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The present study was carried out to investigate the effect of five
plant extracts, Limoniastrum guyonianum Del., Zygophyllum album L.,
Calotropis procera (Ait.), Thymelaea hirsuta (L.) Endl and Dodonaea
viscosa L. at the concentrations 0.01 and 0.005 %. The toxic effect of
these concentrations was tested against adult females of the Two-spotted
spider mite Tetranychus urticae Koch (TSSM) 24, 48 and 72 h after
treatment under laboratory conditions. The results showed that, after 72 h,
the highest mortality 93.33% was recorded by treatment with seeds of
C. procera followed by leaves of D. viscosa 86.67% at the concentration
of 0.01%. At the concentration 0.005%, the highest mortality was 66.67%
by C. procera (seed extract). Under greenhouse conditions, after 72 h at
0.01 % and 0.005 % concentrations were giving a highly percent reduction
of hatchability for eggs at C. procera (seeds extract) with an average 95 %
and 79.49 % respectively. Also, of larva stages was recorded highly
percent mortality at 0.01% and 0.005 % concentration of C. procera
(seeds extract) 91.67 % and 70% respectively. In nymphs, the highest
mortality percentage with C. procera (seeds) at the same concentrations
after 72 h were recorded 93.75% and 71.43 % respectively. In adult females
was found the highest mortality percentage in C. procera (seeds extract) at
0.01% and 0.005 % concentration after 72 h was recorded 91.67% and
76.92 %. Analytical studies proved that, major amounts of phenolic
compounds were detected in T. hirsuta catechin, gallic and chlorogenic acids
at the concentrations 1609.24, 1066.78 and 839.67 µg/g., respectively. In
C. procera (seeds extract) it was found that phenolic compounds were
lower than T. hirsuta, while coumaric acid has been only identified in C.
procera seeds (21.08 µg/ g. plant).
In D. viscosa, phenolic compounds were represented by chlorogenic
acid (267.41 µg/ g plant) and gallic acid (84.43 µg/ g plant), while
catechin was not detected. The highest mortality percentage of T. urticae
treated with seeds extracts may be due to the appearance of coumaric acid,
which was found in seeds more than other extracts.
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INTRODUCTION
Tetranychus urticae Koch (Acari: Tetranychidae) is one of the most polyphagous
spider mite species and is a major pest in many cropping systems worldwide (Nauen et al.
2001). Tetranychus urticae can increase its population very rapidly on the suitable host
plants and climate conditions. Its outbreaks in agricultural ecosystems, particularly in
greenhouses where mite populations can reach very high densities, (Tsagkarakou et al.
1999 and Derbalah 1999). Biological control programs of the Two-spotted spider mites
recorded a varying degree of success (Helle and Sabelis 1985) Acaricides have been and
still so far widely used for mite control in greenhouses, orchards and many other
cropping systems (Van et al. 2005). Mite high reproductive potential and extremely short
life cycle, combined with the frequent applications of chemical acaricides are usually
required to maintain mite populations below economic thresholds, facilitate the
development of resistance (Stumpf et al. 2001). Plant extracts are one of several nonchemical control options that have recently received great attention. There are several
reports on botanical acaricides Neem (Sundaram and Sloane 1995; Martinez-Villar et al.
2005) Calotropis porcera (Ait.) (Asclepiadecae), and Nerium oleander L. (Apocynacae)
(Islam et al. 2008) tansy (Tanacetum vulgare L.) and wormwood (Artemisia absinthium
L.) extracts (Chiasson et al. 2001) and garlic oil (Boyd and Alverson 2000), Satoreja
hortensis L. (Aslan et al. 2004) were found effective against the Two-spotted spider mite
adults. Phenolic compounds are t h e main secondary metabolites in plants. These
phenolic substances, or polyphenols, contain numerous varieties of compounds ex:
simple flavonoids, phenolic acids, complex flavonoids and colored anthocyanins (Babbar et
al. 2014). Plant phenolic compounds not only act as antioxidants, structural polymers
(lignin), attractants (flavonoids and carotenoids), UV screens (flavonoids), signal
compounds (salicylic acid and flavonoids) but they are also defense response chemicals
(tannins and chlorogenic acid). These substances are produced by plants that act as
agents protecting the plant from pathogens and pests, we must first consider whether the
compounds are present prior to the time of infection or whether they are synthesized in
response to damage.
The present investigation aims to evaluate the efficiency of polyphenols compounds
from some plant extracts to control the two-spotted spider mite T. urticae. Therefore, the
toxic effect of active compounds of the plant extracts, Limoniastrum guyonianum Del.,
Zygophyllum album L., Calotropis procera (Ait.), Thymelea hirsuta (L.) Endl, and
Dodonaea viscosa L. against adult females of T. urticae in the laboratory and against all
mite stages under greenhouse conditions.
MATERIALS AND METHODS
Rearing of the Two-Spotted Spider Mite (TSSM):
1.Source of T. urticae:
The Two-spotted spider mite was collected from infested cucumber, tomato, and
pepper plants are grown at Faculty of Agricultural, Ain Shams University, Egypt.
2.Mite Colony:
One newly matted adult mite female was transferred by a fine camel hair brush to a
sweet potato leaf (1mm), kept on a moist cotton wool pad in Petri dish and left for
laying eggs. The deposited eggs were kept under laboratory conditions of 25-27°C, 60%
R.H. and 16 L:8 D photoperiod until hatching. The female mite was mounted on a glass
slide in Hoyer's, media for identification. The newly hatched larvae were then transferred
singly to fresh leaves of sweet potato cutting holding about 8 leaves each was placed in
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glass jars containing tap water which was changed every 48 h. The sweet potato
cuttings were changed weekly to provide a mite colony with a fresh leaf, Pritam and Clare
(1993).
Plant Extracts:
1- Plant Species Choices:
Plant species were collected from Cairo Alexandria Desert Road and Faculty of
Agricultural, Ain Shams University. It was placed in the Icebox until transferred to the
laboratory and then placed under freezing until use.
2.Preparation of Plant Extracts:
1- Methanolic Extract:
Samples of fresh leaves (10 gm.) from all five plants and (4 gm.) of seeds from
only Calotropis plant were finely ground using a homogenizer and extracted with 500
ml of 80% methanol. The soak time was 24 h at room temperature. Each mixture was
then filtered through Whatman No. 42 filter paper to remove the debris, and the
extracts were then evaporated to dryness, and then the residue was dissolved in 25 ml
distilled water directly before use.
2- HPLC Conditions: HPLC analysis was carried out using an Agilent 1260 series. The separation was
carried out using Eclipse plus C18 column (4.6 mm x 250 mm i.d., 5 μm). The mobile
phase consisted of water (A) and 0.02% tri-floro-acetic acid in acetonitrile (B) at a flow
rate of 1 ml/min. The mobile phase was programmed consecutively in a linear gradient as
follows: 0 min (80% A); 0–5 min (80% A); 5-8 min (40% A); 8-12 min
(50% A); 12-14 min (80% A) and 14-16 min (80% A). The multi-wavelength detector was
monitored at 280 nm. The injection volume was 10 μl for each of the sample solutions.
The column temperature was maintained at 35 °C.
Acaricidal Test:
1. Laboratory Experiments:
For laboratory evaluation, the five plant extracts were namely Limoniastrum
guyonianum Del, Zygophyllum album L, Calotropis procera (Ait), Thymelea hirsuta (L.)
Endl, and Dodonaea viscosa L. Table (1), at the concentrations 0.01 and 0.005 %. Fifteen
healthy adult females of the two- s p o t t ed spider mite were set in three replicate (5
individuals of female mite /leaf disc) in each petri-dish. Each treatment was replicated
three times for each plant extract and concentration in addition to the control test. Each
concentration was sprayed using atomizer on the surface of leaf disc which containing
mites, except control was sprayed with water. Numbers of live and dead mites were
counted 24, 48 and 72h after treatments in addition to control.
2. Greenhouse Experiments:
Seedlings of tomato plants (one-month-old) were singly transplanted in plastic pots
(14 cm. in diameter) filled with sterilized sandy and clay soil 1:1 (V/V). Three
individuals of adult females T. urticae were used for each plant extract and
concentration, in addition to control (plant free of mite infestations). There were three
replicates for each concentration of five plant extracts in addition to control. Female's mite
was transferred using a fine camel hair brush on tomato leaves. Plants were irrigated
when needed and fertilized twice a week with soluble fertilizer with N, P, and K
(19.19.19). After two weeks from infestation plants and mite's parameters were recorded
for all replicates before spraying with plant extracts to find out population density, and
then plant extracts were sprayed the next day on plants and control was sprayed with
water (Where the effect of solvent on mite infestation), after 24, 48 and72 h mite's stages
(eggs, larva, nymphs and adult female) were counted. The percentage mortality of mites
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in t h e laboratory and greenhouse was calculated by using the following formula
according to Abbot's (1925).
Pre-treatment population-post treatment population
Percentage of mortality = -----------------------------------------------------------------x100
Pretreatment population
Also, the percent reduction in hatchability was calculated according to Kapil et al.,
(2017).
No reduction of hatchability =
No. of un-hatched eggs before treatment – No. of hatched eggs after treatment Percentage
--------------------------------------------------------------------------------------------------------------------x100
No. of un-hatched eggs before treatment

3. Mite Parameters:
Three leaves from each replicate of plant extracts were collected randomly for
mite stages counting. All mite stages numbers of eggs, larvae, nymphs, and females
were counted in area one in2 of tomato leaf. Counts were done using the dissecting
microscope.
Statistical Analysis:
Data of all results were analyzed with SAS program (Carry, 2004).
RESULTS AND DISCUSSION
Laboratory Experiment:
1- Effect of Plant Extracts on the Mortality Percentage of Tetranychus urticae
under Laboratory Conditions:
Concentrations of 0.01 and 0.005 % of ethanol plant extracts of L. guyonianum,
Z. album, C. procera, T. hirsuta, and D. viscosa. The toxic effects of all
concentrations were tested against adult females of T. urticae 24, 48 and 72 h after
treatment. According to the results showed in Table (1) and Figures (1&2) it can be
stated that the highest mortality percentage after 24 h was 73.33% at C. procera seeds
extract and D. viscosa at concentration 0.01%, but there were no significant differences
between them were noticed. The lowest mortality at the same concentrations was obtained
when both L. guyonianum and Z. album were used and there were also, no significant
differences were found with a general average of 46.67% on the other hand T. hirsuta
and C. procera (leaf extract) showed significant differences of toxicity with an average
mortality of 60.00 and 53.33%. Whereas at the concentration 0.005 % after 24 h, the
highest mortality percentage 46.67% also at C. procera (seeds extract), however the
lowest mortality percentage at the same concentration of L. guyonianum and Z. album
and C. procera (leaf extract) were 26.67% and no significant differences between them.
After 48 h of treatment at concentrations of 0.01% the highest mortality percentage was
recorded at C. procera (seeds extract) than D. viscosa 80.00%, 73.33% respectively. But
the results explained consensus or similarity between mortality percentage at both plant L.
guyonianum and C. procera (leaf extract) together where the mortality percentage reached
to 53.33%, whereas at Z. album and T. hirsuta were recorded 66.66% and no significant
differences between them. However, at concentrations, 0.005% was recorded highest
mortality of 53.33 % for adult females at C. procera (seeds extract) and no significant
differences between Z. album, T. hirsuta and D. viscosa. While the lowest mortality
percentage at L. guyonianum, and C. procera (leaf extract) were 33.33 %.After 72 h of
treatment, the results explained, the highest mortality percentage was also, recorded at C.
procera (seeds extract) 93.33 % followed by of D. viscosa 86.67 % at the
concentration 0.01%, there are highly significant differences between them and also, the
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results showed graduated mortality percentage where recorded 73,33% and 66.66% at T.
hirsuta and Z. album while at L. guyonianum and C. procera (leaf extract) were 60.00
% and no significant differences between them. On the other side at the concentration
0.005% was recorded the highest mortality percentage 66.67 % at C. procera (seeds
extract), then of D. viscosa 60.00 % but the lowest mortality percentage at Z. album
40.00%.
These obtained results are in harmony with Lakhdari et al. (2015) whom found
that, the extracts of plants Zygophyllum album showed a very significant effect on the
mite by a mortality rate of 76%. Also, Dürdane et al. (2011) illustrated that, all the
extracts exhibited significant adult mite mortality as compared to control. Lolium
perenne L. (flower, leaf), Anthemis vulgaris L. (flower) and Chenopodium album L.
(flower, leaf) extracts had significantly higher mortality rates than azadirachtin (10 g/L)
and the synthetic pesticides tested at 5% concentration in adhesive tape and residual
film method. Islam et al. (2008) revealed that, low concentration of raw flower juice
of Calotropis porcera (Asclepiadecae) and seed dust of Nerium oleander (Apocynacae)
significantly delayed the egg to adult development of two-spotted spider mite,
Tetranychus urticae Koch, for three successive generations under laboratory trial. The
flower juice of C. porcera was found more effective than the seed dust of N. oleander
in delaying the developmental period of TSSM. Rana et al. (2015) showed that seed
extract was the most effective compared to flower and leaf extracts. It was found that at
5% and 10% concentrations of seed extract, the repellent effects were 92 % and100%,
respectively within the first 72 hours. Labanowska (1990) conducted that, spraying a
number of chemical pesticides before t h e bloom of strawberry plant controlled the
population of TSSM. So, spraying of flower juice of C. porcera or a sprinkling of seed
dust N. oleander on bean plants may satisfactorily delay the development period of T.
urticae, which ultimately will control their population without affecting the environment.
Table 1: Plants tested for acaricidal activities against the Two spotted spider mite,
Tetranychus urticae.
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Table 2: Mortality percentage of adult females Tetranychus urticae as affected by plant
extracts under laboratory conditions.

Means with the same letter within each column are not significantly different from another at the 0.5% level

Fig. 1. Mortality percentages of adult females Tetranychus urticae as affected by plant
extracts at concentration 0.01% under laboratory conditions.
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Fig. 2. Mortality percentages of adult females Tetranychus urticae as affected by plant
extracts at concentration 0.005% under laboratory conditions.
Greenhouse Experiment:
Plant extracts above and concentrations were tested to evaluate their poisonous
effect against all stages of mite T. urticae (eggs, larva, Nymphs, and Adult females)
after 24,48 and 72 h under greenhouse conditions. The obtained results have been
illustrated in Tables 3-7. Data in Table (3) showed that effect of plant extracts on
percent reduction in hatchability for T. urticae eggs after 24 h, the highest percent
reduction in hatchability for eggs was recorded 78.26 % at C. procera (seeds extract) at
0.01 % concentration followed by D. viscosa observes percent reduction 60.49 % at the
same concentration, but the lowest percent reduction of C. procera (leaf extract) with an
average 44.12 % compared with the other plant extracts, and there were significant
differences between all plant extracts. On the other hand, at 0.005 % concentration
was recorded highly percent reduction in hatchability for eggs with an average 58.97 %
also, on C. procera (seeds extract) followed by D. viscosa 40.83 % also, there were
significant differences between plant extracts. However, after 48 and 72h at 0.01 %
concentration was gave highly percent reduction of hatchability for eggs at C. procera
(seeds extract) with an average 86.96 % and 95 % respectively, then D. viscosa and T.
hirsuta with an average 79.01 % and 72.22% after 48 h and 87.04% and 83.33% after
72 h comparing with other plant extracts. At concentration 0.005 % was recorded highly
percent reduction of hatchability at C. procera (seeds extract) with an average 79.49 %
and 71.80 % after 72 and 48 h respectively, but the lowest percent reduction of
hatchability after 24,48 and 27 h were 25, 35 and 40 % at Z. album respectively. These
obtained results are in harmony with Hamdy et al. (2009) revealed that, peppermint;
thyme, caraway, and clove extracts were the most effective against TSSM, followed by
chenopodium and visnaga extracts and then eucalyptus and sweet basil which showed
relatively the least miticidal activity. Radhakrishnan and Prabhakaran (2014) illustrated
that, the extracts were evaluated for adulticide and ovicidal activity at two concentrations
viz., 2.5 and 5.0%. Among the plants, the aqueous extracts of A.catharitica and
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C.bonariensis showed100.0 % and 80.0 % adult mortality respectively at 5%
concentration after 96 h of observation.
Table 3: Percent reduction in eggs hatchability of Tetranychus urticae as affected by plant
extracts on under greenhouse condition.

Means with the same letter within each column are not significantly different from another at the 0.5% level

The Average data on percent mortality of larva after 24, 48 and 72 h of treatment are
presented in Table (4). The highest percent mortality of larva 50%, 66.67%, and 91.67
%, respectively was observed at concentration 0.01% of C. procera (seeds extract).
Followed by D. viscosa and T. hirsuta with an average 42.86 %, 38.89% after 24 h, 61.90
%, 61.11% after 48 h and 85.71 %, 83.33 % after 72 h. The lowest percent mortality of larva
18.10 %, 36.36 and 54.54 % at Z. album. On the other side at 0.005 % concentration after
24,48 and 72h also, C. procera (seeds extract) was recorded highly percent mortality of
larva 40%, 50%, and 70% respectively, but the lowest percent mortality was illustrated
on Z. album 15.38%, 23.08%, and 30.77% respectively, and there were significant
differences between all plant extracts.
Table 4: Mortality percentage of larva Tetranychus urticae as affected by plant extracts
under greenhouse conditions.

Means with the same letter within each column are not significantly different from another at the 0.5% level
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Mortality percentage of nymphs of T. urticae was found in Table (5) to be the
highest with C. procera (seeds) at 0.01% concentration after 24,48 and 72 h of
treatment 75%, 87.50 %, and 93.75% respectively, while the lowest mortality percentage
of nymphs also with Z. album with an average 20.83 %, 29.16 % and 41.67 %
respectively. At 0.005% concentration also, C. procera (seeds) was recorded high mortality
percentage 42.86 %, 57.14 %, and 71.43 % respectively, but the lowest mortality
percentage at Z. album 16.67%, 20.83%, and 25% respectively, and there were significant
differences between all plant extracts.
Table 5: Mortality percentage of nymphs Tetranychus urticae as affected by plant extracts
under greenhouse conditions.

Means with the same letter within each column are not significantly different from another at the 0.5% level.

Data in Table (6) was showed significant differences in percentage mortality of
adult females of T. urticae during both concentrations of plant extracts of the investigation
after 24, 48 and 72 h. The highest mortality percentage of adult females was found at C.
procera (seeds extract) followed by D. viscosa and T. hirsuta at concentration 0.01%
was recorded 50%, 75% and 91.67%, 46.67%, 71.43% and 78.57% and 42.86%, 66.67%
and 73.33 %, respectively. The lowest mortality percentage at Z. album 23.08 %, 30.77%,
and 46.15% respectively. Also, at C. procera (seeds) at 0.005% concentration was recorded
highly mortality percentage of adult females followed by D. viscosa and T. hirsuta 38.46 %,
69.23% and 76.92 %, 25%,55.56% and 75% and 22.23 %, 50% and 66.67 % respectively,
and there were significant differences between all plant extracts.
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Table 6: Mortality percentage of adult females Tetranychus urticae as affected by plant
extracts under greenhouse conditions.

Means with the same letter within each column are not significantly different from another at the 0.5% level

Determination of Phenolic Compounds and Flavonoids by HPLC:
Phenolic compounds and flavonoids are playing a major role as bioactive compounds
present in plants. In the present study, we tried to throw a light upon their role as natural
protection from the Two-spotted spider mite. Because the enormous diversity of polyphenols
in different plant methanolic extracts, phenolic, and flavonoid composition were quantified
by HPLC in the central laboratory, National Research Center. Data obtained in Tables (7, 8
and 9). The phenolic and flavonoid compounds have been identified in methanolic extracts
at T. hirsuta, D. viscosa and C. procera (seeds). polyphenols contents were arranged at T.
hirsuta > D. viscosa > C.procera (seeds). The highest compounds content in three extracts
were Phenolic compounds but not flavonoids.
Major amounts of phenolic compounds were detected, Catechin, Gallic acid, and
chlorogenic acid. Whereas, Catechin, Gallic acid and Chlorogenic acid in T. hirsute
were 1609.24, 1066.78 and 839.67 µg/g plant respectively. C. procera (seeds extract).
phenolic compounds were lower than T. hirsuta (catechin =772.55 µg/g plant, gallic
acid= 303.77 µg/g plant and chlorogenic acid =114.88 µg/g plant), While coumaric acid has
been identified at C. procera (seeds extract) only (21.08 µg/ g plant). D. viscosa phenolic
compounds were chlorogenic acid (267.41 µg/ g plant) and gallic acid (84.43 µg/ g plant),
while catechin was not detected.
Flavonoids contents at T. hirsuta were highest concentration followed by D.
viscosa and C. procera (seeds extract) showed that, Naringenin and quercetin were
major amounts at T. hirsuta with concentration 265.58 and 254.06 µg/g plant
respectively, quercetin also was a major amount at D. viscosa (256.74 µg/g plant). As for
the C. procera (seeds extract) two flavonoids only were detected, propyl gallate
(44.82 µg/g plant) and cinnamic acid (11.12 µg/g plant).
Gallic and chlorogenic acids were constituents of hydrolysable tannins, which were
defined as esters of gallic and chlorogenic acids; on the other hand, condensed tannins are
oligomers and polymers formed by the polycondensation of two or more flavonoid units
and have a great biological significance for their strong interactions with metallic ions
and macromolecules, such as polysaccharides, besides presenting the ability to form
soluble complexes with alkaloids, gelatin, and various proteins. This ability to interact
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with proteins makes tannins very toxic to insects, fungi, and bacteria (Simões et al.
2001). In the three extracts, when concentrations of polyphenols increased the mortality
decreased, which is the contrast with our expectations. This is in agreement with
Emanuele et al. (2014) whom showed that the (TSSM) was found on strawberry fruits
which reached with polyphenolic compound without any effects on mite, and suggested
that TSSM infestation decreases fruit quality and that the biological control of TSSM using
a predatory mite is a suitable alternative to organic production since the presence of
predatory mite does not affect fruit quality and development. Leszczynski et al. (1988)
who found that, no statistically significant correlations between leaf total phenol
concentrations (including soluble and insoluble total phenols) and mite, and negatively
correlated with p-coumaric acid also. Although he could not show that the hop leaf total
phenols affected the mites, total phenols have been shown to have a negative effect on
TSSM with peppermint (Larson and Berry 1984).
The difference between Calotropis procera seeds extract and t h e other two extracts
in our study were coumaric acid, the high percentage of mortality in TSSM with seeds
ext. maybe due to the appearance of coumaric acid in seeds extract. Dahrowski and
Rodriquez (1972) suggested that, the concentrations of p-coumaric acid as low as 10-5 and
10-6 M reduced the feeding rate of TSSM and higher concentrations prevented feeding for
12 to 24 h. Although Thymelea hirsuta extract has a high concentration of polyphenols
their effect on TSSM mortality was weak, that is due to "active" phenolics occur
mostly as aglycones but most of the phenolic aglycones in plants are glycosylated and
must be hydrolyzed or oxidized for maximum effectiveness (Levin, 1971).
Finally, plants extract had many groups of compounds with polyphenols, for that
we will study these groups of compounds in the future and evaluate their effects on TSSM.
Because compounds are present chemical control of mites is often costly, and the excessive
use of pesticides damage the environment and harms human health, biological control by
natural plant extracts are worth study.
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Table 7: HPLC analysis of Polyphenols concentrations in methanol extract of Thymelaea
hirsuta.

Table 8: HPLC analysis of Polyphenols concentrations in methanol extract of Calotropis
procera (seeds).
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Table 9: HPLC analysis of Polyphenols concentrations in methanol extract of
Dodonaea viscosa

Conclusion
From the present study, it can be concluded that, after 72 h, the highest mortality
93.33% was recorded by treatment with seeds of C. procera followed by leaves of D.
viscosa 86.67% at the concentration 0.01% for adult females under laboratory
conditions. While under greenhouse conditions the highest reduction percentage of
hatchability for eggs and mortality percentage of other tested stages of larva, nymphs and
adult females of T. urticae was implemented by using C. procera (seeds extract) followed
by D. viscosa, T. hirsuta, C. procera (leaf extract) and L. guyonianum but the lowest
percentage of hatchability for eggs and percentage mortality with Zygophyllum album in
both concentrations 0.01 and 0.005 %. The highest mortality percentage of TSSM with
seeds extract may be due to the appearance of coumaric acid in seeds extract, it recorded
the highest level compared to other extracts.
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