunisasnisiialsalatasninnisg
= 1 = 1 = a =
AANUANSLATINALTENINDEYRNTALATOU+ AT LU

Taunlea waziiylaulea+lnsnaendalnstu
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Wuggouwe (35105aluazAng, 2558) WU
Usgansnmlunisanlsaresansasiuunuton
nIInMs3aviuansiAtnaua 2 n55u3E 2.82 uaz
1.74 W1 @U@ @1usunisnadeulundas
F1lnAnURUSlEusNg59 nudn nsdeniuans
ASLUUAITLLEnIUsEANSAlun1sanlsatlay

1 a 1 = 5 aa
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1.35 Wi snuaau Natlansiedinauesaendalasiur
loiluleunla wasiiylewlea+lasvaondalasiu
I = J 1 a1 1
Juasiadnausenitanguansiadaiengunaln
£ = v = !
N3BRNEVS PeUsenaumBanTAlaNNgy DMI uag
Qol lngansiaiinauNnguAIna iU ansam
gelunsmuaulsalulndiunalugdlnaluwdas
Ugnuesansizoisni (Weems, 2016) silansiall
= o 1Y) 1 |
Fanuzgdnn en1sdanislsaluludunalug
Tudsgmalnedudanui satesdungunaln

N1590N495 3na U 3 U L wn g MBC b un

ey nga DMITsIuA Teitlulensilom Tnsiilennlssa
fiylaulea wazdnendlaulva uazanngu Qol
8un exwondalnstiu uazlnsvaondalnsdu sl
AMarssaazang (2552) S189U71 ASRANUENT
AfLuunIdunaniuatssnend launlea @13
pygandalasUunaunuasiailulauiloauwazans
Tnsilauloaidui oo unuainisveslse
wansuseans nnlunisdesiumdnlsalulugd

unalvievesimlnalan

Table 2 Efficacy of fungicides in controlling Northern corn leaf blight caused by Exserohilum

turcicum in sweet corn cultivars, Hy-brix3 and Hy-brix59

Treatment Application rate/ Average leaf lesions/plant” Disease reduction?
1 L of water (%) (%)
Hy-brix3 Hy-brix59 Hy-brix3 Hy-brix59
Carbendazim 1.5 mL 31.11+2.11 ¢ 22.12+1.67 ¢ 18.65 39.79
(50%SC)
Azoxystrobin + 0.5 mL 18.16+1.05 a 15.88+1.02 a 5251 56.78

difenoconazole

(20%+12.5% SQO)

(2.82-fold)”  (1.43-fold)

Tebuconazole + 0.6¢ 25.82+1.68 b 16.98+0.65 b 32.48 53.78
trifloxystrobin (1.74-fold) (1.35-fold)
(50%+25% WG)

Water 38.24+2.83 d 36.74+2.30 d

Y Means+SD in the same column followed by the same letter are not significantly different at the 5% level, according to DMRT

¥ Disease reduction (%) = [(Disease in control — Disease in treatment) / Disease in control] x 100

¥Values in parentheses represent the fold decrease in disease control efficacy of carbendazim relative to fungicide mixtures,

calculated as: disease reduction (%) of fungicide mixture + disease reduction (%) of carbendazim

aila nsldansansiuun@uiianisaiuay
Lsalulndunalugusinglunuidsuasaiuusii
Ao | fa o ° % & a
nilagusauiy wuzihildarsasivunduly
1Y ! 'y a | Y 1 a A
anwazsmvasaiainngy DMI lawn Swend
Taulaa A9y ASANWIUSLANS NI NUeIans
ANSLUUANDUAS D lUAITRANT UL ANNSSUITAS

aanulugUuuunanivaisnay DMI LiveyseLiiy
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aoandoafuMuuriidogiiunieli Toya
aananaziulsslevilunisusulauuimnienis
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mlnalulsswelvelasg ey uazaenad og
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Usen560951 E. turcicum Thuiluianad
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