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Meridic Diets for Rearing of Spodoptera frugjperdalarvae

Jin Kyo Jung*, Eun Young Kim, | Hyeon Kim, Jeong Joon Ahn', Gwan-Seok Lee” and Bo Yoon Seo?

Crop Cultivation and Environment Research Division, National Institute of Crop Science, Suwon 16616, Korea
'Research Institute of Climate Change and Agriculture, National Institute of Horticultural & Herbal Science, Jeju 63240, Korea
2Crop Protection Division, National Institute of Agricultural Sciences, Wanju 55365, Korea

ABSTRACT: Two meridic diets, N4 and N6, containing pinto bean, wheat germ, soybean, whole milk and sucrose as main nutrients
were developed for rearing Spodoptera fiugiperda (Noctuidae) larvae. Six larval instars were observed when neonate larvae were
individually raised on these diets in small petri-dishes (¢ 50 X 10 mm, 19.6 cm®) at 25°C and 15:9 h (light:dark) photoperiod. The average
pupation rate of 97.8% on the N4 diet was significantly higher than the rate of 85.6% on N6 diet. The emergence rates were 92.0% on
N4 diet and 93.5% on N6 diet, with a non-significant difference. The larval periods were 17.9 and 17.7 days for females, and 18.7 and
18.5 days for males, for N4 and N6 diets, respectively, with non-significant differences between diets and sexes. The pupal periods on
both diets were identical (11.1 days for females and 12.8 days for males), despite differences between sexes. The pupal weights of both
sexes on N4 diet were identical with a value of 257 mg, whereas those on N6 diet were 256 and 263 mg for females and males,
respectively, with a non-significant difference. The longevity of female adults that emerged on N6 diet was 13.8 days and longer than
8.6 days on N4 diet. The pre-oviposition periods were 5.0 and 4.2 days on the N4 and N6 diets, respectively, with a non-significant
difference, however, the oviposition period of 6.5 days on N6 diet was longer than the period of 3.9 days on N4 diet. The effective
fecundity on N6 diet was 1,392 eggs (maximum 1,776) and was higher than that of 942 eggs (maximum 1,694) on N4 diet, with a
non-significant difference. The egg hatching rates on N4 and N6 diets were 79.2 and 79.8%, and egg periods were 3.0 and 2.9 days,
respectively, with non-significant differences.
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Table 1. The composition of artificial diets used in this study for rearing of Spodoptera frugiperdalarvae

. . Diet types'
Ingredients Unit

N2 N4 N6
Pinto bean powder (Frontier Agriculture Sciences, Newark, USA) g 75 20
Wheat germ (Frontier Agriculture Sciences) g 60 60 60
Soybean meal (Frontier Agriculture Sciences) g 30 50 50
Whole milk powder (Seoul Dairy Cooperative, Seoul, Korea) g 30 10 20
Yeast (Frontier Agriculture Sciences) g 37.5
Sucrose (Samyang Corporation, Seoul, Korea) g 10 10
Cellulose (Frontier Agriculture Sciences) g 5 5
Ascorbic acid (Duksan Pure Chemicals, Ansan, Korea) g 3.6 5 7
Vitamin mixture (Seoul Vet Pharma Co., Seoul, Korea) g 5 5 5
Wesson’s salt mixture (Bio-Serv, Flemington, USA) g 5 5
Sorbic acid (Junsei Chemical Co., Tokyo, Japan) g 1.8 2 2
Methyl-p-hydroxybenzoate (Sigma-Aldrich, St. Louis, USA) g 3 3 4
Formalin (Daejung Chemicals & Metals, Siheung, Korea) 10% solution mL 3.6
Florfenicol (80 g/kg) (Seoul Vet Pharma Co.) g 0.2 0.2
Agar (Duksan Pure Chemicals) 23 20 23
Distilled water mL 1,400 900 1,100

'N2 diet was modified from Garcia et al. (2006), in which soybean bran was substituted with soybean meal in this study. N4 and N6

diets were modified from the N2 diet.
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Table 2. The survival rates, developmental periods and pupal weights of Spodoptera frugiperdareared on the five different artificial diets

at 25°C
Reari No. of P i E .of
Diet earfng o0 upation HeTEChce No. o Larval period Pupal period Pupal weight
tvpes container  larvae rate rate Sex larvae @) ) i)
P types’ treated (%) (%) analyzed 4 4 &
Q 12 21.6+2.6a 10.8 + 0.9 be,* 204 £+ 34 be
Cup 90 36.7£6.7bc 82.1+84
c lof 15 225+2.2 AB 12.0+09C 216 +25B
Q 10 19.8+19b 11.5+0.5ab 218+21b
Petri-dish 30 90.0+10.0a 77.2+11.8
lof 11 20.7+ 3.7 BC 11.8+0.6 C 221+23B
5 o Q 11 228+19a 10.5+1.2¢,* 183 £21 ¢,*
MP®  Petri-dish 30 933+58a 89.3+0.6
ad 14 23.0+14 A 125+09ABC 217+18B
Q 11 18.5+ 1.1 bc 121+14a* 259+25a
Cup 90 26.7+5.8¢c 889+11.1
N2 lof 10 19.3+0.5CD 13.2+04 A 264 £ 14 A
oo Q 34 18.6 + 1.2 bc 11.5+0.7 ab,* 268+25a
Petri-dish 90 85.6+19a 948+4.5
ad 39 192+1.4CD 125+0.7ABC  267+£22A
Q 16 175+13¢ 11.2+09abc,* 180+26¢
Cup 90 444+£51b 974+44
N4 ad 23 183+1.7D 12.4+£0.7 BC 191+29C
o Q 40 179+1.7¢ 11.1+£0.8bc,*  257+26a
Petri-dish 90 97.8+3.8a 92.0+4.1
d 40 18.7+2.2 CD 12.8+ 0.8 AB 257+24 A
o Q 39 177+13¢ 11.1+£0.7bc,*  256+34a
N6  Petri-dish 90 85.6+5.1b 93.5+4.4
ad 33 185+2.3D 12.8+0.4 AB 263 +£26 A

Results are expressed as mean + standard deviation.

'C diet is a commercial diet for rearing lepidopteran insects (F9772, Frontier Agricultural Science, Newark, USA).

2MP diet is a diet developed for rearing Matsumuraeses phaseoli (Lepidoptera: Tortricidae) (Heo et al., 2009).

3The dimensions of the cup are 30 mm in the diameter of the base plane, 40 mm in the diameter of the top plane, 40 mm in height, and
26 cm’ in volume, whereas the dimensions of the petri-dish are 50 mm in diameter, 10 mm in height, and 19.6 cm’ in volume.
Statistics: Means among treatments are compared by the Tukey’s test at 95% confidence level following one-way ANOVA. Larval and
pupal periods, and pupal weights are analyzed separately for females and males, and the significant differences are indicated with small
and capital letters, respectively. Statistical differences between females and males in a treatment is analyzed by the t-test, and its
significance is indicated with asterisk (*). Values without significant differences are not indicated.
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Table 3. The developmental periods (days) and survival rates (%) (in parentheses) of larval instars in Spodoptera frugiperdalarvae reared

on the three selected diets in petri-dishes at 25°C

Diet No. of No. of Larval instars
larvae larvae
PSS cated  analyzed Ist 2nd 3rd 4th 5th 6th
N2 9 7 3.01+£0.12b 223+043b 221+041 236+0.54a 299+057a 6.11+0.66b
(100.0£0.0)  (100.0£0.0)  (100.0 +0.0) (100.0 £ 0.0) (100.0+0.0) (85.6+1.9B)
N4 9 81 3.11+035ab 2.41+0.57a 2.26+ 0.69 2.11£0.52b 252+£0.69b 6.04+0.80b
(100.0£0.0)  (100.0£0.0)  (100.0 +0.0) (100.0 £ 0.0) (98.9+1.9) (98.9+2.0A)
N6 9% 7 3.15+043a 2.11+032b 2.10+0.30 1.99+£027b 224+068c 6.51+098a
(100.0£0.0)  (100.0£0.0)  (100.0 +0.0) (100.0 £ 0.0) (100.0+£0.0) (85.6+5.1B)

Results are expressed as mean + standard deviation.

Statistics: Means among treatments are compared by the Tukey’s test at 95% confidence level following one-way ANOVA.

Table 4. The survival rates, developmental periods and pupal weights of Spodoptera frugiperdareared on two different artificial diets in

cups at 28°C
.of P i E . of . . .
Diet Rearing No.o upation fetEenee No.o Larval period Pupal period Pupal weight
tvoe  container larvae rate rate Sex larvae (days) (days) (mg)
P treated (%) (%) analyzed 4 4 &
Q 14 13.6 £ 0.6 8.1+£0.7* 194 +£29
N2 Cup 90 36.7£6.7b 88.1+3.2b
(o} 15 13.9+0.8 A 95+0.7A 207 £ 30
? 31 132+1.0 8.0+0.5%* 189 + 26
N4 Cup 90 689+38a 952+03a
ad 28 13.1+1.0B 92+04B 199 + 30

Results are expressed as mean + standard deviation.

Statistics: Means between treatments are compared by the t-test at 95% confidence level following one-way ANOVA. Larval and pupal
periods, and pupal weights are analyzed separately for females and males, and the significant differences are indicated with small and
capital letters, respectively. Statistical differences between females and males in a treatment is indicated with asterisk (*). Values

without significant differences are not indicated.
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Table 5. The reproduction traits (mean + standard deviation) of Spodoptera frugiperda adults emerged from larvae reared on the two

selected diets at 25°C, using petri-dishes

No. of Longevity (days) S L .

. . Pre-oviposition  Oviposition . Fecundity .
Diet adult Mating . . Egg hatching Egg period
es pairs rate (%)* * period period rate (%) (No. of eges (days)

P P ©)" Female Male (days) (days)* ° hatched per female) 4
treated
N4 10 20.0 8.6+3.8 143+6.1 50+2.8 39+1.7 79.2+22.9 942 + 544 3.0+0.2
' B ~15)" (7~26) @B~11) a1~7 (38.9~99.1) (277 ~ 1,694) (2.6~3.2)
N6 10 60.0 13.8+5.0 10.8+4.2 42+1.6 6.5+2.0 79.8+7.7 1,392 +£258 29+0.1
) @&~21) (6~17) B~7 5~9 (71.1 ~92.5) (967 ~ 1,776) 2.8~3.1)

'The minimum and maximum ranges are indicated in parentheses.

Statistics: Mating rates between the two different diet types is compared by the * test, whereas other traits are compared by the t-test,
and only traits with significant differences between diets are indicated with asterisk (*).
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Table 6. Life table parameters for Spodoptera frugiperdareared on two different artificial diets at 25°C

Estimated parameters

Compared adult pairs  Diet types
Ry (No.) T (days) Fm A DT (days)

N4 248.94 38.38 0.1438 1.1546 4.82

All mating pairs
N6 257.95 39.13 0.1419 1.1525 4.88
. . N4 300.46 38.30 0.1490 1.1607 4.65

Fertile pairs only
N6 430.08 39.11 0.1550 1.1677 4.47

Abbreviations: Ry, net reproductive rate per generation; T, mean length of generation; 7, intrinsic rate of increase; A, the finite rate of

increase; DT, doubling time.
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