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Abstract

In Egypt, zucchini squash, Cucurbita pepo L., is an important vegetable. Whitefly, Bemisia tabaci
(Gennadius), has massively infested them. The insect has causes damage by sucking sap or spreading viruses, and
it can considerably reduce yield. The widespread usage of traditional insecticides has resulted in a comeback of
insecticide resistance. The current study examined the role of the nozzle type (cone nozzle Tx-6, flat fan Ss083),
with two adjuvants (Argal (Silwet 408), and Techno oil) in the effectiveness of imidacloprid, and spirotetramat
insecticides. Therefore, the recommended dose of these insecticides alone was compared to the recommended
dose + adjuvants, % recommended dose + adjuvants, and half recommended dose + adjuvants. The obtained data
showed that imidacloprid was superior to spirotetramat. On the other hand, there was no significant difference
between the nozzles used. In addition, adjuvants played an essential role in increasing the insecticides'
effectiveness. Compared to insecticide alone, the adjuvant increased the efficacy of the insecticides when added
to the recommended dose, and the% recommended dose of the insecticide. Additionally, adding Argal to the
spray tank mixtures was more productive than adding Techno oil. The recommended dose of the target
insecticides could be reduced, and the same effect is maintained through the optimal application method, with
using adjuvants.

Keywords : Adjuvants , nozzle type , Physical properties, reduction percent of Bemisia tabaci, spirotetramat ,and
imidacloprid, spray solution, and zucchini plant

1. Introduction pest that attacks several vegetables [11]. Insecticide

Food production is one of the most important application is the primary control against this pest
goals of human activity. Human aim to directed their ,and proved significant reduction in the whitefly
efforts to produce enough high-quality food for our population [12-16],and. Unfortunately, extensive
population, and other countries worldwide [1,2]. insecticide application reduced its efficiency against
Zucchini, Cucurbita pepo L. (Cucurbitales: the pest. As a result, introducing new chemicals with
Cucurbitaceae), isan important vegetable with rich novel modes of action is required. Imidacloprid, a
content of  various nutrients, antioxidants, beta- neonicotinoid of the first generation, is a potentially
carotene, phenols ,and vitamin C [3,4] .Zucchini is effective alternative insecticide for controlling
grown in the tropical ,and subtropical zones [5,6]. sucking insects ,and a variety of coleopterans ,and a
The whitefly, Bemisia tabaci (Gennadius) few Lepidoptera’s pests [17]. It acts as a nicotinic
(Hemiptera: Aleyrodidae) is a key insect pest for 600 acetylcholine receptor (NnAChRs) agonist [16,18,19].
plant species, including zucchini ,and cucumber [7]; Spirotetramat, a tetramic acid derivative with
it exerts its damage through sucking sap, injecting systemic properties, acts as a lipid biosynthesis
toxic saliva ,and virus transmission [8-10]. In Egypt, inhibitor [20,21]. Spirotetramat showed potential
the whitefly has become an increasingly important efficacy against juvenile stages of the target pests
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such as aphids, and whiteflies [22]. Pesticide
efficiency is affected by many factors, including
pesticide formulations, tank-mix adjuvants, nozzle
type, ,and the droplet spray size [23,24].
Organosilicone adjuvants are substances added to
agricultural chemicals such as insecticides to improve
wetting ,and droplet spreading. Organosilicone
reduces the surface tension of the spray solution,
enhancing pesticide penetration to get a uniform
distribution of the active ingredient on the plant
surface. Moreover, polysorbate 20, L-glutamic acid-
based surfactant, is of great interest in novel
surfactants research because it is an environmentally
biodegradable adjuvant enhancing pesticide activity.
Overall, adjuvants modify the physical properties of
spray solution, consequently affecting spray
coverage, and drift [25-29]. Nozzle type is important
in pesticide application, affecting droplet size, spray
velocity, and spray drift [30,31]. Consequently,
contribute to more excellent coverage, penetration,
and increased pesticide efficacy [32-35].

Aim of the work

This study aims to reduce pesticide application
rates by maintaining their efficacy by using adjuvants
with different nozzle types on B. tabaci. This can be
achieved by enhancing their penetration of the
whitefly, and developing the wetting behavior of their
spray solutions with fortifying environmental safety.

2. Experimental
1. Insecticide used: Bayer CropScience Egypt
supplied the insecticide used.
e Movento 10% SC (Spirotetramat) (cis-3-(2,5-
dimethylphenyl)-8-methoxy-2-oxo-1-azaspiro
[4.5] dec-3-en-4-yl ethyl carbonate).
e Confodor 35% SC (imidacloprid) [(2E)-1-[(6-
chloro-3-pyridinyl) methyl]-N-nitro-2-
imidazolidinimine)].

2. Tank-mix adjuvant. Adjuvant for tank-mixing
obtained from Shoura Chemicals Company
e ARGAL (Silwet). It is an agueous non-ionic
surfactant derived from trisiloxane ethoxylate.
e Techno Oil. It is a non-ionic surfactant with
bio activator properties (L-glutamic amino

acid).

3. Physicochemical characteristics

The physicochemical properties of
formulations; spray solutions of pesticides and
adjuvants mixtures were determined to explore the
adjuvants' effect.

3.1. Viscosity

Viscosity was determined using a digital
viscometer "Brookfield DV II+ PRO". (Brookfield,
USA). According to the guidelines published during
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2015 by the ASTM, a temperature of 25°C was
employed using the water bath TC-502 USA.[36]

3.2. Surface Tension

The surface tension was determined using a
Force Tensiomate sigma 700 USA and a Whilmy
plate prop to comply with the ASTM regulations
published during 2014. [37]

3.3. The critical micelle concentration:

The critical micelle concentration: Many
researchers  determined the critical micelle
concentration (CMC) percent for surfactant [38—40].

A stock solution of surfactant was prepared by
weighing 2.5 grams of surfactant ,and adding 250 ml
of distilled water. Subsequently, concentrations
ranging from (0.1 to 1%) were prepared. Their
surface tensions were measured using the whilemy
plate method until three consecutive fixed surface
tension readings were obtained, which CMC
recorded.

3.4. pH measurement

The pH value was determined using a Jenway
pH meter 3510 — UK HANNA pH electrode with
requirements of CIPAC 1999 ,MT 75.3 [41] .

3.5. Free acidity or alkalinity

This test was conducted with the aid of a
HANNA 901 automatic titrator using potentiometric
endpoint determination according to regulations of
CIPAC 2005 ,MT 191 [42].

3.6. Electrical Conductivity

In agreement with the regulations of CIPAC
1995, MT 32, the conductivity was determined using
a Thermo Orion "model 115A+, USA" [43].

3.7. Density and specific gravity

Density and specific gravity measured using a
(Rudolph densitometer 2910 USA) as reported in
guidelines of ASTM D 4052, 2011 [44].

3.8. Persistent foam:

Persistent foam is a parameter that indicates the
amount of foam in a pesticide spray solution.
Moreover, it was accomplished by using WHO-
recommended soft ,and hard water [45] . The volume
of foam was determined using [43]4.

4. Field experiments

Field experiments were conducted in New
Salhyia province, Shargia Governorate, during the
2019 ,and 2020 growing seasons. The purpose of this
study was to determine the efficacy of three different
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insecticide rates, and two insecticide adjuvant
combinations against the Whitefly, B. tabaci. We
used a two-feddan area of Zucchini (Egyptian
cultivar Shams). The experimental area was divided
into 14 treatments with 14 replicates for each
insecticide. Each replication included a control plot.
Each plot was approximately 1015 m ,and
constructed using a completely randomized block
design. In July, zucchini was treated after 45 days of
cultivation. Twenty-five leaves were randomly
selected in an X-shape from each replicate before
,and 3, 7 ,and10 days after pesticide application. The
number of whiteflies was counted, and the percentage
of reduction in whiteflies was calculated using [46].

Henderson and Tilton formula
Corrected % = (1 —

n in Co befor treatmentxn in T after treatment) X

n in Co after treatmentxnin T befor treatment 100
Where: n = Insect population, T = treated, Co =

control

5. Utilized Ground Equipment:

Knapsack sprayer (Semco) with a ten-liters tank
capacity was used with two different nozzle types.
The first is the flat fan nozzle Ss083with a flow rate
of 0.850 I/min., a swath width of 1m, ,and a spray
volume of 89.3 I/fed. The second is the hollow cone
nozzle Tx-6 with a flow rate of 0.525 liters per
minute, a swath width of 0.75 meters, ,and a spray
volume of 73.5 liters per fed. The technical data of
the previous nozzles are illustrated in (Tablel).

6. Numbers and sizes of droplets

The line is composed of five wires installed on
diagonal lines that carry sensitive cards inside each
treatment to collect sprayed chemicals. To determine
the actual spray coverage ,and ,the number ,and size
of droplets on treated plants, water-sensitive cards
(2.5-5 cm) were distributed to zucchini plants at
three different levels (upper, middle, ,and lower).
Each card was labelled, collected, and transported
carefully to the laboratory to determine, and calculate
the number ,and size of deposited droplets. The size
of droplets was then determined using a struben lens
*15 [47] calibrated following [48].

7. Statistical analysis

Calculating reduction percentages based on
[46]. was used to determine the effectiveness of
various treatments. N — Way ANOVA Analysis of
Variance was performed using the statistical software
SPSS version 28. (N-way ANOVA). At P=0.05, LSD
was used to separate the means of different
treatments (least significant difference).

6. Results and Discussion

As shown in Table (2), the adjuvant (Argal) was
slightly acidic, whereas Techno oil was strongly
alkaline, indicating that it is safe to use in
formulations without concern for phytotoxicity.
These surfactants had surface tensions of (19.77 ,and
23.1 Dyne/cm) ,and the concentrations at which
surface tension could not be further reduced were
(0.3 ,and 0.4 wt/v). Argal ,and Techno oils had
viscosities of 42.85 ,and167.62, respectively, ,and
conductivities of 64.9 ,and451 ps for both Argal ,and
Techno oil ,respectively. In addition, both adjuvants
had a significant effect on certain physicochemical
parameters associated with insecticide efficacy, as
previously reported.

The maximum viscosity value obtained with
Techno oil ,and a % dose rate of imidacloprid was
(534.98 cP), ,and the initial value obtained without
adjuvant was (133.62 cP), ,and the lowest value
obtained with Argal with % dose of insecticide
(117.72 cP). Both adjuvants .However, had a
significant effect on the viscosity of spirotetramat at
all doses, with the full ,and1/2 doses with Argal
adjuvant having the greatest effect (747.09, 694.67
cP) compared to the initial without adjuvants (747.09,
694.67 cP) (161.24 cP). The relationship between the
application rates with adjuvants on the physical
properties of the pesticide under study are shown in
Table (3), with viscosity decreasing as the insecticide
dose decreases for both insecticides. When both
insecticides were used in combination with Techno
oil adjuvant ,and the insecticide rate dose was
decreased, the viscosity fluctuated.

Table (1 ): The properties of Semco sprayer with Tx-6 & Ss-83 nozzles

Items Knapsack (Semco) Sprayer
Hollow cone nozzle (Tx-6) Flat fan SS083

Type of sprayer Hydraulic Hydraulic
Spray tank (L) 10 10
Flow rate, (I/min.) 0.5 0.825
Rate of application, (I/fed.) 70 86.63
Spray height, (m) 0.50 0.50
Swath width, (m) 0.75 1
Working speed, (Km/h.) 2.4 2.4
Type of spray used Target Target
Productivity, (fed/h.) 0.43 0.57
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Rate of performance (fed/day.)

2.29

3.04

Table (2): The physicochemical properties of the tested adjuvants.

. Viscosity | Surface tension CMC Conductivity - .
Adjuvant (cP) (dyne/cm) % pH s Acidity/or alkalinity
Argal 42.85 19.77 0.3 7.09 325 0.037 acidic
Technooil | 167,62 23.1 0.4 8.04 451 1.160 alkaline
Adjuvants had a slight effect on the surface (EC), adjuvants ,and insecticide doses have a

tension of imidacloprid. The maximum decrease in
surface tension records being (24.652, and 24.708
dyne/cm) for %, and%2 doses, respectively, with Argal
adjuvant. The other records ranged between (25.009
,and 27.730 dyne/cm). With spirotetramat, a
significant effect was observed with both adjuvants.
The highest decrease in surface tension was observed
with the full dose, % ,and % dose of spirotetramat
(22.402, 23.154, ,and 23.387 dyne/cm). On the other
hand, Techno oil surface tension records had a
negligible effect on spirotetramat surface tension
records.

Table (4) summarises the physicochemical
properties of imidacloprid ,and spirotetramat in hard
,and soft water spray solutions, the obtained data
showed that addition adjuvant significantly affects
some of the tested insecticide's physical properties
while having a negligible effect on others. The
surface tensions of a complete dose of imidacloprid
gave (32.992 ,and33.522 dyne/cm) ,and spirotetramat
(32.992 ,and32.456 dyne/cm). Imidacloprid had a
soft water spray solution of (20.954 ,and29.229
dyne/cm) with Argal adjuvant, ,and spirotetramat had
a soft water spray solution of (20.869 ,and31.916
dyne/cm) with Argal adjuvant ,and Techno oil
adjuvant, respectively. Imidacloprid and
spirotetramat at % ,and%: of the recommended dose
respectively, resulted in a similar reduction in spray
solution surface tension as using the full
recommended amount. Based on the aforementioned
foundation ,and analysis of the electrical conductivity

Table (3): The effect of adjuvant on physicochemical pro

significant effect on the electrical conductivity (EC)
of spray solutions. For a full dose of imidacloprid
,and spirotetramat, the (EC) values were (82.3, 664);
(87.3, 659); ,and(127.1, 677), respectively. (85.5,
651); (98.6, 649); ,and(120.6, 673).The adjuvants
significantly affect the electrical conductivity (EC) of
12 suggested dose spray solutions ,and34 suggested
dose spray solutions containing Confidor 35% SC
,and Movento 10% SC, respectively. As a result,
electrical conductivity (EC) records (597 ,and 601)
(585, 599, 576, 598, 583, 597) for hard water spray
solution containing Argal ,and Techno oil were
established, as well as (97.0 ,and110.9) (87.8,
109.99) (98.6, 122.1) for soft water spray solution.
Pesticides will be applied via a water spray
solution to the target site. The pH of a spray solution
is critical because it affects the pesticide's adhesion
to the leaf surface ,and penetration of the plant ,and
thus its efficacy. The pH of the spray solution varied
between 6.23 ,and6.14 for hard water, Argal, ,and
Techno oil spray solutions, ,and between 5.60
,and6.19 for soft water spray solutions containing the
recommended dose of imidacloprid. The maximum
pH decrease occurs when both insecticides are used
at the%2 recommended dose ,and the pH record is
maintained at the same level of decline. Accordingly ,
the pH of the soft water spray solution containing %
recommended dose of imidacloprid ,and
spirotetramat with Argal ,and Techno oil were (4.21
,and5.97) (3.87 ,and5.94), whereas (4.09 ,and6.12)
(4.15 ,and5.89), respectively for hard water solutions.

perties of Confidor 35% SC and Movento 10% SC .

. . Viscosity Surface tension Density Specific
Insecticide Dose Adjuvant (cP) (dyne/cm) glem3 gravity
----- 133.62 27.866 1.0151 1.0182

Full Argal 183.06 25.009 1.0157 1.0188

Confidor T. ail 395.52 26.278 1.0379 1.0411
3506 SC Y Argal 145.32 24.652 1.1065 1.0196
dose T. oil 534.98 27.198 1.0398 1.0429

% Argal 117.72 24.708 1.1062 1.0193

dose T. ail 228.45 27.730 1.0476 1.0510

----- 161.24 34.402 1.0734 1.0766

Full Argal 747.09 22.402 1.0657 1.0689

Movento T. oil 651.19 27.486 1.0741 1.0774
10% SC Y Argal 529.88 23.154 1.0657 1.0689
dose T. ail 233.12 28.652 1.0557 1.0563

Ys Argal 397.88 23.387 1.0606 1.0638

dose T. oil 694.67 27.752 1.0600 1.0632
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Table (4): Effect of adjuvant on physicochemical properties of Confidor 35% SC and Movento 10% SC in the
spray solutions of hard (H.W) and soft water (S.W).

. . Surface tension (dyne/cm pH Elec_t ri'cal
Insecticide Dose Adjuvant conductivity (us)
H.W A H.W A H.W A
----- 32.992 33.552 6.23 5.60 664 82.3
Full Argal 20.696 20.954 4.30 4.39 659 87.3
Confidor T. oil 28.398 29.229 6.14 6.19 677 127.1
3506 SC Y Argal 20.354 20.450 3.90 4.07 585 87.8
dose T. oil 32.505 26.778 6.50 6.18 599 109.8
1 dose Argal 20.557 20.611 4.09 4.21 597 97.0
T. oil 32.883 26.635 3.12 5.97 601 110.9
----- 32.992 32.456 5.59 5.29 651 85.5
Full Argal 21.079 20.869 4.74 3.88 649 98.6
Movento T. oil 29.178 31.916 5.80 6.01 673 120.6
10% SC Y Argal 20.837 20.797 4.09 4.42 583 97.0
dose T. oil 29.958 27.587 5.82 5.87 597 118.7
v dose Argal 20.856 20.758 4.15 3.87 576 98.6
T. oil 30.726 27.736 5.89 5.94 598 122.1

The data in tables (5) illustrated the droplet
spectrum (volume ,and number) produced by each
nozzle on the plant ,and the droplets that were
released onto the land. The results indicate that when
both pesticides were used or concentrated in the spray
solution, the flat fan Ss083 nozzle produced larger
droplets than the hollow cone Tx-6 nozzle.
Additionally, they demonstrate that the loss of land
caused by Flat fan Ss083 is greater than the loss
caused by hollow cone Tx-6 for all treatments used.
These findings established a relationship between
droplet size ,and pesticide control efficacy, as well as
the nozzle types in this operation. Additionally, the
results indicated that large droplets are prone to fall,
reducing competition ,and increasing contamination.

In the current experiment, Table 6 demonstrates
the impacts of the tested factors on volume median
droplets, number of droplets, ,and reduction percent.
The utilized rate of insecticide ,and the use of
adjuvants were affect the volume of median droplets,
the number of droplets, ,and decreased percentage.
Although nozzle type had a considerable effect on
both volume median droplets ,and number of
droplets, it had a non-significant effect on reduction
percent.

Table (7) show that the tested treatments
resulted in a significant reduction in B. tabacci after
3, 7, ,and10 days after treatment (DAT) when
compared to the control. Argal addition to
spirotetramat  improved the quality of the
spirotetramat applications in the first season. The
addition of Argal or techno oil to the recommended
dose of spirotetramat significantly increased the mean
reduction for whitefly. When argal or techno oil was
added to the spirotetramat recommended dose, the
mean reduction in whiteflies was significantly greater
than when the recommended dose was used alone.
The most promising results were obtained when 3/4
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recommendations were combined with Argal or
Techno oil; the mean reductions were equal to or
greater than the recommended dose alone. Although
combining the 1/2 recommendation with Argal
resulted in a significant reduction in the
recommended dose, this treatment was effective. An
inversely poor reduction was obtained with 1/2 the
recommended amount of Techno oil.

Tables (8) confirmed the first season's findings.
While, the second season of spirotetramat performed
similarly to the previous season, with the exception
of the 1/2 recommendation with Argal, which
reduced whitefly numbers equivalent to spirotetramat
alone. Regarding imidacloprid, adding Argal ,and
Techno oil to the approved dose significantly
improved imidacloprid efficiency. Furthermore,
combining Argal ,and Techno oil to the 1/2 ,and3/4
of recommendations results in a reduction percentage
equal to the full recommended dose. The only
exception was Techno oil with a %2 spirotetramat
recommendation, which achieved a reduction percent
less than the full spirotetramat recommendations.

As demonstrated in Tables 7 ,and8,
imidacloprid was more effective than spirotetramat at
the recommended dose. Additionally, argal
diminishes the effectiveness of insecticides against B.
tabaci. By increasing the permitted amount of Argal,
the pesticide's efficacy was increased. Surprisingly,
combining Argal ,and Techno oil with half of the
recommendations resulted the same reduction.
Furthermore, % recommendations with Argal
surpassed the whole recommendation alone.
Although Techno oil showed significant effect with
both used pesticides, it showed different manner
when mixed with the half rate.
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Table (5): Pesticides-ad

juvant mixtures affecting reduction % of B. tabaci population during the first season.

.. . Days after treatments Mean
Pesticide Rate Adjuvant Nozzle 3 day 7 day 10 days Reduction %
no-adj SS83 74.51+7.13 78.63+6.06 | 51.94+11.56 | 75.02+14.51
TX6 79.05+3.62 75.25+2.98 | 63.47+12.17 72.59+9.71
Recom Argal SS83 90.22+4.02 82.51+0.44 | 76.06+£10.95 | 82.93+12.16
TX6 94.77+1.85 81.70+3.01 | 79.26+5.21 85.24+7.35
Techno oil SS83 86.40+2.97 78.83+0.63 | 74.56+11.97 79.93+9.14
TX6 83.85+3.87 77.53+5.21 | 72.61+6.05 77.99+6.11
Movento Argal SS83 85.64+2.75 80.44+2.40 77.54+9.29 81.21+ 6.28
0.75 TX6 85.34+5.13 76.17+2.21 | 74.50+14.79 | 78.34+12.14
Techno oil SS83 77.10+4.86 | 75.49+12.26 | 73.774£13.47 | 75.45+10.38
TX6 76.21+4.31 | 72.11+5.01 | 70.58+13.03 | 72.96+11.19
Argal SS83 79.39#6.56 | 77.60+8.40 | 69.22+ 8.24 75.40+ 8.42
0.50 TX6 76.46 £5.30 | 76.11+6.58 59.26+6.05 73.61+ 9.98
Techno oil SS83 60.69+8.40 | 55.96+10.52 | 60.22+6.92 58.95+ 8.21
TX6 46.15+13.32 | 43.45+0.25 | 41.04+4.63 43.54+8.10
no-adj SS83 82.09+7.91 79.19+7.35 | 79.62+11.13 80.96+0.23
TX6 77.09+5.82 71.46+6.04 | 84.09+7.25 77.55+7.91
Becom Argal SS83 89.86+5.52 85.18+6.1 81.61+4.70 85.55+6.08
TX6 78.27+6.69 78.75x£7.46 81.19+5.49 79.40+6.11
Techno oil SS83 84.99+7.25 80.07+£7.75 | 69.84+13.35 | 78.30+11.08
TX6 79.10£6.12 71.70£7.47 76.52+6.26 75.77%6.61
Confidor Argal SS83 82.2046.32 83.19+4.73 72.7749.33 79.3848.05
0.75 TX6 80.33+7.25 83.4945.42 78.23+0.47 80.68+5.24
Techno oil SS83 82.73+12.87 | 84.10+6.76 | 79.02+11.52 | 81.95+14.21
TX6 82.30+10.20 | 77.89+5.22 75.1945.48 78.79+7.48
Argal SS83 80.3946.31 80.71+7.50 76.92+1.65 79.3445.49
0.50 TX6 74.05+7.41 | 77.30£10.07 | 69.32+8.93 73.5648.72
Techno oil SS83 70.25+1.21 70.5649.63 71.89+4.45 70.5746.98
TX6 71.0949.00 76.8346.25 70.1743.43 72.70+6.74
LSD 2.39
Table (6): Pesticides-adjuvants mixtures affecting reduction % of B. tabaci population during the second season.
. . Days after treatments Mean
Pesticide Rate Adjuvant Nozzle 3 day 7 day 10 days Reduction %
no-adj SS83 77.5645.60 77.54+3.14 | 66.65+12.85 73.92+9.22
TX6 76.8245.79 73.61+0.42 | 73.61+0. .42 74.68+3.42
Recom Argal SS83 79.5745.10 86.93+3.46 | 70.69+5.93 79.0648.25
TX6 89.9846.21 78.44+1.33 | 63.52+14.75 | 77.31+14.08
Techno oil SS83 83.0645.02 71.78+2.46 | 74.15+7.40 76.33+9.48
TX6 81.54+10.20 | 76.34+7.02 | 68.41+9.28 75.4349.85
Movento Argal SS83 85.25+4.34 | 82.27+3.78 76.14+4.98 81.22+5.61
0.75 TX6 86.1745.83 72.39+4.13 76.86+3.50 78.47+7.29
Techno oil SS83 81.19+4.61 | 65.75+13.72 | 72.21+4.63 73.05+£10.33
TX6 82.69+7.86 61.21+5.16 73.94+6.72 72.61+11.01
Argal SS83 80.30+ 3.55 | 75.76+12.31 | 68.28+11.30 | 74.78+10.31
0.50 TX6 77.21+ 3.65 73.62+7.13 | 67.79+3.60 72.87+6.12
Techno oil SS83 66.94+5.14 | 64.96+8.06 | 66.60+10.52 66.17+ 7.48
TX6 51.48+5.10 | 50.40+ 13.08 | 78.16+6.04 | 60.01+ 15.60
no-adi SS83 86.64+3.36 74.1248.10 73.30+7.28 78.02+8.72
TX6 85.75+4.99 75.75+6.66 74.4145.78 78.63+7.03
. Recom Argal SS83 86.94+5.20 73.8749.97 75.2946.49 78.70+9.13
Confidor TX6 79.74+4.95 81.83+7.47 76.80+5.36 79.46+5.86
Techno oil SS83 84.99+7.25 73.51+0.49 79.80+3.90 79.4348.51
TX6 79.10+6.12 77.01+7.32 74.23+9.60 76.78+7.37
0.75 Argal SS83 87.3249.41 81.53+9.19 79.73+3.45 82.86+7.86
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TX6 83.43+10.08 78.59+8.01 77.01+6.57 79.68+9.24
Techno oil SS83 80.73+12.87 77.64+6.91 73.32+4.79 77.56+9.24
TX6 79.30+10.20 78.32+7.42 | 69.61+12.31 | 75.74+11.49
Argal SS83 85.89+8.25 72.75+10.79 | 78.34+4.81 78.9949.39
050 TX6 78.23+6.18 78.87+6.73 77.52+7.84 78.2048.31
Techno oil SS83 70.25+1.21 74.20+7.89 77.62+7.54 74.0246.53
TX6 71.09+9.00 74.86+5.98 71.3246.95 72.4246.95
LSD 2.39

Table (7): The effect of nozzles types used on volume median diameter and number of droplets in the presence of

adjuvants with Movento or Comfidor at variable doses.

Nozzle type
Pesticide’s $5083 Tx-6
treatment
Plant Land Plant Land
VMD N/cm2 VMD N/cm2 VMD N/cm2 VMD N/cm2
Spirotetramat
Rec.Alone 166.33+2.51 62.00£3.60 | 195.00+4.00 | 14.33+2.08 | 153.33+9.86 | 70.00+5.56 | 186.33+1.52 | 12.33+0.57
Rec. + Adj. 1 145.00+5.00 74.00£7.00 | 186.66+1.52 | 11.00+0.00 | 135.00+8.00 | 90.00+7.54 | 172.33+2.51 | 9.66+0.57
3/4Rec. +Adj.1 130.00+10.00 | 91.66+3.78 | 176.66+2.08 | 8.66+0.57 | 115.0045.00 | 104.66+5.13 | 165.33+4.04 | 6.00+1.00
¥ Rec. +Adj.1 140.0046.24 86.33+3.21 | 181.33+£1.52 | 10.33+0.57 | 129.66+4.50 | 91.33+1.52 | 168.66+3.05 | 8.33+0.57
Rec. + Adj. 2 154.33+6.02 67.66+4.16 | 190.33+1.52 | 12.00+1.73 | 147.33+4.16 | 81.33+3.05 | 177.33+1.52 | 10.66+0.57
3/4Rec.+Adj.2 140.33+8.96 77.00£1.73 | 181.66+2.08 | 12.66+1.15 | 124.33+3.51 | 87.00£5.00 | 175.00+2.00 | 11.66+0.57
% Rec. +Adj.2 154.66+2.51 67.33+2.51 | 187.00+2.00 | 11.66+1.15 | 141.33+4.04 | 73.00£2.00 | 177.00+2.64 | 12.33+0.57
Imidacloprid
Rec.Alone 160.00+3.00 72.66+4.04 | 185.00+4.00 | 15.33+0.57 | 141.00+1.00 | 79.00+1.00 | 179.66+1.52 | 13.33+0.57
Rec. + Adj. 1 138.00£2.00 85.33+2.51 | 180.66+£2.08 | 13.00+1.00 | 122.66+2.08 | 104.00+£3.60 | 166.00+3.60 | 12.00+1.00
3/4Rec.+Adj.1 128.00+£1.00 | 101.00+2.00 | 172.33+1.52 | 11.33+1.52 | 109.00+1.00 | 114.33+2.08 | 157.66+2.08 | 10.33+1.52
¥ Rec. +Adj.1 138.00£2.00 93.00£1.00 | 177.00+1.00 | 12.33+0.59 | 119.66+2.51 | 97.00£1.00 | 161.33+1.52 | 9.33+0.57
Rec. + Adj. 2 142.66+3.05 76.66+3.21 | 185.00+2.00 | 14.66+0.58 | 138.33+2.08 | 91.00+3.60 | 170.66+2.08 | 12.66+0.57
3/4 Rec.+Adj.2 126.3343.05 85.00+3.00 | 175.66+2.08 | 15.66+0.57 | 115.33+3.51 | 98.66+4.04 | 165.33+4.04 | 13.66+0.57
¥ Rec. +Adj.2 146.00£3.00 75.00£2.00 | 180.66+2.08 | 15.00+1.00 | 132.00+2.00 | 79.66+1.52 | 169.00+2.00 | 14.66+0.57

Table (8): ANOVA analysis of significant Factors affecting Bemisia tabaci population

Volume median

Number of draplets Reduction % Statistics

Source df droplets Statistics Statistics
F Sig. F Sig. df F Sig.
Pesticides 1 156.997 <.001 165.738 <.001 1 28.922  .000
Rate 2 135.536 <.001 69.475 <.001 2 26.944  .000
Adjuvants 2 145.434 <.001 118.930 <.001 2 60.949  .000
Nozzle Types 1 416.541 <.001 82.014 <.001 1 2.885 .090

Discussion

Whitefly (Bemisia tabaci) (Gennadius) is a
widespread insect that infests  various agricultural
,and horticultural crops. The pest transfers infectious
diseases that induce physiological problems [49]. As
a result of the inability of traditional insecticides to
control B. tabaci, insecticides with novel mechanisms
of action have been introduced to achieve successful
control [50]. The neonicotinoid, imidacloprid, ,and
the spirocyclic tetramic acid derivative, spirotetramat
are the most worldwide insecticide used to control B.
tabaci [20,21,50,51]

Multifunctional, environmentally friendly tank-
mix adjuvants are becoming increasingly popular in
plant protection. Adjuvants are chemicals added to
spray solutions to improve the efficiency, and
application of pesticides. Tank mix adjuvants work
by influencing the physicochemical properties of
spray solution, such as surface tension, pH, viscosity,
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and electrical conductivity. After application, the
spray deposited, and spreading on the plant surface,
,and wetting all parts then penetrate the plant surface
easily with suitable amount to be effective. As a
result, several advantages can be obtained with
adjuvants, including reduced pesticide rate,
application cost, and environmental hazard [21,52—
56]

In the current study, the used adjuvants
significantly increased imidacloprid ,and
spirotetramat efficiency. The addition of adjuvants
causes a decrease in surface tension ,and pH ,and
increased electrical conductivity, which consolidates
wetting, spreading deposition, ,and retention on plant
surfaces. The present findings are in line with
[57]who reported that tank-mix adjuvants led to
better application, and reduced surface tension by
accumulating molecules at the air-water interface.
The surface tension reduction continues with the
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increasing adjuvant concentration until the interface
is saturated with adjuvant molecules. It also reduces
spray drift, and droplet size, improving pesticide
potency, and lowering the application rate [58,59].
The pH of the spray solution is an important
parameter because of the charge difference also
affects the adhesion of spray droplets to the leaf
surface, keeping the leaves moist for longer [60].

Furthermore, [61] mentioned that a pH range of
3.5-5.5 enhances insecticidal efficacy by slowing the
rate of pesticide alkaline hydrolysis. Similarly,
decreasing spray solution surface tension improved
leaf wetness, retention, and active ingredient
absorption by increasing spray droplet spread[62].
Increasing electrical conductivity also improves the
adhesion, and dispersion capabilities of the spray
solution [63]. All results are agree with [59,64]
indicated that reducing the surface tension ,and pH
value with increasing electrical conductivity led to an
enhancement in wetting, spreading, ,and retention of
plant oils used as spray solutions on the treated
plants, therefore their toxicity was increased. The
findings were also consistent with those of [65]. They
discovered that adjuvants could reduce surface
tension, pH, pesticide rate of application, and drift.
Argal, and Techno oil, on the other hand, had little
effect on viscosity, and density. This finding may be
explained that adjuvants are typically used in low
concentrations in large quantities of spray water [66].
However, these changes may affect droplet size ,and
spectrum, which have a direct impact on pesticide
performance ,and spray application quality [67].

However, Argal (Trisiloxane surfactants)
outperformed Techno oil, (Amino acid-based
adjuvant). These findings are consistent with [68]
who reported that Trisiloxane surfactants (Argal)
improve the spreading of tank-mix spray solution,
resulting in 10 — 30 times more leaf coverage than
other surfactants. Adjuvants improve insecticide
efficiency by modifying spray solution properties
such as surface tension, pH, electrical conductivity,
,and viscosity. Similarly, this data is compatible with
[69,70] that organosilicone adjuvants (OAs) have an
extreme spreading ability to wet the target surface by
reducing surface tension, and contact angle of
aqueous solution (AS).

Spray nozzles can influence the production, and
quality of agricultural spray products [71,72]. The
spray nozzle is important because it produces small
droplets for optimal coverage, penetration, and
deposition on the plant, which increases insecticidal
potency [32,33]. According to the current study,
nozzle type does not affect spray deposits and, as a
result, insecticide potency. Similarly, [73,74]
discovered that flat fan, and hollow cone nozzles
performed similarly when controlling Stink bugs on
soybean. In the meantime, [75] discovered that
medium droplet size outperforms both fine, and
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coarse droplets when applied at the same rate with a
flat fan nozzle.

7. Conclusions

The obtained results, in the current study proved
that, tank-mix adjuvants were critical for improving
the efficacy of imidacloprid ,and spirotetramat
against B. tabaci. Adjuvants can alter the
physicochemical properties of spray solutions in
general, such as surface tension, viscosity, pH, ,and
electrical conductivity. As a result, the product's
coverage ,and spread ability improved during spray
application, allowing it to reach its full control
potential. As a result, choosing the right adjuvants
can lower the rate of pesticides, lowering control
costs, crop contamination, and pollution. To control
the whitefly B. tabaci, we recommended two
pesticides from two different classes, and two
different adjuvants based on the current result. On the
zucchini  crop, imidacloprid  with  adjuvant
outperformed spirotetramat with the same adjuvant,
showed no significant differences between hollow
cone and flat fan nozzles. In addition, Argal
adjuvants outperformed Techno oil adjuvants in
terms of its physicochemical properties, and
insecticidal potential in the presence of this adjuvant.
As a result, application costs are reduced, ,and more
protection are given to the environment.

Recommendations

We recommended to use these adjuvant (Argal
& techno oil ) with ¥ and % dose of confidor 35 %
SC and Movento 10 % SC to improve insecticidal
activity against Bemisia tabaci .These rates can be
used with other pesticides that compatible with these
adjuvants under study to reduce pesticide application
rates while lowering pesticide toxicity on plants,
animals, and eventually humans.
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