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Abstract: The efficiency of sulfoxaflor, cyantraniliprole, imidacloprid and azadirachtin were evaluated
against whitefly, Bemisia tabaci on tomato under field conditions. Two experiments in season 2021 showed
that sulfoxaflor , cyantraniliprole and imidacloprid were the most effective insecticides compared to
azadirachtin. Sulfoxaflor gave the highest reduction of B.tabaci one day after treatment (initial kill). The
results also showed that the infestation of B.tabaci can be greatly reduced by spraying sulfoxaflor and
cyantraniliprole. Tomato fruit yield was significantly increased after an application of all the tested
insecticides when compared to untreated control. All the insecticides caused a slight but significant
decrease in fruit quality attributes. Overall, our findings indicated that sulfoxflor and cyantraniliprole can
suitably be included in IPM program of whitefly control in tomato. However, the potential side effects on

tomato fruit should be considered.
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Introduction

Tomato (Lycopersicon esculentum Mill.) is
an important vegetable crop grown
worldwide, and the second after potato
(Govindappa et al. 2013). According to data
from FAO in 2020; the world produced
186,821 million tons of tomatoes cultivated
on 5,051,983 hectares in which Egypt ranked
fifth with 6,731.22 million tons cultivated on
170,862 hectares (FAO 2020). Tomato is a
major component of Egyptian diet and is
consumed almost daily — fresh, cooked or
processed (canned product or paste). Tomato
is globally more prone to insect pests, mainly
due to its tenderness and softness as
compared to other crops. A number of insect
pests and non-insect pest species are
reported to attack tomato fields (Lange &
Bronson 1981, Wade et al., 2020). The most
economically  important insect pests
substantially reducing yield and fruit quality
are whitefly, aphids, caterpillars, leaf miner,

fruit borers, thrips and jassids (Filho et al.
2006, Katroju et al. 2014).

However, among those insect pests, the
sap-sucking insect whitefly Bemisia tabaci
(Gennadius, 1889) is considered one of the
most threatening and damaging insect pests
worldwide. Gameel (1972) indicated that
whitefly showed to deprive its host plants of
growth and reduce the yield both
quantitatively and qualitatively. The whitefly
is a pest of more than 600 different cultivated
and wild plant species (Oliveira et al. 2001). It
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). It is a vector
of more than 300 plant viruses in which the
tomato leaf curl virus (TLCV) causes significant
yield loss (Jones 2003, Hogenhout et al. 2008).
Moreover, whitefly infestation leads to the
production of honeydew, which reduces
photosynthesis and causes the growth of
sooty mold fungi on the plant leaf and fruit
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surface affecting photosynthesis efficiency
(Stansly & Natwick 2010).

Chemical control of the whitefly with
conventional insecticides (organophosphates,
carbamtes and pyrethroids) is widely popular
with tomato farmers and producers in Egypt.
However, the recurrent use of these
insecticides has led to insecticide resistance
and loss of efficacy, as well as other side
effects on the environment and non-target
organisms. Sulfoxaflor is a new systemic
insecticide belongs to sulfoximine acting on
the nicotinic acetylcholine receptors (nAChRs)
in the nervous system of pests (Cutler et al.
2013). It is highly effective against sucking
insects and used in various vegetable, and
fruit crops. It provides continuous protection
through major period of the crop growing
season. As sulfoxaflor binds much more
strongly to insect neuron receptors, it is

Table 1The tested insecticides.
Common name

Sulfoxaflor Closer 24% SC

Cyantraniliprole Benevia 10% OD

Azadirachtin Neemix 4.5% EC

Imidacloprid Mallet 35% SC

Laboratory studies

Whiteflies were reared on cotton seedling
in standard laboratory conditions according to
the method of Dittrich & Ernest (1983).
Tomatoes (var. Sama) were grown in an open
field without exposure to any insecticide. Leaf
discs (30 mm in diameter) were immersed
into serial concentrations of aqueous solution
of the commercially-tested insecticides for 20
seconds, and then air-dried for one hour, and
laid in an adaxial side of petri dishes (3 cm
diameter) containing 2% agar gel. Another set
of leaf discs was dipped in water and served
as control. The petri dishes had 4 holes
covered with metal screen for ventilation and
5 replicates were used. Twenty adults of

Trade name/ formulation

selectively more toxic to insects than
mammals (Tomizawa & Casida 2003). The
other novel systemic insecticide;
cyantraniliprole which belongs to anthranilic
diamide, is a powerful tool for controlling
adult and immature stages of whitefly, and for
reducing the transmission of plant viruses
(Gravalos et al. 2015). It acts as a ryanodine
receptor modulator by depleting calcium
needed for insects’ muscle contraction.

Therefore, the main objective of this study
was to evaluate the bioefficacy of above
mentioned insecticides under field conditions
against whitefly on tomato compared with
imidacloprid and Azadrirachtin.

Materials and methods

Four insecticides were tested in this study
as shown in Table 1.

Chemical group Manufacturer

Sulfoximine Dow Agroscience
Anthranilic diamide Du Pont
--------- Stanes
Neonicotinoids Nufarm

whitefly were transferred onto the treated
leaf discs using fine brush. Mortality of adults
was corrected after 24 h by Abbott's formula
(Abbott 1925). The LCso values were
calculated with Probit analysis using Ldp line
(Ehabsoft V.1.0 software).

Field evaluation

Two field experiments were carried out
during the 2021 growing season to assess the
biological evaluation of the four tested
insecticides under open field conditions. The
experiments were conducted at the
Agricultural Experimental Station, Faculty of
Agriculture, Cairo University, Giza, Egypt.
Seedlings of tomato plants (var. Sama) were
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transplanted on the first of August 2021. An
area of 2,000 m? was divided into 5 equal
plots (4 treatments of insecticides and one as
untreated control) and separated from each
other to reduce the drift effect. The
experiment was set in a randomized block
design and the insecticides were applied once
in foliar at the recommended field rates using
a knapsack sprayer. The application started on
September 15 when infestation reached 5
nymphs per leaf. The efficacy of tested
insecticides against nymphs was estimated
after 1, 3, 5, 7, 10 and 15 days of spraying
according to the official evaluation protocol of
the Ministry of Agriculture. Twenty-five leaves
were randomly collected and inspected in
three levels of plant (the upper, middle and
lower one) per each replication of treatment.
The adults of whitefly were recorded in the
field, and then the nymphs were examined in
the laboratory under a binocular microscope.
The percentage reduction in infestation was
calculated according to Henderson and Tilton
(1995). Fruit was harvested on 1/11/2021 and
continued to 1/12/2021. Fruit sampling was
made by weighing the fruit coming from 1 m?
(3 times) in every plot. The mean of three m?
was taken to represent the productivity of this
plot. Tomato fruit was stored at -20° C until
further biochemical analysis.

Determination  of chemical

components in fruits

major

a - Protein content

The protein content was determined as the
total nitrogen in the dried fruit using the
modified- micro- Kjeldahl method as
described by Peach and Tracy (1956):

% Nitrogen =

{ml standard acid — mlblank) x N of acid x 1.4007
weight of sample in grams

b- Carbohydrates

A known weight (0.2-0.5 g) of the dried
ground sample was placed in a test tube, and

then sulfuric acid (10 ml 1N) was added and
the tube was sealed, and placed overnight in
an oven at 1002 C and the carbohydrate was
measured according to Dubois et al. (1956).

¢ - Ascorbic acid

Vitamin C content as ascorbic acid (mg)
was measured in fresh fruit
spectrophotometrically according to Helrich
(1990).

d - Carotenoids and lycopene

Carotene and lycopene were extracted
from fresh fruit and guantified
chromatographically using high performance
liguid chromatography (HPLC) by the method
of Khalil & Varananis (1996). Perkin Elmer
HPLC with LC-1000 pump (Isocratic), having
Cis column and connected with LC 250 UV/VIS
detector was used. HPLC mobile phase
(Acetonitrile, dichloromethane and methanol
by the ratio of 70:20:10, respectively) at the
rate of 2ml per minute. Wave length was fixed
at 452 nm. The pressure of the column was
kept 1800-2000 PSI. The peak was
automatically identified and quantified by
comparing the retention time of the sample
with the standard retention time.

Statistical analysis

Data were analyzed using a one-way
analysis of variance (ANOVA) with MSTAT-
Cv.2.10 software package followed by LSD test
at 0.05 for comparison between treatments
and expressed as mean 1SD. Duncan’s
Multiple Range-test was used to determine
significant differences between the mean
values of treatments according to Snedector
& Cochran (1989).

Results

Laboratory studies

The result in Table 2 shows the toxicity of
the four tested insecticides: imidaclopride,
cyantraniliprole, sulfoxaflor, and azadirachtin
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to the whitefly. The tested insecticides were
arranged according to their toxicity based on
LCso values in the following descending order:
sulfoxaflor (17.11 ppm), cyantraniliprole
(17.94 ppm), azadirachtin (36.41 ppm) and
imidaclopride (38.43 ppm). Data indicated
that sulfoxaflor was more effective than the
other tested insecticides for B. tabaci adults.
On the other hand, the neonicotonid

insecticide imidaclopride was less efficacious.
The results confirmed that sulfoxaflor,
cyantraniliprole and azadirachtin were more
toxic to whitefly than imidaclopride. The
toxicity indices of the tested insecticides:
cyantraniliprole, azadirachtin and
imidaclopride were 95.37, 46.99 and 44.52%
as toxic as sulfoxaflor.

Table 2. Toxicity of the tested insecticide to Bemisia tabaci adults.

Lethal concentration (LC) pg/ml

Common name

LC 25 LC 5o
Limit confidence Limit confidence

Cyantraniliprole 8.24 17.94
(6.33 -10.08) (15.09 - 21.52)

Sulfoxaflor /.63 17.11
(5.81-9.37) (14.43 - 20.27)

Imidacloprid 19.06 38.43
(14.76 - 23.20) (32.44 - 45.28)

16.01 36.41

Azadirachtin (11.87 - 19.99)

Field evaluation of the tested insecticides

The first experiment

The first field evaluation experiment of the
tested insecticides is presented in Figure 1.

ey
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number of alive insects
2o R oW s oo W

Befor spraying 1

(30.25 - 43.72)

Slope  Toxicity index at LCso
LC 90

Limit confidence

78.72
(57.89 - 122.36)
79.35
(58.99 - 121.03)
145.69
(113.25 -206.19)

173.46
(127.08 -271.83)

1.995 95.37
1.923 100

2.214 44.52

1.89 46.99

Results indicated that there were significant
differences in nymph numbers between the
untreated control and the insecticide
treatments and also differences occurred
among the tested insecticides.

15

Obzidirachtin Byantraniliprele B Sulfoxaflor B Imidacloprid OUntreated check

Fig. 1. Mean number of alive whitefly nymphs before and after spraying tomato plants during 2020 season (first
experiment). Means followed by the same letter do not differ significantly.
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The number of whitefly nymphs per leaf
decreased from 5.75, 6.35, 5.8 and 5.75
before spraying to 1.3, 3.71, 1.7 and 0.9 after
one day of application with imidacloprid,
azadirachtin, cyantraniliprole and sulfoxaflor,
respectively. Regarding the initial kill, all the
tested insecticides gave excellent control of
whitefly nymphs except for azadirachtin.
However, sulfoxaflor was the most effective in
decreasing the number of whitefly nymphs.
The numbers of whitefly after three days of
application were 0.44, 0.87, 0.87 and 2.45, for
sulfoxaflor, cyantraniliprole, imidacloprid and

100
90
BO
70
&0
50
40
30
20
10

infestation reduction %

{Initial kil 1 3 5

HAzidirachtin BECyantraniliprole

azadirachtin  respectively, whereas the
corresponding values after five days were
0.35, 0.7, 0.63 and 1.9 respectively. A similar
trend was obtained also after 15 days, as the
numbers recorded were 0.57, 0.76, 0.97 and
4.53, respectively. Based on the mean number
of whitefly nymphs at the estimated intervals,
the highest effectiveness was found after the
application of sulfoxaflor, followed by
imidacloprid and cyantraniliprole. The data
concerning percentage reduction in
infestation is shown in  Figure 2.
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Fig. 2. Percent reduction in infestation of whitefly nymphs after spraying tomato plants during 2020 season (first
experiment). Means followed by the same letter do not differ significantly.

Most of the tested insecticides reduced
infestation with whitefly nymphs during time
interval. One day after spraying (initial kill),
sulfoxaflor, cyantraniliprole and imidacloprid
caused infestation decline of whitefly nymphs,
while azadirachtin offered the lowest initial
kill. The percentage reduction in infestation
was 87.3, 79.5, 73.3 and 45.4% after spraying
sulfoxaflor, imidacloprid, cyantraniliprole and
azadirachtin, respectively. After three days,
the corresponding values were 94.5, 87.9,
87.8 and 68.1%, respectively. The percentage
of reduction in infestation slightly increased in
case of sulfoxaflor, imidacloprid, and
cyantraniliprole to 97.3, 93.7 and 95.7%,
respectively. On the other hand, these values

decreased from 78.4% after five days to 57.5%
after ten days of the application of
azadirachtin. The tested insecticides can be
arranged according to the residual effect into
three categories: The first category includes
sulfoxaflor (96.1%), the second group includes
cyantraniliprole and imidacloprid (92.14 and
91.58%), respectively and the third group
includes the botanical pesticide azadirachtin
(64.22%).

The second experiment

There were no significant differences in the
efficacy of the tested insecticides in the two
experiments. Similar trend in the second
experiment was obtained. As shown in
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Figure 3 the infestation of tomato with
whitefly nymphs decreased after one day of
application to 1.13, 1.58, 2.09 and 3.42 per
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Fig. 3. Mean number of alive whitefly nymphs before and after spraying tomato plants during second experiment 2020
season. Means followed by the same letter do not differ significantly.

After three days, the number decreased
after the application of sulfoxaflor,
imidacloprid, cyantraniliprole and azadirachtin
to 0.67, 1.33, 1.28 and 2.74, respectively. The
corresponding values after seven days were
0.19, 0.78, 0.4 and 2.74, respectively.
However, after 15 days, the recorded
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numbers were 0.72, 1.58, 1.07 and 5.62,
respectively. The mean infestation number
ranged from 0.53 per leaf in case of
sulfoxafior to 3.25 after treatment with
azadirachtin Figure 3. Data concerning
percentage reduction in infestation were
presented in Figure 4.

B Sulfoxaflor @ Imidacloprid

Fig. 4. Percent reduction in infestation of whitefly nymphs after spraying tomato plants during 2020 season (second
experiment). Means followed by the same letter do not differ significantly.

After one day of application (Initial kill)
infestation reduction was 81.6, 75.8, 69.7 and
39.8% for sulfoxaflor, imidacloprid,
cyantraniliprole and azadirachtin,

respectively. The corresponding values after
five days were 95.2, 88.3, 90.7 and 72.4%,
respectively. Seven days after application, the
tested insecticides were able to keep the
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reduction in infestation more than 90%
except for azadirachtin, which gave only
60.3%. Also, all insecticide exhibited excellent
control by more than 80% until fifteen days
after application except for azadirachtin,
which showed only 30.7%. The tested
compounds could be arranged according to
their reducing the population of whitefly
nymphs in the following descending order:
sulfoxaflor, cyantraniliprole and imidacloprid.

The data obtained from the two
experiments indicated that the tested
insecticides could be classified into four
groups based on their initial kill and residual
effect in the first and second experiment,
respectively. The first group includes
sulfoxaflor, with initial kill and residual effect
more than 90 and 94.48%, respectively. The
second group includes cyantraniliprole with
initial kill more than 82.9 and the residual
effect more than 90.82%. The third group
includes imidacloprid, which had initial kill of
79.5% and 75.8%. Azadirachtin represented
the fourth group, as lower control was
obtained.

Effect of the tested insecticides on yield
and some quality attributes

The results in Figures 5 & 6 indicated that
plants treated with sulfoxaflor and
cyantraniliprole significantly increased tomato
yield as they exhibited the maximum fruit
yield increase of 63.1 and 52.6% respectively,
compared to the untreated plots. While there
were no significant differences of tomato
yield in plants treated with azadirachtin and
imidacloprid related to untreated check. This
result supports our efficacy studies in the
field, as sulfoxaflor and cyantraniliprole were
the most efficient insecticides for B. tabaci.
This may be due to lower plant sap sucking by
insect in the treated plants which reflect on
and contribute to higher yield.

Regarding major parameters of fruit
chemical constituents, (Fig. 5 & 6), plots
treated with insecticides significantly reduced
ascorbic acid, lycopene, carotene and
carbohydrate contents in fruits compared to
untreated plants. However, no significant
differences in protein were found among the
four insecticides and/or related to the control
plots.
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Fig. 5. Effect of the tested insecticides on fruit yield and quality attributes. Means followed by the same letter do not differ

significantly.
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Fig. 6. Effect of the tested insecticides on carotene content in tomato fruits.

Disucssion

The overall results manifest that to achieve
effective control of whitefly soon after
infestation (the first week after application),
sulfoxaflor proved to be the most effective
insecticide. This result agree with Jahel et al.
(2017), Barrania et al. (2019) and Longhurst et
al. (2012) who reported that sulfoxaflor
exhibited very low resistance ratio when
tested against strains of B. tabaci indicating
that sulfoxaflor is a new effective tool for the
controlling plant sap-feeding pests which are
resistant to conventional insecticide groups.
Cyantraniliprole as an xylem systemic
insecticide in the new anthranilic diamide
class provided excellent whitefly control
which is in line with Caballero et al. (2015),
Gouvea et al. (2017), and Kar (2017).
Moreover, Govindappa et al. (2013) pointed
out that cyantraniliprole 10% OD at 60 and 75
g.a.i hal caused 100% mortality at 48 hrs
after treatments and also recorded the least
virus transmission (10 and 5%, respectively).
Imidacloprid was the most effective
treatment with 100% control of pest
population at five days after spray also with
minimum population at 10 and 15 days after
spray (Kumar 2018, Abdel-Elrazik et al. 2018).
Also, Thorat et al. (2020) and Simkhada &
Paneru (2010) revealed that imidacloprid was
more effective in decreasing whitefly

population. Additionally, lowest whitefly
population (2.18 adults /leaf) was also
recorded in imidacloprid treated plants. In the
present study azadirachtin was found to be
the least effective against population of
whitefly. These results are similar to those
attained by Jahel et al. (2017) and Thorat et
al. (2020).

In general, our results showed that all the
treatments were significantly superior over
the untreated control plots in reduction of
whitefly populations. Nevertheless, the tested
insecticides exhibited fairly different effect
which could be due to the variability in
insecticide characteristics influencing the
movement in plant tissues, such as water
solubility, which greatly affect their toxicity,
especially on plant sucking insects Cloyd &
Bethke (2011). It could be also attributed to
the recent introduction of sulfoxaflor and
cyantraniliprole for controlling B.tabaci, which
develops resistance to other classes of
insecticides, including neonicotinoids Wang et
al. (2017). The higher activity obtained by
sulfoxaflor over other treatments may be due
to its mode of action as an agonist at insect
nicotinic acetylcholine receptors (nAChRs) and
exhibits structure activity relationships that
are different from other nAChR (Liao et al.
2017), Watson et al. (2017), Sparks et al.
2013).

Regarding fruit yield, Aktar et al. (2009)
declared that substantial yield loss occurs
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without use of insecticides, but significant
yield increase is resulted from insecticide
application. This result also agrees with
Shiberu (2020), Kandil et al. (2020) and Glover
et al. (2008) who stated that insecticides
caused significant increase in fruit quantity
values. Our data are also in par with
Govindappa et al. (2013), who found that the
tomato yield was higher in plots that received
cyantraniliprole 10 OD. Very limited literature
is available on the impact of pesticides on
plant and their fruit quality. The effect of
insecticides on major fruit chemical
constituents is poorly investigated Saladin &
Clément (2005). Our results as shown in
Figures (5&6) illustrated that all plots treated
with insecticides reduced ascorbic acid,
lycopene, carotene and carbohydrate
contents in fruits compared to untreated
plants. However, protein content did not
significantly change among the four
insecticides and /or the control plots. This
data disagree with Shalaby & Gad (2016) who
found that carotenoids, ascorbic acid,
lycopene, total protein in tomato fruits were
significantly increased after insecticide
application compared with those obtained for
untreated control. Conversely, the present
results are in line with Chauhan et al. (2013)
who found that imidacloprid decreased
carbohydrate, ascorbic acid contents of
potatoes but increased the total protein
content and antioxidant enzymes. AL-Eed
(2007) also pointed out that carbohydrate
contents were significantly decreased in the
insecticide-treated tomato plots when
compared with control, which is in harmony
with the obtained data. Despite the role of
insecticides to protect crops against insect
pests, crops can be affected in a different
manner. Pesticides are known to interfere
with the biochemical and physiological
processes of plants, lowering their food
quality and negatively affect chemical
composition and alter its quality attributes as
reviewed by Chauhan et al. (2013) and
Sharma et al. (2019). Moreover, in a study by

Radwan et al. (2004) the profenofos residues
in eggplant fruits significantly decreased the
total soluble sugars, % dry matter and total
protein, but had no adverse effect on the
ascorbic acid and carotene content . Costa et
al. (1987) demonstrate that the possible
effects on fruit quality should be considered
and taken into account when insecticides are
applied in order to avert their effects on fruit
constituents.  Carotenoid is important
antioxidant and is essential to human growth,
normal physiological functions, health of the
skin as well as mucus membranes. Vitamin C
is an antioxidant and is necessary to several
metabolic processes as stated by Griffiths &
Lunce (2001). The impact of insecticides on
chemical composition of tomato might
depend on the environmental factors and the
chemical structure of the insecticide Al-Eed
(2007). Sharma et al. (2019) referred this
negative effect to the impact on plant growth
and development, pigment system,
photosynthetic efficiency and protein content.

It can be concluded that all tested
insecticides were effective to control whitefly
compared with the control. Furthermore,
sulfoxaflor and cyantraniliprole are the
preferred insecticides with higher efficacy and
can be used for tomato in the IPM programs
to provide growers with new options for
whitefly control. The study also presented the
potential effect of the insecticides on tomato
fruit quality parameters that should be
considered before marketing to avoid side
effects of the insecticides.

Acknowledgements

The authors appreciate the support and
facilities provided by Faculty of Agriculture,
Cairo University, Egypt.

References

Abbott WS. 1925. A method for computing
the effectiveness of an Insecticide. Journal
of Economic Entomology, 18(2): 265-267.

145



Polish Journal of Entomology 91 (3) 2022

Abdel-Razik MA. 2018. Residues of
imidacloprid insecticide and its efficacy on
whitefly Bemisia tabaci (Gennadius) in
tomato plants. International Journal of
Environmental Sciences and Technology,
16(8): 3989-4000.

Aktar W, Sengupta D, Chowdhury A. 20009.
Impact of pesticides use in agriculture:
their benefits and hazards. Interdisciplinary
Toxicology, 2(1):1-12.

Al-Eed MA. 2007. Impact of Certain
Insecticides on Chemical Composition of
Greenhouse and Open Field Tomato Plants.
Alexandria Science Exchange Journal, 176-
182.

Barrania AA, El-Bessomy MA, El-Masry AT.
2019. Field Efficiency of some New
Insecticides against some Sucking Insects at
Cucumber Plants. Alexandria Science
Exchange Journal, 40: 327-332.

Brown JK. 2010. Phylogenetic biology of the
Bemisia tabaci sibling species group.
Chapter 2 Pages 31-67 in: Bionomics and
Management of a Global Pest PA Stansly
and SE Naranjo (eds.), Springer,
Amsterdam. 350 p.

Caballero R, Schuster DJ, Peres NA, Mangandi
J, Hasing T, Trexler F, Annan [B. 2015.
Effectiveness of cyantraniliprole for
managing Bemisia tabaci (Hemiptera:
Aleyrodidae) and interfering  with
transmission of Tomato yellow leaf curl
virus on tomato. Journal of Economic
Entomology, 108(3): 894-903.

Chauhan SS, Agrawal S, Srivastava A. 2013.
Effect of Imidacloprid insecticide on
biochemical parameters in potatoes and
estimation by HPLC. Asian Journal of
Pharmaceutical and Clinical Research, 6 (3):
114-117.

Cloyd RA, Bethke JA. 2011. Impact of
neonicotinoid insecticides on natural
enemies in greenhouse and interior scape
environment. Pest Management Science,
67: 3-9.

Cutler P, Slater R, Edmunds A, Maienfisch P,
Hall R, Earley F, Pitterna T, Pal S, Paul VL,

Goodchild J, Blacker M, Hagmann L,
Crossthwaite A. 2013. Investigating the
mode of action of sulfoxaflor: A fourth-
generation neonicotinoid. Pest
Management Science, 69:
10.1002/ps.3413.

Dittrich V, Hassan SO, Ernst GH .1983. The
resistance pattern in whiteflies of
Sudanese cotton. Deutsche Gesellschaft fiir
Allgemeine und Angewandte Entomologie,
4:96-97.

Dubois M, Gilles KA, Hamilton JR, Smith F.
1956. Colorimetric method for
determination of sugar and related
substances. Analytical Chemistry, 28(3):
350-356.

Duncan DB. 1955. Multiple range and multiple
F tests. Biometrics, 11: 1-42.

FAO 2022: last accessed in 2022 at
https://www.fao.org/faostat/en/#home
Filho MN, Navickiene S, Ddérea HS. 2006.
Development of MSPD method for the
determination of pesticide residues in
tomato by GC-MS. Journal of the Brazilian

Chemical Society, 17: 874-879.

Finney DJ. 1952. Probit Analysis. A Statistical
Treatment of the Sigmoid Response Curve
(2 Edition), Cambridge University Press,
Cambridge, UK. pp 333.

Gameel OL. 1974. Some aspects of the
matting and oviposition behavior of the
cotton whitefly Bemisia tabaci (Genn.).
Revue de Zoologie et de Botanique
Africaines, 88(4): 784-788.

Glover AM., Tetteh FM. 2008. Effect of
Pesticide Application Rate on Yield of
Vegetables and Soil Microbial
Communities. West African Journal of
Applied Ecology, 12:1-7.

Gouvéa MM, Freitas DM, Rezende IA,
Watanabe LF, Lourencdao AL. 2017.
Bioassay of insecticides on mortality of
Bemisia tabaci biotype B and transmission
of Tomato severe rugose virus (ToSRV) on
tomatoes. Phytoparasitica, 45(1):95-101.

Govindappa MR., Bhemanna M, Hosmani A,
Ghante VN. 2013. Bio-efficacy of newer

146


https://www.fao.org/faostat/en/#home

Polish Journal of Entomology 91 (3) 2022

insecticides against Tomato Leaf Curl Virus
disease and its vector whitefly (Bemisia
tabaci) in tomato. International Journal of
Applied  Biology and Pharmaceutical
Technology, 4: 226-231.

Gravalos C, Fernandez E, Belando A, Moreno |,
Ros C, Bielza P. 2015. Cross-resistance and
baseline susceptibility of Mediterranean
strains of Bemisia tabaci to
cyantraniliprole. Pest Management
Science, 71: 1030-1036.

Griffiths HR, Lunce J. 2001. Ascorbic acid in
the 21th Century — more than a simple
antioxidant. Environmental Toxicology and
Pharmacology, 10(4): 173-182.

Helrich K. 1990. Official methods of analysis of
the AOAC Chemists. International (No:
630.243 A849015).

Hendreson CF, Tilton EW. 1955. Tests with
acaricides against the brown wheat mite.
Journal of Economic Entomology, 48(4):
157-161.

Hogenhout SA, Ammar ED, Whitfield AE,
Redinbaugh MG. 2008. Insect vector
interactions with persistently transmitted
viruses. Annual Review of Phytopathology,
46: 327-359.

Jahel MK, Halawa SM, Hafez AA, Abd El-Zahar
TR, Elgizawy K. 2017. Comparative efficacy
of different insecticides against whitefly,
Bemisia tabaci (Gennadius) (Homoptera:
Aleyrodidae) on Tomato Plants. Middle
East Journal of Applied Sciences, 7(4):786-
793.

Jones D. 2003. Plant Viruses Transmitted by
Whiteflies. The European Journal of Plant
Pathology, 109:195-219.

Kandil MAH, Sammour EA, Abdel-Aziz NF,
Agamy EA, El-Bakry AM, Abd elmaksoud
NM. 2020. Comparative toxicity of new
insecticides generations against tomato
leafminer Tuta absoluta and their
biochemical effects on tomato plants.
Bulletin of the National Research Centre,
44: 126-139.

Kar A. 2017. Bioefficacy evaluation of
imidacloprid 17.8% SL and thiamethoxam

against whitefly on tomato and their effect
on natural enemies. Journal of Entomology
and Zoology Studies, 5(3): 1064-1067.

Katroju RK, Cherukuri SR, Vemuri SB, Reddy N.
2014. Bioefficacy of insecticides against
fruit borer (Helicoverpa armigera) in
tomato (Lycopersicon esculentum).
International Journal of Applied Biology
and Pharmaceutical Technology, 5:239-
243,

Kumar R. 2018. Evaluation of insecticides
against whitefly on tomato and their effect
on natural enemies. Journal of
Pharmacognosy and Phytochemistry, 7.
789-792.

Lange WH, Bronson L. 1981. Insect pests of
tomatoes. Annual Review of Entomolgy,
26:345-371.

Liao Z, Mao K, Ali E, Zhang X, Wan H, Li J.
2017. Temporal variability and resistance
correlation of sulfoxaflor susceptibility
among Chinese populations of the brown
planthopper Nilaparvata Iugens. Crop
Protection, 102: 141-146.

Longhurst C, Babcock JM, Denholm |, Gorman
K, Thomas JD, Sparks TC. 2012. Cross
resistance relationships of the sulfoximine
insecticide sulfoxaflor with neonicotinoids
and. other insecticides in the whiteflies
Bemisia tabaci and Trialeurodes
vaporariorum. Pest Management
Science, 69(7): 809-813.

Oliveira M, Henneberry TJ, Anderson PK.
2001. History, current status and
collaborative research projects for Bemisia
tabaci. Crop Protection, 20 (9): 709-723

Peach K, Tracy MB. 1956. Modern method of
plant analysis, Volume I.

Pereira MF, Boica JAL, Barbosa JC. 2004.
Distribuicao espacial de Bemisia tabaci
(Genn.) bidtipo B (Hemiptera: Aleyrodidae)
emfeijoeiro (Phaseolus vulgaris L.). [Spacial
distribution of Bemisia tabaci (Genn.)
biotype B (Hemiptera: Aleyrodidae) in
common bean (Phaseolus vulgaris L.)].
Neotropical Entomology, 33: 493-498.

147



Polish Journal of Entomology 91 (3) 2022

Radwan M, Shiboob M, AbuElamayem M,
AbdelAal A. 2004. Residues of pirimiphos-
methyl and profenofos on green pepper
and eggplant fruits and their effect on
some quality properties. Emirates Journal
of Agricultural Science, 16(1): 32-42.

Saladin G, Clément C. 2005. Physiological side
effects of pesticides on non-target plants.
In: Agriculture and Soil Pollution: New
Research - Editor: James V. Livingston, pp:
53-86.

Shalaby S, Gad A. 2016. Effects of Insecticide
Residues on Some Quality Attributes in
Tomato Fruits and Determination their
residues. International  Journal  of
PharmTech Research, 9 (12): 360 - 371.

Sharma AV, Kumar AK, Thukral R, Bhardwaj J.
2019. Responses of Plants to Pesticide
Toxicity: an Overview. Planta Daninha, 37:
2-12.

Shiberu T. 2020. Evaluation of Insecticides on
Management of some Sucking Insect Pests
in Tomato (Lycopersicon esculentum Mill.)
in West Shoa Zone, Toke kutaye District,
Ethiopia. Journal of Science and Sustainable
Development, 8(2): 43-49.

Simkhada R, Paneru RB. 2010. Efficacy of
pesticides against major pest of tomato
grown at plastic house condition in the
mid-hills of Nepal: a case of Kaski,
Naudada. Journal of the Institute of
Agriculture and Animal Science, 31: 63-68.

Snedecor GW, Cochran WG. 1989. Statistical
methods. 8th Edition, lowa State University
Press, Ames.

Sparks TC, Watson GB, Loso MR, Gengm C,
Babcock JM, Thomas JD. 2013. Sulfoxaflor
and the sulfoximine insecticides:

Chemistry, mode of action and basis for
efficacy on resistant insects. Pesticide
Biochemistry and Physiology, 107: 1-7.

Stansly P. Natwick E. 2010. Integrated Systems
for Managing Bemisia tabaci in Protected
and Open Field Agriculture. In: Bemisia:
Bionomics and Management of a Global
Pest (pp.467-49) Springer, Dordrecht.

Thorat SS, Sushil K, Patel JD. 2020. Bio efficacy
of different pesticides against whitefly
(Bemisia tabaci Gennadius) in tomato.
Journal of Entomology and Zoology Studies,
8(4): 1428-1431.

Tomizawa M, Casida JE. 2001. Structure and
diversity of insect nicotinic acetylcholine
receptors. Pest Management Science,
57:914-922.

Wade PS, Wankhede SM, Hatwar NK, Shinde
BD, Sanap PB. 2020. Seasonal incidence of
major pests infesting tomato (Solanum
lycopersicum). Journal of Entomology and
Zoology, 8 :1546-1548.

Wang AW, Wang S, Han G, Du Y, Wang.l.
2017. Lack of cross-resistance between
neonicotinoids and sulfoxaflor in field
strains of Q-biotype of whitefly. Bemisia
tabaci, from Eastern China. Pesticide
Biochemistry and Physiology, 136: 46-51.

Watson GB, Olson MB, Beavers KW, Loso MR,
Sparks TC. 2017. Characterization of a
nicotinic acetylcholine receptor binding
site for sulfoxaflor, a new sulfoximine
insecticide for the control of sap-feeding
insect pests. Pesticide Biochemistry and
Physiology, 143: 90-94.

Received: 25.02.2022
Accepted: 29.05.2022
Publish online: 30.09.2022

148


https://www.researchgate.net/publication/281665576_Biology_and_epidemiology_of_Bemisia-vectored_viruses
https://www.researchgate.net/publication/281665576_Biology_and_epidemiology_of_Bemisia-vectored_viruses
https://www.researchgate.net/publication/281665576_Biology_and_epidemiology_of_Bemisia-vectored_viruses

