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Abstract: The green bean crop (Phaseolus vulgaris) is infested with many
insects such as whiteflies (Bemisia tabaci). An investigation was carried out
to study the insecticidal activity of whitefly (Bemisia tabaci), five pesticides
were used, namely Thiamothoxam, Sulfoxaflor, Spirotetramat, Pymetrozine,

NS and Flonicamid, and three commercial natural pesticides, namely Superrego,
Whiteflies _Topnine, and Bernastar. Pesticides and natural pe_:sticides were sprayed dur-
R ing the two seasons of 2020 and 2021. The obtained results in terms of the
Bemisia tabaci, . X , i .
Green bean reduct!on rate of th(_e insects number were as follows: The highest rate o_f
Pesticides ' reduction appeared in T_hlamothoxam an_d _Sulfoxaﬂqr treatments, where it
Plant extrécts reached above 80%, while t_he other pesticides were in the range of 40% to
Honey bees ' 60%, and the lowest reduction rate was 34.33% and 36.09 % for Be_rr}astar
during season 2020 and 2021 respectively. When evaluating the toxicity of
these pesticides and natural pesticides against honeybees (Apis mellifera),
the pesticides did not reveal any toxicity to honeybees, except for Thia-
mothoxam, Sulfoxaflor, and Superrego The LCs, and LDsp values against
honeybees were 0.2 ppm and 0.000005ug/one honeybee for Thiamothoxam,
4.5 ppm and 0.0001125 pg/one bee for Sulfoxaflor, and 0.95 ppm and
0.00002375 g /one bee for Superego respectively.
1 Introduction sucking and piercing insects such as white flies, which

causes great losses in the green bean crop (Altieri et al
Green bean (Phaseolus vulgaris L.) production ~ 1977).

has increased in recent years in many countries all The most important pesticides used against white
over the world; agricultural operations including  fly, which works to reduce the infestation rate signifi-
pest control have crucial effects on crop productiv-  cantly, are Sulfoxaflor insecticide (Zewain et al 2013),
ity (Altieri et al 1977, Binnie and Clifford 1981,  Flonicamid insecticide (El-Zahi et al 2017), lambda —
Begum et al 2023). Green beans are infested with ~ Cyhalothrin insecticide (Bughdady et al (2020) and ne-
many insects, the most important of which are  onicotinoid insecticides (Barman et al 2021). Recently,
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the trend has been to use natural pesticides with dif-
ferent origins e.g. plant extracts due to their low
toxicity to humans and living organisms in the sur-
rounding environment (Abd-Allah et al 2005,
Sayed et al 2020, Al-Ghamdiet al 2021,
Noureldeen et al 2022).

Consideration shall be taken when selecting
pesticides to reduce the whitefly population, in
terms of the toxicity against honeybee insects
(Abd-Allah et al 2005, Xavier et al 2015, Tosi and
Nieh 2017, Saleem et al 2020).

The research aims to determine the relative ef-
ficacy of selected insecticides (Thiamothoxam,
Sulfoxaflor, Spirotetramat, Pymetrozine, and
Flonicamid,) and natural pesticides (Superrego,
Topnine, and Bernastar) against Bemisia tabaci un-
der field conditions and to assess acute toxicity of
the selected synthetic insecticides and natural pes-
ticides to honeybee workers under laboratory con-
ditions.

2 Materials and Methods

2.1 Pesticides used to control whitefly

2.1.1 Chemical Pesticides

Thiamethoxam

Molecular formula:  CgH10CINsOsS (Fig 1).
Trade name: Lex 25% WG (Thiamothoxam) is pro-

duced by (Starchem Industrial Chemicals— Egypt).
It was used at the recommended rate of 60g/100L.
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Fig 1. Chemical structure of (Thiamothoxam)

Sulfoxaflor

Molecular formula: C1oH10F3N3OS (Fig 2).

Trade name: Closer™ 24% SC (Sulfoxaflor) is pro-
duced by (Dow AgroSciences USA). It was used at the
recommended rate of 50cm?/fed.
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Fig 2. Chemical structure of Sulfoxaflor
Spirotetramat

Molecular formula:  C2;H»NOs (Fig 3)

Trade name: Movento® 10% SC (Spirotetramat) is pro-
duced by (Bayer CropScience). It was used at the rec-
ommended rate of 75cm3/100L.

Fig 3. Chemical structure of Spertetromate
Flonicamid
Molecular formula:  CgHsF3N3O (Fig 4).
Trade name: Teppeki 50% WG (Flonicamid) is pro-

duced by (Starchem Industrial Chemicals— Egypt). It
was used at the recommended rate of 20gm/100L.
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Fig 4. Chemical structure of Flonicamid
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Pymetrozine

Molecular formula: C10H11NsO (Fig 5).

Trade name: Tedo 50%WDG (Pymetrozine) is
produced by (Starchem Industrial Chemicals —
Egypt). It was used at the recommended rate of
50gm/100L.

Fig 5. Chemical structure of Pymetrozine

2.1.2 Natural pesticides

BernaStar

Trade name: BernaStar 32% (Coconut pulp ex-
tract 40%, Avocado seed extract 38%, Sulfur com-
pounds of plant origin 8% and Auxiliary materials
and water 14%) is produced by (Starchem Indus-
trial Chemicals — Egypt). It was used at the recom-
mended rate of 1L/fed.

TopNine

Trade name: TopNine 100% (An innovative
formula of natural materials containing chitosan) is
produced by (Starchem Industrial Chemicals —
Egypt). It was used at the recommended rate of 750
cm/fed.

SuperRego

Trade name: SuperRego 100% (Matrine and
Chitosan). Matrine is a kind of plant-sourced pesti-
cide; it is a kind of alkaloid extracted from legumi-
nous plant (Sophora flavescens) root, stem and fruit
by ethanol and other organic solvent. SuperRego is
produced by Starchem Industrial Chemicals —
Egypt. It was used at the recommended rate of
125ml/100L.

2.2 Evaluation of the efficacy of pesticides on
Green beans (Phaseolus vulgaris) crop in the
field

A field experiment was carried out to evaluate
the efficacy of Lex 25% WG, Closer™ 24% SC,
Movento® 10% SC, Teppeki 50% WG, Tedo 50%

WDG, BernaStar 32%, TopNine 100% and SuperRego
100% against the nymphs of whitefly (Bemisia tabaci)
during 2020 and 2021 growing season of green beans
at the agricultural experiment station, Faculty of Agri-
culture, Cairo University, Giza, Egypt. Seeds of green
beans (Phaseolus vulgaris L.) Bronco varieties were
cultivated in the field on 21 August 2020 and 21 Au-
gust 2021. The experimental area was divided as a com-
plete randomized block design including nine treat-
ments and three replicates for each treatment. A plot
size of 350 m? of a green bean plant and the standard
package of practices as described by AL-Kherb (2011)
and Bughdady et al (2020). A hand sprayer was used in
applying the tested pesticides and natural pesticides at
their recommended application rates separately. The in-
secticides were applied just after the mean infestation
counts of 10 Whitefly insects shoot/ plant or above. Fif-
teen leaves of each replicate for each treatment from the
green beans plant were selected randomly for recording
the Whitefly insects. The pre-count was performed 24
hr. before spray and post-counts at the intervals of 1, 3,
7 and 10 days after treatment. Treated leaves were put
in paper bags to preserve the samples until they reached
the laboratory for examination with a binuclear. The re-
duction of the population (mortality percentages) was
calculated according to the equation of Henderson and
Tilton (1955).

2.3 Evaluation of the toxicity of chemical and natu-
ral pesticides on honeybees in the laboratory

Laboratory experiments were carried out against
honeybee workers of Apis mellifera L. The workers
were obtained from bee hives maintained at the apiary
of the Faculty of Agriculture, Ain-Shams University.
After collection, an appropriate humber of bees were
placed into a large plastic box and transferred to the la-
boratory. The bees were distributed in experimental
plastic jars in groups and worker bees were placed into
an experimental jar, three replicates were maintained
for each concentration. The bees are starved for 2 hours
before the initiation of the experiment so that all bees
are equal in terms of their gut contents at the start of the
experiment. Oral exposure for each concentration for 4
hours. After the period of exposure to the insecticide at
different concentrations, the treated honeybees were
fed a 50% (w/v) sucrose solution without pesticides for
72 hours. Mortality percentage was recorded after 4, 24,
48 and 72 hours of treatment. Bees were fed with 50 %
(w/v) sucrose solution only were used as a control. The
tests were carried out under laboratory conditions at 28
+ °C and 70 % RH according to guidelines No. 213 of
the Organization for Economic Co-operation and De-
velopment OECD (1998).
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Preliminary tests were carried out to determine
the range of concentrations that produce 20 to 80
% mortality in honeybees (Laurino et al 2013, Del-
kash-Roudsari et al 2022). The concentrations used
were from Thiamethoxam 0.1, 0.2, 0.3, 0.4 and 0.6
MI/L. While the concentrations of Sulfoxaflor were
1,2, 4,6, 8and 10 pl/L. The used concentrations
of Superrego were 0.125, 0.25, 0.5, 1, 5and10 pl/L.
Each concentration of each tested agent was repli-
cated three times in addition to the control treat-
ment. The rest of the pesticides did not appear toxic
to bees and were safe.

2.4 Statistical analysis

The reduction of the population (mortality per-
centage) was calculated according to the equation
of Henderson and Tilton (1955) and The Data were
analyzed using the SAS (2006) statistical analysis
system, version (9), separating the means using
Tukey.

Alive and dead nymph (Bemisia tabaci) were
counted after 24 mortality percentages and Alive
and dead honeybees were counted daily for three
days and mortality percentages were corrected by
Abbott’s formula (1925). Mean percentages of
mortalities after correction were plotted on a probit
scale against the log of concentration. According to
Finny (1971), the regression lines, Ld-p lines, were
drawn. The slope and median lethal concentrations
were calculated. Each concentration of each tested
agent was replicated three times, in addition to the
control. For estimation of the lethal concentration
(LCso) was used where elapsed time for 50% kill of
honeybee workers was determined for accumulated
mortality because of Thiamothoxam, Sulfoxaflor,
Spirotetramat, Fonicamid, Pymetrozine, Superego,
Bernastar and Topnine treatments. The LCs values
were calculated by probit analysis Finny (1971).

The lethal dose (LDso) to kill 50% of the treated
honeybees for cumulative mortality was deter-
mined for Thiamethoxam, Sulfoxaflor, Spirotetra-
mat, Fonicamid, Pymetrozine, Superego, Bernastar
and Topnine, the LDso values can be calculated
through the amount needed to feed one bee per day,
which is 25 pg. By substituting in the following

equation, the dose taken by the bee can be deduced
from the pesticide.

LDso = 25 g for one bee * LCso \1000000

3 Results and Discussions

3.1 Efficacy evaluation of the tested pesticides and
natural pesticide agents to nymphs of
Bemisia tabaci (Genn) on green beans during the
seasons 2020 and 2021

Table 1 shows the rate of reduction of whitefly in-
festation during the season of 2020, as the number of
insects decreased on green bean leaves when using
chemical pesticides and plant extracts. The results
showed that the rate of reduction in whitefly infestation
was increased by increasing the number of sprays, as it
was the highest possible in the third spray compared to
the first and second spray.

The highest reduction rate was found, up to more
than 80%, in Thiamethoxam and Sulfoxaflor pesticides,
and the reduction rate reached about 40% to 60% in the
rest of the pesticides used (Spirotetramat, Pymetrozine,
Flonicamid, Superrego, and Topnine), while the lowest
percentage of reduction in infestation in the case of the
Bernastar pesticide was 34%. Almost the same results
appeared in the percentage of rate reduction in infesta-
tion during the season of 2021 (Table 2).

Neonicotinoids compounds are among the newly
spread and widely used compounds, which have signif-
icant effects against sucking and piercing insects, espe-
cially the whitefly (Barman et al 2021), and the most
important of them is Thiamethoxam, as El-Zahi et al
(2017) found that it had the highest effect in reducing
the infestation of the whitefly on the cotton crop, and
LCso against nymphs (The second age) reached 30.37
ppm, and then the flonicamid pesticide, reached 226.24
ppm. Bughdady et al (2020) also used thiamethoxam
pesticide against the whitefly on the tomato crop, which
resulted in a decrease in infestation after 14 days of
treatment (Zewain et al 2013). Sulfoxaflor pesticide
24% SC was used at the recommended rate of applica-
tion against whitefly on cucumber plants and showed
its effectiveness on the rate of infestation reduction as
well. Salazar-Lopez et al (2016) and Iftikhar et al
(2022) found that Spirotetramat pesticide was very
effective against sucking-piercing insects such as aphid
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and whitefly. Plant extracts have been chosen in-
stead of pesticides, and they give positive results in
controlling pests such as fermented plant extracts
of neem leaf and wild garlic on tomato plant
(Nzanza and Mashela 2012).

3.2 Evaluation of the toxicity of chemical and
natural pesticides against honeybees under
laboratory conditions

The toxicity of the investigated chemical pesti-
cides and plant extracts against honeybee workers
was evaluated and expressed as LCso and LDsg. The
following pesticides (Spirotetramat, Pymetrozine,
Flonicamid, Bernastar, and Topnine) did not show
toxicity to honeybees, therefore their use is safe in
pest control without causing harm to bees. How-
ever, Thiamethoxam, Sulfoxaflor, and Superrego
were expressed severe toxicity effects on bees as
high death rates of worker honey bees were
detected.

Thiamethoxam pesticide showed high mortal-
ity, reaching 83.9% at a concentration of 0.6 ppm,
and the lethal concentration and lethal dose for half
of the bees were 0.2 ppm and 0.000005g/one bee
respectively (Fig 6). Sulfoxaflor pesticide showed
high mortality, reaching 72.4% at a concentration
of 10 ppm, and the lethal concentration and lethal
dose for half of the bees were 4.5 ppm and

Conc /ppm mortality%
0.1 33.7%
0.2 50.5%
0.3 73.9%
0.4 79.6%
0.6 83.9%

0.0001125 pg/one bee respectively, which is the most
toxic to worker bees compared to other pesticides (Fig
7.

Superrego pesticide showed high mortality, reach-
ing 100% at a concentration of 30 ppm, and the lethal
concentration and lethal dose for half of the bees were
0.95 ppm and 0.00002375 pg/one bee respectively (Fig
8).

Chemical and natural pesticides should be studied
and their effectiveness against bees or beneficial insects
evaluated, as Saleem et al (2020) found that neonico-
tinoid pesticides such as Thiamethoxam and Imidaclo-
prid affect the activity of honeybees and feeding at dif-
ferent temperatures. He also found that safe concentra-
tions of these pesticides on bees in the summer are
deadly to honey bees in winter. Tosi and Nieh (2017)
studied the effect of Thiamothoxam for two days on the
behavior and activity of bees and found that it led to a
weakness in the movement of bees inside and outside
the hive.

Plant extracts are considered safer for humans, ben-
eficial insects and bees, such as neem compounds,
which did not show any negative effect on the activity
of honeybees (Abd-Allah et al 2005). But not all plant
extracts are safe and should be studied on honeybees,
in this concern, Xavier et al (2015) found that andiroba
oil, garlic extract, and neem oil have high toxicity on
honeybee larvae, except for eucalyptus oil, and these
oils affected the activity and movement of honeybees
adult.
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Fig 6. Mortality and the lethal concentration and lethal dose for fifty percent (LCso &L Dso) of worker honeybees when
they were fed a sugar solution with different concentrations of Thiamethoxam pesticide
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Conc /ppm % mortality
1 13.7 %
2 20.9 %
4 44 %
6 61.7 %
8 70.7 %
10 72.4 %
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Sulfoxalor 24%
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Fig 7. Mortality and the lethal concentration and lethal dose for fifty percent (LCso &LDsg) of worker honeybees when
they were fed a sugar solution with different concentrations of Sulfoxaflor pesticide

Conc / ppm % mortality
0.125 18.7 %
0.25 39.1%

0.5 31.9%

54.4 %

70.5%
10 78.6 %
15 89.3%
20 4.1 %
30 100 %

Fraplt
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Fig 8. Mortality and the lethal concentration and lethal dose for fifty percent (LCso &LDsg) of worker honeybees when
they were fed a sugar solution with different concentrations of Superrego pesticide

4 Conclusion

Thiamethoxam and Sulfoxaflor pesticides
showed their effectiveness against whiteflies, but
unfortunately, it is advised not to use them due to
their toxicity to honeybees. Also, plant extracts are
not necessarily safe, and this appeared in the pesti-
cide Superrego, where the results showed that it is
less effective against whiteflies, but it is highly
toxic to honeybees when compared to other pesti-
cides used. Therefore, it is recommended to use
pesticides such as Spirotetramat, Pymetrozine,

Flonicamid and Topnine because they are effective in
reducing whitefly infestation on green bean crops, in
addition to being non-toxic to honeybees.
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