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Estimation of Adult Season of Occurrence and Annual Generation Numbers
of the Asiatic Pink Stem Borer, Sesamia inferens (Walker, 1856)
(Lepidoptera: Noctuidae)
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ABSTRACT: The Asiatic pink stem borer, Sesamia inferens (Walker, 1856) (Lepidoptera: Noctuidae) is a pest that attacks rice stems. In
this study, we estimated the annual generation of insect in several regions of the Republic of Korea. Adult trapping using a sex
pheromone trap detected the occurrence of S. inferens adults in the three northernmost areas around 38° latitude and showed that the
insect inhabits all of Korea. In most areas investigated, the seasons of the adult generations estimated using the single-sine degree-day
model did not deviate from the corresponding observed seasons of adult occurrence. We estimated that the overwintering larvae
hypothetically-estimated using the model could be originated from the last generation of adults. When larvae collected in paddy fields
during the autumn season in a few middle and southern areas were reared at 25°C, ca. 70% of pupae did not show additional larval
molting before their pupation. All larvae collected in early March in a southern area (Goseong, Gyeongsangnam-do) pupated without
additional larval molting when reared at 25°C. Based on these results, we presumed that S. inferens could overwinter as mainly the last
instar larval stage in the area. Taken together, we conclude that S. inferens primarily has two generations per year in areas around 38°
latitude, and three generations in the areas between 35.3° and 37.3° latitude. In addition, approximately 35% of insects captured by the
sex pheromone trap were species other than S. inferens, as determined by analyzing the nucleotide sequences of the cytochrome ¢ oxidase
1 gene. These species were not morphologically misidentified as S. inferens.
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3% A, AF Akl

v Sesamia inferens (Walker, 1856)) (Shbiah)2
A 2502 WK Poaceae), AT Cyperaceae), AAFs}t
IH(Cruciferae), F-=HTyphaceae), E-&1HLamiaceae)ol <
T 90FE] AEES 7IFE 5, o] 800 F0] Hiof] &
3Qith(Khan et al., 1991; Liu et al., 2011). <=0 A= ¥(Oryza
sativa) 1£0] 7|FAEZ B 1% tHPark et al., 2006). A=
ZHE 220l = W9} 243 Zea mays), AVE(Saccharum offi-
cinarum), Y(Triticum aestivum)©] L 1|5} ZHE 2 H 11E]0]
QJtH(Kaur et al., 2015 ; Singh and Kular, 2015; Shimizu et al.,
2018; Huang et al., 2020).

o] B £71E 7hefste] Uehuhe s o]akgut
W(Chilo suppressalis)(EZ g HE) G300 SJgt Hset AL
S, F3ol B £7] SlollA Adalsto] ol A=A 717} vt
2= &1lE(dead heart) A7} <3t AEAH oA o2 &7
o]7} A}A] oF= o] A4, white head) AFO &2 VERdTH
(Banerjee and Pramanik, 1964; Pathak and Khan, 1994).

BRRLPS 1] 0(QUEY| Ao} derhel ) Re] 28] 43°
(2 F7ko|12) Afoloh, 57 T0°(37| 28 7 159°(& 2 2]
%) AfollEER M7 156°(5t2tolle] ofAlof x|ejz} @ Ao}
Uol A19¢] e HEolA A E=Tl(PlantwisePlus
Knowledge Bank website, N.D.), 71 T F- 522 £.9] 33° o}gjj&
O] ofAJo} x ot f-efitetoll= FEhe] A A Hu} H3tolA|
A E L= 7] 20] 9] 2 U(Kononenko et al., 1998), 3|2 ¢l
i IR e S5 354 Shijiazhuang A|(38.2°N,
115.2°B)ollA 39 5 S5 £7] W& QoA Dgshe B
b 52 2 Rivhs 2aE w2tk (Zhang et al., 2019),
o A]oo] A&H 27t Fot= HolA|= A HollA] Y
o] S #55to] AHhE o= 7Fsdol Sl= A9 7H
A9 A Sole}. vigple] YEFH S el = =
59132° 5-235° A oA A& 5 AHE F5olA W2l
B Mxlo] B 1% 6] QItKSun et al., 2014; Huang et al., 2020).

=U|of| A1 Bae et al. (1969)©] 1960 ATl 30T HAE 2
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Al

A& YeRith 24 A oA SRS Y] fraA ke d =
Aol

5°C ARFAIM -3 2] glo] §5Fsto] o] A Helx=F= A

: vl Sesamia inferens (Walker, 1856)|(VH] & whi ksl o v 2712 788k s 5ot} 2 Q7= U] © 2| dojx] vjahipike] &
T Fg8ISiTh 59 38° F2o] Al A Gelx] uih bl dFe] gH| RRER ) ZEQIT) o] I BLE A GellA] Bhubo] A4t

Hdg 349 A A% 2 A7l B2 AT Aldie] B A7)

7 9Igiek. o) WAL Aol FHE WERFE A% oA AR E £e0% b5 o] Arkn YT FHAGol H 5
N AL E FFEE 25°CANA AR SGE o, WZ1e] o 70%7} 8344 £-5 D18 Holx) ke A el 39%) A0 &
B )2 A5 A0 R FYET RE A0S Sl wph by
9] 38° 72 Aoz F2 2400, 39] 35.3° ~ 37.3° Ale] Ao 30 A A0 = AEAIT WER, AEE ¢ AohEz |
Aahe] Q171 28 B At e 2RE o] £98 £9) 35%7} T 20|91, o] e Fehdo 2 vivh el 255 elskh

o
1o

fd
o

Sk 2 W= AsHE S 71004 A3 s
ore] WA(HAA A2t A4 2o ARsdt At

|
sjhubro] A5 3AE ke 4= 91 aL, SAT el 331712 A )
= 0] FRIE| Tt

FE FHEE AHe
B ZAoA] Slo]AH(uls) HjSE W Hof|A] olshg bt

AIH=FA E Aol A
U w0 Blo|at ]a)7} o] shgubat vinhubo] Fd
] Aol ] Zro] A AlstHA] Zsfiste] AL, HRh
T A4 07 HIRE S 7S YR o] 3152 AH
EAS & g7 Y8l o] 320l A MR Eet S AEE
4 A E E A oA 7SI o & & Abe] ¥ E7] A=
oA o] M B =] 2AFSHITE T, 2012 ~20141d A}
o] A7|wet F, AE, X, A A ol 4] vighpe] Ao
E £/J(Nagayama et al., 2006)S ©]-8-5Fo] oA 22
AU REEYRO R vidhb A5 WA BHXIskaL WAy A7)
£ ZAPHRITE. 0]%20201 8 720219 591 38° Q17 A H oA
Ju| 2EERS o]-8-5to] g A] HollA] miiib A o) Ay
A71E ZAFSHALE. o] o]l 153t =318 T A= F 0]-8-51
=W HEh Qs 5491 4F T A7) 2 S Al S
sl S AlwEgt Avkg Harghc) 2 Fatol A Hrhy
of sl &A= olu(Yang et al., 2021), Bt-Rd4-=
215 FAAS ¥ HGLE0] 423 %] 0}(Gao et al., 2010; Han
etal., 2014), g 2| ol 4] vihfrre] 9jF o] S7ket A o
2 Hlck @A ol A HEh o] 328 50 R FRr o
QA pFot 71 i do] Sk Qi RS, = ALY A

B

H



BEQE A

2011378 2013 87k4] 7t A Apolofl Hebd e F3
(35.15°N 126.33°E), HeH5E= #4K35.55°N 126.50°F), 53
W A 7(36.07°N 126.41°E), 7445 141(34.58°N 128.20°E)
ol ¥ oA B E7121 Huhhyat ol ud Hs-
T Askolnt. vl 22t Hlojli= ot w7t Sl W &7
ollAf 3 712 BEHAA AU, 52 5 dobole H
W5 &7 Qbefl dotgle 755 A stk Table 1). 5 52
AR4E 217F 2ARHAL, 2012 109 18 AT | g
AR EER 257 2 5 OB Fo AAEES 7R
t}

ANYE FFES THE S YU R edf

2 Aol N AU §55S 0] £ B 2Jekfst
Ho g2 FA} AR AT AR (25+£2°C, 159 h =
light:dark, 60 + 5% relative humidity)o}| 4] A3-3}$1CH Table
2). & dF MNAIES 259 ofe] W2 wEksty] 8l oF
Q]9 T Aol A ARSI =T|(Table 3), o] A2 2
ZBYWN Ostrinia furnacalis)(ZH U (Park et al., 2017),
Sl Helicoverpa armigera)(RP8P(Jung et al., 2015),
L Matsunuraeses falcana)( o LP(Jung et al., 2014)
of ofe] B AN ] AL I BT 5 Ushede. T Bol
A A 48 Sk~ U3H-L7](50 mm in diameter x 10
mm in height) (SPL Life Sciences, Pocheon, Korea)o]] ©]3}4
L o] IEAE(Jung etal., 2021)E Al53HaL 33 B
Wb 52 AR AN Ul 2kl S}
AP o 5LE 71581 AL W7 |7 A ES, Y] o B E
35 FASHITE Aol A AR Ao = R E 93 A
MAES o-&sto] A& A= o TS A S3ch

MNEIE ¢ MIEA 1 REX S7|ME 2M

20119 94 ggollA A3 E = 8utl(Bh 5, o8k

AL 3)eF A AR F-F 120k (s 12)mt2]of] TSy
AW A% viz A|EAF ¢ Ak F471 1 (COX) 9 g
H71MEE st f-5oll41) Al DNA &3 Cl-J-
17513} C1-N-2191 =ZzZ}o|H(Simon et al., 1994)& o]&3t
COX1 HEY7|A4E ZZ 2 Seoetal. (2012)2] B} 5
Uztoich FEARES Euta R Ao 2)2]3}o] 408 ~ 409 bp2]
AEe sisstal mls=HAEY HAIE(NCBI) GenBankof]
177§ A G (accession No. JX020958 ~ JX020974)- WL}
S 2 37 AYE(IX020955 ~ JX020957)2 o|shgLiloE &
S5 ckFig. 1). ghd wHAtell A - E 2012 10 18
Z 10121942013 1931 {520 (7 ol A 70% ol e
= &0 Hyh 520219 WG =} A, 3ol 4
H2EEHMY A5 T Aol 294 B|EATS
3 A4S diFR(BAIN & s 2ol s LCO14903}
HCO02198 Zz}to]w(Folmer et al., 1994)E 0]-8-3}o COX1 H
H714 2658 bp)= =53t o] A2 Jung et al. (2022b)
S war 2022 A0 s Aol 3= ]Itk olF
AFe] -5 3utE]of| Al Bl A B2 GenBankol i o =
53 H0Q568696 ~ 0Q568698) (Fig. 1).

=g 5 A LD A 23700 20, o] ShE LR 3)9)
GenBanko] 4] B{uFLb}o 2 S 25 25 A2 17§ (HM160125)
o} ojgtguplo 2 SEE AEAR 17§(AB238203)2] A
2 MEGAI119]|4] Clustal W= A &3d}o] X5 391 bp 2 Y20
pair-wise 3} Kimura 2-parameter =8-S Z}-2-514] neighbor-
joining (1,500 bootstrapping) W0 2 3 A A2 7|4te] A%
T 5 2431t Tamura et al., 2021). = AQ Afo]o] §-74Z]
A ZFEMEGA11 Z 2 130f| A pair-wise 4] © & Kimura
2-parameter X2(1,500 bootstrapping) & F=743}o] 3=t

= e w2 AJAISHA] FSkTi(Fig. ).

2021 | =2 EqYo] 2 H 55 5 B 0] €9
H|3£2] F5-2 GenBank BLAST 7S AAISHIL 5-8A4 Dol
A1 99% o] A FAER SR1E F2 i o=, 1 0]
Sko] FAHEE HQl T2 A 78 Foll LA Fol
Uola, 3 470 $0.2 o)z st e AHe
B % SR A5 ok Table ). 155 A 5 o
UHRE0|(Chilo luteellus)(ZHWEIHE &elE A
T GenBank o]l 553 AtHOQ568168). HRILFR) /45 Al &0
3t A A= 2 Aol AIAISHA] gkt

1o [z

oL

tlo

A5 A 4 ZE E9E olgalel BB,
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u]7] Qbel WERI A 4% FUE HHRE D-1-hexa-
decenyl acetate 2} (Z)-11-hexadecen-1-010] 3:1 H]&-2] B{ghL}
H A 9] Ju| 22 24(Nagayama et al., 2006) 2.2 43}
TS ol g alo] AT 5 1 g ol7lo] Woiek. SHAISHHE
(purity > 96%)-> Shinetsu (Tokyo, Japan) 2 F-E L¢3}4i ).
w]7]o]| = 3}AFSHA| 2 butylated hydroxytoluene (99%) (Sigma,
USA) 1 mge F7FsH3ieh WA 2= 2707H(8-9 mm)
(Chemglass, Vineland, USA)E A1&-315ch E3Y GEj= 73 7]
= 229(37.29°N 126.95°E) (2012-2013)7} 0] H(37.31°N
127.51°E) (2014d), Z21h20121d) AJAF 22415(36.77°N 126.48
°E), 7FAF2](36.75°N 126.36°E), §-%J(36.60°N 126.50°E), 1 &
(36.50°N 126.58°E), A]#1(36.12°N 126.68°E)of| A= ILo]
& o] 71| E34(Gaia, Suwon, Korea)2 ARE-8} 11, AE(2012
W) o24K35.97°N 126.86°E) 1} 214K35.94°N 126.93°E), A'd
Z32(34.65°N 126.79°E) (2013) 7} L}55(35.03°N 126.82°F)
(2012), 7Ad HK35.49°N 128.74°E) (2012-2013¢) 2
20207} 20213 9] 7] AA#(38.06°N 127.07°E), A A| 4
HI(37.96°N 124.71°E), 7+ 11A41(38.45°N 128.44°E)of| A
+= PELE FH(GreenAgrotech, Gyeongsan, Korea)2 AME-31%
ok EYE AL A0 2~ 47 WhEC = A8, 7 27
A HHEE ERISE 7~ A4 m 7HAE Foloh Wi o= oF 1S

km ol & Aol 217} 5t o] Edlo] Ak vl

s o= mAEklck 4% £ S 19120 R0 R
L ERL TR ERDE R RS ESHEET
2 Lo} 2449 AJo]o] WS 2 gLo = AkEste] e
AT Fig. 2 and 3). L Aol AL 4] wihbs

MicH ZRH ot SHZF Mo 4~ B

oXx

A oAb 2R A R e b Ay 4
bk o] o] Bac etal. (1969)7+ f<15-0.2 7

J&%@j%mlm
N - =
R am u@iﬁd ol
= 2 &
XN op o
' & o

o

il

I
2l
o

11 ES 7 85lo] T Al B o) H Al
Ak Al AL sz o2 &
91 t(degree-day) W& AMEISTL, Q191 HulLbY
ke 5 5 29} 7 LS ol el Tl

(single-sine wave) B (Baskerville and Emin, 1969)
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o= AGith dY R YE e AT EAE 22T
#(Microsoft Excel AME)< o]-§-5to] Al4iksoiT

H gTtof A wuhpake] A EhS-2 = (lower development
threshold, LDT, °C) 2 11.90°CE A &3} =1, ©]+=Selvaraj
et al. (2015)0] WEFUHF QA=A -2 tAFO 2 18 ~33°C
967 =5 o83 Aol 470 TSN, AR 75 2
5, M7 E WeE5wet 220 A3 BAZ AN E
FALE L5 & Aol Bateh grolslnh &, f5(&
S 2 5 7IRE R, HHl7], uldsE Z2ke] ol 2
83 2ETHK, °0), =0 U359 A% vl=#A|(Camp-
bell et al., 1974; Shi et al., 2010)°]] =7 3}o] Selvaraj et al.
(2015)0]|A] 7+ 25(T, °C)E 2 T2 FHE5717KD, days)
of £19] FF HALE 25 2R 2= gh2 w3l Folxl gt
55 Batoho] T [K =D x (T - LDT)] (Table 5). A 24
ool mloA] vppe] BES AFRhe L Selvaraj e al,
(2015)2] AA| n| <) 2= Whg<4 4172 TableCurve2D
I 2 II(SYSTAT, Palo Alto, USA)(Jandel Scientific, 1994)
of| A Lactin-2 X &(Lactin et al., 1995)2 #-&3}o] =43 7k
©142.7°CE &8stk

Al 282, 2F 2 oflA] o= 23t 8h7] 717k A2
N EEYLS 7S 2 S e R o Al 59 &3 71
22 Aoz ol At el Edsh= 7IRe R
Astoich v 50 AR 7] bl ek =S whE
AtslA] oAt mldssef of ol B adt fa 2= A7)
of TAIRlo] B 1U-S A8 L, o5 Al A 7ol o
) o= 5591 S nonagrioidesS U2 15 ~30°C9]|
A AFEA 717k0] 1.2 ~ 1,792 ZAFE E3(Fantinou et al.,
2004)E Zarsto], WEnpgo] Ak 7)7to] Aol whe 2
Al ek 22] egot A Y7 7hol| 2A] GRS mIAA] = e
& 7Pgsto] AAsiqieh 2t Ao o) AR = 71 71 A
27N E(KMA website, N.D.) ol 4] Al5-5h= 21 312] L A
o] TN 52 E AR A2 WAV A=olA A
#3151 HA L5 AMESHAILE T Baeetal. (1969)91 3= 4
Aok sl A0 L= GA 713 A =T A=A &
Q7] o]l 2 A-toll A= ZF A1) HEZH(H A 1997-2020
W; 718 2008-2020) 2] U a1 B! A 2= tj4l ARE-St

t

13P7] 45 7= 29 A 7= et 7Ikke R
HE YO FAste] 248Gt 23P7] A5 WA
7] BE7IRto =R Y SRRRo R, E 35| BEvIRto R

AL 7ol M 2 Aad 3t 2 Aol
o7 AY7IZke 2 el 331 28| T I =

7]

rr

Wi



B Rk 2 - A5}] S 4811 24N mE 7
o4 4% whalo] TR elokhi estolonk fEA 4k
U= reof o3| 35L7| = EE] 11 3 Qlof 4517] iAol 4
T e 75 L 71k AR K 7ol A 2 A
HbY A)7)7} 9l Aot S A AR BElS X 89l
b, BRI of = A Aok f5E R 2% ok(Bac et
al., 1969; Sun et al., 2014; Zhang et al., 2019; Huang et al., 2020),
A5 §50) thriio] mAuk Agho] 23k 714 of,
Aol = A5 ASEE Wso] TEE A oA FaA
AU RAGO R e TMfe] W37 A
£ X718 249} ol o) §3 A 717k 65%7} Ak
Foh 1495 0% /PRI, 65% 7t 4T A

O{N' it o do

¢ |2 o1 45 &2 AL} 2F HH)7
ASEA] o= AT 2T AL Abol o) 717k AR
ojufl F-%2] 65% W87]72 Selvaraj et al. (2015)2] A& 7|
Ak E%“)ﬂ/ﬁ 25°C°ﬂ/\1—4 7 W7]7}°1

It Table 2 and 5).
91 wael Ante A% AT St 1) BEE 4F 04 A7)
A S e, 2) 2 S DA 0 9] 24
&

713¥3t w]3Lstod 7}% 91 2%, 9 48 £28

A5t u](Flg. 2 and 3). 047101] o1
oA 1 AT N AT HALFLE o] A
8 B TR ghS vl AR G A
A0 e g2 A Sck

S7 b S B ZEofA BiiLlot OjstELIY R T

_|_4

ol

2011'd 94U =2 o4} 3| SAS EAT ¥ E7101A
° o

B} ol U #-50] HAAYAE G,
BRI RHE A3 o A = lck(Table 1). A 8] £7]
BeolA 75 A3 A 201249 10E Ao o] et
U7 = s A E Sl A s AR Bt
ol frsol ol e, 20129 1093} 114
Az oM B =7t o Wkt shs Wierk AR 10
of wihupgo] = 2 6utel, ofshrguirte] 2o 2ut2| 74|
HAE AL, B Ee] A 2 v E (T s

)o] ot
HETHE 20k W 270 FE oA e F slisEol Sl Y

.

A=t Table 1). Zjvt 1293712013 1Y & 2AA =
s R A o) MEAE]X] gkgkar o3}
o} 20134 39 A Ao A= F SfEo] ol LA,

ol gl G X457 o] Wttt

oE‘.
i
ok
=
o
i3
N
n
52

COX1 G/ IME2 S ESRSE 253

%[

- W

20119 99 A FgollA A oy 24 #-3
k2] o] COX1 {4+ G714 B(391 bp)> thEA H = ARERE
AB2382033} 100% <Z|3le] o|apHupro g sholglgtt
(Fig. 1). sjupro s 2449 {5 20ut2] 7k 16vk2](F
5, 449, Ik 2uke))E BE FUAGR Bl oA
HRAHMI601252}100% U 2|5ke] Hphko = ekl
A A2 IX020963 7 X020969 2 LA A2 0Q5686982] 3
uke] A g2 9] -3 A el vzl 212}0.26%, 0.51%, 0.26% 2]
FRAARE B, #lolgto] 1% ngho g 2] grop wF
HC]HPL}HPOE Al wuhEro 2 I3 197 A3

2 A A E2ZH(100%) &2 o] BAEUek A3 A= 10t
(JX02097 e 94 Kol thaf 4.84%2] 3 HA DS ey
£ Ag Holg B tKFig. 1).

B HSRE0| WSSH

U F HRY 552 A3 F Uk 25°C AR
A AR A, 20124 108 HAA AHE 35 3

i] =
e P e
119 52 29] 99 5 gatsialet. 20139 39 it 4]
A A sk §5-2 B 2 glo] Sttt 7he A%
% §31 WM Bt B5UGIA 187K 2] 717ko] Aae]g)
3, 18] 32 28] ulgt RS vhAet 95 G7IRES B

2.9%0]4] 8.8 Aol 2 Lhehgtel. §717ke WE e o]
A4 10-11.38) Apo] 2 et Afolel 2 xjol 7} gigich. Sahe-e
ARA7} ol W48 e AAagolelet. WE7]o) Sohe
AAI719] Aot P Lrebgte). 8k 4% 5] A
= 2 #akEA) e,

o, YT §5S A0 §79}7he glo] ool Aol

A AR RS 79 B RS 0] §8kek ZCk Table
3). AR AREL 45 A Agats] Aol 18] 3228 &
3 get.
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BB AHE2E0 HIEXES0| Z8) HiS

2021°d0] 591 381 R A 2ol Az Efio]
Z2 5 o] COX1 FA%1=2 T4 132u}2] 45 7he-d Hih
o] opd thE FoR el T2 32F 02 F 46mHE| AL
B|2E 2282 oF 35%FItHTable 4). 0|5 B|#2]F
A o wh o s A5 FHE T2 itk

S L A7 (eF 2l M F=H-
2020'd3} 2021 A0l -9 385 | Al A Hof| A AR

B A3 A el A(Fig. 2), AR T e X[

A 5 ajo) oz s F4TH T S o198 2

N

94 Sk Afolof 23] v Ad o] Ak lThaL sk}l
tHFig. 2 A, D). o) A= 20200l 2317 2 4 5 IAY

—_

o] TAE|Q I, F & Foot] 5 slzoll A 6Y sl
3171, 74 Sl E o] %] 231719 A 23] TS A5}
(Fig. 2 B, E). 2550l T2l 59 Z4etie]
= Abo)oh 7Y FleRtE 99 24 Alo], 9 SR 1
<= Aol €] 33 Aol ytE|Qlotar et ith(Fig. 2 C,
Sk A o] WhEof] P Q3 2=k o] 8-5to] Al A (=
2 AN YT Aatof| A F o] Wl e} 2020 9
A oA Qo2 RS AJF Al 71703 =4 E S Al
tf 717k9] A7) o 2 A A Bloux] kot gl = o] 7 9
LG (735719 65% WS Atk A M= 23]
WAL 719 H A UERstT) 2020 W o A= 2317] S
AZ10 A 3317 A A Al717F S = A kot 2021 9
HIo}20201d XA 2317] A4S Al7]o| A 10 o] 2] 35}
7] 3% WA A7 17 A E S o Hol e S S Tkt
A7) Skl A 338}7] A5 Y-S A SHA] ST 2021 W
FroA 7Hde] €E 5 Atk AT B A7 8¢
289 ~99 114 7|7k 337 A5 84 7hs 717 e & =45
10982~ 119 159 7]7H8 ) 2426 =7 Wkek. 20204
AHANAME 7] Y5 755 st 45 T A7 8
H21Y ~ 89 30¢ 7|72 387 e A 7k 7Ite R &
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Table 1. Number of overwintering larvae of Sesamia inferensand Chilo suppressalisin several rice fields

Total No. and relative ratio (%) (in parenthesis) of larvae collected”

Sampling site Sampling date S, inforens C. suppressalis
2011.9.28.2 113 (100.0) 0(0.0)
Seocheon (36.07°N 126.41°E) 2012. 10. 10. 6 (100.0) 0 (0.0)
2012.10. 17. 41 (100.0) 0 (0.0)
104 (91.2) 10 (8.8)

2012.10.18.  [1.7 £ 1.8 larvae per hill, maximum [0.4 + 0.8 larvae per hill, maximum
6 per hill, damged hill ratio 72.0%]* 2 per hill, damged hill ratio 24.0%]"

Gunsan (35.55°N 126.50°E) 2012. 11. 28. 61 (64.9) 33 (35.1)
2012. 12. 13. 0 (0.0) 11 (100.0)
2013.1.22. 1(1.7) 57 (98.3)
2013.1.31. 0 (0.0) 37 (100.0)
Yeongkwang (35.15°N 126.33°E)  2011.9.22.% 5(62.5) 3(37.5)
Goseong (GN) (34.58°N 128.20°E)"  2013.3.7. 5(45.5) 6 (54.5)

The sampling sites on different dates in an area do not necessarily represent the same rice fields. "This region is located in
Gyeongsangnam-do (GN). ?Larvae were collected from rice stems with white head before harvest, whereas larvae in the other samples
were collected from rice stem stumps after harvest. *The total number of hills observed was not counted. ¥ Twenty-five hills were
investigated separately to analyze the density of the two insect species. On two hills, larvae of both species were found, whereas no
larvae were found on three of the hills.

This study JX020958 Yeonggwang 2011
S. inferens GenBank HM160125 China
This study JX020959 Yeonggwang 2011
This study JX020960 Yeonggwang 2011
This study JX020961 Yeonggwang 2011
This study JX020962 Yeonggwang 2011
This study JX020964 Seocheon 2011
This study JX020965 Seocheon 2011
This study JX020966 Seocheon 2011
This study JX020967 Seocheon 2011
This study JX020968 Seocheon 2011
This study JX020970 Seocheon 2011
This study JX020972 Seocheon 2011
This study JX020973 Seocheon 2011
This study JX020974 Seocheon 2011
83 || This study OQ568696 Gusan 2012
This study OQ568697 Gusan 2013
100 L— This study 0OQ568698 Gusan 2013
0.0322 '— This study JX020963 Seocheon 2011
0.0643 This study JX020969 Seocheon 2011
'—————— This study JX020971 Seocheon 2011
0.0102 This study JX020957 Yeonggwang 2011
100 | This study JX020956 Yeonggwang 2011
0.1046 This study JX020955 Yeonggwang 2011
C. suppressalis GenBank AB238203 Japan

Fig. 1. Neighbor-joining relationship among partial nucleotide sequences (391 bp) of the cytochrome ¢ oxidase 1 subunit gene in the
overwintering larvae of Sesamia inferensand Chilo suppressalis collected from paddy fields. Bootstrap estimation of 1,500 replicates was
conducted using Kimura 2-parameter and pair-wise models. The numbers below and on the bars indicate genetic distance (1/100%) (black
letters) and bootstrap confidence (%) (blue letters) values, respectively.
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Table 2. Developmental properties of Sesamia inferens overwintering larvae reared at 25°C

Sampling site"

Developmental period (days) after rearing (No. in

Pupal period

iti arenthesis
Samling date No. Ai(:)lltt 1i(;nal P ) Pupation (days) Emergence Female
Rearing start  treated timesg Before 1st Betvx(lie;ndlst Betrv.een la(sit Before rate (%) (No. in rate (%) ratio
date molting and mo tlng an pupation parenthesis)
molting pupation
Seocheon 0 18.0 (1) 10.0 (1) 1.00
2012.10.10. 6 16.7 100.0
2012.10.13. 1 11.0 (1) (U] - -
0 143+£3.4(6 11.0£0.03 0.67
2012.10.17. 20 (6) 30.0 3 50.0
2012.10.19. 1 5.0+0.0(3) 0) - -
Gunsan 0 12.1£0.3(11) 102+ 1.0 (9) 0.56
2012.10.18. 50 1 57+1.8(16) 8.8+27(8) 14.0+2.6(8) 400  10.8+1.6(6) 75.0 0.33
2012.10.19. 2 50£00(2) 80+00(2) 4.0(1) 17.0 (1) - ;
0 8.5+1.9(22 11.3+£1.5(12 0.67
2012.11.28. 38 @) 78.9 (12) 533
2012.11.29. 1 84+1.7(9) 29+25(8) 11.3+0.7(8) 113+1.94) 0.50
Goseong (GN)
2013.3.7. 5 0 15.0+£4.8(5) 100.0 11.3+£1.0(4) 80.0 0.50
2013.3.8.
0 11.1+3.6(45) 10.9+ 1.2 (29) 0.62
Total 119 1 6.7 2.3 (29) 58+3.9(16) 12.6+2.3(16) 52.1 11.0+1.6(10) 629 0.40
2 50£00(2) 8.0+00(2) 4.0(1) 17.0 (1) (0) -
Total mean 119 Total 6.5+22(31) 8.0£0.0(2) 5.7£3.8(17) 11.6+3.4(62) - 10.9+ 1.3 (39) - 0.56

DLarvae (shown in Table 1) were moved from the sampling sites to Suwon (37.27°N 126.98°E), and reared at a constant environmental condition, 25°C

and 15:9 h (light:dark).

Table 3. Developmental properties of Sesamia inferens overwintering larvae reared under outside conditions

Developmental period (days) after rearing

San}plling Samling, date No. Adfiitiopal (No. in parenthesis) Pupation
site”) treated  molting times - - rate (%)
Before 1st molting Between 1st and 2nd molting
Seocheon 2012.10.17. 21 1 162+ 11.0 (5) 0.0
1 13.5+9.0 (19)
2012.10.18. 54 0.0
Gunsan 2 10.5+3.5(2) 10.5+7.8 (2)
2012.11.28. 21 0.0

DLarvae (shown in Table 1) were moved from the sampling sites to Suwon (37.27°N 126.98°E), and reared outdoors.
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Table 4. Non-target species adults caught in sex pheromone traps of Sesamia inferensin Baengnyeong, Yeoncheon, and Goseong (GW")
located around 38° latitude, 2021 identified using partial nucleotide sequences (658 bp) of the chytochrome c oxidase 1 gene

Species categorized by Family (No. in parenthesis) (total 46 insects of 32 species, 46/32)

Crambidae (8/7): Chilo luteellus (1), Cnaphalocrocis medinalis (2), Conogethes punctiferalis (1), Elophila turbata (1), Glyphodes

pyloalis (1), Parapediasia teterrella (2), Crambidae sp. (1)
Depressariidae (1/1): Scythropiodes malivora (1)

Erebidae (7/5): Herminia tarsicrinalis (2), Herminia sp. (3), Pangrapta perturbans (1), Paracymoriza sp. (1)

Gelechiidae (1/1): Dichomeris sp. (1)
Geometridae (2/2): Scopula sp. (1), Geometridae sp. (1)
Limacodidae (1/1): Microleon sp. (1)

Noctuidae (13/7): Acosmetia chinensis (4), Anomis mesogona (1), Athetis lepigone (1), Niphonyx segregata (2), Mythimna separata

(2), Spodoptera exigua (2), S. litura (1)
Nolidae (4/1): Nola taeniata (4)
Pyralidae (4/2): Aphomia zelleri (1), Comorta sp. (3)

Tortricidae (5/5): Bactra lancealana (1), Celypha sp. (1), Epiblema strenuana (1), Eucosma sp. (1), Olethreutinae sp. (1)

Total 132 sequences including those of S. inferens and other species were analyzed in the BLAST service in GenBank. A species
matched with sequence similarity more than 99% to the species registered in GenBank was regarded as the registered species.

YGW: Gangwon-do

Table 5. Thermal constants (K) for complete development of
different stages of Sesamia inferens

Developmental
Stage ( degreI: days) period (days)
estimated at 25°C
Egg 54.50 4.16
Larva 429.96 32.82
Larva 65% development 279.47 21.33
Egg and larva 65% 333.97 25.49
Egg and larva 484.46 36.98
Pupa 181.32 13.10
Total immature 665.78 50.82

The thermal constants [mean K =D x (T - LDT)] were acquired
using a common lower developmental threshold (LDT), 11.90°C
that the LDTs for the different stages of S. inferens presented in
Selvaraj et al. (2015) were averaged. D indicates the develop-
mental period (days) at an experimental temperature (T, °C), in
which the data for D and T values from Selvaraj et al. (2015)
were used. The K values at different temperatures for each insect
stage were averaged as the mean K for the stage.
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