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Introduction

Spodoptera frugiperda (fall 
armyworm), Lepidoptera 
Noctuidae, is a migratory pest 
that originates in tropical and 
subtropical America (Johnson, 
1987; He et al., 2021). In recent 
years, the fall armyworm 
(FAW) has invaded Africa and 
Asia, which is impacting 

millions of hectares of maize 
and thereby posing a major 
threat to food security 
(Harrison et al., 2019; Early et 
al., 2018; Sun et al., 2021). S. 
frugiperda is present almost all 
year in China, the larval stage 
of FAW has a food preference 
for leaves and tender shoots, 
especially cultivated grasses, 
becoming a chewer of plant 

tissue and damaging 353 spe-
cies, 227 genera, and 76 fami-
lies of plants (Paredes-Sanchez 
et al., 2021), including econom-
ically important cereal crops 
such as maize, wheat, and sor-
ghum (Early et al., 2018; Ingber 
et al., 2021). This polyphagous 
situation enhances FAW resis-
tance against pesticides and 
provokes chemical insecticides 

have not been recommended 
for use (Bolzan et al., 2019; 
Lira et al., 2020). As a result, 
it is neccesary to understand 
how FAW adapt different host 
plants.

Insect herbivores need to 
acquire vital nutrients from 
their hosts plant, and the host 
plants also affect the perfor-
mance of FAW, e.g. biology 

weight (0.108mg, 0.138mg) were the lightest in those fed on Ele-
usin indica and Triticum aestivum, respectively. There were also 
significant differences in the digestive enzyme activities of S. fru-
giperda fed on four host plants. The trypsin activity, a-amylase 
activity, and lipase activity were the highest in F1 larvae fed on 
Z. mays. In F3 generation, trypsin activity had a high level in Z. 
mays, which was 856.26 folds higher than that in Triticum aes-
tivum, which indicate digestive enzymes play key roles in help-
ing S. frugiperda to adapt to the host plants. These findings pro-
vided a foundation for further understanding the role of digestive 
enzyme in S. frugiperda larvae in response to host plants.

SUMMARY

Fall armyworm (Spodoptera frugiperda), a highly polyphagous 
lepidopteran pest, is impacting millions of hectares of maize 
crops and thereby posing a major threat to food security. Yet, up 
till present, limited research has been conducted on the biolog-
ical determinants and digestive enzymes of S. frugiperda fed on 
different plants. Our results showed that there were differences 
in developmental duration, and body and pupal weight by sta-
tistical data. Individuals from F1 and F3 generations fed on Zea 
mays had the shortest development period, and the 10d weight 
(0.173mg, 0.177mg) and pupa weight (0.171mg, 0.193mg) were 
the heaviest, while the 10d weight (0.046mg, 0.054mg) and pupa 
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(0,108mg, 0,138mg) fueron menores para los alimentados con 
Eleusin indica y Triticum aestivum, respectivamente. También 
hubo diferencias significativas en las actividades de las enzimas 
digestivas de S. frugiperda alimentadas con cuatro plantas hos-
pedantes. La actividad de tripsina, la a-amilasa y la actividad 
de lipasa fueron más altas en las larvas F1 alimentadas con Z. 
mays. En la generación F3, la actividad de la tripsina tuvo un 
alto nivel en Z. mays, que fue 856,26 veces mayor que en Triti-
cum aestivum, lo que indica que las enzimas digestivas desem-
peñan un papel clave para ayudar a S. frugiperda a adaptarse 
a las plantas huésped. Estos hallazgos proporcionaron una base 
para comprender mejor el papel de la enzima digestiva en las 
larvas de S. frugiperda en respuesta a las plantas huésped.

El gusano cogollero (Spodoptera frugiperda), una plaga de le-
pidópteros muy polífagos, está afectando a millones de hectáreas 
de cultivos de maíz y por lo tanto, representa una gran amenaza 
para la seguridad alimentaria. Sin embargo, hasta el momento, 
se han realizado investigaciones limitadas sobre los determinan-
tes biológicos y las enzimas digestivas de S. frugiperda alimen-
tada con diferentes plantas. Los resultados mostraron que hubo 
diferencias en la duración del desarrollo y el peso corporal y 
pupal según los datos estadísticos. Los individuos de las gene-
raciones F1 y F3 alimentados con Zea mays tuvieron el período 
de desarrollo más corto, y el peso a los 10d (0,173mg, 0,177mg) 
y el peso de pupa (0,171mg, 0,193mg) fueron los mayores, mien-
tras que el peso a los 10d (0,046mg, 0,054mg) y el peso de pupa 

and biometric characteristics 
(Gopalakrishnan and Kalia 
2022), gene expression profiles 
(Silva-Brandao et al., 2017), 
oviposition preference (Guo et 
al., 2020), gut microbial com-
munity (Lv et al., 2021), pesti-
cide resistance (Garlet et al., 
2021). Meantime, digestive 
f lexibility can help insects to 
adapt the noxious chemi-
cal-containing host plants. The 
gastrointestinal tract is the cen-
tral organ for food digestion 
and absorption of nutrients. 
The digestive physiology of 
insects largely depends on a 
wide spectrum of digestive 
enzymes and a sophisticated 
detoxification system to use 

chemically diverse host plants 
as food sources (Veenstra et 
al., 1995; Zalucki et al., 2002; 
Borzoui et al., 2015). The gut 
digestive enzymes of herbi-
vores are necessary for the 
host plant adaptation in re-
sponse to the chemical compo-
sition of the food source (Singh 
et al., 2020). A previous study 
has evaluated the impact of 
corn and rice host plants on 
gut digestive enzymatic activi-
ty in S. frugiperda (Hafeez et 
al., 2021).

In this study, we evaluated 
under laboratory conditions the 
effect of four different hosts, 
Zea mays (maize), Triticum 
aestivum (wheat), Eleusin 

indica (Goosegrass), and 
Veronica polita (Speedwell) on 
the growth development and 
gut digestive enzymatic activi-
ty of FAW. The adaptation 
mechanism of S. frugiperda 
reared on different host plants 
for 3 generations was exam-
ined, as was the effects of the 
host plant diets on the diges-
tive enzyme’s activities in the 
FAW midgut. Our aim was to 
study the effects of host plants 
on the biological parameter of 
the FAW, which is closely re-
lated to the study of the biolo-
gy and ecology of host insects, 
and to lay a foundation for 
studying the host plant adapta-
tion mechanisms and identifing 

in the digestive system of in-
sects against host plant chemi-
cal defenses.

Materials and Methods

Insects and plant material 

Spodoptera frugiperda was 
reared from the Insect 
Molecular Ecology Laboratory 
of Anhui Agricultural 
University, Hefei, Anhui 
Province, China. The insects 
reared for three generations on 
maize, wheat, Goosegrass or 
Speedwell plants. Plant seeds 
were purchased from an agri-
cultural company (ShouHe, 
China). Plants were grown to 
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0,138mg) foram menores para os alimentados com Eleusin in-
dica e Triticum aestivum, respectivamente. Também houve di-
ferenças significativas nas atividades das enzimas digestivas de 
S. frugiperda alimentadas com quatro plantas hospedeiras. A 
atividade de tripsina, α-amilase e a atividade de lipase foram 
maiores nas larvas F1 alimentadas com Z. mays. Na geração 
F3, a atividade da tripsina teve nível alto em Z. mays, sendo 
856,26 vezes maior do que em Triticum aestivum, o qual indica 
que as enzimas digestivas desempenham um papel chave para 
ajudar a S. frugiperda a se adaptar às plantas hospedeiras. Es-
tes achados proporcionaram uma base para compreender me-
lhor o papel da enzima digestiva nas larvas de S. frugiperda 
em resposta às plantas hospedeiras.

A lagarta do cartucho (Spodoptera frugiperda), uma praga al-
tamente polífaga de lepidópteros, está afetando milhões de hec-
tares de plantações de milho e, portanto, representa uma gran-
de ameaça à segurança alimentar. No entanto, até agora, têm 
sido realizadas pesquisas limitadas sobre os determinantes bio-
lógicos e enzimas digestivas de S. frugiperda alimentada com 
diferentes plantas. Os resultados mostraram que houve diferen-
ças na duração do desenvolvimento e o peso corporal e pupal 
segundo os dados estatísticos. Os indivíduos das gerações F1 e 
F3 alimentados com Zea mays, tiveram o período de desenvol-
vimento menor, e o peso aos 10d (0,173mg, 0,177mg) e o peso 
pupal (0,171mg, 0,193mg) foram os maiores, enquanto que o 
peso aos 10d (0,046mg, 0,054mg) e o peso da pupa (0,108mg, 
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the level of 3–4 genuine leaves 
before being employed in the 
studies (Lv et al., 2021). They 
were housed in cages at a tem-
perature of 25 ±3°C with a 
relative humidity of 70 ±10% 
and a photoperiod of 16h light, 
8h dark.

Growth and Development of S. 
frugiperda on different host 
plants

Neonates were transferred to 
the rearing cage up to the third 
instar, 3rd larvae were put into 
a 12-well acrylic plates (each 
well 2cm in diameter and 
1.5cm in depth) (Biosharp®, 
Labgic Technology Co., Ltd, 
China). FAWs raised with four 
kinds of host plants, the leaves 
were cutted into 1cm2 and 
placed them in separate wells 
of the petri dish, larval devel-
opment was observed and re-
corded daily, and the duration 
period and age recorded. The 
weight of 10th day (d) larvae 
(60 larvae for each diet) was 
determined, the pupae weighed 
24h postpupation.

Digestive activity assay

Fifth instar latvae (2d after 
4ecdysis) were selected, they 
were washed with physiological 

saline, wiped off the surface 
water, 3 larvae were collected 
in a 1.5mL centrifuge tube and 
were immediately frozen in 
liquid nitrogen and stored at 
-80°C until use. Digestive en-
zymes (a-amylase, lipase 
(LPS), trypsin) test kit pur-
chased from Nanjing Jiancheng 
Bioengineering Institute. The 
samples were homogenized 
under ice condition, centri-
fuged at 2500rpm for 10min, 
and the supernatant was taken 
for measurement. The enzyme 
activity was determined ac-
cording to the manufacturer’s 
protocol, and a control contain-
ing no α-amylase, lipase, or 
trypsin extract with substrate 
was run simultaneously with 
reaction mixture. For a-amy-
lase: 100μl (one percent of the 
supernatant) was added into 
500μl substrate buffer preheat-
ed at 37°C for 5min. After 
mixing, the mixture was react-
ed in 37°C for 7.5min., 500μl 
iodine application solution and 
3mL double steaming water 
were added into the mixture 
and the absorbance value was 
measured at 660nm. For lipase: 
25μl (twenty percent of the 
sample) and 25μl of reagent 4 
were added into to the test 
tube, absorb 2mL of substrate 
buffer preheated for 5min at 

37°C, mix quickly and add the 
cuvette, and read the absor-
bance value at 420nm for 30s 
and 630s. For trypsin: 1μl (ten 
percent of the sample) was 
added to 1.5mL of trypsin sub-
strate application solution pre-
heated at 37°C for 5min. After 
mixing, the absorbance values 
at 30s and 1230s were read at 
253nm in a 0.5cm light diame-
ter quartz cubage. All experi-
ments were set up with three 
biological replicates.

Statistical analysis

The test data is systematical-
ly counted by Excel, and the 
statistical results were analyzed 
by one-way ANOVA using 
SPSS 23.0 software (IBM, 
2015). Duncan's new repolar-
ization method was used to test 
and compare the differences 
between the treatments ( p< 
0.05).

Results

Effects of feeding on different 
host plants on the 
developmental duration

As shown in Table I and II, 
the developmental duration of 
S. frugiperda that reared on the 
four host plants had some 

difference in the F1 and F3 
generations. During the early 
developmental stage of larvae 
(1st to 3th instar), the F1 gener-
ations of larvae that fed on 
maize was growing fastest 
compared to the other three 
populations, and the F3 genera-
tions of larvae reared on maize 
was shorter than the other three 
cohorts in 1st and 3th instar. 
During the late period (4th to 
6th instar), the F1 and F3 gen-
erations of larvae fed on speed-
well was developing slowest 
compared to other three popu-
lations, and the FAWs fed on 
maize had no significant differ-
ence compared to the two co-
horts fed on goosegrass and 
wheat. Among the total larval 
stage, F1 and F3 generations of 
developmental period reared on 
maize is 15.267 ±0.135d and 
14.733 ±0.082d respectively 
that showed the shortest devel-
opmental period, and the lon-
gest developmental period 
(15.933 ±0.235d and 17.733 
±0.230d) fed on speedwell. In 
the prepupa stage, the develop-
mental duration of the larvae 
fed on wheat was significantly 
different from the larvae fed on 
the other three host plants, and 
it had the fastest growth rate, 
only 1.266 ±0.08din F1 genera-
tion. The prepupa duration of 

TABLE I
DEVELOPMENT PERIOD OF THE FIRST GENERATION Spodoptera Frugiperda FED ON FOUR HOST PLANTS

Host plant
Development period (d)

1st instar 2nd instar 3rd instar 4th instar 5th instar 6th instar prepupa Larval duration
Zea mays 3.867±0.115b 2.000±0.001b 1.967±0.033b 2.000±0.001a 1.900±0.556a 1.833±0.118a 1.700±0.085b 15.267±0.135a
Triticum aestivum 4.133±0.346a 2.000±0.001b 2.000±0.001b 2.067±0.095a 2.133±0.104a 2.067±0.067a 1.266±0082c 15.667±0.138a
Eleusin indica 4.300±0.085a 2.100±0.056b 2.000±0.001b 1.300±0.085b 1.767±0.149a 1.883±0.097a 1.967±0.10a 15.267±0.225a
Veronica polita 4.400±0.090a 2.367±0.08a 2.167±0.069a 1.833±0.084a 1.767±0.104a 1.767±0.141a 1.633±0.089b 15.933±0.253a

Data marked with different letters in the same column indicate significant differences tested by Duncan's new multiple range test method (p<0.05). a, 
b, c: the letters for p-value.

TABLE II
DEVELOPMENT PERIOD OF THE THIRD GENERATION Spodoptera Frugiperda FED ON FOUR HOST PLANTS

Host plant
Development period (d)

1st instar 2nd instar 3rd instar 4th instar 5th instar 6th instar prepupa Larval duration
Zea mays 2.667±0.138c 3.333±0.138a 1.833±0.069b 2.000±0.001b 2.000±0.001b 1.900±0.056b 1.0000.001c 14.733±0.082d
Triticum aestivum 3.800±0.074b 2.4000.09c 2.400±0.091a 1.600±0.091c 1.600±0.090c 2.733±0.106a 1.267±0.082b 15.8000.305c
Eleusin indica 3.600±0.091b 2.700±0.085b 2.500±0.093a 2.100±0.056b 2.100±0.056b 2.000±0.083b 1.700±0.085a 16.700±0.322b
Veronica polita 4.200±0.074a 2.800±0.074b 2.367±0.102a 2.467±0.124a 2.467±0.124a 1.933±0.095b 1.500±0.093a 17.733±0.230a

Data marked with different letters in the same column indicate significant differences tested by Duncan's new multiple range test method (p<0.05). a, 
b, c: the letters for p-value.
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FAWs fed on maize (1.000 
±0.001d) was shorter than the 
populations fed on speedwell 
(1.500 ±0.093d) and goosegrass 
(1.700 ±0.085d) in the F3 gener-
ation and had the shortest prepu-
pa stage in the F3 generation.

The developmental duration 
of S. frugiperda fed on the 
same host plant also had cer-
tain difference between F1 and 
F3 generations (Figure 1). The 
developmental duration of the 
F3 generation fed on maize 
(14.733 ±0.082d) was longer 
than that of the F1 generation 
(15.267 ±0.135d). The larval 
developmental period of the F3 
generation fed on speedwell 
(17.733 ±0.230d) and gooseg-
rass (15.800 ±0.305d) was lon-
ger than F1 generation (15.933 
±0.253d, 15.267 ±0.225d re-
spectively). There was no sig-
nificant difference between the 
F1 and F3 generations fed on 
wheat.

Effects of feeding on different 
host plants on the body weight

In order to further understand 
the biological parameter of 
FAWs fed on different host 
plants, the body weight and 
pupa weight with significant 
differences between the four 
groups were compared. The F1 
and F3 generations of S. fru-
giperda fed on maize in the 
figure showed the heaviest 
body weight and pupa weight, 
and the population reared on 
speedwell was lightest body 
and pupa weight in the both 
generations (Table III). The two 
different generations were also 
compared, the body weight of 
F1 and F3 generations of larvae 
fed on corn and speedwell were 
no significant difference be-
tween the F1 and F3 genera-
tions (Figure 2a). The pupa 
weight of all F3 generation 
were heavier than F1 genera-
tion that may demonstrate those 
insects gradually adapted to 
their host plants during the pe-
riod (Figure 2b).

Effects of feeding on four 
kinds of host plants on 
digestive enzyme activity

According to the FAWs fed 
on four different host plants 

showed that the activity of 
trypsin, α-amylase and lipase of 
the FAWs fed on maize were 
the highest in the F1 genera-
tion, which were 1570.172 
±33.766U·mg-1prot, 0.016 
±0.001U·mg-1prot and 53.301 
±4.296U·g-1prot, respectively. 
The activities of digestive en-
zymes of the larvae fed on 
speedwell were the lowest. And 
the activities of the three en-
zymes in the larvae fed on corn 
were almost 4.83, 5.3 and 1.40 
folds higher than those fed on 
speedwell (Table I). In the F3 
generation, the trypsin activity 
of the larvae fed on the four 
host plants was diverse, the 
trypsin activity of corn was 
856.26 folds than the wheat 
(Table V). The F1 generation 
of the three digestive enzymes 
fed on maize were all more 
abundant than the F3 genera-
tion, and the trypsin F1 gener-
ation was 2.4 times as much as 
that of the F3 generation. The 
activities of trypsin and lipase 

Figure 1. Effects of the same host plants on different generations of 
Spodoptera frugiperda. F1: first generation; F3: third generation; **: sig-
nificantly different (p<0.01); ***: significantly different (p<0.001); ns: 
not significant.

Figure 2. Effect of the same host plants in body and pupa weight Spodoptera frugiperda between different gen-
erations. F1: first generation; F3: third generation; ***: significantly different (p<0.001); ns: not significant.

TABLE III
EFFECT OF DIFFERENT GENERATION IN BODY AND PUPA WEIGHT Spodoptera 

Frugiperda FEEDING ON FOUR HOST PLANTS

Host plant
F1 F3

10 d   
Weight·mg-1

Weight of 
pupa·mg-1

10 d   
Weight·mg-1

Weight of 
pupa·mg-1

Zea mays 2.667±0.138c 3.333±0.138a 1.833±0.069b 2.000±0.001b
Triticum aestivum 3.800±0.074b 2.4000.09c 2.400±0.091a 1.600±0.091c
Eleusin indica 3.600±0.091b 2.700±0.085b 2.500±0.093a 2.100±0.056b
Veronica polita 4.200±0.074a 2.800±0.074b 2.367±0.102a 2.467±0.124a

Data marked with different letters in the same column indicate significant differences tested by Duncan's new 
multiple range test method (p<0.05). F1: first generation; F3: third generation; **: significantly different 
(p<0.01); ***: significantly different (p<0.001); ns: not significant.

had the obvious differences in 
growth development, the diges-
tive enzymes of FAWs larvae 
among each host group were 

analyzed. Some digestive en-
zymes were obtained for each 
host, including trypsin, α-amy-
lase and lipase. The results 
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and their body had heaviest 
body including the 10d 

(0.173mg, 0.177mg) and pupa 
weight (0.171mg, 0.193mg). 
Those results that indicate 
FAW had a faster development 
time and higher growth rate 
compared with larvae fed other 
three host plants including 
maize, wheat, and goosegrass, 
which also illustrate maize is a 
high nutritious host for FAW 
development. FAW is ability to 
grow on lots of different host 
plants but prefers maize. 
Similarly, various studies have 
shown that the quality and 
quantity of food consumed by 
insects affect their host prefer-
ences and have an impact on 
their biology (Bentancourt et 
al., 2003; Cabezas et al., 2013; 
Silva et al., 2018; Su and Xia 
2020). The larvae fed on 
speedwell had the longest de-
velopmental period, and light-
est body weight. The results 
show that FAW fed on speed-
well had a delay in the devel-
opment and growth compared 
with larvae fed other three host 
plants, which also indicate 
speedwell is a less nutritious 

in F1 generation were higher 
than those in F3 generation 
when fed wheat and speedwell. 
The F1 generation of the three 
digestive enzymes fed on 
goosegrass were lower than the 
F3 generation (Figure 3a-c).

Discussion

As a kind of migratory pest, 
S. frugiperda, which can trans-
fer a long distance, is ability to 
damage a lot of different host 
plants that is regarded to be an 
important factor inf luencing 
the population dynamics and 
population densities. So far, 
only a few studies have exam-
ined the digestive physiology 
of S. frugiperda and their in-
teractions with different host 
plant species (Hafeez et al., 
2021; Gopalakrishnan and 
Kalia 2022; Oliveira et al., 
2013; Oliveira et al., 2022). In 
this study, we evaluated the 
growth parameter and digestive 
enzyme activity of FAW larvae 
fed on different host plants. 
The F1 developmental duration 
of FAW larvae fed on maize 
was 3.867d, 2.000d, 1.967d for 
1st, 2nd, 3rd instar respectively 
that are shortest growing days 
compared to the other three 
populations in early stage, the 

F3 larval duration was only 
14.733d that is also shortest, 

TABLE IV
EFFECTS OF FOUR HOST PLANTS ON DIGESTIVE ENZYME ACTIVITIES IN THE FIRST 

GENERATION LARVAE OF Spodoptera Frugiperda

Host plant
Trypsin 

activity·(U·mg-1prot)
a-amylase activity 

(U·mg-1prot)
Lipase activity 
(U·mg-1prot)

Zea mays 1570.172±33.766a 0.016±0.001a 53.301±4.296a
Triticum aestivum 1121.789±9.987c 0.0014±0.001b 49.853±2.148a
Eleusin indica 325.127±3.611d 0.003±0.001b 38.086±1.884b
Veronica polita 1470.261±45.312b 0.003±0.001b 54.127±3.049a

Data marked with different letters in the same column indicate significant differences tested by Duncan's new 
multiple range test method (p<0.05). a, b, c, d: the letters for p-value.

TABLE V
EFFECTS OF FOUR HOST PLANTS ON DIGESTIVE ENZYME ACTIVITIES IN THE THIRD 

GENERATION LARVAE OF Spodoptera Frugiperda

Host plant
Trypsin 

activity·(U·mg-1prot)
a-amylase activity 

(U·mg-1prot)
Lipase activity 
(U·mg-1prot)

Zea mays 642.192±8.096a 0.0129±0.0009a 45.683±1.396bc
Triticum aestivum 0.750±0.059d 0.0056±0.0002c 48.636±0.228ab
Eleusin indica 457.986±33.648b 0.0109±0.0007b 51.064±0.572a
Veronica polita 365.352±6.806c 0.0044±0.0003c 44.275±1.186c

The data marked with different letters in the same column indicate significant differences tested by Duncan's 
new multiple range test method (p<0.05). a, b, c, d: the letters for p-value.

Figure 3. Effects of different generations on digestive enzymes and protective enzymes of Spodoptera frugiper-
da. F1: first generation; F3: third generation; *: significantly different (p<0.05); **: significantly different 
(p<0.01); ***: significantly different (p<0.001); ns: not significant.
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host for FAW development. 
Speedwell maybe as the alter-
nate host plant for its survival 
when it can not find other host 
plants. Some similar results 
have been reported that the 
longevity and body weight of 
S. frugiperda were significant-
ly affected by low nutritious 
host plants, such as cotton and 
soybean (Hafeez et al., 2021). 
Those results would indicate 
corn is the best host plant for 
S. frugiperda, and the speed-
well maybe have the resistance 
for FAWs. Nutritional factors 
in host speedwell might be a 
key reason for the longer de-
velopmental period compared 
with other plants, which imply 
the active components of 
speedwell has the great poten-
tial to be developed as a new 
botanic pesticide.

Phytophagous insects often 
depend on the effectiveness of 
their digestive physiology to 
feed on chemically diverse 
hosts as food sources, and 
some digestive enzymes with 
important functions can ac-
count for better adaptation to 
one host plant but not others 
(Zalucki et al., 2002; Wang et 
al., 2013; Oliveira et al., 2013; 
Borzoui et al., 2015). In our 
research, there were significant 
differences in the developmen-
tal process between preferred 
and alternate host plants. To 
elucidate the ability of S. fru-
giperda to adapt to host plant 
mechanisms, we evaluated the 
impact of primary and alter-
nate host plants on digestive 
enzymatic activity, including 
trypsin, α-amylase and lipase. 
The results of the enzyme ac-
tivity assay showed that all 
three digestive enzymes of the 
FAWs fed on maize were great-
est, which indicated that tryp-
sin, α-amylase and lipase play 
important roles in S. frugiper-
da host plant adaptation. 
Similar results were demon-
strated trypsin was highly dif-
ferentially regulated when S. 
frugiperda larvae fed on their 
primary plant and alternate 
host plant (Brioschi et al., 
2007; Silva-Brandao et al., 
2017; Hafeez et al., 2021). 
Recently, the effect of amylases 
on the adaptation of insects has 
been an increased focus, such 

as Leptinotarsa decemlineata 
amylases have been reported 
they are related to adapt to a 
variety of solanaceous plants 
(Ashouri and Farshbaf 
Pourabad 2021), and subse-
quent changes of amylases ac-
tivity are responsible for grain 
damage in Sitophilus granaries 
(Ahmed et al., 2021). Lipase 
activity was enhanced in the 
population fed on corn, and 
inhibited the other three popu-
lations. Those results indicate 
lipases may play a crucial role 
in diets metabolism in S. fru-
giperda, which is consistent 
with its key role in fat metabo-
lism (Jaeger and Reetz 1998, 
Gupta et al., 2004).

Our study provided an over-
view of the growth perfor-
mance and the characteristics 
of digestive enzymes in S. fru-
giperda fed on different host 
plants. The results of the com-
parison analysis revealed sig-
nificant differences in the du-
ration, body weight and diges-
tive enzyme activity between 
their primary plant and alter-
nate host plant, indicating that 
diets have a significant impact 
on these changes. The analyses 
of enzyme activity are neces-
sary in this study to show in-
sect–host interactions and to 
provide a foundation for study-
ing the functional annotation 
of enzyme content and host 
functional features, which is 
critical for a better understand-
ing of the physiology of FAWs 
and the mechanisms responsi-
ble for the inhibitory potential 
of enzyme inhibitors. Dietary 
composition can have highly 
diverse effects on developmen-
tal parameters and enzymic 
responses. In our research, 
these findings were of great 
significance for the develop-
ment and research of botanical 
pesticides against this serious 
insect pest based on the com-
plex relationships between in-
sects and host plants.

ACKNOWLEDGMENTS

This research was supported 
by the Anhui Provincial 
Natural Science Foundation, 
China (Grant No. 
2208085MC63), Major Special 
Science and Technology Project 

of Anhui Province, China 
(Grant No. 201903a06020027), 
and Key Project for Academic 
and Technical Leader 
Candidate of Anhui Province, 
China (Grant No. 2019H238).

REFERENCES

Ahmed S, Zia A, Mehmood SA, 
Panhwar WA, Khan W, Shah M, 
Ullah I (2021) Change in malate 
dehydrogenase and alpha amyla-
se activities in Rubus fruticosus 
and Valeriana jatamansi treated 
granary weevil, Sitophilus gra-
narius. Braz. J. Biol. 81: 
387-391.

Ashouri S Farshbaf Pourabad R 
(2021) Regulation of gene ex-
pression encoding the digestive 
alpha-amylase in the larvae of 
Colorado potato beetle, 
Leptinotarsa decemlineata (Say) 
in response to plant protein ex-
tracts. Gene 766: 145159.

Bentancour t CM, Scatoni IB, 
Gonzalez A, Franco J (2003) 
Effects of larval diet on the de-
velopment and reproduction of 
Argyrotaenia sphaleropa 
(Meyrick) (Lepidoptera: 
Tortricidae). Neotrop. Entomol. 
32: 551-557.

Bolzan A, Padovez FEO, 
Nascimento ARB, Kaiser IS, 
Lira EC, Amaral FSA, Kanno 
RH, Malaquias JB, Omoto C 
(2019) Selection and characteri-
zation of the inheritance of re-
sistance of Spodoptera frugiper-
da (Lepidoptera: Noctuidae) to 
chlorantraniliprole and cross-
resistance to other diamide in-
secticides. Pest. Manage. Sci. 
75: 2682-2689.

Borzoui E, Naseri B Namin FR (2015) 
Different diets affecting biology 
and digestive physiology of the 
Khapra beetle, Trogoderma gra-
narium Everts (Coleoptera: 
Dermestidae). J. Stored Prod. 
Res. 62: 1-7.

Brioschi D, Nadalini LD, Bengtson 
MH, Sogayar MC, Moura DS 
Silva-Filho MC (2007) General 
up regulation of Spodoptera 
frugiperda trypsins and chymo-
trypsins allows its adaptation to 
soybean proteinase inhibitor. 
Insect Biochem. Mol. Biol. 37: 
1283-1290.

Cabezas MF, Nava DE, Geissler LO, 
Melo M, Garcia MS, Kruger R 
(2013) Development and Leaf 
Consumption by Spodoptera 
cosmioides (Walker) 
(Lepidoptera: Noctuidae) Reared 
on Leaves of Agroenergy Crops. 
Neotrop. Entomol. 42: 588-94.

Early R, Gonzalez-Moreno P, 
Murphy ST, Day R (2018) 
Forecasting the global extent of 

invasion of the cereal pest 
Spodoptera frugiperda, the fall 
armyworm. Neobiota: 25-50.

Garlet CG, Moreira P, Gubiani PDS, 
Palharini RB, Farias JR, 
Bernardi O (2021) Fitness Cost 
of Chlorpyrifos Resistance in 
Spodoptera frugiperda 
(Lepidoptera: Noctuidae) on 
Different Host Plants. Environ. 
Entomol. 50: 898-908.

Gopalakrishnan R, Kalia VK (2022) 
Biology and biometric characte-
ristics of Spodoptera frugiperda 
(Lepidoptera: Noctuidae) reared 
on different host plants with 
regard to diet. Pest Manag Sci 
78: 2043-2051.

Guo J, Zhang M, Gao Z, Wang D, 
He K, Wang Z (2021) 
Comparison of larval perfor-
mance and oviposition preferen-
ce of Spodoptera frugiperda 
among three host plants: 
Potential risks to potato and to-
bacco crops. Insect Sci. 28: 602-
610. DOI: 10.1111/1744-7917. 
12830.

Gupta R, Gupta N, Rathi P (2004) 
Bacterial lipases: an overview 
of production, purification and 
biochemical properties. Appl. 
Microbiol. Biotechnol. 64: 
763-81.

Hafeez M, Li XW, Zhang JM, 
Zhang ZJ, Huang J, Wang LK, 
Khan MM, Shah S, Fernandez-
Grandon GM, Lu YB (2021) 
Role of digestive protease enzy-
mes and related genes in host 
plant adaptation of a polypha-
gous pest, Spodoptera frugiper-
da. Insect Sci. 28: 611-626.

Harr ison R D, Thierfelder C, 
Baudron F, Chinwada P, Midega 
C, Schaffner U, Van Den Berg J 
(2019) Agro-ecological options 
for fall armyworm (Spodoptera 
frugiperda JE Smith) manage-
ment: Providing low-cost, sma-
llholder friendly solutions to an 
invasive pest. J. Environ. 
Manage. 243: 318-330.

He L M, Wu Q L, Gao XW, Wu 
KM (2021) Population life tables 
for the invasive fall armyworm, 
Spodoptera frugiperda fed on 
major oil crops planted in 
China. J. Integr. Agric. 20: 
745-754.

IBM (2015) SPSS Statist ics for 
Windows, Version 23.0. 
Armonk, NY: IBM Corp.

Ingber DA, Mcdonald JH, Mason 
CE, Flexner L (2021) 
Oviposition preferences, Bt sus-
ceptibilities, and tissue feeding 
of fall armyworm (Lepidoptera: 
Noctuidae) host strains. Pest. 
Manage. Sci. 77: 4091-4099.

Jaeger KE, Reetz MT (1998) 
Microbial lipases form versatile 
tools for biotechnology. Trends 
Biotechnol. 16: 396-403.



334 AUGUST 2022 • VOL. 47 Nº 8

Johnson SJ (1987) Migration and the 
life history strategy of the fall 
armyworm, Spodoptera frugi-
perda in the western hemisphe-
re. Int. J. Trop. Insect Sci. 8: 
543-549.

Lira E C, Bolzan A, Nascimento 
ARB, Amaral FSA, Kanno RH, 
Kaiser IS, Omoto C (2020) 
Resistance of Spodoptera frugi-
perda (Lepidoptera: Noctuidae) 
to spinetoram: inheritance and 
cross-resistance to spinosad. 
Pest. Manage. Sci. 76: 
2674-2680.

Lv D B, Liu XY, Dong L, Yan ZZ, 
Zhang X, Wang P, Yuan XQ, Li 
YP (2021) Comparison of Gut 
Bacterial Communities of Fall 
Armyworm (Spodoptera frugi-
perda) Reared on Different Host 
Plants. Int. J. Mol. Sci. 22.

Oliveira C, Souza T, Par ra J, 
Marangoni S, Silva-Filho M, 
Macedo M (2013) Insensitive 
trypsins are differentially trans-
cr ibed during Spodoptera 

frugiperda adaptation against 
plant protease inhibitors. Com. 
Biochem. Physiol., Part B. 165: 
19-25.

Oliveira NC, Phelan L, Labate CA 
Consoli FL (2022) Non-targeted 
metabolomics reveals differen-
ces in the gut metabolic profile 
of the fall armyworm strains 
when feeding different food 
sources. J. Insect Physiol. 139: 
104400. Doi: 10.1016/j.
jinsphys.2022.104400

Paredes-Sánchez FA, Rivera G, 
Bocanegra-Garcia V, Martínez-
Padron HY, Berrones-Morales 
M, Nino-García N Herrera-
Mayorga V (2021) Advances in 
Control Strategies against 
Spodoptera frugiperda. A 
Review. Molecules 26: 5587. 
Doi: 10.3390/molecules26185587

Silva-Brandao KL, Horikoshi RJ, 
Bernardi D, Omoto C, Figueira 
A, Brandao MM (2017) 
Transcript expression plasticity 
as a response to alternative 

larval host plants in the specia-
tion process of corn and rice 
strains of Spodoptera frugiper-
da. BMC Genomics 18: 792. 
Doi: 10.1186/s12864-017-4170-z.

Silva DMD, Bueno ADF, Stecca 
CDS, Andrade K, Oliveira 
MCND (2018) Biology of 
Spodoptera eridania and 
Spodoptera cosmioides 
(Lepidoptera: Noctuidae) on di-
fferent host plants. Fla. 
Entomol. 100: 752-760.

Singh S, Singh A, Kumar S, Mittal 
P, Singh IK (2020) Protease in-
hibitors: recent advancement in 
its usage as a potential biocon-
trol agent for insect pest mana-
gement. Insect Sci. 27: 186-201.

Su C, Xia X (2020) Sublethal effects 
of methylthio-diafenthiuron on 
the life table parameters and 
enzymatic properties of the dia-
mondback moth, Plutella xylos-
tella (L.) (Lepidoptera: 
Plutellidae). Pestic. Biochem. 
Physiol. 162: 43-51.

Sun XX, Hu CX, Jia HR, Wu QL, 
Shen J, Zhao S , Jiang Y Y, Wu 
KM (2021) Case study on the 
f irst immigration of fall ar-
myworm, Spodoptera frugiper-
da invading into China. J. 
Integr. Agric. 20: 664-672.

Veenstra KH, Pashley DP, Ottea JA 
(1995) Host-Plant Adaptation in 
Fall Armyworm Host Strains: 
Comparison of Food 
Consumption, Utilization, and 
Detoxication Enzyme Activities. 
Ann. Entomol. Soc. Am.: 88(1): 
80-91. Doi: 10.1093/aesa/88.1.80.

Wang, Yu, Cai QN, Zhang QW, 
Qingwen, Han Y (2013) Effect 
of the secondary substances 
from wheat on the growth and 
digestive physiology of cotton 
bollworm Helicoverpa armigera 
(Lepidoptera: Noctuidae). Eur. 
J. Entomol. 103: 255-258.

Zalucki MP, Clarke AR Malcolm SB 
(2002) Ecology and behavior of 
first instar larval Lepidoptera. 
Annu. Rev. Entomol. 47: 361-393.


