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Abstract

Piercing sucking pests attacking sweet pepper plants cause significant losses to its yield. Considering the undesirable
effects of synthetic pesticides, field studies were conducted to evaluate the impact of new pesticides against piercing
sucking insect pests of sweet pepper, as well as, their effects on some predators and pepper yield along two seasons
of 2021-2022. The obtained results indicated that all tested pesticides effectively suppressed the sucking insect
populations (aphids, white fly, thrips) 1,7,14 and 21 days after treatment along two sprays during two seasons.
Imidacloprid proved to be the superior one over all other treatments where it recorded mean reduction% (98.91
and 97.27%) & (94.8 and 95.19%), (86.23 and 76.64%) & (80.92 and 88.55%) and (77.68 and 78.44%) & (90.70 and
68.57%) in white fly, aphids and thrips, respectively at 1*t and 2" sprays at 2021 and 2022 seasons, respectively.
As for side effects of tested insecticides on natural enemies, Dimethoate induced the highest decrease (60.85
and 69.33%) & (54.02 and 63.41%), (65.52 and 64.74%) & (59.23 and 58.38%) and (64.24 and 59.48%) & (61.66 and
60.8%) on Chrysoperla carnea, Paederus alfierii and Coccinella spp at 1** and 2" sprays at 2021 and 2022 seasons,
respectively. On contrary, Spintoram induced the lowest effects on Chrysoperla carnea, Paederus alfierii and Coccinella
spp, recording decrease percent (25.41 and 19.84%) & (15.02 and 12.50%), (11.94 and 11.24%) (16.99 and 18.02%) and
(18.73 and15.07%) & (18.35 and 18.38%) at1t and 2™ sprays at 2021 and 2022 seasons, respectively. With respect to
the effect of tested insecticides on pepper yield, all tested insecticides increased the yield of green pepper fruits
compared with control. Imidacloprid achieved the highest fruit yields along two seasons 6.43 and 6.52 (ton /
fed.4200 m?) with increase percent 34.53 and 36.04% in yield over control at 2021 and 2022 seasons, respectively.

Keywords: efficacy, insecticides, sucking insects, natural enemies, sweet pepper.

Resumo

As pragas sugadoras perfurantes do pimentdo causam perdas significativas em sua produgdo. Considerando os efeitos
indesejaveis dos pesticidas sintéticos, foram realizados estudos de campo para avaliar o impacto de novos pesticidas
contra pragas de insetos sugadores perfurantes do pimentdo, bem como os seus efeitos sobre alguns predadores e a
produgdo de pimentdo durante as épocas 2021 e 2022. Os resultados obtidos indicaram que todos os pesticidas testados
suprimiram efetivamente as populag¢oes de insetos sugadores apés 1,7,14 e 21 dias de tratamento ao longo de duas
pulveriza¢des durante duas temporadas. O Imidaclopride mostrou-se superior a todos os outros tratamentos quando
registrou-se reducdo média (%) (98,91 e 97,27%) & (94,8 € 95,19%), (86,23 e 76,64%) & (80,92 e 88,55%) e (77,68 e 78,44%)
& (90,70 e 68,57%) em mosca branca, pulgdes e tripes, respectivamente, nas primeira e segunda pulveriza¢des apds
a temporada de 2021 e 2022, respectivamente. Quanto ao efeito colateral dos inseticidas testados sobre os inimigos
naturais, o Dimetoato induziu a maior diminuicao (60,85 e 69,33%) & (54,02 e 63,41%), (65,52 e 64,74%) & (59,23 e
58,38%) e (64,24 e 59,48%) & (61,66 e 60,8%) em Chrysoperla carnea, Paederus alfierii e Coccinella spp. nas primeira e
segunda pulverizagdes ap6s as temporadas de 2021 e 2022, respectivamente. Pelo contrario, Spintoram induziu o
menor efeito em Chrysoperla carnea, Paederus alfierii e Coccinella spp., registrando porcentagem de diminuicdo (25,41
e 19,84%) e (15,02 e 12,50%), (11,94 e 11,24%) & (16,99 e 18,02%) e (18,73 e 15,07%) e (18,35 e 18,38%) nas primeira e
segunda pulverizagdes apés as temporadas de 2021 e 2022, respectivamente. Com relacdo ao efeito dos inseticidas
testados na producdo de pimenta, todos os inseticidas testados aumentaram a producao de frutos de pimenta verde em
comparacao com o controle. O Imidaclopride alcangou os maiores rendimentos de frutos ao longo de duas temporadas
(6,43 e 6,52 toneladas/alimentado) com aumento percentual no rendimento de 34,53 e 36,04% em relacdo ao controle
ap6s duas temporadas 2021 e 2022, respectivamente.
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1. Introduction

Sweet pepper, bell pepper, green pepper or capsicum,
Capsicum annuum is one of the most popular vegetable
crops grown all over the world. There are about 35 species
of insect and mite pests reported in capsicum, a few viz.,
thrips (Scirtothrips dorsalis Hood, Thrips palmi Karny), aphids
(Aphis gossypii Glover, Myzus persicae Sulzer), whitefly
(Bemisia tabaci Gennadius), fruit borers (Helicoverpa
armigera Hubner), mites (Tarsonemus latus Banks,
Tetranychus cinnabarinus Boisd.) and other minor pests.
Vos and Frinking (1998), Sorensen (2005). Aphids, thrips
and mites are considered the major pests in capsicum
Berke et al. (2003) Sunitha (2007). (Reddy et al., 2005)
reported that chilli mite, Polyphagotarsonemus latus and
thrips, Scirtothrips dorsalis as the main pests in sweet
pepper. Souza et al. (2019) reported that sweet pepper
(Capsicum annuum L.) is one of the important crops
in Brazil, and infested by many insect pests, causing
undesirable effects on the quantity and quality of fruits,
and this creates a production problem.

The whitefly, B. tabaci causes direct damage through
phloem feeding and injection of toxins and indirect damage
due to its ability to transmit plant viruses (Pereira et al.,
2004; Brown 2010).

The green peach aphid, M. persicae (Sulzer) (Hemiptera:
Aphididae) is a worldwide distributed insect pest causing
both direct and indirect damage on several crops (Blackman
and Eastop, 2000).

The chemical control becomes less effective due
to development of insecticide resistant populations
(Siebertetal., 2012). Imidacloprid induced a good reduction
in the mean number of B. tabaci and M. persicae. Chemical
control of the whitefly with conventional insecticides
(organophosphates, carbamates and pyrethroids) is widely
popular with tomato farmers and producers in Egypt.
Thorat et al. (2020) and Simkhada and Paneru (2010)
revealed that imidacloprid effectively reduced the whitefly
population. Additionally, the plants treated with imidacloprid
recorded the lowest whitefly population (2.18 adults /leaf).
Thiacloprid, Thiamethoxam and Dinotefuran are the same
effect, as agonist of the nicotinic acetylcholine receptor,
affecting the synapses in the insect central nervous system.

For management of sucking pests, several chemistries
with novel modes of action have been introduced with

most significant being the neonicotinoids, spiromesifen,
pymetrozine (Palumbo, 2009).

The use of chemical insecticides to control M. persicae,
making it the most resistant pest (Bass et al., 2014).
Neonicotinoid insecticides are the most effective group
against sucking pests. Neonicotinoids provide an excellent
control either applied as seed or foliar treatments against
piercing sucking insects, such as aphids, whiteflies, thrips,
jassid and others (Prasanna et al., 2004 ). The neonicotinoid
insecticides reduced the cotton aphid effectively (up to
14 days) under field conditions (Shi et al., 2011; ElI-Naggar
and Zidan, 2013).

From the previous preview, this work was conducted
under field conditions to study the effects of newer
insecticides against piercing sucking pests infesting green
pepper plants as well as to study the effect of insecticides
on the natural enemies viz. Chrysoperla carnea, Paederus
alfierii and Coccinella spp at a private farm of Elmenoufia
Governorate, Egypt, during two successive seasons of
2021 & 2022 years.

2. Materials and Methods

2.1. Field experiments and sampling procedure

The effect of newer insecticides (Table 1) against piercing
sucking pests infesting green pepper plants under field
conditions were evaluated at a private farm of El Menoufia
Governorate, Egypt, during seasons 2021 & 2022.

Seedlings of sweet pepper variety Top star, one month
old, were transplanted at the 1t of March month in plots
each plot 20 m? each plot was divided into four rows
consisting of 10 m length x 0.5 m width in a randomized
block design with three replications.

All management processes except plant protection
against sucking pests were adopted per the recommended
package of practices.

First spray application of each insecticide was sprayed
at the appearance of the pests (1t April) and subsequently
second spray after 30 days, using manually operated
knapsack sprayer having duromist nozzle with slight
runoff stage. Different insecticides were evaluated against
piercing sucking insects (whitefly, aphids and thrips) during
morning hours. The first spraying of insecticides was

Table 1. Tested insecticides against piercing sucking insects infecting sweet pepper.

Common name Trade name

Chemical group

Manufacture

Imidacloprid Admire 20% SC

Thiamethoxam Actara 25% WG

Spiromesfen Tormalin 24% SC

Neonicotinoid
Neonicotinoid

Tetronic Acid

Bayer Company
Syngenta Company. Switzerland

Hektas Ticaret T.A.S. Turkey

Acetamprid Mospilan 20% SP Neonicotinoid Nippon Soda Chemical Industry Co. Ltd.
Chothinidin Supertox-1® 48%SC Neonicotinoid Jiangs Jiag chemical industry Co. Ltd China
Pymetrizine Tido 50% WG Triazine Nanjing Huazhou Pharm. Co.,Ltd.-China.
Spinoteram Radiant 12% SC Spinosyn Corteva Agriscience
Dimethoate Rogor 40% EC Organophosphate New Pack Agro Chem 238/1/A, GIDC Panoli -

394 115 Dist. - Bharuch Gujarat State (INDIA)
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done during the vegetative phase of the crop. The second
spraying of insecticides was done during the reproductive
phase of the crop. Observations on the whitefly, aphids
and thrips incidence were recorded one day before the
spraying as pre-treatment count and 1, 7, 14 and 21 days
after spraying as post- treatment counts. The population
of nymphs and adults were counted during early morning
hours on terminal six leaves from 5 randomly selected
plants in each plot to get a representative sample of each
plot. Reduction percentages of white fly, aphids and thrips
stages were determined according to Henderson and Tilton
(1955) equation (Equation 1).

Corrected % = [l — nin Co pretreat * nin T post treat | J ( )

n in Co post treat * nin T pre—treat

Where, n = insect population Co = control T= treatment
To study the effects of insecticides on the natural
enemies viz. Chrysoperla carnea, Paederus alfierii and
Coccinella spp, leaf samples were observed from five
randomly selected plants per plot, 24 hours before spraying
as pre-treatment sample and 1, 7, 14 and 21 days of
application as post treatment samples, and decrease % was
computed according to the following formula (Equation 2):

Decrease percentage = initial numbers — 2)

final numbers |/ initial numbers x100

The green pepper fruit yield was weighted by picking
wise from each plot. The obtained data for tested insect
pests were statistically analyzed using an analysis of
variance (ANOVA) at 5% probability, and the measurements
were divided using Duncan Multiple Range Test through
the Costat software program (Version 6.400)1989-
2008 (COSTAT, 2008).

3. Results

1-Efficacy of tested pesticides on white fly, Bemisia tabaci:

The obtained data in Tables 2 and 3 show the effect of
two sprays of tested pesticides on white fly infesting pepper
plants after 1,7, 14 and 21 days at 2021 and 2022 seasons.

First season 2021: The statistical analysis of the data
in Table 2 revealed that no significant differences
were recorded in white fly numbers among all tested
insecticides after 1¢t and 2" sprays, where there
were significant variations in white fly population
between treatments and control.

The grand mean of white fly stages per leaf was ranged
between (0.69-7.0) and (0.31-3.19) after 1stand 2™ sprays.
Application of Imidacloprid resulted in the highest decrease
in B. tabaci mean numbers after both sprays of the seasons
recording 0.69 and 0.31 white fly stages/ leaf after 1+
and 2" sprays. With respect to reduction percentages
of white fly stages after 1t and 2 sprays at 2021season,
datain Table 3 revealed that all tested pesticides induced
higher reduction % in white fly numbers after 1t and 2™
sprays, where the reduction % mean were ranged between
(88.59-98.91) and (85.27-97.27) after 1%t and 2" sprays
with tested pesticides.
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The highest increases in reduction (98.91 and 97.27%)
were recorded after treated with imidacloprid at 1t and
2" sprays.

Second season 2022: The data in Tables 2 and 3 show
the effect of tested pesticides on mean numbers
of white fly stages and reduction % after 15t and 2"
sprays during 2022 season. The B. tabaci numbers
were not significantly differed among pesticide
treatments, where there were significant differences
between all treatments and control.

The minimum number of white fly stages Table 2 was
detected with imidacloprid (2.31 and 0.75 white fly
stages/ leaf) and thiamethoxam (2.88 and 0.75 white fly
stages/ leaf) treatments after 1stand 2" sprays. The datain
Table 3 indicated that the tested pesticides induced higher
increase in reduction % of white fly stages after 1% and
27 sprays, where the grand mean of reduction % ranged
between (88.59-98.91%) and (82.93-95.19%) after 1t and
2" sprays. The highest increase in grand mean of reduction
% was detected with imidacloprid and thiamethoxam
recording (94.81 and 93.54%) and (95.19 and 95.12%) after
1stand 2" sprays, respectively.
2-Efficacy of tested insecticides on aphid, Aphis gossypii:

The insecticidal activity of tested insecticides applied
against aphid, A. gossypii on pepper plants were evaluated
under field conditions.

Data presented in Tables 4 and 5 show the effect of
tested insecticides in suppressing the aphid populations
on pepper plants 1, 7, 14 and 21 days of spraying along
two sprays at 2021 and 2022 seasons.

First season 2021: The statistical analysis of data in
Table 4 revealed that no significant differences were
recorded in A. gossypii numbers among all tested
insecticides after 1%t and 2™ sprays, where there
were significant variations in A. gossypii population
between all treatments and control.

The grand mean of A. gossypii stages per leaf was ranged
between (3.08 -5.68) and (2.92 -6.59) after 15t and 2™
sprays. Application of Imidacloprid resulted in the highest
decrease in A. gossypii mean numbers after the two sprays
of each season recording 3.08 and 2.92 A. gossypii stages/
leaf after 1t and 2" sprays.

With respect to reduction percentages of A. gossypii
stages after 1° and 2" sprays at 2021season, data in
Table 4 revealed that all tested pesticides induced higher
reduction in A. gossypii after 15t and 2" sprays, where the
reduction % were ranged between (68.16-86.23%) and
(53.48-53.48%) after 1**and 2™ sprays with tested pesticides.

The highest increases in reduction percentage (86.23and
76.64%) was recorded after treated with imidacloprid at
1stand 2" sprays.

Second season 2022: The data in Tables 4 and 5 show
the effect of tested pesticides on mean numbers of
A. gossypii stages and reduction % after 1t and 2™
sprays during 2022 season. There were no significant
differences between A. gossypii numbers among all
pesticide treatments, where there were significant
differences between pesticides and control.

The minimum numbers of A. gossypii stages Table 4 were
detected with imidacloprid (2.31 and 0.75 A. gossypii stages/
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Table 2. Effect of two sprays of different pesticides against white fly infesting pepper plants along 2021 and 2022 seasons under open

field conditions.

First spray (Second spray)

Mean numbers of white fly stages/ 5 leaves

Pesticides
Pre Treatment Days after spray Grand mean
1 7 14 21
Season 2021
Imidacloprid 27.8 0 0 0.8 2.0 0.7 ¢ (0.3b)
(5.0) 0 0 (0.3) -1
Thiamethoxam 273 0 0.3 0.8 33 1.1 c(1.2b)
(9.0) 0 (0.8) (2.0) (2.0)
Spiromesfen 28.1 0 1.0 13 3.0 1.3 ¢ (1.8b)
(8.0) 0 (1.0) (2.0) (3.0)
Acetamprid 29.1 0 2.0 4.0 6.0 3.0 bc
(10.0) 0 (0.3) (1.0) (2.0) (0.8b)
Chothinidin 284 0 0.8 2.0 6.0 2.2 c(1.8b)
(10.0) 0 (1.0) (2.0) (3.0)
Pymetrizine 29.1 1.0 2.0 4.0 5.0 3.0 bc (1.7b)
(9.0) 0 (1.3) (2.0) (3.0)
Spinoteram 28.3 2.0 3.0 6.0 9.0 5.0 bc
(12.0) (1.0) (2.8) (4.0) (5.0) (3.2b)
Dimethoate 27.8 1.0 5.0 9.0 13.0 70b
(14.0) (1.0) (2.0) (4.0) (5.0) (3b)
Control 26.8 319 49 55.9 67.6 51.1 a(49.3a)
(29.2) (30.7) (43.5) (56.9) (66.0)
LSD 5% 31(1.8)
Season 2022
Imidacloprid 26.91 1.0 1.5 31 3.62 23b
(6.0) 0 0 (1.0) (2.0) (0.8b)
Thiamethoxam 26.7 1.0 2.5 3.0 5.0 29b
(5.0) 0 0 (1.0) (2.0) (0.8b)
Spiromesfen 28.4 1.0 33 4.0 6.0 36b
(9.0) 0 (1.0) (2.0) (3.0) (1.5b)
Acetamprid 26.3 2.0 2.6 4.0 54 35b
(7.0) (1.0) (2.0) (3.0) (4.0) (2.5b)
Chothinidin 29.1 33 5.0 7.0 9.0 6.1b
(9.0) 0 (1.5) (2.0) (2.0) (14 Db)
Pymetrizine 289 4.0 44 5.0 5.4 4.7b
-9 (1.0) (2.0) (3.0) (4.0) (14b)
Spinoteram 26.2 3.1 3.9 4.2 4.7 4b
(8.0) (1.0) (1.5) (2.5) (4.0) (2.3b)
Dimethoate 253 2.0 3.5 4.5 3.7 34b
(8.0) 0 (1.0) (2.0) (3.0) (1.5b)
Control 26.9 273 36.5 46.3 56.2 416a
(30.3) (31.1) (41.7) -53 (62.1) (47a)
LSD 5% 2.7 (1.8)

Means in column followed by different letter(s) are significantly different at 5% level.
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Table 3. Reduction percentages of white fly infesting pepper plants after two sprays of different pesticides at 2021 and 2022 seasons

under open field conditions.

First spray Second spray
Reduction percentages of white fly
Pesticides
Days after spray Grand Days after spray Grand
1 7 14 21 mean 1 7 14 21 mean
season 2021
Imidacloprid 100 100 98.9 97.8 98.9 100 100 97.9 91.1 973
Thiamethoxam 100 99.4 98.9 96.3 98.5 100 94.4 94.3 90.2 94.7
Spiromesfen 100 97.5 97.4 96.7 97.9 100 91.6 83.2 834 89.5
Acetamprid 100 95.2 94.3 93.6 95.8 100 98.3 94.9 911 96.1
Chothinidin 100 98.1 97.1 93.4 97.2 100 93.3 89.7 86.7 92.4
Pymetrizine 97.1 96.8 93.5 93.1 95.2 100 90.7 88.6 85.2 91.1
Spinoteram 95.0 92,5 91.2 90.1 88.6 921 84.6 82.9 81.5 85.3
Dimethoate 96.5 87.3 86.6 85.5 89.0 93.2 90.4 853 81.6 87.6
season 2022
Imidacloprid 96.3 95.9 93.3 93.7 94.8 100 100 92.7 88.0 95.2
Thiamethoxam 96.3 933 93.5 91.0 93.5 100 100 92.7 88.0 95.1
Spiromesfen 96.5 91.6 90.6 89.9 92.1 100 100 90.1 84.0 93.5
Acetamprid 92,5 92.7 91.2 90.1 91.6 100 90.8 85.5 82.0 89.6
Chothinidin 89.0 87.3 86.0 85.2 86.9 100 87.7 87.1 84.0 87.3
Pymetrizine 86.4 89.4 90.0 91.1 89.2 89.0 83.6 80.6 78.7 83.0
Spinoteram 88.2 89.0 90.6 91.5 89.8 87.7 86.2 81.8 76.1 82.9
Dimethoate 91.2 89.9 89.6 87.2 89.2 100 89.0 87.1 84.0 90.0

leaf) and thiamethoxam (2.88 and 0.75 A. gossypii stages/
leaf ) treatments after 15 and 2" sprays.

The data in Table 5 indicated that the tested pesticides
induced high increase in reduction % of A. gossypii stages
after 1stand 2" sprays, where the grand mean of reduction
% ranged between (59.04-80.92%) and (64.78-86.12%)
after 1% and 2™ sprays. The highest increase in grand
mean of reduction % was detected with imidacloprid and
thiamethoxam which recorded (80.92 and 78.88%) and
(88.55and 86.12%) after 1*t and 2 sprays, respectively.
Imidacloprid recorded the highest mean reduction after
15t and 2" sprays along two tested seasons.
3-Efficacy of tested insecticides on thrips, Thrips tabaci:

The insecticidal activity of tested pesticides, as a foliar
treatment against thrips, T. tabaci at 1, 7, 14 and 21 days
after spraying, and the reduction percentages after the
two sprays during 2021 and 2022 seasons is shown in
Tables 6 and 7.

First season 2021: The statistical analysis of data
in Table 6 revealed that no significant differences
were recorded in thrips numbers among all tested
insecticides after 1%t and 2™ sprays, where there
were significant variations in white fly population
between insecticides and control.

The grand mean of thrips stages per leaf was ranged
between (3.15 -7.14) and (2.09 - 4.82) after 1t and 2™

Brazilian Journal of Biology, 2024, vol. 84, 284320

sprays. Application of Imidacloprid resulted in the highest
decrease in thrips mean numbers after both sprays of the
two seasons recording 3.15 and 2.09 thrips stages/ leaf
after 15t and 2" sprays.

With respect to reduction percentages of thrips
stages after 1% and 2" sprays at season 2021, data in
Table 7 revealed that all tested pesticides induced higher
reduction % in thrips after 1%t and 2™ sprays, where the
reduction % mean were ranged between (64.95-77.68%)
and (53.73-78.44%) after 1 and 2" sprays with tested
pesticides, where the highest reduction % (77.68 and
78.44%) was recorded with imidacloprid at 1t and 2" sprays.

Second season 2022: The data in Tables 6 and 7
show the effect of pesticides on thrips stages and
reduction % after 1%t and 2" sprays during 2022
season.

There were no significant differences between the thrips
numbers between different pesticide treatments, where
there were significant differences between pesticides
and control.

The minimum numbers of thrips stages (Table 6) were
detected with imidacloprid (2.49 and 3.51 thrips stages/
leaf) and thiamethoxam (3.07 and 3.48 thrips stages/ leaf)
after 15t and 2" sprays.

The data in Table 7 indicated that the tested pesticides
induced high increase in reduction % of thrips stages after
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Table 4. Effect of two sprays of different pesticides against aphid stages infesting pepper plants at 2021 and 2022 seasons under open

field conditions.

First spray (Second spray)

Mean number of aphid stages/3 leaves

Pesticides
Days after spray (application)
Pre treatment 1 - 12 n Grand mean
season 2021
Imidacloprid 8.1 2.2 24 3.6 41 3.1b
(7.1) (2.1) (3.3) (3.1) (3.2) (29b)
Thiamethoxam 7.2 2.8(3.6) 3.1 3.8 4.6 3.56b
(7.3) (3.5) (4.2) (41) (3.9b)
Spiromesfen 7.6 4.0 43 4.3 5.5 45b
(8.5) (4.1) (4.6) (4.6) (4.8) (4.5Db)
Acetamprid 7.8 4.4 4.7 4.9 5.0 4.7b
(8.9) (4.5) (4.4) (4.5) (4.7) (4.6 b)
Chothinidin 7.8 5.4 5.5 6.0 6.0 57b
(8.1) (5.3) (5.1) (5.9) (6.7) (5.7b)
Pymetrizine 74 3.2 39 35 4.1 3.7b
(7.8) (3.1) (3.4) (3.9) (41) (3.6b)
Spinoteram 7.4 5.6 5.42 49 6.2 5.53b
(8.1) (6.0) (6.7) (6.7) (6.9) (6.6b)
Dimethoate 7.0 3.1 37 3.8 4.0 3.7b
(8.5) (3.2) (3.5) (4.1) (4.3) (3.8b)
Control 8.7 10.8 18.9 329 49.8 28.1a
(21.3) (23.1) (37.2) (48.2) (52.1) (40.2 a)
LSD 5% 34(3.3)
season 2022
Imidacloprid 8.7 2.5 3.1 4.0 41 34b
(8.0) (2.1) (2.2) (2.5) (2.6) (24¢)
Thiamethoxam 8.9 33 34 3.7 41 36b
(8.1) (3.2) (3.4) (3.6) (3.9) (3.5bc)
Spiromesfen 8.1 41 43 43 51 45b
(8.4) (4.3) (4.6) (4.5) (4.6) (4.5 bc)
Acetamprid 8.5 6.1 6.3 6.0 6.2 6.2b
(8.3) (5.8) (6.1) (6.0) (6.6) (6.1b)
Chothinidin 9.1 5.2 5.1 5.4 5.0 52b
(7.2) (3.3) (3.5) (3.6) (3.8) (3.5bc)
Pymetrizine 8.9 5.1 4.8 39 4.1 45b
(7.3) (3.3) (3.8) (4.7) -5 (4.2 be)
Spinoteram 7.6 4.4 5.6 51 6.1 53b
(8.8) (5.3) (5.5) (6.1) (6.5) (5.8b)
Dimethoate 8.3 3.2 33 3.6 3.9 35b
(8.0) (2.2) (3.0) (3.3) (3.7) (3.1bc)
Control 9.1 9.1 15.4 26.8 37.8 223a
(19.4) (29.4) (38.1) (47.2) (6.0) (42.7 a)
LSD 5% 2(2)

Means in column followed by different letter(s) are significantly different at 5% level.
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Table 5. Reduction percentages of aphid stages infesting pepper plants two sprays of different pesticides at 2021 and 2022 seasons

under open field conditions.

First spray Second spray
Reduction percentages of aphid stages
Pesticides
Days after spray Grand Days after spray Grand
1 7 14 21 mean 1 7 14 21 mean
season 2021
Imidacloprid 783 873 88.3 91.1 86.2 733 74.5 81.5 824 76.6
Thiamethoxam 68.7 81.5 87.4 88.9 81.6 65.3 76.4 78.7 79.3 74.9
Spiromesfen 57.0 74.3 84.8 87.5 75.9 55.5 68.8 76.3 77.2 69.4
Acetamprid 54.2 72.7 83.6 88.8 74.8 53.5 71.6 776 78.3 69.4
Chothinidin 44.0 67.5 79.6 86.5 69.2 39.8 63.9 63.6 66.3 58.4
Pymetrizine 64.7 82.2 87.7 90.3 812 63.2 74.8 74.5 78.4 72.7
Spinoteram 38.8 65.9 82.6 85.3 68.2 31.2 523 65.1 65.4 53.5
Dimethoate 64.3 76.2 85.6 90.1 79.0 55.9 729 74.6 77.0 70.1
season 2022
Imidacloprid 71.6 78.9 84.6 88.7 80.9 82.6 86.2 87.1 88.6 86.1
Thiamethoxam 63.4 77.2 86.0 88.9 78.9 81.5 80.8 83.0 84.0 823
Spiromesfen 44.5 68.7 813 84.8 70.0 66.5 72.4 78.2 80.9 74.5
Acetamprid 27.7 56.1 70.0 82.3 59.0 53.8 62.3 70.6 724 64.8
Chothinidin 42.6 66.8 79.8 86.8 69.0 70.3 75.6 79.7 81.6 76.8
Pymetrizine 42.8 67.8 85.1 88.9 711 70.5 73.6 73.2 76.2 734
Spinoteram 42.5 56.2 771 80.5 64.1 60.6 68.6 71.6 74.8 68.9
Dimethoate 62.2 76.8 85.5 88.6 78.3 74.3 78.9 81.9 83.4 79.6

1%t and 2" sprays, where the grand mean reduction %
ranged between (81.70-90.70%) and (50.28-68.57%) after
15t and 2™ sprays. The highest increase in grand mean
of reduction was detected with imidacloprid recording
(90.70%) and (68.57%) after 1=t and 2" sprays, respectively.
4-The side effect of tested pesticides on natural enemies:

Side effect of tested pesticides on Aphid lion, Chrysoperla
carnea:

The side effect of Imidacloprid, Thiamethoxam,
Spiromesfen, Acetamprid, Chothinidin, Pymetrizine,
Spinoteram, and Dimethoate, as a foliar spray against
C. carnea populations at 1,7, 14 and 21 days after spraying,
and the mean of the reduction % along two sprays during
the 2021 and 2022 seasons is shown in Tables 8 and 9.

First season 2021: The foliar application of pesticides
Table 8 showed significant differences in the mean
numbers of C. carnea compared to untreated plots at
different exposure dates after two sprays. Dimethoate
induced the highest decrease in mean numbers of
C.carnea(5.16 and 2.25 C. carnea per plant), followed
by Imidacloprid which recorded (5.93 and 3.75
C. carnea per plant) and Thiamethoxam (6.74 and
3.53 C. carnea per plant) after 1+t and 2" sprays. On
the other side Spinoteram induced the lowest effect
recording mean numbers of C. carnea (9.66 and 5.48
C. carnea per plant) after 1st and 2" sprays.
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With respect to the mean decrease % of C. carnea
Table 9 Dimethoate showed a significant decrease in
C. carnea compared to untreated plots after the two
spraying, where it decreased to 60.85 and 69.33% after 1st
and 2" sprays, followed by imidacloprid and thiamethoxam
which induced moderate decrease (% 53.85 and 48.15%)
and (53.05 and 49.88%) after 1+ and 2 sprays, respectively.
On contrary, Spiromesfen, Acetamprid, Chothinidin,
Pymetrizine, and Spinoteram induced low mean decrease
% on C. carnea population after1t and 2" sprays, recording
decrease percentages as 36.75, 43.70, 39.07, 35.21 and
25.41% , respectively after 1%t and 33.49, 39.31, 32.86,
32.96 and 19.84% after 2 sprays, respectively. Spintoram
induced the lowest effect on C. carnea population, recording
the lowest decrease percent after 1% and 2" sprays as
60.9 and 69.3%.

Second season 2022: The effect of tested pesticides
on the decrease % of C. carnea population is shown
in Tables 8 and 9. It was obvious that the mean
numbers of C. carnea (Table 8) were significantly
decreased in treated pepper plants compared to
control, while no significant differences among
tested pesticides.

Dimethoate induced the highest decrease in mean
numbers of C. carnea (2.71 and 2.98 C. carnea [plant)
after 15t and 2" sprays, while mean numbers of C. carnea
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Table 6. Effect of two sprays of different pesticides against thrips stages infesting pepper plants along two month of spraying at 2021
and 2022 seasons under open field conditions.

First spray (Second spray)

Mean numbers of thrips stages/ 3 leaves

Pesticides
Days after spray (application)
Pre treatment 1 - 1 n Grand mean
season 2021
Imidacloprid 8.1 41 3.5 29 2.1 3.2b
(5.3) (2.1) (21) (24) (1.7) (2.1b)
Thiamethoxam 8.2 43 3.9 4.6 2.3 3.8b
(5.7) (3.1) (2.9) (2.4) (3.2) (29Db)
Spiromesfen 8.5 41 5.0 3.9 4.5 44b
(6.2) (2.8) (3.2) (4.3) (4.4) (3.7b)
Acetamprid 9.2 6.3 6.2 54 4.9 5.7b
(6.7) (4.4) (4.3) (5.3) (5.0) (4.7b)
Chothinidin 9.1 71 6.7 6.2 5.8 6.5b
(6.5) (2.7) (2.2) (3.2) (41) (3.1b)
Pymetrizine 8.9 6.1 5.3 5.9 6.4 59b
(6.0) (2.0) (2.7) (3.1) (3.0) (2.7b)
Spinoteram 9.4 4.2 4.1 4.0 5.0 4.32b
(6.4) (3.1) (3.7) (4.3) (44) (3.9b)
Dimethoate 9.7 74 71 7.0 71 7.14b
(6.4) (5.3) (5.1) (4.8) (4.0) (4.8b)
Control 9.1 9.9 15.1 29.5 413 24a
(12.8) (13.1) (27.2) (31.3) (43.9) (28.9a)
LSD 5% 2(1.9)
season 2022
Imidacloprid 8.2 2.1 2.3 2.6 3.0 25¢c
(5.4) (2.2) (2.9) (3.2) (3.9) (3.1b)
Thiamethoxam 8.4 34 3.8 3.9 44 3.5bc
(5.9) (2.8) (3.2) (3.5) (3.9) (3.5b)
Spiromesfen 8.9 4.9 53 5.7 3.0 4.7 bc
(5.8) (3.7) (3.9) (4.2) -5 (4.2b)
Acetamprid 9.3 3.2 4.2 4.2 4.4 4 bc
(6.4) (4.3) (4.8) (5.0) (5.2) (4.8Db)
Chothinidin 9.1 4.5 4.6 5.7 6.1 5.2 bc
(6.1) (3.8) (4.6) (5.2) (5.9) (4.9b)
Pymetrizine 9.7 52 6.0 6.0 6.3 58b
(5.9) (4.3) (4.8) (5.3) (6.0) (5.1b)
Spinoteram 8.9 2.7 3.8 4.2 4.6 3.8 bc
(6.4) (3.1) (34) (4.2) (44) (3.8b)
Dimethoate 9.4 55 6.1 6.4 6.2 6.1b
(5.5) (2.1) (2.7) (3.7) (4.3) (3.2b)
Control 10.1 10.2 13.8 25.9 39.8 22.4a
(13.7) (13.9) (19.4) (33.1) (44.2) (27.7a)
LSD 5% 13(1.5)

Means in column followed by different letter(s) are significantly different at 5% level.
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Table 7. Reduction percentages of thrips stages infesting pepper plants sprayed two times with different pesticides at 2021 and 2022

seasons under open field conditions.

First spray Second spray
Reduction percentages of thrips
Pesticides
Days after spray Grand Days after spray Grand
1 7 14 21 mean 1 7 14 21 mean
season 2021
Imidacloprid 53.0 74.2 88.9 94.3 71.7 60.9 81.0 81.3 90.5 78.4
Thiamethoxam 51.8 713 78.0 94.0 73.8 46.0 75.8 82.6 83.5 72.0
Spiromesfen 55.8 64.7 85.9 88.4 73.7 60.2 75.8 834 84.7 76.0
Acetamprid 371 59.8 87.0 88.8 68.2 36.5 69.9 67.2 78.3 63.0
Chothinidin 28.3 55.7 79.2 86.0 62.3 59.0 78.2 79.8 81.5 74.6
Pymetrizine 36.9 64.3 79.5 84.1 66.2 67.6 78.6 78.7 52.7 69.4
Spinoteram 56.4 73.8 87.1 89.5 76.7 52.3 72.7 723 723 67.4
Dimethoate 30.2 55.8 77.9 83.9 65.0 26.2 58.6 61.8 68.3 53.7
season 2022
Imidacloprid 74.5 79.2 87.8 90.7 83.1 59.2 62.2 75.2 77.7 68.6
Thiamethoxam 377 67.3 81.9 86.7 68.4 52.8 62.3 75.7 79.5 67.6
Spiromesfen 62.0 69.1 82.9 87.4 753 374 52.5 70.2 73.5 58.4
Acetamprid 65.6 67.0 82.2 87.9 75.7 343 47.0 67.8 74.8 56.0
Chothinidin 514 62.8 754 82.8 68.1 38.1 46.5 64.8 70.0 54.8
Pymetrizine 46.8 55.4 75.9 83.6 65.4 27.7 42.2 62.6 68.6 50.3
Spinoteram 69.5 68.5 81.5 86.9 76.6 52.2 62.2 729 78.7 66.5
Dimethoate 41.9 52.2 73.6 81.7 62.4 62.4 65.2 72.0 76.1 68.9

ranged between (4.31-6.44) and (4.76-6.96) for other
tested insecticides after 15t and 2" sprays, respectively.

Dimethoate induced the highest mean decrease %
(54.02 and 63.41%) in C. carnea population after 15t and 2™
sprays (Table 9). On contrast, the other tested pesticides
exhibited low mean decrease %, ranged between (15.02-
45.28%) and (12.50-41.01%) after 1t and 2™ sprays,
respectively.

The lowest decrease % (15.02 and 12.50%) in C. carnea
population was detected with Spinoteram after 1%t and
27 sprays.

In conclusion, the effect of all tested pesticides were
ranged between moderate to low effect on C. carnea and
Spinoteram induced the lowest mean decrease % after 1°t
and 2" sprays during two pepper seasons, in contrast,
Dimethoate was the most toxic compound .

Side effect of tested pesticides on rove beetle, Paederus
alfierii :

Data in Tables 10 and 11 show the effect of tested
pesticides on decrease % of P. alfierii population after
two sprays at intervals 1,7,14 and 21 days during the two
seasons compared to control.

First season 2021: The data in Table 10 revealed that
there were no significant differences among tested
pesticides on P. alfierii population, where there were
significant difference between tested pesticides and
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control. Dimethoate induced the highest decrease on
the mean number of P. alfierii population per plant,
where the mean numbers were (1.58 and 1.87 P.
alfierii [ plant) after 1% and 2™ sprays.

It was clearly that nearly all tested pesticides had low
effect on P. alfierii (Table 11), where the decrease % ranged
between (12.88-38.47%) and (11.24 and 34.15%) after 1stand
2nd sprays, respectively. Dimethoate induced the highest
effect recording decrease % (65.52 and 64.74%) after 1%
and 2" sprays. Spinoteram was the most safety compound
where it induced the lowest mean decrease % (11.94 and
11.24%) of P. alfierii after 15t and 2" sprays

Second season 2022: The data in Table 10 revealed
that there was no significant difference between
tested pesticides, whereas there were significant
difference between pesticides and control.
Dimethoate induced the highest decrease in the
mean number of P. alfierii population (2.24and 2.43
P. alfierii [ plant) after 1*t and 2" sprays.

All tested pesticides induced low decrease % in P. alfierii,
where it ranged between (16.99 - 36.05%) and (18.02-
35.18%) after 1 and 2" sprays. On contrary, Dimethoate
induced the highest effect on P. alfierii, where the mean
decrease % was (59.23 and 58.38%) after 1*tand 2" sprays.
Spinoteram induced the lowest decrease % (16.99 and
18.02%) on P. alfierii after 1°t and 2" sprays.
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Table 8. Mean umbers of Chrysoperla carnea on pepper leaves after two sprays of insecticides at 2021 and 2022 seasons under open
field conditions.

First spray (Second spray)

Mean numbers of Chrysoperla carnea per plant

Pesticides
Pre treatment Grand mean
7 14 21
season 2021
Imidacloprid 6.2 3.2 5.2 6.2 9.2 59c
(6.1) (34) (3.3) (5.1) (3.2) (3.8bc)
Thiamethoxam 6.4 3.6 54 7.5 10.4 6.7 bc
(6.2) (3.6) (34) (3.6) (3.5) (3.5bc)
Spiromesfen 6.7 4.2 6.3 7.4 12.5 7.6 bc
(6.0) (44) (4.3) (4.5) (5.7) (4.7 abc)
Acetamprid 6.3 39 59 3.7 11.8 6.3 bc
(6.3) (4.4) (3.6) (4.5) (4.6) (5.9ab)
Chothinidin 6.8 4.0 6.0 41 12.9 6.7bc
(6.2) (3.9) (4.3) (4.8) (59) (4.7 abc)
Pymetrizine 6.8 4.6 6.5 4.4 13.6 7.3 bc
(6.1) (4.2) (4.6) (5.0) (5.2) (4.8 abc)
Spinoteram 7.0 53 7.4 10.6 15.3 9.7b
(6.2) (54) (5.5) (5.6) (54) (5.5ab)
Dimethoate 6.8 2.7 4.0 5.7 8.2 51c
(6.9) (2.3) (2.0) (24) (2.3) (23¢)
Control 6.8 71 10.2 14.7 19.8 13a
(6.4) (6.5) (6.6) (71) (8.2) (71a)
LSD 5% 21(1)
season 2022
Imidacloprid 7.0 34 3.2 4.5 53 40b
(6.3) (3.5) (4.3) (5.2) (6.0) (4.8 bc)
Thiamethoxam 6.7 3.6 3.7 5.0 49 43D
(6.3) (4.3) (4.9) (5.6) (6.3) (5.3abc)
Spiromesfen 6.4 41 4.6 5.8 5.7 5.0ab
(6.1) (4.4) (5.0) (5.8) (6.2) (5.4 abc)
Acetamprid 6.2 39 4.4 4.9 5.5 4.7b
(6.3) (4.5) (4.9) (5.5) (5.6) (5.2 abc)
Chothinidin 6.4 4.2 4.1 53 5.7 4.8 ab
(6.1) (4.4) (5.1) (6.0) (7.0) (5.6 abc)
Pymetrizine 6.2 53 5.5 6.3 6.2 5.8 ab
(6.2) (5.9) (5.1) (6.5) (7.2) (6.2ab)
Spinoteram 6.5 5.7 6.0 71 7.0 6.4 ab
(6.3) (6.1) (6.2) (74) (8.1) (7.0ab)
Dimethoate 6.8 2.0 31 24 33 2.7b
(6.3) (2.3) (2.5) (3.2) (4.0) (3.0c)
Control 6.4 6.9 73 8.0 9.0 7.8a
(6.4) (6.9) (7.2) (8.4) (9.3) (8.0a)
LSD 5% 3.2(18)

Means in column followed by different letter(s) are significantly different at 5% level.
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Table 9. Decrease percentages of Chrysoperla carnea stages on pepper leaves after two sprays of different insecticides at 2021 and 2022

seasons under open field conditions.

First spray Second spray
Decrease percentages of Chrysoperla carnea
Pesticides
Days after spray Grand Days after spray Grand
1 7 14 21 Mean 1 7 14 21 mean
season 2021
Imidacloprid 54.5 49.3 57.8 53.8 53.9 47.2 50.6 534 61.0 531
Thiamethoxam 49.5 46.9 48.8 474 48.2 44.6 48.5 49.2 573 49.9
Spiromesfen 354 38.7 36.0 36.8 36.8 323 34.6 36.7 30.5 334
Acetamprid 45.0 42.0 474 40.5 43.7 324 45.3 36.4 43.7 393
Chothinidin 471 36.1 38.1 35.0 39.1 35.6 353 324 281 329
Pymetrizine 35.2 383 36.1 313 35.2 355 30.2 29.7 36.5 33.0
Spinoteram 25.2 273 271 221 254 19.5 16.7 21.2 21.9 19.8
Dimethoate 62.0 61.2 61.2 59.0 60.9 69.5 69.7 66.2 719 69.3
season 2022
Imidacloprid 50.2 53.6 43.6 338 45.3 49.1 40.1 39.3 35.5 41.0
Thiamethoxam 473 46.3 373 38.6 42.4 375 31.5 329 32.6 33.6
Spiromesfen 36.3 34.2 275 28.5 31.6 35.9 30.6 30.8 33.7 32.8
Acetamprid 43.6 421 38.8 313 38.9 34.6 28.9 31.9 39.8 33.8
Chothinidin 39.1 334 33.6 28.8 335 37.0 239 29.9 24.7 28.7
Pymetrizine 23.0 20.3 211 229 21.8 21.2 21.2 22.6 225 219
Spinoteram 18.2 15.5 10.9 12.5 15.0 11.4 124 11.9 12.9 12.5
Dimethoate 18.2 69.5 69.9 58.5 54.0 66.7 64.8 61.9 60.3 63.4

Generally, all tested pesticides induced low side effects on
Paederus alfierii, and Spinoteram induced the lowest mean
decrease % after 1*tand 2 sprays during two pepper seasons
except Dimethoate which exhibited the highest effect.

Side effect of pesticides on ladybird, Coccinella spp:

The side effect of two sprays of different pesticides, as a
foliar treatment against C. spp at 1, 7, 14 and 21 days after
spraying, and the reduction percentage along two sprays
during 2021 and 2022 seasons is shown in Tables 12 and 13.

First season 2021: The effect of tested pesticides on
the mean number of C. spp is shown in Table 12. The
data revealed that there were significant differences
between tested compounds and control. Whereas,
there were no significant differences among tested
compounds except Dimethoate which significantly
differed compared with other tested compounds
after 1% and 2™ sprays.

The lowest mean numbers of C. spp (2.28 and 6.41 C. spp |
plant) were detected in Dimethoate after 1+t and 2" sprays.

All tested pesticides recorded low decrease percentages
of C. spp populations, where it ranged between (18.73-
38.31%) and (15.07-40.60%) after 1t and 2™ sprays.
Moreover, Spinoteram recorded the lowest decrease %
(18.73 and15.07%) after 1% and 2™ sprays. On contrary,
Dimethoate revealed the highest mean decrease %
(64.24 and59.48%) after 15t and 2" sprays.
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Second season 2022: The obtained results in
Tables 12 and 13 recorded the side effect of tested
pesticides on the mean numbers of C. spp at 1, 7,and
14 and 21 days after spraying, and the mean reduction
percentages along two sprays of 2022 season. It was
clear that the mean numbers of C. spp in all pesticides
were significantly differed compared with control,
where nearly, there were no significant differences
among tested compounds after 1% and 2 sprays
except Dimethoate after 1 spray which significantly
differed with other tested compounds.

The lowest mean numbers of C. spp (2.30 and 2.54 insect
/plant) was recorded with Dimethoate after 1% and 2™
sprays

All tested pesticides recorded low mean decrease
percentages of C. spp, where it ranged between (18.35-
34.18%) and (15.07-40.60%) after 1t and 2™ sprays.
Moreover, Spinoteram recorded the lowest mean of
decrease % (18.35 and18.38%) after 1t and 2" sprays.
On contrary, Dimethoate revealed the highest mean
decrease % (61.66 and 60.8%) after 1* and 2" sprays.
5-Effect of tested pesticides on sweet pepper yield:

The data presented in Table 14 revealed that there
were no significant difference between all treated plots,
where there were significant dereferences between treated
plots and control. All treated plots were significantly
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Table 10. Mean numbers of Paederus alfierii on pepper leaves after two sprays of insecticides at 2021 and 2022 seasons under open

field conditions.

First spray (Second spray)

Mean numbers of Paederus alfierii per plant

Pesticides
Pre Days after spray (application)
treatment 1 7 14 21 Grand mean
season 2021
Imidacloprid 4.3 29 23 3.2 33 2.9ab
(3.2) (29) (3.7) (3.7) (43) (3.5ab)
Thiamethoxam 4.4 2.5 2.9 3.1 3.2 29ab
(48) (2.9) (3.0) (3.9) (4.7) (3.3)
Spiromesfen 4.5 3.5 3.6 3.7 3.6 3.6 ab
(46) (3.5) (3.6) (42) (4.8) (4 ab)
Acetamprid 43 3.0 34 3.7 35 34ab
(46) (3.5) (3.7) (4.3) (5.0) (4.1 ab)
Chothinidin 4.4 31 3.9 29 4.0 3.5ab
(45) (3.3) (34) (3.9) (4.5) (3.8ab)
Pymetrizine 4.6 3.0 3.8 4.0 4.0 3.70ab
(4.7) (3.5) (2.7) (4.3) (5.0) (3.9ab)
Spinoteram 4.4 3.6 4.3 4.5 4.5 4.2 ab
4.7) (4.2) (4.4) -5 (5.7) (48a)
Dimethoate 4.5 13 14 19 1.7 1.6b
(46) (14) (1.5) (2.0) (2.5) (19b)
Control 4.6 4.2 4.9 51 53 49a
(48) (5.0) (56) (5.6) (6.4) (54a)
LSD 5% 1.7 (1.71)
season 2022
Imidacloprid 4.4 33 33 3.8 4.0 3.6 ab
(4.7) (3.8) (4.0) (4.5) (5.1) (44ab)
Thiamethoxam 4.6 3.0 35 3.7 41 3.6ab
(4.7) (3.5) (3.9) (44) (4.8) (42ab)
Spiromesfen 4.6 3.7 3.6 4.0 4.6 4 ab
(4.8) (4.3) (4.7) (5.0) (2.0) (4.8 ab)
Acetamprid 4.4 3.8 3.6 39 4.52 4ab
(4.5) (4.2) (43) (4.8) (5.2) (4.6 ab)
Chothinidin 4.7 33 3.7 4.2 44 39ab
(4.6) (4.8) (5.2) (5.2) (5.6) (51a)
Pymetrizine 4.5 3.8 3.7 4.3 5.0 42ab
(4.2) (4.9) (4.2) (4.9) (5.4) (4.7ab)
Spinoteram 4.7 41 4.2 4.7 52 4.5 ab
(4.8) (46) (51) (5.5) (5.8) (53a)
Dimethoate 4.3 18 21 23 2.7 22b
(4.6) (24) (2.6) (1.7) (3.0) (24b)
Control 4.7 4.8 52 5.6 6.2 55a
(4.9) (4.9) (5.2) (6.7) (7.0) (6a)
LSD 5% 17(15)

Means in column followed by different letter(s) are significantly different at 5% level.
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Table 11. Decrease percentages of Paederus alfierii stages on pepper leaves after two sprays of different insecticides at 2021 and 2022

seasons under open field conditions.

First spray Second spray
Decrease percentages of Paederus alfierii
Pesticides
Days after spray Grand Days after spray Grand
1 7 14 21 mean 1 7 14 21 mean
season 2021
Imidacloprid 30.9 38.8 37.0 35.6 33.7 335 343 34.6 32.7 33.7
Thiamethoxam 40.4 40.8 39.3 334 38.5 39.7 394 30.3 272 34.2
Spiromesfen 16.9 271 284 29.8 25.5 26.8 27.0 25.1 24.6 259
Acetamprid 237 30.6 276 28.3 27.6 276 26.1 23.0 219 24.6
Chothinidin 26.4 20.2 233 219 231 31.2 311 31.0 29.7 30.8
Pymetrizine 21.6 222 21.7 21.7 21.8 270 25.7 234 219 245
Spinoteram 14.5 10.2 11.9 14.9 12.9 12.3 10.7 111 10.9 11.2
Dimethoate 68.9 71.4 62.8 66.9 65.5 68.4 69.3 60.8 60.5 64.7
season 2022
Imidacloprid 31.2 36.2 32.0 35.6 33.8 36.3 35.8 32.6 271 33.0
Thiamethoxam 37.6 375 351 34 36.1 39.1 37.0 34.3 30.3 35.2
Spiromesfen 229 30.7 23.8 25.8 258 28.0 24.2 255 25.7 258
Acetamprid 20.8 311 30.4 272 274 29.0 30.8 28.5 25.9 28.5
Chothinidin 314 28.2 253 229 26.9 223 22.7 27.5 20 231
Pymetrizine 22.0 25.0 233 19.5 22,5 29.8 32.6 273 22.6 281
Spinoteram 14.8 19.2 17.3 16.8 17.0 19.9 17.9 17.4 16.9 18.0
Dimethoate 62.0 59.7 58.9 56.4 59.2 59.4 58.1 58.7 57.1 58.4

recorded more fruit yield of pepper over control during
both 2021 and 2022seasons. During first year 2021 the
maximum yield of pepper (6.43 ton/fed) was obtained in
the plots treated with imidacloprid, and thiamethoxam
(6.21 ton/fed), Spinetoram (5.91ton/fed), acetamprid
(5.75 ton/fed), Dimethoate (5.61ton/fed), chothinidin
(5.51 ton/fed), Spiromesfen (5.45 ton/fed) and pymetrizine
(5.24 ton/fed) and these were statistically at par to each
other and significantly superior to the untreated control
and recording increase % 34.53, 32.21, 28.76, 26.78, 24.96,
23.59,22.75, and 19.66% in yield over control, respectively.
The minimum yield (5.24 ton/fed) was obtained in the plots
treated with pymetrizine. Similarly, at 2022season the
highest yield was also obtained in the plots treated with
imidacloprid (6.52 ton/fed) followed by thiamethoxam
(6.34 ton/fed), spinoteram (5.98 ton/fed), acetamiprid
(5.91 ton/fed), Dimethoate (5.70 ton/fed), chothinidin
(5.68 ton/fed) and Spiromesfen (5.58 ton/fed) and these
were statistically at par to each other and significantly
superior to the untreated control , recording increase % as
36.04,34.22,.30.27,29.44,26.84,26.58,25.29 and 21.76%,
in yield over control. The minimum yield of 5.68 ton/fed
was obtained in the plots treated with chothinidin.
Pooled data of both years also revealed that the
maximum fruit yield of pepper fruits (12.9 tons/fed) was
obtained in the plot treated with imidacloprid followed
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by thiamethoxam (12.6 ton/fed), spinoteram (11.9 ton/
fed), acetamprid (11.7 ton/fed), Dimethoate (11.3 ton/fed),
chothinidin (11.2 ton/fed), Spiromesfen (11.1 ton/fed) and
pymetrizine (10.5 ton/fed), respectively and these were
comparable to each other. Generally, all tested insecticides
increased the yield of green pepper fruits compared with
control, and Imidacloprid achieved the highest fruit yields.

4. Discussion

The obtained results are in agreement with El-Sayed
(2013) who found that imidacloprid achieved a good
decrease in the mean number of Bemisia tabaci and Myzus
persicae 0.97 and 1.22, respectively. Also, Kumawat et al.
(2015) revealed that two sprays of imidacloprid 17.8 SL
was very effective against aphid, whitefly and jassid
population and causing 91.05, 88.64 and 90.02% mean
reduction. Also, Singh et al. (2004) and Bharpoda et al.
(2014) found that imidacloprid was the most effective
insecticide between nine synthetic tested insecticides
against B. tabaci in chilli plants. Kumawat (2015) reported
that two applications of imidacloprid 17.8 SLat 22.5 g a.i.
/ha was significantly effective and resulting in 88.64 mean
reduction % in population of whiteflies. Sangle et al. (2017)
found that imidacloprid, acetamiprid and triazophos were
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Table 12. Mean numbers of Coccinella spp on pepper leaves after two sprays of different insecticides at 2021 and 2022 seasons under
open field conditions.

First spray (Second spray)

Mean numbers of Coccinella spp per plant

Pesticides
Days after spray (application)
Pre treatment 1 - 12 n Grand mean
2021 season
Imidacloprid 5.5 3.9 4.0 44 4.9 4.3b
(5.3) (4.0) (4.2) (4.5) (4.9) (4.4 be)
Thiamethoxam 5.9 3.1 3.6 4.2 4.7 39b
(5.7) (33) (36) (4.1) (4.7) (3.9e)
Spiromesfen 5.9 4.0 4.2 4.7 52 45b
(5.6) (3.0) (4.3) (4.9) (5.4) (4.4 be)
Acetamprid 5.5 39 41 4.6 51 44D
(5.3) (3.7) (4.1) (4.9) (5.4) (4.5bc)
Chothinidin 55 4.2 43 51 5.7 4.8 ab
(5.3) (41) (45) (4.9) (5.6) (4.8 bc)
Pymetrizine 53 3.6 4.0 4.8 5.0 44b
(5.1) (3.7) (4.0) (4.4) (4.9) (4.2 be)
Spinoteram 5.6 4.4 4.2 53 6.0 5ab
(5.6) (4.8) (5.2) (5.8) (6.5) (5.6 ab)
Dimethoate 5.5 1.7 2.0 24 3.0 2.3c
(5.5) (2.2) (24) (3.0) (3.1) (2.7d)
Control 5.6 5.7 6.0 6.5 71 63a
(5.8) (5.8) (6.1) (6.9) (6.8) (6.4 a)
LSD 5% 1.2(1)
2022 season
Imidacloprid 52 34 3.8 4.6 4.8 4.1b
(5.2) (3.7) (3.9) (4.4) (3.6) (3.9ab)
Thiamethoxam 52 3.0 33 43 4.6 38b
(5.3) (3.3) (3.4) (4.0) (4.5) (3.8 ab)
Spiromesfen 5.5 3.7 4.0 5.0 52 4.5 ab
(5.4) (3.9) (4.1) (4.6) (5.2) (4.5ab)
Acetamprid 53 3.6 4.0 52 54 4.6ab
(5.1) (3.9) (4.2) (4.8) (5.6) (4.6ab)
Chothinidin 5.4 4.0 44 5.3 5.6 4.8ab
(5.1) (4.3) (4.5) (5.0) (5.5) (4.8ab)
Pymetrizine 5.2 3.2 3.6 4.7 5.0 41b
(5.2) (3.6) (3.8) (4.3) (5.0) (4.2 ab)
Spinoteram 52 3.8 4.6 5.9 6 5.1ab
(5.2) (4.3) (49) (5.5) (6.0) (5.1 ab)
Dimethoate 5.1 1.8 2.0 24 3.0 23c¢
(5.5) (1.9) (2.3) (2.6) (3.0) (2.5b)
Control 5.2 52 5.6 7.0 71 6.2a
(5.6) (5.6) (5.9) (6.4) (7.2) (6.3a)
LSD 5% 1.3(1.6)

Means in column followed by different letter(s) are significantly different at 5% level.
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Table 13. Decrease percentages of Coccinella spp populations on pepper leaves after two sprays of different insecticides at 2021 and
2022 seasons under open field conditions.

First spray Second spray
Decrease % of Coccinella spp
Pesticides
Days after spray Grand Days after spray Grand
1 7 14 21 mean 1 7 14 21 mean
season 2021
Imidacloprid 31.2 321 324 313 31.7 31.2 31.0 34.5 323 32.2
Thiamethoxam 453 38.5 35.6 33.8 38.3 43.0 41.6 40.6 372 40.6
Spiromesfen 29.6 28.7 279 26.3 28.1 311 29.2 29.0 27.0 29.1
Acetamprid 30.9 30.1 291 28.2 29.7 35.8 323 291 26.9 31.0
Chothinidin 25.8 253 219 19.0 23.0 29.3 26.2 27.7 24.2 26.8
Pymetrizine 36.2 323 31.0 29.4 322 37.0 434 35.9 34.5 377
Spinoteram 224 20.2 18.3 14.1 18.7 174 14.9 15.8 12.2 151
Dimethoate 69.8 66.2 63.0 579 64.2 62.8 60.5 56.5 58.1 59.5
season 2022
Imidacloprid 35.0 33.2 34.0 333 339 351 33.6 315 30.5 32.7
Thiamethoxam 42.6 41.2 38.1 36.1 39.5 42.4 41.9 384 373 40.0
Spiromesfen 30.2 28.7 284 26.8 30.8 31.0 29.8 28.2 273 291
Acetamprid 319 28.9 254 239 275 30.7 28.6 26.0 24.2 274
Chothinidin 235 225 23.6 20.7 22.6 24.7 233 22.6 241 23.7
Pymetrizine 38.6 35.7 325 29.9 34.2 371 353 33.8 30.0 34.0
Spinoteram 23.7 17.8 16.2 15.7 18.4 24.7 17.2 15.1 16.6 18.4
Dimethoate 66.5 64.4 57.9 57.9 61.7 65.8 60.8 59.2 58.4 60.8

Table 14. Effect of tested pesticides on pepper yields at 2021 and 2022 seasons under open field conditions.

Yield (ton/feddan 4200m?) Yield increase %
Pesticides
season 2021 season 2022 Pooled season 2021 Season 2022

Imidacloprid 6.4a 6.5a 129a 34.5 36.0
Thiamethoxam 6.2a 63a 126a 322 342
Spiromesfen 55a 56a 11a 22.8 25.3
Acetamprid 5.8a 59a 11.7 a 26.8 29.4
Chothinidin 55a 57a 11.2a 23.6 26.6
Pymetrizine 52a 53a 10.5a 19.7 21.7
Spinoteram 59a 6.0a 11.9a 28.8 303
Dimethoate 56a 57a 11.3a 25.0 26.8

Control 32b 32b 6.4b - -

LSD 5% 13 1.7 1.7 - -

the most effective tested insecticides against sucking (2009) reported that the thrips, population infesting
insects viz., thrips (Scirtothrips dorsalis) and whitefly  chilli plants were effectively minimized by acetamiprid
(Bemisia tabaci) in green chilli plants and the effectiveness 20 SP and thiamethoxam 25 WG. Samota et al. (2017)
of imidacloprid noticed against S. dorsalis.). Sarkar et al.  found that acetamiprid was the most effective treatment
(2013), Tukaram et al. (2017) and Mandi and Senapati  against thrips population in chilli plants followed by
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thiamethoxam, imidacloprid, fipronil. Guruprasad et al.
(2019) found that spinetoram 12% SC effective reduced the
thrips population and increased the fruit yield, moreover,
itaceived low adverse effect on natural enemies in grape.
Seal et al. (2006) reported that chlorfenapyr, spinosad,
imidacloprid, and abamectin significantly reduced the
larval populations of S. dorsalis.

Ameta and Sharma (2005) reported that imidacloprid
70 WG at 35 g a. i. [ha recorded the highest reduction in
the population of aphids. Also, Sahoo (2012) reported
that Imidacloprid and Thiamethoxam were found the
most effective against mustard aphid Bengal under field
condition. Similarly, Faheem et al. (2010) found that
imidacloprid, endosulfan, and profenofos were found to
be effective against cabbage aphid and resulted in 90.41,
77.01, and 69.84% efficacy, respectively. Abd-Ella (2013) and
Ghelani et al. (2014) reported that flonicamid, acetamiprid,
imidacloprid and dinotefuran were effectiveness against
cotton aphids. EI-Naggar and Zidan (2013) found that
imidacloprid and thiamethoxam achieved high efficiency
against B. tabaci and A. gossypii on cotton. Patil et al. (2014)
reported that, thiamethoxam 25 WG @ 0.006% decreased
aphids, leaf hoppers and whitefly population effectively on
okra. Gaikwad et al. (2014) reported that, thiamethoxam
25WG @ 75 g a.i.ha' achieved high decrease in aphids
and White flies recording percent reduction of 92.95%
and 99.47% of and 83.80% and 96.67% of, respectively
in first and second spray. Kumawat (2015) found that
two applications of imidacloprid 17.8 SL at 22.5 g a.i.
[/ha proved significantly superior over all other treatments
as it resulted in 91.05 mean reduction % in population of
aphids. Gaber et al. (2015) found that the foliar application
of neonicotinoid insecticides thiamethoxam, dinotefuran,
acetamiprid and imidacloprid were the most effective
insecticides in reducing cotton aphid A. gossypii population
up to 21 days after treatment throughout two seasons
and caused an average reduction percentage ranged from
73.58 to 96.42%. Also, Kumar et al. (2017) reported that
Thiamethoxam 25WG @ 100g/ha-1was found most effective
insecticide in reducing the population of whitefly followed
by imidacloprid17.8 SL @ 100 ml/ha. El-Dewy et al. (2018)
proved that imidacloprid, flonicamid and dinotefuran were
recorded the highest mean reduction of aphids (92.95,
86.36 and 76.16%) at 2017 and (90.95, 82.48 and 78.44%)
at 2018 season. El-Sherbeni et al. (2018) reported that
imidacloprid and thiamethoxam recording reduction %
ranged from 83.28 - 93.27% in A. gossypii infestation in
cotton plants. Moreover, Karthik et al. (2020) reported
that thiamethoxam 25% WG 25 g a.i. /ha were highly
effective against aphid, whitefly and leaf hoppers after
first and second spray, respectively. Shonga and Getu
(2021) found that imidacloprid were the best treatment
efficacy for cabbage aphid with 91.04% and the maximum
leaf yield was obtained from imidacloprid (14.18 t/
ha). Choudhary et al. (2022) found that application of
spinosad @70 g a.i. [ha, Emamectin benzoate 5 sg@11 g
a.i./ha, Imidacloprid 200 sl @40 g a.i./ha and Fipronil 5 SC
@30 g a.i./ha were effective against thrips (Scirtothrips
dorsalis) in chilli. Also, Al Dhafar et al. (2023) reported
that Thiomethoxam insecticide achieved a high effect on
the whitefly in its various stages, and at the same time it
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was safe for the environment and non-target organisms.
This study recommended its safe use to control this insect.

With respect to the side effect of tested pesticides on
natural enemies, the obtained results are in agreement
with Aina Atirah et al. (2017) reported that neonicotinoid
insecticides are more effective against insects and also
relatively non-toxic to non-target species and very effective
in control sucking insects. El-Zahi and Arif, (2011) found that
imidacloprid was safely to insect predators. (Kumar et al.
(2012). El-Dewy et al. (2018) reported that flonicamid,
imidacloprid and dinotefuran have high activity against
Aphis gossypii and Bemisia tabaci. Also, they were less
harmful to the tested predators on cotton plants under field
conditions. So, these insecticides represent an important
choice to use in IPM programs to control these pests in
cotton fields. Gaber et al. (2015) found that acetamiprid
and dinotefuran induced reduction percent ranged from
28.28 to 56.52% in the population of C. carnea. Whereas,
thiamethoxam and imidacloprid induced reduction percent
ranged from 55.53 and 64.39%, on contrast, malathion and
pirimicarb induced the highest reduction percent in the
population which ranged from 67.15 to 96.57% during both
seasons (Jansen 2000; Cabral et al., 2008; Jansen et al.,
2011; Bacci et al., 2012).

Varghese and Mathew (2013) found that Spiromesifen
was safely against natural enemies, where, dimethoate
30 EC 300 g a.i. ha' was unsafe to natural enemies.
Guruprasad et al. (2019) reported that spinetoram 12% SC
found to be effective in reducing the thrips population and
also achieved higher fruit yield with low adverse effect
on natural enemies build up like Coccinellids in grape.
Choudhary et al. (2022) found that spinosad @70 g a.i./
ha, Emamectin benzoate 5 sg@11 g a.i./ha, Imidacloprid
200 SL @40 g a.i./ha and Fipronil 5 SC @30 g a.i./ha were
effective against thrips (Scirtothrips dorsalis) in chilli. Thus,
Spinosad, Emamectin benzoate, Fipronil and Imidacloprid
are recommended to manage S. dorsalis on rotational basis
in chilli ecosystem. El-Sherbeni et al. (2018) reported
that Flonicamid, Emamectin-benzoate, Imidacloprid and
Thiamethoxam were the least harmful to the associated
predators in cotton plants causing less than 50% mortality.

As for the effect of tested pesticides on sweet pepper
yield the obtained results were in agreement with
Sangle et al. (2017) who found that imidacloprid recorded
the highest green chilli fruit yield (110.25 q/ha) followed by
thiamethoxam (106.55 q/ha), triazophos (103.79 q/ha) and
acetamiprid (102.91 q/ha), also, Manjunath et al. (2000)
found that imidacloprid treatment showed significant
reduction in mite population and higher yields in chilli.
Kumar et al. (2017) reported the highest marketable yield
of Chilli in imidacloprid treated plot. Also, Ghosh et al.
(2009) reported that 54.03 and 53.20% increase in chilli
yield over control were recorded in thiamethoxam and
acetamiprid treated plots, respectively. Kumawat et al.
(2015) found that Imidacloprid 17.8 SL at 22.5 g a.i./ha
sprayed twice recorded significant increase in marketable
yield of chilli (117.08 g/ha), while, the highest fruit
yield (126.14 q/ha) were obtained from thiamethoxam
treated plots. Nitenpyram and thiamethoxam are highly
effective for controlling the piercing sucking pests (mainly
aphids, mirids, thrips and whiteflies) (Wettstein et al.,
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2016; Zhang et al., 2016). Manjunath et al. (2000)
reported that imidacloprid treatment showed significant
reduction in mite population and higher yields in chilli.
Guruprasad et al. (2019) reported that spinetoram 12%
SC effectively reduced thrips population and recorded
higher fruit yield , moreover it achieved low adverse
effect on natural enemies build up like Coccinellids in
grape. Finally, Shonga and Getu (2021) reported that
imidacloprid was the best efficacy treatment against
cabbage aphid with 91.04%.

5. Conclusion

The present study showed that the selected pesticides,
which were divided into different chemical groups, were
highly effective on the tested sucking insects, aphids,
white fly, thrips that infect pepper plants. The selected
pesticides were safer against natural enemies, Chrysoperla
carnea, Paederus alfierii and Coccinella spp compared to the
organophosphorus pesticide dimethoate, which produced
a high level of inhibition against them. Regarding the effect
on productivity, treatments with the tested pesticides
resulted in an increase in sweet pepper yield compared
to the control. So, it can be suggested to use the tested
pesticides in integrated management programs for the
tested sucking insects, as they were highly effective on
sucking insects, safer against natural enemies, and also
achieved an increase in yields.
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