Toxicity and Biochemical Effects of Spirotetramat and its Binary Mixtures
with Nanosilica against Aphis gossypii Glover, Bemisia tabaci Gennadius and
the Earthworm, Eisenia fetida
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ABSTRACT

Nanotechnology will make agriculture eco-friendly and
profitable by reducing the concentration of insecticides
used, which is appreciable from the environmental safety
perspective. Toxicity of spirotetramat alone and its
mixtures with nanosilica against nymphs of Aphis gossypii
(Hemiptera: Aphididae) and adults of Bemisia tabaci
(Hemiptera:  Aleyrodidae) was evaluated through
laboratory and field experiments during two years (2020
and 2021). The possible impact of treatments on Eisenia
fetida (Oligochaeta: Lumbricidae) was also assessed. The
enzymatic activity of carboxylesterase (CarE) and
glutathione S-transferase (GST) in tested insects and
earthworm was estimated. Toxicity of spirotetramat was
increased when mixed with nanosilica at 250, 500, 1000 mg
L%, ratios were 1.13, 1.91 & 2.59 -fold on A. gossypii, 1.12,
1.41 & 2.26 -fold on B. tabaci and 1.05, 1.17 & 1.46 -fold on
E. fetida, respectively. Spirotetramat and nanosilica at
1000 mg L mixture gave the highest significantly
increased in CarE activity of A. gossypii and B. tabaci
(11.42 and 9.33 pmol min! mg protein’), and decreased
the GST activity (1.54 and 1.69 pmol min? mg protein?),
respectively, relative to the control. While, the same
previous mixture on E. fetida increased the enzyme activity
of CarE and GST (13.37 and 3.36 pmol min™* mg protein-
1), respectively, compared to the control. Additionally, the
mixture of spirotetramat and nanosilica at 1000 mg L
recorded the highest population reduction percentages in
A. gossypii (92.5 and 95.5 %) and B. tabaci (79.9 and 84.4
%) compared with spirotetramat alone (88.6 and 90.7%)
for A. gossypii, (73.6 and 78.9%) for B. tabaci during 2020
and 2021 cotton seasons, respectively.
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INTRODUCTION

The cotton aphid (Aphis gossypii Glover) and cotton
whitefly (Bemisia tabaci Gennadius) are among the
most damaging pests threatening cotton crop all over the
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world (Brown, 2010). They cause a significant yield
loss through sucking phloem sap, honeydew excretion,
which promote the growth of sooty mold fungus and
their major role as vectors of plant viruses (Campolo et
al., 2014 and Polston et al., 2014).

Soil invertebrates play a vital role in the
decomposition and nutrient cycling processes that are
very important for sustaining a healthy soil. Earthworms
are ecosystem engineers and one of the most remarkable
soil  invertebrates used as bioindicators for
environmental pollution. Arguably, few studies have
evaluated the harmful impact of pesticide applications
upon earthworm populations (Frind et al.,, 2011;
Blouin et al., 2013 and Datta et al., 2016).

Chemical control plays an intrinsic role and remains
the basis of integrated pest management (IPM) systems
to suppress aforementioned insect pests. However, the
massive use of chemical insecticides has developed high
levels of resistance to many classes of insecticides
(Herron and Wilson, 2011; Longhurst et al., 2013;
Naveen et al., 2017; Dangelo et al., 2018 and Ma et al.,
2019).

Spirotetramat is a phloem- and xylem-mobile
insecticide derived from tetramic acid with effective
control against several sucking insects including aphids,
scale insects and whiteflies (Nauen et al., 2008). It
interferes with lipid biosynthesis, resulting in inhibition
of acetyl-CoA carboxylases to delay insect development
(Limmen et al., 2014). Compared with neonicotinoid
insecticides, studies have shown that spirotetramat is
less toxic to honeybees and other beneficial
invertebrates, which make it a good choice for IPM
programs (Brick et al., 2009).

The problems resulting from excessive use of
traditional insecticides could be overcome with
the development of new alternate pest control strategies
to protect the environment from the insecticidal
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pollution, limit the resistance regenerating and increase
agriculture crop productivity (Eldesouky 2019 and
Tawfeek & Eldesouky, 2022). One of the most
promising new approaches for pest control in recent
years, the use of nanoparticles in pesticide formulations,
where nanotechnology has picked up prevalence at a
fast pace in various field and disciplines with special
mention in environmental and agricultural systems
(Khamis et al., 2017). Using of silica nanoparticles for
pest control is emerging as a highly attractive research
field toward achieving these goals (Athanassiou et al.,
2018). Their potential action is through desiccation of
insect by scratching of the insect’s cuticle or/and
absorption of cuticle lipids (Benelli, 2018).

Carboxylesterase  (CarE) and glutathione S-
transferase (GST) are substantial detoxification
enzymes involved in the metabolism of xenobiotics in
living organisms. Their activities have been thought-out
as biomarkers of environmental contamination and
chemical stress (Rodriguez-Castellano and Sanchez-
Hernandez, 2007).

The present study aimed to evaluate the toxicity of
spirotetramat and its binary mixtures with nanosilica
against A. gossypii and B. tabaci through laboratory and
field experiments. Their environmental impact on E.
fetida as a bioindicator was also assessed. Additionally,
this study was estimated the effects of these mixtures on
some detoxification enzymes in A. gossypii, B. tabaci
and E. fetida.

MATERIAL AND METHODS

Insects rearing

A laboratory strain of A. gossypii used in this
experiment was originally collected from cotton fields
in Abees, Alexandria, Egypt, and reared for many
generations on cotton seedlings, Gossypium hirsutum
(L.), under laboratory conditions of 22 +2 °C, 65+ 5 %
relative humidity and 16: 8 h light: dark photoperiod.

A susceptible strain of B. tabaci was reared since
2000 on tomato plants, Solanum lycopersicum L.
(Solanaceae) in greenhouse at 25 + 7 °C, 65 + 5 %
relative humidity and under natural light conditions.

Earthworm maintenance

The red wiggler worms, Eisenia fetida (Savigny,
1826) (Oligochaeta: Lumbricidae) were collected from
citrus farms at Alexandria Governorate, Egypt, with
complete absence of insecticides exposure. Selected
mature earthworms (with clitellum), weighing 300-600
mg were maintained in artificial soil under the
conditions of 20 = 2 °C and 35 % moisture content.
According to the Organization for Economic Co-
operation and Development guidelines 207, the artificial
soil used throughout this study was prepared by mixing

10% sphagnum peat, 20% kaolinite clay, 68% quartz
sand and 2% calcium carbonate to adjust the pH value
(OECD, 1984).

Chemicals

Spirotetramat (Movento® 10 % SC), field rate = 75
ml/ 100 L water, was procured from Bayer Crop
Science, Germany. Hydrophilic silica nanoparticles
(SiO2 NP) (15 nm diameter), 99 % purity was purchased
from Nanotech Company, Giza, Egypt. All other
chemicals used for enzymes assays were analytical
grade.

Toxicity bioassays
Toxicity of spirotetramat and its mixtures with
nanosilica against A. gossypii nymphs

A leaf-dip bioassay method described by Moores et
al. (1996) was used to evaluate the toxicity of
spirotetramat alone and its binary mixtures with silica
nanoparticles against third nymphal instar of A.
gossypii. Five serial concentrations of spirotetramat (1,
2, 4,8 and 16 mg L) were prepared in distilled water.
Binary mixtures of spirotetramat with silica
nanoparticles (250, 500 and 1000 mg L) were also
prepared in distilled water. Cotton leaf discs (5 cm
diameter) were dipped in each concentration for 20 sec.
Leaf discs dipped in water served as control. Treated
and control leaf discs were allowed to dry for a one hour
and then placed two discs in each Petri-dish (9 cm in
diameter) containing filter paper. Each treatment was
replicated three times. Twenty aphids’ nymphs were
placed per each replicate. After 72 h of treatment, the
alive and dead insects were counted and the mortality
percent was calculated.

Toxicity of spirotetramat and its mixtures with
nanosilica against B. tabaci adults

The toxicity of above-mentioned treatments was also
tested against adults of B. tabaci. The uninfected tomato
seedlings were sprayed, using a hand-held sprayer 1
liter capacity, with concentrations of spirotetramat alone
or its mixtures with silica nanoparticles until runoff. The
treated tomato seedlings left to dry for two hours.
Control plants were sprayed with distilled water alone.
Each treatment was replicated three times. Twenty
whitefly adults per replicate were released into the
treated and control seedlings covered with glass cages
with muslin in the upper. After 72 h of treatment, the
alive and dead insects were counted and the mortality
percent was calculated.

Toxicity of spirotetramat and its mixtures with
nanosilica against E. fetida

The toxicity of spirotetramat alone and its binary
mixtures with silica nanoparticles against the
earthworm, E. fetida was evaluated according to the
OECD guideline 207 (OECD, 1984) by the artificial soil
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test. Five serial concentrations of spirotetramat alone
(25, 50, 100, 200 and 400 mg kg dry soil) and its
binary mixtures with each silica nanoparticles
concentration (250, 500 and 1000 mg kg™ dry soil) were
prepared in distilled water. Each concentration (100 ml
total volume) was blended with one kilogram of dry
artificial soil and divided into three quantities (3
replicates/  concentration) in  ventilated plastic
containers. The control treatment was blended with
distilled water alone. Ten mature worms were placed in
each container. The mortality percent was measured
after 7 days of treatment.

Biochemical assays
Homogenate preparation

A. gossypii, B. tabaci and E. fetida were collected
after 72h of treatment by LCso values of spirotetramat
alone and its mixtures with silica nanoparticles. Samples
were homogenized with 10 volumes (w/v) of ice cold
0.1 M phosphate buffer (pH 8.0) using a Polytron
homogenizer (Tekmar tissumizer) for 60 sec. The
homogenate was centrifuged at 5000 rpm for 30 min at
4 °C using Janetzki K23 cooling centrifuge. The
obtained supernatants were used for measuring protein
content and the activities of CarE and GST enzymes.

Protein content

The protein content was determined according to
Bradford (1976) by using Bovine Serum Albumin.

Enzymes activity measurements

Carboxylesterase activity (CarE) was determined
according to Van Asperen (1962) method using o-
naphthyl acetate (a-NA) as a substrate. The activity of
CarE was expressed as pmol naphthol min? mg
protein'. Treatments were replicated five times.

Glutathione-s-transferase (GST) was determined
according to Vessey and Boyer (1984) method using 1-
chloro-2, 4-dinitrobenzene (CDNB) as a substrate. The
activity of GST was expressed as pmol min® mg
protein’. Treatments were replicated five times.

Field experiment

The efficacy of spirotetramat and silica
nanoparticles against A. gossypii and B. tabaci was
evaluated in cotton fields during the two seasons of
2020 and 2021. Cotton variety Giza 86 was planted at
Abou Hommos, Beheira Governorate, Egypt, adopting
normal agronomic practices. Spirotetramat was used
alone at field rate and it used at half field rate mixed
with nanosilica at concentrations (250, 500 and 1000
mg L1), while the control plots were sprayed with water
alone. The treatments were designed in a randomized
complete block design (RCBD) with four replicates
(1/24 feddan, 175 m? for each). Treatments were
sprayed by Knapsack sprayer equipment (CP3) at the
rate of 200 liter/feddan on 9™ June and 2" June at the

cotton seasons of 2020 and 2021, respectively. The
mean numbers of A. gossypii and B. tabaci adults were
randomly counted on ten labeled plants per replicate
during the early cotton growth period. Counts were
recorded just prior to application and after 1, 3, 7 and 10
days from application and the reduction percentages
were measured according to the Henderson and Tilton

(1955) equation as below:
TaxCb
Thx Ca

Where: Ta = insect counts after treatment, Th = insect
counts before treatment,

Cb = insect count for control before treatment, Ca =
insect count for control after treatment.

Statistical analysis

LCso, LCq and slope of the concentration-mortality
regression line  values for insecticide and
insecticide/nanosilica combinations were calculated by
probit analysis (Finney, 1971). Mean values of
treatments in the enzymes assay and field experiment
were compared for significance using analysis of
variance (ANOVA) test with LSDo 05 (CoStat Statistical
Software, 2005).

RESULTS AND DISCUSSION

RESULTS

Toxicity of spirotetramat and its mixtures with
nanosilica on A. gossypii and B. tabaci

LCso values presented in Table 1 reveals that the
nanosilica alone didn’t record any toxicity on A.
gossypii and B. tabaci, whereas it increased the toxicity
of spirotetramat after 72h of treatment. Where, LCsp
value for spirotetramat alone on A. gossypii was 8.17
mg Lt. When spirotetramat was mixed with nanosilica
at 250, 500 and 1000 mg L™, LCsp values were found to
be 7.26, 4.28 and 3.15 mg L, respectively. However,
LCso value for spirotetramat alone on B. tabaci was
10.30 mg L. While LCso values for the binary mixtures
of spirotetramat with nanosilica concentrations became
9.18, 7.32 and 4.56 mg L%, respectively.

Toxicity of spirotetramat and its mixtures with
nanosilica on E. fetida

Table 2 shows that the LCso value for spirotetramat
alone on E. fetida was 217.11 mg L. When
spirotetramat was mixed with nanosilica at 250, 500 and
1000 mg L, LCs values became 206.70, 185.52 and
148.36 mg L%, respectively. Nanosilica alone didn’t
record any toxicity on E. fetida. Based on LCsp values,
spirotetramat and nanosilica mixtures were less toxic on

ction percentages = 100 |:1_



110

ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 43, No.1. JANUARY- MARCH 2022

Table 1. Toxicity of spirotetramat alone and its mixtures with nanosilica against Aphis gossypii nymphs and

Bemisia tabaci adults after 72 h of treatment

Aphis gossypii

Bemisia tabaci

Treatments LCso?(mg L) LCo®(mgL™) Slopex (3¢ LCso(mgL?) LCe(mgL™?) Slope+SE
(95% CL) (95% CL)® SEd (95% CL) (95% CL)
Nan-silica > 1000 - R > 1000 - - -
8.17 95.31 10.30 113.25
Spirotetramat (6.26-11.03) (53.48-145.88) 1.20 £0.13 0.09 (7.90-14.17) (62.58-187.09) 1.23+0.14 0.17
Spirotetramat + Nano-silica 7.26 80.29 9.18 96.42
(250 mg L) (5.58-9.63)  (46.63-126.25) 1.23+0.14 045 (7.07-12.36) (55.06-159.73) 1.25+0.14 0.19
Spirotetramat + Nano-silica 4.28 54.32 7.32 84.28
(500 mg L) (3.16-5.63)  (32.48-82.53) 1.16+0.13 051 (5.50-9.62) (48.12-126.34) 1.20+0.13 0.35
Spirotetramat + Nano-silica 3.15 34.16 4.56 45.46
(1000 mg L) (2.30-4.11)  (21.94-56.38) 1.24+0.15 020 (343.587) (28.79-70.49) 1.28+0.16 0.22

2The concentration causing 50% mortality

®The concentration causing 90% mortality

¢Confidence limits

dSlope of the concentration-mortality regression line + standard error
¢ Chi square value

Table 2. Effect of spirotetramat alone and its mixtures with nanosilica on the earthworm, Eisenia fetida after 7

days of treatment by using the artificial soil test

LCso? LCoo®
Treatments (mg kg dry soil) (mg kg dry soil) Slope + SE¢ ((ak
(95% CL) (95% CL)°
Nano-silica > 1000 - - -
) 217.11 945.26
Spirotetramat (177.54-265.14) (672.96-1290.84) 2.06+0.28 0.32
Spirotetramat + Nano-silica (250 mg 206.70 902.35
kgtd il 165.84-256.32 641.92-1178.43
g™ dry soil) ( ) ( ) 189027 070
Spirotetramat + Nano-silica (500 mg 185.52 788.13
kg dry soil) (158.86-224.80) (638.67-978.12) 903+ 026 011
Spirotetramat + Nano-silica (1000 mg 148.36 744.82
kg dry soil) (113.27-183.48) (579.32-937.49) 182 +0.25 0.15

@ The concentration causing 50% mortality

®The concentration causing 90% mortality

¢ Confidence limits

d Slope of the concentration-mortality regression line + standard error
¢ Chi square value
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E. fetida compared with their toxicity on A. gossypii and The effect of spirotetramat and its mixtures with
B. tabaci. nanosilica on carboxylesterase and glutathione S-
Detoxification enzymes activities of A. gossypii, B. transferase enzymes activities are illustrated in Figures
tabaci and E. fetida 1 and 2. Spirotetramat and nanosilica at 1000 mg L™

mixture gave the highest significantly increased in CarE
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Fig. 1. Effects of spirotetramat alone and its mixtures with nanosilica in the carboxylesterase activity of Aphis
gossypii, Bemisia tabaci and Eisenia fetida
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L-1) mg L-1) mg L-1)
Treatment

Fig. 2. Effects of spirotetramat alone and its mixtures with nanosilica in the glutathione S-transferase activity
of Aphis gossypii, Bemisia tabaci and Eisenia fetida
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activity of A. gossypii and B. tabaci (11.42 and 9.33
umol min't mg protein't) compared with10.44 and 7.28
umol min mg protein? for control, the same mixture
significantly decreased GST activity (1.54 and 1.69
umol min mg proteint), respectively, compared with
2.32 and 2.57 pumol min' mg protein? in the control.
While, when the mixture, spirotetramat and nanosilica
at 1000 mg L, was used on E. fetida, it increased the
enzyme activities of CarE and GST with values 13.37
and 3.36 umol min' mg protein?, respectively,
compared with 12.78 and 2.44 pmol min"* mg protein’!
in the control.

Field evaluation of spirotetramat alone and its
mixtures with nanosilica against A. gossypii and B.
tabaci

The mean reduction percentages of A. gossypii and
B. tabaci during 2020 and 2021 cotton seasons are
displayed in Table 3. Data revealed that, the highest
reduction percentages in A. gossypii (92.5 and 95.5 %)
and B. tabaci (79.9 and 84.4 %) for 2020 and 2021
cotton seasons, respectively, as affected by the
treatment with spirotetramat and nanosilica at 1000 mg
L. While, the reduction percentages of A. gossypii and
B. tabaci caused by spirotetramat alone were 88.6 and
73.6 %, respectively at 2020 cotton season and 90.7 and
78.9 %, respectively at 2021 cotton season. There are no
significant differences in all treatments in two seasons.
DISCUSSION

Nanotechnology shows considerable promise for
protection of crops and foodstuffs (Stadler et al., 2010),
it represents as a new generation of technology that
could bring an economic and environmental solution
(Ali et al., 2014). Through the current study, the toxicity
of nanosilica along with spirotetramat against A.
gossypii and B. tabaci was evaluated. The insecticidal
activity of silica nanoparticles against aphids has been
previously mentioned by Abd El-Wahab et al. (2016)
who showed that hydrophilic nanosilica at 500 mg kg*
was effective for the control of aphid species Myzus
persicae, Acyrthosiphon pisum and Aphis craccivora.
Pavitra et al. (2018) also recorded that green silica
nanoparticle at 2000 mg L* caused mortality on A.
gossypii after five days from treatment. Nanoparticles
toxicity has been demonstrated against many insects
such as Sitophilus oryzae (Debnath et al., 2011),
mosquitoes, including Anopheles stephensi Liston,
Aedes aegypti Linnaeus and Culex quinquefasciatus Say
(Barik et al., 2012), cotton leafworm, Spodoptera
littoralis (El-bendary and El-Helaly, 2013) and the
cowpea seed beetle, Callosobruchus maculatus (F.)
(Rouhani et al., 2013 and Arumugam et al., 2016). The
insecticidal activity of nanosilica was also confirmed by
Ziaee and Ganji (2016); Diagne et al. (2019); Rouhani

et al. (2019); Haroun et al. (2020) and Salem (2020)
against Rhythopertha dominica F., Tribolium confusum
Jacquelin du Val., Caryedon serratus (Olivier),
Tribolium castaneum Herbst., C. maculatus F., and
Sitophilus granarius (L.).

Spirotetramat is environmentally safe and harmless
to pollinators and has a broad spectrum activity against
many sucking insects with a very long lasting efficacy.
Thus, the current study explained the insecticidal and
biochemical activities of spirotetramat against A.
gossypii and B. tabaci, which is being in agreement with
results observed by Arnaudov and Petkova (2020)
whose confirmed that spirotetramat was effective in the
control of M. persicae and significantly superior in
efficacy and persistence than that of the reference
neonicotinoids imidacloprid and thiamethoxam. Chen et
al. (2018) also, showed that spirotetramat was highly
toxic to B. tabaci nymphs but not adults. Gong et al.
(2016) and Ramalakshmi et al. (2020) revealed that
spirotetramat was highly effective on the A. gossypii
fecundity and increased the total CarE activity
dramatically. At the same pace, the insecticidal effect of
spirotetramat was confirmed against other insects,
cotton mealybug, Phenacoccus solenopsis (Rezk et al.,
2019 and Sequeira et al., 2020), Tetranychus urticae
Koch (Marcic et al., 2011 and Saryazdi et al., 2013).
Fiaz et al. (2018) found that combined application of
spirotetramat  along  with  Isaria  fumosorosea
formulation has shown a significant synergistic effect
against Diaphorina citri infestation. Tang et al. (2020)
also, affirmed that Thiamethoxam + spirotetramat 40%
SC at 60-80 mg/kg was effective for the control of the
Asian citrus psyllid, D. citri with a control efficacy of
72.92 to 99.29% during 3-30 days. On the other hand,
the present results disagree with the results of Behnam-
Oskuyee et al. (2020) who found that spirotetramat was
less effective against sugarcane whitefly, Neomaskellia
andropogonis Corbett.

Regrettably, earthworms with other beneficial soil
microorganisms have become target organisms to
pesticides. So, the present study focused on the impact
of spirotetramat and nanosilica on Eisenia fetida
(Savigny). There are no available studies about the
effect of spirotetramat against E. fetida, but the effect of
neonicotinoid insecticides on the other earthworm
species has been evaluated in several studies. Capowiez
et al. (2005) showed that LCso of imidacloprid for
Aporrectodea nocturna and Allolobophora icterica was
between 2 and 4 mg kg dry soil. Ditthrenner et al.
(2010) assessed the sub-lethal effects of imidacloprid on
two earthworm species (Lumbricus terrestris and
Aporrectodea caliginosa) after 7 days of exposure in
contaminated soil, a significant loss of body mass was
0.66 mg kg* dry soil. De Lima e Silva et al. (2017)
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Table 3. Field evaluation of spirotetramat alone and its mixtures with nanosilica against Aphis gossypii and Bemisia tabaci during 2020 and 2021

cotton seasons

Mean numbers of A. gossypii

Mean numbers of B. tabaci

é Reduction percentages (%0) Reduction percentages (%0)
S Treatments
= No. before 1-day 3-day 7-day 10-day General No. before 1-day 3-day 7-day 10-day General
= spray mean spray mean
O
Control 1250 1300 1360 1480 1532  q,4g 285 287 292 298 303 205
940 192 128 98 56 118 95 72 58
Spirotetramat 804 875 912 951  88.6% 316 629 707 782 827 73.6°
Spirotetramat 895 174 115 76 48 105 78 63 45
- + Nano-silica (250 mg L) 81.3 882 928 956  89.5° 290 641 738 792 854 75.6°
AN
o
o~ Spirotetramat 780 132 97 58 36 65 52 39 28
+ Nano-silica (500 mg L) 83.7 88.6 937 962 90.6% 196 67.1 741 810 86.6 77.2%
Spirotetramat 648 93 65 32 23 83 64 48 35
_cili -1 92.52 278 79.92
+ Nano-silica (1000 mg L™) 86.2 908 958 97.1 704 775 835 882
LSD o.0s = - - - - 8.9 - - - - - 13.1
Control 1030 1050 1200 1320 1450 4955 252 260 263 275 282 270
965 152 123 94 45 112 83 58 46
Spirotetramat 846 89.1 924 967 90.7¢ 334 675 762 841 877 78.92
Spirotetramat 820 110 94 62 28 295 73 48 36 29
§ + Nano-silica (250 mg L) 86.8 90.2 935 976  92.0° 686 796 853 885 80.52
N
Spirotetramat 785 94 72 38 20 58 36 24 20
+ Nano-silica (500 mg L) 883 921 962 982 937 186 69.8 823 882 904 82.72
Spirotetramat 730 67 46 24 . 43 28 20 16 .
+ Nano-silica (1000 mg L) 910 946 974 991 95 162 743 834 887 o912 @ 844
LSD 0.05 - - - - - 6.9 - - - - - 13.3

Means within the same column with the same superscript have no significant differences at p < 0.05. Spirotetramat was applied at field rate = 75 ml/ 100 L water. Silica nanoparticles at 250, 500 and

1000 mg L were mixed with spirotetramat at half field rate. Reduction percentages were calculated according to Henderson and Tilton (1955) equation.
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proved that imidacloprid was more toxic than
thiacloprid on Eisenia andrei. Ritchie et al. (2019)
investigated that exposure to clothianidin resulted in a
56-d LCso of 0.26 mg kg dry soil for E. andrei.
Exposure to thiamethoxam was less toxic, with LCsy of
3.0 mg kg! dry soil for E. andrei. Other studies
confirmed the toxicity of neonicotinoid insecticides
against Eisenia species compared with the other
insecticides. Wang et al. (2012a) tested the toxicities of
24 insecticides against E. fetida and found that
acetamiprid and imidacloprid were the two most toxic
insecticides overall. Wang et al. (2012b) found that
clothianidin, the neonicotinoid insecticide, was the most
toxic pesticide to E. fetida. Alves et al. (2013) found
that imidacloprid was the most toxic for E. andrei than
the other tested substances at lower concentrations
under tropical conditions. Other observations by
Shoults-Wilson et al. (2011) who found that E. fetida
consistently avoid soils containing silver nanoparticles.
Feng et al. (2015) studied the effects of thiacloprid on
molecular biomarkers (GST, CarE and DNA damage) of
E. fetida using the artificial OECD soil for the first time.
Lackmann et al. (2021) reported significant changes for
catalase, carboxylesterase and multixenobiotic activities
in E. andrei after 48-h exposures to esfenvalerate,
thiacloprid and two herbicides.

CONCLUSION

Lastly, the obtained results indicated that
spirotetramat alone and its mixtures with nanosilica
could be utilized in a safe integrated pest management
program for the control of A. gossypii and B. tabaci.
Further studies are also needed to evaluate the
performance of nanoparticles in field conditions and
their toxicity on non-target organisms in order to select
chemicals that cause little harm to the soil ecosystem.

REFERENCES

Abd El-Wahab A.S., H.M. El-Bendary and A.A. El-Helaly.
2016. Nano silica as a promising nano pesticide to control
three different aphid species under semi-field conditions in
Egypt. Egypt. Acad. J. Biolog. Sci. 8:35 — 49 DOI:
10.21608/eajbsf.2016.17117

Ali M.A., I. Rehman, A. Igbal, S. Din, A.Q. Rao, A. Latif,
T.R. Samiullah, S. Azam and T. Husnain. 2014.
Nanotechnology, a new frontier in Agriculture. Adv. life
sci. 1(3):129-138.

Alves P.R.L., E.J.B.N. Cardoso, A.M. Martines, Sousa J.P.
and A. Pasini. 2013. Earthworm ecotoxicological
assessments of pesticides used to treat seeds under tropical
conditions. Chemosphere 90: 2674-2682.
https://doi.org/10.1016/j.chemosphere.2012.11.046

Arnaudov V. and R. Petkova. 2020. Spirotetramat
(Movento®): new systemic insecticide for control of green
peach aphid, Myzus persicae (Sulzer) (Hemiptera:
Aphididae) on peach. Bulg. J. Agric. Sci. 26: 431-434.

Arumugam G., V. Velayutham, S. Shanmugavel and J.
Sundaram. 2016. Efficacy of nanostructured silica as a
stored pulse protector against the infestation of bruchid
beetle, Callosobruchus maculatus (Coleoptera:
Bruchidae). Appl. Nanosci 6: 445-450
https://doi.org/10.1007/s13204-015-0446-2

Athanassiou C.G., N.G. Kavallieratos, G. Benelli, D. Losic, P.
Usha Rani and N. Desneux. 2018. Nanoparticles for pest
control: current status and future perspectives. J. Pest. Sci.
91:1-15 https://doi.org/10.1007/s10340-017-0898-0

Barik T.K., R. Kamaraju and A. Gowswami. 2012. Silica
nanoparticle: a potential new insecticide for mosquito
vector control. Parasitol Res. 111:1075-1083.

Behnam-Oskuyee S., M. Ziaee, and P. Shishehbor. 2020.
Evaluation of different insecticides for the control of
sugarcane whitefly, Neomaskellia andropogonis Corbett
(Homoptera: Aleyrodidae). J. Saudi. Soc. Agric. Sci.
19:255-260 https://doi.org/10.1016/j.jssas.2018.11.004

Benelli G. 2018. Mode of action of nanoparticles against
insects. Environ. Sci. Pollut. Res. 25:12329-12341
https://doi.org/10.1007/s11356-018-1850-4

Blouin M., M.E. Hodson, E.A. Delgado, G. Baker, L.
Brussaard, K.R. Butt, J. Dai, L. Dendooven, G. Peres, J.E.
Tondoh, D. Cluzeau and J-J. Brun. 2013. A review of
earthworm impact on soil function and ecosystem
services. Eur. J. Soil Sci. 64:161-182
https://doi.org/10.1111/ejss.12025

Bradford M.M. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem.
72:248-254 https://doi.org/10.1016/0003-2697(76)90527-
3

Brown J.K. 2010. Phylogenetic biology of the Bemisia tabaci
sibling species group. In: “Bemisia: Bionomics and
Management of a Global Pest” (Stansly P.A. and Naranjo
S.E., Eds). Springer, Dordrecht, p. 31-67
https://doi.org/10.1007/978-90-481-2460-2_2

Briick E., A. Elbert, R. Fischer, S. Krueger, J. Kiihnhold, M.
Klueken, R. Nauen, J-F. Niebes, U. Reckmann, H-J.
Schnorbach, R. Steffens and X. Waetermeulen. 2009.
Movento®, an innovative ambimobile insecticide for
sucking insect pest control in agriculture: Biological
profile and field performance. Crop Prot. 28:838-844
https://doi.org/10.1016/j.cropro.2009.06.015

Campolo O., E. Chiera, A. Malacrino, F. Laudani, A. Fontana,
G.R. Albanese and V. Palmeri. 2014. Acquisition and
transmission of selected CTV isolates by Aphis gossypii. J.
Asia. Pac. Entomol. 17:493-498
https://doi.org/10.1016/j.aspen.2014.04.008

Capowiez Y., M. Rault, G. Costagliola and C. Mazzia. 2005.
Lethal and sublethal effects of imidacloprid on two
earthworm  species  (Aporrectodea nocturna and
Allolobophora icterica). Biol. Fertil. Soils. 41:135-143
https://doi.org/10.1007/s00374-004-0829-0


https://dx.doi.org/10.21608/eajbsf.2016.17117
https://doi.org/10.1016/j.chemosphere.2012.11.046
https://doi.org/10.1007/s13204-015-0446-2
https://doi.org/10.1007/s10340-017-0898-0
https://doi.org/10.1016/j.jssas.2018.11.004
https://doi.org/10.1007/s11356-018-1850-4
https://doi.org/10.1111/ejss.12025
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1007/978-90-481-2460-2_2
https://doi.org/10.1016/j.cropro.2009.06.015
https://doi.org/10.1016/j.aspen.2014.04.008
https://doi.org/10.1007/s00374-004-0829-0

Hanaa S. Hussein et al-: Toxicity and Biochemical Effects of Spirotetramat and its Binary Mixtures with Nanosilica against ..... 115

Chen J.C., Z.H. Wang, Cao L.J., Gong Y.J., Hoffmann A.A,,
and S.J. Wei. 2018 Toxicity of seven insecticides to
different developmental stages of the whitefly Bemisia
tabaci MED (Hemiptera: Aleyrodidae) in multiple field
populations of China. Ecotoxicol. 27:742-751 DOI:
10.1007/s10646-018-1956-y

CoStat Statistical Software. 2005. Microcomputer program
analysis version, 6.311.
CoHort Software, Monterey, California, USA.

Déngelo R.A.C., M. Michereff-Filho, M.R. Campos, P.S.D.
Silva, and R.N.C. Guedes. 2018. Insecticide resistance and
control failure likelihood of the whitefly Bemisia tabaci
(MEAM1; B biotype): a neotropical scenario. Ann. Appl.
Biol. 172:88-99 https://doi.org/10.1111/aab.12404

Datta S., J. Singh, S. Singh, and J. Singh. 2016. Earthworms,
pesticides and sustainable agriculture: a review. Environ.
Sci. Pollut. Res. 23:8227-8243
https://doi.org/10.1007/s11356-016-6375-0

De Lima e Silva C.,, N. Brennan, J.M. Brouwer, D.L.
Commandeur, R.A. Verweij and C.A.M. van Gestel. 2017.
Comparative toxicity of imidacloprid and thiacloprid to
different species of soil invertebrates. Ecotoxicol. 26:555—
564 https://doi.org/10.1007/s10646-017-790-7

Debnath N., S. Das, D. Seth, R. Chandra, SCh. Bhattacharya,
and A. Goswami. 2011. Entomotoxic effect of silica
nanoparticles against Sitophilus oryzae (L.). J. Pest. Sci.
84:99-105 https://doi.org/10.1007/s10340-010-0332-3

Diagne A., B.N. Diop, P.M. Ndiaye, C. Andreazza, and M.
Sembene. 2019. Efficacy of silica nanoparticles on
groundnut  bruchid, Caryedon serratus (Olivier)
(Coleoptera: Bruchidae). Afr. Crop. Sci. J. 27:229-235
https://dx.doi.org/10.4314/acsj.v27i2.8

Dittbrenner N., R. Triebskorn, I. Moser and Y. Capowiez.
2010. Physiological and behavioral effects of imidacloprid
on two ecologically relevant earthworm species
(Lumbricus terrestris and Aporrectodea caliginosa).
Ecotoxicol. 19:1567-1573 https://doi.org/10.1007/s10646-
010-0542-8

El-bendary H.M., and A.A. El-Helaly. 2013. First record
nanotechnology in agricultural: Silica nanoparticles a
potential new insecticide for pest control. App Sci Report
4:241-246

Eldesouky S. E. 2019. Effectiveness of certain insecticides
against cotton aphid, Aphis gossypii and their adverse
impacts on two natural enemies. Egy. Sci. J. Pestic.5: 7-
13.

Feng L., L. Zhang, Y. Zhang, P. Zhang, and H. Jiang. 2015.
Inhibition and recovery of biomarkers of earthworm
Eisenia fetida after exposure to thiacloprid. Environ. Sci.
Pollut. Res. 22:9475-9482 https://doi.org/10.1007/s11356-
015-4122-6

Fiaz M., M. Afzal and M.Z. Majeed. 2018. Synergistic action
of Isaria fumosorosea Wize (Hypocreales:
Cordycipitaceae) and spirotetramat against Asian citrus
psyllid, Diaphorina citri Kuwayama (Hemiptera:
Psyllidae) under field conditions. Pak. J. Agric. Sci.
31:194-201
http://dx.doi.org/10.17582/journal.pjar/2018/31.2.194.201

Finney D.J. 1971. Probit analysis, Cambridge Univ. Press,
Cambridge

Frind H-C., U. Graefe and S. Tischer. 2011. Earthworms as
bioindicators of soil quality. In: Karaca, A. (ed.), Biology
of earthworms, soil biology 24, Springer-Verlag, Berlin,
Heidelberg, pp 261-278 https://doi.org/10.1007/978-3-
642-14636-7_16

Gong Y., X. Shi, N. Desneux and X. Gao. 2016. Effects of
spirotetramat treatments on fecundity and carboxylesterase
expression of Aphis gossypii Glover. Ecotoxicol. 25:655-
663 https://doi.org/10.1007/510646-016-1624-z

Haroun S.A., M.E. Elnaggar, D.M. Zein and R.l. Gad. 2020.
Insecticidal efficiency and safety of zinc oxide and
hydrophilic silica nanoparticles against some stored seed
insects. J. Plant. Prot. Res. 60:77-85
https://doi.org/10.24425/jppr.2020.132211

Henderson C.F. and E.W. Tilton. 1955. Tests with acaricides
against the brown mite. J. Econ. Entomol. 48:157-161
https://doi.org/10.1093/jee/48.2.157

Herron G.A., and L.J. Wilson. 2011. Neonicotinoid resistance
in Aphis gossypii Glover (Aphididae: Hemiptera) from
Australian  cotton. Aust. J.  Entomol. 50:93-98
https://doi.org/10.1111/j.1440-6055.2010.00788.x

Khamis W. M., S. E. Eldesouky and H. K. Abou-Taleb. 2017.
Interaction of ZnO nanoparticles with the toxicity of some
insecticides on cotton leafworm, Spodoptera littoralis
(Lepidoptera: Noctuidae). Egy. Sci. J. Pestic. 3:1-7.

Lackmann C., M. Velki, D. Bjedov, S. E¢imovi¢, T-B. Seiler
and H. Hollert. 2021. Commercial preparations of
pesticides exert higher toxicity and cause changes at
subcellular level in earthworm Eisenia andrei. Environ.
Sci. Eur. 33:12 https://doi.org/10.1186/s12302-021-00455-
5

Longhurst C., Babcock J.M., I. Denholm, K. Gorman, J.D.
Thomas, and T.C. Sparks. 2013. Cross-resistance
relationships of the sulfoximine insecticide sulfoxaflor
with neonicotinoids and other insecticides in the whiteflies
Bemisia tabaci and Trialeurodes vaporariorum. Pest
Manag. Sci. 69:809-813 https://doi.org/10.1002/ps.3439

Lummen P., J. Khajehali, K. Luther and T. van Leeuwen.
2014. The cyclic keto-enol insecticide spirotetramat
inhibits insect and spider mite acetyl-CoA carboxylases by
interfering with the carboxyltransferase partial reaction.
Insect Biochem. Mol. Biol. 55:1-8
https://doi.org/10.1016/j.ibmb.2014.09.010

Ma K.S., Q.L. Tang, J. Xia, N.N. Lv, and X.W. Gao. 2019.
Fitness costs of sulfoxaflor resistance in the cotton aphid,
Aphis gossypii Glover. Pestic. Biochem. Physiol. 158:40—
46 https://doi.org/10.1016/j.pestbp.2019.04.009

Marcic D., S. Mutavdzic, I. Medjo, M. Prijovic and P. Peric.
2011. Spirotetramat toxicity to immatures and sublethal
effects on fecundity of female adults of Tetranychus
urticae Koch. Zoosymposia. 6:99-103
https://doi.org/10.11646/zoosymposia.6.1.17


https://doi.org/10.1007/s10646-018-1956-y
https://doi.org/10.1111/aab.12404
https://doi.org/10.1007/s1135601663750
https://doi.org/10.1007/s10646-017-790-7
https://doi.org/10.1007/s10340-010-0332-3
https://dx.doi.org/10.4314/acsj.v27i2.8
https://doi.org/10.1007/s10646-010-0542-8
https://doi.org/10.1007/s10646-010-0542-8
https://doi.org/10.1007/s11356-015-4122-6
https://doi.org/10.1007/s11356-015-4122-6
http://dx.doi.org/10.17582/journal.pjar/2018/31.2.194.201
https://doi.org/10.1007/978-3-642-14636-7_16
https://doi.org/10.1007/978-3-642-14636-7_16
https://doi.org/10.1007/s10646-016-1624-z
https://doi.org/10.24425/jppr.2020.132211
https://doi.org/10.1093/jee/48.2.157
https://doi.org/10.1111/j.1440-6055.2010.00788.x
https://doi.org/10.1186/s12302-021-00455-5
https://doi.org/10.1186/s12302-021-00455-5
https://doi.org/10.1002/ps.3439
https://doi.org/10.1016/j.ibmb.2014.09.010
https://doi.org/10.1016/j.pestbp.2019.04.009
https://doi.org/10.11646/zoosymposia.6.1.17

116 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 43, No.1. JANUARY- MARCH 2022

Moores G.D., X. Gao, W.l. Denholm, and A.L. Devonshire.
1996. Characterization of insensitive acetylcholinesterase
in insecticide-resistant cotton aphid, Aphis gossypii Glover
(Homoptera: Aphididae). Pestic. Biochem. Physiol.
56:102-110 https://doi.org/10.1006/pest.1996.0064

Nauen R., U. Reckmann, J. Thomzik, and W. Thielert. 2008.
Biological profile of spirotetramat (MoventoVR)-a new
two-way systemic (ambimobile) insecticide against
sucking pest species. Bayer Crop Sci. J 61:245-278

Naveen N.C., R. Chaubey, D. Kumar, K.B. Rebijith, R.
Rajagopal, B. Subrahmanyam and S. Subramanian. 2017.
Insecticide resistance status in the whitefly, Bemisia tabaci
genetic groups Asia-1, Asia-1I-1 and Asia-1l-7 on the
Indian subcontinent. Sci. Rep. 7:40634
https://doi.org/10.1038/srep40634

OECD. 1984. Guidelines for testing of chemicals no. 207:
earthworm, acute toxicity tests (filter paper test and
artificial soil test). Organization for Economic
Cooperation and  Development (OECD), Paris
https://doi.org/10.1787/20745761

Pavitra G., N. Sushilal, A.G. Sreenivas, J. Ashok and H.
Sharanagouda. 2018. Green silica nanoparticles and its
effect on cotton aphid, Aphis gossypii Glover and
mealybug, Phenacoccus solenopsis Tinsley. Int. J. Curr.
Microbiol. App. Sci. 7:1450-1460
https://doi.org/10.20546/ijcmas.2018.710.162

Polston J.E., P. De Barro, and L.M. Boykin. 2014.
Transmission specificities of plant viruses with the newly
identified species of the Bemisia tabaci species complex.
Pest Manag. Sci. 70:1547-1552
https://doi.org/10.1002/ps.3738

Ramalakshmi V., D. Lipsa, and P. Deepayan. 2020.
Bioefficacy of different novel insecticides against aphid,
A. gossypii in transgenic cotton. J. Entomol. Zool. Stud.
8:1634-1637

Rezk M., Hassan A.N.T., M.F. El-Deeb, N. Shaarawy, and Y.
Dewer. 2019. The impact of insecticides on the cotton
mealybug, Phenacoccus solenopsis (Tinsley): Efficacy on
potato, a new record of host plant in Egypt. J. Plant Prot.
Res. 59:50-59 https://doi.org/10.24425/jppr.2019.126042

Ritchie E.E., F. Maisonneuve, R.P. Scroggins and J.l. Princz.
2019. Lethal and sublethal toxicity of thiamethoxam and
clothianidin commercial formulations to soil invertebrates
in a natural soil. Environ. Toxicol. Chem. 38:2111-2120
https://doi.org/10.1002/etc.4521

Rodriguez-Castellano L. and J.C. Sanchez-Hernandez. 2007.
Earthworm biomarkers of pesticide contamination: current
status and perspectives. J. Pestic. Sci. 32:360-371
https://doi.org/10.1584/jpestics.R07-14

Rouhani M., A.S. Mohammad, Z. Mehdi, B. Khalil, G.
Mohammad and R.A. Mohammad 2019. Synthesis and
entomotoxicity assay of zinc and silica nanoparticles
against Sitophilus granarius (Coleoptera: Curculionidae).
J. Plant Prot. Res. 59:26-31
https://doi.org/10.24425/jppr.2019.126033

Rouhani M., M.A. Samih, and S. Kalantari. 2013. Insecticidal
effect of silica and silver nanoparticles on the cowpea seed
beetle, Callosobruchus maculatus F. (Coleoptera:
Bruchidae). J. Entomol. Res. 4:297-305
https://www.researchgate.net/publication/304533974

Salem A.A. 2020. Comparative insecticidal activity of three
forms of silica nanoparticles on some main stored product
insects. Journal of Plant Protection and Pathology, 11:225-
230 DOI: 10.21608/jppp.2020.96009

Saryazdi G.A., M.J. Hejazi and M. Amizadeh. 2013. Lethal
and sublethal effects of spiromesifen, spirotetramat and
spirodiclofen on Tetranychus urticae Koch (Acari:
Tetranychidae). Arch  Phytopathol ~ Pflanzenschutz
46:1278-1284
https://doi.org/10.1080/03235408.2013.764074

Sequeira R.V., M. Khan, and D.J. Reid. 2020. Chemical
control of the mealybug Phenacoccus solenopsis
(Hemiptera: Pseudococcidae) in Australian cotton:
glasshouse assessments of insecticide efficacy. Austral.
Entomol. 59:375-385 https://doi.org/10.1111/aen.12446

Shoults-Wilson W.A., O.l. Zhurbich, D.H. McNear, O.V.
Tsyusko, P.M. Bertsch and J.M. Unrine. 2011. Evidence
for avoidance of Ag nanoparticles by earthworms (Eisenia
fetida). Ecotoxicol. 20:385-396
https://doi.org/10.1007/s10646-010-0590-0

Stadler T., M. Buteler and D.K. Weaver. 2010. Novel use of
nanostructured alumina as an insecticide. Pest Manag. Sci.
66:577-579 https://doi.org/10.1002/ps.1915

Tang T., M. Zhao, P. Wang, S. Huang and W. Fua. 2020.
Control efficacy and joint toxicity of thiamethoxam mixed
with spirotetramat against the Asian citrus psyllid,
Diaphorina citri Kuwayama. Pest Manag. Sci. 77:168-176
https://doi.org/10.1002/ps.6004

Tawfeek M.E. and S.E. Eldesouky. 2022. Influence of
potassium silicate on the survival, development and
reproduction of Aphis gossypii Glover (Hemiptera:
Aphididae). Alex. Sci. Exch. J. 43:1-9. DOI:
10.21608/asejaiqjsae.2022.214669

Van Asperen K. 1962. A study of housefly esterases by means
of sensitive colorimetric method. J. Insect. Physiol. 8:401-
414 https://doi.org/10.1016/0022-1910(62)90074-4

Vessey D.A. and T.D. Boyer. 1984. Differential activation and
inhibition of different forms of rat liver glutathione S-
transferase by the herbicides 2,4-dichlorophenoxyacetate
(2,4-D) and 2,4 5-trichlorophenoxyacetate (2,4,5-T).
Toxicol. Appl. Pharmacol. 73:492-499
https://doi.org/10.1016/0041-008X(84)90101-7

Wang Y., T. Cang, X. Zhao, R. Yu, L. Chen, C. Wu and Q.
Wang. 2012a. Comparative acute toxicity of twenty-four
insecticides to earthworm, Eisenia fetida. Ecotoxicol
Environ Saf 79:122-128.
https://doi.org/10.1016/j.ecoenv.2011.12.016

Wang Y., S. Wu, L. Chen, C. Wu, R. Yu, Q. Wang and X.
Zhao. 2012b. Toxicity assessment of 45 pesticides to the
epigeic earthworm Eisenia fetida. Chemosphere 88:484—
491 DOI: 10.1016/j.chemosphere.2012.02.086



https://doi.org/10.1006/pest.1996.0064
https://doi.org/10.1038/srep40634
https://doi.org/10.1787/20745761
https://doi.org/10.20546/ijcmas.2018.710.162
https://doi.org/10.24425/jppr.2019.126042
https://doi.org/10.1002/etc.4521
https://doi.org/10.1584/jpestics.R07-14
https://doi.org/10.24425/jppr.2019.126033
https://www.researchgate.net/publication/304533974
https://dx.doi.org/10.21608/jppp.2020.96009
https://doi.org/10.1080/03235408.2013.764074
https://doi.org/10.1111/aen.12446
https://doi.org/10.1007/s10646-010-0590-0
https://doi.org/10.1002/ps.1915
https://doi.org/10.1002/ps.6004
https://dx.doi.org/10.21608/asejaiqjsae.2022.214669
https://doi.org/10.1016/0022-1910(62)90074-4
https://doi.org/10.1016/0041-008X(84)90101-7
https://doi.org/10.1016/j.ecoenv.2011.12.016
https://doi.org/10.1016/j.chemosphere.2012.02.086

Hanaa S. Hussein et al-: Toxicity and Biochemical Effects of Spirotetramat and its Binary Mixtures with Nanosilica against ..... 117

Ziaee M., and Z. Ganji. 2016. Insecticidal efficacy of silica

nanoparticles against Rhyzopertha dominica F. and

Tribolium confusum Jacquelin du Val. J. Plant Prot. Res.
56:250-256 https://doi.org/10.1515/jppr-2016-0037

il padlal)
Aphis hall e slad Wl il g adaidA g cilal 55 g ppaeal] dilpas gaal) < 5l g dsanad)
gossypii (Glover)
Eisenia fetida oa,¥ 83549 Bemisia tabaci (Gennadius) sbeaxll ¢kl 4,39
sl 3l ans ¢ (385 ) dens e ells olia

Jlaiay B. tabaci 5 A, gossypii & i) JauS s Sl
oo ¢ Ofisn pale 488y Jses K YT 5 1), EY
O8Il capp) Blill (el (8t LS Lyl
pale 4880/ J5a5)S0e 1,19 5,08 laay Sppdasil )
o o o b sl Aplie sl e oodis
CarE Gpar¥) ST eyl Tl 5alyy ) (ool Ladal)
FYUs VYTV e omyY) sag 4 GST
o) ALYl il e ooy aale 3883 Jses Sie
Dl Gall ilie (3 (it s S daas 5 celly
Dhiay elagdl Gl 4La jilialy %40,05 4Y,0
VoY) s YaXe ol awse DA %AE,E 5 V4,4
el g aan) Tl aladinly Alalaall by il e
A faala) v Gk i) aa

G MSliglll el g ) rdaalisall bl
¢ gLy Tl ¢ ay a0 colimpd) pladll 4L3 ¢ pladll
LAl gl il

e Al Bna Aol dan (A Ul S agud

el s cdaadinal) dgpdal) clandl clySs s DA
Lol i 5 Gl 4 AL Holaie (e ala
el olat Sl il e 4alaDUSy Tajiia el gy
AL el yially Aphis gossypii (phaall (el Gl (g5 5al)
Winy Llea <ll3y Bemisia tabaci ¢loanll ol 2,L3
Al aaE 5 Gl (YY) 5 YY) cudall Dl
28 Eisenia fetida La)¥) 3250 Ao cDlalaall Jainal)
IS eyl Baliall s 5 g L Adagiasall e sl
Sl el salislally (CarE) i) JanSsn Sl (e
it Jaagl L myY) B35, yaaal cydall L (GST)
abli die ) lalig yuaY) dan o Ailexall CagHal)
Joale Veve g one g Yoo S Kbl s
Gal e Cana ¥,09 51,8 5007 iy Jaay ¢
LD e Caaca VYT 50,8 500 Y Jaedl gl WS
G G ), ET 5,0V g ve il elaadd) il
labzima) i das il Je ¥l s
) Ll saly el lfaale) o Gl il


https://doi.org/10.1515/jppr-2016-0037

