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Abstract
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Abamectin on Dust Mite, Oligonychus afrasiaticus Density and Anatomical Features of Date Fruits cv. Halawi. Arab
Journal of Plant Protection, 42(4): 511-517. https://doi.org/10.22268/AJPP-001269

The high nutritional value and economic importance of date fruits are compromised by severe damage caused by pests such as the dust
mite Oligonychus afrasiaticus. To control this pest, chemicals such as Abamectin are commonly used, although this may cause changes in the
anatomical characteristics of date fruits. This study aimed to investigate the effect of Abamectin on the density of dust mites and the anatomical
features of cv. Halawi dates. Date fruits were sprayed with Abamectin (1.8% EC) in five concentrations (0.0, 0.25, 0.50, 0.75 and 1.0 ml/L)
during the Hababuk stage, and dust mite density and several anatomical characteristics of the fruits were evaluated. The results obtained showed
a decrease in dust mite population density with increasing Abamectin concentration and a significant impact on certain anatomical features of
date fruits. The highest thickness of the exocarp, cuticle, epidermis, hypodermis, stoncells, outer mesocarp, and inner mesocarp, as well as the
number of pith cells were observed at the concentration of 1.0 ml/L. However, a reduction in the tannin layer was detected at higher
concentrations. Positive correlations were found between Abamectin concentration and the thickness of certain fruit components, as well as
the number of pith cells, whereas a negative correlation was found with dust mite population density. The study concluded that Abamectin

application directly reduces dust mite density and improves the anatomical characteristics of date fruits.
Keywords: Abamectin, date palm, dust mite, pest density, anatomical characteristics.

Introduction

The date palm tree, Phoenix dactylifera L. is one of the oldest
and most important cultivated species, being an
economically significant fruit tree that is cultivated in
tropical and subtropical regions of South West Asia and
North Africa. In addition, it can be grown in Australia,
Mexico, South America, South Africa, and the United States
(Al-Alawi et al., 2017). The date palm belongs to the family
of Arecaeae and encompasses more than 200 genera and
around 5000 species (Jonoobi et al., 2019). The importance
of the date palm lies in its fruits having high nutritional and
economic value due to being rich in carbohydrates, fibers,
proteins, minerals and vitamins (Al-Alawi et al., 2017).
Therefore, date palm fruits and their products have
contributed to one of the elements of global food security for
more than 5000 years (FAOSTAT, 2018). It was also
mentioned by Al-Alawi et al. (2017) that color, taste,
moisture and the absence of damage, such as cracks, defects
and surface blemishes that are caused by pests, are among
the important quality characteristics of date palm fruits to
provide high nutritional and economic value. Therefore,
control operations are directed to reduce the incidence of
these pests (EI Bouhssini & Faleiro, 2018; Haldhar et al.,
2015).

Oligonychus afrasiaticus is considered one of the
economically important pests of date fruits, and can cause a
reduction in the quality and quantity of these fruits (Ben
Chaaban et al., 2011; Elhalawany et al., 2020). This pest
causes economic damage to date palm production in lIraq,
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reaching up to 90% of total production in arid, sandy, and
windy climates (Al-Jboory & Al-Suaide, 2010; EIl-Shafie,
2022). The damage occurs directly by feeding on date fruits
and indirectly by spider webbing produced by the mite,
which leads to the deformity of fruits, changes in their
nutritional, morphological, and anatomical characteristics
(Ben Chaaban et al., 2011; Elhalawany et al., 2020; EI-
Shafie, 2022). In addition, the spider webbing blocks light
and air exchange, which affects metabolic processes in fruits
(Elhalawany et al., 2020), resulting in a decrease in yield and
quality. Therefore, various methods have been used to reduce
the damage caused by this pest (Arbabi et al., 2017).
Despite the availability of multiple methods to combat
this pest, chemical control of date palm mites is one of the
most widely used methods to reduce its impact (Alhewairini
et al., 2021; EIl-Shafie, 2022), because it is rapid,
economically feasible and easily applicable in comparison to
other available methods (Al-Dosary, 2010; Ali & Fhaid,
2019). One of the main insecticides used in controlling this
pest is Abamectin which belongs to the Avermectin family.
Abamectin is a new and effective insecticide against a wide
range of phytophagous pests. I1ts mode of action relies on its
ability to disrupt the nerve system, thereby allowing
Abamectin to kill resistant insects to other insecticides. It
does not accumulate in the environment and has low toxicity
to non-targeted animals; thus, it is widely used for mites,
insects and nematode control (Al-Dosary, 2010; Alhewairini
& Al-Azzazy, 2019). Numerous studies have reported the
high efficacy of Abamectin in controlling date palm mites in
different parts of the world (Al-Dosary, 2010; Palevsky et
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al., 2004). However, studies have pointed out the effect of
chemical insecticides on some plant attributes related to
growth and anatomical changes in plant tissues (Giménez—
Moolhuyzen et al.,, 2020; Lichtenstein et al., 1962;
Sangiorgio et al., 2022).

Although Abamectin is widely used as an insecticide
to control dust mites, its effects on the anatomical
characteristics of date palm fruits and its interaction with
dust mite infestation are not well understood. Thus, the
current study aimed to investigate the effect of Abamectin on
the population density of O. afrasiaticus dust mites and some
anatomical characteristics of the date palm fruits cv. Halawi.

Materials and Methods

Field experiment

This study was conducted between mid-April and early June
2022 in an orchard with a history of O. afrasiaticus
infestation located in Basra, Irag. Twenty date palms cv.
Halawi of similar age were divided into five groups. Each
group of four trees was sprayed two times using one of the
following concentrations (0.0, 0.25, 0.50, 0.75 and 1 ml/L)
(0= control treatment) of Abamectin 1.8% EC (Emulsifiable
concentrate) (Cropstar Chemical Industry Co., Ltd. China),
diluted with distilled water. Spraying was carried out on the
fruit group of palm trees in the Hababok stage. The first
application was sprayed four weeks after mid-March,
whereas the second spraying was applied six weeks after the
first one, using a 20-liter backpack sprayer with constant
pressure. Ten strands were randomly collected from each
treatment two weeks after the second spraying, and the
samples were placed in airtight plastic containers to
determine the density of O. afrasiaticus. Five fruits were
randomly selected from each strand, and the O. afrasiaticus
(all moving stages) were counted under a microscope (SD30,
Olympus, Japan) in the laboratory (Alhewairini et al., 2021).
The remaining fruit samples were stored in a refrigerator at
5+3°C until used for the anatomical study.

Anatomical studies

The anatomical charactaristics included exocarp thickness,
cuticle  thickness, epidermis thickness, hypodermis
thickness, stoncells thickness, outer mesocarp thickness,
inner mesocarp thickness, pith cells number, tannin’s layer
thickness and vascular bundles number. The paraffin wax
embedding method for date palm fruits described by Sakr et
al. (2010) was followed. Five fruits from each bunch for each
treatment were randomly selected. The samples were fixed
with F.A.A. (5 ml formaldehyde, 5 ml HCI glacial, and 90
ml of 70% ethyl alcohol) for 24-48 hours, then washed one
time with distilled water and twice with 70% ethyl alcohol
for one hour and 18 hours, respectively, to eliminate the
effects of the fixative. Subsequently, the samples were
subjected to an ascending series of ethyl alcohol
concentrations (70, 80, 90 and 95%) for one hour each and
then placed in absolute ethyl alcohol (100%) overnight to
remove all traces of water. Afterwards, the samples were
dehydrated with mixtures of 3:1 and 1:1 (v/v) of absolute
ethyl alcohol and xylene, then dipped in xylene alone for half
an hour each. The samples were then transferred to a 1:1

(v/v) mixture of xylene and paraffin wax and placed in an
oven at 60°C for 4 hours. The samples were then immersed
in pure paraffin wax and placed in an oven at 60°C overnight.
Next, the samples were embedded in special containers
containing paraffin wax and oriented accordingly before
being placed at room temperature for solidification and
stored in the refrigerator. The paraffin wax embedded
samples were then cut with a Rotatory Microtomn at a
thickness range of 7-12 um. The sections were transferred to
a water bath at 45°C for staining and then picked up by glass
slides coated with Albumin Myer and placed on a fisher slide
warmer at 45°C. The samples were stained with fast green
and safranine and mounted with Canada balsam before
covering them with a coverslip. The slides were then viewed
under an Olympus compound light microscope, using an
Ocular Micrometer to complete the measurements after
calibration with the Stage Micrometer.

Statistical analysis

The experiment was conducted according to the randomized
complete block design (RCBD), and the results were
analysed using ANOVA table, with the means compared by
a least significant difference (LSD) test at a probability level
of 0.05. The simple linear correlation was applied to find out
the relationship between the anatomical changes in date palm
fruits and the concentration of the insecticide on one hand,
and the population density of dust mites on the other hand.
The Statistical Analysis System (SAS) was used to analyse
the data, and the results were presented as means + standard
deviation.

Results

Effect of Abamectin on the dust mite population density
A significant decrease in dust mite population density was
observed with increasing Abamectin concentrations (Figure
1). The concentration of 1 ml/L produced the lowest density
of 6.25 mites/fruit, compared to the control treatment
(concentration 0 ml/L), which produced a higher density of
42.00 mites/fruit.

Effect of Abamectin on anatomical characteristics of date
palm fruits

Abamectin  treatment significantly affected certain
anatomical characteristics of date palm cv. Halawi fruits
(Figure 2). As the concentration increased, the thickness of
the exocarp, cuticle, epidermis, hypodermis, and stone cells
also increased, reaching their peak values of 106.50, 5.43,
9.60, 33.15, and 66.10 um at 1 ml/L of Abamectin,
respectively. These values were significantly higher than the
control treatment (0.0 ml/L), which showed the lowest
thicknesses of 67.00, 2.45, 4.93, 17.55, and 46.70 pm,
respectively.

Furthermore, Abamectin positively affected the
thickness of the outer mesocarp, tannin layer, and inner
mesocarp. The 1 ml/L Abamectin concentration yielded the
highest thicknesses of 877.50 and 2680.00 um for the outer
mesocarp and the inner mesocarp, respectively (Figure 2).
Notably, this concentration also provided the lowest
thickness of the tannin layer at 220.00 um, which was
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statistically significant from the other concentrations used. In
contrast, the control treatment produced the lowest thickness
of the outer mesocarp and inner mesocarp (491.25 and
1650.00 um, respectively) and the highest thickness of the
tannin layer (532.50 um).

In addition, the control treatment provided the lowest
amount of pith cells and the most significant number of
vesicular bundles (871.50 and 28.05, respectively) (Figure
3). In comparison, 1 ml/L Abamectin concentration yielded
the highest amount of pith cells and the lowest number of
vesicular bundles (1050.00 and 15.60, respectively) (Figure
4). Overall, the results of this study suggest that Abamectin
affected the anatomy of date palm fruits cv. Halawi.

Simple correlation analysis (Table 1) showed a positive
relationship (p <0.0001) between Abamectin concentrations
and all of the thickness of each of exocarp cuticle layer,
epidermis, hypodermis, stone cells, outer mesocarp, inner
mesocarp layer and the number of pith cells. However, the
results obtained showed a negative correlation (p <0.0001)
between the density of the dust mite on date palm fruits with
the same characteristics above. In addition, a negative
correlation (p <0.0001) was found between Abamectin
concentrations and both the tannin layer thickness and the
number of vascular bundles. The correlation was also
negative (p <0.0001) between the dust mite density and the
same characteristics mentioned above.

Discussion

The current study findings revealed a positive correlation
between Abamectin concentrations and a negative
relationship between the dust mite density with the thickness
of exocarp, cuticle, epidermis, hypodermis, stoncells, outer
mesocarp, inner mesocarp and pith cells. At the same time,
there was a negative correlation between Abamectin
concentrations and a positive relationship between the
density of the dust mite with vascular bundles and tannin
layer. This could be attributed to the positive impact of
Abamectin on reducing the density of the dust mites on date
fruit and consequently reducing the damage resulting from
dust mites feeding, similar to what has been reported earlier
(El-Shafie, 2022; Rajput et al., 2016; Salman, 2019).
Abamectin is one of the effective pesticides for combating
dust mites (Salman, 2019), as it affects all mite stages (egg,
larvae and adults) at different levels (Alhewairini & Al-
Azzazy, 2019; Salman, 2019). Generally, Abamectin affects
the targeted mite nervous system by blocking the gamma
aminobutyric acid (GABA) neurotransmitter flow between
the nerve endings of the mites. Also, it inhibits the binding
of acetylcholine to nicotinic acetylcholine receptors on the
nerve cells, leading to severe agitation and eventually
complete paralysis of the mites and thus their death (Saber et
al., 2018; Vojoudi et al., 2011).

The efficacy of Abamectin in mitigating mite
infestation on fruit crops was observed to have a positive
effect on the anatomical characteristics of date palms.
Specifically, increased concentrations of Abamectin were
correlated with a reduction of the damage caused to plant
tissues by mites' stylet penetration. This is due to the stylet's
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ability to puncture cells, as well as extract plant sap and
secrete a deleterious viscous substance onto the plant's
vascular system, which impairs its ability to photosynthesize
and, consequently, adversely affects its growth rate and
morphology (Tehri, 2014).

The damage caused to plant tissues from mite feeding
is primarily determined by the length of the stylets used to
access the feeding sites (Bensoussan et al., 2016; EI-Shafie,
2022; Reyes-Zepeda et al., 2022). Dust mite's web has been
shown to have a deleterious effect on the growth, shape and
colour of date palm fruits via interference with the cuticle,
preventing light, gas and moisture exchange, which in turn
hinders metabolic processes in the fruit (Elhalawany et al.,
2020). This study discovered that the exocarp layers and
outer mesocarp of the date palm fruit were the most affected
by the damage caused by mite feeding and the construction
of mite web on the fruit. Furthermore, results indicated a
negative correlation between dust mite density and thickness
of the tannin layer, which was inversely proportional to the
concentration of Abamectin. The tannin layer is significant
in plants for the generation of tannins, which are substances
that increase in plants under stress as a defensive response to
external changes (Kernaghan et al., 2022). Agrochemical
damage is one of these external stresses (Moon et al., 2022),
which may be attributed to the role of tannins in providing
protection from various pest infestations. Many studies
revealed an increase in tannin levels, leading to an
augmented thickness of the tannin layer in plants affected by
pests (Steenbergen et al., 2018).

It can be concluded from this study that Abamectin
indirectly affected the anatomical characteristics of date
palm fruits through its direct impact on the density of date
palm dust mites. It was found that as the concentration of
Abamectin increased, the density of dust mites on date palm
fruits decreased, resulting in an increased exocarp, outer
mesocarp and inner mesocarp layers thickness and decreased
tannin layer thickness. This led to improved fruit anatomical
characteristics.
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Figure 1. Effect of Abamectin on dust mite density, error
bars are the standard deviation (n=50). Values marked with
the same letters are not significantly different at P=0.05.
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Figure 2. Effect of Abamectin on the thickness of A: exocarp, B: cuticle, C: epidermis, D: hypodermis, E: stoncells, F: outer
mesocarp, G: tannins layer, H: inner mesocarp of date palm fruits, cv. Halawi. Error bars represent the standard deviasion (n=10).
Values marked with the same letters are not significantly different at P=0.05.
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Figure 3. Effect of Abamectin on the number of A: pith cells, B: vVascular bundles of date palm fruits, cv. Halawi. Error bars
represent the standard deviation (n=10). Values marked with the same letters are not significantly different at P=0.05.
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Figure 4. Cross section of date palm fruits, cv. Halawi, treated with different concentrations of Abamectin. C= Cuticle, Ep=
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Table 1. The simple linear correlation between dust mite population and the concentrations of Abamecin with some anatomical
characteristics of the date palm fruits, cv. Halawi.

Treatments
Concentrations of Abamecin Dust mite population
Anatomical characteristics ml/L P value” mite/fruit P value*
Exocarp thickness 0.95 <.0001 -0.87 <.0001
Cuticle thickness 0.95 <.0001 -0.94 <.0001
Epidermis thickness 0.96 <.0001 -0.95 <.0001
Hypodermis thickness 0.87 <.0001 -0.77 <.0001
Stoncells thickness 0.83 <.0001 -0.77 <.0001
Outer mesocarp thickness 0.78 <.0001 -0.74 <.0001
Inner mesocarp thickness 0.94 <.0001 -0.95 <.0001
Number Pith cells 0.96 <.0001 -0.81 <.0001
Tannins layer thickness -0.98 <.0001 0.86 <.0001
Number Vascular bundles -0.98 <.0001 0.92 <.0001

* The significance of correlation at p<0.01
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