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Abstract

In the maize fields, fall armyworm, Spodoptera frugiperda (FAW) Smith (Lepidoptera: Noctuidae) is a polyphagous lepidopteran
pest, destroying maize crop, causes serious economic damage to corn plants worldwide in recent years especially Egypt. Three
different insecticides were application with four exposure methods and four host plants in this research under laboratory conditions
against S. frugiperda. Emamectin benzoate was the high efficacy insecticide (LCso 1.90 mg 4 i. / L and Toxicity index 100 %).
Therefore, emamectin benzoate was observed the average highest larvae mortality in the larva-dip, leaf-dip, film and spray methods
of 83.57, 81.87, 81.25 and 77.27 %, respectively. While, the other insecticides were least toxic with average mortality percentage
75.62 and 48.75 % with, indoxacarb and pyradelil, respectively when the film method was used. The moderate activity of indoxacab
and pyradelil spray and leaf-dip methods comparing to that larva-dip method. Also, limited research has been conducted on
biological aspects of FAW reared on different plants. Our findings demonstrated that there were various in larvae development
period reared on maize had the shortest development duration 16.75 days and pupa period 9.25 days, the fecundity (1650.50 egg)
and fertility (95.23 %) were highest, while the larvae (20.00 days) and pupa (14.25 days) duration were the longer fed on cotton,
the fecundity (1110.25 egg) and Fertility (66.87%) were least. There were also moderate in the development survival, fecundity and
Fertility to FAW reared on cowpea and potato plants. The preferred host of FAW in vitro was maize and other host plants were

intermediate host.
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Introduction

The fall armyworm, Spodoptera frugiperda Smith (Lepid.:
Noct.) has the ability to fed on more 350 host plants
(Montezano et al., 2018) 2, It causes severe damage to crops
spatially corn plant and can cause tremendous yield reduce and
high economic decline (Baudron et al., 2019 and Wan et al.,
2021) [7- 32 Although, the fall armyworm can cause reduce
yields in corn and invasion into Asia and Africa has high
increased the application of pesticides in maize (Fallet et al.,
2022) 31 Host plants significantly activity the growth and
development survival, play an important role in age stage and
reproduction laboratory conditions (Chen et al., 2023) [l
Insecticides have quickly become essential of FAW control in
Africa and Asia (Abraham et al., 2017 and Tambo et al., 2020)
(1. 301 However, to reduce the effect of FAW, several control
options are used biopesticides, such as viruses or bacterium,
neem extracts and insecticides (Guo et al., 2020) 6, S,
frugiperda is polyphagous and causes severe damage to zea
mays, tremendous yield, causing impacting millions of hectares
of zea mays crops and differences in development duration,
larvae fed on maize had the shortest development period (Chen
et al., 2022) [%, The best host plant of the fall armyworm was
zea mays, while castor been, mung bean and groundnut were
intermediate, cotton was worst (Bavisa et al., 2021) [, Host
plants for FAW best on determinant of the establishment,
survival, growth, fecundity of herbivorous pests and were
calculated for armyworm. However, host plant does not
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support the armyworm in the same way. From the present
studies the host plant is a key determinant the growth of S.
frugiperda can be application for rearing of the armyworm and
the information of the life cycle parameters of the fall
armyworm on host plants will help to made IPM programs this
economic pest. Development and duration of S. frugiperda
larvae have been infested vary with host plants and significant
influence in maintaining the continuity of the insect during the
year (Sharanabasappa et al., 2018) . FAW, growth indices
were low by feeding on castor been leaves than on zea mays
leaves. However, for rearing armyworm, on zea mays leaves
many be used as preferred, while caster been can be also used
in case of the absence of the maize (Rashed 2023) 2%l Corn is
the preferred host plant for S. frugiperda then sorghum and
wheat, duration stage was losses when rice plant was larvae as
diet. Thus, fecundity, life expectancy, duration of the
armyworm was increased on maize leaves then sorghum, wheat
and rice (Altaf et al., 2022 and Idrees et al., 2021) [ 1. FAW
larvae fed on all plant parts of their host plants (Midega et al.,
2018) 9. The shorter life cycle and higher survival rate of the
fell armyworm fed on zea mays observed, is one of the
preferred hosts (Guo et al., 2021) [*91. Insecticides used are one
of the major S. frugiperda management practices in growth and
developing countries. Insecticides activity has not been studies
well post the used in field. Hence, a vitro tests were conducted
to select the best pesticides that have a higher effect on S.
frugiperda.
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Material and methods

Insecticides

Commercial formulations of

- Emamectin-benzoate (Amazon® 5.7% SG), supplied by
Kenza Co., was applied at the rate of 80 g/Feddan.

- Pyridalyl (Pleo® 50% EC), supplied by Sumitomo
Chemical Co. Ltd, applied at the rate of 100 ml/Feddan.

- Indoxacarb (Indoxacarb (Peksi, 15% EC), supplied by Du
Pont Co., applied at 60 g /Feddan., Du Pont Co.).

Fall armyworm rearing

The laboratory strain of S. frugiperda was reared in the
laboratory at Sakha Agricultural Research Station, plant
protection research institute Branch on maize plants. Larvae
were fed on fresh plants of maize, without exposure to
pesticides into a glass jar covered with muslin cloth while
adults were reared into wire cages containing folded paper
oviposition, fed on a 10 % sucrose solution under laboratory
conditions of 27+£2°C, 655 RH and a 16 h light, 8h dark
photoperiod. The newly moulted fourth instar larval was used
in this study in the laboratory experiment.

1. Exposure methods

1.1. Spray method

Fourth instar larval of S. frugiperda were transferred to maize
plants of one month age into plastic boxes (10x6 cm diameter),
the maize plants were fall sprayed with 10mL insecticides
solution for each treatment, and sprayed by a hand sprayer with
a capacity of half a liter. Five replicates were made for each
compound and the control. 10 newly moulted fourth instar
larval of S. frugiperda were into each replicate. After treatment
and complete dryness of the maize leaves, the 4™ instar larval
was directly transferred to each clean plastic box with aid of a
fine hair brush. Larvae were applied with immersed ultrapure
water. The plastic boxes were covered to prevent the larvae
evasion. Fresh maize plants were changed every day. Larvae
death was calculated at 24, 48, 72 and 96 hours after treatments
(Fig.1a).

1.2. Leaf- dip method

Three synthetic insecticides were application for bioassay
against 4" instar larval of fall armyworm using a film method.
Five replicated were performed for each treatment. Fifty fourth
instar larval of S. frugipirda were considered one compound.
Three used rates at 1.90, 11.62 and 7.76 mg were application
for the study. The concentrations and plastic boxes were
prepared from each compound, each replicate (plastic box)
with volume 2ml insecticides solution. After dryness of the
treated boxes, 10 fourth instar larvae of S. frugipirda were
placed to each treated plastic box using a fine brush and the
boxes are covered to prevent the pest escape. After 24 h post
treatment all individually were fed in plastic boxes with fresh
maize plants without any insecticides. The larvae that failed to
move were considered dead, while those who responded to the
gently touch of a brush were considered alive. Individuals
mortality was assessed at 24, 48, 72, 96 hours exposure to the
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insecticides (Fig.1b).

1.3. Film method

Toxicity effect of emamectin benzoate, pyridalyl and
indoxacarb against of S. frugipirda using leaf dipping method,
insecticides was prepared from distilled water. Five fresh maize
leaves were dipped in each treatment for 20 second, had dried
before being offer to S. frugipirda a larvae. The treated maize
leaves were transferred into the plastic boxes. Fifty fourth
instar larval of S. frugipirda were transferred in a plastic boxes
for each treatment using a camel hair brush. Five replications
were performed for each compound, fourth instar larval of S.
frugipirda were fed on the treated maize plants in a plastic
boxes with performed lid with control (water). Fresh leafs of
maize were transferred from the field to laboratory with
replaced every day. Data of larval mortality were recorded after
24, 48, 72, 96 h after exposure (Fig. 1c).

1.4. Larvae dip method

Insecticides solutions with concentrations were prepared with
destined water. Fourth instar larval was dipping into
insecticides solutions for ten second times. After complete
drying of the submerged larvae, 50 newly moulted 4" instar
larval of S. frugipirda were prepared to each treatment into
plastic boxes using aid of brush, untreated maize plants were
transferred in all the plastic boxes with larvae immersed in
solutions. Five replications were made for each compound and
the control. For the control, untreated larvae were placed from
clean plastic boxes. The boxes were covered their lid to prevent
the larvae scape. The data were recorded after 24, 48, 72, 96 h
of the treatment (Fig.1d).

2. Host plants

The laboratory trials were conducted carried out at cotton at
Sakha Agricultural Research Station, Plant Protection Research
Institute Branch, Cotton Pesticides Evaluation Department
during season 2024. Four food plants were applied in the
experiments, maize (zea mays L), cowpea (vigna unguiculata,
sweet potato (Ipomoea batatas L) and cotton (Gossypium
barbadense L.). These hosts were tested because they are
preferred host plants of S. frugipirda. So, all host plants were
grown in plastic pots under normal conditions, plants were
watered every five days during the growing season. Each host
plant was placed into clean plastic boxes. Ten fourth instar
larvae were placed in each replicate additional of the control.
Larval that had been fed on each of the four host plants. The
plastic boxes covered with muslin cloth for aeration and
ventilation. Larvae were starved for 12 h. The plants consumed
were replaced every day with fresh and clean one. Five
replicates were conducted per each host plant. The adults were
monitored every day for oviposition and mortality, and number
eggs laid, and were observed for the estimate hatch percent, and
the duration of survival of the larval stage, and the duration of
pupation and the role at evaluating the impacts of host plants
on the various life cycle traits of FAW (Fig. 2).
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(c) Film-method (d) Larva-dip method

Fig 1: Sensitivity of S. frugiperda to some insecticides using four different exposure techniques

Fig 2: Development of S. frugiperda on some host plants (Maize- Cowpea- Sweet potato- Cotton)

Statistical analyses

The statistical data were analyzed by one- way (ANOVA)
using SPSS 23.0 software (IPM), 2015), with mortality rate
corrected by Abbott technique (Abbott, 1925) Bl. Duncan's
Multiple Range test DMRT (P <0.05) was used to compare the
significant difference between the compounds. Toxicity index
was determined according to Sun equation (Sun, 1950) 2% as
follows:

LCso most effective compound

Toxicity index = X 100

LCsp of tested compound

Results and discussion

The insecticidal toxicity of emamectin benzoate, pyradelil and
indoxacab under laboratory conditions by four exposure
methods against fourth instar larval of Spodoptera frugiperda
are showed in Table (1) mentioned that the emamectin
benzoate proved to be the high activity insecticide recording
(LCso 1.90 mg a.i. L and Toxicity index 100 %) against the fall
armyworm using leaf-dip method, the LCsq values and Toxicity
index of pyridalyl and indoxacarb 11.62, 7.76 values and 16.35,
24.48 at 48 h after application, respectively against the same
pest. There was a significant various among the insecticides in
the 4™ larval instar of S. frugipirda. Accordingly, 24 h after
application was least mortality percentage and increased
gradually from 48 to 72 h until reached the highest mortality
percentage after 96 h. Therefore, the higher mortality of
emamectin benzoate and indoxacarb in the larva-dip method
comparing to that in spray, film and leaf-dip methods.in the
four exposure methods. On the other hand, emamectin
benzoate observed the average highest larval mortality of
100.0, 97.5, 95.0 and 92.50 % at 96 h post treatment for larva
—dip, leaf-dip method, film method and spray method,
respectively. Indoxacarb showed to 97.50, 95.00, 95.00 and
87.50 % at 96 h after application for larva-dip method, leave-
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dip, film and spray methods, respectively. While pyridalyl
85.00, 78.00, 75.00 and 70.00 at 96 h after used for spray
method, leave-dip, film method and larva-dip, respectively
against of S. frugipirda. (Table 2 and 3). The fall armyworm,
S. frugipirda was susceptibility to the application insecticides
varied the larva-dip method. The findings of the present
investigation suggest that direct spray and larva-dip on the fall
armyworm in the case of emamectin benzoate a successful S.
frugipirda control under laboratory conditions. The present
results are similar with Sharma et al., (2022) ?° who showed
emamectin benzoate was found efficiency for S. frugiperda
dead in which > 90% mortality of the larvae was record in 24
h and no dead in control. Idrees et al., (2023) (¥ indicated that
emamectin-benzoate causes the increase mortality compared
other pesticides. Similar data were reported by Bajracharya,
Bhat and Sharma (2020) [ showed that Emamectin-benzoate
was more promising. Bakry and Gad (2023) B! indicated that
the emamectin benzoate caused the higher mortality then other
insecticides. Thus, indoxacarb pesticide was the more rate
harmful insecticide control this pest. EL-Zahi and Farag (2017)
1221 demonstrated that the insect-spray was increased toxicity,
whereas the effective of the others decreased compared leaf-
dip for Phenacoccus solenopsis. Also, Tomlin (2003) [,
indicated that the higher toxicity in the insect-spray comparing
to that in leaf-dip. Our studies, the development and growth of
the immature stage different no significantly among the used
hast plants. On the other hand, the development period on the
same food plants differed not significantly at the all stages.
Furthermore, the findings indicated that (fig. 2) the
development and growth of the immature and adult stages
(adult longevity, larvae duration, Pupa duration, fecundity and
fertility percentage) were not significantly different among the
four host plants. The development duration of each stage of the
fall armyworm of four host plants is showed in Table 4.
However, larvae duration fed on maize was development
longer (16.75 days), compared to larvae fed on cowpea, potato
and cotton (18.20, 19.75 and 20.00 days, respectively). The
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pupa period was longer on the three host plants (11.50, 13.25
and 14.25 days, respectively) compared the maize (9.25 days).
The fecundity percentage was increase in larvae reared on corn
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(1650 eggs) compared to larvae fed on the other host plants
(1257.25 eggs on cowpea, 1153.75 eggs fed on potato and

1110.25 eggs fed on cotton.

Table 1: Sensitivity of Spodoptera frugiperda 4™ instar larval to some Emamectin benzoate, Pyridalyl and Indoxacarb under laboratory

conditions
Treatment LCs095% CL Slope value Toxicity index X?
Emamectin benzoate 1.90 (1.25-3.45) 3.01+0.67 100.0 0.56
Pyridalyl 11.62 (9.50-13.57) 1.23+0.34 16.35 1.78
Indoxacarb 7.76 (5.22-9.32) 2..54+0.36 24.48 1.30

Table 2: Susceptibility of Spodoptera frugiperda 4™ instar larval after insecticides exposure using, spray, Film, Leaf-dip and Larva-dip
techniques under laboratory conditions

Exposure methods Compounds LCso (Mg a. Days after application

(bioassay) i./L) 48h 72h 96h Average
Emamectin benzoate 1.90 3.50+1.23 2.07+1.45 1.00£0.90 | 0.00+0.00 1.64+0.89

Spray application Pyridalyl 11.62 7.50+1.90 4.25+1.54 4.00+£1.09 | 1.50+1.81 4.31+1.58
Indoxacarb 7.76 6.25+1.11 3.50+1.91 1.50+2.12 | 1.25+0.99 4.16+1.53
Control 0.00 10.00 +0.00 10.00£0.00 10.00+00 | 10.00£0.00 | 10.00+0.00

Emamectin benzoate 1.90 3.75+1.91 2.50+1.77 0.75+1.85 | 0.25+0.99 1.81+1.63

Leaf-dip Pyridalyl 11.62 6.75+2.53 4.66+1.39 3.00+£1.89 | 2.20+2.76 4.15+2.14
method Indoxacarb 7.76 4.75+£0.90 2.25+0.98 1.25+0.90 | 0.50+0.99 2.18+0.94
Control 0.00 10.00 £0.00 10.00+0.00 10.00+00 | 10.00+0.00 | 10.00+0.00
Emamectin benzoate 1.90 10.00 +0.00 10.00£0.00 10.00+00 | 10.00£0.00 | 10.00+0.00

Film method Pyridalyl 11.62 7.50£1.16 5.75+1.92 4.75+2.91 | 2.50+3.00 5.12+2.24
Indoxacarb 7.76 5.50+2.21 2.09+1.04 1.00£1.08 | 0.50+0.90 2.27+1.30

Control 0.00 4.75+0.00 3.00£0.00 1.50+£0.90 | 0.50+0.99 2.43+0.47

Emamectin benzoate 1.90 3.50+1.91 2.00+0.98 1.25+£1.98 | 0.75+1.09 1.87+1.49

Larva-dip method Pyridalyl 11.62 7.50+3.00 5.25+2.03 4,50+2.11 | 3.00£1.91 5.05+2.26
Indoxacarb 7.76 4.00+2.02 2.75+2.47 0.75+2.08 | 0.25%0.98 1.93+1.88
Control 0.00 10.00 +0.00 10.00+0.00 10.00+00 | 10.00+0.00 | 10.00+0.00

The number eggs batch observed 6.75 batches were laid on
maize, 5.50, 5.00 and 3.50 batches for cowpea, potato and
cotton, respectively. The Fertility percentage of S. frugipirda

was higher on maize (95.23 %) compared to cowpea (81.75 %),
potato (75.25 %) and cotton (66.87 %).

Table 3: Percent mortality of Spodoptera frugiperda 4™ instar larval after insecticides exposure using, spray, Film, Leaf-dip and Larva-dip

techniques
Exposure methods . Days after application
p(bioassay) Compounds LCso(mg a.i/L) 24h 48h 72h 96h Average
Emamectin benzoate 1.90 65.00 a 80.00a 87.50a | 92.50a 81.25a
Spray application Pyridalyl 11.62 250¢c 575¢c 60.0 ¢ 85.0b 56.87 ¢
Indoxacarb 7.76 375b 65.0 b 85.0b 875b 68.75 b
Leaf-dip Emamectin benzoate 1.90 62.5a 75.0a 925a 975a 81.87a
method Pyridalyl 11.62 325¢ 53.4b 70.0¢c 78.0b 58.47 ¢
Indoxacarb 7.76 525b 775a 875b 95.0a 78.12 b
Emamectin benzoate 1.90 45.0b 79.1a 90.0a 95.0a 77.27 a
Film method Pyridalyl 11.62 25.0¢c 4250 ¢ 525¢ 75.0b 48.75b
Indoxacarb 7.76 525a 70.0b 85.0b 95.0a 75.62 a
Emamectin benzoate 1.90 65.0a 79.3a 90.0a 100.0a 83.57 a
Larva-dip Pyridalyl 11.62 250c 475¢ 55.0c 70.0c 49.37 ¢
Indoxacarb 7.76 60.0b 725b 925a 975a 80.62 Db
LSD at 5% 3.54 3.00 2.50 2.83 2.00

Thus, adult longevity was not significantly the longest when
reared on maize and shortest when reared on potato and cotton,
however, adult longevity on the same hosts was not
significantly varicose (Table 4). The 4" larvae of S. frugiperda
fed on maize had the longest development duration and growth
compared with larvae reared on other three hosts. The present
results are in parallel with Silva et al., 2017 ! revealed that
the soybean and cotton plants were observed to be low adequate
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hosts for the growth of the armyworm when compared to the
grasses. S. frugiperda is polyphagous and more food plants
have been attacked with preference such as maize, cotton,
sorghum, wheat, cowpea, soybean and groundnut potato
(Aguirre et al., 2016; Perez-Zubiri et al., 2016, Shylesha et al.,
2018 and Rashed 2023) [221.27. 231 Found that the higher host
reduction of larvae was observed on wheat and corn seedling,
he showed that the larval and pupa growth was higher when
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eating on corn leaves. Therefore, all host plants can contribute
to the growth, development and outbreak of S. frugiperda in the
absence of its best host, possibilities FAW development very
depending on the host plant, this the impact of different host
plants on the demographic aspects and life history of S.
frugiperda in the laboratory (Chen et al., 2023) 1, Ramos et
al., (2022) 22 demonstrated that the pre, post oviposition and
oviposition period and fecundity were higher for armyworm
originated from larvae fed on zea mays plants than that fed on
cotton, he reported the longer duration of the larval stage
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(25.18) after feeding on cotton comparing with maize (16.73
days). Also, Gamil (2020) [ found that the mean duration of
S. frugiperda were 13 and 11.22 days for male and female,
productivity reached 1787.5 eggs, the larval stage duration was
21.4 days when feed on castor been, these data agree with those
of Sharanabasappa et al., (2018) ?° revealed that the larval
duration was 14 to 16 days after feeding on maize plants, Salem
et al., (2021) mentioned that the larval stage period was 23.58
days after feeding on maize leaves and 23.36 days after feeding
on castor been.

Table 4: Impact of the plant hosts on development period of Spodoptera frugiperda under laboratory conditions

Stages Duration (days) of immature and adult stages
Maize Cowpea Potato Cotton LSD
Adult longevity 8.25+2.01a 11.25+1.96 b 12.00£1.98 b 13.50+2.13 b 3.98
Egg duration 3.00£1.90 a 4.00£1.91a 4.75+0.93 a 5.75+1.54 b 1.99
Larval duration 16.75+2.00 a 18.20+1.98 b 19.75+£1.08 b 20.0040.98 b 1.56
Pupa duration 9.25+1.32a 11.50+1.89 b 13.25+1.99 ¢ 14.25+1.99 ¢ 1.02
Life cycle 37.25+1.53 a 44.95+1.99 b 49.75+0.98 ¢ 53.5+1.23 d 1.95
% of Pupation 95.75+1.54 a 85.75+1.99 b 72.20+0.98 ¢ 69.50+2.91d 11.50
% of emergence 90.50+3.04 a 80.50£1.94 b 70.50+0.1.09 ¢ 62.75+3.00 d 13.96
NO. of eggs batch/ female 6.75+1.76 a 5.50+0.91a 5.00 £2.00 a 3.50+1.93 b 2.95
Fecundity* 1650.50+1.96 a 1257.25+1.92 b 1153.75+1.23 ¢ 1110.25+1.88d 30.88
% of Fertility** 95.234+0.99 a 81.75+1.00 b 75.25+2.01 ¢ 66.87+4.98 d 15.96
Life Female 35.25a 39.95b 41.00 b 44.00 ¢ 2.90
span male 33.23a 37.42b 38.00b 4250 ¢ 2.50

Conclusion

Spodoptera frugiperda is considered one the most important
and dangerous insect pests currently in Egypt, especially
maize. Fall armyworm infested corn plants from the seedling
stage to the fruits, causing economic damage to the maize crop
and leading to a decrease in yield. Thus, three different
insecticides were applied using four exposure methods.
Emamectin benzoate was the most effective. Therefore, the
highest average larval mortality was observed for larval dip,
leaf dip, film, and spray methods. The other insecticides were
the least toxic and had average mortality when the method was
used. Moreover, these insecticides may be used in an integrated
pest management programs for control of the fall armyworm in
the field. Also, this study concluded that life cycle of S.
frugiperda for all stages were shorter when feed on maize
plants than other host plants. Thus, the preferred host of FAW
in vitro is maize plant, with the different host plants being
intermediate hosts.
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