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Abstract 

Fall Armyworm (FAW), Spodoptera frugiperda (Lepidoptera: Noctuidae), native to the Americas, is a polyphagous 
insect pest feeding on more than 350 plant species. We studied the developmental and demographic parameters 
of the maize (Zea mays) strain of FAW on rice (Oryza sativa), and compared the results with its prime host, maize. The 
developmental period from egg to adult among rice varieties did not differ significantly; however, it did differ signifi-
cantly between rice and maize, as feeding on rice rather than maize extends development duration of FAW larvae 
by 15.15%. FAW larvae collected and reared on maize were found to be of significantly higher weight than those 
reared on rice at two sequential dates of their development; pupal weight however was observed as statistically 
similar between these two host crops. Regardless of the host, female adults always emerged before males; in maize, 
female FAW appeared 3.36 days earlier than males. Females derived from rice had longer pre-oviposition periods 
and shorter oviposition ones than those derived from maize. In rice and maize, the age-specific fecundity rate 
(mx) peaked at 40 days and 33 days, respectively. When the Fall Armyworm  consumed maize instead of rice, there 
was an increase in the reproduction rate (R0), the intrinsic rate of natural increase (rm), and the finite rate of increase 
(λ). For instance, when FAW fed on rice, the rm value was 0.121, whereas it rose to 0.173 when FAW fed on maize. 
Feeding on rice instead of maize resulted in significantly longer mean length of generation (tG) and doubling time 
(tD) for the fall armyworm (FAW). This suggests that it took a longer time for the FAW population to double when it 
was fed rice under controlled greenhouse conditions. In summary, our research suggests that FAW can survive 
and complete its life cycle on rice plants and on multiple varieties of rice in Bangladesh. However, field verification 
is necessary before drawing strong conclusions as to the risk posed by FAW in rice. This requires additional studies 
of FAW and associated insect community dynamics under non-controlled conditions and in the context of multi-
species interactions in Asian rice fields.
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Introduction
Fall Armyworm (FAW), Spodoptera frugiperda (J. E. 
Smith, 1797) (Lepidoptera: Noctuidae) is one of the most 
important global invasive pests. Native to the Ameri-
cas, it was first documented in West Africa in early 2016 
(Goergen et  al. 2016) (CABI 2020; Early et  al. 2018), 
posing a significant threat to food security and agricul-
tural sustainability (Rwomushana et al. 2018). After first 
invading West Africa, FAW quickly invaded most African 
countries after which it spread eastward to India, Myan-
mar, Thailand, China, Bangladesh, and other countries 
(Early et al. 2018; CABI 2017; FAO 2018; FAO 2020; Ali 
et  al. 2021; Nakweta 2018; Alam et  al. 2018; Yang et  al. 
2019; Sun et al. 2021).

Its severity is due to its polyphagous nature, feeding on 
the leaves, stems, fruits, and cobs of more than 350 plant 
species including maize, rice, millet, wheat, sugarcane, 
many pasture grasses and weeds (Montewzano et  al. 
2018; Overton et  al. 2021). There are two host strains 
of Fall Armyworm: the rice strain and the maize (Zea 
mays) strain. Rice (Oryza sativa) is the main food for the 
population of the countries invaded by FAW after 2016, 
including India, China, Myanmar, Thailand and Bangla-
desh, making it a potentially serious threat to food secu-
rity in rice-growing countries. Exploring the response 
of FAW to rice   could be  valuable for the  development 
of   integrated pest  management (IPM)  strategies of this 
invasive pest. To help improve IPM  of  FAW, the incor-
poration of host plant resistance is desireable, although 
efforts to achieve native geneic resistance remain early-
stage, due in part to limited studies screening available 
germplasm and cultivars (Farias et  al. 2014; Abrahams 
et  al. 2017; Kumela et  al. 2018).   Like other coun-
tries,  Bangladesh currently lacks commercially available 
rice cultivars that possess resistance to FAW. Therefore, 
it is crucial to examine a variety of genetic resources and 
identify rice genotypes that   could be incorporated into 
IPM programs and efforts to breed for   FAW resistance. 
By evaluating diverse rice genotypes, including those 
already cultivated by farmers, superior materials could 
potentially   pinpointed from a broader range of genetic 
resources to enhance specific desirable traits.

Alam et  al. (2018) first reported the occurrence of 
FAW in maize fields in Bangladesh using pheromone 
trapping and confirmed the arrival of the pest through 
identification of its morphological features. Later, FAW 
larvae  were collected from different maize fields and 
characterized using molecular approaches; this indicated 
that the immigrant population observed in Bangladesh 
are mixed  in their strain types (both maize and rice are 
present, unpublished data). In Bangladesh, FAW gener-
ally attacks maize and is  observed in all over the coun-
try. FAW has also been observed to  attack rice plants 

(Sartiami et al. 2020); yet there is no robust information 
on damage by this pest to paddy in Bangladesh. Rice is 
the staple food of Bangladesh and is widely cultivated in 
three seasons   throughout the year. More than 100 rice 
varieties are commercially cultivated in Bangladesh, and 
a larger number of landraces are present. Testing rice 
varieties for their potential resistance to FAW is however 
an untapped area of research important in the context of 
pre-emptive pest control and IPM programs.

A clear understanding of the basic biological, devel-
opmental and life-history parameters of FAW is pre-
requisite to developing effective and sustainable IPM 
tactics. This is because the survival, longevity, fecun-
dity, body size and population growth of herbivorous 
insects are affected significantly by host plant types 
(Heinrichs et al. 2017; Luginbill 1982; Maia et al. 2000; 
Pantoja et al. 1986; Awmack and Leather 2002). Demo-
graphic studies  could  be  helpful in determining the 
predominant age distribution and mortality rate in nat-
ural populations, with the intrinsic rate of increase (rm) 
as  a key demographic parameter necesssary for  pre-
dicting potential establishment and population growth 
(Mehrkhou et  al. 2012; Southwood et  al. 2000). Such 
data  also help to evaluate host suitability and damage 
potential to cultivated varieties.

Although FAW has a wide number of plant hosts, 
only a limited group of  host plants  have been thor-
oughly examined to quantify their effect on FAW devel-
opment, reproduction, and demographic parameters. 
All of FAW’s demographic parameters – including gen-
eration time (tG), intrinsic rate of increase (rm), finite 
rate of increase (λ) and net reproductive rate (R0) have 
–  varied significantly by host plant species in a range 
of studies (Li-Hong et al. 2021; Chen et al. 2020; Huta-
soti et al. 2020; Montezano et al. 2019). Li-Hong et al. 
(2020) found the rm value of FAW to be similar in maize 
and in tomato, but lower when FAW fed on pepper. This 
underscores the ways in which demographic param-
eters can change significantly depending on which 
host plant experiences herbivory (Fathipour et al. 2011, 
2020; Mehrkhou et  al. 2012). In this study,we test the   
hypothesis that when compared to maize, rice  will dif-
ferentially affect  the demographic parameters of FAW 
and influence the pest’s developmental period from egg 
to adult, thereby affecting overall survivability.

Prior studies have shown that developmental periods 
are  prolonged when FAW larvae are reared on cotton 
and soybean rather than maize, with a negative impact 
on pupal weight (Chen et  al. 2020; Silva et  al. 2017). 
He et al. (2021a) studied the effect of soybean, oilseed 
rape and sunflower on the development and lifetable 
parameters of FAW and found them to be significantly 
impacted by each host. Unfortunately, only a limited 
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number of reports are available which address the 
developmental and demographic parameters of FAW 
using rice as a host. Given the unprecidented insur-
sion of FAW into predominantly rice growing areas in 
Asia since 2018, an understanding of this information 
is important for developing more effective management 
approaches. A very limited 0.4% survival rate for FAW 
larvae has been documented in earlier studies examin-
ing feeding on rice as a host, as FAW larvae were unable 
to pupate successfully  (Devi et al. 2018; Harrison et al. 
2019; He et al. 2021b).  Yet given the limited number of 
studies and in light of the recent invasion of FAW into 
Asia, a more thorough investigation into the effects of 
rice as a host plant on the development, survival, repro-
duction and demographic parameters of FAW could 
be useful.  In response, we studied the effect of rice on 
the development and demographic parameters of FAW 
compared with maize as a more suitable host. We also 
describe the  development of  a novel method for the 
study of lifecycles and varietal screening  that can be 
replicated in other settings. This research thus provides 
insights on the host feeding preferences and biological 
ramifications of FAW in the context of rice-based farm-
ing systems that can help to inform more comprehen-
sive IPM  strategies in Asia and other regions.

Materials and methods
Stock culture of FAW and rearing in the greenhouse
FAW larvae identified as the Zea mays  feeding strain 
were collected from an infested maize field in Alam-
danga, Chuadanga district, Bangladesh (23°73’50N’’, 
88°91’31’E). The larvae were subsequently  raised on 
maize plants within the greenhouse of the Entomology 
Division at the Bangladesh Rice Research Institute (BRRI) 
in Gazipur  (23°59’27"N 90°24’28"E), Bangladesh. Larvae 
were monitored daily, and their food was replenished as 
needed. After emergence, the male and female fall army-
worms were released into plastic jars. Brown paper from 
a paper bag was placed inside the jars to provide a suit-
able surface for oviposition. The open top of each jar was 
covered with a fine nylon mesh net, which allowed ven-
tilation while also preventing   moths from escaping. To 
sustain larval health, a food source consisting of a twenty 
percent sugar solution was provided. Cotton material 
was used to provide a substrate for the sugar solution. 
Surprisingly, the moths displayed a preference for laying 
eggs on the mesh net rather than on  the brown paper, 
although eggs were found on both surfaces.  Eggs were 
then  collected from both the net and the paper  surface 
for subsequent research. Through molecular and pheno-
typic studies, the collected sample was confirmed to be of 
the the maize strain of FAW.

We also placed  eggs on the leaves of  maize plants in 
the greenhouse. Once the eggs hatched, the larvae began 
feeding on the maize leaves and underwent  develop-
mental to become adult moths. These female moths 
subsequently laid eggs on the leaves of the maize plants. 
Through these processes, we successfully established a 
stock culture of  FAW in our laboratory,   that was main-
tained using maize plants as hosts within the greenhouse. 
As soon as an ample number of adult moths and larvae 
were available, we utilized them for the experimental 
studies described below.

Collection of rice varieties
Fifteen rice varieties were used for this study,1 with the 
seeds collected from the Genetic Resources and Seed 
Division and Plant Breeding Division of BRRI, Gazipur, 
Bangladesh. To date, BRRI has developed 113 rice varie-
ties which are estimated to cover more than 80% of the 
rice production areas of Bangladesh. Most of these vari-
eties are however  susceptible to other rice insect pests 
including plant hoppers, leafhoppers, stem borers, rice 
hispa, leaffolder and rice bug. Among the 113 varieties 
available on a commercial basis in Bangladesh, 15 varie-
ties are randomly selected for testing against FAW.

The impact of different rice varieties on the development 
of the Fall Armyworm (FAW)
Two different methods, namely the potted plant method 
and the tray seedling method, were employed in experi-
ments to assess the development of  FAW when feeding 
on rice. To prepare the medium for the experiments, soil 
was collected from a rice field located at BRRI. The col-
lected soil was  pulverized to eliminate inert materials, 
plant roots, visible insect pests, and plant propagules, 
ensuring a clean and controlled environment for the 
study. After pulverization, the soil was sun-dried and 
then thoroughly mixed to ensure uniformity. For the 
experiment, individual plastic pots measuring 13.97  cm 
in diameter and 12.7 cm in height were filled with 2.5 kg 
of the dry soil. To prepare the soil for sowingan adequate 
amount of water was added to make it muddy one day 
prior to crop establishment. The soil in the pots was ferti-
lized following a standard regime based on the guidelines 
provided by BRRI in 2017 (BRRI 2017). In each pot and 
tray, a total of 200 pre-germinated seeds  of each of the 
15 varieties were sown onto the wet mud (Fig. 1). Prior 
to sowing, the seeds underwent a specific preparation 
process: they were soaked in water for 24 h, drained, and 

1  BR3, BRRI dhan28, BRRI dhan29, BRRI dhan33, BRRI dhan48, BRRI 
dhan49, BRRI dhan50, BRRI dhna58, BRRI dhan67, BRRI dhan75, BRRI 
dhan87, BRRI dhan89, BRRI dhan92, Sadamota and Kalijira.
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then incubated. After another 48 h of soaking, the seeds 
were sown once they had sprouted and when the radicle 
had grown to a length of 2–3 mm. After sowing germi-
nated seeds, water was splashed onto them and they were 
lightly pressed down by hand  to improve soil to seed 
contact. To maintain the appropriate moisture levels, the 
seed pots were initially kept saturated with water for the 
first five days. As the seedlings began to grow, the water 
level was gradually increased to reach a depth of 5  cm. 
For each rice variety, 10 pots and three separate trays 
were utilized for seeding. The trays were filled with the 
same prepared soil that was used in the pots, ensuring 
consistency across the experimental setup.

For FAW establishment, thirty-day-old rice seedlings 
that were grown in earthen pots were selected (Fig.  2). 
In each pot, ten first-instar neonate larvae were intro-
duced using a fine camel hair brush. To confine the lar-
vae within each pot, mylar polyester film cages (Fig.  3) 
were utilized. The emerging adults from the infested 
pots were recorded and subsequently used for fecundity 
experiments. In this experiment, five pots were used for 
each rice variety, with each pot serving as one replica-
tion. The experimental setup followed a completely ran-
domized design, with pots rotated in location daily to 
avoid any microclimate variability within the greenhouse.  
Rice seedlings of the variety BRRI dhan49 and maize 

seedlings of the hybrid corn PAC-339 (from Lal Teer 
Seed Ltd, Bangladesh) were conversely cultivated in gal-
vanized steel trays. The management practices employed 
were identical to those used in the pot experiment (as 
depicted in Fig.  4, left). For the experiment, seedlings 
aged between 25 and 30  days were selected  as recom-
mended as the age for transplanting by BRRI.

To initiate experimental feeding, fifty one-day-old neo-
nate larvae were released onto the rice seedlings grown 
in the trays. This was accomplished using a fine camel 
hair brush to ensure precise placement of the larvae on 
the seedlings. To protect the trays from feeding by other 
insects  and to  prevent  FAW escape, a nylon mesh net-
ting was utilized to cover the tray. Additionally, an iron 
cage was employed as support for the netting as shown in 
Fig. 4 (right).

Larval development was visually  monitored through-
out their growth stages, starting from the first instar until 
adulthood. This allowed for a comprehensive assessment 
of their life cycle on the rice host. Similarly, for the com-
parison with the rice host, 50 first-day neonate larvae 
were released onto maize seedlings  using methods as 
described above for rice.  The growth and development 
of the larvae on maize were observed and compared to 
their growth on the rice host. To calculate larval survival 
rates, data regarding the emergence of adult moths was 

Fig. 1  Young seedlings emerged in pots and  in galvanized stee; trays. Seeds were sown on 25 December, 2020
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collected and analyzed. This provided insights into the 
percentage of larvae that successfully reached adulthood.

In a separate experiment conducted using the tray 
seedling method, we examined the impact of the host on 
FAW larval growth. In this experiment, we released 100 
first-day neonate larvae onto both maize and rice seed-
lings that were grown in a tray. The growth rates of the 
larvae were then compared on two specific dates. All of 
these experiments were conducted within a controlled 
greenhouse environment, maintained at a temperature of 
27  °C ± 2  °C and a relative humidity of 65% ± 5% dur the 
duration of the experiment.

To gather data on larval and pupal development, we 
recorded the weights of 7-day-old and 13-day-old larvae, 
as well as the weights of the pupal stages. An analytical 
balance (KERN ABJ220-4NM, Germany) was used for 
weighing, with a maximum capacity of 200 g, minimum 
readability of 10 mg, and a precision of 0.1 mg. On each 
of the two specific dates, we measured the weights of 
30 larvae and pupae from the rice host  for each variety 
tested, as well as 30 larvae and pupae (2-day-old) from 
the maize host. This allowed for a comprehensive com-
parison of the larval and pupal weights between the two 
hosts.

Adult longevity, oviposition period and fecundity
The population and reproduction parameters of 
FAW  on rice and maize were determined using the 
methods described by Birch (1948) and Carey (1993, 
2001). These methodologies provide a framework for 
calculating various parameters related to population 
dynamics and reproduction. By applying these mod-
els and methodologies to the population data obtained 
from FAW   on rice and maize, we can calculated and 
compared their respective populations and reproduc-
tion parameters. Each transparent plastic container 
(11 cm in diameter × 12 cm in height) was filled with a 
combination of female and male moths for this experi-
ment (25–35 replications). The opening was covered 
with fine nylon mesh for ventilation and to keep the 
moths from escape. To provide a supply of carbohy-
drates for adult feeding, a smallcotton wick soaked in a 
solution of 20 percent sugar was placed inside the con-
tainers. Each of the eggs layed by female moths were 
counted daily until the ovipositing moth died. To deter-
mine the percentage of egg hatchability, 10 egg masses 
were collected from each replicate. Egg masses were 
then placed in a plastic box within a controlled green-
house environment at a temperature of 27  °C ± 2  °C 

Fig. 2  Above: Young rice seedlings in pots, ready for FAW larvae infestation. Below: Maize used as control plants for experiments
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and a relative humidity of 65% ± 5%. Eggs were moni-
tored daily until they hatched. The time taken for the 
eggs to hatch and the percentage of hatched eggs  were 
recorded, the latter calculated as follows:

Egg hatchability(%)

=

No. of larvae emerged from each eggmass

Total no.of eggs per eggmass
X100

Fig. 3  Potted rice seedlings, that were treated with 10 neonate first-instar FAW larvae and covered with a mylar cage. The open top of the mylar 
cage was covered with fine mesh netting which ensured proper ventilation and prevented the hatched moths from escaping.

Fig. 4  Above (Left): Rice seedlings ready in a galvanized steel tray with 100 first-instar FAW larvae to be released in each tray.  (Right) Infested tray 
covered with fine mesh net supported by an iron frame
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Effect of host plants on the demographic parameters 
of Fall Armyworm
In the process of calculating life-history parameters, it is 
important to take into account any mortality that occurs 
during the oviposition and post-oviposition period. Some 
adult females may have died shortly after release into 
the plastic jar, while others could have been accidentally 
killed during transfer and  inspection of the experimen-
tal unit  within two or three days  following release. The 
number of females that died or were accidentally killed 
should be recorded separately and excluded from the cal-
culations for these specific parameters. These individuals 
were  therefore excluded from subsequent analysis. Life 
tables were generated for each host using age-specific 
mortality (lx) and fecundity (mx) rates on a daily basis. 
The intrinsic rate of natural increase (rm) was calculated 
from the life–fecundity table, according to the equation 
[∑e−r

m
xlxmx = 1] provided by Birch (1948), where x is the 

female  FAW age in days, lx is the age-specific survival 
rate [(fraction of females surviving at age x) × (rate of egg 
hatchability) × (survival rate of immature stages)] and mx 
is the expected number of daughters produced per female 
alive at age x [(age-specific oviposition) × (proportion 
of females)] (Sabelis 1985; Gotoh and Gomi 2003). The 
net reproductive rate (R0) is given by [R0 = ∑lxmx], while 
the mean generation time (tG) in days is given by [tG = ln 
R0/rm]. The finite rate of increase (λ) is given by [λ = erm], 
and the doubling time (tD) in days is [tD = (ln 2)/rm].

After calculating rm (ri) from the original data (rall), the 
standard errors for the life-history parameters at different 
constant temperatures were estimated using the jackknife 
method. This involves systematically omitting one insect 
at a time from the dataset and recalculating rm (ri) based 
on the remaining insects (n − 1). Based on the approach 
described by Meyer et  al. (1986), the jackknife pseudo-
value (rj) was computed for each subset of the original 
data using the equation: rj = n rall − (n − 1)ri. This process 
was repeated for all possible omissions of one insect from 
the original dataset, generating a set of pseudo-values. 
By using these pseudo-values, confidence limits for the 
parameter values were computed, allowing for a more 
accurate estimation of the standard errors associated 
with the life-history parameters. The jackknife method 
provides a robust approach for assessing the variability 
and uncertainty in the estimated parameter values at dif-
ferent constant temperatures (Kavallieratos et  al. 2020), 
and was therefore applied in our study.

Statistical analysis
The data related to the immature developmental period 
(egg-adult), larval growth rate, adult longevity, pre-ovi-
position period, oviposition period, post-oviposition 
period, age-specific fecundity, and age-specific daily egg 

production were subjected to statistical analysis using 
R and SPSS software. For the analysis of the immature 
developmental period, one-way analysis of variance 
(ANOVA) was performed, with rice varieties serving 
as the explanatory variables. Welch t-tests were used to 
compare FAW demographic parameters between maize 
and rice hosts. Prior to conducting the statistical analy-
sis, the response variable data were transformed using a 
logarithmic or arcsine function. This transformation was 
done to stabilize the variance of the data and ensure that 
the back-transformed values remained non-negative. 
By applying appropriate transformations to the data, 
any issues related to unequal variances were addressed, 
allowing for valid statistical analysis and interpretation of 
the results.

Results
Effect of rice varieties and maize on the development 
of Fall Armyworm
Figure  5 displays the duration of the developmental 
period from egg to adult when FAW larvae were fed dif-
ferent rice varieties in the pot experiment. The results 
of the statistical analysis indicated that rice varieties 
had no significant impact on the development period 
(F = 1.349, df = 69, P = 0.2108). Based on these find-
ings, we decided to use only the seedling tray method 
for further studies, focusing on both rice and maize as 
host plants. The mean duration of the immature devel-
opmental period (from larva to adult) significantly 
differed between the rice host (31.75 ± 1.65  days) and 
the maize host (26.94 ± 0.72  days) (t = 11.997, df = 6, 
P < 0.01). This indicates that FAW development from 
larva to adult is delayed by approximately 15.15% days 
when feeding on rice compared to maize. Further 
analysis revealed that the development time from egg 
to adult did not significantly differ between males and 
females within the same host (Table  1). Additionally, 
the host plant (rice or maize) did not have a significant 
impact on the survival rate (t = 0.172, df = 6, P = 0.869).

The  data in Figure  6 demonstrate that larvae fed 
on maize exhibited significantly higher larval weight 
compared to those fed on rice at both 7  days (df = 31, 
P < 0.001) and 13  days (df = 42, P < 0.001) of growth. 
However, when considering FAW pupae, no statistically 
significant difference in weight was observed between 
the two hosts (F = 2.0385, df = 18, df = 21, P = 0.1193). 
This suggests that FAW achieved similar weight dur-
ing the pupal stage regardless of the host. From these 
findings, we can infer that the host plant mainly influ-
ences the growth rate per day rather than the final body 
weight of the FAW, which is critical for their adulthood. 
Notably, female adults emerged earlier than the male 
adults, regardless of the host (Table 1). This distinction 
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was particularly pronounced in maize, where female 
adults emerged approximately 3.36  days earlier than 
male adults. These results highlight the impact of the 
host plant on larval weight and the timing of adult 
emergence in FAW, suggesting that maize facilitates 
higher larval weight and exhibits a more pronounced 
difference in emergence timing between male and 
female adults.

Reproduction
Host plant specicies had a significant impact on the 
pre-oviposition, oviposition, and post-oviposition peri-
ods, as well as the fecundity per FAW female, as shown 
in Table 2. Females that developed on maize exhibited a 
shorter pre-oviposition period and a longer oviposition 
period compared to females that developed on rice. 
Additionally, females developing on maize had a signifi-
cantly longer post-oviposition period and higher fecun-
dity compared to those developed on rice. However, 
the daily egg production (eggs per female per day) did 
not differ significantly between maize and rice (Table 2, 
F = 1.4501, df = 27, P = 0.3461). Although there are dif-
ferences in the pre-oviposition, oviposition, and post-
oviposition periods, this observation suggests that   
daily egg production remained similar between the two 
hosts.

Demographic parameters
The proportion of female offspring and the survival 
rate of immature stages were analyzed to determine 
demographic parameters. The age-specific survival rate 
(lx) showed an earlier decline in maize compared to 
rice (Fig. 7). Significantly higher proportions of female 
individuals were observed when the larvae were fed on 
rice compared to maize (Table 2, F = 0.3309, df = 26, P 
= 0.0046). Female adults started to die on days 39 and 
33, on rice and maize, respectively (Fig. 7). Oviposition 

began within two to nine days after adult emergence, 
with females feeding  on rice exhibiting a shorter ovi-
position period compared to those feeding  on maize 
(Table  2). The age-specific fecundity rate (mx) peaked 
at 40 days in rice and 33 days in maize (Fig. 7).

The intrinsic rate of natural increase (rm), reproduc-
tive rate (R0), and finite rate of increase (λ) were sig-
nificantly higher when FAW larvae were fed on maize 
compared to rice (Table 3; t = 175.97, df = 52, P < 0.001 
for rm, t = 156.71, df = 35,  P  < 0.001 for R0, and 
t = 7.7061, df = 52, P  < 0.001 for λ). The average length 
of a generation time (tG) was significantly lower when 
females fed on maize compared to rice (t = − 2.4712, 
df = 45,  P = 0.0173). Similarly, a significantly lower dou-
bling time (tD) was observed when females were fed on 
maize (Table 3, t = − 9.0012, df = 39,   P < 0.001). These 
results indicate that FAW takes a longer time to double 
its population when fed on rice compared to maize.

Fig. 5  Developmental time (egg to adult) of FAW fed on different 
rice varieties (earthen pot experiment). NS indicates non-significant 
difference at five percent level of significance. Error bar represents 
standard error

Table 1  Immature developmental stages (days ± SE) (from egg to adult) and adult longevity (mean ± SE) of Fall Armyworm on rice and 
maize hosts

The experiment was conducted at 27 °C ± 2 °C and 65% ± 5% RH in a greenhouse
a  Number of insects tested

Host Sex Na Developmental period in days (egg–
adult)

Adult longevity

Rice Female 32 34.52 ± 0.367 9.71 ± 0.294

Male 23 35.88 ± 0.312 8.50 ± 0.301

Maize Female 26 27.37 ± 0.201 12.46 ± 0.547

Male 19 30.73 ± 0.395 10.45 ± 0.383

Statistics for female F = 0.3309, df = 31, p  = 0.004 F = 2.8734, df = 31, p = 0.009

Statistics for male F = 1.60, df = 25, p = 0.146 F = 1.33, df = 25, p = 0.5043
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Discussion and conclusions
The development of the maize strain of  FAW and its 
biological parameters have been studied on many host 
plants including maize, sorghum, wheat, soybean, pea-
nut and cotton; however, rice as a host plant has not yet 
been a major focus of comprehensive  research. Silva 
et al. (2021) tested the effect of different rice genotypes 
on the biology of FAW and found that different varie-
ties had a   significant impact of FAW development. 
This study however was confined to the assessment 
of biological parameters of FAW on just four rice varie-
ties. Conversely, our study includes the assessment of 
demographic indices while also testing a new method-
ology in the form of tray-based screening. This method 
appears to hold promise for both the study of FAW her-
bivory and as a complement for varietal screening pro-
grams.  More conventional methods have also included 
the study of herbivory and insect development  using 
petridishes or tubes. These however entail high 

transactions costs as food and water must be resupplied 
on a more regular basis than in the current tray-based 
study. 

We also used rice as a host  compared to maize as a 
control for our study of FAW   demographics, as rice is 
the staple food for more than half of the global popula-
tion and  is the primary crop grown in the areas of Asia 
invaded by FAW since 2018. Our results showed that 
both sexes of FAW required longer developmental times 
when fed on rice compared to maize (Table 1), possibly 
due to variation in the nutritional quality and palatabil-
ity of rice. Quality of food is among the most important 
factors for insect growth and development (Barros et al. 
2010), with insect performance greatly affected by the 
type and quality of host plant organs (Koussoroplis and 
Wacker 2016; McCormick et  al. 2019). The immature 
stage developmental period (26.94  days) of maize-fed 
FAW observed in our study was similar to that reported 
in discovered by previous studies, for example, the devel-
opmental time of FAW from egg to adult being 25 days 
(Chen et  al. 2020) and 26.4  days (Sharanabasappa et  al. 
2018).

Our results also suggested  that FAW larvae reared on 
maize performed better than those reared on rice. This 
is perhaps unsurprising, as maize is the prime host of 
FAW, with numerous studies documenting develop-
mental performance of FAW on maize compared to 
alternative hosts  (Li-Hong et al. 2021; Wang et al. 2020; 
Montezano et  al. 2019; Muria and Virla 2004). Buntin 
(1986) and Nagoshi et  al. (2007), for example, reported 
that FAW larvae fed on maize performed better than 
those fed on cotton or soybean. Similarly, FAW larvae fed 
on these alternative crops had longer larval duration and 
reduced pupal weight than larvae fed on maize (Chen 
et al. 2020). Our results also showed that a rice diet had 
an   impact on larval growth rate (Fig.  2). Significantly 
higher larval growth rate was observed at 7 and 13 days 
when fed on maize than when fed on rice. Immature 
survival rates were higher (50.0%) and larvae developed 
more quickly (4.81  days earlier) when reared on maize 

Fig. 6  Effect of host plant on the body weight of FAW larvae. Weight 
was measured at 7-day old larval, and 13-day old larval and pupal 
stage (n = 30). Error bars indicate standard error of the mean. 
**indicates significant differences at P < 0.01. NS = non-significant 
at the 5% level of significance

Table 2  Duration of adult phases and fecundity (mean ± S.E.) of Fall Armyworm fed on rice and maize at 27 °C ± 2 °C and 65% ± 5% RH 
under greenhouse conditions

a  Number of females tested
**  P < 0.001 significant difference at 1% level of significance

NS indicates non-significant difference at 5% level of significance
a Data analysed using two independent sample tests

Host Na Pre-oviposition period Oviposition period Post-oviposition 
period

Fecundity per female Eggs laid per day

Rice 28 4.25 ± 0.203 3.89 ± 0.292 1.93 ± 0.192 559.21 ± 61.53 150.59 ± 12.69

Maize 26 4.15 ± 0.362 5.92 ± 0.505 2.46 ± 0.329 1010.62 ± 104.99 186.09 ± 15.85

F-value 2.9509** 2.7693** 2.7317** 2.7037** 1.4501NS
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than rice (43.0%). Host quality and nutrients obtained 
from the host plant might cause these observed differ-
ences , which are commonly found in other insects when 
they are reared on different host plants (Silva et al. 2017; 
Day et  al. 2017; Groote et  al. 2016). Chen et  al. (2020) 
reported that FAW larvae gained different body weights 
according to the host plant they fed on, while Silva et al. 
(2017) reported that when FAW were reared on cotton 
and soybean rather than maize had extended larval dura-
tion and reduced body weight. They also found reduced 
pupal body weight when fed on plants other than maize. 
In contrast however, our result shows statistically similar 
pupal weight when fed on rice and maize, a result dis-
similar to other reports. Silva et al. (2017) also reported 
that compared to maize, FAW larvae fed on soybean 

and cotton  expereinced reduced pupal weight. To some 
extent, the pupal stage’s status reflects the prior  lar-
vae’s ability to adapt to feed on a particular host and in 
their environment (Soto et  al. 2018). FAW reared on 
tomato had a considerably greater pupal weight than 
FAW fed on maize or pepper in prior research,  indicat-
ing that tomato-fed FAW larvae may have experienced 
improved nutrition on that host (Li-Hong et al. 2021).

We also found that host type plant affects the fecundity 
and longevity of FAW. Female FAW fed on rice plants in 
our study laid a significantly lower number of eggs than 
those fed on maize. They and also had a shorter lifes-
pan, indicating that type of host plant has an important 
influenvce   on the fecundity and adult lifespan of FAW, 
as  also reported by Barros in 2010 (Barros et  al. 2010). 

Fig. 7  Age-specific survival (lx) and fecundity (mx) rates of female Fall Armyworm on rice and maize hosts
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Females reared on cotton had a slightly shorter lifes-
pan than females reared on maize and soybean, (Barros 
et al. 2010). In the present study, however, the fecundity 
of FAW reared on maize was similar to that reported by  
Sharanabasappa et  al. (2018). Moreover, the number of 
eggs per female produced by cotton-fed FAW has been 
reported to be   significantly lower than the number of 
eggs per female when fed on maize (Chen et  al. 2020). 
Again, these results indicate that host plants can  have 
considerable influence     on the FAW reproduction rate, 
although field studies in the presence of multiple spe-
cies and potential predatory and parasitic organisms are 
needed to quantify the degree to which host plant type 
may affect reproduction and development under on-farm 
conditions.

Within a given set of climate and food conditions, the 
intrinsic rate of population growth (rm) is a key variable 
in the the population dynamics of any insect pest (South-
wood and Henderson 2000). It is possible to achieve rapid 
population growth through a high reproduction rate, a 
short developmental time, or a combination of the two; 
however, the relative contributions of these parameters 
to population growth are not equal (Krips et al. 1998). In 
our study, female FAW larvae reared on rice had a signifi-
cant lower rm value than those reared on maize.  This was 
due to the shorter developmental time of the female fed 
on maize, which resulted in a higher rm value than that in 
rice. Previous research found that   shorter development 
time was the most important contributor to higher rm 
found on maize (Lei et al. 2012). In addition, the higher 
rm observed in maize is likely to be attributed to a higher 
R0. Our results also suggested that females reared on 
maize have a higher net reproduction rate (R0) (Table 3). 
Similar variability was observed in other studies, such as 
that by Li-Hong et al. (2021) who reported the rm value 
of FAW to be similar when fed on maize and tomato but 
lower when fed on pepper. The rm values for rice and 
maize in our study were 0.121 and 0.173 respectively, 
falling within the range of other studies. Li-Hong et  al. 
(2021) also reported that the rm value of FAW is 0.164 on 

maize, 0.147 on tomato and 0.081 on pepper. Montezano 
et al. (2019) found the rm of FAW fed on an artificial diet 
to be 0.22. He et al. (2021a) documented  the rm values of 
FAW as 0.0844, 0.1041 and 0.1134 when reared on soy-
bean, oilseed rape and sunflower  as hosts, respectively. 
Wang et al. (2020) also reported the rm value of FAW to 
be 0.2056, 0.1827, 0.1418, 0.1296, and 0.1342 when reared 
on maize, wheat, soybean, tomato and cotton, respec-
tively. Our study also indicates that the host can have a 
a significant impact on R0, λ, tG and tD. FAW fed on rice 
showed lower R0 and λ values but higher generation (tG) 
and doubling time (tD) than when  fed maize. A similar 
effect was observed in other studies.   For example, that 
maize had higher R0, and λ values but lower tG and tD val-
ues than those of all the other host plants tested (Li-Hong 
et al. 2020; Wang et al. 2020; Hutasoit et al. 2020).

The age at which the first egg is laid is critical for cal-
culating rm (Hong et al. 2019). If fecundity remains con-
stant, early reproduction will be associated with a high rm 
(Huang et al. 2012). Consequently, our study shows that 
females reared on maize started to lay eggs earlier than 
those fed on rice. As greater infestation levels have been 
reported on maize, higher rm values could be indicative 
of increased incidence and severity of the pest.  Life table 
parameters can vary based on factors such as tempera-
ture, chemical pesticides, host species, and interactions 
with other species within the community (Zuo et al. 2015; 
Sousa et  al. 2016; Özgökçe et  al. 2018; Xie et  al. 2019). 
The intrinsic rate of increase (rm) is a measure of an ani-
mal’s physiological qualities relative to its reproductive 
capacity. As a metric, it iscommonly used to compare 
population fitness under different ecological conditions 
(Tibshirani and Efron 1993; Saeed et al. 2010). Therefore, 
higher adaptability in an insect population corresponds 
to a higher r value, indicating their potential  ability to 
thrive in more diverse environments, at least in consider-
ation of different host plants. In this study, S. frugiperda 
demonstrated enhanced adaptability to  different host 
species, as evidenced by its shortest adult preoviposi-
tion period and total preoviposition period on maize, 

Table 3  Demographic parameters of Fall Armyworm on rice and maize hosts: intrinsic rate of natural increase (rm, day−1), net 
reproductive rate (R0), generation time (tG, day), finite rate of increase (λ) and doubling time (tD, day)

a  Number of females tested
b  Data analysed using Welch two sample t test; two sided with 95% confidence level

Host Na rm R0 tG λ tD

Rice 28 0.121 ± 0.007 66.18 ± 2.76 36.07 ± 1.23 1.13 ± 0.006 5.95 ± 0.194

Maize 26 0.173 ± 0.006 256.83 ± 1.10 32.57 ± 0.75 1.19 ± 0.005 4.07 ± 0.091

t value 175.97 156.71 − 2.4712 7.7061 − 9.0012

 P value  < 0.001  < 0.001 0.0173  < 0.001  < 0.001

df 52 35 45 52 39
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resulting in higher r values. Furthermore, variation in 
reproductive values were observed among individuals of 
the same age but different stages. We found that FAW is 
able to develop and reproduce on some of the common 
rice cultivars grown commercially by farmers in Bangla-
desh, although our research was conducted under con-
trolled greenhouse conditions. Field verification under 
on-farm settings and in the presence of multi-species 
interactions is conversely needed before drawing strong 
conclusions on the risks posed to rice by FAW in Asia. 
In our study,  maize was the more suitable host, based 
our assessment of demographic parameters. The present 
study demonstrates that for FAW, factors related to its 
fitness traits such as reproductive behavior, adult longev-
ity, fecundity, survival, lifecycle and generation time are 
at least partly influenced by host plant species, and that 
this could potentially affect population parameters. Such 
information is necessary to better understand pest devel-
opment  and to select appropriate IPM straties. Future 
research should nonetheless focus on field and modeling 
studies of the  long-term interaction and development 
of this pest and the rice plant, such as plant compatibil-
ity and/or resistance to the target insect pest, as well as 
multi-species interactions under non-controlled field 
conditions.

The findings of our study have practical implications 
for predicting population survival under specific condi-
tions, which are crucial for more accurately forecasting 
the growth trend of pest populations and formulat-
ing effective IPM strategies. In pest management and 
decision-making, computer simulations that project 
pest population growth using life table data are con-
sidered essential tools (Tuan et al. 2014). Currently, the 
management approach for S. frugiperda in Bangladesh 
primarily involves monitoring male adults using pher-
omone traps, validating the incidence and serverity of 
FAW at a field level, and using this information to select 
from a range of IPM options. Our results suggest  that 
management approaches applied in rice are likely to be 
different from maize since the increasing rate of popu-
lation is significantly higher in maize than that of rice. 
More data from various locations aid in estimating the 
host range, potential economic losses, and developing 
effective FAW pest management measures for Bangla-
desh and other rice producing Asian countries.
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