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Abstract

Spider mites are highly mobile and destructive phytophagous pest that require more frequent use of chemical pesticides for successful
control. Pesticides are major weapons used to control crop pests and disease vectors, chemical management is commonly practiced by
farmers because their efficacy in a short time and ease of application and also was used to increase productivity and reduce losses. The
present study is directed to evaluate the toxic effect of commercial chemical pesticide (Abamectin) and botanical pesticide (Neem oil)
against adults and nymphs of Tetranychus urticae Koch (Acari: Tetranychidae) using leaf-disc spray technique under laboratory conditions.
For evaluated adulticidal and nymphicidal effect, Abamectin had been used at five different concentrations (0.50, 0.25, 0.13, 0.06, 0.03) ml/1
and neem oil at three different concentrations (1%, 3%, 5%) ml/l. The result showed that all concentrations of abamectin caused toxic effect
to adults and nymphs with different mortality rate and the concentration 0.50 ml/l recorded highest mortality rate in adults of mite which was
94.0% during 72 h after application , also nymphicidal effect of abamectin recorded maximum effect at the concentration 0.50 ml/1 which
was 94.0 during 72h after application , In other hand, the results of the toxic effect of neem oil against adults and nymphs of mite showed
that the mortality rate of adults was 100% at all tested concentrations after 72h of application, while the results of nymphicidal effect of
neem oil revealed that the rates of mortality were 78%, 100% and 100% at concentration 1%, 3%, 5% respectively after 72h of application.
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Introduction

Tetranychus urticae Koch (Acari: Tetranychidae) is one
of the most destructive invasive pest species that attacks
more than 1,000 plant species belonging to more than 140
plant families (Grbic et al., 2011; Siddhapara, 2015; Kanika
et al., 2016; Paramjit & Frank, 2017; Nabi et al., 2017; Flore
et al., 2019; Mohamed et al., 2019). It is a global pest of
greenhouse production and field crops, and is parasitic on
many annual and perennial crops such as tomatoes, peppers,
cucumber, strawberries, apples, grapes and citrus (Wekesa et
al., 2011; Kanika et al., 2016 Tarikul et al., 2017).

The two-spotted spider mite Tetranychus urticae is one
of the most important citrus pests in Mediterranean citrus and
among the different citrus varieties, clementines (Citrus
clementina) are the most heavily affected (Alberto et al.,
2020). Mites is a serious pests because they occur several
generations each season, phytophagus, high fertility and short
life cycle, rapid development and contributed to the
development of rapid resistance to many acaricides often
after several applications(Huzefa, 2014; Manal and Hany,
2019; Karen et al., 2019; Yasin et al., 2020). This pest can
alter the physiological processes of plants, reducing the area
of photosynthetic activity and causing severe shedding of
leaves (Kumari et al., 2017; Ricardo et al., 2019).

Due to the rapid development rate, short life cycle and
high reproductive rate of 7. wurticae, it can reach huge
population levels very quickly, resulting in a rapid decrease
in host plant quality and plant crop yields, it causes direct
damage (ie, defoliation and leaf burning, and excessive plant
killing), but also reduces both photosynthesis and
transpiration when growth conditions is appropriate to pest
(Vassilis and Pavlos, 2013; Khalis and Omar, 2018).

Pesticides are major weapons used to control crop pests
and disease vectors, despite major threats to food safety and
the environment (Bourguet and Guillemaud, 2016; Flore et
al., 2019). Furthermore, the prevalence and rapid spread of
pesticide resistance in many taxa has a serious impact on
their efficiency. Therefore, alternative control strategies to
control the disease are being sought and prevalence and
outbreaks of agricultural crop pests, including spider mites
(Zindel et al., 2011; Parolin et al., 2012; Attia et al., 2013).

IPM concentrate on long-term protection from pests and
their damage during combining techniques such as biological
control, modification of cultural practices, habitat
manipulation, use of resistant varieties, and minimization of
pesticide use (Kos et al. , 2009; Hooman, 2017).

Abamectin is one of the active ingredients generally
used to combat 7. urticae which was introduced to the
market in the early 1990s. Initially, the biological efficacy of
this acaricide in controlling two-spotted spider mites was
high (> 95%), for this reason, it was frequently used to
control this pest (Karen et al., 2019). Because of its high
toxic effect and high toxicity index compared to various
acaricides, therefore, abamectin has a special place in
chemical control of mite (Keratum et al., 2010). In addition,
Vertimec, was more effective than Biofly and Actelic against
TSSM (Manal and Hany, 2019).

Plant-derived pesticides are environmentally safe and
harmless to humans, fish and wildlife. Many plant-derived
essential oils have both acaricidal and insecticidal properties
against various types of mollusc pests. As anti-feeding,
growth regulating, repellent and toxic to many insect pests
and provide new options for controlling TSSM (Tarikul et
al., 2017; Ricardo et al., 2019).
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Over 60 different types of biochemical products
including, Nimbolide, Margolone, Mahoodin, Margolonone
have been purified from neem. Several active chemical
compounds at least 100 compounds are present in the plant,
including glycosides, dihydrochalcone, coumarin, tannins,
zadirachtin, nimbin, nimbidine, diterpenoids, triterpenoids,
proteins, carbohydrates, sulphurous compounds,
polyphenolics, among others (Agbo et al, 2019). The
purpose of this study is to determine the toxicity of
abamectin and neem oil against Tetranychus urticae.

Materials and Method
Location of the study

This study was conducted in the laboratories of the
collage of Science \ Wasit University \ Department of
Biology in cooperation with the Agricultural Research
Directorate \ Ministry of Science and Technology, from
march to July in 2018/2019.

Source of pest (mites)

The Tetranychus urticae population was obtained from
infected cucumber leaves with 7. urticae in plastic house in
Medical Technical Institute\ Kut in March\2019.

Table 1 : Acaricide (abamectin) used in the study

Host plant (Cucumber)

Cucumber plants (Italy species) were reared in plastic
pots (13 cm diameter, 10 cm height) in a climate-controlled
room (25+1°C, 60-70% RH, 16:8 h (L: D). After maturity(
three week old age ) plants were polluted with infected
cucumber leaves that obtained from the plastic house at the
Medical Technical Institute\ Kut for one year to obtain a
permanent colony(sensitive strain without using pesticide)
the same culture has been used for mass multiplication of
mites and used in subsequent experiments (Siddhapara, 2015;
Sabrine et al., 2015).

Preparation of pesticide (Abamectin) spray

Pesticide was purchased from the local market. The
Information of this pesticide used in the experiment include
active ingredient, trade name, formulation , chemical group
and recommended doses of the acaricide as well as the doses
used (ppm), effect range are shown in (Table 1). Spray
solutions of abamectin used in biological tests where
prepared by dilution different concentrations of acaricide
with distilled water to obtain the required concentrations
(0.50, 0.25, 0.13, 0.06, 0.03) ml\l respectively according to
the concentrations recommended by the manufacturers and
according to the quantity required to carry out the experiment
where the solutions were prepared and kept in special
spraying machine and used directly (Ibrahim et al., 2019).

Trade . ACtlYe Formulation Recommended dose Chemical MC Effect range | ppm
name ingredient group
vertimee | s pamectin CE MIin 100L35-50 | Avermectin | 54% | Lesuelde 54,
18 Acaricide

*MC : Mean concentration of commercial product for application in 100 liters of water *CE: concentrate emulsion

Preparation of Neem oil spray

Commercial neem oil was obtained from local market.
It is an Indian original. Since neem oil does not readily mix
with water, it must be to use emulsifier like (a mild liquid
soap or tween 20). So solutions were prepared by mixing
S5ml, 3ml and 1ml of neem oil with emulsifier tween 20(0.0
2%) as a surfactant. Then distilled water was added to obtain
the concentrations 1%, 3% and 5%, all spray solutions were
stirred well to ensure that the oil and water can mixed well
and put in special spraying machine to be ready to use
(Vijayalakshmi, 2002).

Leaf disc technique

Before using the leaves for different experiments, the
healthy thin green leaves of cucumber selected from potted
plants were thoroughly washed with tap water, dried and
examined under the microscope to remove or kill any insect
or mite stages found on it .Cucumber leafs were cut by
Circular cutter into 2.5 cm diameter discs and these discs
kept upside down on wet filter paper (7 cm x 5 cm)
overlaying a wet cotton swab in petri dish (diam 9 cm) to
ensure the leaf remained hydrated. The cotton swabs were
kept saturated with water from time to time. Leaves were
inoculated with mites. The development of two-spotted
spider mite was studied at 27+2°C temperature maintained in
biological oxygen demand (B.O.D.) incubator. The old leaf-
discs were replaced periodically (every week) with fresh ones
so as to ensure their good quality. After the spray, Petri
dishes are kept uncovered for around 30 min, which allows

for the drying of the leaf disc surface. They are then covered
and placed under controlled conditions. Generally, mites that
cannot walk a distance equivalent to their body length are
considered dead (Manal and Hany, 2019; Flore et al., 2019).

Bioassay procedure

Toxicity of pesticides (abamectin & neem oil) to nymphs
and adults

To conduct this test 10 moving individuals from each of
stages (nymphs and adults) were placed separately on ventral
surface of healthy cucumber leaves placed in petri dish (diam
9 cm) surrounded by tangle foot substance and treated with 1
ml of each pesticide. Control Petri dish was treated with
distilled water only. Hand held sprayer size 2.5 ml was used
for spraying. The dishes were placed in incubator with a
temperature 25+2 C and humidity 65+£5%, then the death
individuals were calculated after (24,48 and 72) h of spraying
(AL- Jubouri, et al., 2000).

Statistical analysis

All experiments were designed according to The
Randomized Complete Block Design (RCBD) and complete
randomization Design (CRD) and results were analyzed
using Spss version 20 program which includes Duncan's
Multiple Range Test (DMRT) to compare rates in all
coefficients and determine the significant differences at the
probability level 0.05 also used T test and Probity analysis to
extract the median lethal concentration LCs, and median
lethal time LTS5y,
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Results and Discussion
Toxicity of abamectin to Tetranychus urtica
Effect of abamectin on adults

The data that presented in table (2) indicated that the
abamectin showed high toxicity against T.urticae adults and
the effect of pesticide increased with the increasing of the
concentration and period of exposure. The percentages of
mortality of adults were 43.3%, 40.0% , 36.7% , 33.3% and
23.3% at the concentrations 0.50, 0.25, 0.13, 0.06 and 0.03
ml/l respectively after 24 h of treatment.In addition 94%

mortality of T.urticae adults achieved after 72 h of treatment
at the concentrations 0.50% and 0.25% ml/l with no
significant differences. On the other side the results also
revealed that the LCs, values were decreased with the
increasing of the period of exposure which were 1.05, 0.03
and 0.02 after 24, 48 and 72 h after treatment respectively.
The LTs, values were decreased with the increasing of the
concentration of pesticide which were 25.8, 26.9, 29.4, 36.6
and 45.4 h at the concentrations 0.50, 0.25, 0.13, 0.06 and
0.03 ml/l respectively.

Table 2 : Susceptibility Tetranychus urticae adults to abamectin

Abamectin Mortality rates %
concentrations LTso X2
ML/L 24 h 48h 72h hour
0.50 43.3D 88.0d 94.0c 25.8 6
0.25 40.0cd 84.5d 94.0c 26.9 52
0.13 36.7bc 73.9¢ 79.8b 294 94
0.06 33.3b 56.4b 65.6a 36.6 3.9
0.03 23.3a 45.9a 62.1a 454 29
LC50 1.05 0.03 0.02 '
X’ 10 9.1 37.2

Note : Similar letters in same column indicate that there is no significant difference and different letters in same column indicate that there is

significant difference at P=0.05

Effect of abamectin on nymphs

The response pattern of the two-spotted spider mite
nymphs of T.urticae to the five abamectin concentrations
showed significant differences in susceptibility Table 3. LCs
values in all the treatments decreased gradually with
increased time duration. The results revealed that the
mortality rates were 56.7%, 53.3%, 36.7%, 33.3% and 23.3%
at the concentrations 0.50, 0.25, 0.13, 0.06 and 0.03 ml/1
respectively after 24 hours of treatment. The effect of
abamectin increased with the increasing of the concentration

and time duration and the highest mortality was recorded at
the concentration 0.50 ml/I after 72 hours of treatment which
was 94%. Moreover the results also showed that the LCs,
values were decreased with the increasing of the time
duration which were 0.22, 0.012 and 0.003 ml/I after 24, 48,
and 72h of treatment respectively. The LTs, values were
decreased with the increasing of the concentration of
pesticide and the lowest value was 22.5 h at the concentration
0.50%.

Table 3 : Susceptibility of Tetranychus urticae nymphs to abamectin

Abamectin Mortality rates %
concentrations LTso X2

ML/L 24 h 48h 72h hour
0.50 56.7¢ 81.7d 94.0d 22.5 10.4
0.25 53.3¢ 78.1c 86.9¢ 22.6 7.3
0.13 36.7b 74.5¢ 83.4bc 24.7 7.3
0.06 33.3b 60.1b 79.8ab 33 1.4
0.03 23.3a 52.9a 76.3a 35 10
LC50 0.22 0.012 0.003

X? 11 13 22

Note : Similar letters in same column indicate that there is no significant difference and different letters in same column indicate that there is

significant difference at P=0.05

Due to its high toxic effect and its high toxicity index,
in addition, it has a special impact on T. urticae compared to
various acaricides, therefore abamectin still the best
compound has a special position and special importance in
mite chemical control or in integrated management of mite
(Kumari et al, 2019). They referred that the abamectin
superiority in reducing the mite population compared with
other insecticides used in his study during two years of
labrotary experiments (2011-2013) with mortality rate
72.06% after first spray and mortality rate 25.65% after
second spray on grape plant.

Our results showed that abamectin was highly effective
in killing adults of the two-spotted spider mite (7. urticae) on
Cucumber plants and this was in agreement with previous
studies (Ji et al., 2013; Niu et al., 2014).

Abamectin has become the predominant acaricide
applied to control Tetranychus urticae outbreaks worldwide
because of the very short residual effectiveness (Omar and
Khalis, 2019).

Lagziri and El-Amrani (2009) had been reported that
pesticide (Abamectin) exhibited high efficacy on 7. urticae
in laboratory test and 100% mortality was obtained when the
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recommended dose of it was applied and they recommended
that the abamectin could be used as a selective acaricide in
IPM programs because of its strong efficacy on pests, its
persistence and its limited toxicity on predatory mites.
Similar study was conducted by Duchovskien¢ (2007) who
reported that the abamectin reduced the number of 7. urticae
and is highly efficient 3-14 days after application and he
showed that the persistence of abamectin efficacy depends on
the dose applied.

Our results also agree with the findings of Cobanoglu
and Alzoubi (2013) who found that the miticidal effect of
acaricides (abamectin) against Tetranychus urticae(TSSM)
were time dependent.

Also our results are similar with the findings of Youssef
and Faiod (2013) found that abamectin achieve mortality
rates reached 100% for both susceptible strain and resistant
strain of adults of T. urticae after direct treatments.

Similar results were obtained by Abd El- Rahman and
El-keblawy (2016) and they found that among the five
compounds used against adults of Tetranychus urticae, the
abamectin was the most toxic pesticide against this pest.
Franca et al.(2018) reported that abamectin presented higher
toxicity to Steneotarsonemus concavuscutum (another type of
mite).

From the mortality responses of 7. urticae adult females
to different acaricidal molecules (LCsy values) it is evident
that abamectin was most toxic to adults with the lowest LCs,
value of 0.01 ppm followed by fenpyroximate (1.91 ppm),
fenpropathrin (2.14 ppm) and fenazaquin (7.17 ppm) and
among the other synthetics spiromesifen was least toxic with
the LCs, value of 298.79 ppm (Kavya, 2018)

Recent study had been revealed that the concentration
range of nano-abamectin (10-250 mg/L) induced mortality
rates ranged from 25 to 96% in a femal adults of T.urticae
(Halim and Kalmosh, 2019). Tarikul, (2019) recorded that
the abamectin provided a high toxic effect against 7. urticae
population compared with other acaricides such as
azadirachtin, emamectin benzoate, spinosad and hexythiazox.

The results of our study revealed that the highest
mortality of the nymph was 94% after 72h of treatment and
this result was in agreement with results of Wu_ and Liu
(1996) who found that the mortality of nymphs of
Tetranytrus cinnabarinus by abamectin was 52.8% after 24h
and 90.0% after 72h of treatment. Chi-Yang et al. (2006)
found that the abamectin recorded 100% mortality in
Tetranychus urticae nymphs. Akashe et al. (2006) reported
that the abamectin 0.0025 percent as most effective in
checking T. urticae population on rose. Keratum et al. (2010)
indicated that abamectin and cypermethrin have a especial
effect on 7. urtica and considered the best compounds that
have a special importance in integrated mite management.

Present study revealed that the cypermethrin was the
most effective in reducing the population density of motile
stages of mite 7. urticae, followed by abamectin benzoate
while chlorpyrifos was of moderate effect in reducing the
population density of motile stages of T. urticae (Abd El-
Rahman and El-keblawy, 2016). Kumari et al., 2017 found
that the Abamectin resulted in highest nymphal mortality
(96.05%) followed by dicofol (94.51%), hexythiazox (90.24)
propargite (90.00), chlorfenapyr (89.33) and fenpyroximate
(86.84%).

Toxicity of neem oil to Tetranychus urticae
Effect on adults

The results of this test were presented in table (4). The
data revealed that the neem oil exhibited various levels of
toxicity to adults of 7. urticae and caused mortality in adult
ranging from 40 to 100% depending on the concentrations
and exposure time. The percentages of mortality of adults
were 40%, 40% and 50% at the concentrations 1%, 3% and
5% ml/l respectively during 24 hours of application.

All tested concentrations existed 100% mortality after
72h of treatment. LCs, values decreased gradually over time
and the LTs, of female adults of the T. urticae were 29, 28.3
and 24 h at the concentrations 1%, 3% and 5% ml/l
respectively.

Table 4 : Susceptibility of Tetranychus urticae adults to neem oil

Neem oil Mortality rates %
concentrations LTs X2
ML/L 24 h 48h 72h hour
1% 40a 73a 100a 29 37
3% 40a 78.5a 100a 28.3 34
5% 50b 97b 100a 24 5.4
LCs, 5.65 0.9 -
X2 8.15 28 --

Note : Similar letters in same column indicate that there is no significant difference and different letters in same column indicate that there is

significant difference at P=0.05

Effect on nymphs

The neem oil tested against nymph of two spotted
spider mite, 7. urticae under laboratory condition showed a
varied responses on their acaricidal property, which is
presented and discussed below (Table 5). The results of this
test showed good efficacy of neem oil in controlling the two-
spotted spider mite population. The mortality rates of nymph
were 33, 33.33 and 57% at the concentrations 1%, 3% and

5% respectively after 24h of treatment and the highest
mortality (100%) was recorded at the concentrations 3% and
5% after 72h of treatment.

In addition the LCsy of nymphs of the T. urticae was
decrease with increasing of time and the lowest was 0.063
ml/l after 72h. LTs, values also were decrease with
increasing of concentration which were 39.7, 29 and 22.23h
at the concentrations 1, 3, 5% respectively.
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Table 5 : Susceptibility of Tetranychus urticae nymphs to neem oil.
Neem oil Mortality rates %
concentrations LTs X2
ML/L 24 h 48h 72h hour
1% 33.00a 50.50a 78a 39.7 16
3% 33.33a 86.00b 100b 29 14
5% 57.00b 92.00b 100b 22.23 6.4
LCs 5.1 1.27 0.063
X 2.5 17.7 10.77

Note : Similar letters in same column indicate that there is no significant difference and different letters in same column indicate that there is

significant difference at P=0.05

Our result were in conformity with the finding of
Premalatha and Chinniah (2017) who referred that the
treatment with neem oil at concentration 3% ml/l contributed
in reduction population of nymphs and adults of T.urtica on
tomato at rate 74,88%. In other hand, our results are
incompatible with report carried out by Tarikul, et al (2017),
who concluded that the neem oil exist highest LCsy as
comparing with mahogany and karanja oil were found
significantly better than neem oil and this may be due to the
environment or the biotype of the pest.

Ramaraju (2004) has published fool proof evidence that
neem oil caused as high as 70.56 to 91.85% mortality of T.
urticae. Similar study was conducted to evaluate the toxicity
of selected commercial formulations of neem on Tetranychus
urticae and two predatory mites and indicated that the
toxicity of Neem on eggs and adults was greater for 7.
urticae compared to the toxicity observed for the predatory
mites. So the neem that exhibited relatively low impact
against the predatory mites can be used in integrated
management of 7. urticae (Hilda et al., 2006).

Bernardi et al. (2012) in study to evaluate the effects of
azadirachtin on T. urticae and its compatibility with the
predatory mites N. californicus indicated that the
Azadirachtin was efficient against 7. urticae, with a mortality
rate similar to that of abamectin and did not cause significant
mortality of adult predatory mites N. californicus and they
refer that the use of azadirachtin and predatory mites is a
valuable tool for controlling 7. urticae.

Premalatha and Chinniah (2017) concluded that the
neem oil 3% and rosemary oil 3% can be well fit in as a
viable component in the IPM package against two spotted
spider mites on tomato which are certainly cost effective and
eco-friendly. Botanical pesticides arise as a complementary
alternative in the control of 7. urticae Koch. Among the most
studied botanical families for this purpose are plants from
Lamiaceae, Asteraceae, Myrtaceae, and Apiaceae taxons.
These are particularly abundant and exhibit several results at
different levels; therefore, many of them can be considered as
promising elements to be included into integrated pest
management for controlling 7. urticae (Rincén, et al. 2019).

Conclusions

The obtained data indicated that the abamectin was
more toxic to adults and nymphs of Tetranychus urticae and
it is crystal clear that neem oil have promising effects on mite
pests at same time very safe / alternative to chemical
acaricides, therefore, neem oils may be a useful part of IPM
programs for management of 7. urticae populations.
Additional laboratory trials with another acaricides and

different dose rates should be conducted to provide adequate
control.
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