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Abstract

Background and Objectives: The fall armyworm (FAW), Spodoptera frugiperda, is an important pest that poses a
significant threat to maize and other economic crops, including rice, sugarcane, cotton, and peanuts, due to its
polyphagous feeding habits and widespread global distribution, including Thailand. Currently, global research
focuses on management of this pest through chemical and biological control methods, including the use of natural
enemies such as nucleopolyhedrovirus (NPV) and Bt (Bacillus thuringiensis), as well as on studies of its nutritional
requirements for growth and behavior under natural and laboratory conditions. Such studies require large numbers
of test insects with controlled variability in age and health to ensure accurate experimental results. Thus, artificial
diets play a critical role in laboratory rearing systems by providing standardized and consistent nutritional
composition, eliminating the variability associated with natural host plants, and enabling mass production of insects
throughout the year. At present, artificial diets for S. frugiperda commonly utilize protein sources derived from
various legumes. However, some of these legumes are expensive and not readily available in Thailand, limiting their
practical application. Therefore, this study aimed to evaluate the effectiveness of a mung bean (Vigna radiata (L.)
R. Wilczek) -based artificial diet on the growth and reproduction of S. frugiperda under laboratory conditions in
order to identify a cost-effective alternative protein source with high protein content, low cost, and wide availability
in Thailand.

Methodology: The biological development and reproductive performance of S. frugiperda reared on a mung bean—
based artificial diet were investigated under laboratory conditions at 25+2 °C and 80-90% relative humidity. One-
day-old eggs (n = 100) were collected and observed under a stereomicroscope to determine the egg incubation
period. After hatching, individual larvae were transferred to 59.14 ml transparent plastic cups, with one larva per
cup to prevent cannibalism. Larvae were fed a mung bean-based artificial diet, which was replaced every three
days until the larvae reached the pupal stage. Developmental duration and mortality were recorded daily. Upon
pupation, pupal width and length were measured to compare the sizes of male and female pupae.. During the adult
stage, newly emerged male and female moths were paired, and a total of 20 mating pairs were placed in transparent
plastic boxes (13.5 x 20.5 x 7 cm), with one pair per box, to determine the number of eggs laid by each female.
Daily observations were conducted until adult mortality. All Data collected included developmental duration and
mortality rate of each life stage of S. frugiperda, pupal size, adult longevity, and daily fecundity. Eggs laid on wax
paper and plastic containers were counted daily to determine reproductive output. Fertility table parameters,

including the net reproductive rate (R,), intrinsic rate of increase (r,), finite rate of increase (A), and mean generation
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time (T_), were calculated using demographic methods. Differences in pupal size and adult longevity between males
and females were analyzed using Student’s t-test.

Main Results: The results indicated that S. frugiperda successfully completed its life cycle and exhibited rapid
population growth when reared on the mung bean—based artificial diet under laboratory conditions. The life cycle
consisted of four stages: egg, larva, pupa, and adult. The mean developmental duration from egg to adult
emergence was 37.22+0.16 days. Fertility table analysis revealed a high reproductive potential of S. frugiperda
reared on the mung bean diet. The net reproductive rate (R;) was 384.86 offspring per individual female. The
intrinsic rate of increase (r.) was 0.13 day‘1, while the finite rate of increase (A) was 1.14 day’w, indicating a rapid
daily population growth rate under laboratory conditions. The generation time (T ) was 45.77 days. Comparisons of
pupal width and length between males and females revealed no statistically significant differences, whereas the
adult lifespan of males was significantly shorter than that of females (p < 0.05).

Conclusions: Rearing S. frugiperda on a mung bean-based artificial diet effectively supported its growth,
development, and reproduction under laboratory conditions. Although the developmental period of insects reared
on the mung bean diet was longer than that reported for artificial diets based on white beans and pinto beans, the
overall reproductive yield was higher. In addition, mung bean is inexpensive, widely available, and easily accessible
in Thailand, making it a practical and economical protein source for artificial diet formulation. Therefore, the mung
bean-based artificial diet represents a suitable and cost-effective alternative for the mass rearing of S. frugiperda
in laboratory research and reduces reliance on expensive or imported protein sources.

Keywords: fall armyworm; fecundity table; culture; artificial diet
*Corresponding author. E-mail : nakorn.p@msu.ac.th
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Table 1 Comparison of ingredients between Lynch’s and mung bean-based artificial diets

Avrtificial diet
Ingredient
Lynch et al. (1989) Mung bean

Pinto bean 1119 -
Mung bean - 120 g
Yeast 33.8¢9 10.0g
Wheat germ 5289 7549
Agar 35¢ 1259
Ascorbic acid 3449 259
Sorbic acid 11g 15¢g
Formaldehyde (%conc.) 8.4 ml (10%) 2 ml (40%)
Methy p-hydroxybenzoate 2.1 ml -

0.1 % Amoxicillin trihydrate - 20 ml
Distilled water 828 ml 700 ml
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Results
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szezAaLAN (Table 2)

Table 2 Life table of the Spodoptera frugiperda reared on a mung bean-based artificial diet

Stage days (meantSE)
Egg 4.04+0.10
Larvae Instar | 3.45£0.05
Instar Il 3.00+0.00
Instar Il 2.97+0.02
Instar IV 3.03+0.02
Instar V 2.56+0.05
Instar VI 2.41£0.05
Instar VI 5.43£0.05
Total 22.85+0.10
Pupae Male 9.97+0.11
Female 11.06+0.15
Adult Male 11.06+0.15
Female 16.84+1.14
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Figure 1 Egg stage of Spodoptera frugiperda: (A) egg batch on a plastic cup; (B) egg batch covered with scales
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(n = 100) %w:if\ﬂmm”lﬁmnmﬁwméwmﬂLL@zmmﬁmﬂmnﬁwmgj‘luﬁw (Figure 3) szaiztnan Tun191as TN
a‘:ﬂzﬁwu@um@wu@umzm:ﬁ’%’miwmmmm:ﬁmmLfaﬁﬂ 22.85+0.10 1 (Table 2) ANHOULNLAUTATDIFI MU
¥y o a ¥ o ! 3 ¥ = = o o =
PRINUEUAIENIY T INAREARD LFIUAUNAILeIdIUTIlARN 1-7 axnuqniFesiatluglAmasunamyuas
Udaad 8 avFaesaugdmany dowinaziiduinaunsuazunudseiiugldadnes Y ndun Gednunizsananai
azBEusudnluiarueuszazi 3 uasiuszasNENANGANIINNNTIUALLEY (cannibalism)
o v o Y oy = oy oA A = P4

sraizAnug neunmudngsrasAnus ueauarugaiue s Anudazlddauazilasududiiniawna
nelu 12-14 d9T09 annsnszymAresrueuatznszinninaaisqaliaindestlnadaosmaAtsinnidouina e
Udaarias nsimdeudadnuArissaliinuAtiany 2-3 Sz liiduinauaadu wesannluszezusnilaantesdnug
azgaunazunnladne feteailneduozinareanaiisazagunldasiiasldesh 7 Indiuddesh 8 doudeaadanwag

azatjiAnaiasana7 9 (Figure 4) AINNNIATIAWATBIANUAAIUIU 50 61a WLSRIEUIWAL: Lveitlevindy 1: 1.38

527



B ' m?mmwmmmmmiww ﬂﬂ 31 (’ﬂ‘]_lll‘V] 2) NOBNIAN — RIAN W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.2) May — August 2026 Research Article
BURAPHA SCIENGE JOURNAL
ISSN 2085-0983 (online)

Figure 2 Larvae stage of Spodoptera frugiperda: (A) first instar (L1); (B) second instar (L2); (C) third instar (L3); (D) fourth instar (L4);
(E) fifth instar (L5); (F) sixth instar (L6); (G) seventh instar (L7); and (H) arrow indicating the square-arranged spots on the

dorsal side of the eighth abdominal segment

Figure 3 Inverted Y-shaped marking on the head capsule of the Spodoptera frugiperda
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Male Female

Genital

opening
Genital

opening

Figure 4 Genital openings of Spodoptera frugiperda pupae: male (left) and female (right)

nsifFeuiiauauafnuAsEndanAguazwAiy wuda ladiaonuuanssedeliadAnyniaa (ronu
N34, =1.546, p=0.129; A9TNEN9, =-0.070, p=0.944) IntiANUALNALALNF9 3.93+0.14 HARLNATULATHNY
12.92+0.23 findiums anugiinudinafloaziannundeuazens 3.66£0.10 Sadlumsuay 12.96:0.47 Hadiuna
dauszazinanlumsindavesinudliiiusnfiudtlunasfesfiinieasldioanade 10.3520.11 u wazsnudines]
agldnamindesndnsnudinedls Tanmedazdinaindaeas 9.97+0.11 $u doumeilaar1dinan 11.06£0.15 5u
(Table 2) szeafinde anansauaneldetnsdmau lhaganenizaasiingmi Tnguihaesdidemagaziadmuas
drhmageu s Sanlanednaziiununaglanvanuazananmssnansdn daudninadeasddinmaunsin
dauilnguassesisaaandazdiFuana (Figure 5) engfarevnddasioaninnadaetrdtodr Aynisada

(=-3.136, p=0.003) IngnAaziangiads 12.06+1.01 Ju dowmAldeazionsiafs 16.84+1.14 §u (Table 2)

Figure 5 Adult stage of Spodoptera frugiperda: male (left) and female (right). Arrow indicating male-specific
characteristics, including a triangular white patch at the apical region and a circular spot at the center of

the wing
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Age of the fall armyworm

Figure 6 Average number of offspring per female (m ) and survival rate (1) of Spodoptera frugipera

reared on mung bean-based artificial diet

Discussion
:i‘/ Yy U a nl/ a £ a om 1
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wuawAnznIzinaneataqnaiunsaiasy AL InAsung 4 svey (14 Fvuat FNLABAZFARANSE) LWAEATLNNTLASN
% = P . pr = =
AnganITINeNTiney (Jaba et al., 2020; He et al., 2021; Truzi et al., 2021) Wl aLl3auineuszaziaanlunis
a a o PRI Y = Py = o o = o A | \ [y
WL inresiarueuniaenAteamsen iE lUsauanda@eaiuidsauainivaeu o wudrlauuansneluiig
a a o = [y o = A =
srezianlun1sasylAuInAY Table 3 T9danAAaIiLNITANEITEN He et al. (2021) wudndiunuaasldsmiulu

amsianuAns Az dsnasasyaza lunisasy s snuenaasiuauanznszfd1ainaaaqn arnuanig
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Table 3 Comparison of developmental time and fertility table parameters of Spodoptera frugiperda reared on mung

bean and other plant protein-based artificial diets

Developmental time Fertility table parameters

Plant protein in Protein * Total
ficial d @ (6/1009) of larvae stage References
artificial diets (g g g protein
(days) R, Ie A T
This
Mung bean (120) 7.02 8.42 22.85+0.10 384.86 0.13 1.14 45.77
research
Jaba et al.
Sorghum (270) 8.27 22.33 18.00+0.00 - - - -
(2020)
Sorghum (75) + 8.27 Jaba et al.
29.68 17.00+0.00 - - - -
Chickpea (265) 8.86 (2020)
Kranthi et al.
Chickpea (75) 8.86 6.64 12.28+0.12 - - - -
(2021)
Lekha et al.
Chickpea (100) 8.86 8.86 14.50+0.00 - - - -
(2020)
Lekha et al.
Soybean (100) 18.20 18.20 14.00+0.00 - - - -
(2020)
He et al.
Soybean (250) 18.20 45.5 14.10+0.00 115.77 0.13 1.14 36.84
(2021)
Truzi et al.
White bean (120) 23.40 28.08 17.90+0.22 255.86 0.20 1.22 27.80
(2021)
Pinto et al.
Carioca bean (240) 25.2 60.48 15.6+0.16 755.40 0.23 1.26 29.10
(2019)

* Data from USDA (2019)
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