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Nutritional Physiology of Spodoptera frugiperda
(J. E. Smith) (Lepidoptera: Noctuidae)
Fed on Different Wheat Varieties
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Abstract — Within the context of agricultural ecosystems, un-
derstanding the nutritional physiology of insects and their host
plant preferences is essential for optimizing pest management
strategies and improving crop production. In this study, we con-
ducted an in-depth examination of the nutritional physiology of
the fall armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidop-
tera: Noctuidae) in the context of different host plants, specifi-
cally wheat varieties, in comparison to maize. Our investigation
focused on key parameters, including the Relative Consumption
Rate (RCR), Relative Growth Rate (RGR), and Efficiency of Con-
version of Ingested food (ECI) of S. frugiperda fed on different
wheat varieties including: Dilkash-20, Fakhar-E-Bhakkar-17,
Subhani-21, Faisalabad-08, and Akbar-19 in comparison to mai-
ze (NK-6654). The results revealed that S. frugiperda displayed
a significantly (P < 0.05) higher RCR (8.08 g/g/day), RGR (1.50
g/g/day), and ECI (25.1 %) when feeding on maize, followed by
Fakhar-E-Bhakkar-17 (RCR =7.00 g/g/day, RGR =1.24 g/g/day
and ECI =214 %) and Akbar-19 (RCR = 6.06 g/g/day, RGR =
1.04 g/g/day and ECI =19.7 %) wheat varieties after 1 week of
feeding. The lowest values of all these nutritional parameters were
recorded on the Dilkash-20 variety (RCR = 2.98 g/g/day, RGR =
0.38 g/g/day, and ECI = 7.94 %). These findings offer valuable in-
sights into the nutritional interactions between S. frugiperda and
the host plants, shedding light on potential implications for pest

management strategies and crop patterns.
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Resumen — En el contexto de los ecosistemas agricolas, com-
prender la fisiologia nutricional de los insectos y sus preferencias
de plantas hospedantes es fundamental para optimizar las estra-
tegias de manejo de plagas y mejorar la produccion de cultivos.
En este estudio, llevamos a cabo un examen en profundidad de la
fisiologia nutricional del gusano cogollero, Spodoptera frugiperda
(J. E. Smith) (Lepidoptera: Noctuidae) en el contexto de diferen-
tes plantas hospedantes, especificamente variedades de trigo, en
comparacion con el maiz. Nuestra investigacion se centré en pa-
rametros clave, incluida la Tasa de consumo relativo (RCR), la
Tasa de crecimiento relativo (RGR) y la Eficiencia de conversion
de los alimentos ingeridos (ECI) de S. frugiperda alimentada con
diferentes variedades de trigo, incluidas: Dilkash-20, Fakhar-E-
Bhakkar-17, Subhani-21, Faisalabad-08 y Akbar-19 en compara-
cion con el maiz (NK-6654). Los resultados revelaron que S. fru-
giperda mostré un RCR (8.08 g/g/dia), un RGR (1.50 g/g/dia) y un
ECI (25.1 %) significativamente mayores (P < (0.05) cuando se ali-
mentaba de maiz, seguido por Fakhar-E-Bhakkar-17 (RCR =7.00
g/g/dia, RGR = 1.24 g/g/dia y ECI = 21.4 %) y Akbar-19 (RCR
= 6.06 g/g/dia, RGR = 1.04 g/g/dia y ECI = 19.7 %) variedades
de trigo después de 1 semana de alimentacion. Los valores mas
bajos de todos estos parametros nutricionales se registraron en la
variedad Dilkash-20 (RCR = 2.98 g/g/dia, RGR = 0.38 g/g/dia y
ECI =7.94 %). Estos hallazgos ofrecen informacion valiosa sobre
las interacciones nutricionales entre S. frugiperda y las plantas
hospedantes, arrojando luz sobre las posibles implicaciones para
las estrategias de manejo de plagas y los patrones de cultivo.

Palabras Clave — Parametros de indices de alimentacién; Spo-
doptera frugiperda; Variedades de trigo; Interaccion insecto-planta.

I. INTRODUCTION

HE fall armyworm, Spodoptera frugiperda, is a significant

insect pest of various important agricultural crops [1]. It is
native to subtropical and tropical areas of America [2]. S. fru-
giperda was discovered in western Africa in January 2016 [3],
[4] and in India in May 2018 [5]. In Pakistan, the presence of S.
frugiperda on maize crop was reported in 2019 [6].

More than 350 species of plants have been identified which
are the hosts of S. frugiperda [7]. Other than maize, this pest
has a wide host range, particularly soybeans, rice, cotton, and
sorghum [7], [8]. The larvae of S. frugiperda have the potential
to damage more plant species, leading to significant reductions
in yields of economically important crops [8]. Several studies
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have confirmed the susceptibility of this pest to various econo-
mic crops [7], [10]. Without any control measures, the annual
maize losses in Africa have been reported to be 8.3 million to
20.6 million tons. These losses might reach 2531 million to
6312 million USD annually [11].

The nutritional value of the host plant affects the population
growth of any insects [12]. The nutrition that insects consume
from their host plants significantly impacts their growth, repro-
duction, and survival [13]. In order to investigate how different
insect pests impact various plants through their feeding behavior,
it is imperative to conduct fundamental biological research on
the feeding habits and consumption patterns across different host
plants. S. frugiperda, while having a preference for maize as its
primary crop, can also target alternative crops in the absence of
maize availability [ 14]. There is a need to investigate how S. frugi-
perda affects economically important crops such as rice, sorghum
and wheat, given the continued spread of pests in Pakistan.

Wheat (Triticum aestivum) holds paramount global impor-
tance as a widely cultivated crop. It stands as a staple food crop
in Pakistan and plays an important role in the economy of our
country. Wheat contributes 9.6 % of the agricultural sectors
output and 1.9 % of the nations GDP, which highlights the sig-
nificance of improving wheat production [15]. According to
earlier research done in Brazil, female S. frugiperda preferably
lays eggs on the upper part of the wheat crop rather than on
other parts of the plant [16]. The S. frugiperda can harm wheat
crops at any phase of growth, from the booting to the milking
period. A large population of S. frugiperda larvae may accele-
rate the maturation of wheat in areas where the pest migrates
throughout the year [17], [18].

The pest status of S. frugiperda is predominantly determi-
ned by the growth stages of the host plant infested [19]. Con-
sequently, to effectively evaluate the potential harm inflicted by
S. frugiperda is essential to examine the influence of different
wheat varieties on the pests growth. Understanding this rela-
tionship is crucial to accurately assess the risk of damage that
S. frugiperda poses to wheat crops, as well as to develop an
overall understanding of its potential impact. There is limited
research available on the influence of wheat compared to maize
on the consumption and rate of development of S. frugiper-
da. Also, is becoming a significant pest to other crops such as
cotton and soybeans in different countries [19]. We hypothe-
size that S. frugiperda will inflict damage on wheat varieties.
In addition, we expect to observe significant differences in the
nutritional physiology of the insects when feeding on different
wheat varieties compared to maize, indicating potential im-
pacts on their development and survival rates.

II. MATERIALS AND METHODS

A. Collection and rearing of Spodoptera frugiperda

Spodoptera frugiperda egg batches and larvae were collec-
ted from a maize field near University of Sargodha. The eggs
were placed in petri dishes, and the neonate larvae were provi-
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ded with a natural diet (maize leaves). Fresh maize leaves were
used as the primary food source and the larval diet was repla-
ced every 24 hours until they reached the pupal stage. Upon
pupation, the pupae were separated and placed in plastic cages
until the emergence of adults. The adult moths were paired and
kept in rearing cages to facilitate oviposition. The larvae from
F3 generations were used for further study.

B. Host plants

The seeds of five varieties of wheat (Dilkash-20, Fakhar-
E-Bhakkar-17, Subhani-21, Faisalabad-08, and Akbar-19),
and one variety of maize (NK-6654) were purchased from the
local market of Sargodha. The wheat varieties were selected
based on their extensive cultivation by farmers in the selected
region. The seeds were set in plastic pots measuring 11x12 cm.
Throughout the study, the proper agronomic practices were fo-
llowed including irrigation and removal of weeds.

C. Nutritional physiology of Spodoptera frugiperda
on different hosts

The second instar larvae were obtained from a reared cul-
ture. Prior to their release into the experimental arena (petri
plates), the larvae were subjected to 24 24-hour period of star-
vation. Each petri plate contained one larva and was considered
as one replication. Almost the same size and weight of leaves
from each tested hosts were provided to each larva on a daily
basis. The treatments were replicated three times and 10 larvae
were tested in each replication. The weighted amount of leaves
from each host was provided to larvae and replaced after 24
hours. The experiment was conducted under controlled labo-
ratory conditions (25 + 2 °C temperature, 70 + 10 % RH, and
a photoperiod of 14h10 from Monday to Sunday). The data of
the developmental period of each larval instar, pupal stage, and
adult stage was recorded on a daily basis. The length of the
larvae was measured before and after a 24 hour feeding period
using a measuring scale. Furthermore, the weight of each lar-
va and its feces was measured on a daily basis using a digital
weight balance. Similarly, the weight of the diet provided to the
larvae was measured before and after the 24 hour feeding pe-
riod to determine the consumption rate. Larval mortality data
was also recorded daily throughout the duration of the expe-
riment. The parameters of the feeding rates that were calcula-
ted from the recorded data (shown in Table 1) were based on
Waldbauer’s formulas [20].

D. Statistical analysis

Data were analyzed by one-way ANOVA to assess the im-
portance of host plants on the parameters of S. frugiperda fe-
eding rates. The means were compared using Tukey HSD all
pairwise comparison test and all the analyses were performed
using Mintab 17.0 software.
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TABLE I
FEEDING INDICES PARAMETERS CALCULATED
USING FORMULAS SUGGESTED BY WALDBAUER ET AL. [20]

Term Parameters Formula Detail
I = dry weight of food
relative consumption (&) consumed. T = du-
RCR Sump RCR=1/BxT ration of feeding period

rate (d). and B = insect dry

weight gain (g).

AB = change in body
weight of the insect (g).
BI = initial larval weight

RGR relative growth rate RGR =[AB/BI| xT

efficiency of conversion

ECI of ingested food

ECI=B/Ix 100

III. RESULTS

A significant difference was recorded in the relative con-
sumption rate (RCR) of S. frugiperda among different host
plants at 1 day (F = 1381.0, P < 0.001), 3 days (F = 1374.0, P
<0.001), 5 days (F = 814.0, P < 0.001) and 7 days (F = 1205.0,
P < 0.001) of feeding. Results revealed that the RCR value of
S. frugiperda was higher when the larvae fed on maize (5.16-
8.08 g/g/day), followed by Fakhar-E-Bhakkar-17 (3.99- 7.00
g/g/day), and Akbar-19 (3.13 to 6.06 g/g/day). The lowest RCR
value of S. frugiperda was recorded on Dilkash-20 (0.98-2.98
g/g/day) and Subhani-21 (1.47-4.05 g/g/day) by 1 week of fe-
eding (Table 2).

A significant difference was recorded in the relative growth
rate (RGR) of S. frugiperda among different host plants at 1
day (F=1167, P <0.001), 3 days (F=746.0, P < 0.001), 5 days
(F=679.0, P <0.001) and 7 days (F = 229.0, P < 0.001) of
feeding. The RGR of S. frugiperda larvae was higher on mai-
ze (1.20 tol.50 g/g/day), followed by Fakhar-E-Bhakkar-17
(0.89 to 1.24g/g/day) in 1 week of feeding. When larvae fed
on Akbar-19, the relative growth rate was 0.62-1.04 g/g/day.
The lowest RGR value of S. frugiperda larvae was recorded on
Dilkash-20 ranging from 0.10-0.38 g/g/day in 7 days (Table 3).

A significant difference was recorded in the relative efficien-
cy of conversion of ingested food (ECI) of S. frugiperda among
different host plants at 1 day (F = 5322.0, P < 0.001), 3 days
(F =2460.0, P <0.001), 5 days (F = 2822.0, P <0.001) and 7
days (F = 1924.0, P < 0.001) of feeding. Results showed that
the ECI percentage of S. frugiperda was significantly higher on
maize (17.92 to 25.09 %) for 1 week of larvae feeding as com-
pared to other wheat varieties. However, the ECI percentage
was 15.6-21.4% on Fakhar-e-Bhakkar-17 and 13.7-19.7% on
the Akbar-19 variety of wheat. The lowest percentage of ECI
was 4.05 to 7.937 % on Dilkash-20 (Table 4).

IV. DISCUSSION

Spodoptera frugiperda is a polyphagous pest that feeds on a
wide range of crops [9]. Damage caused by this pest can lead to
significant yield losses in wheat production, so one aspect of the
research focuses on the evaluation of nutritional indices of S. fru-
giperda in various wheat varieties, with the objective of designing
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pest management strategies. Although maize is the preferred host
for Spodoptera frugiperda, the feeding parameters of this pest on
Fakhr-e-Bhakkar-17 and Akbar-19 wheat varieties were almost
similar to those observed on maize. The relative consumption and
growth rate of the pests, as well as the conversion efficiency of
the ingested feed, were satisfactory in these two wheat varieties.
These findings regarding S. frugiperda feeding on wheat plants
are in agreement with the results of Zhang et al. [17].

According to Gebretsadik et al [21], the development of S.
frugiperda, including the duration of larval and pupal stages,
adult longevity and survival, was significantly influenced by mai-
ze compared to other crops. Our results showed that the feeding
indices parameters, including relative consumption and growth
rate and ingested feed conversion efficiency, we re satisfactory
when the larvae fed on wheat varieties Fakhr-e-Bhakkar-17 and
Akbar-19, compared to maize. These results suggested that the-
se varieties may be susceptible to S. frugiperda infestation. It
should also be mentioned that other factors, such as plant age
and abiotic stress, may also affect the nutritional quality of wheat
and consequently influence S. frugiperda feeding and growth.
Feed conversion efficiencies of S. frugiperda larvae show signi-
ficant variations in different host plants. This phenomenon is not
unique to this pest, but is a general characteristic observed in al-
most all insects. A potential factor contributing to this variability
could be the ability of insects to make homeostatic adjustments
in their consumption rates and efficiency parameters.

These adjustments allow insects to achieve their ‘ideal’
growth rate, even when consuming foods of varying quality [22].

Even though the main host of fall armyworm remains corn,
the results of the study suggest that it can also feed on wheat.
Therefore, it is necessary to monitor fall armyworm infestation in
wheat crops and employ integrated pest management techniques
to effectively control the pest population. The nutritive quality of
a host plant can significantly impact on feeding and growth of
herbivorous insects including Spodoptera sp [23]. Several resear-
chers have examined the effect of host plants on the nutritional
indices of insect pests [22], [24]. Awmack & Leather [13] repor-
ted that the nutritional value and quality of host plants are crucial

TABLE II
RELATIVE CONSUMPTION RATE (MEANS+SE)
OF SPODOPTERA FRUGIPERDA FEEDING ON DIFFERENT
WHEAT VARIETIES IN COMPARISON TO MAIZE

RCR (Relative Consumption Rate, g/g/day)

Host plants 1 DAF 3 DAF 5 DAF 7 DAF
Dilkash-20 0.98+0.013f 1.47£0.012f 2.10£0.132f 2.98+0.132f
Subhani-21 1.47+0.213e 2.00£0.121e 2.94+0.143¢ 4.05+0.231e
Fasilabad-08 2.01£0.312d  3.03£0.141d  4.07+0.213d  5.10+0.313d
Akbar-19 3.13+£0.345¢  4.02+0.213 ¢ 5.03+0.345¢ 6.06+0.454¢
BT:[?I?;FIQ 3.99+0.424b  4.93+0.231b 5.83+£0.321b  7.00+0.456b
Maize 5.16+0.432a 6.08+0.442a 6.99+0.453a 8.08+0.463a

DAF = days after feeding, Means sharing similar letters within a column are
not significantly different at p=0.05.
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TABLE III
RELATIVE GROWTH RATE (MEANS=SE) OF SPODOPTERA FRUGIPERDA
FEEDING ON DIFFERENT WHEAT VARIETIES IN COMPARISON TO MAIZE

RGR (Relative Growth Rate, g/g/day)

Host plants 1 DAF 3 DAF 5 DAF 7 DAF
Dilkash-20 0.10+0.001f 0.14£0.012f 0.27+0.001f 0.38+0.021f
Subhani-21 0.28+0.012e 0.37£0.031e 0.45£0.032¢ 0.56+0.032e
Fasilabad-08 0.48+0.023d 0.56+0.034d 0.69£0.034d 0.79+0.042d
Akbar-19 0.62£0.043c 0.69£0.042¢ 0.86+0.042¢ 1.04£0.053c
Fakhar-E-Bhakkar-17 0.89+0.042b 1.06+0.121b 1.16+0.102b 1.24£0.101b
Maize 1.20£0.130a 1.28+0.102a 1.38+0.121a 1.50£0.132a
DAF = days after feeding, Means sharing similar letters within a column are not significantly different at p=0.05.
TABLE IV
RELATIVE EFFICIENCY OF CONVERSION OF INGESTED FOOD (MEANS+SE)
OF SPODOPTERA FRUGIPERDA FEEDING ON DIFFERENT WHEAT VARIETIES IN COMPARISON TO MAIZE
ECI (Efficiency of Conversion of Ingested food %)
Host plants 1 DAF 3 DAF 5 DAF 7 DAF
Dilkash-20 4.05+0.324f 5.12+0.423f 6.20£0.312f 7.94+0.431f
Subhani-21 5.87£0.342¢ 7.94+0.453¢ 9.50£0.452¢ 11.7£0.621e
Fasilabad-08 10.0£0.543d 11.7£0.643d 12.9+0.634d 15.4+0.732d
Akbar-19 13.8+0.532¢ 15.6+0.743¢c 17.8+0.843¢ 19.7+0.934c
Fakhar-E-Bhakkar-17 15.6+0.743b 17.5+0.734b 19.6+0.874b 21.4+0.845b
Maize 17.9£0.745a 19.5+0.845a 21.8+0.943a 25.1+0.823a

DAF = days after feeding. Means sharing similar letters within a column are not significantly different at p=0.05.

Factors within the plant characteristics that impact insect
survival and fitness. Insects are highly dependent on their diet
for development [25], and the utilization of various plant food
sources introduces variation in insect vita variables [8], [26].
Our study demonstrated that S. frugiperda had higher relati-
ve growth rates, consumption rates, and conversion efficiency
of ingested food in maize and two wheat varieties Fakhar-E-
Bhakkar-17 and Akbar-19. These results suggest that the nu-
tritional quality of a host plant can have a significant impact
on the feeding and growth of insect herbivores. This preference
could be attributed to the nutrition of these plants, which could
be preferable for the insect [19].

Insects are known to improve their ability under optimal
larval feeding conditions, as shown by studies such as those
of Barros et al. [19] and Xu et al. [27]. Evaluating the ade-
quacy of particular food sources for insect development may
involve consideration of several indicators of suitability. Each
plant species possesses a number of secondary metabolic and
nutritional compounds, each with distinct defensive attributes,
encompassing tolerance, antibiosis, antixenosis, and various
combinations of these three mechanisms [28].

The results of this study will contribute to the understanding
of the biology of S. frugiperda, which could help in its mana-

gement and control. Consequently, future research is needed on
the examination of a wider range of host plant species conducive
to the development of S. frugiperda. In addition, evaluation of
the chemical constituents of these host plant species would im-
prove understanding the mechanisms underlying host suitability.

The cropping system, particularly the practice of intercrop-
ping, is explored as an alternative approach to the management
arthropod pests affecting crops, as discussed by Smith and
McSorley [29]. However, in our country, farmers grow maize
and wheat crops at the same time. Some crops are known to
exert a deterrent influence on herbivores.

This is attributed to the potential alteration of the ability of
pests to locate their host plants through visual and smell inter-
ference caused by cultivated vegetation [30]. Conversely, cer-
tain crops can create a favorable microenvironment for insects
[31], [32]. Our study was conducted under controlled condi-
tions and the results showed that S. frugiperda can successfully
feed on two wheat varieties.

However, the potential of wheat crops with a maize cropping
system warrants further investigation to test the incidence of S.
frugiperda on wheat crops under field conditions. In addition,
this study did not evaluate the nutritional composition of diffe-
rent wheat varieties. Therefore, future research could attempt
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to quantify the precise nutritional content and assess quality
variations among host plant conditions. This would facilitate a
more complete understanding of the influence of nutrition on
ecological and physiological traits.

V. CONCLUSION

Our study revealed that the nutritional physiology of S. fru-
giperda was satisfactory on maize and some wheat varieties
as well. The findings of the study have important implications
for pest management strategies and crop breeding programs
in wheat cultivation. Moreover, the presence of various crops
within the agro-ecosystem, notably wheat and maize, can in-
duce altered feeding preferences when the primary host is not
available. The results of this research indicate that S. frugiper-
da could become a pest on other agricultural plants in the futu-
re, especially wheat. Future studies should prioritize the exami-
nation of a broader spectrum of host plants to assess nutritional
indices relevant to S. frugiperda. Additionally, evaluating the
chemical components of the tested cultivars would provide va-
luable insights into the mechanisms underlying host suitability.
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