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Abstract

The study herein explores the possible uses of plant extracts obtained from
common milkweed, Egyptian henbane, neem, sweet clover, datura, and
ashwagandha, which were applied at concentrations of 0.5%, 1%, 2%, and 4% to
control the two-spotted spider mite, 7. urticae. The laboratory experiments
assessed the mortality rates of adult females exposed to different concentrations of
acetone and methanol extracts were calculated in vitro. Datura, ashwagandha,
neem, and sweet clover extracts performed better when extracted with methanol
solvent than with acetone at a concentration of 4%. These extracts caused mortality
rates of 85.71, 83.52, 75.82, and 46.15 % for methanol solvent and 84.62, 78.02,
69.23, and 13.18 % for acetone solvent, respectively. These results were further
validated in field experiments on eggplant crops, where ashwagandha extracted by
Methanol solvent was a potent extract against 7. urticae when applied at 4%
concentration, reducing the pest population by 68.06, 60.58, 75.29, 54.80, and
68.66 % after 1, 3, 7, 14, and 21 days, respectively, with an average of 65.47%.
Datura extract reduced the pest population by 59.34%, 63.14%, 72.03%, 78.75%,
and 62.77% after the above-mentioned periods, with an average of 67.20%. While
neem and Egyptian henbane extracts gave similar reduction rates of 54.32, 58.71,
62.44, 54.19 and 62.87% for neem and 45.58, 53.16, 61.11, 67.86 and 52.77 % for
Egyptian henbane, with an average of 58.50% and 56.09 % for neem and henbane,
respectively. The observed efficacy among plant extracts emphasizes the
importance of considering laboratory and field conditions for pest management
strategies in agriculture.
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Introduction

The two-spotted spider mite, 7. urticae (Tetranychidae) is a major pest for
many crops. This pest can infests more than 180 different plant species in both
greenhouses and fields (Chakraborty et al., 2009, and Jakubowska et al., 2022)
This pest can causes great damage to a variety of plants, including beans, cotton,
pears, plums, and many other horticultural and ornamental plants
(Rabbinge,1985), in addition to many vegetable crops such as: tomatoes, squash,
eggplant, and cucumber ((Fasulo and Denmark, 2003, and Kaimal, 2021), and
many economically important plants (Jeppson et al., 1975, and Sarwar, 2019).
Moreover, infestation with this pest results in financial damage, especially when it
feeds on vegetable crop leaves, which leads to a reduction in the process of
photosynthesis, transpiration, and the levels of chlorophyll and nitrogen in the
leaves (Guo et al., 1998, and Kaimal 2021).

Synthetic acaricides are commonly used to control red spider mite, as these
chemicals are highly effective in reducing mite densities (Manu et al., 2021).
Taking into account, many disadvantages of using these synthetic acaricides,
including high costs, damage to the pasts natural enemies, negative effects of on
the surrounding environment, health risks to the farmers, and the development of
resistance that the mite acquires from repeated use of these compounds(Norval et
al., 1992, and Overton et al., 2021).

Plants produce a variety of secondary metabolites that are thought to help
them defend themselves from harmful parasites (Divekar et al., 2022). Therefore,
plants are a rich source of natural compounds with pesticides properties, often
referred to as botanical pesticides (Lengai et al., 2020). Plants are becoming
increasingly popular in pest control due to their low toxicity to non-target
organisms, safety to humans, and ease of biodegradation (Damalas and
Koutroubas, 2020; Ngegba et al., 2022; Souto et al., 2021). several botanical
pesticides are now available for the control of arthropod pests in agriculture and
homes. This has led to a growing interest in the use of plants as part of integrated
pest management programs. (Dara, 2019, and Guo et al., 2023).

Essential oils, extracted from plants, have been studied for their potential in
controlling red spider mite. (Nollet, 2024). These oils are used as repellents or
pesticides and can be act as antifeedant or inhibitory to some biological
characteristics of the pests (reproduction, egg-laying and hatching rates), and
affects the spread of these pests and reduces their numbers (Hikal et a/.,2017, and
Aouini et al., 2023). Plant derivatives include a variety of compounds including
nicotine and pyrethrum which likely act as a protective property against herbivores
in the foundation plant (Elshafie et al., 2023).

Therefore, the current study aimed to estimate the effectiveness and toxicity
of some plant extracts against the two-spotted spider mite, 7. urticae in both
laboratory and field.
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Materials and Methods
1-Rearing of T. urticae

The two-spotted spider mite, 7. urticae was reared by collecting individuals
of the mite stages from eggplant cultivated at the Faculty of Agricultural farm, Al-
Azhar University, Assiut, Egypt. The pest was maintained in Petri dishes (10 cm
in diameter) on bean leaves with a piece of cotton dipped in pure water to maintain
the relative humidity in the rearing dishes. These dishes were placed at a
temperature and relative humidity suitable for the growth and development of the
pest (25 £ 1 °C and 70 £ 5%). On the other side, bean plants (Phaseolus vulgaris)
were grown in 25 cm diameter pots under sunlight, and once they developed six to
eight true leaves, they were infested with the two-spotted spider mite, 7. urticae to
serve as stock culture to be a permanent source of the pest.

2-Preparation of plant extracts

In this study, five plant species were selected: Egyptian henbane
(Hyoscyamus muticus) flowers, neem (Azadirachta indica) leaves, sweet clover
(Melilotus alba), datura (Datura stramonium), milkweed (A4sclepias fruticosa),
and ashwagandha (Withanias omnifera). The leaves and flowers of these plants
were collected from the farm of the Faculty of Agriculture, Al-Azhar University,
Assiut, Egypt. Five hundred grams of each plant were shade-dried at room
temperature for two weeks, and ground into a fine powder using an electric
blender. The powders were stored in tightly sealed containers, and the extraction
process was carried out by treating 200 grams of each powder in a Soxhlet
apparatus using acetone and methanol as solvents.

3-Efficacy of plant extracts against of 7. wrticae adult females under
laboratory conditions

This study was conducted in the laboratory of the Department of Agricultural
Zoology and Nematology, Faculty of Agriculture, Al-Azhar University where the
efficacy of the previously prepared plant extracts on adult females of 7. urticae
was tested by transferring ten newly emerged adult females to the upper surface of
kidney bean leaf discs (3cm in diameter) placed on wet cotton pads inside Petri
dishes (10 cm in diameter). Each treatment was repeated ten times (ten Petri dishes
for each treatment). Adult females were exposed to one of the four concentrations
of the plant extracts (0.5%, 1%, 2%, and 4%), while untreated control groups were
sprayed with water and dimethyl sulfoxide (DMSO) solvent at a rate of 0.1%. A
hand sprayer was used for this purpose and the dishes were kept at room conditions
(27£2°C and 65+5% R.H.) and were evaluated by counting the number of dead
females after 1, 2, and 3 days.

4-Experimental Design and Treatments

To study the effect of plant extracts on 7. urticae populations in the field,
experiments were conducted at the research farm of the Faculty of Agriculture,
Al-Azhar University, Assiut. A randomized block design with three replicates was
used. The experiment consisted of four treatments and one control, each with three
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replicates. Plot size was 4 m wide and 5.5 m long (22 m? per plot). The total
experimental area was 330 m? [5 treatments x 3 replicates].

The soil was sterilized before planting using 238 kg/ha of agricultural sulfur
(Abu Qir Fertilizer and Chemical Industries). A specific basal dose of 142.8 kg/ha
P,0s5 (15.5% CaHgOgP,) and 47.6 m® of decomposed organic fertilizer were
incorporated into the soil. The field was plowed twice vertically, flattened, and
divided into experimental plots. In addition, 238 kg/ha of nitrogen (33.5%
NH;4NO3) and 238 kg/ha of K,O (50% potassium sulfate) were divided into two
equal applications 30 and 60 days after transplanting, according to the
recommendations of the Egyptian Ministry of Agriculture (Hassan 2011). Certified
eggplant seedlings were obtained from a private greenhouse and were manually
planted with a 30 cm distance between hills on March 14, 2022.

5-Field efficacy of plant extracts on 7. urticae adult females

Plant extracts were used to evaluate their efficacy against 7. wurticae
populations at a concentration of 4% for each extract (i.e., Ashwagandha, Neem,
Datura, and Egyptian henbane) on eggplant plants. This concentration was selected
based on the results of the laboratory experiments. The entire plant was covered
with the spray liquid, keeping a distance of about 25 cm between the nozzle and
plant parts. The treatments were applied using a knapsack sprayer fitted with a
single nozzle boom.

The numbers of 7. urticae (motile stages) were counted before and after
spraying using a binocular microscope (model N-400M, Nanjing Everich
Medicare Import and Export Co., China). Samples of 10 leaves were taken,
focusing on both the upper and lower surfaces from each plot in three replicates.
Samples were collected at intervals of 1, 3-, 7-, 14-, and 21-days post-spraying.
The reduction percentages in the 7. urticae numbers were calculated according to
Abbott's (1925) equation as follows:

., Y%tested mortality — %control mortality
Percentage of mortality = 100 — Yocontrol mortality X100

6-Statistical analysis

The obtained data were subjected to a one-way analysis of variance
(ANOVA), followed by an F-test, according to procedures outlined in IBM SPSS
Statistics for Windows (version 20, 2011). Mean square values were calculated,
and comparisons between treatments were made at a 5% significance level.
Reduction percentages in the 7. urticae population were calculated according to
Abbott's (1925) to assess the efficacy of the plant extracts.

The toxicity index (Ti) was determined by using the method described by
(Sun, 1950). Lethal concentrations (LC50) were estimated through Probit analysis,
following the approach outlined by (Aitchison and Silvey, 1957). These analyses
help evaluate the relative toxicity of the plant extracts against 7. urticae and
determine the effective concentration required to control the mite populations.
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Results

1-Effect of plant extracts (when used acetone solvent) on 7. urticae adult
females under laboratory conditions

The results in Table (1) indicated that, the Egyptian henbane plant showed
the highest mortality rates, which reached 91.21, 75.82, 56.04, and 36.26% when
using concentrations of 4, 2, 1, and 0.5%, respectively. While the datura extract
came second place with average mortality rates of 84.62, 71.43, 45.05, and
36.26%, for the same concentrations, respectively. Ashwagandha extract followed
with 78.02, 61.54, 47.25, and 34.04%. Neem extract caused 69.23, 57.14, 45.05,
and 30.77%. The extracts for common milkweed and sweet clover recorded the
lowest mortality rates, (53.85, 51.65, 35.16 and 31.87 %) for common milkweed
and (13.18, 9.89, 7.69, and 2.19%) for sweet clover at the same concentrations (4,
2, 1 and 0.5 %). There were statistical differences in concentrations and extracts in
all plant extracts.

Table 1. Mortality percentages of 7. urticae adult females treated with plant extracts
when extracted by using acetone under laboratory conditions
Avg. no. of dead adult of T. urticae adult

Plant extracts C‘j/“c females after 1,2,3 days Conifwteg/
e One day Two days Three days mortality (%)
0.5 1.20+0.24 1.80+0.35 0.80+0.29 31.871ij
Common milkweed 1 1.40+0.33 1.70+0.94 1.00+0.29 35.16 hij
3.70+0.49 1.10+0.17 0.80+0.20 51.65fgh
4 3.50+0.70 0.80+0.32 1.50+0.37 53.85efg
0.5 2.10+0.54 1.00+0.30 1.10+0.30 36.26 hij
Egyptian henbane 1 3.40+0.48 1.10+0.22 1.504+0.21 56.04d-g
4.60+0.26 1.60+0.16 1.60+0.30 75.82 ab
4 6.60+0.54 2.00+0.2 0.60+0.16 91.21a
0.5 2.00+0.33 1.50+0.22 0.20+0.13 30.77 ij
Neem 1 3.00+0.33 0.90+0.17 1.10+0.17 45.05 f-i
3.80+0.38 1.30+0.30 1.00+0.21 57.14 d-g
4 5.40+0.40 1.50+0.30 0.30+0.15 69.23 b-¢
0.5 0.50+0.16 0.30+0.15 0.30+0.15 2.191
Sweet clover 1 0.50+0.16 0.90+0.31 0.20+0.13 7.69 k1
1.10+0.27 0.40+0.16 0.30+0.15 9.89 k1
4 1.40+0.49 0.30+0.15 0.40+0.16 13.18 k
0.5 2.60+0.88 1.40+0.16 0.20+0.16 36.26 hij
Datura 1 3.40+0.40 1.00+0.21 0.60+0.16 45.05 f-i
6.60=0.85 0.40+0.26 0.40+0.16 71.43 bed
4 8.20+0.38 0.20+0.13 0.20+0.13 84.62 ab
0.5 2.30+0.33 1.50+0.22 0.20+0.13 34.07
Ashwagandha 1 3.40+0.30 1.00+0.21 0.80+0.20 47.25 f-i
2 5.00+0.54 0.90+0.40 0.60+0.26 61.54 c-f
4 7.00+0.39 0.70+0.30 0.30+0.15 78.02 ab

Data are presented as mean value Mortality percentage a, b Different letters indicate high significant difference
according to Duncan’s multiple range tests. Values are significant at p=0.05 levels, df =239, F-value= 21.37 (after
3 days

2-Effect of plant extracts (when used methanol solvent) on 7. urticae adult
females under laboratory conditions

The results in Table (2) showed that datura extract gave the highest mortality
rates of 85.71, 65.93, 58.24 and 39.56% at concentrations of 4, 2, 1 and 0.5 %
when using methanol solvent, respectively. Ashwagandha extract came in second

Assiut J. Agric. Sci. 56 (1) 2025 (157-171) 161



Saad et al., 2025

place with average mortality rates of 83.52, 68.13, 59.34 and 43.96 % at the same
concentrations, respectively. It was followed by neem extract, which recorded
mortality rates of 75.82, 59.34, 47.25 and 36.26 % for the same concentrations,
respectively. The Egyptian henbane extract recorded 73.63, 60.44, 35.16 and 18.68
%. While the extracts of common milkweed and sweet clover gave the lowest
mortality percentages (49.45, 43.96, 28.57 and 21.98 %) for common milkweed
and (46.15, 27.47, 21.97, 20.87%) for sweet clover at the same concentrations of
4,2, 1 and 0.5 %, respectively. It was found that there were significant differences
between the concentrations and extracts for all tested extracts.

Table 2. Mortality percentages of 7. urticae adult females treated with plant

extracts when extracted by using methanol under laboratory conditions
Avg. no. of dead adult of T. urticae adult

Plant extracts C‘j/‘:c' females after 1,2,3 days mg&gliietcyte(&))
One day Two days Three days
0.5 0.90+0.27 1.4040.33 0.60+0.26 21.981j
Common milkweed 1 1.20+0.29 1.30+0.30 1.00+0.29 28.57 hij
2.30+0.47 1.20+0.20 1.40+0.22 43.96 fgh
4 3.00+0.49 0.90+0.31 1.50+0.34 49.45 ef
0.5 1.00+0.39 0.90+0.27 0.70+0.30 18.68 ]
Egyptian henbane 1 2.10+0.40 0.70+0.21 1.30+0.21 35.16 ghi
3.90+0.50 1.304+0.21 1.20+0.20 60.44 cde
4 4.80+0.35 2.00+0.21 0.80+0.20 73.63 ab
0.5 2.30+0.26 1.30£0.15 0.60+0.22 36.26 ghi
Neem 1 3.50+0.42 0.90+0.17 0.80+0.20 47.25 fg
2.90+0.36 1.5040.26 1.90£0.22 59.34 cde
4 5.10£0.31 1.60+0.26 1.10+0.23 75.82 ab
0.5 1.40+0.30 0.50+0.22 1.00+0.21 20.87
Sweet clover 1 0.90+0.23 1.20+0.29 0.70+0.21 219714
1.20+0.32 1.10+0.17 1.10+0.27 27.47 hij
4 2.70+0.26 1.00£0.25 1.40+0.22 46.15 fg
0.5 2.40+0.51 1.40+0.16 0.70+0.13 39.56 gh
Datura 1 3.10+0.37 1.50+0.22 1.60+0.21 58.24 de
4.90+0.56 0.80+0.26 1.20+0.16 65.93 cd
4 5.50+0.40 1.60+0.31 1.60+0.35 8571 a
0.5 2.50+0.22 1.70£0.26 0.70+0.26 43.96 fgh
Ashwagandha 1 3.80+0.35 1.00£0.21 1.50+0.26 59.34 cde
2 4.60+0.65 1.20+0.38 1.30+0.33 68.13 bed
4 6.00+0.44 1.10+0.30 1.4040.30 83.52 ab

Data are presented as mean value Mortality percentage a, b Different letters indicate high significant difference
according to Duncan’s multiple range tests. Values are significant at p= 0.05 levels, df =239, F-value= 29.77 (after
3 days).

3-Toxicity of plant extracts (when used acetone solvent) against 7. urticae
adult females

Data in Fig. 1 showed that datura extract was the most effective one against
T. urticae, while common milkweed extract was the least effective one among all
the extracts tested. Based on LCsovalues of the extracts tested, the extracts can be
arranged in descending order as follows: datura, Egyptian henbane, ashwagandha,
neem and common milkweed where LC50 values were: 0.78, 0.80, 0.86, 1.04 and
1.66 %, respectively (Fig. la ) When considering the toxicity index at LC50,
Datura extract was the most effective (100%) followed by Egyptian henbane
extract (97.50%), Ashwagandha (90.69%), Neem (75%) and common milkweed
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(46.98 %) (Fig. 2a). The slope values were: 1.47, 1.85, 1.19, 1.00 and 1.63 for the
tested extracts at the same trend (Fig. 1a).

4-Toxicity of plant extracts (when used methanol solvent) against T.urticae
adult females

Data in Fig.1 showed that ashwagandha extract was the most effective one
against 7. urticae, while common milkweed extract was the least effective one
among all the extracts tested. Based on LCso values of the extracts tested, the
extracts can be arranged in descending order as follows: ashwagandha, datura,
neem, Egyptian henbane and common milkweed, LCso values were: 0.67, 0.78,
1.09, 1.59, and 3.72 %, respectively (Fig. 1b).when considering the toxicity index
at LC50, ashwagandha extract was the most effective (100%), followed by datura
extract (85.89), neem (61.49%), Egyptian henbane (42.13%) and common
milkweed (18.00 %) (Fig.2b). The slope values were: 1.18, 1.36, 1.14, 1.73 and
0.89 for the abovementioned plant extracts, respectively.

ELC50 Value(%) ©ESlope

4 -
3.6 -
3.2 A
2.8 -
24 -
2 4
1.6
1.2
0.8 -
0.4 -
0 -
Egyptian Neem Datura Ashwagandha Common
a Henbane milkweed
4 -
3.6 -
3.2 -
2.8 -
24 -
2 4
1.6 A
1.2 A
0.8 -
0.4 -
0 -
Egyptian Neem Datura Ashwagandha  Common
b Henbane Plant extracts milkweed

Fig 1. Estimates of the LCso and slope values of 7. urticae adult females treated
with the plant extracts when used acetone (a) and methanol (b) solvents.
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Fig 2. Estimates of toxicity index of plant extracts when used acetone (a) and
methanol (b) solvents on 7. urticae adult females.

5- Effect of plant extracts on density 7. urticae infested eggplant under field
conditions

The data presented in Fig. 3 showed the effectiveness of different plant
extracts in reducing the density of 7. urticae on infested eggplant under field
conditions when using a concentration of 4%. Ashwagandha extract showed the
highest effectiveness, achieving a reduction in mite numbers by 68.06%, 60.58%,
75.29%, 54.80%, and 68.66% after 1, 3, 7, 14, and 21 days, respectively, with an
average reduction of 65.47%.

Datura extract also showed strong efficacy, recording reductions of 59.34%,
63.14%, 72.03%, 78.75%, and 62.77% over the same time periods, with an average
reduction of 67.20%

In contrary, neem and Egyptian henbane extracts showed more moderate, but
with similar rates of reduction. Neem reduced mite numbers by 54.32%, 58.71%,
62.44%, 54.19%, and 62.87% over the same time periods, respectively, with an
average reduction of 58.50%. Similarly, Egyptian henbane showed reductions of
45.58%, 53.16%, 61.11%, 67.86%, and 52.77%, with an overall average reduction
0f 56.09%.
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Fig 3. Mean numbers (M)/10 leaves and reduction percentages (R %) of the two-
sotted spider mite using different plant extracts on eggplant under field
conditions. Different letters indicate a significant difference between the means
according to Duncan’s multiple range tests. Values are significant at p= 0.05
levels, df =19, F-value= 2.64.

Discussion

Several authors (Alpkent et al., 2023, Gnedy et al., 2023; Mérida-Torres et
al., 2023) have shown the potential of using plant extracts in controlling the red
spider mite, 7. urticae. They confirmed that plant leaves extracts showed similar
effect as that of 7. urticae acaricides

Ashwagandha, Datura, Neem, and Egyptian henbane in this study were
highly effective in increasing of mortality rates of adult females and inhibition of
eggs hatching at high concentrations and showed efficiency in controlling 7.
urticae. Some studies have shown the importance of natural compounds (plants
extract) that could suppress mite's populations (Alpkent et al., 2023; Liao et al.,
2023; Mammadova et al., 2023).

The toxicity index at LCso showed that datura and ashwagandha extracts were
the most effective against 7. urticae. The presence of toxic compounds in these
plants, such as mithanoloids in ashwagandha seeds (Afraze et al., 2020) and
several phytochemicals in datura (Tabet ef al., 2018) , may contribute to their high
toxicity against 7. urticae. Sharma et al. (2023) showed that Datura stramonium
leaf and seed extracts exhibit lethal effects on 7. urticae, with mortality rates of
adult females exposed to the leaf extract ranging from 29% to 98% after 48 h. This
highlights the strong acaricidal properties of datura extracts in controlling T.
urticae. Similarly, Mateeva et al. (2003) reported that datura extract had toxic
effects on all motile stages of 7. urticae under laboratory conditions. Furthermore,
it has been shown that some alkaloids present in different parts of Datura spp. may
explain the effectiveness of the leaf extracts in this study (Cinelli and Jones, 2021;
Lelago and Assefa, 2023). These results are consistent with Abou-Shosha (2020)
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who found that Datura stramonium leaves and Egyptian henbane (Hyoscya
musmuticus) flowers extracted with acetone significantly affected 7. wurticae
populations on eggplant and kidney bean crops. When applied at concentration of
4%, Datura stramonium achieved mortality rates of 92.30% on eggplant and
94.12% on kidney beans after treatment periods of 1, 3, 7, 14, and 21 days.

Based on the results of the present study, the plant extracts showed great
promise in controlling 7. urticae, with acetone and methanol being proving to be
suitable solvents for extraction. The results of the neem extract are consistent with
those reported by Davidson and Chinniah (2023), who evaluated Neem Gard, an
acaricidal formulation derived from Neem (Azadirachta indica), for its efficacy
against the phytophagous mite, 7. cinnabarinus in preventing damage to Jasminum
sambac plants, Their study showed that the neem oil recorded a mortality rate of
78.13% for T. cinnabarinu. In a separate study, Sivira et al. (2011) demonstrated
the acaricidal effects of ethanolic extracts of wild oregano and gliricidia on T.
cinnabarinus, with mortality rates of 96.6% and 100% at a 20% concentration

These results suggested the potential of gliricidia and wild oregano as
alternatives for 7. cinnabarinus management, although further field studies are
needed

Furetheremore, Hammad et al. (2017) compared the biological activity of
two neem seed kernel extracts, Margosan-O and Neem Azal-S, against 7. urticae.
Both extracts demonstrated deterrent, toxic, and repellent effects, and similar
results are believed to be found on 7. cinnabarinus, given the common biological
and behavioral characteristics of these phytophagous mites.

Although the present study focused on the effect the plant extracts on T.
urticae, the results are likely to be similar to those of T. cinnabarinus, as both
species are phytophagous mites and are biologically and behaviorally similar. The
main active ingredient in neem, azadirachtin, has several negative effects on
arthropods, such as repellent and feeding inhibition (Rajput et al., 2023). Neem
extracts have been shown to have repellent effects on 7. cinnabarinus, causing the
mites to avoid the treated area (Rincon et al., 2019).

This can lead to a reduction in the mite population on the host plant. Neem
extracts can inhibit the feeding of 7. cinnabarinus, leading to a reduce growth and
reproduction (Jakubowska et al., 2022). This can be attributed to the presence of
azadirachtin in neem, which interferes with the digestive system of the mites
(Verma et al., 2023). Some studies have reported that neem extracts possess
antifungal properties, which could be useful in controlling 7. cinnabarinus, as
fungal infections can be a common issue for mites and their hosts (Grabka ef al.,
2022).

Overall, this study demonstrates the potential of using plant extracts such as
Ashwagandha, Datura, Neem, and Egyptian henbane to control the two-spotted
spider mite, 7. urticae. Their increasing efficacy with high concentrations paves
the way for alternative and sustainable solutions to control pests without resorting
to the use of pesticides that are harmful to plants and the surrounding
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environments. It may require more field experiments and reaching the optimal
extraction of natural active ingredients, which provides a promising future for safer
and more environmentally friendly pest management.

Conclusion

In this study, plant extracts of Egyptian henbane, neem, sweet clover, datura,
and ashwagandha were evaluated for their efficacy against the two-spotted spider
mite, 7. urticae in both laboratory and field conditions. In laboratory tests, the
extracts showed varying efficacy in reducing adult females’ mortality of the pest.
The extracts of henbane and datura gave the highest mortality rates, followed by
ashwagandha and neem, while common milkweed and sweet clover showed low
efficacy. The concentrations of these plant extracts also had a significant effect.
When used acetone or methanol solvents for extraction, datura consistently
showed high mortality rates, regardless of the solvent used. Ashwagandha and
neem extracts also showed high efficacy, while Egyptian henbane showed
moderate ones. Meanwhile, common milkweed and sweet clover extracts
consistently produced low mortality rates. When studying the toxicological
analyses, including LCso values and toxicity indices in the laboratory, the
effectiveness of datura and ashwagandha extracts showed high levels of toxicity
compared to other extracts. Field experiments conducted on this pest infesting
cultivated eggplant confirmed the laboratory results, as extracts of both
ashwagandha and datura caused a significant reduction in 7. urticae numbers over
various observation periods. Neem and Egyptian henbane also showed
effectiveness, but to a lesser extent. In general, the results indicate that datura and
ashwagandha extracts are important and promising extracts as effective agents for
controlling 7. urticae numbers in its areas of presence. More field experiments are
needed on large scale to enhance the role of these extracts, in integrated pest
management strategies for sustainable agriculture.

References

Abbott, W. S. (1925). A method of computing the effectiveness of an insecticide. J. econ.
Entomol. 18(2): 265-267.

Abou-Shosha, M. A. A. (2020). Field trial of three plant extracts against Tetranychus
urticae population as a comparative with acaricidal (Abamectin) on two vegetable
crops. Journal of Plant Protection and Pathology Mansoura Univ. 11(9): 473-476.

Afraze, Z., Sendi, J. J., Karimi-Malati, A., and Zibaee, A. (2020). Methanolic extract of
winter cherry causes morpho-histological and immunological ailments in mulberry
pyralid Glyphodes pyloalis. Frontiers in physiology. 11(10): p. 908.

Aitchison, J., and Silvey, S. D. (1957). The generalization of probit analysis to the case
of multiple responses. Biometrika.44(1/2): 131-140.

Alpkent, Y. N., Ulusoy, S., and Ertiirk, S. (2023). Acaricidal efficacy of aqueous extracts
from different plants on Tetranychus urticae Koch, 1836 (Acari: Tetranychidae).
Journal of Plant Diseases and Protection. https://doi.org/10.1007/s41348-
02400969z

Aouini, J., Bachrouch, O., Msaada, K., Fares, N., Jallouli, S., Médiouni Ben Jemaa, J.,
and Sriti, J. (2023). Screening of antimicrobial and insecticidal properties of

Assiut J. Agric. Sci. 56 (1) 2025 (157-171) 167



Saad et al., 2025

essential oils extracted from three Tunisian aromatic and medicinal plants.
International Journal of Environmental Health Research. 34(2): 923-933.

Chakraborty, A., Singh, M., and Ridland, P. (2009). Effect of prey-taxis on biological
control of the two-spotted spider mite- A numerical approach. Mathematical and
Computer Modelling. 50(3-4): 598-610.

Cinelli MA, Jones AD (2021) Alkaloids of the genus Datura: Review of a rich resource
for natural product discovery. Molecules 26(9):2629

Damalas, C. A., and Koutroubas, S. D. (2020). Botanical pesticides for eco-friendly pest
management: Drawbacks and limitations. Pesticides in Crop Production:
Physiological and Biochemical Action. doi: 10.1002/9781119432241.ch10

Dara S.K. (2019) The new integrated pest management paradigm for the modern age.
Journal of Integrated Pest Management. 10(1): p.12.
https://doi.org/10.1093/jipm/pmz010

Davidson I.M.K., Chinniah C. (2023) Plant Essential Oils for the Management of Two
Spotted Spider Mite Tetranychus urticae Koch on Jasminum sambac. Biopesticides
International. http://doi.org/ 10.59467/B1.2023.19.29

Divekar P.A., Narayana S., Divekar B.A., Kumar R., Gadratagi B.G., Ray A., Singh A.K.,
Rani V., Singh V., and Singh A.K. (2022) Plant secondary metabolites as defense
tools against herbivores for sustainable crop protection. International journal of
molecular sciences. https://doi.org/10.3390/ijms23052690

Elshafie, H. S., Camele, 1., and Mohamed, A. A. (2023). A comprehensive review on the
biological, agricultural and pharmaceutical properties of secondary metabolites
based-plant origin. International Journal of Molecular Sciences. 24(4): 3266.

Fasulo, T. R., and Denmark, H. A. (2003). Twospotted Spider Mite, Tetranychus urticae
Koch (Arachnida: Acari: Tetranychidae): EENY150/IN307. 8/2000. Edis, 2003
(15): http://edis.ifas.ufl.edu.

Gnedy, M. M., Hussien, R. A, Sleem, R. A., Elkelish, A., AlHarbi, M., Alharbi, B. M.,
and Sayed, A. A. (2023). In vitro efficacy of Boswellia carterii resin extracts
formulated as an emulsifiable concentrate against Tetranychus urticae and
phytopathogenic fungi. Saudi Journal of Biological Sciences. 30(12):
https://doi.org/10.1016/].5jbs.2023.103843.

Grabka, R., Entremont, T. W., Adams, S. J., Walker, A. K., Tanney, J. B., Abbasi, P. A.,
and Ali, S. (2022). Fungal endophytes and their role in agricultural plant protection
against pests and pathogens. Plants. 11(3): 384. doi: 10.3390/plants11030384.

Guo, C., Wang, L., Chen, N., Zhang, M., Jia, J., Lv, L., and Li, M. (2023). Advances in
research and utilization of botanical pesticides for agricultural pest management in
inner mongolia, china. Chinese Herbal Medicines. 16(2): 248-262.

Guo, F., Zhang, Z. Q., & Zhao, Z. (1998). Pesticide resistance of Tetranychus
cinnabarinus (Acari: Tetranychidae) in China: a review. Systematic and Applied
Acarology. 3(1): 3-7.

Hammad, E. A. F., Akkary, M., Saliba, N., Farran, M., and Talhouk, S. (2017).
Bioactivity of indigenous medicinal plants against the two-spotted spider mite,
Tetranychus urticae. Journal of Agricultural Sciences. 9(7): 123-134.

Assiut J. Agric. Sci. 56 (1) 2025 (157-171) 168



Biochemical Control of the Two-Spotted Spider...

Hassan, A. A. (2011). Post harvest technology and physiology of fruit vegetables. Egypt:
Al-Dar Al-Arabiah Lil Nashr Wa Al-Tawsia Cairo.[In Arabic].

Hikal, W. M., Baeshen, R. S., and Said-Al Ahl, H. A. (2017). Botanical insecticide as
simple  extractives  for  pest  control. Cogent  Biology,  3(1):
https://doi.org/10.1080/23312025.2017.1404274.

Jakubowska, M., Dobosz, R., Zawada, D., and Kowalska, J. (2022). A review of crop
protection methods against the twospotted spider mite—7etranychus urticae Koch

(Acari: Tetranychidae) with special reference to alternative methods. Agriculture.
12(7): 898. https://doi.org/10.3390/agriculture12070898

Jeppson L, Baker E, Keifer H (1975) Mites injurious to economic plants University of
California Press Berkeley. 614 pp.

Kaimal S. (2021). Impact of spider mite feeding on vegetable crops. journal of advanced
applied scientific research 3(5):1-5.

Lelago A., Assefa E. (2023). Phytochemical investigation and structural elucidation on
seed extracts of Datura Stramonium. Journal of Science and Inclusive Development

5(1):38-57

Lengai G.M.W., Muthomi, J.W., and Mbega, E.R. (2020). Phytochemical activity and
role of botanical pesticides in pest management for sustainable agricultural crop
production. Scientific African. https://doi.org/10.1016/j.sciaf.2019.00239

Liao F., Han, C., Deng, Q., Zhou, Z., Bao, T., Zhong, M., Tao, G., Li, R., Han, B., and
Qiao, Y. (2023). Natural Products as Mite Control Agents in Animals: A Review.
Molecules 28(19):6818.

Mammadova, T., Guliyeva, L., Moulahoum, H., Tok, K., Kii¢iikcobanoglu, Y., Yildiz,
L., and Zihnioglu, F. (2023). Role of phytochemicals and secondary metabolites
from Mentha spicata in acetylcholine esterase inhibition for effective pest control

of Tetranychus urticae Koch. International Journal of Acarology:1-12. doi:
10.1080/01647954.2023.2275754

Manu, N., Schilling, M.W., and Phillips, T.W. (2021). Natural and synthetic repellents
for pest management of the storage mite Tyrophagus putrescentiae (Schrank)
(Sarcoptiformes: Acaridae). Insects 12(8):711.

Mateeva, A.A., Christov, C., Stratieva, S., and Palagatscheva, N. (2003). Alternativ plant
protection means agains Tetranychus urticae Koch. Second International

Symposium on plant health in urban horticulture, Berlin, Germany, 27-29 August,
2003, 2003, 259-261 ref. 11

Meérida-Torres, N.M., Cruz-Lopez, L., Malo, E.A., and Cruz-Esteban, S. (2023).
Attraction of the two-spotted spider mite, Tetranychus urticae (Acari:

Tetranychidae), to healthy and damaged strawberry plants mediated by volatile
cues. Experimental and Applied Acarology:1-15. doi:10.1007/s10493-023-00852

Ngegba, P.M., Cui, G., Khalid, M.Z., and Zhong, G. (2022). Use of botanical pesticides
in agriculture as an alternative to synthetic pesticides. Agriculture 12(5):600

Nollet, L.M.L. (2023). Oil Pesticides. Biopesticides Handbook. United Kingdom, CRC
Press. pp 191-213.

Assiut J. Agric. Sci. 56 (1) 2025 (157-171) 169



Saad et al., 2025

Norval, R., Perry, B., Young, A.J.O., F.L. (1992). The epidemiology of theileriosis in
Africa Academic Press. Food an agriculture of organization of the united Nation
ROME. https://books.google.com/books?id= eleTH63SzIC

Overton, K., Hoffmann, A.A., Reynolds, O.L., and Umina, P.A. (2021). Toxicity of
insecticides and miticides to natural enemies in Australian Grains: A review. Insects
12(2):187

Rabbinge, R. (1985). Aspects of damage assessment Spider mites: their biology, natural
enemies and control. Volume IB. Elsevier Science Publishers BV,Amsterdam,
1985, pp. 261-272.

Rajput S, Sharma P, Malviya R (2023). Utilization of Herbal Components as Insecticidal
and Repellent Effects. Recent Advances in Food Nutrition and Agriculture
14(3):144-154

Rincon, R. A., Rodriguez, D., and Coy-Barrera, E. (2019). Botanicals against
Tetranychus urticae Koch under laboratory conditions: A survey of alternatives for
controlling pest mites. Plants, 8(8): 272. doi:10.3390/plants8080272

Sarwar, M. (2019). Biology and ecology of some predaceous and herbivorous mites
important from the agricultural perception. Pests Control and Acarology:123. doi:
10.5772/intechopen.83744

Sharma, M., Singh, V.K., Chaturvedi, D., Delta, A.K., Sharma, M.M., and Kaushik, P.
(2023). Insecticidal Effects of Datura Species against Major Agricultural Pests. doi:
https://doi.org/10.1101/2023.10.28.564503

Sivira, A., Sanabria, M.E., Valera, N., and Vasquez, C. (2011). Toxicity of ethanolic
extracts from Lippia origanoides and Gliricidia sepium to Tetranychus

cinnabarinus (Boisduval) (Acari: Tetranychidae). Neotropical entomology
(40):375-379.

Souto, A.L., Sylvestre, M., Tolke, E.D., Tavares, J.F., Barbosa-Filho J.M., and Cebridn-
Torrejon, G. (2021). Plant-derived pesticides as an alternative to pest management

and sustainable agricultural production: Prospects, applications and challenges.
Molecules 26(16):4835. https://doi.org/10.3390/molecules26164835

Sun, Y. P. (1950). Toxicity Index-an improved Method of comparing the relative 378
Toxicity of Insecticides. doi. 10.1093/jee/43.1.45

Tabet, V.G., Vieira, M.R., Martins, G.L.M., and Sousa, C.G.N.M.d. (2018). Plant extracts
with potential to control of two-spotted spider mite. Arquivos do Instituto Biologico
https://doi.org/10.1590/1808-1657000762015

Verma, N.S., Kuldeep, D.K., Chouhan, M., Prajapati, R., Singh, S.K. (2023). A Review
on Eco-Friendly Pesticides and Their Rising Importance in Sustainable Plant

Protection Practices. International Journal of Plant and Soil Science 35(22):200-
214.

Assiut J. Agric. Sci. 56 (1) 2025 (157-171) 170



Biochemical Control of the Two-Spotted Spider...

I35l ( Tetranychus urticae Koch) Ol g3 jaaY) & guSiall duiliaS gl dadlsal)
Ol J gana £ ALl claldtal) Gy

4aaf fptana gl ae ¢ 3S 4 3 gana |8 ¢ 2l gy A daa ¢ Tanw 3 gl gl Jaaa

o gl ¢ a3 Arala el 30 A4S D gilagill 5 ol 50 Ol sl andl!
Losan ¢ LAY Aasla e )0 S (psll) ool
Boalal a3V dasla (il g ) el AS diall g da sl o lall and®
Lgaud ¢ a3V daala de) ) 3N K Jualaall andt
uadtall

5Dl ) il (e ALl Akl Cilalitiad) aladinl L) Ll all da cul 5L
O s ey Lemadlaiul &5 ) ailad 980 5 1) silall 5 (3 gaiadl g canill 5 (5 pmaall il
ALl &Y A8l (%4 ¢ %2 « %l ¢« %0.5) Dl 1Sy lealadi Gl o3 Sua J gilinall
o Gl 5 anll g lalal o3V 5 ) glall laldt e CulS | indll 53 jeaY) & aSiall
dowi ilia s s %4 58 i O i) Cudas 4 lie J ilinal) Cuday LpaDlatn) die JuadY)
¢78.02 «84.62 <wi\S (pa (8 Jsliall Cudal %46.15 « 75.82 «83.52 « 85.71 I <usall
&b Uil o2 Ana e 8T 3 a8y sl e st WY Cudd %1318 ¢ 69.23
A Yl laia) 5 3V Gl Galdt e O G laidll) Jpcana e dgliall o lal)
60.58 ¢ 68.06 (A Ciliay add dwd ) (g3l Cua /4 Sy Gialill 53 jeal) G gSiall
oabadil b wgiay o il e Laga 21 ¢ 14 ¢7 ¢ 3 ¢ 1 22 768.66 « 54.80 ¢ 75.29 «
& (A 762,77 « 78.75 < 72.03 « 63.14 < 59.34 3 gl paldt e Jaw ¢ 765.47
Jara e (5 yaadl) il 5 anill clialit v (K15 767,20 Ja sty o sl e el yiall
¢ 53.16¢ 45.58 « asill %62.87 < 54.19 < 62.44 < 58.71 ¢ 54.32 &b v (addie Cga
3 i Mgl e 9%56.09 ¢« 58.50 das sia (5 paaall =il %52.77 ¢« 67.86 « 61.11
e gl ALlSial) AnBSA el e ALl ilialiiinall 1 o) AlSal ) il

Lolill lalSiwall ¢ pasd] g )IST ¢ dac )y il dafain) » Lualidedf clalSH

Assiut J. Agric. Sci. 56 (1) 2025 (157-171) 171



