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ABSTRACT

The fall armyworm (FAW), Spodoptera frugiperda (Smith), is recognized as one of the most destructive
invasive pests worldwide, with serious implications for global food production and security. Spodoptera frugiperda
rearing at three host plants maize, sweet potato and eggplant under three temperature 25°C, 30°C and fluctuating
temperatures to determine its biological characters, the obtained results showed that there were significant effects
of temperature, host plant and their interaction (F4=5.86; P<0.001) on total development time (egg-adult) of FAW.
The results showed that there were significant differences between temperatures, host plants and their interaction,
where are effect on weight of pupa (F2= 52.88; P<0.001, F2= 21.61; P<0.001, and F4=12.76; P<0.001,
respectively). The shortest developmental time of FAW was recorded on maize under fluctuating temperatures
(18.8 days), confirming maize as the most favorable host for rapid development. Conversely, the lowest recorded
longevity was observed on eggplant at 25 °C (7.6 days). Sweet potato may better sustain female longevity, whereas
eggplant appears to be the least favorable host overall. Results indicated clear variation with temperature
development and reproduction depends strongly on temperature. At 25 °C, the insects have the longest generation
time and highest reproductive potential (Ro and GRR), but slower population growth (lower r, and ). At 30 °C,
development is much faster, and the intrinsic growth rate is highest, though reproductive output decreases. Field
conditions produced intermediate values, closer to 30 °C. Overall, higher temperatures accelerate development and
increase growth rate, but reduce fecundity.
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The fall armyworm (FAW), Spodoptera frugiperda
(Smith), is recognized as one of the most destructive invasive
pests worldwide, with serious implications for global food
production and security (Baudron et al., 2019). This highly
polyphagous insect feeds on more than 353 plant species,
inflicting heavy damage on staple and cash crops such as
maize, rice, cotton, soybean, beans, and various vegetables
like and grasses (Bueno et al., 2010; Nabity et al.,2011; FAO,
2017; Bateman et al.,2018; Montezano et al., 2018; Kansiime
et al., 2019; Rwomushana, 2019; Awadalla et al., 2025). On
a global scale, the insect is capable of causing yield reductions
ranging from 20% to nearly 100%, depending on crop type
and infestation level (Hardke ez al, 2015; Mallapur et al.,
2018). Considering its rapid dispersal, broad host range, and
devastating impact on crop yields, the development of
effective management approaches has become essential.
Numerous studies have examined the life history traits of the
fall armyworm (FAW) on a range of host plants, including
cotton, millet, maize, soybean, peanut, tomato, pepper,
coriander, and eggplant (Santiz et al., 2021; He et al.,2020;
Wu et al,,2021 and Shoman et al., 2025). The pest’s invasion
into regions dependent on potato and eggplant production
further amplifies its economic impact, highlighting the
urgency of research into its population dynamics and
management on vegetable crops. Despite extensive studies on
cereal crops, limited information exists on the development
and life table parameters of S. frugiperda when reared on
vegetable crops such as potato and eggplant under different
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interactions is fundamental for predicting population
dynamics, assessing risk levels, and designing integrated pest
management (IPM) strategies. Therefore, this study aims to
investigate the biology and demographic parameters of S.
frugiperda reared on sweet potato, eggplant, and maize under
three constant temperature regimes (25, 30 °C and a
fluctuating-temperature treatment).

MATERIALS AND METHODS

Collection and rearing of S. frugiperda

Egg masses were obtained from the Agricultural
Research Center (ARC), Giza, Cairo, Egypt, and were reared
for one generation in the Economic Entomology Laboratory,
Faculty of Agriculture, prior to the start of the experiment.
Development from egg to adult of S. frugiperda was assessed
under two experimental factors: temperature and host plant.
Larvae were reared under three thermal regimes (25, 30°C
and a fluctuating-temperature treatment) on three host plants
(maize, sweet potato and eggplant). At each temperature,
larvae were provided a single host plant. Fresh egg masses
were obtained from a laboratory colony. Newly hatched S.
frugiperda larvae were separated on the day of exclusion and
reared individually in transparent plastic containers (12 x 10.5
x 3.5 cm?) supplied with leaves from a single test host plant.
Rearing conditions were 60 to 70% relative humidity and a
10:14 h L:D photoperiod until pupation. Each container held
a 2 cm saw dust as the medium for pupation till adult's
emergence. Ten replicates were prepared for each host plant
at each temperature treatment. As larvae grew older, the daily
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amount was increased to prevent starvation. Fresh host-plant
leaves were provided daily. Newly emerged adults were
paired and confined to an plastic jars (30 % 20 x 15 cm?®) and
were provided with a 10% honey solution (diluted with water)
for feeding then.covered with muslin cloth. Fragments of 20
cm long oleander (Nerium oleander L., Family:
Apocynaceae) branches with leaves that are used to collect
egg masses that adults deposit. Every day, the deposited egg
masses on the oleander leaves were carefully gathered. For
every tested temperature, five replicates of a single male-
female pair were made. Every day, the amount of egg masses
in the cages was counted.

Biological aspects:

Biological aspects of S. frugiperda were evaluated,
including stage-specific developmental time and total life-
cycle duration; egg incubation, larval, and pupal durations
were recorded for all host-temperature combinations, and
total development time from egg to adult was used for
statistical analyses; adult traits measured were female pre-
oviposition, oviposition, and post-oviposition periods, female
longevity, fecundity (eggs per female), and female fertility; in
addition to hatching success was calculated following Zidan
and Abdel-Megeed (1987).

Analysis of Plant Components:

Leaflet samples of sweet potato, were picked and kept
in paper bags. The leaflet specimens were sent to laboratory
belonging to Soil, Water and Environment Research Institute,
Agricultural Research Center, Mansoura Branch. Leave’s
chlorophyll (a and b) was measured using methanol (100%)
as described by Aminot and Rey (2000) Carotenoids were
determined according to Lichtenthaler and Buschmann
(2001). To digest the plant samples (either leaves or seeds) for
determining the content of N.P.K. mixed of HCIO4+H>So04
was used as described by Peterburgski (1968). Nitrogen levels
were determined using the Kjeldahl method, phosphorus
levels were analyzed through the spectrophotometric method,
and potassium levels were ascertained using the flame
photometer method (Ashworth ez al., 1997).

Data analysis:

Data on developmental times, female pre-oviposition,
inter-oviposition, and oviposition periods, in addition to total
female longevity of S. frugiperda were analyzed using Costat
Software (2004) with a two-way ANOVA to test the main effects
of temperature and host plant and their interaction on
developmental traits; when the interaction was significant,
variables were reanalyzed separately by one-way ANOVA, and
means were separated using the Student-Newman-Keuls test.
Life table parameters:

Life table parameters of female of S. fiugiperda females
which reared on three host plants, were calculated using LIFE 48
BASIC computer program of Abou-Setta et al. (1986).

RESULTS AND DISCUSSION
Results
A -Effect of host plants and temperatures on biological
characters of S. frugiperda

Dats presented in Table (1) showed that there were
significant effects of temperature (£2= 76.81; P<0.001), host
plant (F2= 29.91; P<0.001), and their interaction (F4=5.86;
P<0.001) on total development time (egg-adult) of FAW. There
were significant variations for the effect of temperature and host
plants in the total longevity for females (2= 3.67; P<0.001 and
F2=1292; P<0.001): while, the effect of the interaction

temperatures- host plants, was insignificant (F4=2.47, P=0.0580

ns). The result showed that there are significant effects of

temperatures, host plants and their interaction, on weight of pupal
weight (F2= 52.88; P<0.001, F2= 21.61; P<0.001, and

F4=12.76; P<0.001, respectively). Two-way ANOVA revealed

that there were significant effects of temperature (F = 3.73; P =

0.0317*) on the fecundity of S. flugiperda females. However,

host plant and the interaction between temperature and host plant

(F2=0.2949; P = 0.7460 ns and dFs = 0.3055; P = 0.8728 ns)

showed no significant effects on the fecundity of S. fiugiperda

females.

Table 1. Main effects of temperature, host plant, and their
interaction on total development time (egg-
adult), female longevity, pupal weight and
female fecundity of fall armyworm (FAW)

Spodoptera frugiperda .
Source of Variation Degrees of freedom F P
Days from egg to emergence
Temperatures 2 7681 00000 ***
Host Plant 2 2991 00000 ***
Host Plant XTemperatures 4 586 00007 ***
Female longevity
Temperatures 2 367  00334*
Host Plant 2 1292 00000 ***
Host Plant X Temperatures 4 247 00580ns
Weight of pupa
Temperatures 2 5288 00000 ***
Host Plant 2 2161 00000 ***
Host Plant Temperatures 4 1276 00000 ***
Fecundity

Temperatures 2 373 00317*
Host Plant 2 02949312 0.74601s
Host Plant XTemperatures 4 03055089 0.8728ns

B-Effect of host plants and temperatures on development
time and longevity of S. fiugiperda

The statistical analysis revealed that there were no
significant variations in the developmental time (egg- adult)
of FAW at 25 °C across different host plants. However,
significant variations were observed in female longevity at the
same temperature Table (2). At 30 °C, both developmental
time and longevity of FAW showed significant differences
depending on the host plant, indicating that host plant quality
plays a stronger role under warmer conditions. The results
presented in Table (2) further indicate substantial variations in
developmental time and longevity across temperatures within
the same host plant, reflecting the importance of thermal
environment in shaping insect biology. In contrast, fluctuating
temperatures did not cause significant variations in
developmental time or longevity, which suggests that FAW
may be more tolerant to natural fluctuating conditions
compared to constant laboratory temperatures.

The shortest developmental time of FAW was
recorded on maize under fluctuating temperatures (18.8
days), confirming maize as the most favorable host for rapid
development. Conversely, the lowest recorded longevity was
observed on eggplant at 25 °C (7.6 days), highlighting
eggplant as a comparatively less suitable host. These findings
suggest that while maize promotes faster development and
higher intrinsic growth potential, sweet potato may better
sustain female longevity, whereas eggplant appears to be the
least favorable host overall
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Table 2. Mean (£SE) of total development period (egg-adult) and female longevity (in days) of fall armyworm (FAW),

Spodoptera fiugiperda that reared on three host plants under different constant temperature regimes.

Temperature Stages Host plant
duration Maize Sweet Eggplant
Incubation period 5.17+0.3aA 5.17+0.3aA 5.17+0.3aA
Larval period 20.83 £0.94bA 21.0+£1.39bA 25.8+0.95aA
Pupal period 12.67 £1.02aA 7.5+ 0.92bA 7.6+1.84bB
25C Egg - Adult 38.4+1.43aA 34.2+1.49aA 38.842.73aA
Female longevity 13.0+ 045 aA 14.5+1.42 aA 7.6 £2.04 bA
Pre-oviposition 5.17+£0.31aA 5.67+0.71aA 2.67 £0.88bA
oviposition 5.0+£0.37aA 5.67+0.71aA 2 +0.68bA
Post- oviposition 2.83£0.31abA 3.16+0.31aB 1.67 £0.55bB
Incubation period 3.240.34aB 3.2+0.34aB 3.2+0.34aB
Larval period 12.17+£0.61bB 13.83 £ 0.83bB 18.2+0.96aB
Pupal period 4.67+0.84bB 6.5£0.84bA 11.5+0.95aA
30C Egg - Adult 20+0.78cB 23.5+1.23bB 32.75+1.06aB
Female longevity 8.9 +0.22bB 11.3£0.76aA 8.6 +0.61bA
Pre-oviposition 3.840.67 aA 33+042aB 34+0.28 aA
oviposition 3.4+40.22aB 3.3+0.21aB 3.44+0.22aA
Post- oviposition 1.7 +0.36bB 4.740.42aA 2.2+0.34bAB
Incubation period 3+0.28aB 3+0.28aB 3.240.24aB
Larval period 12.8 +0.34bB 14+0.5bB 18+1.2aB
Pupal period 3+0.29aB 3+0.28 aB 3.240.2 aC
fluctuated Egg - Adult 18.8+0.92bB 20+1.07bB 24.5+1.61aC
Female longevity 13+1.47aA 13+1.47aA 9.5£0.78aA
Pre-oviposition 4+0.57aA 4+0.57aAB 3+0.33aA
oviposition 6+0.57aA 6+0.57 aA 3.5+0.53bA
Post- oviposition 3+041aA 3+0.41aB 3+0.33aA

Small letter between host plants under the same temperatures, while capital letters between the temperatures under the same host plant. Where, means

have the same letter are not differed significantly at probability of 5%.

C- Effect of host plant species and temperature regimes
on S. firugiperda life table parameters:

The data illustrated in (Table 3) showed that
temperature  strongly  influences development and
reproduction. On maize mean generation time (T) and
doubling time (DT) were longest at 25 °C (40.96 and 4.61
days), but shortened considerably at 30 °C (21.53 and 2.66
days) and under field conditions (20.28 and 2.76 days). This
indicates faster development and quicker population turnover
at higher temperatures. Meanwhile net reproductive rate (Ro)
and gross reproductive rate (GRR) were highest at 25 °C
(475.2 and 709.5, respectively), but decreased sharply at 30
°C (272.16 and 379.2) and further under fluctuated conditions
(162 and 251.25). Thus, fecundity declines as temperature
rises. In contrast, intrinsic rate of increase (1) and finite rate
of increase (A) increased with temperature increases, from
0.15and 1.16 at 25 °C to 0.26 and 1.29 at 30 °C, with slightly
lower but still high values under fluctuated conditions (0.25
and 1.29). This shows that population growth potential is
maximized at warmer conditions.

Also the results in Table (3) indicated that
temperature-dependent variations in the population growth
parameters of S. frugiperda reared on sweet potato plant.
Mean generation time (T) decreased substantially as
temperature increased, where at 25 °C, the generation time
was the longest (36.96 days), whereas it was shortest at 30 °C
(2534 days). This indicates that higher temperatures
accelerated development, Doubling time (DT) followed a
similar trend, being highest at 25 °C (4.14 days) and shortest
at 30 °C (3.06 days), while with the fluctuated conditions
showing an intermediate value (3.2 days). Shorter doubling
times were at higher temperatures suggest faster population
multiplication. Meanwhile, net reproductive rate (Ro) was
highest at 25 °C (486.54), but declined markedly at 30 °C
(310.5) and under fluctuated conditions (308.88). This
suggests that while warmer conditions accelerate
development, they may reduce survival or fecundity, leading
to a lower overall reproductive output. Intrinsic rate of

increase (rm) and finite rate of increase (A) showed the
opposite pattern: both were lowest at 25 °C (0.17 and 1.18,
respectively) and highest at 30 °C (0.23 and 1.25). Field
growth potential is maximized at 30 °C, even though the net
reproductive rate is lower than at 25 °C. Finally, gross
reproductive rate (GRR) was highest at 25 °C (775.13), but
decreased substantially at 30 °C (480) and under fluctuated
conditions (538.2). This again highlights that higher
temperatures, while promoting faster development,
negatively impact the total reproductive output.

Table 3. Life table parameters of Spodoptera fiugiperda reared
on three host plant at three temperature regimes.

Life table Temperatures
parameters 25°C_ 30°C _Fluctuated
Maize
Mean generation time (T) (indays) 4096  21.53 20.28
Doubling time(DT) (in days ) 461  2.66 2.76
Net reproductive rate(Ro) 4752 272.16 162
Intrinsic rate of increase (rm) 015 0.26 0.25
Finite rate of increase() - erm)) 1.16 1.29 1.29
Gross reproductive rate (GRR) 709.5 3792 25125
Sweet potato
Mean generation time (T) (indays) 36.96 2534 26.46
Doubling time(DT) (in days ) 4.14 3.06 32
Net reproductive rate(Ro) 486.54 3105  308.88
Intrinsic rate of increase (rm) 017 023 0.22
Finite rate of increase(A - erm)) 1.18 1.25 1.24
Gross reproductive rate (GRR) 77513 480 538.2
Eggplant plant
Mean generation time (T) (indays)  40.83  34.19 26.31
Doubling time(DT) (in days ) 4.75 423 344
Net reproductive rate(Ro) 386.1 270 201.83
Intrinsic rate of increase (Im) 015 0.16 0.20
Finite rate of increase(\ - erm)) 1.16 1.18 1.22
Gross reproductive rate (GRR) 546  518.75 32775

The results of rearing S. fiugiperda on eggplant
indicated that the mean generation time (T) and doubling time
(DT) were longest at 25 °C (40.83 days and 4.75 days,
respectively), but both decreased progressively at higher
temperatures, reaching the shortest values under fluctuated
conditions (26.31 days and 3.44 days). This cleared that
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warmer environments accelerate development and population
turnover. The net reproductive rate (Ro) and gross
reproductive rate (GRR) were highest at 25 °C (386.1 and
546.0), but decreased notably at 30 °C (270 and 518.75) and
further under fluctuated conditions (201.83 and 327.75).
Thus, fecundity and survival decline with increasing
temperature. By contrast, the intrinsic rate of increase (rm) and
the finite rate of increase (A) were lowest at 25 °C (0.15 and
1.16), and increased with temperature increases, reaching a
peak under fluctuated conditions (0.20 and 1.22). This
suggests that while reproduction is reduced at higher
temperatures, overall population growth rate is faster because
of shorter development times (Table 3).

By comparing the results of rearing S. frugiperda on the
three different host plants, it become clear that the mean
generation time and doubling time were moderate in sweet potato
plant (it was 26.46-36.96 days for T and 3.2-4.14 days for DT),
while on eggplant these parameters at 25°C (T=40.83 days and
DT=4.75), but shorter under fluctuated conditions (26.31 days;
DT = 3.44). Much shorter were recorded under higher
temperature and fluctuated (T was 21.53-20.28 days; DT was
2.66-2.76), meaning faster turnover on maize provides the fastest
development compared to the other plants. Meanwhile,
reproduction (Ro and GRR) were highest values overall (Ro =
486.54; GRR = 775.13 at 25°C in on sweet potato. Mean
generation time and doubling time longer at 25°C (40.83 days
and 4.75 days on eggplant), but shorter under fluctuated
conditions (T=26.31 days; DT =3.44), while much shorter under
higher temperature and fluctuated (21.53-20.28 days; DT =

2.66-2.76) in maize leaves meaning faster turnover compared to
the other plants. In addition, reproduction (Ro and GRR) were
highest values overall (Ro = 486.54; GRR = 775.13 at 25 °C) in
on sweet potato but, slightly lower than sweet potato in on
eggplant it were (rm = 020; A = 122 under fluctuated
temperatures) and highest growth rates (1 =0.25-0.26; 1= 1.29)
on maize, showing very rapid multiplication despite lower
fecundity as it mean maize promotes the fastest growth rate.
Estimated of the life table parameters of S. frugiperda,
were given in Table (3), indicated clear variation with
temperature development and reproduction depends strongly
on temperature. At 25 °C, the insects have the longest
generation time and highest reproductive potential (Ro and
GRR), but slower population growth (lower r,, and X). At 30
°C, development is much faster, and the intrinsic growth rate
is highest, though reproductive output decreases. Field
conditions produced intermediate values, closer to 30 °C.
Overall, higher temperatures accelerate development and
increase growth rate, but reduce fecundity.
D. Chemical compositions of the leaves of tested host plants .
Data presented in Table (4) showed that the chemical
analysis of leaves of the tested host plants. Total protein, N%,
P%, K%, chlorophyl a, chlorophyl b and carotene were
higher in maize (24.52, 3.92%, 0.39 %, 2.92 % 46.47 and
131.4, respectively) while, it was moderate in sweet potato
and shorter in eggplants which explains why growth rate to .
frugiperda was fastest on maize and moderate on sweet potato
but shorter on eggplant.

Table 4. Chemical composition of the leaves of the tested host plants.

Host Leaflet chemical composition

plant N% P% K%  Totalprotein  Chlorophyla,mgigEW  Chlorophyl b, mglg EW Carotene (Mg/100g)
Maize 392 0.39 2.92 24.52 Total chlorophyll 46.47 1314
Eggplant 291 0.55 1.76 18.18 0.53 0.19 141

Sweet potato 342 2.98 3.98 21.37 0.726 0.445 27.22

The results revealed that S. frugiperda development
and reproduction depend strongly on temperature. At 25 °C,
the insects have the longest generation time and highest
reproductive potential (Ro and GRR), but slower population
growth (lower r, and A). At 30 °C, development is much
faster, and the intrinsic growth rate is highest, though
reproductive output decreases. Field conditions produced
intermediate values, closer to 30 °C. Overall, higher
temperatures accelerate development and increase growth
rate, but reduce fecundity, these results are in agreement with
Sabra et al., 2022 indicated that temperature fluctuations
influence the rate of development, the length of the life cycle,
and ultimately the survival of the organism. Amira ez al., 2024
idicated that larvae fed on leaves of maize, rice and artificial
diets had the fastest larval and pupal development cycle, while
those fed on pea and tomato had the longest one. In case of
moth emerging from larvae fed on maize showed longest life
span. But moths producing from larvae fed on leaves of
tomato had the shortest life span. The present results are in
agreement with the results of Shoman e al. (2025); they
reported that S. frugiperda reared on maize leaves showed
shortest developmental periods and adult longevity in
comparison with those reared on tomato leaves. Also, the
same authors added that mean generation time (T) was higher
on tomato leaves than on maize leaves, while, net
reproductive rate (R,) and intrinsic rate of increase (1m) were
higher on maize in comparison with tomato leaves.
Meanwhile the elevated crude protein and carotene contents
in maize and sweet potato likely contributed to the strong
preference of S. frugiperda larvae towards these host plants.

Indices denoting the larval performance, such as relative
consumption rate, relative growth rate and consumption index
also positively correlated with the nutritional contents of the
host plants suggesting the suitability of maize and sweet
potato as a host for FAW (Ajmal ez al., 2024)
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