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Abstract: In this study, Telenomus remus Nixon (Hymenoptera: Scelionidae) was first
reported as a natural enemy of the fall armyworm Spodoptera frugiperda (J.E. Smith)
(Lepidoptera: Noctuidae) egg collected from corn fields in Korea, and its biological charac-
teristics was studied. Based on morphological and molecular analysis, the parasitoid
emerged from S. frugiperda eggs was identified as T remus. We found that T. remus can
attack the eggs of S. frugiperda, Spodoptera litra and Spodoptera exigua under a labora-
tory condition. The longevity of T remus female adult was longer than that of male adult.
The egg-to-adult period of T remus was not affected by the host age and sex. T remus
female adult laid at least 1-3 eggs a day to a maximum of 37 or more eggs, and the most
oviposited on the 3™ to 4™ day after emergence. The host preference for oviposition of T,
remus adult was high in the order of S. litura> S. exigua> S. frugiperda. T. remus prefer-
red to parasitize 1- and 2-day-old host egg rather than 3-day-old host egg. When com-
pared to the sex ratio of T remus progeny, the rate of female progeny was higher at the
initiation time of oviposition, while the proportion of male progeny increased signifi-
cantly with female adult age, especially after 8-day-old adult. This information may be
useful for improving T remus mass rearing system and developing a biological control
program to control S. frugiperda.

Keywords: fall armyworm, Spodoptera frugiperda, egg parasitoid, Telenomus remus,
biological characteristics

http://www.koseb.org 187



| I
Korean J. Environ. Biol. 40(2) : 187-198 (2022)

MNoB

DA [ Spodoptera frugiperda (J.E. Smith, 1797)]

S44-5 ZRdsto] off FahEe] A4S wsiE
€ 5o, 27 18639 Aee 7HiE A= 7|FH
A7t vl W2 o5 o2 AR Qlrh(Casmuz et al. 2010).
GeiAA RS B F Hi&o] Aibx]o]H, L] (Lepi-
doptera) ¥} (Noctuidae) S-FEH ot} (Amphi-
pyrinae) ] &2t} 53], 015/ (migratory behavior)©] 7+
St ellFo.2 d#fA Qlrk(Sparks 1979; Johnson 1987).

GAAEEY 4SS FollA 7H27HA] ml= EArAe}
Z2atol|A] & o= syt #4928k 2714 1,700
kmE ©]&ot= Ao 2 BTt (Mitchell et al. 1991;
Westbrook et al. 2016). AL} e] o] Aot ]
7} Holz]2fotell A 2016 A= 1% ©]F (Goergen et
al. 2016), AFstet ofd x| tjF o] ofxL 7} x7HERE
ol 2} (Nagoshi et al. 2018) 201813 sU]| Aopx|o} <
Ao A A =lE] Qlet. 22 off n|ektet Hi= 5 5'E
ofxJot 7te], 12|11 20190l = F 5 FHROMoFR
SPAISEIATE (Li et al. 2019). -2 H2toll= 20198 AH|F=0l|A]
A AL, AR B 5 o8] Aol A= ozt
SRRIE] It (Lee et al. 2020).

AeiAAEIEY ] 7184 A0 SRe 4 9 By
H Sfjof] whet theFsttt. Hendery (2020)+ Feed the future
9] IPM Innovation Lab I8 ©] 2018 Fotxz]7}of A
HHAAFT Lol tish 70% ©139] 71BES Hole
T A& (Telenomus 2 Trichogmmmaé:—)—% HASHE T B
5Tt T3 Koffi et al. (2020)-2 ©FZ2]7} 71t (Ghana)
oA diAA T AAFE HASHAA Chelo-
nus bifoveolatus 2 Coccygidium luteum®©] 7} 9 ototal
Hyusteh QAN S 345t 1505 o139 &
7142+ & ot |7l A Telenomus remus Nixon (Hyme-
noptera: Scelionidae) 7} A3 EZYA| A2 A 7Hs/do] 7}
e Ao 2 Hargh vl 9L O™ (Kenis et al. 2019), 5=
o A& TheFet Spodopteraioll Eoh= F2 FARITHAL H
5 TH(Chou 1987; Tang et al. 2010). Liao et al. (2019)<
Ho= S TollA diiAA WY Lol Z18ske T.
remuss Ao HIISHHA 0|59 ofe] 7]AE°] 30~50%
A Pty B usi9ict.

r Il
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s G718 T remus 5 A2 0.5~0.6 mm©| 1,
o] Alotof| A Nixon (1937)°] 2Jafl A-3o2 HilE9]
o}, o] T2 ofAof, ofzLe|7L, ofd|E]7} Bl @ Aot of o
Fofl 2x2sh=t, =UH o]F FARF A= v ZotE
of glo, o= T EFE 2T 2] g
AT 2] ol 4] FESEIT QITH(CABI, https://
cabi.org/isc/datasheet/53078; Kenis et al. 2019; Liao et al.
2019). T. remus®] 71525 YWY (Noctuidae), Z5H
27} (Crambidae) B BT} (Arctiidae) @] 0] =,
72 Jbdartol] £5h9, 215 Spodoptera spp.7t 7HE B
o] Ba1x]o] It (Cave 2000). Spodoptera spp.2] &7/ 8E
2 SHI}(Trichogrammatidae) 2| Trichogramma spp.k. Sl
O}, & gofg] 9] o F leEH dof F= Aty wiE
o & Fole]9] &l Q= Y7HA] Atto] 7Fs3t T remus
7t B FAAR] 7|HE F7PE QT (Cave 2000). T.
remus YA 52 7150 4G & 7O g =t 24
B Ht 270709] &S 4FESITH (Cave 2000; Kenis et al.
2019). T. remussS ©]-8_ Ao AAN WY} FrfjAA =
" (Spodoptera litura) ' Spodoptera spp. 7<) =2
AE F1oh o8 vUetollA dids4] & diF A Al
71 st ow, e 54 (D=, A4, AH F) 0 oA
714 5°] A= UTH(Cave 2000).

Z271/82 (gregarious egg parasitoid)= P2 0= gt
7150l thp o] G Ateshs W, 571487t (solitary
egg parasitoid)+= 2t 7|50 ¥ 72| &2 Ahetol= 40|
Uk 7L 7B =7 A= §F A 9] bRt s
= 95 552 US-2 JARITH(Mayhew and van Alphen
1999; Pexton and Mayhew 2002). 5tH FE 7] 2}= A
2 JdrpfFo] ARA o2 WS AH¥o] 3o (Dorn
and Beckage 2007) FEE ol A= EEG Y HAIgH
v} QIct (Bartlett and Ball 1964; Bartlett and Medved 1966;
Grbic et al. 1992).

2 AFol M= oA 712874 HAQ] Telenomus remus
(CP)HEHTEALE7E SdiAARWY Lol A=
Oz WHH S BshAA o] A B2 54 (S
A5 1, dollA A7 E1713%, Adu), A=, 7148
E, 717 A4 9 FE7IA A7 F)ofl tiste] Halsia

2} gt



= 9

b

LAdE2S

20201 99 18 A& e 24 s dyetd
XA} (35°49'40"N, 127°02'44"E) O] 5= lof] Akt
AT & Fofafet & FHA At F<l

r
it >

o
N

o
A 47 Aotk A A8 AR e olF o
N A Telenomus remus "3%°] 2l o m o]F F=j
Agisto] fAskAA B Aol ALSshATk AL 22
2 2% 25+1°C, F57] 16: 8 (Light : Dark) h @ 5%
s0~70% OB, A1 8] Aet 2ol B Wk £,
FHAAEGE g2 7|52 AlFstis A4 54

Choi (1999)9] #7715 Falste] 12}
Ko7 AL J}(Scehomdae)—J Telenomus< 0.2 2t
QIotATE BEAE -2 Seo et al. (2017)2] CTAB extraction
solution (iNtRON Biotechnology Inc., Korea) A= DNA 5
WS olgste] A7 45 o2 HH Alm DNAS &
Halot datd o r 47| O] nEF o A|EA

F2ATHA 1 (mtCO1) |42 F9-E 5st7] HAsiA
mtCO1 5-Z-& -8 Tafo]mQl LCO1490 (5'-GGT CAA
CAA ATC ATA AAG ATATI'G G-3'),HCO2198 (5" TAAACT
TCA GGG TGA CCA AAA AAT CA-3') (Folmer et al. 1994)
S olgsltt. TR EAAHES (PCR)S 151 0.2mL
PCR FHof 12.5 uLO] PrimeSTAR® GXL premix (2 X )
(Takara Korea Biomedical Inc., Korea) & ui g y.L—/] Al
5 DNAS} 2uL 0] Hal/ oweF metolw (Z 10pM) B
9.5uLe] b5 F7FSkAL 4lo] XF 2suLE T
PCR ¥-8-2 SimpliAmp™ Thermal Cycler (Thermo Fisher
Scientific, Waltham, MA, USA)E ©]-&3}9] 98°Col|A] 10
e 49°C°1W 15%, 68°COllA] 302 303] WHESHY
t}. PCR 5% AMHE-S G = A (Korea)oll 2] 2|5l Sanger
sequencingi Tegstl o, 227 oA = =3
AMEXHAE (NCBI) GenBank H| 0] EJH]o] A2} BLAST
42 FoiA Ziﬂ 71 *1"3 (query) 141 99% ©1/3¢]
SAE (31m11ar1ty) L AR A WA 9 —‘—(spec1es)
= G5 A3 ;51 \ﬂjﬂﬂ T2 T remusSt ThF2t &
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AHE FAEE ¥ HES] s S=llAd HAld T.
remus A EZE 2o} G744 A H (MWS51561.12F MT9066
47.1)E st mtCO1 (COX1) AA| <, cox3 #
2 99, CYTB #+ 99= T2 5 8= _E}O]‘HE
Primer3 (https://bioinfo.ut.ee/primer3-0.4.0/) & ©]-85}]
A AlzFsdth. meCO1 (COX1) A 3 %ﬁ‘—ﬁ zZato]
™= Tel.remus-ND2-F1 (5" TTC CAT CAA CAT TTT ATT
TT-3')¢} Tel.remus-ND2-R1 (5'-AAT TGG TGA TAT AGC
ATC TI-3")°]1l, COX3 F& 99 528 Zfo|r= Tel.
remus-COX3-F1 (5-GTC AAC CAT TI'C ACC TAG TA-3')
2} Tel.remus-COX3-R1 (5'-CAC ACT ACA TCA ACA AAA
TG-3')°o|w, mpA|ato 2 CYTB K2 9o FZg mato|y
+ Tel.remus-CYTB-F1 (5'-GAT GAA ATT TTG GAT CAT
TA-3')} Tel.remus-CYTB-R1 (5'-ACT GGT ATT ATT CCA
ATT CA-3')°|th. PCR 5F ¥ #2542 91t &2 U
o 72 4345kt ot 01-7]/&1434 o] & DNA 010_ﬂlql Internal
transcribed spacer 2 (ITS2) G714 <€ £ Y8l BE
3 PCR Z oW ITS3 (5'-GCATCGATGAAGAAC
GCAGC-3")%} ITS4 (5'-TCCTCCGCTTATTGATATGC-3')
(White et al. 1990)5 -85t Seo et al. (2017)2] HO =
PCR ¥H-3-& 4345}3irt oid PCR AHE2] EAHE72 ¢
o g2 oz RSkt

BEAASS B2 A50A Liao et al. (2019)2 FX35}
of o= =FPAYE BAIE (NCBI) GenBank H|o|E{H]o] A
oAl 405bp2] & FEE 2= HALE T} (Scelionidae)
& 507119l mtCO1 H71AE-S Aol 8okt Tl
(outgroup) 2. 21= 2E9] Trichogrammatidae wasps= 2§
SF T MEGA 7.0 (Kumar et al. 2015)°] ¥ ClustalW
W o 2 vdst Fo) Tamura-Nei YHOZE G142 A
(evolutionary distance)—é AAFSFA! Maximum Likelihood Al
FTE SN, F 1,0008] BHE (bootstrapping) S+
A= =5 HA A

o
AM %71 (27 5.5x%=9] 1.5 cm, SPL #310050) 1l At
2 G AN Y] A BES Yol T,
Z %@rﬁi T. remus 471 1°F2] 2} =71 2012 & 755kl o
AtHS HFO A T remus @] RAMS BFRISHY] ob9] 4=

I

http://www.koseb.org 189



| I
Korean J. Environ. Biol. 40(2) : 187-198 (2022)

7 5.5x 0] 1.5 cm, SPL #310050)° Zth
HHi AN R ot EES Yol Fa,
Zb 2Kt T remus A 1°12]2} 71 201 & SFF B4
7 gol & F o A5 25 AASHL MY T remus

S gRlste ez dollA 4I7HA1 9 717k

ARS 271 (A7 5.5x%=°] 1.5 cm, SPL #310050)°]l G
AAEE B AR ot EES o] £,
S T remus S 1912 e} =7 2012 & FE5)o]
b W, v e 44 A4S AR 2 g
HiAA RS Gt EEo] e 8712 &A F3uch wl
o Akt g AN W g A AR UERS] o
A S5k= T remus®] A2 AL ARt 2 AP ST
A 19t & Al 919 R 4R AEol A
e w7k AR g Fete] 3 Ak sk

N o

¢}

4) Mgt J|F My

AHS871(A7 5.5 0] 1.5 cm, SPL #310050) 1l Z} 7]
T[T (Spodoptera exigua), TEERAA L 2 H ol
AAEIFES] & 35~607 Atolell Al FURt 4-2] g ¢
o] F11, 93} F 24A3Fo] 12| Q-2 T remus A 17
oF 7 2015 24417 B FEG o] U AT B
5 AASAE oF 209 A § 7t 7|5 Lol g3kt 7]
PO 5 ZALSITh

HHAAAE 2 AT o 2R Alet
T 24,48 9 72417 | 30~65709] I AHS 871
5.5x 9] 1.5cm, SPL #310050)°f] Y1, 3} 5 244
AU2] 2 T remus G 101212} 57 2112] 5 244]
B JESN & A5 ASS AASHA °F 208
ol A f2let 7|28 o] 5 ZAFSHAT

g

o rlo

—~

;

N
i~
o

Job S

=

3
k=)

5) 23 ‘g
AR 871 (A7 5.5%x=0] 1.5cm, SPL #310050) 1 Ao
AAE G E g A Y] O P, 95t & 244]
Zrol AuA] o2 A 1t o 71 2ut E 24417 FRF
2 2 ASE AAS e, oF 20 A &
31t T remus®] Tl5o] vRAEl upt] mofat A 9 o

o &

ey =
HAEe &

190 (©2022. Korean Society of Environmental Biology.

g|o] AR 5 FLESFTH(Cave 2000). T remus2] A3
Hl&= A A 4beket oA f3loh= o2 AHlE £

199,00, Arebat A)7]of w4 BEE ZAks A,

A 871 (A7 5.5%x 0] 1.5 cm, SPL #310050)°fl Edf
AAEPY 42 Y, wrjshA] e A 1nkeE HE
g 5 2447 A & S AAs e, oF 209 At
T 3R T remus®] g ot G4 ARE X

Astege.

7) 71’48

A8 271 (A7 5.5%3°] 1.5 cm, SPL #310050) ] Ath
AR F G A AR oF 25~507]9} EES E
a1, 92FRF T remus A 191 et A 20ke]E 24417 &
oF HFst] 78S e & 5 FAfSt] 4 714

g2 2ARr

8) 35718

ARS 271 (A7 5.5x%=°] 1.5 cm, SPL #310050)°]l G
AAET E e AAEe] & 30709t EES 2,
3R T remus XA 100H2]2F =7 2071 HE5HA T
24A7F At & Ao AR 9 EEi AN R Y] o
S 242 1704 R REehHA 815t 7 8 X

Asto] FE71Y o128 2SS

23t Y D

1. XI5 (BLAST &)

202019 89 18Y = 5ot AFEA Sl
A ARG efAARE 47148 (Fig. 1) ] PIEE =2}
of Al 7FA] 94 (1,753,706 X 899bp) X 3 DNAS] ITS2
(335bp) 9] FEELEFO|E AAAE GenBank®l 555
%t} (GenBank accession number ON737907, ON737908,
ON737909 % ON721270). BHHAAIWY &7]AE 2] n]
EZ=a]op Al 742] 99 (1,753,706 2 899 bp)-S BLAST
B9 At % 99.33% O|A Telenomus remus?t s
S BTH(Table 1). 7HY =2 58S EQI T remus

(MT906647.1)= 20194 79 5= F55AS AHA



Adults on egg masses

Female

First report of Telenomus remus in Korea

Male

Fig. 1. Telenomus remus adults that were found in corn fields in Korea on Sept. 18, 2020 and their morphological features.

Table 1. TOP 5 BLAST results for three mitochondrial gene regions (A7C) and internal transcribed spacer 2 (ITS2) region (D) of the fall army-
worm (Spodoptera frugiperda) egg parasitoid that were found in Korea on Sep. 18, 2020

Query sequences

Blast results

BLAST Gene :\lucleoude Top 5 Scientific name fotal Query E-value P erce_nt aGczigig:igl;
ength (bp) score cover identity
number
1 Telenomus remus 3210 100% 0.0 99.71 MT906647.1
ND2 (partial) - 2 Telenomus remus 3182 100% 0.0 99.43 MW551561.1
A COX1 (full)- 1,753 3 Telenomus dignus 2172 100% 0.0 89.00 KR270640.1
COX2 (partial) 4 Trissolcus basalis 1807 99% 0.0 85.52 JN903532.1
5 Trissolcus japonicus 1729 99% 0.0 84.60 MW?722780.1
1 Telenomus remus 1293 99% 0.0 99.86 MW551561.1
2 Telenomus remus 1288 99% 0.0 99.72 MT906647.1
B COX3 (partial) 706 3 Telenomus dignus 712 99% 0.0 84.99 KR270640.1
4 Telenomus sp. 575 99% 2E-159 81.62 MF776884.1
5 Trissolcus basalis 573 99% 9E-159 81.55 JN903532.1
1 Telenomus remus 1631 99% 0.0 99.44 MT906647.1
2 Telenomus remus 1626 99% 0.0 99.33 MW551561.1
C CYTB (partial) 899 3 Telenomus dignus 1188 99% 0.0 90.56 KR270640.1
4 Telenomus sp. 1094 99% 0.0 88.69 MF776884.1
5 Trissolcus basalis 994 99% 0.0 86.65 JN903532.1
1 Telenomus nawai 601 100% 2E-167 99.1 AF467102.1
2 Telenomus remus 590 100% 4E-164 98.51 KM272554.1
D [TS2 (full) 335 3 Trissolcus edessae 172 57% 2E-12 94.55 MN613446.1
4 Trissolcus vindicius 76.8 14% 1E-09 94.00 MN613475.1
5 Trissolcus basalis 69.4 14% 2E-07 91.84 MN613531.1

(30°15'N, 121°04'E) AiAAIR O] oA A3 - 573
H G711tk (Li et al. 2021). AL (Scelionidae) 2t
37} (Trichogrammatidae) 2] mtCO1 F-2 % (405bp)=
U A QR SAAIEY A7 o] FL F it

A RAA S =4 AT, T remus®t 97% 2] =2 SHER
TAe IF0 2 BAE Q)T (Fig. 2). 2HH, ¥ DNAS] ITS2
(internal transcribed spacer 2) %<} (335 bp)= BLAST w4
<t AL AE/d0] T nawai®t 99.11%, T. remusSt 98.51% 5
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Telenomus remus-India KT305960.1
Telenomus remus India KP994550.1
Telenomus remus-Honduras KM485692.1
Telenomus remus-China MN123241.1
Telenomus remus-China MN123240.1
Telenomus remus-China MN123239.1
Telenomus remus-China MN123244.1
Telenomus remus-China MN123243.1
Telenomus remus-China MN123242.1
Telenomus remus-Pakistan KY835081.1
@ 200918W-3-Korea
@ 200918W-2-Korea
@ 200918W-1-Korea
Telenomus remus-China MT906647.1

ﬂ{Telenomus remus-India KP994550.1

97 | Telenomus remus-China MW551561.1

Telenomus remus-USA KM485690.1
Telenomus remus-Ecuador KM485691.1
Telenomus remus-Benin MK533751.1
Telenomus remus-Kenya MK533758.1
Telenomus remus-South Africa MK533746.1
Telenomus remus-Niger MK533752.1
Telenomus remus-Niger MK533753.1
Telenomus remus-Cote divoire MK533757.1
Telenomus remus-Niger MK533754.1
Telenomus remus-Benin MK533750.1
Telenomus remus-South Africa MH681662.1
Telenomus remus-South Africa MH681661.1
Telenomus remus-South Africa MK533747.1
Telenomus remus-South Africa MH681663.1
Telenomus remus-South Africa MH681660.1

97 Telenomus rowani-Ecuador KM485693.1
Telenomus rowani-Ecuador KM485694.
56 — Telenomus laeviceps-Switzerland KY308192.1
Telenomus dignus-India MZ816950.1

Scelionidae

Tel

86

I i-Sweden KC778450.1

Telenomus coloradensis-Canada MG498509.1
53| Telenomus coloradensis-Canada KR923959.1
98 | Telenomus droozi Canada MG382171.1
Telenomus droozi-Canada MG346307.1
Trissolcus flavipes-Japan AB971829.1
[ Trissolcus japonicus-Cananda KF303518.1

T b: i
95 Telenomus podisi-USA KR870945.1
Telenomus podisi USA KR870943.1
Telenomus podisi-Panama KR870922.1

JN903532.1

83 Telenomus podisi-Canada KR870928.1

Telenomus dolichocerus-USA KC778465.1

L— Gryon cultratum-Paraguay KC778428.1
— Gryon largi-USA KC778431.1

|
0.1

100 Trichogramma ostriniae-China NC 039535.1
! Trichogramma japonicum-China NC 039534.1

is-Kenya KC778461.1

Tel
95
74 Telenomus turesis-Pakistan KY840564.1
Telenomus chloropus-Canada KF303516.1

' Trichogrammatidae

Fig. 2. Maximum likelihood phylogenetic relationship of a FAW egg parasitoid found in Korea (®) on Sep. 18, 2020, with mtCO1 nucleotide
sequences (405 bp) of 50 Scelionidae and two Trichogrammatidae wasps (as an outgroup). The tree was inferred by using the Maximum
Likelihood method based on the Tamura-Nei model and the percentage of replicate trees after the bootstrap test (1,000 replicates) are

shown above the branches (above 50%).

B ATt (Table 1). T. remus Nixon, 1937+= T. nawai Ashmead,
1904, T. solitus Johnson, 1983, T. minutissimus Ashmead, 1895,
9 T soudanensis Risbec 52 5&°] (synonym) &=
FE AL QLo o5 BF mi AR 9 FEE A

1 glo] BReta o2 w7 B6}al Q1T (Wengrat e al.

192 (©2022. Korean Society of Environmental Biology.

2021). A57HA] HEL FAAEE 7|HTe R 20209 =
Hiedvpotd Ald2g Sl AR SdiAA Y
HF A7 AL Lietal. (2021)9] T remus® BHE AT T
remus "3 A2 0.5~0.6mm©| 1L, 742 Fefo] et QF

=
7o) the] Edy e f2MolaL, 212 2 dA o]
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M Female = Male
20

15

10

Mean longevity (days)

Spodoptera frugiperda Spodoptera litura

Host egg

Fig. 3. Mean(+ SD) longevity (days) of Telenomus remus adult on
two different host eggs. The number of female and male T remus
used for this test was 18 individuals for Spodoptera frugiperda and
19 individuals for Spodoptera litura, respectively. Overlapped stan-
dard deviation bars indicate no significant differences between
the mean values.

&
A (scape) E HH (flagella)>

(dark brown)< T T} (Cave 2000).

oA G2 HE B T remus 2
7101 1404279, 5710] 7.8+£7.79 2 AA A
o] £7 A% S HET AUt (Fig. 3). BEiAAIRIL
oA 3t T, remus /352] & A |
7101 9.7+104U 2 AR 52| 0]
o} Aok (Fig. 3). 12v 5= 45 4+
oI5 HO|A| ot T. remus 452 82 71

ner Zo e g

R,

ﬂ

o

© oy g
9 od rlo

—
w
[
H+
—

ox 1o

4
lo >t

N

of ofje
L
fr 2u ili 4

10 Jo ox
lo
=)
<

IN T

2) 2]71ZH(L-483)

[e]

1] oof A oFAo] 12.6+1.2Y, 0] 12.1+1.1%, GH]
AAEEEE] Lol A 9FFlo] 13.5+0.6Y, TH°] 142+
LOY R <= Tt Zfo]7t GlleH, 715 Thol| e -] m|eh
2ol YU (Fig. 4). T remus 52 'T5-2 7|59 9%
efiof whet Db 4= 9l Ao, &A@ oflA=

Al S AR G 5 T remus 501 W55t
Ol A GFs T 2 Ao = Y7t
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- 15

"

z

2

3 10

by

o

=

32

I, 5

2

@

(=]

“ o
Female Male Female Male
Spodoptera frugiperda Spodoptera litura

Fig. 4. Mean(+ SD) egg-to-adult period (days) of Telenomus re-
mus when reared on eggs of Spodoptera frugiperda and Spodop-
tera litura. The number of T remus used for this test was 96 individ-
uals for Spodoptera frugiperda and 126 individuals for Spodoptera
litura, respectively. Overlapped standard deviation bars indicate no
significant differences between the mean values.

30
W Spodoptera frugjperda W Spodoptera litura
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1 2 3 45 6 7 8 9 10111213 141516 17
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Fig. 5. Daily ovipositional pattern of Telenomus remus on two differ-
ent host eggs. The number of female T remus used for this test
was 17 individuals for Spodoptera frugiperda and 15 individuals for
Spodoptera litura, respectively. Overlapped standard deviation bars
indicate no significant differences between the mean values.

3) At

T

T. remus 47 452 921 §UFH &= 7] A2t
=, shFell 1~37Holl A F8 il 3770712 AFtskad
™, -3} & 1~2 A 7 gol AFtstaint (Fig. 5). ©1€
A= Schwartz and Gerling (1974)©] T. remus= -2}
3 52 o] A7k A7) 4740 76% OIARE A
AR 27]0] YFHoR Aekeldria nud AT §
ARRE AekE Bk & At 7132 GiiAAR WY
AE AHEOIRS 739 Bt 118.4(7.0~352.0)7H, BHlAA
ojupre] ol A Bt 164.9 (5.0~372.0)7HE BHiAA]
AU s ARESES of AT Eekoy, fojmet
Ato]= Kol z] OFSITh(Table 2).
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Table 2. Total number of eggs laid by Telenomus remus in a lifetime
on two different host eggs

Host eggs Total no. of eggs laid (Mean+SD)
Spodoptera frugiperda 118.4£105.8 (n=17)
Spodoptera litura 164.9+123.1 (n=15)

*n means the number of female T remus.

4) M2t 7|15 My
T, remus+—= E}HH7%*1]U]14'H}> o > G AA e o
o2 A ASErt o B2 AFS HA 2 (Fig 6),

o] m| et o= Kol A] ol‘”ﬂf

T remusi= 1~29 H &2 7|52 ¢ A%st= 202 1
EPtTH(Fig. 7). 12 & S E SdAA VY &
o] A% 19 d &2 9 Aot on, Gl AARE &
o] 4% 24 H &S o AEsHet 39 © AN
Wt gl AA LY Lol AtershA] kgl

A7 o] 7|55 HElshks 479 BE2 715 27 -
715 Q14] . 7|5 WotEo]7] TA| 2 o]l Xtk (Vinson 1976,
1984). 7L 715 &of 5 7|3bo] e A% 715
45 2= o] o 8842 7HAOF Stk (Penaflor et al. 2012).
W71gHlo] 158 Hele o) 7)7e Baslo] S5t E
L7200 Ba)d B4, 7170 AR 7 A5A87 B
st EAS 0]%@"4‘(Borges et al. 1999; Hilker and Meiners
2002) 270 71791 S AFE Do 21 )

9] A58 Fdat FotA] b2 Aot (Pyke et al. 1977;
Strand and Vinson 1983; Schmidt and Smith 1985; Vinson et

20
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20

Distribution of parasitized eggs
per host (%)

Spodoptera Spodoptera Spodoptera
frugiperda litura exigua

Host egg

Fig. 6. Preference for Telenomus remus adult on three different
host eggs. The number of used T remus was 19 individuals for
females and 38 individuals for males, respectively. Overlapped
standard deviation bars indicate no significant differences between
the mean values.
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al 1998). b LABEE 7)% o] ABel Wajel o}
o o BHOLE ol B2, St 4L olgalod
715-9] A /d-S 23 (Penaflor et al. 2012).

715 &9 L1r = 01'71"“”40] 71/85k= |l Algt aQle

—_—

l:]'(Penaﬂor et al. 2012). 3:_?}, 7 Zr -2 dF.
5 2, 2l 75 5 9
ZF=t} (Goulart et al. 2011). ©]2]F 7|5 ¢
Trichogramma spp.& <! 01'7%‘/]' ool o] HEA S
o &S H 71F A7t 2t = U2 Ao 7 A7t
T (Consoli et al. 1999). T4 714878 A o] 7|5 o4
o A A& A At T ofRlol A of2l £l o1E
o] IAYsH7] wiiol AE=AUA =T Fa% a4
2t % sk

o, oiAARES -2 uEtel 20199 sEofl A
RS2, SIS 2 S o) 52142
of g5kl AU alFQN A T HI}THA T remus”t D
A ) S 51 s e
o ASRMHs A2 T remus’t 9-2Ueto]] o]n] EAfsta

glovt sty R v/ |8 FOR 25 5 o,

IS/
19 ofn
I &
o W
—
o 9

1 O it nl

<

rsh o

5) &2 ‘dy|
T. remus®] &= JHl= F 715 oA ¢Flo] =741

Hop geton, SiirAmug el oA o4 BlEol
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Fig. 7. Preference for Telenomus remus on different ages of host
eggs. Overlapped standard deviation bars indicate no significant
difference between the mean values. The number of female T
remus used for this experiment was 12 individuals for Spodoptera
frugiperda and 10 individuals for Spodoptera litura, respectively.
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Fig. 8. Sex ratio (%) of Telenomus remus progeny on two differ
ent host eggs. The number of female T remus used for this test
was 17 individuals for Spodoptera frugiperda and 16 individuals for
Spodoptera litura, respectively. Overlapped standard deviation bars
indicate no significant differences between the mean values.

7.5: 2.5, HHIAARUEO] doflA] 6.0: 4.0 Hl-&E HH]
AAEY Lol A 719 Blgo] tha: &8kt (Fig. 8). T
remus “JH] = "‘_% Z71°] 49 Hl&o] =07t T remus
7k ol vl ag, Bl 4% 52 olFREl S50 ulg

o] @A EolAE Aol (Fig. 9). ol2i@ Arke
Schwartz and Gerling (1974)©] T. remus AF2F2] “gH]= A
O] Hl&0] 60~70%°|H, &Zlo] Hyo|7t E45 LA A
T 22%7HA] AAasklnh 92 3 A 59 FRte] Ak
7F AA9] 76%E A A= 270 HFH o= Abet
sttt Hugh A SARE F3RS H 4t} Houseweart
et al. (1983)2 74| Uol7} Soida5 A4F Ao H
&0 Wolx]= AL A W A2 #7F £E55HAY 7
&517] wlzof Rt 4ol 7F EolEal whebA o4 Fle
F7F Eolbs ANE ZdRttal Barsigint 71484
0] o Al AEAYA T2 ST s
A E/Jolt. E5], A4A
of tish o &2 718

22 -85 4= Stk (Bueno et al. 2009).

l

il
£

6) oIl ol

WH[S}A] 2 T remus BH1S] Lol A= 100% 7 A
Z©°] U} arrhenotoky type—J GRS = Ao g
et molskel Al oAl Rt 29, 2 Hl-gol
8.0:2.0% 7] Hl&o] w7 Wetilth(Fig. 10).
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Fig. 9. Gender distribution (%) of Telenomus remus progeny when
reared on eggs of Spodoptera frugiperda and Spodoptera litura. The
number of female T remus used for this test was 17 individuals
for Spodoptera frugiperda and 16 individuals for Spodoptera litura,
respectively. FAW; Fall armyworm, TCW: Tobacco cutworm.
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Fig. 10. The sex ratio (+ SD) of Telenomus remus adults emerged
from fertilized and unfertilized eggs. This experiment was replicat-
ed fifteen times. Overlapped standard deviation bars indicate no
significant difference between the mean values.

AxE el 43.5% 2 FEi AN GellA H =
4t (Fig. 11).
T remus UA 45 Y Hat 7|E2 AR
v QoA @5} & A 41.8+18.5%, FHIAAN 0L &
ofl Al 52.4+32.6%3ATh. 71 EC| 7MY =2 E2 diAA
muH dofA= -8 & 394, SEl AT el A=

http://www.koseb.org 195



| I
Korean J. Environ. Biol. 40(2) : 187-198 (2022)

Table 3. Adult emergence of Telenomus remus from single host egg after superparasitism

No. of No. of more than
No. of T remus adults Total no. of one T remus adult two T remus adults
Host name . .
per single host egg eggs examined emerged from emerged from
single host egg (%) single host egg (%)
Spodoptera frugiperda
podoprera frugip 30($ 1044 20) 30 30(100.0) 0(0.0)
Spodoptera litura
60 150
W Spodoptera frugiperda W Spodoptera litura
35‘ 50
g o g 100
§ 30 g
g 10 5 50
Spodoptera frugiperda Spodoptera litura

Host egg

Fig. 11. Parasitism (%) of Telenomus remus adult for a day on two
different host eggs. The number of female T remus used for this
test was 17 individuals for Spodoptera frugiperda and 16 individuals
for Spodoptera litura, respectively. Overlapped standard deviation
bars indicate no significant differences between the mean values.

ot & 4G 2 e o fofmfRt Zhol= gliTt (Fig.
12). T2 A= T remus®] 71E2 351 & 24 7
ZF =tk B I5HA T (Morales et al. 2000; Bueno et al.
2010; Naranjo-Guevara et al. 2020) 1 st ARl f-2olu|gt
Hol7} i B A519] Aje} ol 2 o]} gl
2 502 Az

8) 5871 ofx
T remus= QAuiAA R 9 S A uure] oF »

oA % a2 o4 9815 A9 QAT (Table 3). ©

2 59 T remusi= A2 301 87182 wstAL ?5

N % AAE Bol A% 3 ot Sakels BEs1gR

(solitary egg parasitoid) = HTHEITE,

N 9

2 AtolAs FW 54 24 AE ST GoiAA
W el e S 27Ee 3 L ¥
Fote] HA LA (Scelionidae) ] Telenomus remus

ol
2}
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1 2 3 45 6 7 8 9 10111213 1415

Days after emergence (days)

Fig. 12. Daily mean (4 SD) parasitism (%) of Telenomus remus
on two different host eggs. The number of female T remus used
for this test was 17 individuals for Spodoptera frugiperda and 16
individuals for Spodoptera litura, respectively. Overlapped stan-
dard deviation bars indicate no significant differences between
the mean values.

Nixon (1937) [(7HFE)ih AR dHE = Hx=2 SRIESL

o T remus 359 9 E7'< ‘?——_}%7]@(2-@%77]’7‘])% 7]

< *?— 5 H}fn Arestal, sk l~37H°ﬂk]—rE1 }JL 37
W7HA] 4 a}ﬁ}‘}&iﬂi 93} 5 1~ UH 71 ol Altets)
At} & A 7lFE SdAAE g ARSSH
739 B 118.4(7.0~352.0) 7, HHiAA o] Lg2] Lo
£ BT 164.9 (5.0~372.0) 702 FEiAA T L2 A
$5150& o A4t ggront Relelat Aol 919
T. remus®] AFet 7158 A0 &= HHj AN L > 1} Hh’]'m'
A AR 50 8 =gkth 7|3 o] tpo]o] what
T remus®] A7 G3=d| 1~29 © &2 485}t
T. remus AH=0] 9 Bl-&-2 7|50 AJHglo] o719 vl&
o 4715tk Rgrom, Aket 27l gk Abate] u]go]
oD} Uolr} E45 5 A dlgel @Aie] 3
o} WAlSlA] 52 T remus @Z10| Atgtslo] Bslor 29
100% 57 44522 arrhenotoky type2] THIAGAlS H o
Folom, wnlsto] At -9, oo HlE2 8.0:2.0%
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