O
L
Ao
[

HFEREE 46(3): 393~399 (2007)
Korean J. Appl. Entomol.

(/]

HHStM OIZAIRO|A
vitrata)?| dte EN

LHEH Matsumuraeses phaseoli)zt 2HLUEH Maruca

MEl

Developmental Characteristics of Soybean Podworm, Matsumuraeses
phaseoli (Lepidoptera: Tortricidae) and Legume Pod Borer, Maruca
vitrata (Lepidoptera: Pyralidae) on Semi-synthetic Artificial Diets
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ABSTRACT : Two lepidopteran species, Maisumuraeses phaseoli (Matsumura) and Maruca vitrata (syn.
M. testulalis) (Fabricius) were reared on artificial diets, and analyzed in their developmental characteristics.
Photoperiod was supplied with 16L/8D for M. phaseoli and with 13L/11D for M. vitrata, respectively.
Both species passed five larval instars with discrete sizes of head capsule width. In a constant environment
(25°C and 65%RH), the developmental period of M. phaseoli egg, larva and pupa was 3.9, ca. 16.0
and 8.9 days, respectively, and over 80% of M. phaseoli larvae could develop into pupae, most of which
emerged into adults. Newly laid eggs could be stored at 5°C for 15 days with over 50% hatchability.
Similar developmental traits were shown in M. vifrata. However, a low temperature preservation was
not applicable to M. vitrata eggs.

KEY WORDS : Matsumuraeses phaseoli, Maruca vitrata, Indoor rearing, Artificial diet, Developmental
characteristics

Z 5. g9 2355 B Matsumuraeses phaseoli (Matsumura))¥} F- 8 U Maruca vitrata
(Fabricius)(syn. M. restulalis)o] Tj3F QIBAMRE 0|83 A ARG ZA(LE 25T, AHSE 60%)0) 4]
71221 TREA ] 2AE It bk 16L/8D, T utlols 13L/11D9] Bz o) A= ek
T IA5E BF 55 e FE0] F3E BUSG A BolHA] 59E Aastant S g7t
57IRY 8717k0] 242 3.9Y, oF 16Y, 89U #-32] 8382 80% oldo|laL, tiFEe] W7
7F $-3lstgict. 2Rt 4 AdH] SEollA 159 Hast off 50% olite] Fatetgict. FEue] He e
T at vd AAS Bolnk a8y FPuhy shakeke do] AR ol M3 H3lsiA]
PR

AMO| . T (Matsumuraeses phaseoli), Z IS Maruca vitrata), AUALS, QVEZALE, UE-EA
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oLl Tortricidae)ol] 453t BbEN Matsumuraeses
phaseoli (Matsumura))¥} LT Pyralidae)of &3 2
Y (Maruca vitrata (Fabricius)(syn. M. testulalis)&
H(Vigna angularis (Willd.) Ohwi & Ohashi)@} =%
(Vigna radiata (L) Wilczek)3ZAo| A A9 FA7| o} &
=9 3} Aol Agt HE Yol= sEFEelth Bt
W& F= oprlobHo]| Harsh ofej g Matsumuraeses
Jalcana)¥}; o] F] 2 PFo R U#A JrHOku
et al, 1983). 17+ Fo] © A3 98§ k= o
ol tafiAle QBAlR 2493 A Ao A3}
+ Y3 (Wakamura and Kozai, 1984), U3 4452 A3+
2 JEEo] ¥1EQ o1 (Wakamura, 1985; Wakamura
and Kegasawa, 1986), 2 A7-ollA thf= b gt
L2 dE Rurt A Utk T 9 B3
AEs T2 7hsh=t), of 232 AlAE R e Bxs)
€ ZoE deA Qi B3] ofzajriolx Ahg 713
X GoflA| AlRHER T2 Au=hs F(Vigna unguiculata
(L) Walp.)2] 2 3}&(Tamo et al., 2002)0.8, 17}
AFALR A 9] E-3-EAETHOchieng and Bungu, 1983;
Onyango and Ochieng-Odero, 1993) AJZHhgS of 23}
7] $i5te] AdH2E A7t ZgEo] 1 Aol Hiiko]
Ari(Adati and Tatsuki, 1999; Downham et al., 2003).

T 15 BE FWolA oujiEE B3 9 2
EAA F}F BEEE 50% o4, AEA 100%7}
7 5ol sl wiE W= Y =Z(unpublished data),
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2E40) B3l A7E Aast 4% YU mepd 2
Aol T ohEel el Fo= AAHL 5B
A7t AFTFS BHY FHOE, AYH 2§
BARAN AFARE Hol AT TFE ¥ 74
S0l the Lobralck

i

=]

N
AE2E % A

A rzo g ALE TN Matsumuraeses phaseoli
(Matsumura))-2- 200414 8¢ I ZHE7}6HY(Suwon, Korea)
o) BEAl o] F B TR olold el gl
$52 Aste] A= 374, ol ) g FEst
A FZ7] 16L/8D, L% 25+1°C, A EE 60+£10%91
ol o]E](Daihan LabTech, Korea)oll Al ARS3HHA 4
W AR §RIsiglch T A 2 Alvleh A
oA FAHE QPR =, AT dolls FRav
e o=4 13L/11DE §-X]8H4ch

TP AP0l A AR ofeRLMassumiraeses
Jalcana (Walsingham))S thAF O 2 YHOJA HH A}
FE(Wakamura and Kozai, 1984) AE59] AL Zx3}
3, FYUY AR E 71€ ®231(Ochieng and Bungu,
1983; Onyango and Ochieng-Odero, 1993)F Al=2} %
AL dxsto] 2kt ot WEEHA A5t (Table 1).

Table 1. Composition of ingredients of artificial diets used for rearing Matsumuraeses phaseoli and Maruca vitrata

Ingredients Supplier M. phaseoli M. vitrata
Agar powder Junsei, Japan 25 g 25 g
Distilled water 800 me 800 mf
Cellulose Bio-Serv, USA 10 g S5g
Wheat germ Bio-Serv, USA 10 g
ie;(ii 131‘:3 (Vigna angularis cultivar Chungjupat) Self-made 20 ¢ 25 g
Soybean seed flour Bio-Serv, USA 70 g 70 g
Yeast Bio-Serv, USA 5g Sg
Glucose Bio-Serv, USA 20 g 15 ¢
Cholesterol Bio-Serv, USA 2g 3g
Bsitosterol Aldrich, USA lg lg
Vitamin mixture Seoulsinyag, Korea 5g 5g
Ascorbic acid Junsei, Japan 10 g 0 g
Methyl-p-hydroxybenzoate Junsei, Japan lg 15 ¢g
Aureomycin Bio-Serv, USA 05 ¢g
Soybean oil Sajo, Korea 5 mé
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U B BE RaE 438 U4 Bes
F(SPL Lifesciences Insect breeding Dish 310102,
100%40 mm, 200 mesh)o]L} Az} Z2}AEl B(Lock &
Lock HPL 825, 232x165x95 mm) Qtoj|A] ARR3}d=),
APYE Aol A8 30 mm FHE F3, Aejelead
B(250 mesh)S £ B]9f St 2HE 4 e
SIStk ASE Stol AR 2719 ABAR 2218
2ol FARI, Hol glofl Fojgra(fItaE)S 2uE
oF 3ol Fo QA eI/} s Sk ga
FE RIS Al o228 4RK260%300%200 mm)o] £
713 SEFES 9L, S A3 10% e
THTE FESAL A el F HH ot AR
Al 2 FAR) ) ARehe = si9i) dol 2o gl
o]

7 SSEHE WSTRE 2u)g, 54, A, ARk S
2L UEEY AREL S 558 MAER AR
Y Ao = Aeste) S308kglny. Bube] 9o
€ 25ColA ARS3aA EEAS ARt 2t ofy
2 2o WE L5 2ol U7| Y3 13, 16, 25, 30T
A Z4zre] U5 vluelglst), $52 9rE 72
SHA] L ZARSFACE TP Heolle 25C o

(Insect breeding Square Dish 310075, SPL Life Sciences,
Koreajol] 2t 983t Qb 14802 H& 3 S-51URE} AN
D7 R +8E TSI, AE71ZE Bt o) gt
TE RARICE Fold Lol W We )
7t} S8 Hel| Eeas g, U B9 25
2 B5E Aol AT TS o] g3te] AR YHLE
S TIIRen, AREHE URS3S AT faAeE
+ A4 718719 A4 Fete Feiack T
&2 13T} 25ToflA go| FalskAY Al w7t
Fol AMgES 2ARIITE & Al7]ell A2xert Batkg
o Blxl= & 2B S, Brbdel A9 Rkt

oL 5, 10, 15, 30, 45, 60 5Cof =247 3. 25C2
w49 BEES AL 139 | g9 4
5,10, 154 5Co]| =2AFich T pgel Hol=
SR &g 6, 10, 15¢Y 5Co| =EBAHIL, 1~3Y 5l U5
& 225, 7, 159 5T w&A7l £ 25CR A9
Botad 2ARITE & AHulollA ZH2t 30719 2ol
AFEEIITH §59 FEL2 Tubys S 2% g
33 552 NAERE AS31AA 2 f5971E B2
£ g =e| E=FAV e Aot $2hE REn) A
(Leica WILD M8)Z o]-83to] 20~40u} Hll-& olafjof| A
S5 gn] A 7] F2of et gu) & 7] =
o] H|Z DyarAl-E AL

ARE 5 Bt vt o]2oizl HEjoAE EAkE
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A= et

g4 o 1F
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25T TP WIIZHE oF 4%, 5L
HEZ 1 oF 992 A4lo] o8 Holt= 819l
719} B S0] o FAY HF 4
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A7k gk glo] BAELT, ARk ol Hakge
oF 93%9IeTable 2). ] 7HA] ThE Lmmdol BLpy
& ARG o, 1309 ALoAE L3} 43, W)
7 mE waslel ALEZN AL 4 Gt Aoz P
Soirk. 289 &% F 0TI & 55 vlr)e) we
SE7b 7P wEoL), Me7e) AR THE Eoka
2ok 43 EL A AR Tteck 25ColA] gt
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Table 2. Developmental characteristics of Matsumuraeses phaseoli and Maruca vitrata fed on a semi-synthetic diet at a condition of
25C, 60% RH and 16L/8D photoperiod

Developmental characteristics

Values (meantS.E.)

M. phaseoli

M. vitrata

Developmental periods (days)

Egg

Larva female
male

Pupa female
male

Adult female
male

Pre-oviposition

Other characteristics

Pupal weight (mg) female

Pupation rate (%)

male

Emergence rate (%)

Female ratio (female/male)

Egg No./female (Min. ~Max.)

Hatching rate (%)

3.9£0.0 (n=604)
15.9+0.1a° (n=20)
16.2+0.0a (n=28)
8.7+0.0a (n=20)
9.0£0.0a (n=27)

18.8+2.4" (n=24)

74+18 (n=11)

17.340.12 (n=20)
22.7+0.1b (n=28)
81.4
97.9
0.42
102.6 (16~254)

93.041.6

3.060.0 (n=748)
14.0+0.1a (n=67)
14.5:0.2b (n=45)
7.740.1a (n=65)
8.1£0.0b (n=43)
12.4+12a (n=10)

16.242.0a (n=11)

3.1£0.4

(m=11)

52.9+0.1a (n=67)
50.0£0.1b (n=45)

75.7
96.4
0.60

215.4 (15~ 640)

100.0

* Mean differences among sexes were analyzed with t-test at 95% confidence level.
** Sex was not divided.

Table 3. Development of Matsumuraeses phaseoli fed on a semi-synthetic diet on various temperatures

Developmental Developmental Temperature ()
stage factors 13 16 25 30
. 12.1+0.1a" 8.6+0.0b 3.9+£0.0c 3.440.0d
Eeg Developmental period (day) (n=385) (n=349) (n=604) (n=609)
Mortality (%) 40.8 36.5 5.8 16.9
61.5+1.0a 40.9+0.4b 16.1+0.0c 14.3+0.0d
tal i
Larva Developmental period (day) (n=36) (n=133) (n=48) (n=49)
Mortality (%) 81.6 335 18.6 14.0
5.9+0.3a 4.9+0.3b 2.5+0.0c 1.9+0.0c
Developmental period (da
Prepupa P period (day) (n=36) (n=133) (n=48) (1=49)
Mortality (%) 13.9 10.5 0.0 0.0
. 30.3+£0.3a 22.3+0.1b 8.9+0.0c 7.9£0.0d
Pupa Developmental period (day) (a=31) (@=117) (n=47) (n=31)
Mortality (%) 0.0 0.0 2.1 36.7
Weight (mg) 21.3+0.1b 23.240.0a 22.7+0.1b 17.240.0¢c
. 2 18.8+2.4a 15.5+1.8a
Longevity (day) - - (n=24) (n=20)
Adlt 102.6+28.2. 0.0+0.0b
. . . 2a .0£0.
Fecundity (No. eggs laid/Q) - - (n=8) (n=8)
Sex ratio (female/male) 0.58 0.44 0.42 0.33

' Differences among means were analyzed with Duncan’s multiple range

% Not checked

test at 95% confidence level.
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Table 4. Developmental thresholds and thermal requirements for M. phaseoli

Regression equation

3 Low developmental threshold

r temperature (C) Degree-days

Egg y = 0.0132x - 0.0874 0.8973 6.6 75.7
Larva y = 0.0034x - 0.0291 0.9512 8.5 291.5
Prepupa y = 0.0243x - 0.1456 0.5404 6.0 41.2
Pupa y = 0.0063x - 0.0525 0.9535 8.4 159.9

Table 5. Head capsule widths of in larval instars of Matsumuraeses phaseoli (meantSD) fed on a semi-synthetic diet at a condition

of 25T, 60% RH and 16L/8D photoperiod

M. phaseoli M. vitrata
Instar Mean width Range Dyar’s Mean width Range Dyar’s
m £m coefficient £m (m coefficient

1 199+5a (n=14) 180~200 201+5a (n=16) 193 ~213

2 297£2b (n=14) 260~320 1.50 355£1b (n=14) 335~376 1.76
3 470£3¢ (n=16) 420~500 1.58 585+2¢ (n=16) 548~609 1.65
4 726+5d (n=19) 650~ 800 1.55 902+4d (n=17) 832~954 1.54
5 1,053£8e (n=15) 950~1,200 1.45 1,266+6e (n=18) 1,040 ~1,420 1.40

* Mean differences among instars were analyzed with Duncan’

Ae E=8HA RQTHF=944.2; df=4,73; P<0.0001)
(Table 5). FEZ 02 AL DyarAl4i= 1.45~1.58 Alo]
k. o] FEARE FF o2 4 74011*1 AP=EAY
A 75 989718 4 &2 v|asked {83t
Al o}82 Aolrt 7t ARk Ty &g 5Tl IA7IzE
HPRE F 25CollA oA Az S of, SU7 A B
g o] B3lgo 90% AEE ALBEA] o ool
ke FARCE {ofet Xol7h gldeh. 1=t 10d
159 BHE GEL Hilgo] oF 60% HolHI 302

100 |
—_— 80 1
S S
2 ol 2
s 60 e
g 4
S 40 5
©
T T
20 {
0 —

0 10 20 30 40 50 60
Storage period (days) at a low temperature

Fig. 1. Hatching rates of 0-day old eggs after storage for 0, 5,

s multiple range test at 95% confidence level.

7 4592, 60 AfA o A7|7F Ao HAH o
Aol Bolelr] FE3IHTHF=37.25; df=6,20; P<0.0001)
(Fig. 1, line-graph). &o] Lpo|HE 547 AL B
A9, AR F 39 A UO] HIHRL oF 5% 7Ha
o v|E-S HYHF=14.57; df=3,11; P=0.0013). A&
off A 1097 B3IE o GA] 39 A &o] #3l8o]
TV SIS, 2 AR Qo] TR0 R WStTHF-403;
df=3,11; P<0.0001). 15247t =& Halsl A9 395 oo
Aol B3lslR| EBIrHF=8.74; df=3,11; P=0.0066)

5 days storage 10 days storage 15 days storage
a

0d 1d 2d 3d Od 1d 2d 3d O0d 1d 2d 3d
Egg age Egg age Egg age
10, 15, 30, 45 and 60 days at 5C (line graph), and of different ages

of Matsumuraeses phaseoli eggs after storage for 5, 10 and 15 days at 5C (bar graph). Differences among means were analyzed
with Duncan’s multiple range test at 95% confidence level. Thirty eggs were treated for each treatment.
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Table 6. Developmental period and mortality of each larval instar of Maruca vitrata at 25T

Larval instar

Developmental factor

Ist 2nd 3rd 4th 5th
Developmental period (day) 1.6+0.1 2.540.1 2.4+0.1 2.7+0.1 5.4+0.1
Mortality (%) 13.5 109 09 0.0 0.0

(Fig. 1, bar-graph). 3t 299 42 ZE AW 7|7k
oA Zt AR dof| vjg)] AR CR o BlssiALY B
HogS B, ohs £33 A vipks 7121 e
Azt TRlo] Q& Aew FHHUG

FTEWY & 8717 oF 3Y0] A8 EQIh 5T
H)7) 717K Z}2E oF 1443} 8Yo] 28 F e, +A
o] frelsiA Act 4% L gl oF 2YR A
Hop Zgtoy AR ROt Aol Pk dA
1utefy et Alee oF 215700 W 1570004
6407 Afo]= ®ol7} 4Bt A 459 ARk 717k
< oF 3942 BHHIHTable 2). 5 GVl SH7HA=
WEEUE, 58 5717kl 7 AR AFFES 19
95717} 71 =9t Table 6). 318 2 4% 47)d=s
FHO| SHEU P v = R BdS
AL B GTh(F=2482.3; df=4,76; P<0.0001)(Table 5).
TZS o] g3}le] AAbE DyarAl$= 1.40~1.76 Ato] %
ok FEPLY] AL 2= gEjsle] ASEAS AS)
A gkt Y0=1,375)9] ZA$-of7t 13T A0 A =
SARE W, LE go] AFgste] Tplabs e o2
HEZ BAS Bk 31, 2t AR 45 5T A2o)4
747} 64, 104, 15¢ B3 F 25To A LSAHL o,

= ¢S FERhA FR AAY s g 42 w2
H58-8 B YTHF=1856.25; df=3,11; P<0.0001)(Fig. 2,
line-graph). AFHE & ZH7F 14, 24, 3 At & ¢4
Lol E 5U7 A-2ofjA HusS o, 2%o] A &

o] Balgo] 7 Hokon, of Aol FAA [l
AATHF=1.51; df=2,8; P=0.2946). 12ju} 747+ B3}
A e 197 24 Ad &2 A RasiA] ZRoH
3 A G Folt AolE Holn] FEFATHE=T601;
df=2,8; P<0.0001). 157 RI3}9L wi= 3Y ulgto] Z]
&2 A8 HERlR) Zglovt 39 A &2 20%2] F3}
& HHHF=26.73; df=2,8; P<0.001)Fig. 2, bar-graph).

£ Aol Ehga WS e A
Abg3te] 2AE AEEAS oA e Hastginh
E3) gipge] Aol SAA R WS A3t A
Hato|x, FEvpLe] A9 AR AR ool ofd
2O TS o= 3 A Halojth IgARE
o &7 AbgollA Eihel 9 FEeE il vl
5 Sk A7) glof AR ARE Bluste] & AT
oA o]-&3t Wy el AEAL dshE A FEol,
FAARSS A AY RS fAske AEE AN
Ho| gl o= Fx & oA AER Yol
arpxo g PZrE|Qek FE A st 3o
AhES 4& & AMedl, ARgE0] HiAF R ofd)
gt AEA 2EXA25~30TC)0llA 22 2% F9 EY
A TRAle] HeEg sl Bit 71E BuEs) HlwE o
(Ochieng and Bungu, 1983; Onyango and Ochieng'-Odero,
1993) 717 FA, 83H8, 93k SOl i3t i
2l HjaoflA F Aol HolA| ook whEe] & AllA
ol§H AFARES} ARSAAlR= o= Y= HAEG Ao

100 |
a 40 5 days storage 7 days storage 15 days storage
< 80 g
30 4
[o)] o]
£ a0 £
L 2
T 2 T 10+ b
b b b b b b
0 > ——e —— 0 b —
0 5 10 15 1d 3d 1d 2d 1d 2d
Storage period (days) at a low temperature Egg age Egg age Egg age

Fig. 2. Hatching rates of 0-day old eggs after storage for 0, 6, 10 and 15 days at 5°C (line graph), and of different ages of Maruca
vitrata (syn. M. testulalis) eggs after storage for 5, 7 and 15 days at 5C (bar graph). Differences among means were analyzed with
Duncan's multiple range test at 95% confidence level. Thirty eggs were treated for each treatment.
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W= A 255 n|vke] 2o 283k o] Ru}
gof| W A= T oA wie- dizAol
oh B e 13T 2=olx 23k gol 9l
U, U] A4S A RaeiA] Faf ol 22
3 2-5Ado) & Fho] wis- o Feg FAEIh
ol AN SOl U] Yojdz dES Y7 Bt
slo] FeFe o de el U, T
Lol B9 o] volo]l BAlo] ARl - 30%
ojste] Rota-S BHOoY, BLh2 50% o] Rehg
= B9 B2} wWol Tuhy ¢o] ALolA o &S AE
He Hrks A8 & 4 %k 3] A Akt
T3 At e A Sxof 1597 Bstag A,
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Aeole Fokeo] F243] st FA] £ 2%l
xSl AL Hofglth o= §3t A wiapd7|7t
T Lohvbe APal) 2xwdiol o5 £ 230l
A 27 gE2A HPEHYE 2z 2
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