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ABSTRACT

Fall army worm(FAW), Spodoptera frugiperda(Smith), is a notorious invasive
migratory pest native to tropical, and recently invaded in South Korea, following by
damage on corns. This study was conducted to evaluate the damage patterns on corn
plants caused by the migratory and the subsequent generations. In addition, various
host plants were selected and tested for the development to examine the possible
ability of population establishment continuously on other host plants after breeding in
corn fields in the spring. In the assumption of successful overwintering of this moth
in Korea, a potential host plant of FAW was included by simulating the seasonal
arrangement: Spring to summer(Sudangrass, millet), summer to autumn(Chodang corn),
winter to spring(rye). Also, the component models for the construction of an
oviposition model was developed since it plays an important role in evaluating the
reproductive capacity of Faw. Therefore, oviposition experiments were conducted a
under constant temperatures(16, 20, 28, and 32 ). The infestation rates by the early
migrant generation according to corn cultivar were ranged from a minimum 4.3 %
(‘Allog-i’) to a maximum 33.0 %(‘Chodang’), reaching an average 13.2%. The
infestation rate(combined all cutivars) in corn growth stage with 7-8 leaves was
significantly higher than that in the stage with 3-4 leaves. The proportion of corn
plants in which the FAW survived to pupae was 19.3% among the infested corns
with FAW larvae. The subsequent generation of FAW induced much high damage on
ears, resulting in a 60% ear with damaged kernels, which was largely different from
the almost negligible damage in the migratory generation. The dispersion of FAW
larvae was most active in the second instars, and occurred along a same corn row in
line. As a result of examining the development time on each host plant, the
development time of larvae was 15.76, 14.93, 14.65 and 13.82 days on Sudan grass,
millet, Chodang corn and Rye, respectively, which showed no statistical difference

among host plants except Rye. FAW females can lay fertilized eggs and successfully



complete the full generation in the examined host plants. The oviposition experiment
provided useful data sets for the pre-oviposition, fecundity and longevity of females
at different temperatures as well as the parameters related to oviposition model. In
addition, we discussed about the development of damage patterns on corn pants
caused by FAW, and consequently the present results will be able to provide useful

basic information for the damage analysis of this pest in the future studies.

Keyword : Fall armyworm, Dispersion of larvae, Infestation rate, Immature development,

Oviposition model
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A= He7E i som 423 18659 AEs ThElehs AowE ERuwgict
(Casmuz Augusto et al., 2010). 71 & =F7F 7P¢ Az gajE @a e &
=olth. otHlgl7l thiFeAM S5 FHRHELS &FdS 40%(Wyckhuys and
O’Neil, 2006), oFZ#E|L} 72%(Murta et al., 2006)% <A AL, A AA &5
T d&s Ha 24817090 =olM A 618730 2

a1 %W(Day
et al., 2017; Reviewed in Kebede and Shimalis, 2019). <=5k ol 2} A4 o

4
2 5o W, AMg, o, HE, BEvbE, 7AWl x5 ot AEe
Zhalisttkal e A Qltk(Day et al., 2017).

A AAM R L Corn Al&¥ Rice Al&CE Y& 4 UTH(Pashley, 1986).
Corn Al T2 S5, 53} AMRTTE A48, Rice Ale2 T2 23 v
55 A4 tH(Dumas et al, 2015). Ul H]&sk= 7HA2> Corn 7
So® dEA Utk o] T skEAH] 100km A o] HIAE & Sl &
TalFoz 4HA SlthJohnson, 1987). Al A ojo)A] TASHA R Hof
W oolE 58 "ol Aol E Jart fHTn itk AT N dEw
HE H|gslo] o]Fo] ZhsstH, oA 7k 71Xt wl= BAbAeL EEE T
A BEOo R Jun AWy ek e7bA] 1,700kmE ©FshE AoE HIES]
UHMitchell et al., 1991; Westbrook et al., 2016). ThAA LS A&H 7] L0]

£ =

[«

9.9C o]3lel A efA A =Fo] of X vk(Luginbill, 1928), 2t A Aol= AH %7
of vlefste] FAtE = A wod & AAA daE T Uk opH
gk Aot AF WAo] Jhestrtal orelA SlTH(Early et al., 2018). $-2]
tebell A= 20199 A5 ATl EHUNT A5 B T o] Aol ¥
3l 7} g1 = Sltk(Lee et al., 2020).

A AA e &S I SSEAe] wet dEva BRiEa
ATE. Marenco et al.(1992)9] HAAF A Al(whorl stage)®] U5 efol] whet



ga&i7b @] yetu=dl, 271(VE~Ve)els &7 A%l $71(vi~vT)el 33|
=7 7bd =tk (Marenco et al., 1992). 3 QA8 FU|GAC FF 0.2
~087H = 5~29%°] RS Y 4 Atkal shalth AT S5
~2 WA A 3~4T A BT 24% Ao

ol 7Hg #skom 2% Frbell weh At AleE 2159 24504 7}

A =g 30kolM s "olRth AR AV ZH459) 3 L FEE(92%) > ST

)
2
)
)
)
A
IS
ot
flo
ln ©
M
i3
_qo
i
X,
i
atll
w
>
)
offt
2
o
\S)
(9]
(9]
3
(9]
=
(@)
1o
2

& Agd A3 dFo] 7P Aol Fedollon, STolA 26%7F ABESHA
a2 olstellA= BE ARSI ol 7B iAol AdRew - 10TelA
30%7F AEsS T ZZ 2 th Belle Gladeol Al 1985/1986, 1986/1987 712 E<F 3
28 EFS AXs AFo AES AR A3, o] 713 743 o AR
(subfreezing temperature)= d ATl FFo] GUIAY mlekeAdY. FHA R =H
i ZZh Foll A Feh(extreme)d] A2FE A AAMWLYE APGQRIo®
A T3k o] HXA| &Skttal $Hch(Foster and Cherry, 1987).

w2 A AoiAAR el SR vlElEs W S5 2ol g

Sa et AEE, G718 o|BAS Telaly] sete] okl wAAAN FAlo)eh

N

s z4sto] oY UPL AYSAL. T S55E ATsHe
ComAE HlAMATE At FlelA L3 HEFO FeE ol 5P
Aolehs AAE S55F ALG HAbEAel J AL O NFAEL

&t7] #lstko]

2
o
ol
ol
2
i3
Ho
B
[
=
o
o
i
2
N
rlr
N
~
_1
m{n
2
=
1o
fol
B
m{m
oE

=
13ETL 98), SUASH B2 AAs At AEe WA sHE Hrts
=g 23 Q407 wFo %7 AbgRA 7| 7ka FAbg S, o] uR= o
S ol 7] 918k 16, 20, 28, 32CoA 25¥EH AF 4S8 4 AAAFHS A

Wkl



o.d 7 A

1. SdAAT YL FeH 54

A A M YR (the fall armyworm, Spodoptera fiugiperda(Smith))> L}H] %
(Lepidoptera) W H(Noctuidae)oll < 3F= 2% ©] Th(Smith, 1797). ©] 3F> E ol
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298w W gAow Wt 3PS 5 TR A% 3 Ao] gt 2
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3. dAAT Y WAYE AT

AhA AL BAE S we] WARTE BAgE7] Hef| oZste] o ws)
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TH(Baudron et al, 2019). AE3g% Q1 WA
1983). 7]14E -l 714G AehAATI WY 6
sto] H 97, 96, 70, 62% FAdkATE VA Eol AEE F5o wA =0
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Y}5hA] 53513 Th(Ashley, 1983).



SEEEET

k<)

m. A% 3 34

1. AF S5+ EZA v)gAdg L

AJz

—

A

1.

3
o

ted A=Al obekE AlSd

171 #1s

S

3

=] o =
AdE

3

oA A 9]

o
=

S5
7] A}o]

AYA
-

6714

3

Foig W A

WA 13m x S5m, ©]%AF°] 130cm,
[e)

7] ml =y

=

N

Aol AR 254 FZGOm x 13m)S FA 8 oHFig. 1).

30~40cm), &AM w0l

=

o

B
110
Mo
)

4y
o]
2l

P,

°©

A A
H

shgom 3

S

ahgiet. oA Avl

FATH5E 4). A3
o7k

747] 3~497)9F 78

S

°©

)

o
=

=

=
L
=

bR
1o

=

=
2 #

%7}

H

EG0)ell mlFE(E-Hko] 2,

o] et $55E

R ARAAIPY e 24

S|
&

5
A, whorl)] Ui

[e)

=

]

A
&
o] %

7

J

A
A

AN

Fal y A
9

How drjAHvY

+

o
o

H
H
I

°©

A A

A WA= 20200 4€ 21
O

12, vl 27 Wa)2A}
121 93 2 AEE 24}

g % EH4 o4

a%

0
_E J

ol ef 7F= 19% A
o 43

B!

SRR

ThFig. 2-3).

A
=

o]

ro oA A LhE s} fA}

OkA
O]:O

1)

v
=

129

9]

i

L —

R

&

S

H}

%



oflt

>,
1>
rot
o
1o

7171wl (Fig. 1 A A Aok o] T a9 sk

2 0) ©
S99tk o] ARRE ol gdte] S5 EE W wSwod Ao A n b

=

A AAS HAT F 23] dFRY fF0) MY Gt Ho] WHE AR
7] R S35 2 ABAE AE AAPEE eragch £33 AY A

oM A A dF HAEow yrhes A% v gk v 2 F5skTh NhE,
el vebt= Fe7E Aulst 93] o)dow, A3 o] ojojx] FAFPo]
A Feol a7t devs Aes A4 g8z st daeame
Dol gt AFAE WHS Fig 4-500 AA AT HEH
G A7 FF71(1~3")y7HA A JRAe] de| 2 bk glan, Azet e $
7] fFE7@E~6%)7HA BES o2 7Ykl
ZAust A2 HFgE K55 AEA AN E AU BAE A kgko,
Azbet DElE W2 S50 A AT B wdr|7F dAs s A Ay
oz yeaEginh dnjzA A3 MdVE &5 SV
el A A= A ekFig. 9). whebs #HE]

cm
Ale 245 2715 240 E 94 20em x Z29] 10em W9 ES tidow

S5F FF YW ESSAG~4%7] vs. 7~87Dell wE 27] vl JfAITe]
P
T



S
=

st

o
7 A

171 4]

%2 9,000m2]

[¢)
o

2 WA (Fig. 1)

T
o}
=<3

=

=

2l

FATHA 4 S ol

HdE 1g

¢

i

-

R

-

R

5

[¢)
4ol 6m, * 2m, °| 2me| AH

i 7F Ve

<]

def o] &

3 2
o
T
=
T

S

]_

]

-
/\]- o)

st 79 119, 139, 159, 18, 199, 219,

7] Ble =
24 f%

=

171

°©

o8 24}

SFA ThHFig. 1).

T

k)
pdl

S

shelet.

675 A

el mel F-Alchel o

F3l 600 mesh (A #H7] 20D; 1 tlyo]

Al 9
R

3
T

°©

°©

]

=
ol% AwE vt

A]

9]

23, 252, 2629

of &
AZ 24
z

1-3. 8]

-
[e)
0

al

—_
fife)

mj
—_—

o

of

[e]

AE AARNY 7k V)

=13
=

[e)
= A5

]

PR

(e}

L

Aol WAl Aol v

91

N

$AL

ol

talew, A
oy gy

S}

°©

A

=
SN

sho] EFOR o]

S

HE77E =71 S

| —

R

[e)
3

+S3 THSupp. Table S1-S2). -5 ©]

| —
R

°©

al

puil

A4 (HOBO MX2301, Onset Computer Corporation, MA, USA)E “d X]

Mo

Fod

Z 1% (Adobe Photoshop

7%

kYA
ar

S St KA

kv

o] EoF Zlo] 10ecm ©] ol A

]

A
=

H}

)

ofu) ) A

&
[e)
_10_

=

3 8¢ 39

S

sheeirl ARS Batgin o) AR

Zoto] EkellA &3}



O 2HE go] ¥

A A

4%

shel 2

°o]-&

S
=

CSS5, Adpobe Systems Incorporated)

o)A 4] Ly

7}

, (1" ~6%), W7 &

btk dae el mauE o
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S
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=
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122°C

=
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Plessis et al., 2020). 7]<& 5-7]%F A= (Du Plessis et al., 2020; Supp. Table S1)

Al
&

%)

= o

AR5 (K, thermal constant)

S|
&

Eis

o
a

ATHLin et al., 1954):

[e;
S

g

A%

o

di (Ti - Tb)

K =

Mo

S|
&

Supp. Table S22} &3ttt o]
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VRO Z 429 (5729=0.2)

370l eAdEle et 3.cE YEkd
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7} 95DD7} &

=
T

2 Yebd 4 th(Kim and Kim, 2020).
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—
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2. 71545 Ago] EUAAT Y & g A wX = 9F

2-1. APIFY A%

Age] o] g3 AuAAv U= 2020 59 28UFE 62 108 Alo] AFXA
Aete 9 olgbE)ellA FE2~3%)= AMAFATHEL Ad, = vlHdE Foe
AEA). o] Fbs vtR o R tgdt 7T S Aol sAlt7EA] AlSehd
A A A f3ES 9 ARES FUbekglthFig. 12). Al ARE-SE AlE

Aoz S HFth(Lee et al, 2020).
= FET2 AMSeP o, 55 E 245 AAFEE(Q28 X 29 X
g3t Aol A Auistdh. LE 7+ Zof 6em wol2 FEMNY
2%, FFuOl )5 A 3em ZHolR FANZRIESFHE FFIAUC AR
5.0% ©]ATHF2~F5A4 t)
o). vl 4 AR S5 FAE FForon dFEHS 5o Fol wE
A

& 0§39 wolz AFH

5 E4e WAE] flete] AEYYA(EE 90 mm, o] 15 mm)E ARE-S}

of Al AbSelgint HER Y4 vl AEFol(HE 90mm HA)E 2 =5

FES FABT 52 Holt 2d HACE AR UdoRE FHT
HZEoETh %ol 69 HAAS W Hu7|(&)Er 2 + U= &

(A7 100 mm, ¥°] 40 mm)= &7]1, #Hoj¥ S-S FTE8| Aol Tt

15 X 15cm)?] ==t

Fol FAHA(15 X 15 em)E w0 A Fo] Atesr &=

=
- -
o B WEC FAL FY Holt AL AEA-IARER 5 em, ¥O] 2

oA P AF2 Al FHE FFS TAE Asto] Ao Wg

e AN s tHFig 12).
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2-2. AT AF9 AREAY : 20208 082 08U ~ 08€ 27Y

F(FEFT LFoEEF)ol HEst 2 HAV|E ol g5t AF o Abe A3
= AT AL dol em, % 2m, Fo] 2me] AFHAR TS X
3l 600 mesh & 2 9A AT T Yel= 7 £ SFTFE
(F 227F; o]#A}o] 130cm, E7]AFe] 30~40cm). 20208 5€ 49 o¥ H(3%37)
z=7)E A

2020 7€ 109l FIrEa AHEsIAow 89 10 EYeA WUrE
Asttt. F3ke AS 18282 AREEVISIS DAl FRhel 24z &AM At
713t £ W AR E ARSI ARk ARRRST] 9] Blof K-zsk [k
(15 X 15 cm)E 24713 FHA 0% wASHHA ZAITh T G(da)e &
& 2LoA BAetEA P37k 4o R3] RE ALY FUHH R 7
o] st Ful2 Qlate] Zjojuhx] Edt A §-
o3z Yo welvt 48 AES Aol FeEE HAFslt 5 &
F25kA] k2 wigtolu} ol AbgtEl &2 Fakdgols xFE QoY F3)
ZAb A = ALt AbghE A & Al 7] AFEEE 2 A

) 218} A et

fiio

AN

]

o o
ol

X

2-3. 71FA 59 WE F3AUY €S ;20209 08¥€ 299 ~ 10¥€ 12¢

Asa AAFEDIA e FaAFEs A FId Tz 379
2 Agsel 9ol W §FL FuAAT AFATE S5 5 mays L.,
‘Chodang’), 71"&(Panicum miliaceum L.), T 12t (sorghum  bicolor  ssp.
drummondii)®ll e 55 Frlskdv. 4 VA ER FirEe &4 W #Hd
o 75 AE7E #deteE sr] ffste] 37N I oA dESEA rEe A
sto Zufekadnt. §-315A 24h oW #F= 3 vHH HAEHUAEFAD 90
mm, £°] 15 mm) AFSE7IE FAA HAXLFTY ARSI sdI Yo R A

AsS NFAEE AN §5S AYel olgaeh AN FRLes
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o A= Sk wd o dAsiglen, B 3~4%719 & Hol
2 AFsdch Hel: 29 (HACRE wAEon, fFol TH =EEAS
W ZEAFSE71(AA 100 mm, 0] 40 mm)E $AA W8S FEES

@)

£
o
N
1
Mr
=)
>,
>,
Jo

ol MUV Ehe 4 AAAE #5571k
2 FEh fF0] #9S F4et 7Y Fol AUALGTE 0.001g)S o &
H

47] #AE FRsd o) w wd]e g5E PRl /st

4
hy
;T
o

(Sharanabasappa et al, 2018). 45O %2 $-3}oF-&5 uj

=
o zAell o HEow $aw AWlA W] 7o

HU
>
ol
il
A
5

7 FAEE S8 AFS G5 @ B ARSI AL 15 X 15 X
AT B2 A8 FAs) sk 98
of gF AL 2T 5 oglb ASE WA SHE 43S ATEIE §711

=
1ol =A s o A AFe YolFddth AP Bl weles F2 Abs

2-4. FAAT] ) 25 : 2020 10€ 139 ~ 11€ 259
F3-Alt] Agle] et io AL Wa] FoA F2AQE 3719 s Ag
to] Ade] A3 FFS FHEFT. wEb FeoA 7FAES AshEte]

£ (Zea mays L., ‘Chodang’), 717 (Panicum miliaceum L.), 5% 12+2~(Sorghum

o

ISy
Q
[«
3
~
%
o
2
<
N
N
@)
N
L
o =
)
ol
g,
A\
s
A\
s
-
o
il
2
v
2!
ly
>
fuieu)
flo
HS,
1o,
>
fuieu)
B
o

AshAl FAFAL. & fF WK GNAL NFOR G TRk 24}
otk 748 30704 FFS QB ol gagon], P AFL A

Aol A&l
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2-5. FSA|T ) w5 20209 11€ 229 ~ 20219 1€ 12

FA-Ad) Ao 7173l 22 W FolA TR 4709 FHE Adgste
ATt &4 (Zea mays L., ‘Chodang’), 71°8(Panicum miliaceum L.), <3
Ry)S o]z ARSI Tk Sukold] A& PHD o] gahe] Fukaea
(Sorghum bicolor ssp. drummondii)°|~ W52 S T B AL <ol 4
g3 BUAS FARAL 4F) B BuAL NFoE G PR

AR 1FAEE 3049 £33 AP olgsHod, Sad 45

S~
2
o
>,
o
=2
>
>
oto
O
oly
A%
iu)
v}
o=
[
o
>
fuied)
=2
>
N
L
U
k=)
i)
A
)
B
e,

AT QA Saete Aol Yglemw 7ol % FelHge

Ao ZARE A (ANOVA)= AASHT F3t Hlale Turkey 1785 A4S
th EAREA (ANOVA)S A3 S wf HbES7) f-gobA] oFgko R SAS Ankstw
%

(GLM, generalized linear rnodel)a 223} THSAS Institute. 2013).
3. 254 A3 Y

3-1. AP EFY A
Agof o] &3t A AN LS AdEEAAA HE7](§) FO AEHZ Al vk
1S 16L:8D, 24.7 + 1.89°C, R, RH 57.8 + 21.53 2707 3 AAH AF%3FSIth

AN ATES I

ny

IAFZEE ola ™ AFS27)(7FE 110em, AlZ 70cm, 0]
t Ase Holz ¥V]% ota™ &71(A7 4em, =
o] 9em)ell HEE(10%)S A2 Holn E&& AFIAH3L +4 wA). ¢A

25 AFst7] fste] 14228 &59(Zea mays L., ‘Chodang’)E

o
o
o
c
el
o

TR, A ZZHFE 15em x =°] 30 cm)= "ol AT ARSAO1A] U

o]
B9 GEE 24s7] $lste] vidwe B2 A4 dolx vBee A, 49 %
A2 718 AEFATAEAZ < sh 19 17 A5 AR UHE
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olw 253579 W AAAAT, B S §F 5~lovkels wAew
Aeto] Abseldltl E e AFSHERHS AT AT sdE URe ARE
SR O K49 (Zea mays L., ‘Chodang’)E Ho|Z Flth F7H4 02 F2A
A3 A5 daiAARIY EfeA 29 v JHAH(FZ)S wrl ek

& WAES S92 PO Agstel Ayl AgsraAn.

32 13 259 AFAY ;2021 06¥€ 048 ~ 06¥ 21Y

T3k AFF3 & o] 22 F fEells W EANE A2 ZFASEVIH
7 100 mm, =°] 40 mm)°] ¥o] ¢S YEF A1), TFARSE7]9 ¢k
i, AE AR dol dFo] ARtste s akgith A2
Hol= 2h2 £7)(A74 2em, o] 2em)ol]l HEE(10%)S Al Holy EReS Al
Feton, 19 tAC®E wASE & Fo] o]Fxl FFASEIE 7H7t
327120, 28, 32C; 16L:8D)ell Hol AtgtAE S siaivy &7 UHe F55

FAAZI7] 218t 2FARSE71(A7 100 mm, F°] 40 mm)oll == A 24

—

1718 doFnt, g27] E= 2EAIAHOBO MX2301, Onset Computer
Corporation, MA, USA)E ©]-&3ato] LA stA A% A 24412 112 02 gkqls}
ATE APREE BHA] 92 A 7)o AP JHAIE Al Al 8] skt

3-3. 231 254 AFRAY ;2021 07€ 149 ~ 08¥ 28Y
F3AI A 42 H9E e 2 WHo=R 313t AFF4E o] gsto] Zhz)
-271(16, 20, 28, 327C; 16L:8D)°IA] 12} 2598 A3y FA3A A A6

of FEAHEX(ANOVA)S AAISIATE H#3F e Turkey AE S Al3shSch
TAHEA(ANOVA)S AR E o )

(GLM, generalized linear model)= %] &3} THSAS Institute., 2013). 3=

of BAT u SN ABH 24T volEE FAHOE Agae] BPS Ay

_16_



SHITh wiZiH S ZhS Sigmaplot L2 138 o] &35Fo] FAH R o0, o3} B
T wARFE o] RIS o] &5kt

w

-4-1. AA{RY 3

T AVEFAAEH)] A 7 2 ™
Feldman, 1987; Kim and Lee, 2003a). & <% FTAS
AEE T 39 S9EFEer A48T & dFolMs ddAAR Y AF
THAFRPAZIZE + AFTE + ARSI g g ASESEETTE ¢

)E FHFeto] AEe) Aed A9 FHo o] &89 tHKim et al., 2001).

N
o
o

4,

)

)

3-4-3. A dH
Aerddacs 22 A% S5EWAETTE, (D) 2 BAE Curry and
Feldman(1987)¢] 7§ A7 ® &3t Eyring 5 & (Eyring, 1935; 21)ell A &A|A o] &

s,

F(T) = Teerp(—B/T) — 4 1
AN a, g FAsNok T ARSI, o A& ol gl HF) A o
(P& T3} 2ol Araiair.

Px:/on E - 2

AZIA Px :on WA ACEHTVIZHAAM YA AR, #(T) - i AL =M A

of ME G AFol FAGFI/M B B

o

©
a
kel
ﬂllﬂl
£

T E} W T (temperature-dependent  total fecundity). 7]
U 257 AR ARgsto] @A ow olgd APA FA(A3)= o|&st

(Kim and Lee 2003a, 2003b).

30
o

b—T b—1T
E(T) =a « exp 1+T—exp(7)} -- 4 3
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NN EMe TEEAN FAwss dehln WS o = Ao Ads, b =
Ao) s wolt 2xsl Hn
A5 vhepaT,

A A4S (age-specific oviposition rate)< HFH ATl BAY(FH7ITH
&t T ARbsHAET) FollA o= 5 ARAIMA] Atdels o 7o F
Anj g gu|sitt. & AFelA = 49k FAdst 2709 Wi E AR
Weibull &<=(Wagner et al., 1984)5 o] &3} o w742 7| S 2317
Aste] 252 BAIEATE o17]1A Fpx) ol wSwAe]l Al A% prolA
HS5s g5dts MAFE 74 BlEolH, % b= wiZNH SO T

Flpz) =1—exp(—[pz/al’) -~ 2 4

p(Pr) =1—exp(—[Pz/p]") - 25
AZIM p, n= FA8oF & iz, AT
2 HEAZ| I olo thgeke AP FAAEE(pPx)S AlAtste] FA(EE)9
7 e Fg sk

o

A A A (Px, 22)0

£ (age-specific survival rate)> 2t --3}st oj® AT ko] A7t
o] A¥ste] o= AF e =S wWl Aol JHAIFE] HlEolth Aol A
A|T1RolE B3PS o] &3 THKim and Lee, 2003a; 2]6).

1
1+ exp((y— pz)/d]

A7 s(Px) = A A" PxollAd BEE, v = 50% AEE tsst= A
A, § = vizAFoIH, JFo FHS Y A™(Py, 212)0F HEA7]IL o]
ol tisshe A AEE(s(P) fh= olgstel FAER) WM = =
cEpisy

s(Px) =

— A6
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3-4-5. H]A Y dg2d
doAA U AFe 259 BEE 1o AAE nAY LS 2 EQl Lactin

I(Lactin et. al, 1995) 58S AFg-3to] F4 3}

o)

(T 1)/ A
r(T) = exp’’ — exp[pT”‘“ (T — 1)/ 4]

ANA (e €% TN 4F9 Begol, 1, 249
torew Bavh H9ANEY) Ades £x W9, S <dRavl dojuA A
42 B 2ol HE ewolu pi Fo fdel s Eujxi ystebs wg

o] EH3AQl gto]lth(Logan et al, 1976; Damos and Savopoulou-Soultani, 2008).

o>

X AY &%, AT

ha

o
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Corn cultivar - B 8 & B 8 8 ®8 aeeE ®E # s0E B

=
w
@ HEE S8 S8 SF S8 S8 SEE & B a8 —|3
S4B =
Dsaeg{wn % ®8% a4 B8 S8 B8 8 B8 aeE @
e @ ® #@ &% B8 sessass S8 S8 & @
el S AaEE S0 EE & SEE B B B8R 8 & @

O 25 e s

Mibaek 2ho chal <

corn @ B4 BA8 SeEEs & 8 8 eSess & a8
P

® Ssssssssssssaa

#e Sbee eesd SeSS B8 B4 Sess @

El =g = E=t = SR d SR BBEROARES SeABAREE BEAS
Chodang corn

Ge GEES SeEs B S8 BO8E Bes 8

aas Saew wss (LA AR R ]

B8 S84 mes sas B ABEE &6 ass @

IE g2 @ SBEEs sssessemEsEmeBaRdBaBEa
Miheug chal

COrmn ® @@8 S8 SeASEE =8 SE8 58 sss @

. saa

4 (f SEBE B8 8 B8 SEEEE B8 SEdeEs @

HI sz S [ BE8 FPOBeEENs SESEEeE ABEsEmeR -|
Chal-og 4ho | 1
com SEAAERARBEEREREE SEEBEdRERRER |

{ B8 Gasses sejssssdessscd sassea |
3 2
BEEE B8 BE8E ® ®8 SEEEREE B8 |
2UED HEpe | SasssassassdssanaaaBaiBRREs @
Allog-i chal ]
corn | BAEAS BEBERABBRABEREE BEROAeEERS ;
6 Lﬁ -!liiilllJtil-l 3
@ Uninfested
: Mesh house (1, 2, 3, 4,5, 6)
@ Iofested with fall armywormn Larvae were introduced in mesh

, house &
{j Infested with corn ear worm, etc.

Fig. 1. Layout of corn cultivars and corn plants infested with fall armyworms in the

experimental field. This reduced map was based on the actual field size.
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Fig. 2. A typical light damage symptom on corn leaves caused by young small

larvae of Spodoptera frugiperda. A = Chodang cultivar and B = Allog-ichal cultivar.

X : E'TI - - . -
Fig. 3. A typical severe damage symptom on corn leaves caused by large larvae of

Spodoptera frugiperda. A = Miheu (chal) cultivar, B = Chal-og 4ho cultivar, and C

= Chodang cultivar.
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- ] L%,

Fg. 4. A typical rnage syptom on corn whorl (Miheu chal corn) caused by large

larvae of Spodoptera frugiperda.

= — (]

Fig. 5. A typical damage éymptom on corn tassel (Chodang corn caused by large
larvae of Spodoptera frugiperda. A, B & C = Chopped tassel, and D & E = larva

on tassel (D) and penetration holes on leaves embracing tassel (E).
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Fig. 6. Symptoms on corn ear (Chodang corn) by large larvae of Spodoptera
frugiperda in early migrant generation. Frass on penetration hole in the top part of

ear (A) and penetration hole on the husk of ear (B).

Fig. 7. Symptoms on the top of corn ear (Chal-og 4ho corn) by large larvae of
Spodoptera frugiperda in the subsequent generation after early migrant. A large

penetration hole on the top part of ear (A) and damaged kennels the inside (B).
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i . -'k.“-h
Fig. 8. Symptoms on the middle of corn ear (Chal-og 4ho corn) by large larvae of

Spodoptera frugiperda in the subsequent generation after early migrant. A large

penetration hole on the middle part of ear (A) and damaged kennels the inside (B).

Fig. 9. Pupae of Spodoptera frugiperda in the root zone of corn plants.
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Fig. 10. The larvae of Asian corn borer, Ostrinia furnacalis (Guenée), on various

parts of corn. A-D = Miheug chal cultivar, E-F = Chal-og cultivar.

Fig. 11. The pupa of Asian corn borer, Ostrinia furnacalis (Guenée), found between

ear husks in the bottom of ear.
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F1<

Migrated
adults (FO)

!

- Eggs

|
1

Larvae

T

Pupae

:

Adults

Corn

Host plant alteration

—=| Eggs x| Eggs — | Egos > Eggs
I I I I
Larvae Larvae Larvae Larvae
F2 < F3 < F4 < F5 < ]
Pupae Pupae Pupae Pupae
l‘ 3 r il_
o e - L5
Adults Adults | Adults Adults
* Corn — »Corn » Corn = Corn
= Millet » Millet — = Millet
*Sudan grass - « Sudan grass - R}":I
Field Laboratory .

Fig. 12. Host plants provided to Spodoptera frugiperda by generation after migration
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v. d 4

L AT $55 TgeIA v B FADY JHEY B

1-1. v Aol & IH54

g 27] At duiAAm el &3t S5 E5E
~ 33.0%% tFEow WA HS 13.2% ©| A tH(Table 1). & &o] 7 =
UE 2FO4T F 317 ADHH T AR Z24599F T 157 7)) F 9
£9] zkol7t SleA RE EAAY FAZCR FolstA Ael7b AATHY =
7.49; df = 1; P < 0.01). &5 ASHAEGB~4%719 7~8%7]) Hal&2> 24
OF = 477, df = 1; P < 0.05), 23 = 5.50; df = 1; P < 0.05), 22435 =
25.82; df = 1; P < 0.01)8} #o] FF3 A#glo] 7~8%7] FAF SR [F3HA
E=ATHOE = 10.48; df = 1; P < 0.01).

AvAATIPY fF0] WAH S55E F5 24l AR FF0] HE
z=

AFE> AA= 43

o

dl e ST 7o vES FYct A3 Table 28} #rh T AT 3935
% 140504 T 7F gelEo] JHaFE2 35.6% °lAt. 2ESF52 JsT&
o 60.0%% 7HE =grom, mus i 24%R AlF EEF F Pg B T8 3

5 Bt 27] AT 1407004 o FF7] BT APESE S5 v &
) <A 7)) 42.9%, T FE7] APgeE €S 37.9%F FA
HAE A7 7Fo® FAYS w 71X 27 AFe §F sfxlTto] WY

7] SEE L5450 HES 19.3%7F =it

12, vl FAR I A5
2 R §F 1500 S A 0 S5 1%
3

a3, dAAvIHYE FE2 olZ (A A °oF
3

5492 Rglth oF 130em ol 1A ool A wAHA WUk 29 FF
AAEEE o gste] F4)eA 714 we ko] dojwtow], 4gow F4)

© A7l Ay g Ao 115 ERAA fFFo] A E A THFig 13, 19 July).
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9] 22.7%7} =3

& &
Ao vetgon, &4 159 H 3.1709] W77 #E s ok g ol A
=

gAY A FAUE A A F ZARSE olaf F]sE= Table 33} Fig.
149} 2o A F& F 80%2] sholdte]l A el ofgt vl S ek
™(Table 3), tol2t +aS 7Haliske A-¢ SAkel Fai7F vehbA ekgtr] wi
of AAl T4 &S 60%7F HArk SFF A=A A (Top) &l &l 7H
o] ESkom(Fig. 15), A 4vte]o] FFo] HAHUY S5 T s W

S|
&

1t 9.4%7} =9tk

EoH

o

flo
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2. Aol wE 7|FAEE 2S5 2 A 43

2-1. F2 At &9 A=A ;20209 08€ 08U ~ 08¥ 27
AfAM e v ) 24T 755 ok S5l AFeke] 42 JAd 7]
A 3kst AEo AFAZI7E, 1 9 AgREE Table 49 2 gt o o) Atk

A N7 649, £ 1249, BARSE 1203.6700) 9tk o] HEES 70% ©] Sl

=3
7|FAE E F3AY 95 2020d 08€ 299 ~ 10€ 12¢
Al(24 £ 1C, RH 64~67%) 27X 235775 A2 F3F0] dFo]
o] ¥ W35 HIAA tE 7t VFAEGFE1E S, 71, SE)EE Ho)
£ Alzst Ay= Table 59 2ot 7154 =l waba 359 HS7)H2 S

freet zkol fldThdf = 2, 30; F = 1.82; P = 0.1801). aFA|%k w719 77|
o 7+ ZlFrith SAH R oSkl AFol7E A Thdf = 2, 30; F = 27.03; P

=~
< 00001). FRLetag 14 HAT A9 Ao wlgo] Fhom $55E
A

; F=211; P = 0.1675,

oty
i
l
of
2l
ko)
o
“U l
Jo
1o
(=
2
-
rlr
e
¥
P
&
Il
0

df = 2, 11; F = 1.69; P = 0.2297, df = 2, 11; F = 3.5; P = 0.0666, df = 2, 6; F

= 0.0700; P = 0.9362).
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2-3. F4Ad19) 2h% @ 20204 102 13Y ~ 1€ 259
FHITAE AT AFORTE de Iz Ay B3 HAIE Table
7ol el gt #-F0 A 57 Seas A AATel TP R
o] Wskow(df = 2, 70; F = 50.12; P < 0.001), TS 1ekxs}l 7oA 357
= FAACE o7t Ytk FeEkAE A HATES el 7
1, S5 B UIAE 78S Adslen, V18] Aee
6ol ¥ &S I drE e Wur] EEe A9 4Rl
eleta BAH R Aol7b YERFA gt
(df = 2, 24; F = 5.95; P = 0.0080, df = 2, 37; F = 5.03; P = 0.0117). & T
glol Md7] & 45 VIFA =] w2k FAHCR Aolrt gl ewdf = 2,
64; F = 5.82; P = 0.0048), S et ael 7)o 2571312 2po] 7t
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3. 259 AdA g
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0.0008), 16 CllAl 7Fg A a1, 20~32TCollA ZFol7t gl FA== 1656.071
2 20ColM 7Hg Wekow(df = 3, 30; F = 3.55; P = 0.026), 16ClA 7} 7
2> A5 VeI 28T 32T E 16T 20T tste] 23 =}o]7} Lhe}
LA ekokeh Aol e Ag 16Tl 7B ool BESHA O H(df = 3, 30;
F =16.56; P < 0.001), 16TE A&j& A FofA Zfo]7} 1Sl

3-3. A 992y 34

AAA e ] AR S A 7 R e] vl HS Zh2 Table 13
of AN eI 25 Fales R (Fig. 16 B) oF 224C(HARSE p)olA F
ol AFgEQl 1407.007(WI /NS @7l E B S TH(Table 13). Aol A A w2l 2]
A AFE ARES Figo 16 C&F o] AR o|E Jor Frhsielon, A4
A= 0.5551(F2HE p)ollA] 50%2] Ateke ¢kgskith ARE =SS A0
= APEC] Wwol A gltht A AA A FA8] T tHFig.

16 D). g4 A7 1.0176(3=HvE 1)7HA 50%2] Aol AEsH3AT
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Table 1. Corn cultivar- and development stage-related comparison of corn plants infested by Spodoptera frugiperda larvae in a small

corn field in Jeju, South Korea

Com stage in 3-4 leaf Corn stage in 7-8 leaf
. Total
Cultivar ] ] ] o infested
n No. infested % infested n No. infested % infested (% infested)
Osaeg 42 1 24 40 5.0%! 12.5 7.3
Mibaek 2ho 35 3 8.6 41 1.0ns 2.4 5.3
Chodang 45 10 22.2 49 21.0* 42.9 33.0
Miheug 26 3 11.5 50 8.0ns 16.0 14.5
Chal-og 4ho 56 0 0.0 43 15.0%* 34.9 15.2
Allog-i 43 4 9.3 51 0.0ns 0.0 4.3
Mean 3.5 9.0 8.3 18.1 13.2
Sum 247 21 274 50.0%**

" \?-test between two corn stages in the number of infested plants in each cultivar: ns = not significant, * = significant at P = 0.05,

and ** = significant at P = 0.01.
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Table 2. Field condition damage class-based changes in the number of corn plants infested by Spodoptera frugiperda in Jeju, South

Korea
Stage class Osaeg  Miback 2ho  Chodang  Miheug Chal-og 4ho  Allog-i Total Prog%“‘m
No. corn plants examined 82 76 95 76 36 28 393
Corns infested with larvae 23 17 57 19 14 10 140 35.6
Lightly damaged
(Dead in early larvae) 15 H 25 3 3 3 60 429
Severely damaged
(Dead in late larvae) 8 6 16 12 7 4 >3 37.9
Corns found with pupae 0 0 16 4 4 3 27 19.3
% infested corn plants 28.0 22.4 60.0 25.0 38.9 35.7
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Table 3. Distribution pattern of corn ear damage caused by Spodoptera frugiperda larvae

Larvae found

X Infested
Damaged part % damaged area on kennel
cars No. larvae per ear Maximum
Silk 7 0.0 0.0 -
Top of ear 18 1.3 4.0 8.9
Middle of ear 3 1.0 1.0 12.7
Bottom of ear 0 0.0 0.0 -
Sum or mean 28 1.3 94

The number of samples were 35 corn ears.

'Fig. : Top of ear (Fig. 7), Middle of ear (Fig. 8), and Bottom of ear (Fig. 11).
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Table 4. Female longevity, fecundity, pre-oviposition, hatch rate of Spodoptera frugiperda at 24C + 1T

Female longevity ) Pre-oviposition Egg hatch
Host n Fecundity
(Days + S.D.) (Days + S.D.) (% + S.D.)
Corn' 124 + 3.06 10 1203.6 + 405.96 64 + 1.17 71.0 £ 17.92

' Zea mays L. ‘Allog-i’.
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Table 5. Total larvae, pupae, pupae weight of Spodoptera frugiperda according to host plant at 24C + 1T

Host plant' Total larvae (Days = S.D.) Pupae (Days + S.D.) Pupae weight (g £ S.D.)
Sud 17.9 + 1.24a° 12.92 £+ 1.000a 0.118 + 0.0109b
udan grass (12)3 (12) (12)
Proso millet 17.9 + 1.56a 12.55 £ 1.21a 0.096 + 0.0203c
(12) (11) (12)
C ‘Chodang’ 15.0 = 2.10b 12.70 £ 0.95a 0.159 £ 0.0239a
orm Ahocang (11) (10) (11)

' Sudan grass (Sorghum bicolor ssp. drummondii), Proso millet (Panicum miliaceum L.), Corn ‘Chodang’ (Zea mays L.).
2 Means with the same letters in a column at each host are not significantly different by Turkey test at P = 0.05.

* The values in parenthesis indicate sample size.
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Table 6. Female longevity, total eggs, pre-oviposition, hatch rate and sex ratio of Spodoptera fiugiperda according to host plants

(4°C + 17)

Host plant' F?gl:}lg Lonég.%v.i)ty Fecundity I(’]r)z}(l)sviiossi.t]i)o. I)l (%/%gihgggg Femal sex ratio’
Sudan grass 16.7 + 2.98a° 447.3 + 413.61a 9.0 + 3.00a 61.49 + 19.549a 0.67
Proso millet 12.8 + 2.50a 422.8 + 310.66a 6.3 £ 2.06a 60.50 + 21.730a 0.58

Corn ‘Chodang’ 14.0 £ 4.58a 942.3 + 566.31a 4.7 + 1.53a 64.90 + 14.827a 0.36

' Sudan grass (Sorghum bicolor ssp. drummondii), Proso millet (Panicum miliaceum L.), Corn ‘Chodang’ (Zea mays

? Means with the same letters in a column at each host are not significantly different by Turkey test at P = 0.05.

* Femal sex ratio = (Total Female) / (Total Female + Total Male).
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Table 7. Immature development time (days = S.D.), total larvae, pupae and pupae

weight of Spodoptera frugiperda according to host plants (24C + 1)

Development Host plant'
stage Sudan grass Proso millet Corn ‘Chodang’
L1 3.50 + 0.949a* 3.18 + 0.548b 2.03 + 0.186¢
(26)* (28) (29)
L2 2.09 £ 0.288a 2.00 £ 0.000a 2.18 + 0.390a
(23) (25) (28)
L3 1.96 + 0.638a 1.71 + 0.624a 1.68 + 0.548a
(23) (24) (28)
L4 1.86 £ 0.710b 2.38 £ 0.495a 2.07 £ 0.766ab
(22) (24) (28)
Ls 2.50 £ 0.740a 2.67 £ 0.637a 2.68 + 0.612a
(22) (24) (28)
L6 3.64 +£ 0.790b 6.13 + 1.035a 3.59 + 1.010b
(22) (24) (27)
L7 3.13 + 0.500 4 2.00 = 0.000
(16) (D
17.77 £ 1.744a 17.88 + 1.296a 14.30 + 1.325b
Larvae 22) 4) Q7
10.89 £+ 0.33 12.17 + 1. 11.00 £+ 0.
Pupac(femalc) & 3b 7(12) 337a 00 (6)0 000b
12.09 £+ 0.944b 13.30 £ 1.337a 12.37 £ 0.597b
Pupae(male) (11) (10) (19)
11.55 £ 0.945b 12.68 + 1.427a 12.04 £ 0.790ab
Pupae (20) 22) 25)

Pupae weight

0.1746 + 0.01409a

21)

0.1111 + 0.01253¢

(23)

0.1364 + 0.02110b

(26)

Sudan grass (Sorghum bicolor ssp. drummondii), Proso millet (Panicum miliaceum
L.), Corn ‘Chodang’ (Zea mays L.).

Means with the same letters in a column at each host are not significantly different
by Turkey test at P = 0.05. (L1; df = 2, 74; F = 46.27; P < 0.0001), (L2; df =
2, 71; F = 2.63; P = 0.0788), (L3; df = 2, 71; F = 1.62; P = 0.2059), (L4; df =
2, 70; F = 3.54; P = 0.0344), (LS; df = 2, 70; F = 0.63; P = 0.5341), (L6; df =
2, 70; F = 55.44; P < 0.0001).

The values in parenthesis indicate sample size.

No available data.
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Table 8. Female longevity, fecundity, pre-oviposition, hatch rate and sex ratio of Spodoptera frugiperda according to host plant at

24C £ 17T
1 Female longevity . Pre-oviposition Egg hatch . 3
Host plant n (Days + S.D.) Fecundity (Days + S.D.) (% + S.D.) Female sex ratio
Sudan grass 9 10.1 £ 2.76a* 923.2 + 392.10a 3.1 £ 1.36a 59.02 £ 11.022a 0.43
Proso millet 11 10.5 £ 1.75a 697.5 £ 179.09a 3.7 £ 1.01a 66.15 £ 12.127a 0.57
Corn ‘Chodang’ 6 11.5 £ 5.07a 522.0 £ 133.60a 4.8 £ 1.50a 49.95 + 12.308a 0.23

' Sudan grass (Sorghum bicolor ssp. drummondii), Proso millet (Panicum miliaceum L.), Corn ‘Chodang’ (Zea mays L.).

? Means with the same letters in a column at each host are not significantly different by Turkey test at P = 0.05.

* Femal sex ratio = (Total Female) / (Total Female + Total Male).
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Table 9. Immature development time (days + S.D.), total larvae, pupaec and pupae

weight of Spodoptera frugiperda according to host plants (24C + 1)

Development

stage

L1
L2
L3
L4
L5
L6
L7

Larvae

Pupae
(female)

Pupae
(male)

Pupae

Pupae
weight

Host plant'
Sudan grass Proso millet Corn ‘Chodang’ Rye
3.37 + 0.490a’ 3.00 + 0.000b 2.41 + 0.682c 3.00 + 0.000b
30y’ (30) (29) (30)
2.70 + 0.559a 1.90 + 0.403b 2.23 + 0.652b 2.00 + 0.643b
(23) (30) (26) (30)
1.29 + 0.561b 1.83 + 0.539a 1.81 + 0.402a 1.53 + 0.571ab
(21 (29) (20) (30)
2.10 + 0.301a 2.10 + 0.489a 2.12 + 1.211a 2.07 = 0.371a
(21 (29) (20) (29)
233 + 0.577a 2.52 + 0.509a 2.58 + 0.504a 2.36 = 0.559a
(21 (29) (20) (28)
4.10 + 0.436a 3.59 + 0.501ab 3.42 + 1.301bc 3.00 £ 0.000c
(21 (29) (20) (28)
4 4 2.00 £ 0.000 )
(1 A3)
15.76 + 1.136a 1493 + 0.753a 14.65 + 2.770a 13.82 + 0.476b
(21 (29) (20) (28)

12.45 + 0.522a 13.00 + 0.775a 11.20 + 0.919b 12.53 £ 1.330a
(11) (11) (10) (13)
14.66 + 0.500a 15.00 +0.594a 12.90 + 0.875b 14.72 + 2.101a
©) (18) (10) (11)
13.40 + 1.187a 1424 + 1.184a 12.05 + 1.234b 13.54 £+ 2.021a
(20) (29) (20) 24)
0.1568 + 0.1691 + 0.1760 + 0.1720 +
0.02755b 0.01564ab 0.02551a 0.01403ab
(21) (29) (206) 27)

' Sudan grass (Sorghum bicolor ssp. drummondii), Proso millet (Panicum miliaceum

L.), Corn ‘Chodang’ (Zea mays L.), Rye.

Means with the same letters in a column at each host are not significantly different

by Turkey test at P = 0.05. (L1; df = 3, 114; F = 26.46; P < 0.0001), (L2; df =

3, 104; F = 9.06; P < 0.0001), (L3; df = 3, 101; F = 5.33; P = 0.0019), (L4; df

= 3, 100; F = 0.02; P = 0.9954), (L5; df = 3, 99; F = 1.14; P = 0.3366), (L6;

df = 3, 99; F = 9.03; P < 0.0001).

* No available data.

The values in parenthesis indicate sample size.
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Table 10. Female longevity, fecundity, pre-oviposition, hatch rate and sex ratio of Spodoptera frugiperda according to host plant at

24C £ 17T
1 Female longevity . Pre-oviposition Egg hatch - 3
Host plant n (Days + S.D.) Fecundity (Days = S.D.) (% % S.D.) Female sex ratio
Sudan grass 19.1 + 2.91ab’ 500.4 + 371.11ab 9.1 £ 3.53ab 4748 + 17.198a 0.57
7
Proso millet 21.3 + 2.63a 408.9 + 224.54b 134 + 4.12a 54.84 + 10.304a 0.38
Corn ‘Chodang’ 10 154 + 4.72b 973.0 + 415.31a 6.7 £ 2.79b 5191 + 13.118a 0.50
Rye 11 18.2 = 4.29ab 579.7 + 346.55ab 10.4 + 2.25a 45.54 + 16.309a 0.59

' Sudan grass (Sorghum bicolor ssp. drummondii), Proso millet (Panicum miliaceum L.), Corn ‘Chodang’ (Zea mays L.), Rye.

? Means with the same letters in a column at each host are not significantly different by Turkey test at P = 0.05.

* Femal sex ratio = (Total Female) / (Total Female + Total Male).
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Table 11. Pre-oviposition,

fecundity and female longevity of Spodoptera frugiperda according to temperature(20 = 1T, 28 + 1T, 32 +

17)
Temperature 0 Pre-oviposition Fecundity Female longevity
(Days + S.D.) (Days + S.D.)
20T 10 5.30 = 2.163ab' 1297.0 + 429.87a 18.8 + 3.88a
28T 9 3.89 + 0.928b 1073.3 £ 513.99a 11.1 £ 1.69b
32T 8 6.75 £ 1.488a 803.4 + 474.96a 12.6 = 1.60b

' Means with the same letters in a column at each temperature are not significantly different by Turkey test at P = 0.05.
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Table 12. Pre-oviposition, fecundity and female longevity of Spodoptera frugiperda according to temperature(16 £ 1°C, 20 + 1T, 28 =+

1C, 32 + 17)

Pre-oviposition Female longevity

Temperature n (Days = S.D.) Fecundity (Days = S.D.)
16T 7 9.14 + 3.891a' 966.3 + 380.10b 31.9 + 8.65a
20T 11 4.18 + 0.874b 1656.0 = 604.92a 19.4 + 4.30b
28T 10 4.20 + 1.687b 1496.9 + 458.72ab 15.5 £ 4.55b
32T 6 5.17 + 3.189b 1056.3 = 536.35ab 143 + 1.75b

' Means with the same letters in a column at each temperautre are not significantly different by Turkey test at P = 0.05.
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Table 13. Estimated parameter values for temperature-dependent total fecundity, age-specific oviposition rate and age-specific survival rate

of spodoptera frugiperda

Model Parameter Estimated SEM R2
p 0.1391 0.0223
1

Adu(lf /liifgfggg;em Tmax 36.5623 1.7246 0.9724
AT 7.1814 1.1466
a 1407.007 130.401

Total fecundity? b 22.3852 1.1061 0.8563
k 8.9119 2.0736
0.5551 0.0077

Age-specific oviposition rate’® i 5 5047 0.1207 0.9769
1.0176 0.0055

Age-specific survival rate’ g 0118 0.0049 0.9895

" Lactin 1 was applied with statistical significance (df = 2, 2; F = 17.3818; P = 0.0544).
? Extreme value function (Kim and Lee 2003a, 2003b) was applied with statistical significance (df = 2, 2; F = 2.7478; P = 0.2668).

> The Weibull function (suggested by Kim and Lee, 2003) was applied with statistical significance (df = 1, 192; F = 4005.3525; P <
0.0001).

* A sigmoid function (suggested by Kim and Lee, 2003) was applied with statistical significance (df = 1, 173; F = 8127.3484; P <
0.0001).
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The position of pupae found in soll (%), examined on 3 Aug.

Fig. 13. Dispersion of hatched Spodoptera frugiperda larvae (single cohort of 150

larvae) in caged corn plants. The solid circles indicate the corn plants where the

larvae were found. The circles with diagonal patterns indicate the corn plants without

larvae but with damage symptoms. The degree-days based on 12.2 °C are provided

on each date with the physiological age of S. frugiperda larval instars and pupae.

That 1is,

1.4 instar indicates the physiological age of the first instar with the

completion of 40% for the first instar. The signs “6.C” and “P.2” indicate the

completion of the sixth instar and the 20%

respectively.
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Fig. 14. Frequency distribution of the distance between the position of the

Spodoptera frugiperda pupae and the nearest corn plants.
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Fig. 15. Proportion (%) of each corn ear part damaged by Spodoptera frugiperda.
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7F 7P B2 Aow dE A QIth(Marenco et al, 1992). %
AMuYY {50 9 02~087H2]d Aol 5~29%2]
FATFE QltH(Marenco et al, 1992). Z7] H] W2l 7| 2l;
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Supplement data

Supp. Table S1. Temperature-dependent development of Spodoptera frugiperda at constant temperatures (original data from Du Plessis et

al., 2020)

Larval instar

Tem.(°C) Egg Pupa
1 2 3 4 5 6

18 6.38 4.94 4.52 5.00 5.16 6.16 8.61 30.68

22 4.00 3.70 3.00 2.48 2.85 3.42 5.12 17.06

26 3.00 2.90 2.14 2.00 2.10 2.33 3.38 11.43

30 2.00 2.70 1.90 1.43 1.62 2.19 2.00 9.00

32 2.00 2.70 1.33 1.06 1.52 1.79 2.06 7.82
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Supp. Table S2. Degree days (DD) for the development completion of each instar (namely thermal constant K) of Spodoptera frugiperda

based on low threshold temperature of 12.2 °C

Larval instar

Tem.(°C) Pupa
1 2 3 4 5 6

18 29 26 29 30 36 50 178

22 36 29 24 28 33 50 167

26 40 30 28 29 32 47 158

30 48 34 25 29 39 36 160

32 53 26 21 30 35 41 155
Average 41 29 25 29 35 45 163
Cumulative - 70 95 125 160 204 368
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