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Species Identification of Noctuid Potential Pests of Soybean and Maize,
and Estimation of Their Annual Adult Emergence in Suwon, Korea

Jin Kyo Jung, Eun Young Kim, | Hyeon Kim and Bo Yoon Seo'*

Crop Cultivation and Environment Research Division, National Institute of Crop Science, Suwon 16616, Korea
'Crop Protection Division, National Institute of Agricultural Sciences, Wanju 55365, Korea

ABSTRACT: Adults of seven noctuid potential pests (Spodoptera frugiperda, S. litura, S. exigua, Ctenoplusia agnata, Mythimna loreyi, Athetis
dissimilis, and A. lepigone) of soybean and maize in Suwon, Korea were identified by their morphological characteristics in the wing
pattern and male genitalia and partial mitochondrial DNA sequences of cytochrome c oxidase subunit 1 gene. The generation number
of adults that emerge annually in six species (except A. lepigone) was estimated from the data on density fluctuations of adults caught in
sex pheromone traps in 2019 and the forecasted data using temperature-associated development and reproduction models for those
species. S. frugiperda adults were caught from July 27th to October 31st in 2019, and hence were initially estimated to emerge three times
per year. But, it was finally expected that S. frugiperda adults could possibly emerge a total of four times per year in Suwon, considering
larval emergence observed during mid- and late June in other areas. Adult emergence of S. fitura, S. exigua, C. agnata, and M. loreyi in 2019
was observed from May 29th to November 6th, from May 14th to November 6th, from May 26th to October 25th, and from May 31st
to November 23rd, respectively. Annual adult emergence of these four species was estimated as at least four times. Adults of 4. dissimilis
were caught from May 26th to September 11th in 2019, and adult emergence was estimated at only twice per annum. It was postulated
that the first adult populations of five species except the two Athetis species were probably migrated from other areas.
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Spodoptera

Ctenoplusia I Piusiinae
100, Ostrinia scapulalis (KX041354)

100 |Ostrinia nubilalis (GU093526)

L Ostrinia furnacalis (KF491966)

Plutella xylostella (EF380066)

elajdopidan

Crambidae

Athetis Noctuinae ‘ Noctuidae

Plutellidae

Mythimna

Mythimna convecta (HQ951045)
Mythimna separata (HQ951047)
Mythimna unipuncta (GU08T455)
Mythimna nigrilinea (HQ951064)

(GuU707279)

| 95

35)

Mythimna sicula (GU707416)
04 ——— Myhimna wrea (HMB74987)
L (KF491897)
Mythimna yu (HQ951074)
100 1M;nrmm.a favicolor (KX047308)
Mythimna pallens (HM405751)
100, Mythimna yuconensis (KJ386425)
| Myzhimna oxygala (GU091853)
Mythimna vitellina (JF415606)

P (
Mythimna conigera (HM872576)

impura
radiata ( )
y proxima
phaea
lalbum (HQ957779)

Mythimna reversa (HQ951049)
algirica (K
Mythimna acontosema (HQ951048)

1 3)
Mythimna albipuncia (GU686962)

Py (S

10

93}

Mythimna nepos (KU358718)
(MK019250)
Mythimna tincta (JQ979427)
Mythimna ferrago (GU686961)

72/ @ Mythimna loreyi (KX860187)
qgl. Mythimna loreyi 2(This study)

2 @ Mythimna loreyi (MK860952)
a @ Mythimna loreyi 1(This study)
%) Mythimna pseudoloreyi (GQ353296)
Mythimna curvula (GU073225)

Ctenoplusia

Ctenoplusia oxygramma (JQ605419)

limbirena

furcifera

100| @ Ctenoplusia agnata (KT988485)
@ Cienoplusia agnata(This study)
Cienoplusia ogovana (JN988513)
adiaphora (JX392662)

Spodoptera

100 | @ Spodoptera exigua (MK860945)
@ Spodoprera exigua(This study)
hipparis (H

albula (GUE58150)
Spodoptera ochrea (KJ634308)
eridania (KF261157)

mauritia (.

triturata (KJ634312)
99| Spodoptera depravata (JN261911)
Spodoptera deprivata (JN261912)
Spodopiera pecten (KX860418)

cilfum (
Spodoptera exempia (HM893111)
apertura (HQ950415)
100, @ Spodoptera frugiperda (MK860942)
@ Spodoptera frugiperda(This study)
latifascia
Spodoptera dolichos (GU163697)
Spodoptera praefica (HM867882)
(HQ571028)

(

Spodoptera pulchella (KJ634310)
lintoralis (HQ:

Spodoptera picta (HQ950412)

72, ® Spodoptera litura (MN457695)

2| @ Spodoptera litura 2(This study)

@ spodoptera litura (MK405372)

@ Spodoptera litura 1(This study)

Athetis

- Athetis furvula (JX411794)
a7, Athetls gluteosa (HM872905)
L Atheds patlusuls (HM386796)
Athetis maculatra (HQ950817)
Athetis (JX411796)

Athetis thoracica (HQ950803)
Atheiis striolata (HQ950813)

100 @ Athetis dissimilis(Kim J. Personal information)
4:”,—{. Athetis dissimilis(This swdy)
Athetls hospes (i
— Athetis reclusa (HQ950814)
&l Atheiis lineosa (KF491570

uil Athetis tenuis
@ Athetis lepigone (MF152839)

7
| | @ Atheus iepigone 1(This stdy)
75 @ Athetls lepigone (MF152842)
@ Athetis fepigone 2(This suidy)

Fig. 1. A neighbor-joining phylogenetic tree (A) using 100 lepidopteran partial DNA sequences (Seq.)(540 base pairs) of cytochrome ¢
oxidase 1 genes including 10 Seq. from seven species in this study, 85 Seq. from 4 noctuid genera and 4 Seq. from another two families in
the NCBI database, and one Seq. of Athetis dissimilis informed by Dr. J. Kim (personal information). The tree was constructed by
Nei-Gojobori distance method with 1,500 bootstrap replicates. Details of compressed subtrees of four genera, Mythimna, Spodoptera,
Athesis, and Ctenoplusia, are displayed in (B), respectively. @: species collected in this study; @: species showing 100% identity with the

species collected in this study using the BLAST test in NCBI database.
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H AEe 2131, BLAST A3} A. hospes7} ©F97.5% 0 2 &
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Fig. 2. Observed (below) and forecasted (above) seasonal
emergence of Spodoptera frugiperda adults in Suwon, 2019.
Density fluctuation of adults was monitored from May 11th to
December 3rd with a sex pheromone trap, and different gener-
ations were isolated through peak grouping. Two different lures
were utilized separately in the trapping. Next generations of adult
emergence were forecasted from the every isolated generation,
using a phenology modelling platform, PopModel (version 1.5)
(Choi, 2018), in which temperature-associated development and
reproduction models for this species were integrated (Supple-
ment table 3 and 4). The supposed first and second peaks in the
forecasted adult emergence were derived from data of larval
emergence in other areas. Timings of insecticide spray over half
area of the observed field are indicated by closed rectangles and
circles, respectively. For more detail information about insecti-
cidal spray, see the Materials and Methods.
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Fig. 3. Observed (below) and forecasted (above) seasonal emer-
gence of Spodoptera litura adults in Suwon, 2019. Density
fluctuation of adults was monitored from May 11th to November
18th with a sex pheromone trap, and different generations were
isolated through peak grouping. Next generations of adult
emergence were forecasted from the every isolated generation,
using a phenology modelling platform, PopModel (version 1.5)
(Choi, 2018), in which temperature-associated development and
reproduction models for this species were integrated (Supple-
ment table 3 and 5). Timings of insecticide spray over half area of
the observed field are indicated by closed rectangles and circles,
respectively. For more detail information about insecticidal spray,
see the Materials and Methods.
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M WS JO 7% ¢kil(Dai et al., 2017; Kim and Song,
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Fig. 4. Observed (below) and forecasted (above) seasonal emer-
gence of Spodoptera exigua adults in Suwon, 2019. Density flu-
ctuation of adults was monitored from May 11th to November
18th with a sex pheromone trap, and different generations were
isolated through peak grouping. Next generations of adult
emergence were forecasted from the every isolated generation,
using a phenology modelling platform, PopModel (version 1.5)
(Choi, 2018), in which temperature-associated development and
reproduction models for this species were integrated (Supple-
ment table 3 and 6). Timings of insecticide spray over half area of
the observed field are indicated by closed rectangles and circles,
respectively. For more detail information about insecticidal spray,
see the Materials and Methods.
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Fig. 5. Observed (below) and forecasted (above) seasonal
emergence of Ctenoplusia agnataadults in Suwon, 2019. Density
fluctuation of adults was monitored from May 7th to November
18th with a sex pheromone trap, and different generations were
isolated through peak grouping. Next generations of adult
emergence were forecasted from the every isolated generation,
using a phenology modelling platform, PopModel (version 1.5)
(Choi, 2018), in which temperature-associated development and
reproduction models for this species were integrated (Supple-
ment table 3 and 7). Timings of insecticide spray over half area of
the observed field are indicated by closed rectangles and circles,
respectively. For more detail information about insecticidal spray,
see the Materials and Methods.
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Fig 6. Observed (below) and forecasted (above) seasonal
emergence of Mythimna loreyi adults in Suwon, 2019. Density
fluctuation of adults was monitored from May 7th to December
3rd with a sex pheromone trap, and different generations were
isolated through peak grouping. Next generations of adult
emergence were forecasted from the every isolated generation,
using a phenology modelling platform, PopModel (version
1.5)(Choi, 2018), in which temperature-associated development
and reproduction models for this species were integrated
(Supplement table 3 and 8). Timings of insecticide spray over half
area of the observed field are indicated by closed rectangles and
circles, respectively. For more detail information about insecti-
cidal spray, see the Materials and Methods.
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Fig. 7. Observed (below) and forecasted (above) seasonal
emergence of Athetis dissimilis adults in Suwon, 2019. Density
fluctuation of adults was monitored from May 11th to November
18th with a sex pheromone trap, and different generations were
isolated through peak grouping. Next generations of adult
emergence were forecasted from the every isolated generation,
using a phenology modelling platform, PopModel (version
1.5)(Choi, 2018), in which temperature-associated development
and reproduction models for this species were integrated
(Supplement table 3 and 9). Several adults of A. /epigone were
caught accidently in sticky traps of other unrelated species
installed in the field, and its numbers are indicated with open
circles in the figure. Timings of insecticide spray over half area of
the observed field are indicated by closed rectangles and circles,
respectively. For more detail information about insecticidal spray,
see the Materials and Methods.
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