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ABSTRACT:Bemisiatabacimanagement demands the employment of
different control strategies in addition to developing alternative or additional
strategies that would allow for the sensible use of pesticides to limit their
dangers while not hurting natural enemies and providing enough crop
protection. This research was intended to evaluate the effects of Romer®
insecticide (Sulfoxaflor), Applaud® insect growth regulator (Buprofezin),
Achook® (Neem oil), and Top Healthy® (Jojoba oil) alone and in combination
on adults and nymphs of whiteflies, as well as the residual effect on tomato
plants during two seasons. under field conditions. The results indicated that the
tested insecticides, Sulfoxaflor followed by Buprofezin, were effective against
both adults and nymphs of B. tabaci after one day for two sprays. In addition,
the Qveral mean persistence residues for Sulfoxaflor were more effective than
Buprofezin against adults. While that Buprofezin was more effective than
Sulfoxaflor against nymphs of B. tabaci. Among oils alone, jojoba oil (Top
Healthy®) was more effective against both nymphs (77.80%) and adults
(65.93%) reduction in population. On the other hand, When the half-
recommended dose of neem oil (Achook® 0.15% EC) or jojoba oil (Top
Healthy® 60% EC) combined with a half-recommended dosage of sulfoxaflor
(Romer®) decreased the adult whitefly abundance significantly compared to
all other treatments. Also, the highest synergism was recorded with a
combination of jojoba oil (Top Healthy® 60% EC) with buprofezin
(Applaud®) was most effective in decreasing the nymphs of whitefly
abundance significantly compared to all other treatments and having the
longest persistence residues under field conditions. In general, neem oil
(Achook® 0.15% EC) or jojoba oil (Top Healthy® 60% EC) were promising
as synergists with the sulfoxaflor (Romer®) insecticide against adults and
jojoba oil (Top Healthy® 60% EC) with buprofezin (Applaud®) insecticide
against nymphs of whitefly and having the longest persistence residues on
tomato plants under field conditions.
Keywords:Bemisiatabaci, White fly, Synergism, Sulfoxaflor.
oil,insecticides combinations, persistence residue
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Tomato (LycopersiconesculentumMill) is
an important Solanaceae vegetable crop and
Egypt's first horticultural crop (Radwan and
Taha, 2012). Egypt, Nigeria, Tunisia, and
Morocco are the top four producers in Africa,
accounting for 37.8 million tonnes of the annual
of total output (FAOSTAT, 2020). Tomato plants
are cultivated in open fields as well as under
plastic-covered greenhouses. Wherever they are
cultivated, tomato plants are attractive hosts for a
variety of insect pests, including whiteflies, leaf
miners, aphids, cutworms, cabbage loppers,
pinworms, fruit worms, mealy bugs, and flea

beetles (Abd El-Ghany, 2011; Ibrahim et al.,
2015).

Bemisiatabaci(Hemiptera: Aleyrodidae)
is a a group of secretive species comprising more
than 40 distinct types. Among them, the invasive
MEAM1 (Middle East-Asia Minor 1 or B biotype
or Bemisiaargentifoli) and MED species
(Mediterranean or Q biotype) are the most
prevalent and economically significant. These
species are responsible for crop damage in over
600 different plant species, leading to economic
losses in the production of food, fiber, and
ornamental crops (Rossitto De Marchi et al.,
2023), causing crop losses in more than 600
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distinct plant species and causing economic losses
in food, fiber, and ornamental crops (Lapidot et
al., 2014; Sani, 2020). This species' feeding
injury have had severe negative effects on plant
growth its adults directly harm plants by injecting
them with saliva, which in turn spreads several
Gemini viruses such as the tomato leaf curl virus,
the bean yellow mosaic virus, and the tobacco leaf
curl virus (Markham et al, 1994). The
honeydew released by its many larvae points to
the significance of crystalline rot on the leaves
(Navas-Castillo et al., 2011). B. tabacihas
evolved significant levels of pesticide resistance
to both traditional and novel insecticides (Yao et
al., 2017; Guedes et al., 2019; Horowitz et al.,
2020).In recent years, there have been several
reports of pesticide resistance in B. tabaci
MED/Q, reducing the possibilities for successful
control using conventional approaches (Yao et
al., 2017; Zheng et al., 2017). MED is known to
rapidly develop resistance to several common
insecticides, including acetamiprid (Horowitz et
al., 2005; Horowitz and Ishaaya, 2014),
thiamethoxam  (Horowitz et al., 2005),
imidacloprid (Karunkeret al., 2008), and the
growth regulator pyriproxyfen (Horowitz et al.,
2005).These problems highlight the importance of
developing alternative or additional strategies that
would allow for the sensible use of pesticides to
limit their dangers while not hurting natural
enemies and providing enough crop protection
(Bernard and Philogéne, 1993). Using synergists
along with insecticides is one of the alternate

Table 1. Pesticide treatments were used.
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solutions for the efficient management of insect
pests that are known to be insecticide-resistant.
Whitefly infestations have been observed to
decrease with the use of plant oils (Sastry, 1989;
Butler et al., 1991; Csizinskyet al., 1997), which
could be used in mixtures with synthetic
insecticides.

Early uses of synergism indicated that
combining chemicals with diverse modes of
action might result in a more effective product
that can theoretically inhibit or delay the
formation of resistant strains to a wide range of
insect pests (Bernard and Philogéne, 1993). In
the same context, it has been discovered that
certain essential oils have a synergistic impact on
insects when used with synthetic pesticides
(Ismail, 2020; Celestino et al., 2016). In the
present study, the efficacy of Romer®
(sulfoxaflor), Applaud® (buprofezin), were
Achook® (neem oil), and Top Healthy® (jojoba
oil) alone and their mixtures with insecticide
(sulfoxaflor) or insect growth regulator
(buprofezin) were evaluated against adults and
nymphs of the whitefly insect on tomato plants
under field condition. were evaluated also
determined the residual effect.

MATERIALS AND METHODS

The experiments were carried out to
evaluate the efficacy and synergistic rate of four
compounds and their mixture against whiteflies at
rates as shown in Table 1 under field conditions.

Trade name Common name Formulation calssification Rate/L
Romer® sulfoxaflor 12% SC Insecticide Iml/L
Applaud® buprofezin 25% SC Insect Growth Regulator Iml/L
Botanical
Achook® azadirachtin 0.15% EC nematicide/insecticide 2ml/ L
extracted from the Neem
tree
Top Healthy® jojoba oil EC %60 Insecticide 4ml/L

Experimental design and treatments:

The field experiments were conducted
during the two seasons of , 2021 and 2022, in El-
Beheira Governorate, Egypt. The experimental
area was divided into 27 plots: (each plot100 m?)
per treatment, eight plots for insecticide
treatments, and one for the control treatment.
Each plot (treatment area) was split into three
replicates. It was transplanted with the tomato
variety Beto 86. All the standard agricultural
practices were followed as recommended for the
growth of tomato plants. Treatments were tested
in this area under a randomized complete block
design. The treatments were imposed using
motor- operated knapsack sprayer to spray the
tested pesticides with the recommended dose and
spray the half-recommended dose when mixing

pesticides with bio-pesticides, as shown in Table
1. The plots were treated with two sprays of
sulfoxaflor alone, buprofezin, neem oil, or jojoba
oil, and a mixture of sulfoxaflor / neem oil or
sulfoximines /jojoba oil, and buprofezin / neem
oil or buprofezin /jojoba oil. There were two
foliar sprays for all treatments, the observations
were recorded on the population of white flies
(nymphs and adults) were recorded from
randomly selected 5 plants per plot at 10 days’
interval after each spray. The leaves with nymphs
of whitefly were collected and brought to the
laboratory. Their numbers were recorded per leaf
under a binocular microscope. The observations
recorded were analyzed statistically to work out
the relative efficacy of different biopesticide
treatments. Percent reduction in the population of
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whiteflies (nymphs and adults) over control was
calculated using Henderson and Tilton’s
(Henderson and Tilton, 1955) formula as
following.

Statistical analysis:

Data were analyzed using one-way
analysis of variance (ANOVA), followed by LSD
test for comparison between treatments, and
expressed as mean +S.E. Statistical significance
was set at p < 0.05. The percent reduction of
infestation was statistically calculated according
to the equation of.

% Reduction =1 — (Ta x Cb/Tb x Ca) x 100

Where: Ta = Post treatment snails counts,
Cb = Untreated snails count before treatment, Th
= Pretreatment counts, Ca = Untreated snails
count after treatment.

RESULTS AND DISCUSSION
1. Efficacy of the tested insecticides against
adult of B. tabaci .

The efficacy ratings presented here are
based on the results of field studies. In 2021, The
experimental data tabulated in Table 2 showed a
significant reduction in B. tabacipopulation in all
treatments. The percentages of adults’ mortalities
in the sulfoxaflor and buprofezin treatments were
examined after one day (Initial kill). The highest
mortality was seen in adults treated with
sulfoxaflor after the 1%t and 2" sprays, which were
80.94 and 96.25 %, respectively, whereas the
lowest percent reduction was recorded in the case
of buprofezin treatments after the 1% and 2™
sprays, which produced 44.09 and 62.00 %,
respectively. In terms of reduction percentages of
the residual efficacy after seven days, sulfoxaflor
remained the superior insecticide, producing
26.95 and 64.59% after the 1% and 2" sprays,
respectively, compared to buprofezin treatments
of 25.98 and 47.62% after the 1%t and 2" sprays.
After ten days, buprofezin was the most effective
treatment in terms of residual reduction against
adults of B. tabaci by 28.45% after the 1% spray,
while in the 2" spray; sulfoxaflor remained the
superior insecticide, giving a reduction of 67.60%
more than buprofezin generated the lowest
decrease percentage of 58.86%. The table shows
the overall mean residual kill for the 1t and 2™
sprays, which was computed as the average of
cumulative mortalities from day 7 to day 10 after
treatment. The maximum mortality effect
(45.64%) was found in sulfoxaflor treatments,
whereas the least mortality effect (40.23%) was
found in buprofezin treatments.

In 2022, the observations obtained after
the first and second sprays among the different
treatments as showed in Table 3 Sulfoxaflor had
the highest population decrease of adults of B.
tabaci following the first and second sprays,

(JAAR) Volume: 28 (3)

82.14 and 94.25%, respectively. The lowest
percent decrease was obtained in the case of
buprofezin treatments after the first and second
sprays, which provided 46.00 and 64.00%,
respectively. In terms of reduced percentages of
residual efficacy after seven days, sulfoxaflor
remained the superior insecticide, generating
46.25 and 69.35% after the first and second
sprays, respectively, compared to buprofezin
treatments, which produced 30.1land 46.32%
after the first and second sprays, respectively.
Following ten days, sulfoxaflor was still the best
pesticide in terms of residual reduction against
adults of B. tabaci by 33.50 and 66.68%,
respectively, after the first and second treatments.
The table displays the overall mean residual kill
for the first and second sprays, calculated as the
average of cumulative mortalities from day 7 to
day 10 following treatment.  Sulfoxaflor
treatments had the highest mortality impact
(53.94%), whereas buprofezin treatments had the
lowest mortality effect (39.59%).
As
2. Efficacy of the tested insecticides against
nymphs of B. tabaci.

Data in Table 2 summarize the efficacy of
sulfoxaflor and buprofezin treatments against B.
tabaci on tomato plants in season 2021.
sulfoxaflor had the highest mortality 90.09 and
71.93%, respectively, after one day of the 1% and
2" sprays, compared to buprofezin treatments of
72.38 and 53.22%, respectively. Seven days later,
buprofezin reduced B. tabacinymphs by 91.67%,
compared to 88.0% for Sulfoxaflor insecticide
after the firstspray. In the second spray,
sulafoxaflor remained the superior insecticide,
giving a reduction of 58.46% more than
buprofezin, which generated the lowest decrease
percentage of 34.23%. Furthermore, after ten
days, buprofezin remained the most effective
component, with 88.89 and 94.23% after the 1%
and 2" sprays, respectively, while sulfoxaflor was
the least effective compound, with 76.29 and
55.77% after the 1%t and 2" sprays, respectively.
The overall mean of percent residual kill among
7-10 days indicates that buprofezin is the most
effective, with 77.26%, whereas sulafoxaflor is
the least effective, with 69.63%.

The findings in Table 3 illustrate the
effectiveness of sulfoxaflor and buprofezin
treatments against B. tabacion tomato plants
throughout the 2022 growing season. After one
day of the first and second sprays, sulfoxaflor had
the highest mortality of 91.00 and 73.21%,
respectively, compared to buprofezin treatments
of 75.32 and 55.02%, respectively. Buprofezin
decreased B. tabacinymphs by 93.63% seven days
later, compared to 87.08% using Sulfoxaflor
pesticide after the first treatment. In the second
spray, sulfoxaflor was still the better insecticide,
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producing a reduction of 61.70% greater than
buprofezin, which produced the lowest reduction
percentage of 31.28%.Buprofezin continued to be
the most effective ingredient after ten days, with
86.00 and 96.47% after the first and second
sprays, respectively, whereas sulfoxaflor was the
least effective ingredient, with 74.27 and 59.11%
after the first and second sprays. Buprofezin is the
most effective insecticide, with an overall mean
percent residual kill between 7 and 10 days of
76.84%, while sulfoxaflor is the least effective,
with an overall mean of 70.54%.

In this study, the insecticide sulfoxaflor
was the most effective insecticide among the
tested insecticides, followed by buprofezin. This
is in line with (Jahel et al., 2017; Essam et al.,
2022) discovered that sulfoxaflor was the most
effective pesticide. Furthermore, sulfoxaflor
provided the greatest decrease in B. tabaci one
day after treatment (initial kill). In another study,
Darwish et al. (2021) discovered that sulfoxaflor
was the most effective insecticide against B.
tabaci nymphs, followed by thiamethoxam,
acetamiprid, pyriproxphene, and buprofezin.
Also, the current results demonstrate that the
chitin synthesis inhibitor buprofezin was effective
against B. tabaci nymphs, which is consistent
with previous findings (Lee et al., 2002; Cutler
et al., 2005), who found that the insect growth
regulator was effective against immature stages of
B. tabaci but only moderately effective against
adults. This study also confirms that the studied
IGRs were efficient against B. tabaci, greatly
reducing its population for up to a week. These
results also agree with (Saleem and
Akbar, 2018; Gogi et al., 2021). The deadly
effects of IGRs only on the ecdysis of B. tabaci
immatures may explain why pest populations are
reduced more throughout the longer post-
exposure interval (Gogi et al., 2021).

3. Efficacy of the tested biopesticides against
adult of B. tabaci.

Data tabulated in Table 4 show the
initial and residual action of neem oil (Achook®
0.15% EC) and jojoba oil (Top Healthy® 60%
EC) against adult of B. tabaciin season 2021. The
results showed that after three days, jojoba oil was
the most effective, with a reduction in mortality
rates of 64.76 and 76.14% after the 1% and 2"
sprays, respectively. Neem oil showed a smaller
decrease percentage in adult of B. tabaci than
jojoba oil, with values of 36.19 and 67.69%,
respectively, after the 1st and 2nd sprays. After
one week, Jojoba oil was clearly the most
efficacious, with a reduction in mortality
percentages of 61.58% after the 1% spray, while in
the 2" spray, neem oil recorded a slight increase
in reduction mortality percentages of 69.65%
compared to jojoba oil 68.69%. After ten days,
neem oil was the most effective treatment,
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producing 53.94% after the first spray. In the
second spray, jojoba oil recorded the maximum
efficiency with a reduction in mortality
percentage of 74.21%. As shown in Table (4), the
overall mean of the residual effect is estimated as
the mean of cumulative mortalities from day 3 to
day 10 after spraying. Jojoba oil had the greatest
mortality percentage of 65.93%, whereas neem oil
had the lowest mortality rate of 53.51%.

In 2022, the findings in Table 5
indicated that jojoba oil was the most effective
after three days, with a reduction in mortality
rates of 66.77 and 79.10% after the first and
second sprays, respectively. After the first and
second sprays, neem oil exhibited a lower
percentage decrease in adults of B. tabaci than
jojoba oil, with values of 39.13 and 70.89%,
respectively. After one week, jojoba oil was
definitely the most effective, with mortality
percentages reduced by 64.34 and 71.85% after
the first and second sprays, respectively. After ten
days, the most successful treatment was neem oil,
which produced 58.22% after the first spray.
Jojoba oil demonstrated the greatest effectiveness
in the second spray, with a 72.01% reduction in
mortality. As indicated in Table (5), the overall
mean of the residual effect is evaluated as the
mean of cumulative mortalities from day 3 to day
10 following spraying. Jojoba oil had the highest
mortality percentage of 68.60%, while neem oil
had the lowest mortality rate of 55.37%.

4 Efficacy of the tested biopesticides against
nymphs of B. tabaci.

Data in Table 4 presents the comparison
effect of tested biopesticides against nymphs of B.
tabaciin season 2021. After 72 hours of exposure,
as well as the long-acting effect after 7 and 10
days of treatment. The maximum percentage of
nymph mortalities after three days of jojoba oil
treatment was 78.47% after the first spray, while
in the second spray, neem oil was the most
effective treatment, producing a reduction of
80.69%. In terms of the reduction percentages of
the efficacy after seven days, jojoba oil proceeded
to be the better compound, providing 94.91%
compared to neem oil, which produced reduction
percentages of 83.27% after the first spray, while
in the second spray, neem oil was the most
effective treatment, producing a reduction of
85.71%. Furthermore, reduction percentages after
ten days following treatment showed variations in
efficacy among the jojoba oil, which was the most
effective, producing a residual reduction of
74.88% after the 1% spray, in comparison, the 2"
spray of neem oil was the most effective
treatment, producing a reduction of 76.19%
compared to the jojoba oil produced reduction of
69.20%. The overall mean of cumulative
mortalities in Table 4 from day 3 to day 10 after
spraying was computed as the general mean of
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residual effect, the greatest mortality result
77.80% was found in jojoba oil, whereas the
lowest mortality effect was observed in neem oil
75.52%.

In 2022, as illustrated in Table 5. After
72 hours of exposure, as well as the long-acting
impact after 7 and 10 days of treatment. The
highest rates of nymph mortalities following three
days of jojoba oil treatment were 80.36 and
81.22%, respectively, after the first and second
sprays. After one week, the jojoba oil treatment
was still the most effective, providing a reduction
of 93.41% after the first spray, while neem oil
was the most effective treatment, producing a
reduction of 82.70% in the second spray.
Additionally, ten days after treatment, reduction
percentages showed differences in efficacy among
the different treatments. Jojoba oil was the most
effective, producing a residual reduction of
83.18% after the first spray. In contrast, neem oil
was the most effective treatment, producing a
reduction of 78.10% compared to the reduction
produced by jojoba oil of 67.54%. The highest
mortality result of 79.78% was obtained in jojoba
oil, while the lowest mortality effect was seen in
neem oil 76.55%. The overall mean of cumulative
mortalities in Table 5 from day 3 to day 10 after
spraying was computed as the general mean of
residual effect.
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Results of our research observed the
mortality of neem oil formulation against adults
ranged from 53.51% to 75.52% against nymphs
during the first and second sprays, which was
quite similar to Jat and Jeyakumar (2006)
found that the population of B. tabaci was
reduced between 50% and 60% at all
concentrations of neem derivatives. In another
study, Neem Azal-T/S decreased the population
of B. tabaci by 61% in three comparable field
trials in eggplant (EL Shafie and Basedow,
(2003). In addition, the adult and nymphal
populations of B. tabaci were significantly
reduced by NSKE at 5% and neem oil at 2%,
according to Nimbalkar et al. (1993).
Furthermore, Kumar et al. (2005) examined the
effectiveness of two commercial products of
neem oil, NeemAzal T/S 1% and NeemAzalU
17%, on tomato plants against the whitefly, B.
tabaci, and found that the reduction varied from
74 to 82%. In addition, AbdElhady et al. (2014)
discovered that the efficacy of jojoba oil and
azadirachtin against B. tabaci Biotype "Q" was
moderate effect. Also, Salem et al. (2003)
revealed that the formulation of jojoba oil was the
most effective against both white fly and
leafhopper species, with a lethal concentration 50
(LCs0) of 5.4% for B.tabaci.
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Table 2. Efficacy of different insecticides against nymphs and adults of Bemisiatabaci on tomato plants under filed conditions during cropping season

(2021)
Adults Nymphs
Spray | Spray 1l Spray | Spray 11
Treatments Inklitlllal Residual kill Initial kill Residual kill ?X:gﬁl Initial kill Residual kill Initial kill Residual kill Quveral
mean
15t day 7t days 10t days 15t day 7t days 10t days 1st day 7t days 10t days 1st day 7t days 10t days
Sulfoxaflor
(Romer® 12% SC) 80.94+2.3  26.95:06  23.42+0.7 96.2522.4 64.59+2.7  67.60£2.1  45.64 90.09+2.9  88.00+28  76.29+559  7193+2.9  58.46+20  55.77:0.8 69.63
Buprofezin
(Applaud® 25% SC) 4409+19  2598+19  28.45%09 62.00£0.7  47.62+13  58.86£27  40.23 72.38£2.4  91.67+26 88.89+1.9 53.22#3.4 342314  94.23+09 77.26
L.S.Do.os 7.96 12.03
Table 3. Efficacy of different insecticides against nymphs and adult of Bemisiatabaci on tomato plants under filed conditions during cropping season (2022)
Adults Nymphs
Spray | Spray 1l Spray | Spray 11
Treatments Inklitlllal Residual kill Initial kill Residual Kill Qveral ynitial il Residual kill Initial kill Residual Kill Queral
mean
1%t day 7" days 10™ days 15t day 7t days 10t days 1st day 7% days 10t days 1st day 7% days 10™ days
Sulfoxaflor
(Romer® 12% SC) 82.14+1.60 46.25:1.60 33.50+1.85 94.25:360 69.35+590 66.68+329 5394  91.00£3.60 87.08+590 74.27+4.84 73.21+160 61.70+145 50.11+130  70.54
Buprofezin
(Applaud® 25% SC) 46.00£4.35  30.11+3.66 22.39+252 64.00+3.65 46.32+4.84 5956+1.85 3959  7532+3.65 93.63+4.79 86.00+3.35 55.02+1.66 31.28+145 96.47+356  76.84
L.S.Do.os 6.38 5.53
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Table 4. Efficacy of different bio pesticides against nymphs and adults of Bemisiatabaci on tomato plants under filed conditions during cropping season

(2021)
Adults Nymphs
Spray | Spray 11 Qveral Spray | Spray Il Qveral
Treatments Residual kill Residual Kill mean Residual kill Residual kill mean
3t day 7thdays 10t days 3t days 7hdays 10" days 3t days 7t days 10t days 3%t days 7hdays 10" days
Neem oil
36.19+1.8  54.84+13  53.94+12  67.69+2.1  69.65+1.1  38.76+0.6 53.51 66.98+1.6  83.27+1.32  60.26+359  80.69+3.0  85.71#2.0  76.19+3.8 75.52
(ACh00k® 0.15% EC) + + + + + + + + + + + +
Jojoba oil
64.7622.7  61.58+15  50.19#0.5  76.144#55  68.69+1.7  74.21+16 65.93 78.47+1.7 94.91+0.8 74.88+291  7828+24  71.07#3.7  69.2045.4 77.80
(Top Healthy® 60%EC)
L.S.Do.os 10.82 - 9.94 -
Table 5. Efficacy of different bio pesticides against nymphs and adult of Bemisiatabaci on tomato plants under filed conditions during cropping season
(2022)
Adults Nymphs
Spray | Spray 1l Qveral Spray | Spray 1l Qveral
Treatments Residual Kill Residual kill mean Residual kill Residual kill mean
3™ day 7'hdays 10" days 3t days 7" days 10t days 3" days 7hdays 10" days 3% days 7" days 10 ™ days
Neem oil
- 39.13+2.05 56.0842.70 58.22+14 70.89+537  67.14#3.34  40.77+459 5537  65.90+3.05 85.07+1.65 68.20£3.7 79.36+345 82704645  78.10+2.95 76.55
(Achook® 0.15% EC)
Jojoba oil
. 66.77+2.75 64344245 57.55+2.2  79.10+3.65 71.85#4.05 72.01+2.00  68.60  80.36+2.20 93.41+1.80 83.08#4.3 81.22+2.95 73.07+2.65 67.54%3.49 79.78
(Top Healthy® 60% EC)
L.S.Do.os 4.11 - 3.01 -
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5. Efficacy of some plant oil combinations
with insecticides against adults of whiteflies on
tomato plants.

The effectiveness of combinations of
neem oil (Achook® 0.15% EC) and jojoba oil
(Top Healthy® 60% EC) with sulfoxaflor or
buprofezin against adults of B. tabaci was tested.
In growing season 2021 the findings revealed that
different combinations induced varying levels of
adult mortality, as shown in Table 6 the initial
kill of adult mortalities examined after one day,
the highest mortality 94.42% was seen in adults
treated with a combination of sulfoxaflor at 0.5 ml
with jojoba oil at 2 ml in the 2" spray, followed
by a combination of buprofezin with neem oil, by
recording a reduction of 87.33% in the 2" spray,
respectively. In terms of the mean reduction for
the residual kill of B. tabaci over two sprays
(Qveral mean) revealed, sulfoxaflor was most
effective in combination with neem oil with a
percent reduction of 76.28%, followed by
sulfoxaflor in combination with jojoba oil with
72.68%.

In the growing season of 2022, the
results showed that various combinations caused
diverse degrees of adult mortality, as indicated in
Table 7. The highest mortality in the initial kill of
adult mortalities examined after one day was
observed in adults treated with a combination of
sulfoxaflor at 0.5 ml and jojoba oil at 2 ml in the
second spray, followed by a combination of
buprofezin and neem oil, which recorded a
reduction of 88.34% in the second spray,
respectively. In terms of the mean reduction for
the residual kill of B. tabaci after two sprays
(Qveral mean), sulfoxaflor was most effective
when mixed with jojoba oil with a percent
reduction of 81.25%, followed by sulfoxaflor
when combined with neem oil with 80.31%.

6. Efficacy of some plant oil combinations
with insecticides against nymphs of whiteflies
on tomato plants.

In the growing season of 2021, as shown
in Table 6, the average reduction in the white fly
nymphs revealed that the combination of jojoba
oil with buprofezin was proven to be effective,
with the highest reduction of the nymph
population at 87.67% after one day in the first
spray. In the second spray, jojoba oil with
sulfoxaflor and buprofezin was most effective in
combination, with reductions of 71.93 and
70.37%, respectively. In terms of the overall
mean reduction for the residual kill of B. tabaci
nymphs for the two sprays revealed, jojoba oil
with  buprofezin was most effective in
combination with a reduction of 85.86%,
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followed by buprofezin in combination with neem
oil at 57.45%.

Data for the growing season 2022 in
Table 7 revealed that among the various
treatments imposed, the average reduction in the
white fly nymphs revealed that the combination of
jojoba oil with buprofezin was proven to be
effective, with the highest reduction of the nymph
population at 90.07 and 75.87% after one day in
the first and second sprays, respectively. In terms
of the overall mean reduction for the residual kill
of B. tabaci nymphs for the two sprays revealed,
jojoba oil with buprofezin was most effective in
combination with a reduction of 78.74%,
followed by Sulfoxaflor in combination with
jojoba oil at 60.73%.

The compiled results thus show that the
biopesticide and pesticide combinations have
shown synergism in the overall mean reduction
percentage of whitefly adults and nymphs as
compared to the pesticide taken alone. The
combination of a commercial product of neem oil
and jojoba oil with sulfoxaflor insecticide
treatment decreased the adult of whitefly
abundance significantly compared to all other
treatments. Also, the combination of jojoba oil
with buprofezin was most effective in decreasing
the nymphs of whiteflies significantly compared
to all other treatments and had the longest
persistence residues in the field. As a result,
combining pesticides with these oils might change
their characteristics, enhancing the efficiency of
the insecticides (Niceticet al.,, 2011). These
results are consistent with those of Ismail (2021)
whoassessed the effectiveness of imidacloprid
when combined with jojoba oil or KZ oil increase
its synergistic effectiveness against whiteflies.
Synergistic action was seen in the whiteflies by a
combination of imidacloprid with jojoba oil or KZ
oil, approximately 12 and 40 times more,
respectively, than imidacloprid alone. In another
study, Sridhar et al. (2017) studied the
combination efficacy of neem oil with spinosad,
imidacloprid, and fipronil and found that oils
showed synergism with different insecticides tried
against whitefly, and the highest synergism was
recorded with neem oil in combination with
spinosad, which gave additional mortality of up to
16% against B. tabaciwhen oil was used along
with the insecticideon tomato. Results also, are in
the same direction as that recorded by Guleria
(2013) whodetermined that imidacloprid with
NeemAzal T5 and acetamiprid with NeemAzal
T5 were more effective at reducing the population
of whiteflies than either pesticide used alone
when tested against them in poly house
conditions.
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Table 6. Effect of pesticides and bio pesticides and their combinations against nymphs and adult of Bemisiatabaci on tomato plants under filed conditions during
cropping season (2021).

Adults Nymphs
Spray | Spray 1l Spray | Spray 1l
Treatments Initial kill Residual kill Initial kill Residual kill ?7\1/:;;61“ Initial Kill Residual kill Initial kill Residual kill Qn\ggﬁl
15t day 7thdays 10t days 1t day 7hdays 10" days 15t day 7t days 10t days 15t day 7hdays 10t days
Sulfoxaflor 0.5 ml +
Neem oil 73.45+5.6  75.03x2.9 77.60+4.8 85.34+4.4 80.17+3.7 77.30£3.1 77.52 27.03x1.2 2437+1.1 68.41+4.2 33.33x1.2 40.26£0.9 70.39%2.6 50.86
1 ml/L
Sulfoxaflor
0.5 ml + Jojoba oil 70.94+1.1 80.01+4.9 76.5515.6 94.42+3.9 71.50%+2.9 62.64+2.9 72.67 67.81+2.1 55.91+0.79 44.96+2.9 71.93+4.2 48.79+1.3 60.53+2.2  52.55
2 ml/L
Buprofezin
0.5 mIJ.r 13.17£1.0 49.05+2.7 55.83+0.8 87.33+2.9 87.75t5.4 345515 56.79 33.11+1.2 68.41+2.24 53.22+1.6 43.10+2.56 67.11+2.6 57.45
Neem oil 51.16+0.56
1 ml/L
Buprofezin
0.5 ml + Jojoba oil 39.03+0.6  45.60+3.3 51.11+1.8 63.29+1.2 84.89+3.7 64.78+0.9 61.59 87.67+2.8 76.67+2.0 51.23+0.6 70.37%5.0 84.98+3.9 65.28+2.8  85.86
2ml/L
L.S.Do.os 10.79 6.86
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Table 7. Effect of pesticides and bio pesticides and their combinations against nymphs and adult of Bemisiatabaci on tomato plants under filed conditions
during cropping season (2022).

Adults Nymphs
Spray | Spray Il Spray | Spray 11
Treatments Initial Kill Residual kill Initial Kill Residual kill ?T\]/:gﬁl Initial kill Residual kill Initial Kill Residual kill er:/gﬁl
15t day 7thdays 10t days 15t day 7hdays  10™ days 15t day 7thdays  10% days 15t day 7hdays 10 days
Sulfoxaflor 0.5 ml +
Neem oil 74.22+2.24 76.23t+5.41 79.30+3.55 88.34+1.55 83.17+2.3 80.60+2.15 80.31  30.23+2.1 23.03+1.7 70.01+0.65 32.30+3.25 48.52+4.17 80.09+5.92  47.36
1 ml/L
Sulfoxaflor
0.5 ml + Jojoba oil 73.04+159 85.31+2.15 80.15+2.3 96.42+2.86 81.90+5.7 70.69+3.55 81.25  66.91+4.3 53.70+2.1 50.25+2.25 73.53+4.51 50.89+1.04 69.11+3.97  60.73
2ml/L
Buprofezin
0.5 mIJ.' 20.58+3.14 48.20 £1.07 59.88+2.04 87.33+2.89 89.75+4.1 45.81+4.27 58.59  39.50+4.15 70.20+£3.6  55.7243.44 49.15+¥2.4 70.8146.40  56.80
Neem oil 55.47+2.49
1 ml/L
Buprofezin
0.5 ml + Jojoba oil 44,9542 95 50.45+1.2 55.70+1.45 73.29£1.55 83.0945.7 69.28+0.9  62.67 90.07£3.98 86.17+3.7 64.80+7.4 75.87+4.30 88.08+1.64 67.48+2.51  78.74
2ml/L T
L.S.Do.os 3.79 3.78 -
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CONCLUSION

It is concluded from the present study that
the application of pesticide combinations has shown
synergism in the overall mean reduction percentage of
whitefly adults and nymphs as compared to the
pesticide taken alone during two seasons. The
combination of neem oil (Achook® 0.15% EC) and
jojoba oil (Top Healthy® 60% EC) biopesticides with
sulfoxaflor (Romer®) insecticide treatment decreased
the adult whitefly abundance significantly compared
to all other treatments. Also, a combination of jojoba
oil (Top Healthy® 60% EC) with buprofezin
(Applaud®) was most effective in combination
decreased the nymphs of whitefly abundance
significantly compared to all other treatments and had
the longest persistence residues under field conditions,
and kept whitefly numbers much below levels that
would cause economic damage. Also, combining a
half recommended dosage of insecticide with a half
recommended dose of botanicals lowers the amount of
pesticides used to the crop and lowers the expense of
the treatment, both of which protect the crop's natural
enemies. Combinations can minimize production costs
for farmers, increase the natural enemy of the
whitefly, and decrease pest resistance to synthetic
pesticides. As a result, the mixture of the new
compounds with insecticides and botanical oils may
be incorporated into the IPM program.
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