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Abstract: The cotton leafworm, Spodoptera littoralis (Bosid.), is a major pest in African and Asian
nations that attacks a wide variety of host plants. This study was conducted to assess the effectiveness
of effective microorganisms (EMs) on the biological and physiological features of S. littoralis larvae.
Five concentrations (100, 200, 300, 400, and 500 ppm) of EMs were tested. Antifeedant activity, food
consumption index, the efficiency of converting digested food, the efficiency of converting ingested
food, relative growth rate, and approximate body tissue of the fourth larval instar of S. littoralis
were determined. Moreover, carbohydrate enzyme activities (amylase, trehalose, and invertase),
total protein, and total lipids of S. littoralis larvae were measured to elucidate the mode of action
of the tested agent in the S. littoralis’s larval stage. The EMs at 500 ppm had a substantial impact
on antifeedant activity, nutritional indices, egg deposit reduction, and hatchability in S. littoralis
during the five days. All concentrations interrupted S. littoralis’s life cycle and developmental phases.
Furthermore, all concentrations were quite useful in lengthening the developmental stages of S.
littoralis. In addition, Ems affected the biochemical activities of larvae, leading to disturbances
in carbohydrate, lipid, and protein levels. From this study, EMs can be used as a bioinsecticide
alternative to traditional insecticides against S. littoralis and may be compatible with integrated pest
management approaches.

Keywords: Spodoptera littoralis; immature stages; effective microorganisms; antifeedant effect

1. Introduction

Spodoptera littoralis is one of the most dangerous insect crop pests. It can feed and attack
several economic crops such as cotton, rice, maize, alfalfa, tomato, potato, ornamental
plants, and orchard trees [1] and causes significant losses with respect to food and non-food
crops worldwide. Moreover, it developed resistance to a variety of pesticides that are
routinely employed in Egypt in chemical pest management operations on a variety of
crops [2].

The increasing use of conventional pesticides led to numerous serious problems, such
as environmental contamination, the annihilation of natural enemies, and insect resistance
to different insecticides. Globally, 954 pest species were found to have developed pest
resistance over time [3]. Thus, it is essential to create alternative or extra techniques [4].
Recently, many researchers focused on diverse strategies for insect pest control, including
employing plant inducers to improve plants’ systemic resistance to some insect pests [5]
and utilizing plant essential oils to control some insect pests [6]. Furthermore, Nasr et al. [7]
reported that gamma irradiation can effectively control stored grain pests. As a result,
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more compounds are created by using recreations of naturally occurring biological poisons
that have a range of biological impacts. On the other hand, previous studies showed
how flowering plants and organic fertilizers improved the number of natural enemies,
which in turn inhibited several related insect pests [8–10]. In addition, Shawer et al. [11]
and Taha et al. [12] proved that Trichogramma Evanecsens’s fitness has been affected by
emergence times and cold storage durations.

Biopesticides are a wide class of biochemicals and microbial insecticides produced
from microorganisms and other natural origins [13,14]. These include naturally occurring
pest control agents (biochemical pesticides), microorganisms that control pests (microbial
pesticides), and pesticides produced by plants with genetically modified organisms (plant-
incorporated protectants) [15,16]. The use of bioinsecticides to slow or stop the natural
transition from juvenile to adult stages is one of the most promising microbial pesticide
alternatives [17–19]. The use of Bacillus thuringiensis in integrated pest management (IPM)
has been reported to be effective against larvae of many lepidopteran insects [20]. Addition-
ally, EMs could be a beneficial component of an integrated pest management strategy for
managing S. littorals [21]. The employment of microorganisms in synthesis is ecologically
acceptable and compatible with green chemistry concepts [22].

Effective microorganism technology was founded in the 1970s at the University of
Ryukyus, Okinawa, Japan. Studies indicated that the use of effective microorganisms
(EM) is useful in several industries, such as livestock, agriculture, landscaping, gardening,
bioremediation, composting, septic tank cleaning, algal management, and home applica-
tions [23]. The practical application of EMs was created by Prof Teuro Higa, who spent
a long period during his scholarly career on isolating and choosing various microorgan-
isms for their advantageous effects on soils and plants. Additionally, Prof. Teuro Higa
identified microorganisms that can coexist in mixed cultures and are compatible physio-
logically. The positive effects of each of these cultures are substantially amplified when
they are combined with the environment in a synergistic way [24]. The term “effective
microorganisms” means a microbial inoculant that contains numerous varieties of benefi-
cial microbes that are found in nature [25]. According to research conducted in the 1970s
by Teuro Higa, a mixture of about 80 distinct microorganisms has the ability to convert
the decomposition of organic matter back into a process that promotes life. Moreover,
the use of EM will improve soil and irrigation water. It can be used to produce organic
sprays for enhancing photosynthesis and reducing pests, diseases, and insects [26]. EMs
are a combination of various helpful microorganisms that have shown effectiveness in
insect management [5]. This might be due to their capacity to produce insect-repelling
esterases, defensive enzymes, and release hydrolysis acids [27,28]. Arbuscular mycorrhizal
fungi, plant-growth-promoting rhizobacteria, and plant-growth-promoting fungi are three
different types of helpful microbes that can improve plant development and resistance to
biotic and abiotic stresses [29]. Some previous studies evaluated the insecticidal activity
of biocontrol agent EMs against Pectinophora gossypiella [30], S. littorals [21], and Earias
insulana [31] and as an acaricide against Tetranychus urticae [32], and they found that EMs
had significant effects on the tested pests. The usage of EM in fermented plant extracts
on cucumbers cultivated organically decreased Diaphania nitidalis infestation [33]. Due to
competitive and/or antagonistic behaviours of the microbes contained in the EM inoculant,
diseases and pests are reduced or controlled [34]. Additionally, Zayed et al. [5] indicated
that some bacteria have the ability to emit a range of volatile and nonvolatile compounds
that stimulate plant development via various pathways, or they may secrete some poisons
that reduce Bemisia tabaci populations.

Based on Siegel et al. [35] and Abdullah et al. [36], EMs include lactic acid bacteria,
photosynthetic bacteria, yeasts, actinomycetes, and fermenting fungi, which have been
reported as plant-growth inducers [5,37]. Additionally, Moon et al. [38] described the
functions of different microbes of EMs. Lactic acid bacteria (Lactobacillus plantarum, Lac-
tobacillus casei, and Streptococcus lactis) produce lactic acid and the breakdown of lignin
and cellulose [38]. Photosynthetic bacteria (Rhodopseudomonas palustris and Rhodobacter
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sphaeroides) play a potent role in antioxidant synthesis; N2 and CO2 fixation; and amino
acid nucleic acids, bioactive substances, and sugars syntheses [38]. Yeasts (Saccharomyces
cerevisiae and Candida utilis) are responsible for bioactive substance synthesis (hormones
and enzymes) [38]. Actinomycetes (Streptomyces albus and S. griseus) play an effective
role in antimicrobial activities. Fungi (Aspergillus oryzae and Mucor hiemalis) support the
production of alcohol, esters, and antimicrobial substances [38]. Thus, we may hypothesize
that EMs have growth regulatory impacts against the S. littoralis larvae. The main purpose
of this study was to assess the antifeedant impact of EMs on the fourth larval instar of
S. littoralis. Moreover, this study estimated the impact of EMs on several biological and
physiological features of S. littoralis larvae.

2. Materials and Methods
2.1. Rearing Technique of S. littoralis

The 1st instar larvae of the cotton leafworm S. littoralis (Bosid.) were received from
the Cotton Leaf Worm Division, Plant Protection Research Institute, Agricultural Research
Center. Before any treatment, larvae were grown on castor bean leaves (Ricinus communis
L.) using the method reported by El-Defrawi et al. [39]. The pupae were collected and
placed in clean jars with damp sawdust at the bottom to serve as a pupation site. A 10%
sugar solution was given to the adults. All stages of S. littoralis were reared and tested at
27 ◦C and 75% R.H.

2.2. The Tested Agent

EMs were delivered by the Ministry of Agriculture, Cairo, Egypt. This EM formulation
comprised approximately 80 different species of beneficial microorganisms that were
cultured in a specific medium and produced locally in Egypt under the supervision of
the Japanese EMRO (EMs Research Organization). This technology was established and
developed by Prof Teuro Higa at the University of Ryukyus, Okinawa, Japan, in the 1970s.
The microorganisms included lactic acid bacteria (Lactobacillus casei, Streptoccus lactis and L.
plantarum), photosynthetic bacteria (Rhodopseudomonas palustris and Rhodobacter sphaeroides),
Actinomycetes (Streptomyces albus and S. griseus), fermenting fungi (Mucor hiemalis and
Aspergillus oryzae), and yeasts (Candida utilis and Saccharomyces cerevisiae). The formulation’s
pH was 3 and it was stored in a refrigerator at zero ºC. It was diluted in water at 100, 200,
300, 400, and 500 ppm.

2.3. The EMs Preparation

When first accessed, EMs are in a dormant state and needs to be activated by adding
100 g of pure cane sugar to 1 L of dormant EMs. The formulation of EMs was kept in a
clean and airtight plastic container that has no air remaining in it. The pH of the EMs is
also important and it should be less than 4 [40].

2.4. Antifeedant Technique

The pre-starved (24 h) larvae were allowed to feed on the treated leaf discs for
5 days [41]. One hundred 4th instar larvae were divided into 4 replicates (25 larvae for
each). Castor bean leaves were dipped for 5 min at each specified concentration. Addition-
ally, as a control, the leaves were only dipped in water. Then, the leaves were allowed to
dry under lab conditions. Then, the newly moulted 4th instar larvae of S. littoralis were
placed in a glass container (18 cm in depth and 15 cm in diameter) and covered with muslin
and fed on the treated leaves for 5 days. The treated leaves were replaced daily by new
treated ones for five days. After that, the larvae are allowed to feed on untreated ones until
pupation or death. Moreover, to assess larval mortality, the jars were checked each day and
the corrected larval mortality was calculated by using Abbott’s formula [42]. Every day,
the new and old (the uneaten area of the leaf discs) castor bean leaves, feces, and larvae
in each rearing jar were weighed and recorded daily. The amount of consumed food was
calculated by subtracting the dry weight of the food remaining at the end of the trial from
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the total weight of the food supplied. The percentage of feeding inhibition was calculated
after 5 days using the Abivardi and Benz [43] equation (Equation (1)):

% Antifeedant activity =
C − T

C
× 100 (1)

where
C = weight of diet consumed in the untreated meal (control);
T = weight of diet consumed in the treated meal.
Food consumption, the efficiency of conversion of digested food, the efficiency of

conversion of ingested food, relative growth rate, and approximate digestibility were
determined using the equations developed by Waldbauer [44] and Senthil-Nathan and
Kalaivani [45] as follows:

Consumption index (CI) = E/TA
The efficiency of conversion of digested food (ECD) = 100 × P/(E – F)
The efficiency of conversion of ingested food (ECI) = (P/E) × 100
Relative growth rate (RGR) = P/T
Approximate digestibility (AD) = [(E – F)/E] × 100
A = Mean dry weight of larvae during the experimental period.
P = Dry weight gain of larvae.
E = Dry weight of food eaten.
F = Dry weight of feces produced.
T = Duration of the experimental period.

2.5. Biological Aspects

Survived larvae were transferred to jars containing fresh untreated leaves and were
observed daily to determine the weight, normal, malformation, and duration of larvae
and pupae and malformed and newly emerged adults. Two females and one male of the
resulting adults were placed together in a wooden box to maximize successful mating; they
were provided with a piece of cotton soaked in 10% sugar solution as a source of food for
each of the 5 concentrations and the control. The period from adult emergence until adult
death for males and females was calculated to determine adult longevity. The number
of eggs per female was counted to determine fecundity. Three patches having not less
than 100 eggs were collected during 5 days of oviposition and incubated under laboratory
conditions until hatching, and then the percentage of eggs’ hatchability was calculated.
The reduction percentage of deposited eggs was calculated for each treatment according to
Mohamed [46] as follows (Equation (2)).

% Reduction =
Number in treatment − Number in control

Number in control
× 100 (2)

2.6. Enzymes Assay

After 6 h of starvation, a homogenate of the 4th instar larvae treated with the tested
EMs concentrations was prepared. According to El-Doksh [47], each sample was ground
in a mortar to obtain the fine powder, suspended in an ice solution of 0.25 M sucrose, and
centrifuged at 3000 rpm. The supernatants were used to assess the activity of carbohydrates
enzymes (amylase, trehalose, and invertase), total protein, and total lipids using methods
described by Ishaaya and Swirski [48], Henry [49], and Schmit [50], respectively.

2.7. Statistical Analysis

All data were tested for normal distribution using the Shapiro–Wilk normality test,
which revealed that the data had a normal distribution. As a result, the analysis was
performed using the original data. One-way ANOVA was used to assess all aspects.
Tukey’s HSD post hoc test was used to assess differences among various parameter means
by using the Costat system for Windows, Version 6.311 [51].
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3. Results

The antifeedant activity of certain EMs at different concentrations on S. littoralis fourth
larval instars is shown in Table 1. The 500 ppm of EMs exhibited a significantly higher an-
tifeedant effect compared with the other concentrations, while 100 ppm was the least effective
concentration. In general, the antifeedant effect was gradually enhanced by increasing the
EM’s concentration during the feeding of larvae on treated leaves. Furthermore, antifeedant
activities differed among different concentrations at the first day (F4,10 = 3047.79, p < 0.01),
the 2nd day (F4,10 = 2186.82, p < 0.01), the 3rd day (F4,10 = 1452.40, p < 0.01), 4th day
(F4,10 = 3339.25, p < 0.01) and 5th day (F4,10 = 1075.81, p < 0.01).

Table 1. The antifeedant activity of EMs against the 4th larval instar of S. littoralis.

EMs (ppm)
% Antifeedant Activity

Mean
1st Day 2nd Day 3rd Day 4th Day 5th Day

100.00 9.85 ± 0.30 e 15.79 ± 0.04 e 22.03 ± 0.21 e 33.01 ± 0.37 e 41.71 ± 0.86 e 22.03 ± 0.38 e

200.00 13.80 ± 0.33 d 19.62 ± 0.30 d 28.18 ± 0.36 d 38.29± 0.86 d 49.87 ± 0.43 d 28.18 ±0.21 d

300.00 19.46 ± 0.12 c 23.16 ±0.16 c 34.01 ± 0.40 c 45.26 ± 0.32 c 55.09 ±0.36 c 34.01± 0.22 c

400.00 21.41 ± 0.20 b 37.56 ± 0.26 b 48.30 ± 0.60 b 60.51 ± 0.18 b 68.22 ± 0.36 b 48.29 ± 0.40 b

500.00 34.29 ± 0.02 a 45.01 ± 0.46 a 56.52 ± 0.74 a 66.39 ± 0.05 a 78.52 ± 0.23 a 56.52 ±0.16 a

Values are the mean ± standard error. The means in each column followed by a different letter are statistically
different at the 0.05 level.

Data presented in Table 2 show that all membered concentrations showed a significant
decrease in the food consumption index (CI) (F5,12 = 110.32, p < 0.01), the relative growth
rate (RGR) (F5,12 = 300.62, p < 0.01), approximate digestibility (AD) (F5,12 = 359.11, p < 0.01),
the efficiency of converting ingested food (ECI) (F5,12 = 138.49, p < 0.01), and converting
digested food (CD) (F5,12 = 333.81, p < 0.01) into body tissues compared with the control.
On the other hand, the ability of larvae to utilize food for growth was measured by
the approximate digestibility (AD), which measures the digestion of food ingested by
larvae. In general, it was observed that 500 ppm of EMs was more effective in all tested
parameters compared with the control, while 100 ppm was the least effective treatment in
all tested parameters.

Table 2. Effect of EMs on consumption and utilization of food of the fourth larval instar of S. littoralis.

EMs (ppm) CI RGR% AD% ECI% CD%

0.00 (Control) 6.37 ± 0.15 a 24.19 ± 0.11 a 84.70 ± 0.09 f 8.53 ± 0.06 a 10.37 ± 0.04 a

100.00 5.61 ± 0.16 b 19.63 ± 0.57 b 86.33 ± 0.40 e 7.24 ± 0.11 b 8.09 ± 0.15 b

200.00 4.52 ± 0.10 c 18.44 ± 0.06 c 89.02 ± 0.14 c 6.51 ± 0.15 c 7.15 ± 0.09 c

300.00 3.76 ± 0.09 d 16.51 ± 0.12 d 87.68 ± 0.28 d 5.62 ± 0.15 d 6.27 ± 0.13 d

400.00 3.09 ± 0.04 e 12.59 ± 0.13 e 94.81 ± 0.38 b 4.11 ± 0.06 e 4.77± 0.06 e

500.00 2.87 ± 0.02 f 9.60 ± 0.16 f 97.38 ± 0.03 a 3.44 ± 0.16 f 3.90 ± 0.06 f

Values are the mean ± standard error. The means in each column followed by a different letter are statistically
different at the 0.05 level. Consumption index (CI); relative growth rate (RGR) %; approximate digestibility %
(AD); efficiency of converting ingested food % (ECI); efficiency of converting digested food % (CD).

Data in Table 3 indicate the effect of EMs at different concentrations on the reduction
percentage of the number of deposited eggs/female of S. littoralis. The parts-per notation
at 500 ppm caused the highest reduction (72.78%) in the number of deposited eggs/female,
while 100 ppm caused the least amount of reduction (33.06%) in the number of deposited
eggs/female. The tested agent had a modest effect on rapid egg deposition (after 1–2 days).
As a consequence, the tested agent had the greatest late egg deposition impact (after



Life 2022, 12, 1726 6 of 13

4–5 days). Moreover, the reduction percentages of the number of deposited eggs/female
significantly differed based on different concentrations of EMs on the 1st day (F4,10 = 20.75,
p < 0.01), the 2nd day (F4,10 = 91.09, p < 0.01), the 3rd day (F4,10 = 381.61, p < 0.01), the
4th day (F4,10 = 168.04, p < 0.01), and the 5th day (F4,10 = 298.73, p < 0.01).

Table 3. Reduction percentage of number of deposited eggs/female of S. littoralis.

EMs (ppm) Reduction%

1st Day 2nd Day 3rd Day 4th Day 5th Day Mean

100.00 1.40 ±0.94 e 18.77 ± 2.17 e 34.44 ± 0.74 e 50.63 ± 0.24 d 62.91 ± 0.36 c 33.06 ± 0.59 e

200.00 19.68 ±1.26 d 33.67 ± 0.83 d 42.36 ± 0.95 d 59.65 ± 0.51 c 69.62 ±0.94 b 44.07 ± 0.44 d

300.00 33.29 ±1.35 c 43.25± 0.63 c 52.36 ± 0.26 c 65.44 ±1.81 b 71.94 ± 1.96 b 52.49 ± 0.96 c

400.00 46.42 ±1.07 b 53.45 ± 1.09 b 57.19 ± 1.19 b 67.39 ±1.31 b 76.64 ±1.40 a 59.66 ±0.63 b

500.00 67.40 ±0.97 a 71.07 ± 0.28 a 72.32 ± 0.79 a 75.64± 0.56 a 78.53 ±0.50 a 72.78 ± 0.11 a

Values are the mean ± standard error. The means in each column followed by a different letter are statistically
different at the 0.05 level.

Data in Figures 1 and 2 show that all concentrations of EMs had significant effects on
the tested biological aspects of S. littoralis, fecundity (F5,12 = 3243.87, p < 0.01), egg hatcha-
bility (F5,12 = 198.22, p < 0.01), larvae viability (F5,12 = 1966.51, p < 0.01), larvae mortality
(F5,12 = 251.89, p < 0.01), and male (F5,12 = 271.51, p < 0.01) and female (F5,12 = 120.94,
p < 0.01) longevity of S. littoralis. Moreover, the 500 ppm level was the most effective treat-
ment for reducing fecundity, egg hatchability, larvae viability, larvae mortality (Figure 1),
and male and female longevity (Figure 2), while the 100 ppm level was the least effective
treatment on fecundity, egg hatchability, larvae viability, larvae mortality, and male and
female longevity of S. littoralis.
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Figure 1. Effect of EMs on some biological aspects of Spodoptera littoralis. Different letters above the
bars on the same parameter indicate a significant difference (p < 0.05) according to Tukey’s test.
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Figure 2. Effect of EMs on the longevity of S. littoralis. Different letters above the bars on the same
sex indicate a significant difference (p < 0.05) according to Tukey’s test.

Data in Table 4 refer to the effect of different concentrations of the tested agent against
the developmental stages (larva, pupa, and adult) of S. littoralis. For the larval and pu-
pal stages, all concentrations affected the weight, normal, malformed, and duration of
S. littoralis. The 500 ppm level was the most effective treatment, while 100 ppm was
the least effective treatment. Additionally, there were large differences in the weight
(F5,12 = 36.37, p < 0.01), normal percentages (F5,12 = 3517.96, p < 0.01), malformed per-
centages (F5,12 = 677.88, p < 0.01), and duration (F5,12 = 389.55, p < 0.01) of the S. littoralis
larvae treated with different concentrations of EMs. Moreover, for the pupal stage, the
weight (F5,12 = 2407.92, p < 0.01), normal percentage (F5,12 = 235.71, p < 0.01), malformed
percentage (F5,12 = 586.19, p < 0.01), and duration (F5,12 = 403.37, p < 0.01) were statistically
different based on different concentrations of EMs. For the adult stage, the highest value
(80.89 adults) of a malformed adult was recorded at 500 ppm, while the highest value
(48.68 adults) of an emerged adult was recorded at 100 ppm. The different concentrations
of EMs had significant differences in malformed percentages (F5,12 = 598.82, p < 0.01) and
emergence percentages of adults (F5,12 = 598.82, p < 0.01).

The data listed in Table 5 show that treatments with 500 ppm EMs resulted in the
greatest reduction in trehalose and amylase followed by 400 and 300 ppm, whereas other
concentrations increased trehalose activity by 100 and 200. Treatment with EMs resulted in
the greatest reduction in amylase at 500, 400, 300, and 200 ppm. In contrast, treatment with
100 ppm boosted the activity of the amylase enzyme. Except for 100 ppm, all concentrations
of invertase rose dramatically in invertase activity. In terms of total protein and fat content,
according to the toxicity data, the results indicated that all concentrations of the tested
chemical reduced the total protein and lipid levels. The different concentrations of EMs
had significant impacts on the following enzyme activities, trehalose (F5,12 = 690.29,
p < 0.01), amylase (F5,12 = 76.95, p < 0.01), invertase (F5,12 = 255.22, p < 0.01), total protein
(F5,12 = 48.25, p < 0.01), and total lipids (F5,12 = 36.01, p < 0.01).
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Table 4. Some biological aspects for survived 4th larval instar of S. littoralis, treated by EMs.

EMs (ppm)
Larvae

Weight (mg) % Normal % Malformed Duration

0.00 (Control) 60.58 ± 0.77 a 100.00 ± 0.00 a 00.00 ± 0.00 f 14.37± 0.10 f

100.00 60.50 ± 3.68 a 55.73± 0.45 b 44.27 ± 0.45 e 22.07 ± 0.08 a

200.00 51.91 ± 1.10 b 42.85± 0.37 c 57.14 ± 0.37 d 20.33 ± 0.07 b

300.00 44.48± 0.72 c 33.27 ± 0.63 d 66.73 ±0.63 c 18.16 ± 0.20 c

400.00 37.65 ± 0.59 d 23.45± 0.38 e 76.55 ±0.38 b 16.81 ± 0.04 d

500.00 30.16 ± 0.39 e 18.15± 0.22 f 81.85 ± 0.22 a 15.62 ± 0.15 e

Pupae

EMs (ppm) Weight (mg) Normal % Malformed % Duration

0.00 (Control) 375.22 ±0.48 a 93.33 ±1.66 a 6.67 ±1.67 f 13.7 ± 0.12 a

100.00 354.99 ±0.30 b 64.18 ±0.93 b 35.81 ±0.93 e 8.82 ± 0.06 f

200.00 344.75 ± 0.88 c 47.71 ± 1.40 c 52.29 ±1.4 d 9.19 ± 0.06 e

300.00 335.70 ±1.48 d 34.45 ± 0.77 d 65.5 ±0.77 c 10.42 ±0.06 d

400.00 320.51± 0.35 e 19.77 ± 2.84 e 76.89 ±0.58 b 11.13 ±0.04 c

500.00 303.88 ± 0.53 f 14.90 ± 0.41 e 85.09 ±0.40 a 12.56 ±0.05 b

Adult

EMs (ppm) Emergence % Malformed %

0.00 (Control) 90.67 ± 0.67 a 9.33 ±0.66 f

100.00 51.32 ±0.44 f 48.68 ±0.40 a

200.00 56.6 ± 0.40 e 43.4 ± 0.42 b

300.00 61.72 ±0.42 d 38.28 ±0.42 c

400.00 75.63 ± 0.59 c 24.37 ± 0.59 d

500.00 80.89 ± 0.44 b 19.11 ±0.44 e

Values are the mean ± standard error. The means in each column that are followed by a different letter are
statistically different at the 0.05 level.

Table 5. Carbohydrates enzymes activities, total protein, and total lipid contents in 4th instar larval S.
littoralis treated by the serial concentration of EMs.

EMs (ppm)
Carbohydrates Enzymes Total Protein

(g/L)
Total Lipids

(g/L)Trehalose (µ/L) Amylase (µ/L) Invertase (µ/L)

0.00 (Control) 180.01 ± 0.32 c 18.86 ± 0.26 b 112.09 ± 0.62 e 5.01 ± 0.10 a 7.04 ± 0.03 a

100.00 189.35 ± 0.78 a 19.51 ± 0.23 a 111.49 ± 0.00 e 4.77 ±0.02 b 6.65 ± 0.02 a

200.00 185.72 ± 0.33 b 17.48 ± 0.26 c 115.84 ± 0.33 d 4.25 ± 0.03 c 6.36 ± 0.29 b

300.00 170.37 ± 0.27 d 16.38 ± 0.04 d 119.73 ± 0.49 c 4.14 ±0.26 cd 6.30 ± 0.22 b

400.00 152.33 ± 0.47 e 15.16 ± 0.16 e 124.83 ± 0.22 b 4.01 ± 0.26 de 5.52 ± 0.00 c

500.00 145.94 ± 0.01 f 14.51 ± 0.00 f 127.67 ± 0.32 a 3.95 ± 0.00 e 4.09 ± 0.00 d

Values are the mean ± standard error. The means in each column that are followed by a different letter are
statistically different at the 0.05 level.

4. Discussion

The assessment of the mode of action of EMS against S. littoralis larvae may be a
complex process that deserves further investigation. For EMs, we hypothesize that some
microbes can emit a range of volatile and non-volatile compounds that affect S. littoralis.
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Our results indicated that the EM’s concentrations had antifeeding activities against the
fourth instar larvae of S. littoralis. The combined influence of repellents, bad taste, enzyme
inhibition, and non-enzymatic characteristics such as total protein and total lipids may
account for the enhanced antifeedant activity of all concentrations. Moreover, the studied
agent’s fast antifeedant activity (after 1–2 days) may be ascribed to its repelling impact
or its unpleasant taste for the larvae. As a result, the larvae did not eat at first, but after
starving, the larvae began consumption. The tested compound’s late antifeedant activity
(after 4–5 days) may be related to the inhibitory impact of the tested agent on digestive
enzymes, which allowed larvae to consume at first and thereafter cease feeding. EMs
concentrations had a significant impact on the food consumption index, the relative growth
rate, approximate digestibility, efficiency of converting ingested food, and converting
digested food into body tissue. Our hypothesis agreed with those of Moon et al. [38],
who reported that fungi (Aspergillus oryzae and Mucor hiemalis) support the production
of alcohol, esters, and antimicrobial substances, which maybe inhibit the insect’s feed.
Moreover, Senthil-Nathan et al. [45] found that avermectin (Streptomycetes avermectins) had
remarkable antifeeding activity on S. littoralis larvae, accompanied by a reduced relative
consumption index (CI) and relative growth rate (RGR). El-Malla and Radwan [41] found
that growth rate (GR), CI, approximate digestibility (AD), the efficiency of conversions
of either ingested (ECI) or digested (ECD) food to the body tissue of S. littoralis larvae
fed on biopesticides decreased compared with the control except for another biopesticide
spinosad treatment, which produced a slight increase in the same parameters. Ebeid and
Gesraha [52] indicated that spinosad reduced food consumption, GR, ECI, and ECD in body
tissues. The AD considerably increased by increasing the concentration of EMs; this may be
due to some of these microbial mixtures secreting some digestive and hydrolytic enzymes,
and this is agreed with by the authors of [27,28]. The observed variations in antifeedant
activity levels of S. littoralis after EMs treatments might be caused by physiological or
pathological changes. Moreover, EMs had a potential efficacy against S. littoralis, and
this may be due to the presence of several microbial isolates in the formulation that have
entomopathogenic activities via the production of some toxic secondary metabolites [35,36].
According to Isman [53], antifeedants have some physiological or toxic actions on insects
depending on treatment concentrations. We suppose that some microbes can secrete a
variety of volatile and non-volatile metabolites that promote plant growth via different
pathways or may secrete some toxins that increase the antifeedant’s activity. Our hypothesis
agreed with Fincheira and Andrés [37]; they proposed that the use of volatile organic
compounds emitted by microorganisms will be useful as a technological innovation in
agriculture. Some of these compounds are 2,3 butanediol, 3-hydroxy-2-butanone (acetoin),
2-pentylfuran, or dimethylhexadecylmine. Moreover, it has been demonstrated that several
volatile organic compounds produced primarily by the fungus (2-octanone, 3-octanol, and
2–5-dimethylfuran) had insecticidal activity [54,55]. A key advantage of biological agents
relative to chemical pesticides is their capacity to kill pests (functional response) and to
reproduce at the expense of pests (numerical response), thereby giving some control over
future pest generations. Moreover, Yasui et al. [56] revealed that an antifeedant is a pesticide
that inhibits insects from eating while lingering near treated crops and starving to death.

Our findings revealed that the use of EMs concentrations against the fourth larval
instar of S. littoralis results in a decrease in egg production, hatchability, and other biological
aspects of reproductive capacities. Additionally, it negatively affects carbohydrate enzymes
activities, total protein, and total lipid contents. This decrease in egg production, hatcha-
bility, and other biological aspects of reproductive capacity may be due to the breakdown
of protein into amino acids, carbohydrates, and lipids, which helps supply energy for the
insect in terms of egg deposition operations. The carbohydrate, protein, and lipid compo-
nents supply insects with glucose and amino acids during the development stage, acting as
an energy source for the formation of larval and adult tissues, particularly the cuticle. More-
over, changes in the protein content probably reflect the balance between synthesis, storage,
transport, and degradation of structural and functional nutrients during ontogeny as well
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as the response to particular physiological conditions. Carbohydrates are required for the
correct operation of male and female reproductive systems. Sugars are a key component of
the reproductive glands in males, and the testes contain the majority of the reproductive
system’s carbs and are required in the female system for vitellogenesis and the synthesis of
the glycosaminoglycan found in the vitalized membrane and chorion. Vitellogenesis is the
buildup of carbohydrate, lipid, and protein yolk within the egg for satisfying the structural
and metabolic demands of the developing embryo [57]. Rather than being a biomarker of
larval defense or immunological competence, protein content is one of the indications of
larval health [58]. Moreover, protein leakage during intoxication can be caused by reduced
body weight, protein conversion to amino acids, protein breakdown to release energy,
or the tested extract’s direct effects on the cell’s amino acid transport system [59]. Our
results indicated that the disturbance of carbohydrates and chitinase enzymes may be the
cause of the high malformation rate of developmental stages (larvae, pupa, and adult).
These results agree with those of Derbalah et al. [30], who revealed that the reduction
in proteins, lipids, carbohydrate hydrolyses, and liver function enzymes by EMs caused
inhibition and/or reduced chitin contents in larvae of Pectinophora gossypiella Saunders, as
well as a reduction in reproductive potentiality. Moreover, Rawi et al. [59] found that the
treatment of EMs mildly decreased the total protein. Moreover, many researchers reported
the effect of bioinsecticides and insect growth regulators on the developmental stages of
S. littoralis [60].

Our results indicated that the use of EMs had a significant effect on malformation. The
high malformation rate may be due to the decrease in total protein, carbohydrates, and
total lipids. These results agree with those of Osman et al. [21]; they observed a relationship
between the high malformation rate in the developmental stages and a more significant
decrease in total carbohydrates, total protein, and total lipid contents in the sixth instars
of S. Littoralis treated with EMs. Keratum et al. [31] found that carbohydrates activities
and total protein and total lipid contents decreased in the fourth instar larvae of spiny
bollworm Earias insulana treated with EMs. Moreover, Zayed [32] found that EMs disrupted
carbohydrates, total protein, and total lipids in T. urticae. Our findings, in parallel with
similar results, were obtained by Abdel-Aal and Abdel-khalek [61]; EL-Shershaby et al. [62]
and Kamel et al. [63] reported that B. thuringiensis caused a significant reduction in the
protein content of S. littorals larvae. Furthermore, Assar et al. [64] found that the total
protein content decreased in the house fly treated with insect growth regulators. Obtained
results revealed that the reduction in protein-, lipid-, and carbohydrate-hydrolyzing en-
zymes caused reduced and inhibited chitin contents in the larvae of S. littoralis and caused
inhibition in developmental stages and reproductive potentiality as egg deposition. All of
these changes finally may be led to disrupted weight, malformation, duration, and finally
the mortality of treated larvae, pupa, and adults. Relationships between the growth rate
and protein content as well as enzyme activity provided strong evidence for the role of
biochemical changes in insect mortality [65,66].

5. Conclusions

In summary, these findings showed that the use of EMs has a significant effect on
S. littoralis. It had significant impacts on antifeedant activity, food consumption index,
the efficiency of converting digested food, the efficiency of converting ingested food,
and the relative growth rate. Moreover, it enhanced the reduction percentage of the
number of deposited eggs/female of S. littoralis. Moreover, it affected the hatchability
of S. littoralis. In addition, all concentrations interrupted S. littoralis ‘s life cycle and
developmental phases. Thus, the EM has shown its potential application as an alternative
control method to conventional insecticides for S. littoralis management and is compatible
with IPM techniques.

Author Contributions: Conceptualization, M.S.Z. and E.-K.A.T.; data curation, F.H.H. and E.-S.M.E.;
formal analysis, E.-K.A.T., F.H.H., B.A., A.N. and E.-S.M.E.; funding acquisition, M.S.Z., B.A. and A.N.;
investigation, M.S.Z., F.H.H. and E.-S.M.E.; methodology, M.S.Z., E.-K.A.T., F.H.H. and E.-S.M.E.;



Life 2022, 12, 1726 11 of 13

project administration, E.-K.A.T. and E.-S.M.E.; resources, M.S.Z., F.H.H. and B.A.; software, M.S.Z.,
B.A. and A.N.; supervision, E.-K.A.T. and E.-S.M.E.; validation, M.S.Z.; visualization, E.-K.A.T., B.A.
and A.N.; writing—original draft, M.S.Z., E.-K.A.T., F.H.H., B.A., A.N. and E.-S.M.E.; writing—review
and editing, E.-K.A.T. and E.-S.M.E. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Taif University Researchers Supporting Project number
(TURSP-2020/301), Taif University, Taif, Saudi Arabia.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Martinez, S.S.; van Emden, H.F. Growth disruption, abnormalities and mortality of Spodoptera littoralis (Boisduval) (Lepidoptera:

Noctuidae) caused by Azadirachtin. Neotrop. Entomol. 2001, 30, 113–125. [CrossRef]
2. Dahi Hassan, F.; Abdel-rahman, A.R.G.; El-Bamby, M.M.; Gamil, W.E.; Rasheed, D.S. Insecticides application and the Egyptian

cotton leafworm, Spodoptera littoralis (Boisd.) permanent larvae. Egypt. Acad. J. Biol. Sci. 2017, 10, 311–322.
3. Tabashnik, B.E.; Mota-sanchez, D.; Whalon, M.E.; Hollingworth, R.M.; Carriere, Y. Defining terms for proactive management of

resistance to Bt crops and pesticides. J. Econ. Entomol. 2014, 107, 496–507. [CrossRef]
4. El-Naggar, J.B.; Jehan, B.A. Sublethal effect of certain insecticides on biological and physiological aspects of Spodoptera littoralis

(Boisd.). Nat. Sci. 2013, 11, 19–25.
5. Zayed, M.S.; Taha, E.-K.A.; Hassan, M.M.; Elnabawy, E.-S.M. Enhance systemic resistance significantly reduces the silverleaf

whitefly population and increases the yield of sweet pepper, Capsicum annuum L. var. annuum. Sustainability 2022, 14, 6583.
[CrossRef]

6. Elnabawy, E.-S.M.; Hassan, S.; Taha, E.-K.A. Repellent and toxicant effects of eight essential oils against the red flour beetle,
Tribolium castaneum Herbst (Coleoptera: Tenebrionidae). Biology 2022, 11, 3. [CrossRef] [PubMed]

7. Nasr, G.M.; Taha, E.-K.A.; Hamza, A.M.; Negm, E.A.; Eryan, N.L.; Noureldeen, A.; Darwish, H.; Zayed, M.S.; Elnabawy, E.-S.M.
Gamma radiation: An eco-friendly control method for the rice weevil, Sitophilus oryzae (L.) (Coleoptera: Curculionidae). Biology
2022, 11, 1295. [CrossRef] [PubMed]

8. El-Nabawy, E.M.; Tsuda, K.; Sakamaki, Y. Attractiveness of spiders and insect predators and parasitoids to flowering plants.
Egypt. J. Biol. Pest Control 2015, 25, 245–250.

9. El-Nabawy, E.M.; Tsuda, K.; Sakamaki, Y.; Oda, A.; Ushijima, Y. The effect of organic fertilizers and flowering plants on sheet-web
and wolf spider populations (Araneae: Lycosidae and Linyphiidae) and its importance for pest control. J. Insect Sci. 2016, 16, 18.
[CrossRef] [PubMed]

10. Elnabawy, E.M.; Tsuda, K.; Sakamaki, Y.M. September. Enhancement of web-builder spider populations in eggplant fields by
surrounding flowering plants. In 2016 International Congress of Entomology; ESA: Orlando, FL, USA, 2016.

11. Shawer, M.B.; Sharshir, F.A.; Taha, E.-K.A.; Shenishen, E.Z.; Hassan, M.M.; Elnabawy, E.M. The impact of cold storage durations
on Trichogramma evanescens (Westwood) (Hymenoptera: Trichogrammatidae) during their pupal stage. Saudi J. Biol. Sci. 2021, 28,
7202–7206. [CrossRef]

12. Taha, E.-K.A.; Shawer, M.B.; Sharshir, F.A.; Shenishen, E.Z.; Hassan, M.M.; Elshazly, H.; Elnabawy, E.M. Effect of emergence time
on some biological aspects of Trichogramma evanescens (Westwood) (Hymenoptera: Trichogrammatidae). J. King Saudi Univ. Sci.
2022, 34, 101981. [CrossRef]

13. Copping, L.G. The Manual of Biocontrol Agents, 4th ed.; British Crop Production Council: Surrey, UK, 2009; p. 851.
14. Sarwar, M. The inhibitory properties of organic pest control agents against aphid (Aphididae: Homoptera) on canola Brassica

napus L. (Brassicaceae) under field environment. Int. J. Sci. Res. Environ. Sci. 2013, 1, 195–201. [CrossRef]
15. Sarwar, M. Commonly available commercial insecticide formulations and their applications in the field. Int. J. Mater. Chem. Phys.

2015, 1, 116–123.
16. Sarwar, M. The Dangers of pesticides associated with public health and preventing of the risks. Int. J. Bioinform. Biomed. Eng.

2015, 1, 130–136.
17. Farag, A.M. Biochemical Studies on the Effect of Some Insect Growth Regulators on the Cotton Leafworm. Unpublished. Master’s

Thesis, Faculty of Agriculture Cairo University, Giza, Egypt, 2001.
18. Abdel-Aal, A.E. Effect of Some Insect Growth Regulators on Certain Biological, Biochemical and Histopathological Aspects of the

Cotton Leafworm, Spodoptera littoralis (Boisd.). Unpublished. Ph.D. Thesis, Faculty of Agriculture Cairo University, Giza, Egypt,
2003; p. 119.

http://doi.org/10.1590/S1519-566X2001000100017
http://doi.org/10.1603/EC13458
http://doi.org/10.3390/su14116583
http://doi.org/10.3390/biology11010003
http://www.ncbi.nlm.nih.gov/pubmed/35053000
http://doi.org/10.3390/biology11091295
http://www.ncbi.nlm.nih.gov/pubmed/36138774
http://doi.org/10.1093/jisesa/iew002
http://www.ncbi.nlm.nih.gov/pubmed/28076280
http://doi.org/10.1016/j.sjbs.2021.08.014
http://doi.org/10.1016/j.jksus.2022.101981
http://doi.org/10.12983/ijsres-2013-p195-201


Life 2022, 12, 1726 12 of 13

19. Seth, R.K.; Kaur, J.J.; Rad, D.K.; Reynolds, S.E. Effect of larval exposure to sublethal concentrations of the ecdysteroid agonists
RH-5849 and Tebufenozide (RH-5992) on male reproductive physiology in Spodoptera litura. J. Insect Physiol. 2004, 50, 505–517.
[CrossRef] [PubMed]

20. White, J.; Johnson, D. Vendors of Microbial and Botanical Insecticides and Insect Monitoring Devices; UK Cooperative Extention Service,
University of Kentucky College of Agriculture: Lexington, KY, USA, 2012.

21. Osman, H.H.; Abdle-Hafez, H.F.; Khidr, H.H. Comparison between the efficacy of two nano-particles and effective microorganisms
on some biological and biochemical aspects of Spodoptera littorals. Inter. J. Agric. Innov. Res. 2015, 3, 1620–1626.

22. Li, S.; Shen, Y.; Xie, A.; Yu, X.; Qui, L.; Zang, L.; Zang, Q. Green synthesis of silver nanoparticles using Capsicum annum L. extract.
Green Chem. 2007, 9, 852–858. [CrossRef]

23. Tang, J.; Niu, X.; Sun, Q.; Wang, R. Bioremediation of petroleum polluted soil by combination of rye grass with effective
microorganisms. J. Environ. Technol. Eng. 2010, 3, 80–86.

24. Bajwa, R. Effects of arbuscular mycorrhizae (AM) and effective microorganisms (EM) on various plants under allelopathic stress.
Allelopath. J. 2005, 16, 261–271.

25. Chrispaul, M.; David, M.M.; Joseph, A.O.; Samuel, V. Effective microorganisms and their influence on growth and yield of
pigweed (Amaranthus dubians). ARPN J. Agric. Biol. Sci. 2010, 5, 17–22.

26. Sekaran, V.; Rajagopal, K.; Karutha Pandian, S.T. Cost-effective activated sludge process using effective microorganisms (EM).
Environ. Health 2007, 7, 71–83.

27. Ndona, R. Einfluss von Behandlungen Mit EMs. Effektiven Mikroorganismen auf Tomato in Geschützten Anbau. Ph.D. Thesis,
Universität für Bodenkultur, Vienna, Austria, 2008.

28. Filipp, M.; Spornberger, A.; Keppel, H.; Brunmayer, R. Influence of effective microorganisms (EM) on yield and quality in organic
apple production. Mitteilungen Klosterneuburg, Rebe und Wein, Obstbau und Früchteverwertung 2009, 59, 250–258.

29. Perez-Montano, F.; Alias-Villegas, C.; Bellogin, R.A.; Del Cerro, P.; Espuny, M.R.; Jimenez-Guerrero, I.; Lopez-Baena, F.J.; Ollero,
F.J.; CUBO, T. Plant growth promotion in cereal and leguminous agricultural important plants: From microorganism capacities to
crop production. Microb. Res. 2014, 169, 325–336. [CrossRef] [PubMed]

30. Derbalah, A.S.; Khidr, A.A.; Moustafa, H.Z.; Taman, A. Laboratory evaluation of some non-conventional pest control agents
against the pink bollworm Pectinophora gossypiella (Saunders). Egypt. J. Biol. Pest Control 2014, 24, 363.

31. Keratum, A.Y.; Hamza, A.M.; El–Bassuoini, S.A.; Zayed, M.S. Evaluation of non-traditional agents against the spiny bollworm
Earias insulana under laboratory conditions with safety concerns. Egypt. J. Plant Pro. Res. 2016, 4, 82–98.

32. Zayed, M.S. Evaluation of novel nanoparticles against Tetranychus urticae and its predatory mite Amblyseius gossipi. Zagazig J.
Agric. Res. 2020, 47, 951–961. [CrossRef]

33. Golec, A.F.C.; Pérez, P.G.; Lokare, C. Effective microorganisms: Myth or reality? Rev. Peru. De Biol. 2007, 14, 315–319.
34. Olle, M.; Williams, I.H. Effective microorganisms and their influence on vegetable production–a review. J. Hortic. Sci. Biotechnol.

2013, 88, 380–386. [CrossRef]
35. Siegel, M.R.; Latch, G.C.M.; Bush, L.P.; Fanin, F.F.; Rowan, D.D.; Tapper, B.A.; Bacon, C.W.; Johnson, M.C. Fungal endophyte-

infected grasses: Alkaloid accumulation and aphid response. J. Chem. Ecol. 1990, 16, 3301–3316. [CrossRef]
36. Abdullah, M.M.A.B.; Ma’Radzi, A.H.; Saleh, N.A.M.; Kamal, A.Z.; Yaacob, N.D. Production of effective microorganism using

halalbased sources: A review. Afr. J. Biotechnol. 2011, 10, 18649–18652.
37. Fincheira, P.; Quiroz, A. Microbial volatiles as plant growth inducers. Microb. Res. 2018, 2, 63–75. [CrossRef] [PubMed]
38. Moon, Y.H.; Lee, K.B.; Kim, Y.J.; Koo, Y.M. Current status of EM (effective microorganisms) utilization. KSBB J. 2011, 26, 365–373.

[CrossRef]
39. El-Defrawi, M.E.; Toppozada, A.; Mansoue, N.; Zeid, M. Toxicological studies on Egyptian cotton leafworm Prodenia litura (F.).

Susceptibility of different larval instars to insecticides. J. Econ. Entomol. 1964, 57, 591–593. [CrossRef]
40. Pushpa, T.B.; Sekaran, V.; Bash, S.J.; Jegan, J. Investigation on preparation, characterization, and application of effective

microorganisms (em) based composts—An eco-friendly solution. Nat. Environ. Pollut. Technol. 2016, 15, 153–158.
41. El-Malla, M.A.; Radwan, E.M.M. Residual toxicity of abamectin and spinosad insecticides on the cotton leafworm, Spodoptera

littoralis (Boisd.). Bull. Ent. Soc. Egypt. Econ. Ser. 2008, 34, 119–129.
42. Abbott, W.S. A method of computing the effectiveness of an insecticide. J. Econ. Entomol. 1925, 18, 265–267. [CrossRef]
43. Abivardi, C.; Benz, G. Tests with the extracts of 21 medicinal plants for antifeedant activity against larvae of Pieris brassicae L.

(Lep., Pieridae). Bull. Soc. Entomol. Swisse 1984, 57, 383–392.
44. Waldbauer, G.P. The consumption and utilization of food in insects. Insect Physiol. 1968, 5, 229–288.
45. Senthil-Nathan, S.; Kalaivani, K. Efficacy of nucleopolyhedrovirus (NPV) and azadirachtin on Spodoptera litura Fabricius (Lepi-

doptera: Noctuidae). Biol. Control 2005, 43, 93–98. [CrossRef]
46. Mohamed, H.A. Integrated Mite Management. Master’s Thesis, Faculty of Agriculture Kafrelsheikh University, Kafr el-Sheikh,

Egypt, 2006.
47. El-doksh, R.A. Toxicological Studies on Some Agricultural Pests. Ph.D. Thesis, Faculty of Agriculture Kafrelsheikh University,

Tanta, Egypt, 2001.
48. Ishaaya, I.; Swirski, E. Trehalase, Invertase and amylase activities in the black scale, Saissetia oleae and their relation to host

adaptability. J. Insect Physiol. 1976, 22, 1025–1029. [CrossRef]
49. Henry, R.J. Colorimetric Method of Total Proteins; Clinical Chemistry Harper Row Pub: New York, NY, USA, 1964; p. 181.

http://doi.org/10.1016/j.jinsphys.2004.03.007
http://www.ncbi.nlm.nih.gov/pubmed/15183280
http://doi.org/10.1039/b615357g
http://doi.org/10.1016/j.micres.2013.09.011
http://www.ncbi.nlm.nih.gov/pubmed/24144612
http://doi.org/10.21608/zjar.2020.110323
http://doi.org/10.1080/14620316.2013.11512979
http://doi.org/10.1007/BF00982100
http://doi.org/10.1016/j.micres.2018.01.002
http://www.ncbi.nlm.nih.gov/pubmed/29551213
http://doi.org/10.7841/ksbbj.2011.26.5.365
http://doi.org/10.1093/jee/57.4.591
http://doi.org/10.1093/jee/18.2.265a
http://doi.org/10.1016/j.biocontrol.2005.03.001
http://doi.org/10.1016/0022-1910(76)90087-1


Life 2022, 12, 1726 13 of 13

50. Schmit, J.M. Kits for Determination of Serum Total Lipids Concentration. Ph.D. Thesis, Lyon University, Lyon, France, 1964.
51. Costat. Costat Statistical Software: Micro Computer Program Analysis Version 4.20; Cohort Software: Berkeley, CA, USA, 2006.
52. Ebeid, A.R.; Geseaha, M.A. Impact of three commercial insecticides on some biological aspects of the cotton leafworm, Spodoptera

littoralis (Lepidoptera: Noctuidae). J. Appl. Sci. Res. 2012, 8, 2620–2625.
53. Isman, M.B. Botanical insecticides, deterrents, and repellents in modern agriculture and an increasingly regulated world. Annual.

Rev. Entomol. 2006, 51, 45–66. [CrossRef]
54. Monnerat, R.G.; Soares, C.M.; Capdeville, G.; Jones, G.; Martins, E.S.; Praca, L.; Cordeiro, B.A.; Braz, S.V.; Dos Santos, R.C.;

Berry, C. Translocation and insecticidal activity of Bacillus thuringiensis living inside of plants. Micro Biotechnol. 2009, 2, 512–520.
[CrossRef] [PubMed]

55. Sidorova, D.E.; Plyuta, V.A.; Padiy, D.A.; Kupriyanova, E.V.; Roshina, N.V.; Koksharova, O.A.; Khmel, I.A. The effect of volatile
organic compounds on different organisms: Agrobacteria, plants, and insects. Microorganisms 2022, 10, 69. [CrossRef] [PubMed]

56. Yasui, H.; Kato, A.; Yazawa, M. Antifeedants to armyworm, Spodoptera litura and Pseudaletia separate, from bitter gourd leaves,
Momordica charantia. J. Chem. Ecol. 1998, 24, 803–813. [CrossRef]

57. Tolba, H.I. Biochemical studies on Serratia marcescens for controlling the black cutworm, Agrotis ipsilon (Huf.). Ph.D. Thesis,
Faculty of Agriculture, Cairo University, Giza, Egypt, 2006.

58. Zhang, P.; Zhu, X.; Huang, F.; Liu, Y.; Zhang, J.; Lu, Y.; Ruan, Y. Suppression of jasmonic acid-dependent defense in the cotton
plant by the mealybug Phenacoccus solenopsis. PLoS ONE 2011, 6, e22378. [CrossRef]

59. Rawi, S.M.; El-Gindy, H.; Haggag, A.M.; Abou-El Hassan, A.; Abdel Kader, A. Few possible molluscicides from calendula
Micrantha Officinalis and Ammi majus plants. I. Physiological effect on B. alexandrina and B. truncates. J. Egypt. Ger. Soc. Zool. 1995,
16, 69–75.

60. Rasheed, D.M.S.; Abdel-Rahman, A.G.; Dahi, H.F.; El-Bamby, M.M.; Gamil, W.E. Spinosyn resistance mechanism in Egyptian
cotton leafworm Spodoptera littoralis (Boisd.). Al-Azhar J. Agric. Res. 2015, 24, 99–121.

61. Abdel-Aal, A.E.; Abdel-Khalek, A.A. Effect of three insect growth regulators on some biological and physiological aspects of
Spodoptera littoralis (Boisd.). Bull. Ent. Soc. Egypt. Econ. Ser. 2006, 32, 101–112.

62. El-Shershaby, M.; Farag, N.A.; Ahmed, A.I. Impact of B. thuringiensis on protein content and enzymes activity of Spodoptera
littoralis. Res. J. Agric. Biol. Sci. 2008, 4, 861–865.

63. Kamel, S.A.; Abd-El Aziz, F.A.; El-Bakry, M.N. Biochemical effects of three commercial formulations of B. thuringiensis (Agerrin,
Dipel 2X and Dipel DF) on S. littoralis larvae. Egypt. Acad. J. Biol. Sci. 2010, 3, 21–29.

64. Assar, A.A.; Abo El-Mahasen, M.M.; Khalil, M.E.; Mahmoud, S.H. Biochemical effects of some insect growth regulators on the
house fly, Musca domestica (Diptera: Muscidae). Egypt. Acad. J. Biol. Sci. 2010, 2, 33–44.

65. Gunnindg, R.V.; Moores, G.D.; Devonshire, A.L. Esterases and fenvalerate resistance in a field population of Helicoverpa punctigera
(Lepidoptera: Noctuidae) in Australia. Pest Biochem. Physiol. 1997, 58, 155–162. [CrossRef]

66. Mosleh, Y.Y.; Ismail, S.M.; Ahmed, M.T.; Ahmed, Y.M. Comparative toxicity and biochemical responses of certain pesticides to the
mature earthworm Aporrectodea caliginosa under laboratory conditions. Environ. Toxicol. 2003, 18, 338–346. [CrossRef] [PubMed]

http://doi.org/10.1146/annurev.ento.51.110104.151146
http://doi.org/10.1111/j.1751-7915.2009.00116.x
http://www.ncbi.nlm.nih.gov/pubmed/21255282
http://doi.org/10.3390/microorganisms10010069
http://www.ncbi.nlm.nih.gov/pubmed/35056518
http://doi.org/10.1023/A:1022317432674
http://doi.org/10.1371/journal.pone.0022378
http://doi.org/10.1006/pest.1997.2295
http://doi.org/10.1002/tox.10134
http://www.ncbi.nlm.nih.gov/pubmed/14502587

	Introduction 
	Materials and Methods 
	Rearing Technique of S. littoralis 
	The Tested Agent 
	The EMs Preparation 
	Antifeedant Technique 
	Biological Aspects 
	Enzymes Assay 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

