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Abstract. Sunari AAAAS, Supartha IW, Susila IW, Utama IWEK, Yasa IWS, Yudha IKW. 2023. Short Communication: Feeding trial,
biological, and demographic parameters of Spodoptera frugiperda (Lepidoptera: Noctuidae) on several Graminae species (laboratory trial
scale). Biodiversitas 24: 3325-3331. The fall armyworm Spodoptera frugiperda J.E Smith is a new pest that has entered Indonesia. The
ability of the S. frugiperda pest adaptation to several types of graminae plants is important to determine the distribution of potential hosts in
the field. The adaptability of S. frugiperda was observed from two parameters, namely biology, and demography, which were tested on
three plant types of the Graminae family consisting of hybrida variety corn, Jatiluwih local rice, and sorghum. This research was conducted
from May to November 2022 at the Integrated Pest and Disease Management Laboratory (IPMLab), Faculty of Agriculture, Udayana
University. The observation was made on several bionomic and demographic parameters. Demographic parameters were determined by
observing the gross reproduction rate (GRR), net reproductive rate (Ro), intrinsic rate of increase (r), generation time (T), doubling time
(DT), and observing the fecundity rate of S. frugiperda. The results showed that S. frugiperda biology was best in hybrid corn plants with a
short duration of larval life. The survival chances were obtained from daily observations of S. frugiperda, which decreased on day 32 on
hybrid corn and sorghum plants. On the other hand, on Jatiluwih local rice plants, imago's survival chance started to decrease at 34 days old.
In observing demographic parameters, lower Ro and r values and higher T and DT values indicate that hybrid corn plants are the best for S.

frugiperda to grow and develop.
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INTRODUCTION

The fall armyworm, Spodoptera frugiperda (J.E. Smith)
(Lepidoptera: Noctuidae), is a polyphagous pest originating
from America. This pest eats around 353 plant species
belonging to 76 plant families and prefers to attack crops
with economic value, such as corn, sorghum, rice, millet,
and sugarcane (Montezano et al. 2018; Chormule et al.
2019). Spodoptera frugiperda can damage various plants
quickly, thereby reducing the nutritional value of the
affected plants (Prasanna et al. 2018). In dealing with this
pest, farmers generally use insecticides more. However,
Idrees et al. (2022a) reported the second instar S.
frugiperda larvae were susceptible to the tested by
synthetic insecticides; broflanilide and abamectin proved to
be the most toxic having the highest toxicity index of 100
and 78.29%, respectively, followed by cypermethrin and
bifenthrin were showed toxicity index of 75.47 and
66.89%, respectively. Many pest control measures for S.
frugiperda have been developed by utilizing biological
agents, such as Metarhizium anisopliae, Penicillium
citrinum, Penicillium sp., and Cladosporium sp. These

biological agents can potentially infect the immature stages
and feeding performance of S. frugiperda (ldrees et al.
2023); furthermore, five fungal isolates, Aspergillus sp.
BM-3 and SE-2-1, Cladosporium tenuissimum SE-10,
Penicillium citrinum CTD-24, and Beauveria bassiana ZK-
5 could be suitable candidates for developing biopesticides
in an integrated manner to control the Fall Armyworm
(FAW) population (Idrees et al. 2021b; Idrees et al. 2022a).

This pest has spread to various parts of the world; from
its origins in the western hemisphere, it has spread to
eastern regions such as Africa to Asia (Goergen et al. 2016;
Sharnabasappa et al. 2018). The first time this pest entered
the Asian region was reported in India in 2018 (Ganiger et
al. 2018) and damaged maize plants (Sharnabasappa et al.
2018). A vyear later, S. frugiperda was found in Indonesia
and West Africa (Ahissou et al. 2022; Lestari et al. 2020).
In Pakistan, S. frugiperda was initially discovered on maize
crops in Pakistan's southern province of Sindh in 2019 and
has now spread to various parts of the country and attacks
maize, millet, and sorghum (Gilal et al. 2020; Khan et al.
2021; Ramzan et al. 2021). Developing S. frugiperda
control utilizing plant extracts and synthetic pesticides can
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synergize the toxicity of S. frugiperda larvae in Pakistan
(Ahmed et al. 2022). The damage caused by S. frugiperda
eaters to maize crops was enormous; losses of 73% in Latin
America (Hruska and Gould 1997) and 21-53% in Africa
(Makgoba et al. 2021) have been reported. S. frugiperda is
a polyphagous pest of various crops (Montezano et al.
2018); however, it shows a preference for maize and
sorghum, which are C4 crops, in contrast to C3 crops such
as cotton or soybean (Hadke et al. 2015). Young larvae
hide in corn leaf buds during the day and emerge at night to
feed on the leaves (Day et al. 2017). In addition, if the
larvae damage the young leaf shoots or the plant's growing
point, they can kill the plant (Supartha et al. 2022a).

The S. frugiperda larvae feed on their host plants'
stems, leaves, and reproductive parts (Midega et al. 2018).
Two S. frugiperda strains have been reported worldwide:
the maize strain and the rice strain. The maize strain prefers
maize and sorghum, while the rice strain prefers grasslands,
including rice (Piggott et al. 2021: Herlinda et al. 2022).
Larval diets significantly varied the finite and intrinsic
increase rates, reflecting that maize was the most suitable
diet (Altaf et al. 2022). Changes in insect pest populations
depend on the nutrients and properties of their host plants,
which affect their population growth (Supartha et al.
2022b). Traits of the life history of insects, including
growth, reproduction, and survival, are affected by the
different nutrients of the different host plants that the
insects feed on during their larval stage (Keerthi et al.
2021a). Demographic studies are important in population
dynamics and pest status (Zhang et al. 2019: Li-mei et al.
2021). However, reports from Akhtar et al. (2022)
indicated that several biological and demographic
parameters were negatively affected by using
chlorantraniliprole. Although S. frugiperda prefers maize
as its main host, other plants can be suitable hosts even
without maize (Idrees et al. 2021). Given the further spread
of S. frugiperda in Indonesia (Supartha et al. 2022b), there
is an urgent need to uncover the biological performance of
this pest not affect other economically important crops such
as maize, sorghum, local rice, and other types of graminae.

Therefore, information about the developmental
biology, biotic potential, and life history parameters of this
new pest that feeds on diverse plant graminae species is
unavailable in Indonesia. It is necessary to conduct a
comprehensive study of the biology and life history of S.
frugiperda on various graminae host plants. Therefore, to
understand and predict population growth, it is important to
use the life table theory to analyze the development and
fecundity of the next generation. It is very helpful for
studying insect population biology and community
ecological analysis. This helps distinguish different life
stages and comprises both sexes in analyzing, interpreting,
and explaining recorded data. We aimed to evaluate the
impact of three host plants, namely corn hybrida, Jatiluwih
local rice, and sorghum, on the life table parameters of S.
frugiperda.
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MATERIALS AND METHODS

Preparation of test

The test insects were sampled in the corn planting area
in Bali and reared for 2 successive generations in the
laboratory. The insects were reared in the Integrated Pest
Management, Faculty of Agriculture, Universitas Udayana
laboratory, at a temperature of 25°C. Spodoptera
frugiperda larvae were reared individually in plastic cups
(4 cm high and 5.6 cm in diameter) and supplemented with
fresh corn cob until the reared larvae became adults.

The plants to be tested include Corn Hybrida, Jatiluwih
Local Rice, and Sorghum. The three types of plants were
planted in polybags, and each polybag consisted of 2
plants, each repeated 15 times. The plants used in this
preference test were four weeks old. All plants to be tested
were planted in polybags with a size (height 19 cm x 22
cm) filled with soil and manure with a ratio of 3:1.

Research design

The study was conducted using the randomized block
design (RBD) method and consisted of three treatments,
namely Corn Hybrida, Jatiluwih Local Rice, and Sorghum.
Each treatment was repeated 15 (fifteen) times. In each
replication, 1 (one) pair of adult imago was planted (1 male
and 1 female imago), and aeration and light intensity were
attempted to be uniform in the study area.

Biological and demographic parameters of S. frugiperda

Observation of S. frugiperda eggs began with preparing
100 eggs from five females in plastic jars. The eggs are
incubated until they hatch. Observations were made daily
by recording the number of 1% instar larvae that emerged
from the plastic jar. The first instar larvae that appeared
were then removed and maintained for long observation of
the larval stage. The simulation of biological and
demographic parameters shows in Figure 1.
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Figure 1. Simulation biological and demographic parameters
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Observations of egg stadia included the length of the
egg stadia, the number of eggs laid, the number of eggs
hatched, and the percentage of hatching. Observation of
larval stages using first instar larvae hatched from 100 eggs
used at the beginning of the observation. The emerging
larvae were placed in plastic containers (length and width =
14 x 9, height = 7 cm) containing their respective feed
(Hybrid  Corn, Sorghum, Jatiluwih Local Rice).
Observation of larval stages was carried out by observing
the number of live and dead larvae. Larval development
was recorded every day until the larvae became pupae.
Observation of this stage provides data on the duration of
the larval stage, the distribution of instar ages, and the
survival rate of the larvae. The long observation of the
pupal stage was carried out from the time the pupa was
formed until the pupa became an adult. The pupae formed
were placed in a plastic container (diameter = 3 cm, height
= 18 cm). This observation produces old data on the pupal
stage. The adult that emerged from the pupa in the previous
observation was reared in a plastic container containing
cotton, which had been moistened with a 10% honey
solution as S. frugiperda feed and plants (Corn Hybrida,
Sorghum, Jatiluwih Local Rice) as a medium for laying egg
S. frugiperda. Each emerging female adult was exposed to
one male adult so that male and female adults could
copulate to lay eggs. Exposure was carried out every day
and stopped when all adults died. This observation yielded
data on male and female adult life cycles and length,
preoviposition period, female age when she first laid her
eggs, oviposition period, and fecundity. Furthermore, the
life expectancy and fecundity data are compiled as a life
balance table.

RESULTS AND DISCUSSION

Based on daily observations of S. frugiperda on the
three types of test plants, the average length of pre-
oviposition, oviposition, and post-oviposition successively
on corn plants was 2.4, 6.80 and 3.47 days; on sorghum it
was 3.2, 6.53 and 3.13 days; and Jatiluwih local rice was
2.73, 7.00 and 3.13 days, respectively. The longest life
span of adults was found in corn plants, with an average of
12.60 days, and sorghum and Jatiluwih local rice with an
average life span of 11.87 days each. The daily laying rate
of the three test plants showed the highest value in corn,
with an average of 131.39, followed by sorghum at 129.48
and Jatiluwih local rice at 97.01 eggs/day. The average
length of egg hatching in corn plants is 3.37 days, 3.23 for
sorghum, and 3.37 for Jatiluwih local rice. The highest
laying rate were found in corn plants, with an average
laying rate of 131.39 per day, sorghum plants, with an
average of 129.48 per day; and Jatiluwih local rice, at
97.01 per day. The average duration of the instars of S.
frugiperda from instars | to VI on corn plants were 1.27,
1.60, 2.03, 2.60, 2.93, and 3.30, respectively. In sorghum
plants, the average duration of instars | to VI was 1.27,
1.87, 2.13, 2.70, 3.03, and 3.33. In Jatiluwih local rice, the
average duration of instars | to VI was 1.37, 1.93, 2.37,
2.77, 3.07, and 3.47. The length of the pre-pupa period on
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corn plants showed an average value of 0.70 days, while
the length of the pupal period showed an average value of
9.43 days. While the sorghum plants showed an average
value of 0.80 days, the average pupal period was 9.47.
Jatiluwih local rice plants show an average value of 0.78
days, and the pupal period shows an average value of 9.20
days (Tables 1 and 2). This aligns with research by Altaf et
al. (2022), where S. frugiperda prefers corn plants to
sorghum, wheat, and rice plants. According to
Sharanabasappa et al. (2018) state that the incubation
period, larval and pupal periods are 2-3, 14-19, and 9-12
days, respectively by eating sorghum, cabbage, tomatoes,
peanuts, and sugarcane.

Studies on the biology of FAW indicated no variation
in biological parameters when reared on fodder maize and
fodder sorghum; however, they recorded longer larval and
pupal duration (16.07 and 10.00 days) when reared on an
artificial diet. The adults laid more eggs under crop mosaic
conditions with varied phenological crop growth stages,
and the fodder maize (782.33 eggs) was most preferred for
oviposition (Keerthi et al. 2021b). Spodoptera frugiperda
female had a strong oviposition preference for maize
compared to cabbage and soybean and an aversion to
tomato; however, in contrast to oviposition preferences, it
was shown that despite low preferences in cabbage,
soybean and tomato plants, these crops appeared to provide
high benefits for spring performance (Sotelo-Cardona et al.
2021). In selection tests, it was found that moths laid more
eggs on highly resistant cultivars and the least on
susceptible cultivars; in contrast, larval performance was
poor on resistant cultivars but good on susceptible ones. In
addition, older FAW larvae showed no discrimination or
preference among the tested maize cultivars, indicating that
the larvae may have random foraging behavior independent
of volatile cues, with low discrimination among hosts and
based on visual cues. A previous study also confirmed that
plant volatiles does not affect host discovery by FAW, but
that tactile cues may be important during oviposition site
selection (Guo et al. 2020). The choice of plants is also
influenced by the nutritional content in the plants, which
has an impact on fecundity and the long duration of adult
life (Blair et al. 2019).

The survival rate or chance of survival of S. frugiperda
was obtained from daily observations made from the egg
phase until S. frugiperda became an adult. In the three test
plants, the lowest survival rate was seen in Hybrid Corn
plants, where at 38 days, S. frugiperda imago began to
show population decline. In sorghum plants, imago age
decreased on the 39" day, and in Jatiluwih local rice, it
decreased on the 41% day of age. The fecundity of female
imago can be determined by counting the number of eggs
laid daily. The mx value indicates the number of eggs a
female imago aged x days produced. The egg lay in hybrid
corn plants after the 27" day, in sorghum plants egg laying
after the 28th day, and in Bali rice plants egg laying after
the 30" day. The survival and fecundity values for the three
types of test plants can be seen in Figures 2, 3, and 4.

Differences in the nutrient content of host plants have
a major influence on the life cycle and population change
trends of S. frugiperda (Wu et al. 2019; Zhao et al. 2020;
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Chen et al. 2022). Insect development generally depends on
food quality, affecting some S. frugiperda instars; the
longer larva-to-adult period is thought to reflect a
compensatory response in larvae to low-quality feed (Nelly
et al. 2023). The nutritional content of maize plants, such
as protein and carbohydrates, can affect armyworms'
growth and development process. The leaves of maize
plants show suitable feed for developing S. frugiperda, and
good feed quality will affect the duration of larval

BIODIVERSITAS 24 (6): 3325-3331, June 2023

development. The ability to develop S. frugiperda in sweet
maize was higher than that of glutinous maize (waxy
maize) (Ginting et al. 2020; Dai et al. 2020). Sweet corn
leaves contain major nutrients such as starch, protein,
vitamin C, fat, amino acids, and higher fiber than glutinous
leaves. Insect development generally depends on food
quality in the first few instars; a longer larval to adult
period reflects a compensatory response in larvae to low-
quality feed (Silva et al. 2017; Supartha et al. 2022c).

Table 1. Biological parameters of Spodoptera frugiperda on corn, sorghum, and Jatiluwih local rice (N = 30)

Parameters Corn Sorghum Jatiluwih local rice
Average + SE Range Average + SE Range Average + SE Range

Age of female Imago (days) 10.71 + 1.05 9-12 10.00 + 1.22 9-13 1117+ 1.47 9-13
Age of male Imago (days) 11.23+1.09 10-13 10.73+1.10 9-12 10.83+1.53 9-14
Length of Eggs to Hatch 3.37+£0.49 3-4 3.23+£0.63 2-4 3.37£0.49 3-4
Laying Rate (items/day) 131.39+43.34 50-256 129.48 + 40.65 43-254 97.01 £33.31 25-193
Hatching Percentage (%) 97.00 £ 0.015 94-99 95.00 £ 0.023 91-98 94.00 £ 0.018 90-97
Pre-oviposition period (days) 240+0.74 2-3 3.20+0.68 2-4 2.73+0.59 2-4
Oviposition period (days) 6.80 + 2.05 5-10 6.53+2.04 4-7 7.00+2.16 4-9
Time after oviposition (days) 347471 3-4 3.13+4.50 3-4 3.13+4.49 3-4
Age of Imago (days) 12.60 + 0.99 11-14 11.87+0.99 10-13 11.87+0.83 11-12
Prepupa time (days) 0.70+£0.18 0.5-1 0.80+0.18 0.5-1 0.78 £0.20 0.5-1
Pupa period (days) 9.43+1.04 8-12 9.47+1.04 9-11 9.20+£1.19 7-11
1st to 6th instar period (days)

Female 13.54 £ 1.39 12-16 1429+ 1.21 12-17 15.27 £ 1.03 14-17

Male 13.58 + 1.44 12-16 14.14£1.21 12-16 15.00 £ 1.53 13-17

Table 2. Development time (days) of Spodoptera frugiperda on Corn, Sorghum, and Jatiluwih local rice

Life Stage n Corn n Sorghum n Jatiluwih local rice
Egg 30 3.37£0.49 30 3.23+0.63 30 3.33+0.48
1%t Instar 30 1.27 +0.45 29 1.28 +0.45 28 1.36 +£0.49
2nd Instar 30 1.60 +0.50 29 1.86 +0.35 26 1.89+0.32
3 Instar 30 2.00£0.26 28 2.10+0.41 24 2.35+0.63
4™ Instar 29 2.59 +0.50 28 2.71£0.46 24 2.76 £0.44
5t Instar 28 2.93+0.26 27 3.00 £0.27 24 3.04 £0.20
6™ Instar 28 3.29 £ 0.46 27 3.30 £ 0.47 24 3.44 +£0.51
Pupa 27 9.41+£1.08 25 9.40 +£1.04 23 9.39+1.23
Adults 25 10.32+1.14 24 1042+1.14 22 1141 +1.44
Female 13 36.69 +1.38 17 37.35+2.15 15 39.60 +1.96
Male 12 36.58 +2.15 7 37.00+1.73 7 39.00+1.29
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Figure 2. Survival rate (Ix) and fecundity (mx) Spodoptera frugiperda on corn
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Figure 3. Survival rate (Ix) and fecundity (mx) Spodoptera frugiperda on sorghum
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Figure 4. Survival rate (Ix) and fecundity (mx) Spodoptera frugiperda on Jatiluwih local rice

In observing the three types of test plants, the highest
GRR values were shown in hybrid corn plants with a value
of 1,090.01, sorghum with 1,025.33, and Jatiluwih local
rice with 920.56. The net reproduction rate (Ro) for hybrid
corn was 25.62; for sorghum, 23.71; for Jatiluwih local
rice, 19.28. The intrinsic rate of increase in corn plants was
0.086, 0.081 for sorghum plants, and 0.073 for Jatiluwih
local rice. Generation time (T) for corn plants has an
average duration of 37.60; for sorghum plants, it is 38.87;
for Jatiluwih local rice, it is 40.60. Doubling time (DT) on
hybrid corn plants showed a value of 8.04, 851 on
sorghum plants, and 9.51 on Jatiluwih local rice (Tables 3-
5). The development of S. frugiperda was better, given
corn and sorghum, compared to Jatiluwih local rice, as seen
from the GRR value. This result is the same as the Xie et
al. (2021) study, where S. frugiperda was more suited to
being fed corn than kidney beans.

The nutrient content contained in plants greatly
influences the development of S. frugiperda pests,
especially in terms of their reproductive abilities, as well as
the survival and performance of their offspring (Sotelo-
Cardona et al. 2021; Supartha et al. 2021). The fertility life
table constructed in the present study is significantly
important in predicting population dynamics, which will
further help in developing effective integrated pest

management, and the developed meridic diet with rearing
procedure will be helpful in insecticide resistance
monitoring programs for S. frugiperda folivorous (Sagar et
al. 2022).

Table 3. Demographic parameters of Spodoptera frugiperda on
corn

Parameter Average/SD
Gross Reproduction Rate (GRR) 1090.01 + 52.46
Net Reproduction Rate (Ro) 25.62 £0.21
Intrinsic Rate of Increase (R) 0.09 £ 0.00
Generation Time (T) 37.60 £ 0.00
Doubling Time (DT) 8.04 £ 0.00

Table 4. Demographic parameters of Spodoptera frugiperda on
sorghum

Parameter Average/SD
Gross Reproduction Rate (GRR) 1025.33 £ 51.54
Net Reproduction Rate (Ro) 23.71+£0.19
Intrinsic Rate of Increase (R) 0.08 £ 0.00
Generation Time (T) 38.87 £ 0.00
Doubling Time (DT) 8.51 +0.00
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Table 5. Demographic parameters of Spodoptera frugiperda on
Jatiluwih local rice

Parameter Average/SD
Gross Reproduction Rate (GRR) 920.56 + 43.58
Net Reproduction Rate (Ro) 19.28 £ 0.28
Intrinsic Rate of Increase (R) 0.07 £0.00
Generation Time (T) 40.60 £ 0.00
Doubling Time (DT) 9.51+0.00

This study shows that Jatiluwih local rice is a less
suitable host plant than corn and sorghum. However, this
Jatiluwih local rice plant still supports the full life cycle of
S. frugiperda, even though the population of S. frugiperda
optimizes the utilization of Jatiluwih local rice as a host
plant, food source in conditions of high population density
and food scarcity. Therefore, the presence of S. frugiperda
in plants should be closely monitored in the future. In
addition, clarifying the mechanisms and factors associated
with adaptation to several other graminae species, such as
those from the rice group, can provide a basis for
predicting and controlling S. frugiperda population growth.
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