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Developmental and Reproductive Characteristics of Mythimna loreyi
(Noctuidae) Reared on Artificial Diets

Eun Young Kim, | Hyeon Kim and Jin Kyo Jung*

Crop Cultivation and Environment Research Division, National Institute of Crop Science, Rural Development Administration, Suwon 16429, Korea

ABSTRACT: The two previously developed artificial diets (N4 and N6) used for rearing Spodoptera frugiverda (Noctuidae) larvae, were
selected as highly-fit ones for rearing Mythimna loreyi larvae. Almost all biological characteristics were not significantly different between
the colonies reared on the two diets at 25°C and 15:9 h (light:dark) photoperiod. The developmental periods were 4.9-5.2 days for eggs,
and 22.3-23.2 days for larvae. The pupal period and weight were different between the sexes in each diet colony. The pupal periods in
females and males showed 12.6-12.8 days and 14.1-14.5 days, respectively. The pupal weights were ca. 345 mg for females and ca. 380 mg
for males. The pupation and emergence rates were ca. 91-94%, and ca. 91-95%, respectively, without significant differences between the
two colonies. The pre-oviposition and oviposition periods were 3.4 days and 4.7-4.8 days, respectively. The adult longevity was 8.2 days
in females and 10.3-12.4 days in males. Total offsprings produced were found to be 724-847 larvae on an average with ca. 1,400 maximum
larvae. In the life table analysis, the intrinsic rates of increases (0.1181 for N4 and 0.1253 for N6) were not significantly different between
the two colonies. Individual differences in the larval instar number 5 and 6 were found within a diet colony. The ratios of 5-instar larvae
were ca. 22% in N4 colony and ca. 7% in N6 colony. The larval period of 6-instar larvae was longer than that of 5-instar larvae. Width of
head capsule in larvae varied from ca. 309 um for 1st instar to ca. 3,065 um for 6th instar. Body lengths measured from ca. 2.0 mm for 1st
instar to ca. 29.1 mm for 6th instar. Larvae of M. loreyi and M. separata were found at the same time in a maize field during June and July,
2020.
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S7R=E R (Mythimna loreyi)(LHR) = B
2 W(Oryza sativa) 2} 253(Zea mays), 5-53(Sorghum bicolor),
AFE=4x(Saccharum sp.), S=A 12+ ~(Sorghum * drummondii),
olgrg| ot gto| Lt (Lolium multiflorum) 5-2] B ZH(Poaceae)
2hE ole T2 7lelohe sle o= A A JUTKEL-Sherif, 1972;
Hirai and Santa, 1983; Guo et al., 2003; Goziiacik, 2016; Huang
et al., 2018; Kim et al., 2020). 0] 252 o}x|o}, 87, o}z g]
7}, 35 5 S oA EEAE AL ) 31(CABI website,
N.D.), =rtfollAl= 1982d 4= 2| oA AR 502 A
= 7|55 Ut Ahn et al., 1994). 0]%- o] 325 Hjeh =i &

=3 3=, 20199 S =] o] Al = AT Aok
AW (Spodoptera frugiperda)(F P (Lee et al., 2020)

N8 A ZEERS ol g3lo] TAlslE 5 HE My
W Al 28 Bl SURE 11971 2R A
o] BFA =] 1 thJung et al., 2020b; Seo et al., 2020a). )= 53]
ZheESeahbe] AR A4 *é—“%ol (Z2)-9-tetradecenyl
acetate?} (Z)-7-dodecenyl acetate S-2 (Z)-11-hexadecenyl
acetate (Takahashi et al., 1983; Ho et al., 2002)7} G Alu]
U g2 i AR oHol Tolsly] flRoz ALk
(Jung et al., 2020b). -2 3| 94 F3|s=ol] U R H Q] AJAAY
o] 712) Qi Spsol A HellE R 1t &
Zo] A7 = 2 T(Jung et al., 2020b), 2020 6-7Lo] 72 %]
oA o ZpE Thslishe 5ol AR HA(Table 9),

SjeA] AEA| it HS ShelElele). Sel e E R
ko] 5o Bl A, Y& S| 2 A SFA0A](34°31'N

133°23E)ol 4 ALH(11 B3R S52e} S G 1%
oA 46 FES LT AS EU R o] LFo] 502
Y=3}F 7 0 & 2435} W 3(Hirai and Santa, 1983)7} 9131, &
= 51/ FI8|AI(33°42'N 113°58'E)oll A Hsd ol At
& 2713 7 Aol Wl BrhsU A0 F4T
(Guo et al., 2003) 2! &9 H 22-24°0) AAH Q= 2k LA A o] A
1229 Zoll €552 Fo2 Hell71E $eh 2 (Huang et
al., 2018)7} Qic}. EleOﬂ/\—]_,] 2% o] B o} 2] ¥l 2| 7] Qkok
). g, i”ﬂ FEG A& E A9 W oA 2020 6
e, B ol AT ZEEe] o] 45 28] 27t 3o 5
7}t 73.\—]{Jung, J.K., unpublished observation) o] A5} &
R N P EE EP L EE S R ER L
olekn A E)TL 9k, olo} Btsle] B =E R
g5ol oA A7 o5 2FOo= LA 13l(Sparks et
al., 2007), 72| o573 S5 o= SHE > &0 By
(M. separata)(Li et al., 1964) 2] H]eY5SH(ATA A A oF
27 km/12A17h(Jiang et al., 2000) 2} S-AF8}A] 124]7F Eot oF
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2 33 Ayt A& A H(Hirai and Santa, 1983)3} o] 3]
E 7)AZX(EI-Sherif, 1972) W ==+ 7} A|+XQin et al., 2017)9]|
A BALE Ik g AR tieliAls dEollA nld et A
ZO| RS EALS AESHHA AFRE /st B 117} 9 th(Hirai
and Santa, 1983).

B AT Relshes Ry be] QgAY A7)
2 ABARE SUT B0 STk ShAN R
O] AFAIRE 7Esh= 7g(Jung et al., 20202)°) 4 HEH
g3fo] MR AAEHL 2SN HalH
ZHL _quhjrukoﬂ 23l Al g S sl o, 11 ATkE oFo] A
YA AE vl wekle Hige] 45 9718 FEB
o] 512020\ £ 2O F-FS AR A 7]Es)

20199 99 Fakeo]l 4715 Al 2419 ST A
A FEAEH(37°16N 126°59'E) 241 W) A 2]447to]
=28 oM Slt=as F U a3 30t
Akt o] Fo5S AHlM S Aoz A3}

:4_
B

_&Ei



4% 1ute]E Aok vzt Al7lo] G AA e el =
E Hrh 2 S (Jung et al.,

=g
2020b)y5-& A2 Sofok o] ST AR A7 F Tk A
A

NG M) &2 DAL, AN RS ALE = 7Eshd A
FE(Jung et al., 20202)2 93-S ARSI A A TS
FAsrac

oA F2RRt 251Gl Ale)2 740l 78(200 mesh)&
o 17]:[Ltﬂ(;<]§_ 115 mm)ol Q)= ZA}zk JE}Aai(yl_E
232 mm, A2 165 mm, %9°] 95 mm)o] 62| A-FAIZE 20|
Y3 ko 2 ARSI, ol F U AR e 355

2t &7 2 TE 871004 &2 75 Ak ol Hofeod
Skl 4 B3k sheiet. W71 S5 o] A%
™y ol ZHAIRK 7= 260 mm, A2 310 mm, =0]310
a1-9-3h 8l WAl Zi e S o 2= 10% 27-E3)
A

2k 0] lbﬂo1 w}yﬂ—a 3 2 s}odq o}

N
N
3

ARSA[15:9 h (light:dark) photoperiod, 25 + 2°C, 50 + 10%
RH]A] AR89,

‘=]
=R IPUN

Al
o

i)
Jm

8 ZA

2 Aol AEE HW MBI 45 A3
= A|#he]= AVR(F9772, Frontier Agricultural Science, Newark,
USA)(C At=) et e AA LY QIFARR 7 g ol A Al
= A2 E(Jung et al., 2020a) < N2, N4, N6 A7 o, Al&
E9] A2 Jung et al. (2020a)-2 Tj5tth,

A WA 2 427 Q1FAR(C, N2, N4, N6) = 2}7} 0]-8-3}0]
G2 HE) 138 A Ao A 135 7] s
0] A S RS, AR 270 A1
$712 ARG, AR ] S 2 Eehad A8
(}-1] 26 mL)(Frontier Agricultural Science, Newark, USA)©¢]

o ok AE SepaE sEe)EA(AE 50 mm, o] 10 mm,

329] 10,6 mL)%ck N6 AR A= HARE o] gahsick

839, 31U HAjolel 83183 $3E W ATHERE

AAISIE, oIt RS AT §15-5 R
37)0] B AR ukE9l 1, 7k the] YR QS HpEzlo
5Jo] BRAEES TR WG] FARE 95 F 24417 o]u)
ol Z43IA, AT YA o, 48 TRk o] 714

oflA] S-51eh A5 2 ke viE)7) Ao} 5 Wi
71 71748 YTk o] AR AA AASE W0 2 ST,

W) AES 8l 24 AR A T2 -85 o= 148 et
2B A7 63 mm, A2 63 mm, 0] 98 mm, £-1] 370 mL)
(SPL Life sciences, Phocheon, Korea)ol] @11, 10% &=}

ZH5S FEHUA AT 7 AR 71 e S
AFZFE Qb W] o] AISHEE SH9LTL, Al 73 Bhe
W WAISHALE. SAF 71 HE S =g Ale] Yol Ak
shuA) S8k 55 40 v NEE & 58 2ASHAE. 0|2
Er| i10]8, 0 Ak, kb 717k A2, Roke, o
712k ARSI ok o 7|7k 2h P Bt
& AR T, ThA] ol5 0] HEEhS AN RE Alge
F2715:9h (F:9h), SE 25+ 1°C L AINEE 60 + 5% 27

9] ¢lFH| o] E|(Dasol, Hwaseong, Korea)of| 4] Z13§5} %k
w7 91o] Aol Al AT NAS NG Alze] Hlel7h
HlUPE ke A 23 H) 1 AlS)S AElElT) W

= 2032 v

F AR R ARSE G3 Al Ftho A gl S5lek Al2E 0]

g1 o

N

2N
: L

-8 qHEo] RFA|| A 2Rt 2| E(A]E 105 mm, =0°] 165 mm,
Fu 1,380 mL)ol| €& 3 10% AgEd 305 T35
A A A} 5 Ug i o 2 J50] A EAS ZARBFS
o} A4 B4 A 3P of| A A2 ZF AJ59] ARERI G4 A
of Yol H3et 75 HE NAER g EHAIE o] 85}
o ARSh G A4S RARFALE A 8-S 919 45+
A= AP FYsEA I, 5 ESolA HES HS g2 TS
02 §% I8 THslo] 78 AR WIS 73
O G4 Al 5 9) S A1) elopch AE SR
e 9ro) ARahE st

ey

N4%} N6 ARR7E SRS U] 44 Hgwol

U] A G ulats] 91, G4 Al vl <ee] e
U AERTG3 AT A0 HF ST A ARSE ol

o] A T2 2FAJ 519 A F 2L Jandricic et al. (2010),
Birch (1948), Southwood and Henderson (2000)-2 #313}¢]
Seo etal. (20206)0] 714 o] ek Al|Z71(R,), Bt
A7 1ZHT), WAARAS7 (), 717570 2 7HAlE
7171 ZHDT)S AAFstgT) o] uf Ad3=0] Aulj= ¢lo)= 0.5
= Wgsieick Gt 9%, §9 U870 B AR
FE o] 83lo] nE Ao ZEZH O Z AL}t L
228 AAKSE oA g2 uk o] 8kt A& A EE Y

skt nldsE] o] AEao AulE Sl 4%
ool A AEE(Ix)S IS o kP
B &2 YA AR (bx) ol F5kal(Ixbx) o5 GHES

N g
l‘

[

N [U

=
=

Hl
_I

7]

ﬂJO 5= oZ; o

g S

e N

il

Development of Mythimna loreyi on artificial diets 425



A A E S 7R F A A H=Z ol Euler &
Al(at= A=) oA LA ZHEL- sl 1o 2R (ArH 107}
THA] A SHEE 3to] Y AR AZE7 M (rm)S E T
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D " 1ebe] =1 [Euler equation]
a=0

Bt A 71ZHT)-S Loge(Ro) & rm &2 Lo 3Tk 717F
Z7HONL ¢ o2 a1, WA ul7 171 ZHDT)2 Loge(2)
SO 2 o] 3T

32| F=ut 20| Z=A

N6 A ol-g3) Akl 4 trehAREakE10A) o4 4
B 52 2 G782 o] 2 TR gk oF 30mke)
oz BeRglTh o5 §5& 20°C WEAle] 2417k o4
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cation Suite X TR IO T =X O =319 11 AlA|Hn|A
A AE HojyojhefHE o]-§5to] F4o|E S5kt

Ol 5 R 2 Tish ZA}

2020 623 79 Atolol] £ AFBS, A2 E 5)
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Aesto] BBk AHE 452 AR Solot 254 o
& HjolulA] 0.2 SIR A £, Pake 4FoR
F2 Blslgict
=71l %2

2 HAd e A9 H71= SAS/STATS] PROC TTEST
ZZ2IPOZ ptestE, PROC GLM Z2 73 O & Tukey HA
O Z}7} 95% Al |0l Al A 5ko] =25 ITHSAS Ver.
9.4)(SAS Institute Inc., Cary, USA)].
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Table 1. The survival rates, developmental period, and pupal weights of Mythimna loreyilarvae reared on the four different artificial diets

Diet Rearing No Survival rate (%) No Developmental period (days) Pupal
1) container .d Sex | ) d . hp
R 2) USRS Larva Pupa Larva-pupa analyze Larva Pupa weight (mg)
Q 23 28.0 +2.7ab 12.5 £ 0.9abc,* 296.7 + 59.3abc,*
Cup 86 64.0+1.7bcd 80.1+12.4 51.3+8.4ab
c d 21 275+ 3.1AB 14.0+0.6BC  346.2 +43.0A
Petri- ? 7 28.6 £ 3.6abc 13.1+0.7a,* 310.7 +37.3a
. 29  55.6+13.9cd 91.7+14.4 52.2+19.5ab
dish d 8 283+27AB 14.8+07AB 339.8+31.1A
Q 24 33.5+7.0a 12.2+0.8bc,* 220.1 +67.2bc
Cup 88 77.2+10.6abc 78.6+8.8 61.3+14.6ab
2 d 30 334+7.8A 13.5+0.8CD  246.9+69.2C
Petri- ? 5 26.0+4.2bc 12.8+0.8ab,* 189.0 £ 70.9¢
. 30 56.7+5.8cd 93.3+11.5 53.3+11.5ab
dish d 11 252+5.5B 14.1+£1.1ABC 247.6+74.9C
Q 17 214+ 1.1c  11.5+0.7¢c,* 279.8 +48.2abc
Cup 88 51.2+7.0d 87.4+95 45.6+3.8b*
N4 d 24 22.7+5.0B  13.0+0.8D 289.4+514BC
Petri- Q 12 26.8+6.7abc 12.8 +£0.9ab,* 282.5+ 50.5abc
. 29 83.0£5.1ab 100.0+£0.0 83.0*5.1a
dish d 12 268+45AB 14.9+0.7A 323.7+51.2AB
Petri- Q 10 225+1.4bc 12.7+13ab* 329.4+542a
N6 . 30 86.7+t58a 92.6+12.8 80.0+10.0a
dish d 14 23.1+1.2B 14.1+04ABC 375.4+36.7A

Field-collected adults belonged to the GO generation. Newly-hatched larvae collected from the laboratory colony (G2 generation), were
supplied with all of four diets together. Experiments were conducted in an incubator under environment condition of 25°C, 15:9 h
(light:dark) photoperiod, and 60% relative humidity. Results are expressed as mean = standard deviation. "C diet is a commercial diet
(F9772, Frontier Agricultural Science, Newark, USA). N2, N4 and N6 are the diets designed for rearing Spodoptera frugiperda larvae
(Jung et al., 2020a). ?The dimensions of the cup are 30 mm in the diameter of the basal plane, 40 mm in the diameter of the top plane,
40 mm in height, and 26 mL in volume. The dimensions of the petri-dish are 50 mm in diameter, 10 mm in height, and 19.6 mL in
volume. Different letters (lowercase letters for females, and uppercase letters for males) indicate significant difference among the
means analyzed by the Tukey’s test at a = 0.05. Statistical differences between females and males in a treatment were analyzed using
the #-test, and its significance is indicated with asterisk (*). Only traits with significant differences are indicated.

Table 2. The reproductive traits (mean * standard deviation) of Mythimna loreyiadults (G2 generation) emerged from larvae reared on the
four different diets

5 L ity (d i
Diet No Otj Mating" ongevity (days) Pre-oviposition Oviposition Egg hatching Fecund.lty Egg period
type adult pairs rate (%) eriod (days) period (days)  rate (%) (No. of viable (days)
P treated ®) Female Male p vs) P 4 " eggs per female) o
C 7 71.4 72+13ab 11.6+4.7 3.4+0.5 3.6+1.1 78.0+33.2 687 £ 469 53+1.0
' (6~9) (4~17) (3~4) (2~5) (19.4~99.5) (37~1,294) (4.6~7.0)
N2 7 429 10.7+1.5a 8.7+£4.0 53+£32 33+£32 76.7 £39.6 593 £ 523 53+04
' (9~12) (5~13) (3~9) (3~9) (31.0~99.7) (9~1,020) (4.3~4.9)
12.0+4.2 45+0.7 93.9+24 878 £ 36 4.6+0.4
. 0+0. 0=x0.
N4 5 400 7.0+0.0ab (9~15) 3000 (4~35) (92.2~95.7) (852~903) (4.3~4.9)
N6 5 400 6.5+2.1b 85+49 3.5+0.7 3.5+£0.7 953+44 516 £39 45+0.7
’ (5~8) (5~12) (3~4) (3~4) (92.2~98.4) (488~543) (4.0~5.0)

Adults (0-day old) emerged from the G2 generation (Table 1) were used in the experiment at 25°C. A pair of adults was introduced into
a mating cage (63 x 63 mm in length and breadth, 98 mm in height), and then supplied with 10% sucrose solution and distilled water.
The minimum and maximum values are indicated in parentheses. Mating rates were compared among four different diet types by the
i testat a =0.05. Other traits were compared by the Tukey’s test, and different letters indicate significant difference among means at
a=0.05. Statistical differences of adult longevity between females and males in a treatment were analyzed using the #-test. Only traits
with significant difference are indicated with different lowercase letters. "Mating rates were significantly different among treatments.
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N42t N6 AIZOM G3t G4 MICHS| et MAEM

N49} N6 AFR AeolA] 4e G3 Al 4%Se) wrlge
55-58%3 = ek Afolo]] £-2J3k Xjo]7} L] SRtk
=0.0965, df =1, P =0.7561)(Table 3). 472 +~H(8.2Y; =
-0.08, P = 0.9336)7} A 4H(10.3~124Y; r = 1.73, P =
0.0924) 7}7F A} Ak Kool §-013t 2ol iz ik F A
2 TR QA - 4o ]a) $-0J5hA) HATHNG £ =
-4.11, P=0.0005; N6 ¢ =-2.43, P = 0.0220). A=tA 7|7+ &=
AFEOA 34U E SAFA (= -0.12, P=0.9091), AF27]7F
£ 4748 T Az Koo 5018k 2ol 7k flolTHr = 0.07,
P=0.9447). 0|5 450] $-& GaAt) eFe] 2382 N6 At
ol ©F 96% 5 N4 ko] of 74%o] ula) -2lal A = Skeh =
-3.05, P=0.0073). 5815} & oF S21= 724-847 /) 2 Ak Aek
Apolo] 50l Aol 7} LEX] §4GkEH1 = -0.74, P=0.4672). <1 7]
7S N6 SOl A oF 5.290 %2, N4 Agke] 4920 u]a] $-2]5}
A 24Tkt = -3.03, P = 0.0047).

QoA 92 G4 Al F-5-5 FRAe 2 AFRE A4
alo] ARSI 1, BE8-S 91~94%(r = 0.62, P = 0.5692),
235192 91-95%(7 = 0.56, P = 0.6034), LY=L 82~
89%(7 = 0.98, P = 0.3820) & Al& Xtk Alo]of| 5-2]3t 2}o| &
H0]Z] 9kt H(Table 4). U7 &% BF27|71-822.8-23.221 2
AL Afolo]l f-oJt o] 7k UR] §ha e ui(r =-0.95, P=0.3459),
2 FZ7IE N4 Al ool 223U R N6 AR
2321 T} S-ol8HA] BoFrhr = -3.15, P=0.0024). $=%] #d]
7] 717+-N6 A= Zwho] 145U 2 N4 Ak Aeh(14.1) 2ok
FrofsHAl AUtz =-2.37, P=0.0216). 47 HH|7] 7]+ =}
o7} UFA] QkQFTHr =-1.30, P=0.1964). }d]|7] FAl= ¢k
T AR AT Afololli= fofet Afo|7F It £ = -0.14, P
=0.8866; 57 1 =-0.45, P =0.6519).

SE AR ellAl, -2 717H] o= Afol VreubA] oF
QFTHN4 £ = 1.08, P =0.2826; N6 1 =-0.01 P =0.9916)(Table
4). 7 HH)7] 7170 AR ofslA AT NG 1= -12.21,
P <0.0001; N6 £=-14.00, P < 0.0001). =7 Ht)|7] FA1= oF

Table 3. The reproductive traits (mean * standard deviation) of G3 generation adults of Mythimna loreyiemerged from larvae reared on
the two selected diets

Diet No. 01? adult Mating Ly (S Pre-oviposition Oviposition Egg hatching Fecund'1ty Egg period
e pairs rate (%) period (days) period (days) rate (%) (No. of viable (days)
yp treated Female Male eggs per female)
N4 31 548 82+1.4% 124+£39 34+1.0 48+2.0 74.3 £27.9b 724 + 385 49+0.3b
' (4~10) (3~18) (3~7) 1~7 (12.8~100.0) (115~1,399) (4.0~5.3)
N6 31 581 82+1.8% 103=+3.1 34+09 4.7+1.6 95.6+4.1a 847 +282 52+03a
' (4~10)  (5~15) (3~6) (1~7)  (83.5~100.0)  (321~1212)  (4.9-6.2)

A pair of adults was introduced into a mating cage (105 mm in diameter, 165 mm in height), and supplied with 10% sucrose solution
and distilled water. The minimum and maximum values are indicated in parentheses. Significant difference in trait between the two
diets are compared by the 4 test for mating rate and using the t-test for the rest of the traits at a = 0.05. Significant differences of
longevity between females and males in a treatments were analyzed by the #-test, and indicated with asterisk (*). Only traits with
significant difference are indicated.

Table 4. The survival rates, developmental periods, and pupal weights in the G4 generation larvae of Mythimna loreyireared on the two
selected artificial diets

Diet No. survival rate (%) No. Developmental period (days) Pupal weight
types treated  Larva Pupa Larva-pupa analyzed Larva Pupa (mg)
45 22.8+0.5 12.6 £ 0.3* 344.3 +£42.3%
N4 88 942+54 94.7+£9.2 89.4+12.9
34 223+ 1.3b 14.1 £0.6b 376.1 £33.0
Q 37 23.2+0.5 12.8£0.2% 345.5+29.8*
N6 89 91.1£6.9 90.5+9.0 82.0+£2.3
36 232+ 1.1a 14.5+0.6a 379.7+32.5

Larvae were reared in petri-dishes at 25°C and 15:9 h (light:dark) photoperiod. Results are represented as mean + standard deviation.
Different letters indicate significant difference among the means using the #-test at a = 0.05. Statistical differences of larval and pupal
periods, and pupal weights between females and males in a treatment were analyzed by the #-test at a = 0.05, and its significant
difference is indicated with asterisk (*). Only traits with significant difference are indicated.
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ZRT}E Qo514 FAYTHNA ¢ = -3.63, P = 0.0005; N6 ¢ = A2 7%k
-4.68, P < 0.0001). % F71 w7t E AR Fol 971 U571 vl
o F71E E57IR oA 7 Al e Aol of] oIt Apo] SFtH(Table 6). A {5 71702 N4 Az etoll A 5go] &
£ UERH 9712277 3% 0] 9 eK(Table 5). N4 Ab= F]he] 2 F AHAel vls 6ol TPl HAlIE0] o 1.7 Ao &
& 713bo] oF= T §lo] 2.8 Y= N6 FThe] 3.3 UKok Zotar A 02 {23t Aol = LrERA] ¢h3hT N6 Al ATl A=
(t=-4.75, P < 0.0001), 0] }o|= ¢k Zhzhoj A = vhehy} 5ol A ZHAlef vl 67 o] Tl MAES] AA F571
(F3.143=7.70, P < 0.0001). 38 7172 94 JLE §lo] N4 AFR 7¥o] 9k 1.9 9-0151A] ZATHFS 145 = 7.39, P = 0.0001).
o] 2.9 U= N6 Ak Fe0] 2.6 A H Tk L A TH(F3.148 = 5.95, AT WellA] I 7172 6.9~7.4U & 757t ohE
P=0.0007). 2t JE 2= FAIATE R Ao 7} LiEt ZWAIE Aol frol gt Aol 7F f A EHFs.45 = 2.53, P = 0.0591)
Wk 2 G718 AEES B g710A 7 A Afolel -2 (Table 6). Y715 A= A/NRAS v, 63 o] T A=
ek 2fols ol A kT oA 47 71Zko] frof A BRATHF3.4s = 29.20, P < 0.0001).
FH, AR ROl uhA §5 G717F5E B2 67 347 7171 i 67 0] TR ANAIS A F-2lsHAl At
A] Bheale ATk A o  7F B E] QIci Table 5). N4 AR (F3.148 = 34.95, P < 0.0001).
Ao M= 5Z7HA] EEe -5 Bl&o] 2F22% 315, N6 Abi o] uko & N49FN6 AR R ARSE Htho] A4 A4S

Table 5. The instar-specific developmental periods, survival rates, and the relative occurrence ratios of final instar (5th or 6th) in Mythimna
loreyilarvae (G4 genration) reared on the two selected artificial diets

) Larval instar-specific developmental period (days) Ratio (%) of final larval instar
Diet (NNO. trciatec(li " and survival rate (%, in parenthesis) and its range (in parenthesis)
e 0. analyze
L Y Ist 2nd 3rd 4th 5th or 5-6th 5th 6th

32+0.2 28+03B 29+0.2A 33+£04 10.4£2.0 21.9+14.0 78.1 £ 14.0

Both 8 (97.8£3.9) (100.0£00) (100.0£0.0) (988+2.1) (97.5+43)  (133-38.1)  (61.9-86.7)
N (45)  33+05 28+06b 3.0+05a 33+12  103+23 144443 413+15.1
o4 (34) 31403 27+04b 28+04ab 3.1+07 10.5+16 7.5+ 10.1 36.8+1.2

Both %0 31402  33+£02A 26+03B 33+02  109+1.4 6.9+62 931462
(98.941.9) (100.0 = 0.0) (100.00.0) (100.0+0.0) (92.0 £5.3) (0.0~12.0)  (88.0~100.0)

N6 g (37)  3.1+04 33+l.la 26+06b 32+06 109+12 29450 47.6+113
o4 (36)  3.1+£03 33+05a 26+05b 34+08  108+15 40+69 4554103

The larval periods in Table 4 were further analyzed. "The analyzed number indicates the number of successfully-emerged insects.
Results are represented as mean + standard deviation. Different uppercase letters indicate significant differences among the means of
different diets without isolating sexes using the 7-test at a = 0.05. Different lowercase letters indicate significant differences among the
means of different diets in different sexes analyzed by the Tukey’s test at a = 0.05. Only traits with significant differences are indicated.

Table 6. The instar-specific developmental periods (mean =+ standard deviation) in the insects with different last instars in Mythimna loreyi
larvae (G4 generation) reared on the two diets

Larval . Larval instar stages
type "Il\ls(tfr analyzed st 2nd 3rd 4th Sth Last 3th-4th Total
N4 5 16 3.19+0.40 2.88+0.50 3.13+£0.50a 4.56+1.41a 7.44+1.15 7.69+1.20a 21.19+1.17b
6 63 322+046 2.71+0.55 2.84+0.48ab 2.89 £ 0.60b 4.05+1.04 7.13+0.92 5.73+£0.79b 22.84+1.84ab
5 5 3.20+0.45 3.00£0.00 3.00£0.00ab 4.80 + 0.45a 7.40+£0.55 7.80 +0.45a 21.40+0.55b
N6 6 68 3.10+0.35 3.31+0.85 2.51 £0.53b 3.22+0.64b 4.25+0.66 6.87+0.73 5.76 +0.76b 23.29+1.82a

The instar-specific larval periods in Table 5 were analyzed as larvae with different last instars. Different letters indicate significant
differences among the means of all larval groups with different larval-instar stages analyzed by the Tukey’s test at a = 0.05. Only traits
with significant differences are indicated.
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Table 7. Life table parameters (mean =+ standard deviation) for Mythimna loreyireared on two selected artificial diets at 25°C

Diet Estimated parameters"

type

No. of fertile adult
pairs analyzed
N4 17 235.6 +125.0b 44.56 + 1.08b 0.1181£0.0162 1.1255+0.0181 5.99 £ 0.96
N6 18 323.9+109.8a 45.61 £1.03a 0.1253 £0.0077  1.1336 £ 0.0087 5.55+£0.35
YR’ (net reproductive rate per generation); T (mean length of generation); ,, (intrinsic rate of increase); A (the finite rate of increase);
DT (doubling time). The life tables were constructed using the classical method described in Seo et al. (2020b) and in the text, in which

the parameters of life tables of individual adults were constructed and subjected to statistical comparison. Different letters indicate a
significant difference between means using the #-test at a=0.05. Only traits with significant differences are indicated.

R” (No.) T (days) T N DT (days)

Table 8. Head capsule widths and body lengths of instars of Mythimna loreyilarvae reared on N6 artificial diet at 25°C

Larval Head capsule width

instar

Body length

No. Size (um) Coefficient variation (%) No.
309 + 3f

(292~330)
507 £ 2e
(476~542)
810+ 13d
(726~903)
1,436+ 11c
(1,226~1,540)
2,055+ 12b
(1,868~2,229)
3,065 + 74a 29.1+3.8a
(2,870~3,303) (22.9~38.4)
Larvae were randomly collected from the laboratory colony, which passed more than 10 generations. Results are represented as mean
+ standard deviation. The minimum and maximum values are indicated in parentheses. Different lowercase letters indicate significant

differences among means of different larval instars analyzed by the Tukey’s test at a = 0.05. Only traits with significant differences are
indicated.

Dyar’s growth ratio Size (mm)
2.0+ 0.6f
(1.5~3.4)
3.8+0.8¢e
(2.6~5.4)
8.0+£1.2d
(5.6~10.6)
11.1£1.6¢
(8.5~14.8)
19.9+3.1b
(14.3~25.7)

Ist 30 1.1 34

2nd 30 0.4 1.64 35

3rd 30 1.6 1.60 34

4th 31 0.7 1.77 34

b}
D

5th 30 0.6 1.4

6th 31 2.4 1.49
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Table 9. Larvae of Mythimna species collected from maize fields in Suwon(SW) and Yeoncheon(YC), 2020.

Observation Area Plant No. Plant Plant No. Plant No. with Larval No. Adult No. emerged
date observed stage damaged live larvae” collected M. loreyi M. separata
June 18 SW D PT 1 1 1 1
) PT 1 0
June 26 SW 613% X
20 8 10? 2 1
June 30 YC - PT 1 1 1
July 2-3 SW - vTY 2 2 2 2

YNot counted. ?Many plants at the pre-tasseling (PT) stage showed the presence of side shoots at young seedling stages(S), but the
number of plants with young seedlings were not counted separately. ¥Larvae from 3rd to 6th instars were observed, and two larvae were

found on a side shoot in two plants. YVT: tasseling stage.
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2= QAT N6 ARz ofli=N4 ALz ofli= §li= pinto bean A7}
o1 3AA 9 florfenicol 71 3= 9 11, AR E--eF A 91
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ol A= Dol 6% F-2 7TH(15~25°ColA] 50% ©)4, 30°Ce]]
A oF 18%) %] A& waste] ZiAHolE Harstgl o, 7]
e 2 Ao Aol ERiTh Esperk et al. (2007)> @2
TN % 971 = AR 7F 7= EAdol Bet
== AuolGl=tl, olf @4 Weol| Fagt dA=7]
(threshold size)of] =E51A] 23t &5 S0 =<1 7HAI7}
e 8y Ss 57 ASs] SRt g er A5k
Nijhout and Callier (2015)= 47]|9} 97| Alo| 2] Ehul= o] A
G719} JAFAl(critical weight) 7} 7|20 =, o] o] A&
7|(stretch receptor) 2} -2 A1 7|55 F8l A H AL, 7 F71
Qre] 7 7] e WEAIZIA] Hshs 718 A|1 9] R E 7]
2 R kR Eo] YAFAE 2ARhaL itk ey
npR|ek 7] 25 W 7] 20 Hy, 5 W= oo AR

= Aglo] mhAeF §7] 9] FEoluh w1 7] 9] 75
FAILE S A A7 o) ofsf A7 E=d], olof i k= v
A2 o el ek Shch mhehA 2] % o] 20
wh2 W 1 119} Hirai and Santa (1983)2] kol A HHAE &
5 D719 Aol = v #9718 Ashs AR
717F AR G717 A = G 2o = s A e 4= Qlek
E 2 AtoflA= 583 681l UrERd A2 Hirai and Santa
(1983)¢] F55Htt o o8 F7IoA HAA7E AARE
Aoz A EN4 AR ol A= A =71 5 AARES
B NAECIN6 Ak 57 ZiAlE e B Wotd 2oz
A= Ach AP Ay = A Ao 22 2 ALY AR A}
ofofl Al WA -5 G715} mhA|ef 7] 9] vl Afol= A=
ujo] 0] ofgk Ajol7} Fe12lo] sl 7102 ArEigch. ol
AR oFJol AT 3 e SOl %47] AAo1E A s
Ko] & Ao FHEACE

B AR Vol A, (57 2 6%) 717k 97147k o
£ At Afolof Zfo] 7} gl e Table 6). = 132425, 35 <] 2¢
71t 7157 e A Alolofl A Zpel 7t gISter e L




| 47 o47)7ko] w3l 25}
oA & BT N4 Abzo]
ek 215k ol 54

]IN
a0 _\_

—ﬂ Jo
z
N
_|>:
il
=2
_>|:
r
oﬂ §
fita)
e
12
O{N
N
™~
E
wn
oY,
X
ril
517
v

__>i',‘
f
rlo
oy =
)
1w
o
N
J_
o2
N
)
o
}i
&
ﬁ
g
K
Yo

|

UK Ostrinia furnacalis)(:‘tfb} TTho A= B

Itk(Jung et al., 2021).

NoAfE = Aol A 104 o] AthE #55to] AREE 1+
9] 97| T2 Hirai and Santa (1983)9|4 45 Ax}
(500~5,130 um) 2} H] 15ke] K= G 7)o A AASHA 2 E A
O 2 eyttt ofd o] 7h -9 wiizof] vlE A 1A & At
TR 2 HYzpshr] o) 7 272 el 2 Aol A AREE
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