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Abstract: The present research was performed to evaluate the bioactivity of
Citrullus colocynthis (L.) and Melia azedarach L. extracts against three major
stored grain insect pests including Tribolium castaneum (Herbst), Trogoderma
granarium Everts, and Sitophilus granaries (L.). Toxicity and enzyme inhibition
activity of acetylcholinesterase (AChE), a-carboxylesterase (o-CE), B-
carboxylesterase (B-CE), acid phosphatases (ACP) and alkaline phosphatases
(ALP) in three insect species induced by both plant extracts were evaluated at
four different dose rates viz., 5, 10, 15 and 20%. Results showed maximum
mortality (34.29%) in S. granarius with M. azedarach at maximum interaction
of time and dilution level. In T. castaneum and T. granarium maximum recorded
values for mortality were 30.87% and 18.95%, respectively, with extract of M.
azedarach. Plant extract of C. colocynthis reported a maximum mortality of
21.92%, 19.18% and 16.89% in T. castaneum, S. granarius and T. granarium,
respectively. Findings proved that both plant extracts had decent lethal impacts
on tested insect species. Exposure of studied insects to plants extracts also
resulted in significant inhibition of AChE, a-CE, -CE, ACP and ALP. All tested
enzymes in three insects were maximally inhibited by plant extract of M.
azedarach except a-CE which was slightly more inhibited in S. granarius and
ACP which was highly inhibited in 7. granarium and S. granarius, by plant
extract of C. colocynthis. Outcomes exhibit that plant based extract of M.
azedarach is more pronounced in stored grain insect pests and propose the
capability of using these plant extracts for safety of stored commodities as a safe
substitute for insecticides.
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Introduction

Stored grains and their products are at great risk
to the infestation by insect pests (Ukeh et al.,
2012). Stored food commodities are infested by
hundreds of hexapods and other arthropods
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among which about 600 species belongs to
order Coleoptera (Rajendran and Sriranjini,
2008). In Pakistan, Red rust flour beetle
Tribolium castaneum, Khapra beetle
Trogoderma granarium, Angumois grain moth
Sitotroga  cerealella, Lesser grain borer
Rhyzopertha dominica, Rice weevil Sitophilus
oryzae and Grain weevil Sitophilus granarius
are reported to be the most injurious insect
pests of stored commodities (Igbal et al., 1992).
T. castaneum is a secondary pest of stored


https://dorl.net/dor/20.1001.1.22519041.2021.10.1.11.5
https://jcp.modares.ac.ir/article-3-43356-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-04-11 ]

[ DOR: 20.1001.1.22519041.2021.10.1.11.5]

Bioactivity of medicinal plants as toxicants

J. Crop Prot.

commodities, both larvae and adults feed on
grain dust and broken grain and spend entire
life cycle outside the grain kernels
(Karunakaran et al, 2004). In severe
infestation, the flour turns grayish and has a
pungent smell (benzoquinone), disagreeable
odour making it unfit for human consumption.
This insect causes substantial loss in storage
because of its high reproductive potential
(Prakash et al., 1987). Primary stored grain pest
T. granarium has been nominated as one of the
100 worst invasive species worldwide. It is a
serious pest of stored products under hot, dry
conditions (Lowe et al., 2000). Generally,
young larvae of T. granarium feed on damaged
seed, while older larvae feed on whole grains.
Larvae attack the embryo point or a weak place
in the pericarp of grain or seed. The khapra
beetle can cause significant weight loss (weight
loss between 5-30%, extreme cases of 70%)
when left undisturbed in stored grain. Granary
weevil (S. granarius) is another important
stored grain pest which causes significant losses
during storage (White and Leesch, 1996). The
weevils bore into the kernels, insert their eggs
within the endosperm of the grain and develop
inside whole grain kernels as small, white,
wrinkled, grub-like larvae (CABIL, 2007),
meanwhile their damage remains un-noticed
until the weevils emerge from the seed with an
exit hole (Niewiada et al., 2005).

Recently, a great attention has been paid to
the use of Citrullus colocynthis and Melia
azedarach extract as natural insecticids. The
biological activity of these plants has been
investigated against many insect pests (Soam et
al., 2013). These plants are known to have a
range of compounds, which show insecticidal,
antibacterial, larvicidal, deterrent, antifeedant,
growth regulating, antifertility, metamorphosis
and reproduction disturbance effects (Pravin et
al., 2013; Soam et al., 2013). Aqueous and
methanolic extracts of plant, C. colocynthis
demonstrated high antimicrobial activity against
some bacteria and fungi. C. colocynthis can be
used medically as an abortifacient, cathartic,
purgative and vermifuge, as well as for the
treatment of fever, cancer, amenorrhea,
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jaundice, leukemia, rheumatism, tumour, and as
an insect repellant (Soam et al., 2013). El-
Naggar et al. (1989) noted the impact of
colocynithin and hydrated colocynithin isolated
from C. citrullus against on seven insect species
and reported effectual outcomes. Chemicals
isolated from Melia azedarach L. species
Meliaceae family have gained a particular
attention from applied entomologists because of
their excellent properties as insect control
agents (Luo et al., 1995). M. azedarach is
native to Iran, India, and China (Hong and Ellis,
1998). The plant has become the object of
studies to evaluate properties from different
plant structures, in particular insecticidal,
antiviral, antioxidant, bactericide, and
antiparasitic activities (Ahmed et al., 2008).
The insecticidal activity of M. azedarach is
found in leaves, fruits, and seeds, and is due to
a group of biologically active triterpenoids they
have antifeeding effects (Isman, 2006).
Generally, extracts from green fruits and leaves
have been those most efficacious because of
their antifeedant effect, mainly on beetles and
lepidopterans (Carpinella et al., 2003, 2005;
Nathan and Kim, 2005; Defago et al., 2000).
Enzymes are main group of proteins and
biomolecules which enhance metabolic activities
in the organisms. Esterases and phosphatases are
important components for the proper functioning
of several important physiological processes in
insects (Lassiter ef al., 1995; Shanmugavelu et
al., 2000). A little change in the levels of
enzymes affects the metabolic process in
organism (Roy, 2002). In insects, resistance
against insecticides arises by the change of
metabolic enzymes or increased detoxification
(Parakrama Karunaratne, 1998). Due to the
change in the target site in the insect, insecticides
cannot bind to that site and insect behaves
normally (Damayanthi and Karunaratne, 2005).
By checking the change in metabolism of
insects, the activity of the enzymes released in
their plasma due to cell disturbance can be
calculated (Coppo et al., 2002). So inhibition of
enzymes is a reliable method to assess the
pressure on the insects by pollutants. Esterases
and phosphatases are considered as reliable bio-
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markers for assessing the toxic effects of
numerous insecticidal compounds on the
physiology of targeted insects (Srinivas et al.,
2004). This study was designed to investigate the
toxic and enzyme inhibitory effects of C.
colocynthis and M. azedarach extracts against T.
castaneum, T. granarium and S. granarius.

Materials and Methods

Collection and rearing of insects

The mixed populations of stored grain insect
pests were collected from grain market and flour
grinding mills, and were brought into the Grain
Research Training and Storage Management
Cell, Department of Entomology, University of
Agriculture Faisalabad, Pakistan. In the
laboratory, the target insects, red flour beetle T.
castaneum, Khapra beetle T. granarium and
Granary weevil S. granarius were separated and
reared for homogeneous population.

Populations of the three coleopteran species
were cultured in sterilized plastic jars (1.0 kg
capacity) and 50 adults of each species were
released separately into their favorite diet, these
adults were allowed for copulation and were
removed after 5 days. Wheat flour was used for
rearing of T. castaneum (Sagheer et al., 2014),
while wheat grains were used as culture
medium for 7. granarium and S. granarius.
After removal of adults, sieved flour and grains
containing eggs laid by these insects were again
put into the jars and placed in incubators for
getting same age population. Rearing jars of T.
castaneum and T. granarium were placed in
incubators (SANYO) at 30 + 2 °C and 65 + 5%
R.H., while S. granarius was cultured at 27 + 2
°Cand 70 £ 5% R. H.

Collection of plant materials

Plant materials, such as fruits of C. colocynthis
(Tuma) were collected from district Layyah and
leaves of M. azedarach (Darek) were collected
from the fields of University of Agriculture,
Faisalabad (UAF).

Preparation of plant extracts
The fruits of C. colocynthis and leaves of M.
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azedarach were washed with sterilized water
before placing in shade for drying. Once the
plant materials were dried they were ground in
electrical grinder and were brought into fine
powder. The plant extracts were obtained by
adding 50.0g plant powder in 100 ml acetone
and solution was set on a Rotary Shaker
(IRMECO, OS-10) (Sagheer et al., 2014) at 220
rpm for a period of 24 hours. After 24 hours
rotation the solution obtained was filtered and
placed on rotary evaporator to remove the extra
solvent (acetone). Thus, the plant extracts
obtained after evaporation were considered as
stock solution and stored at 4.0 °C. Four
dilution levels (5.0, 10.0, 15.0 and 20.0%) of
each plant extract were prepared from the stock
solutions, using acetone as solvent.

Toxic effect of plant extracts
Different dilutions (5.0, 10.0, 15.0, 20.0%) of
acetone extract of C. colocynthis and M.
azedarach were applied on favorite diet of each
tested insect species i.e., wheat flour for 7.
castaneum, and wheat grains for 7. granarium
and S. granarius. After evaporation of acetone
the dried weighted wheat flour (40.0 g) and
wheat grains (40.0 g) were put into treatment
jars separately. Fifty adults of 7. castaneum and
S. granarius, fifty second instar larvae of T.
granarium were released separately into
experimental jars containing treated wheat and
flour. Each treatment was replicated three times
and experimental jars were placed in SANYO
incubator under optimum conditions as
discussed above. Observations for lethal impact
of C. colocynthis and M. azedarach were made
after 2, 4, 6, 8 and 10 days of experiment. The
alive larvae of T. granarium and alive adults of
T. castaneum and S. granarius were stored in
phosphate buffer solution to evaluate the
enzymes activity.

Mortality was calculated using Abbott’s
(1925) formula;

Corrected Mortality (%) = (Mo —Mec) x 100
100 — Mc

Where,
Mo = Mortality observed in treatments
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Mc = Mortality observed in control

Inhibition of esterases and phosphatases in
survivors of toxicity assay
Preparation of whole body homogenate

The survived specimen (adults of T.
castaneum and S. granarius, larvae of T.
granarium) in toxicity experiment which were
stored in buffer solution were rinsed with clean
water, and the adhering water was entirely
removed from insect body by blotting with tissue
paper. In ice-cold sodium phosphate buffer (20
mM, pH 7.0), the survivors (larvae and adults) of
test insects were homogenized separately using a
teflon hand homogenizer for eventual estimation
of esterases and phosphatases inhibition. For
biochemical analyses, clear supernatants were
used obtained by centrifuging the whole body
homogenates at 8000 rpm for 20 minutes. Before
using all the solutions for homogenization,
glassware were stored at 4.0 °C and homogenates
were kept on ice until used for different assays.

Determination of acetylcholinesterase (AChE)
Acetylcholinesterase (AChE) activity in the
whole body homogenates of T. castaneum, T.
granarium and S. granarius were measured
spectrophotometrically according to Ellman et
al. (1961) with slight modification of using
acetylthiocholine iodide instead of
acetylthiocholine chloride as substrate. 50 ul of
acetylthiocholine iodide (2.6 x 10-3 M) as a
substrate and 1 ml of sodium phosphate buffer
(20 mM, pH 7.0) was added to 100 pl of
enzyme solution taken from whole body
homogenates and incubated at 25 °C for 5
minutes. Then 400 ul of freshly prepared 0.3%
Fast blue B salt in 3.3% SDS (sodium dodecyl
sulphonate) was added to stop reaction. Sample
was run through spectrophotometer and optical
density was recorded at 405 nm.

Determination of o and pB-carboxylesterase
(0-CE & B-CE)

The activity of a-and p-carboxylesterase in the
whole body homogenates of test insects was
measured by the method of van Asperen (1962).
The o-carboxylesterase activity was recorded
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by using a-naphthylacetate as substrate. For this
purpose 50 pl of a-naphthylacetate (250 pM)
and 1 ml of sodium phosphate buffer (20 mM,
pH-7.0) was added in 50 pl whole body
homogenates. This solution was incubated at 30
°C for 20 minutes. 400 pl of freshly prepared
0.3% Fast blue B salt in 3.3% SDS, was added
to stop the reaction. Sample was run on
spectrophotometer and optical density was
noted at 430 nm.

Same procedure was followed for f-

carboxylesterase activity, except that [-
naphthylacetate was used as substrate and
optical density was measured at 590nm.
Determination of acid and alkaline
phosphatases (ACP & ALP)
The level of acid phosphatases (ACP) and
alkaline phosphatases (ALP) were calculated by
following the Asakura (1978) method. P-
nitrophenyl phosphate was used as substrate for
the estimation of phosphatases. For acid
phosphatase (ACP), 100 pl of 20mM p-
nitrophenyl phosphate (substrate) and 450l
sodium acetate buffer (50 mM, pH 4.6) were
added in 50 pl enzyme solution. The solution was
incubated at 37 °C for 15 mins. Then, 100 pl of
0.5N NaOH was added to stop reaction. Optical
density of sample was recorded at 405 nm.

Same procedure was followed for alkaline
phosphatases (ALP) except that 450 pl Tris
HCl (50 mM, pH-8) was used in place of
sodium acetate buffer.

Enzyme inhibitions (%) of test enzymes
were computed using the formula given by
Wang et al., (2014).

Enzyme Inhibition (%) = (OD, — OD,) x 100
oD,

OD, = Optical density of blank (control
treatment)
OD, = Optical density of treatments

Statistical analyses

Separate two-way factorial ANOVA were
performed for both C. colocynthis and M.
azedarach plant extracts against each tested
insect species. The differences and alterations
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in the levels of different enzymes in Tribolium
casteneum, Trogoderma  granarium  and
Sitophilus granarius, were computed by using
mean difference Tukey-HSD test (Statistica-

8.1). The means sharing similar letters within
column are statistically same in Table 1. The
level of acceptance for significant difference
was p < 0.05 in all cases.

Table 1 Comparison of mortality in three stored grains insect species by acetone extracts of Citrullus colocynthis

and Melia azedarach.

Time  Conc. Mean Mortality + S.E (%)

(Days) (%) Citrullus colocynthis

Melia azedarach

T. castaneum T. granarium S. granarius T. castaneum T. granarium S. granarius
2 5 333+0.67j 1.34+034f 3.38+0.681 333+0.89j 0.67+0.33j 4.05+1.181
10 6.00 +0.67 hij 2.68+134ef 473+ 1.17hi 533+£1.344 2.01+1341j 6.08+0.681
15 8.00+£1.15f1 4.02+0.67 def 6.08 +0.69 ghi 8.67+0.67 1 2.68 +0.67 hij 10.14+1.49k
20 8.00+£0.35fi 7.38+£2.01 b-f 744 +£1.86fi 12.00+2.01 d-g 4.69+2.01 1149+134k
4 5 541+0.681j 2.68+0.67 ef 6.12 +0.68 ghi 6.08 +0.67 hij 3.35+0.67 g 724+1.17kl
10 8.11+£0.68 fi 5.37+1.16 def 6.80+1.18 £ 6.76 £1.16 g 537+1.16 e 1293 £1.67 jk
15 8.79+£0.59 fi 6.04+0.67 c-f 9.52+2.07d-h 12.84 +0.67 def 6.71 +£0.67 4 15.65+1.341ij
20 10.14 +0.68 efg 939+232a¢ 1020+1.17d-g 15.54+232d 939+232cg 19.05+1.98 hi
6 5 6.80+0.34 g 5.37+1.16 def 8.16+1.78 e 6.80+1.16 g 4.69+1.161 15.65+2.341j
10 9.52+134¢-h 6.71 £0.67 b-f 8.84+151dh 11.56 +£0.67 d-h 7.38+£0.67 e+ 21.09+2.11 gh
15 12.93 +£0.68 de 939+232a¢ 11.56 +1.18 c-f 1633+2.32d 10.74 £2.32 bf 2449+1.67 g
20 15.65+1.35cd 10.74+1.78 a-d 12.93 £0.68 be 23.81+1.78 be 14.09 +1.78 bed 28.57+1.39de
8 5 1027 +£1.37 efg 5.41+0.68 def 9.59+1.06 d-h 9.59 +0.68 e-i 541+0.68 e 19.86+1.34h
10 11.64+0.36 ef 8.11+£0.68 b-f 1370 £1.79 bed 14.38 +£0.68 de 8.79+0.68 c-h 26.02+2.17 ef
15 17.81+1.19bc 11.49+1.79 ad 15.75 +1.88 abc 21.92+1.79¢ 1149+1.79 be 31.05+3.11 bed
20 19.18 +1.68 abc 14.19+2.44 ab 17.12+1.45 ab 27.76 £2.44 ab 16.89 +2.44 ab 33.56+1.68 abc
10 5 13.01+1.34de 744 £0.68 b-f 13.01 £0.67 be 11.64+0.68 d-g 8.11+0.68 d-i 24.65+1.58f
10 15.75+1.59 cd 8.79+£1.17bf 16.44 +2.05 abc 15.07+1.17de 1081 +1.17b-f 29.13+2.87 cd
15 20.55+0.68 ab 13.52+0.68 abc 17.81+1.45 ab 24.65+0.68 be 14.87 +£0.68 abc 3393+1.62ab
20 21.92+1.03a 16.89+234a 19.18+1.86a 30.87+234a 1895+234a 3429+2.67a

Separate two ways factorial ANOVA’s were performed for test insects against each acetone based plant extract. The means were computed

using Tukey-HSD test, similar letters within treatments (column) are not statistically different (p < 0.05).

Results

Toxicity experiments were performed to evaluate
the lethal effects of plant extracts of C. colocynthis
and M. azedarach against T. castaneum, T.
granarium and S. granarius. Inhibition of various
enzymes,  acetylcholinesterase ~ (AChE), a-
carboxylesterase (a-CE), P-carboxylesterase (j3-
CE), acid phosphatases (ACP) and alkaline
phosphatases (ALP) were studied in the survivors
of the toxicity experiment. The means comparison
for mortality at different interactions of time
interval (2, 4, 6, 8 and 10 days) and concentrations
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(5, 10, 15 and 20%) induced by acetone extract of
C. colocynthis and M. azedarach in T. castaneum,
T. granarium and S. granarius are given in Table
1. Results indicated that M. azedarach forced a
maximum 34.29% mortality in S. granarius, while
maximum mortality evidenced in other two insect
species 7. castaneum and T. granarium were
30.87% and 18.95% respectively, which were also
noted with M. azedarach at 20% dilution level after
10 days interval. The result reveals that plant
extracts of C. colocynthis showed slightly less
toxicity than M. azedarach except the three
different tested organisms and recorded a
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maximum mortality rate of 21.92% in T.
castaneum, 16.89% in T. granarium and 19.18% in
S. granarius at 20% concentration after 10 days of
application. The impact of time and concentration
proves directly proportional to mortality of tested
insects. Initially C. colocynthis was established as
stronger insecticide than M. azedarach against T.
granarium as it reported 7.38% mortlity which was
only 4.69% with M. azedarach at 20%
concentration after 2 days exposure, but as time
went on M. azedarach became more lethal and
showed higher values for mortality in the three
insect species (Table 1).

Results evidenced that M. azedarach plant
extract showed high inhibition of AChE
(acetylcholinesterase) activity for all three test
insects. Maximum AChE inhibition 37.14% was
assessed in S. granarius at 20% concentration,
while at the same dilution level 33.33% and
31.48% were the maximum inhibition values for
T. castaneum and T. granarium by M.
azedarach. Plant extract of C. colocynthis
showed maximum inhibition (27.79%) of AChE
activity in 7. castaneum at 15% concentration,
while at 20% concentration maximum inhibition
(22.23% and 25.58%) of AChE acitivity were
noted against 7. granarium and S. granarius,
respectively. Lower concentration (5%) showed

—e—T. castaneum

—<— T. granarium

minimum inhibition effect for AChE activity as
it noted 25%, 16.07%, 14.67% inhibition by C.
colocynthis plant extract; while 24.16%, 25.77%,
25.92% inhibition of AChE acitivity was forced
by M. azedarach in T. castaneum, T. granarium
and S. granarius, respectively (Fig. 1).

The inhibition level of o-CE (o-
carboxylesterase) activity significantly increased
at various concentrations, and it reached the
highest level at 20% concentration in three
insects when exposed to the both plant extracts
(p < 0.05). This enzyme inhibition level steadily
decreased in T. castaneum from 10%
concentration (17.06% inhibition) to 15%
concentration (13.98% inhibition) with C.
colocynthis extract while from 5% concentration
(13.94% inhibition) to 10% concentration
(10.33% inhibition) with M. azedarach plant
extract. Maximum o-CE inhibition level in T.
castaneum, T. granarium and S. granarius noted
at highest concentration (20%) were 19.67%,
17.63% and 22.34% induced by C. colocynthis.
M. azedarach force a maximum 24.98% and
22.36% inhibition of a-CE activity in T.
castaneum and T. granarium at 20%
concentration respectively, while in S. granarius
highest (16.79%) inhibition of a-CE activity was
noted at 15% concentration (Fig. 2).

—&— S, granarius
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Figure 1 Impact of Citrullus colocynthis and Melia azedarach extracts at different concentrations on
acetylcholinesterase (AChE) activity in three stored grains insect species.
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Figure 2 Impact of Citrullus colocynthis and Melia azedarach extracts at different concentrations on a-
carboxylesterase (a-CE) activity in three stored grains insect species.

The exposure of the target insects to both
plant extracts had great impact on the inhibition
level of B-CE (B-carboxylesterase) activity.
From lower (5%) to higher (20%) concentration
the inhibition level of B-CE activity steadily
increased from 9.14% to 17.72% in T.
castaneum, 12.72% to 21.71% in T. granarium
and 14.67% to 25.58% in S. granarius when
exposed to plant extract of C. colocynthis (p <
0.05). M. azedarach extract showed significant
effect on percent inhibition of B-CE (B-
carboxylesterase) activity in 7. castaneum, T.
granarium and S. granarius (p < 0.01). At 20%
concentration, 41.67%, 38.21% and 30.84%
inhibition of B-CE activity was observed in T.
castaneum, T. granarium and S. granarius,
respectively. ~ The  effect of  various
concentrations of M. azedarach on inhibition of
B-CE activity against 7. granarium and S.
granarius was in the following order: 20% >
15% > 10% > 5%. Minimum percent inhibition
of B-CE activities noted in 7. castaneum, T.
granarium and S. granarius, were 20.83%,
30.49% and 18.47%, respectively, at 5%
concentration (Fig. 3).

Inhibition of acid phosphatase (ACP)
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activity slightly increased from 5 to 20%
dilution level of C. colocynthis and M.
azedarach in three coleopteran species (Fig. 4).
Maximum ACP inhibition (38.57%) was
assessed in 7. castaneum with M. azedarach at
20% concentration, while these wvalues
werel5.38% and 13.41% for T. granarium and
S. granarius at maximum dilution level of M.
azedarach respectively. Exposure of the test
insects to C. colocynthis treated diet
significantly increased the inhibition of ACP
activity (p < 0.05) with increase in dilution
level and resulted in maximum of 29.92%,
18.65% and 15.21% ACP inhibition against 7.
castaneum, T. granarium and S. granarius,
respectively at 20% concentration (Fig. 4).
Results illustrated that inhibition of alkaline
phosphatase activity gradually increased from
lower (5%) to higher (20%) concentration in
three test insects exposed to the plant extracts
(p < 0.05). At 20% dilution, this enzyme level
was significantly inhibited (p < 0.01).
Maximum ACP inhibition (29.44%) was noted
in T. granarium with M. azedarach at 20%
concentration, while extract of C. colocynthis
forced 13.73% inhibition in 7. granarium


https://dorl.net/dor/20.1001.1.22519041.2021.10.1.11.5
https://jcp.modares.ac.ir/article-3-43356-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-04-11 ]

[ DOR: 20.1001.1.22519041.2021.10.1.11.5]

Bioactivity of medicinal plants as toxicants

J. Crop Prot.

which was the lowest inhibition value in three
stored grain species at the highest dose rate
(20%). Exposure to C. colocynthis extract
(20%) resulted in 17.34% and 21.70%
inhibition of ACP activity in 7. castaneum and

50 ~

30 ~

20 ~

B-CE Inhibition (%) + S.E

S. granarius. Whereas M. azedarach extract
affected slightly higher than C. colocynthis and
evidenced 18.41% and 23.09% inhibition of
ACP enzyme activity in 7. castaneum and S.
granarius respectively (Fig. 5).

—e—T. castaneum  —<=T. granarium —k—S. granarius

w

10 15 20
C. colocynthis (Conc. %)

5 10 15 20
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Figure 3 Impact of Citrullus colocynthis and Melia azedarach extracts at different concentrations on -
carboxylesterase (B-CE) activity in three stored grains insect species.
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Figure 4 Impact of Citrullus colocynthis and Melia azedarach extracts at different concentrations on acid
phosphatases (ACP) activity in three stored grains insect species.
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Figure 5 Impact of Citrullus colocynthis and Melia azedarach extracts at different concentrations on alkaline
phosphatases (ALP) activity in three stored grains insect species.

Discussions

The findings for insect mortality evidenced that
lethal impact of C. colocynthis and M.
azedarach was directly related to exposure
periods and concentrations. Benzi et al. (2009)
reported similar results showing the toxic
efficacy of extracts from some medicinal plants
against mites and insects. Similarly, mortality
of adults of 7. castaneum increased with
increase in concentration at maximum exposure
period (Bibi et al., 2008). The insecticidal
activity of M. azedarach is found in leaves,
fruits, seeds, and is due to a group of
biologically active triterpenoids that have anti-
feeding effects (Valladares et al., 1997; Isman,
2006). C. colocynthis has a large range of
insecticidal, antibacterial, larvicidal, deterrent,
antifeedant, growth regulating and antifertility
compounds (Pravin et al., 2013; Soam et al.,
2013). Ali et al. (2017) verified same results
under similar laboratory conditions that
exposure of T. castaneum, T. granarium and S.
granarius to plant extracts of Azadirachta
indica and Datura inoxia, cause significant
mortality in the test populations after 10 days
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intervals at 20.0% concentrations. Our results
testify, plant extract of M. azedarach at tested
concentrations proved more valuable as they
forced higher mortality. These outcomes are
supported by Anwar et al. (2005) who checked
the neem (4. indica) oil in a warehouse, against
four important stored grain insect pests
Rhyzopertha dominica, S. granarius, T.
castaneum and T. granarium at various dilution
levels (5%, 10%, 15% and 20%) in natural
conditions at three time periods (30, 60, and 90
days). They observed increased mortality with
the increase in dose rate of the spray material.
Both toxicant, C. colocynthis and M.
azedarach, showed decent anti-enzymatic
activities in tested insect species, T. castaneum,
T. granarium and S. granarius. Different
insecticides targeted the AChE (Abdelgaleil et
al., 2009; Kang et al., 2013), carboxylesterases
also verified as principal enzyme in many
tissues of a number of insects (Park and
Kamble, 1999). Based on our findings, AChE
activity was inhibited by both plants (M.
azedarach and C. colocynthis) extracts but at
minimum  concentration  (5%) enzyme
inhibition was also low and AChE inhibition
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increases at lateral dilution level (20%).
Enzyme inhibition results are supported by
Wang and his co-workers (2014), as they noted
the impact of Citrus limonum, Litseacubeba,
Cinnamomum cassia and Allium sativum
against Alphitobius diaperinus (darkling beetle)
pest of stored poultry feed. They found that
essential oils of tested plants significantly
inhibited the levels of AChE activity and A.
sativum resulted in highest inhibition (> 80%)
of AChE activity. Our results are in agreement
with their findings as they verified that
inhibition of AChE activity increased with
exposure time. Kim et al. (2013) reported some
compounds from plant oils of apiaceae family,
as inhibitor of AChE activity against S. oryzae,
some other scientists also noted same results in
number of insect pests (Breuer et al., 2003;
Nathan et al., 2008). Our findings also
demonstrated that C. colocynthis and M.
azedarach extracts caused significant inhibition
of  a-carboxylesterase (a-CE) and -
carboxylesterase (B-CE) activities in three
insect species. Outcomes indicated maximum
inhibition of o-CE and B-CE activity in T.
castaneum, T. granarium and S. granarius at
20% concentration. Dose dependent reactions
of a-CE and B-CE activities were also noted in
the larvae of Choristoneura rosaceana exposed
to M. azedarach oil (Smirle et al., 1996).
Mujeeb and Shakoori (2012) evidenced that
Fury (synthetic pyrethroid) inhibits the
carboxylesterase (CE) activity in all life stages
of red flour beetle, 7. castaneum. Koodalingam
et al. (2011) proved that when the larvae of
Aedes aegypti were released to extract of
soapnut, Sapindus emarginatus, it significantly
reduced the activities of AChE and B-CE, while
no changes were observed in the level of a-CE
activity.

Most of the physiological processes are
phosphatases dependent as they play a vital role
in the completion of their normal functions
(Majerus et al., 1999). Our results showed that
higher inhibition (38.57%) of acid phophatases
(ACP) activity was noted in S. granarius
exposed to 20% solution of M. azedarach,
whereas 18.65% and 15.21% maximum
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inhibition of ACP was checked in 7. granarium
and T. castaneum feed on C. colocynthis treated
diet. In case of alkaline phosphatases (ALP)
maximum inhibited values 29.44%, 23.09% and
18.41% were recorded for 7. granarium, S.
granarius and T. castaneum respectively, by
plant extract of M. azedarach. Phosphatases are
deemed as reliable tools to assess the toxic
impacts of various chemicals on physiological
status of insects (Srinivas et al., 2004). These
results are justified by Nathan et al. (2005) as
they tested and concluded that the exposure of
larvae of Craphalocrocis medinalis and
Spodoptera litura to azadirachtin, resulted in
significant inhibition of acid and alkaline
phosphatases. Similarly acetone and ethanol
based plant extracts of A. indica and Datura
inoxia (Ali et al., 2017), Artemisia annua
(Shekari et al., 2008), Teucrium royleanum
(Ahmad et al., 2007a), Andrachne cordifolia
(Ahmad et al., 2007b), Cassia obtusifolia (Kim
et al., 2007), Gloriosa superba (Khan et al.,
2007), Paeonia emodi (Khan et al., 2005) and
Corydalis incise (Kim, 2002) were shown to
have significant impact on the inhibition of
AChE, ALP, urease, lipoxygenase, and amino
transferase of various hexapods.

Conclusions

All the reported outcomes taken together
indicate that both plant extracts M. azedarach
and C. colocynthis release their anti-insecticidal
activity by various modes of action as
evidenced from mortality and numerous
adverse changes examined in various important
enzymes, including AChE, o-CE, B-CE, ACP
and ALP of T. castaneum, T. granarium and S.
granarius. Results revealed distinct differences
in alterations of biochemical characteristics in
the three stored grain insect species exposed to
the botanical biocide tested. It also verified
from the findings of the experiment that T.
castaneum and S. granarius were more
susceptible, while 7. granarium was slightly
tolerant to both toxicants. Conclusions suggest
the use of these botanicals as a substitute for
chemical insecticides for storage of wheat
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grains, flour and their byproducts.

Conflict of interests
The Authors have no conflict of interest.

Author’s contribution
Kazam Ali: Collected experimental material,
performed the experiments, analyzed the data
and wrote the article

Muhammad Sagheer, Mansoor ul Hasan and
Abdul Rashid: Developed protocols for plants
extracts and their lethal impacts and also
supervised the studies.

Muhammad Shahid: Developed protocols
and supervised the enzyme studies of insects.

Acknowledgments

We acknowledge the contribution of the
anonymous reviewers for their comments and
suggestions for the improvement of this
manuscript. The authors are also thankful to the
Higher Education Commission (HEC) of
Pakistan for providing financial assistance as a
PhD scholarship to the first author, the research
article is extracted from PhD thesis.

References

Abbott, W. S. 1925. A method of computing the
effectiveness of an insecticide. Journal of
Economic Entomology, 18: 265-267.

Abdelgaleil, S. A. M., Mohamed, M. 1. E.,
Badawy, M. E. L. and El-arami, S. A. A.
2009. Fumigant and contact toxicities of
monoterpenes to Sitophilus oryzae (L.) and
Tribolium castaneum (Herbst) and their
inhibitory effects on acetylcholinesterase
activity. Journal of Chemical Ecology, 35:
518-525.

Ahmad, B., Mukarram, S. M., Khan, H.,
Hassan, M. and Shan, J. 2007a. Enzyme
inhibition activities of Teucrium royleanum.
Journal of Enzyme Inhibition and Medicinal
Chemistry, 22: 730-732.

Ahmad, B., Shan, S. M., Bashir, S. and Shan, J.
2007b. Enzyme inhibition activities of
Andrachne cordifolia Mulle. Journal of

105

Enzyme Inhibition and Medicinal
Chemistry, 22: 235-238.
Ahmed, M., Ahmed, M., Thayyil, H.,

Zameeruddin, K. and Ibrahim, M. 2008.
Antioxidative activity of Melia azedarach
Linn leaf extract. Iranian Journal of
Pharmacology and Therapeutics, 7: 31-34.

Ali, K., Sagheer, M., Hasan, M. and Rashid, A.
2017. Impact of extracts of Azadirachta
indica and Datura inoxia on the esterases
and phosphatases of three stored grains
insect pests of economic importance.
Pakistan Journal of Agricultural Sciences,
54:71-81.

Anwar, M., Ashfaq, M., Hasan, M. and Anjum,
F. M. 2005. Efficacy of Azadirachta indica
oil on bagging material against some insect
pests of wheat stored in warchouses at
Faisalabad. Pakistan Entomologist, 27: 1-5.

Breuer, M., Hoste, B., Loof, A. D. and Naqvi,
S. N. H. 2003. Effect of Melia azedarach
extract on the activity of NADPH-
cytochrome c reductase and cholinesterase
in insects. Pesticide Biochemistry and
Physiology, 76: 99-103.

CABI, 2007. Tribolium castaneum (red flour
beetle) = Datasheet. = Crop  Protection
Compendium, CAB International Publishing.
Wallingford, UK.

Carpinella, C., Ferrayoli, C. and Palacios, M.
2005. Antifungal synergistic effect of
scopoletin, a hydroxycoumarin isolated
from Melia azedarach L. fruits. Journal of
Agricultural and Food Chemistry, 53:
2922-2927.

Carpinella, M. C., Defago, M. T., Valladares,
G. and Palacios, S. M. 2003. Antifeedant
and insecticide properties of a limonoid
from Melia azedarach (Meliaceae) with
potential use for pest management. Journal
of Agricultural and Food Chemistry, 15:
369-674.

Coppo, J. A., Mussart, N. B. and Fioranelli, S.
A. 2002. Physiological variations of
enzymatic activities in blood of Bullfrog,
Rana catesbeina (Shaw, 1802). Revista
Veterinaria, 12: 22-27.

Damayanthi, B. T. and Karunaratne, S. H. P. P.


https://dorl.net/dor/20.1001.1.22519041.2021.10.1.11.5
https://jcp.modares.ac.ir/article-3-43356-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-04-11 ]

[ DOR: 20.1001.1.22519041.2021.10.1.11.5]

Bioactivity of medicinal plants as toxicants

J. Crop Prot.

2005. Biochemical characterization of
insecticide resistance in insect pests of
vegetables and predatory ladybird beetle.
Journal of the National Science Foundation
of Sri Lanka, 33: 115-122.

Defago, M., Valladares, G., Banchio, E.,
Carpinella, C. and Palacios, S. 2006.
Insecticide and antifeedant activity of
different plant parts of Melia azedarach on
Xanthogaleruca luteola. Fitoterapia, 77:
500-505.

El-Naggar, M. E., Abdel-Sattar, M. M. and
Mosallam, S. S. 1989. Toxicity of
colocynithin and hydrated colocynithin from
alcoholic extract of Citrullus colocynthis
pulp. Journal of the Egyptian Society of
Parasitology, 19: 179-185.

Hong, T. and Ellis, R. 1998. Contrasting seed
storage behaviour among different species of
Meliaceae. Seed Science and Technology,
26: 77-95.

Igbal, J., Irshad, M. and Baloch, U. K. 1992,
Insects of stored cereals and their ecology.
Proc. FAO Training of Trainers Course on
Integrated Pest Management in Food
grains, 29 May to 10 June 1989, Islamabad.
Pp. 23-28.

Isman, M. B. 2006. Botanical insecticides,
deterrents, and repellents in modern
agriculture and an increasingly regulated
world. Annual Review of Entomology, 51:
45-66.

Kang, J. S., Kim, E., Lee, S. H. and Park, 1. K.
2013. Inhibition of acetylcholinesterases of
the pinewood nematode, Bursaphelenchus
xylophilus, by phytochemicals from plant
essential oils. Pesticide Biochemistry and
Physiology, 105: 50-56.

Karunakaran, C., Jayas, D. S. and White, N. D.
G. 2004. Mass determination of wheat
kernels from X-rey images. Biosystems
Engineering, 87(3): 267-274.

Parakrama Karunaratne, S. H. P. 1998.
Insecticide resistance in insects. Ceylon
Journal of Science Biological Sciences, 25:
72-99.

Khan, H., Khan, M. A. and Hussan, 1. 2007.
Enzyme inhibition activities of the extracts

106

from rhizomes of Gloriosa superba Linn.
(Colchicaceae).  Journal of  Enzyme
Inhibition and Medicinal Chemistry, 22:
722-725.

Khan, T., Ahmad, M., Nisar, M., Ahmad, M.,
Lodhi, M. A. and Choudhary, M. 1. 2005.
Enzyme inhibition and radical scavenging
activities of aerial parts of Paeonia emodi
Wall (Paeoniaceae). Journal of Enzyme
Inhibition and Medicinal Chemistry, 20:
245-249.

Kim, D. H., Yoon, B. H., Kim, Y. W, Lee, S.,
Shin, B. Y., Jung, J. W., Kim, H. J., Lee, Y. S.,
Choi, J. S., Kim, S. Y., Lee, K. T. and Ryu, J.
H. 2007. The seed extract of Cassia obtusifolia
ameliorates learning and memory impairments
induced by scopolamine or transient cerebral
hypoperfusion in  mice. Journal of
Pharmacological Sciences, 105: 82-93.

Kim, D. K. 2002. Inhibitory effect of corynoline
isolated from the aerial parts of Corydalis
incise on the acetylcholinesterase. Archives
of Pharmacal Research, 25: 817-819.

Kim, S. W., Kang, J. and Park, 1. K. 2013.
Fumigant toxicity of Apiaceae essential oils
and their constituents against Sitophilus
oryzae and  their  acetylcholinesterase
inhibitory activity. Journal of Asia-Pacific
Entomology, 16: 443-448.

Koodalingam, A., Mullainadhan, P. and
Arumugam, M. 2011. Effects of extract of
soapnut Sapindus emarginatus on esterases
and phosphatases of the vector mosquito,
Aedes aegypti (Diptera: Culicidae). Acta
Tropica, 118: 27-36.

Lassiter, M. T., Apperson, C. S. and Roe, R. M.
1995. Juvenile hormone metabolism during
the fourth stadium and pupal stage of the
southern house mosquito, Culex
quinguefasciatus Say. Journal of Insect
Physiology, 41: 869-876.

Lowe, S. M., Browne, S., Boudjelas S. and
DePoorter, M. 2000. 100 of the World's
Worst Invasive Alien Species: A selection
from the Global Invasive Species Database.
Invasive Species Specialist Group, World
Conservation Union (JUCN). Available on
line at issg. Org/booklet.


https://dorl.net/dor/20.1001.1.22519041.2021.10.1.11.5
https://jcp.modares.ac.ir/article-3-43356-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-04-11 ]

[ DOR: 20.1001.1.22519041.2021.10.1.11.5]

Ali et al.

J. Crop Prot. (2021) Vol. 10 (1)

Luo, L., Loon, J. J. A. V. and Schoonhoven, L.
M. 1995. Behavioural and sensory responses
to some neem compounds by Pieris
brassicae larvae. Physiological Entomology,
20: 134-140.

Majerus, P. W., Kisseleva, M. V. and Norris, F.
A. 1999. The role of phosphatases in inositol
signaling reactions. The Journal of
Biological Chemistry, 274: 10669-10672.

Mujeeb, K. A. and Shakoori, A. R. 2012. Effect
of Fury, a synthetic pyrethroid on esterases
of different developmental stages of stored
grain pest, Red Flour Beetle, Tribolium
castaneum (Herbst.) - Spectrophotometric
Analysis. Pakistan Journal of Zoology, 44:
601-613.

Nathan, S. S. and Kim, S. 2005. Effects of
Melia azedarach L. extract on the teak
defoliator ~ Hyblaea  puera Cramer
(Lepidoptera: Hyblaeidae). Crop Protection,
25:287-291.

Nathan, S. S., Choi, M. Y., Seo, H. Y., Paik, C.
H., Kalivani, K. and Kim, J. D. 2008. Effect
of azadirachtin on acetylcholinesterase
(AChE) activity and histology of the brown
plant hopper Nilaparvata lugens (Stal).
Ecotoxicology and Environmental Safety,
70: 244-250.

Nathan, S. S., Kalaivani, K., Murugan, K. and
Chung, P. G. 2005. The toxicity and
physiological effect of neem limnoids on
Cnaphalocrocis medinalis (Guenee) the rice
leaf folder. Pesticide Biochemistry and
Physiology, 81: 113-122.

Niewiada, A., Nawrot, J., Szafranek, J.,
Szafranek, B., Synak, E., Jelen H. and
Wasowicz, E. 2005. Some factors affecting
egg-laying of the granary weevil (Sitophilus
granarius L.). Journal of Stored Product
Researc, 41: 544-555.

Park, N. J. and Kamble, S. T. 1999. Distribution
and inhibition of esterases in body tissues of

susceptible and resistant German
cockroaches  (Dictyoptera:  Blattellidae).
Annals of Entomological Society of

America, 92: 556-562.
Prakash, A. J., Rao, I. C. and Mathur, K. C.
1987. Rice Storage and insect pests

107

management. BR Publishing Corporation,
New Delhi, pp, 337.

Pravin, B., Tushar, D., Vijay, P. and
Kishanchnad, K. 2013. Review on Citrullus
colocynthis. International Journal of Research
in Pharmacy and Chemistry, 3: 46-53.

Rajendran, S. and Sriranjini, V. 2008. Plant
products as fumigants for stored-product
insect. Journal of Stored Product Research,
44:126-135.

Roy, S. S. 2002. Some toxicological aspects of
chlorpyrifos to the intertidal fish,
Boleophthalmus dussumieri. PhD Thesis
University of Mumbai India, pp. 52-71.

Sagheer, M., Hasan, M., Rashid, A., Ali, K.,
Majid, A. and Khan, F. Z. A. 2014. Growth
regulatory activities of indigenous plant
extracts against red flour beetle, Tribolium
castaneum (Herbst) (Coleoptera:
Tenebrionidae).  Pakistan  Journal  of
Agricultural Sciences, 51: 991-995.

Shanmugavelu, M., Baytan, A. R., Chesnut, J.
D. and Bonning B. C. 2000. A novel
protein that binds juvenile hormone
esterase in fat body tissues and pericardial
cells of the tobacco horn worm, Manduca
sexta L. The Journal of Biological
Chemistry, 275: 1802-1806.

Shekari, M., Sendi, J. J., Etebari, K., Zibaee, A.
and Shadparvar, A. 2008. Effects of
Artemisia annua L. (Asteracea) on nutritional
physiology and enzyme activities of elm leaf
beetle, Xanthogaleruca Iuteola  Mull.
(Coleoptera: ~ Chrysomellidae).  Pesticide
Biochemistry and Physiology, 91: 66-74.

Smirle, M. J., Lowery, T. and Zurowski, C. L.
1996. Influence of neem oil on
detoxification enzyme activity in the oblique
banded leaf roller, Choristoneura
rosaceana. Pesticide Biochemistry and
Physiology, 56: 220-230.

Soam, P. S., Singh, T. and Vijayvergia, R.
2013. Citrullus colocynthis (Linn.) and Luffa
acutangula (L.) roxb, schrad source of
bioinsecticides and their contribution in
managing climate change. International
Journal of Applied Biology and
Pharmaceutical Technology, 4: 7-9.


https://dorl.net/dor/20.1001.1.22519041.2021.10.1.11.5
https://jcp.modares.ac.ir/article-3-43356-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-04-11 ]

[ DOR: 20.1001.1.22519041.2021.10.1.11.5]

Bioactivity of medicinal plants as toxicants

J. Crop Prot.

Srinivas, R., Udikeri, S. S., Jayalakashmi, S. K.
and Sreeramulu, K. 2004. Identification of
factors responsible for insecticide resistance
in Helicoverpa armigera. Comparative
Biochemistry and Physiology, 137: 61-269.

Ukeh, D. A., Oku, E. E., Udo, 1. A, Nta, A. 1. and
Ukeh, J. A. 2012. Insecticidal Effect of Fruit
Extracts from Xylopia aethiopica and
Dennettia  tripetala  (Annonaceae) against
Sitophilus oryzae (Coleoptera: Curculionidae).
Chilean Journal of Agricultural Research, 72:
195-200.

Valladares, G., Defago, M. T., Palacios, S. M.
and Carpinella, M. C. 1997. Laboratory
evaluation of Melia azedarach (Meliaceae)

108

extracts against the elm leaf beetle
(Coleoptera: Chrysomelidae). Journal of
Economic Entomology, 90: 747-750.

Wang, X., Li, Q., Shen, L., Yang, J., Cheng, H.,

Jiang, S., Jiang, C. and Wang, H. 2014.
Fumigant, contact, and repellent activities of
essential oils against the darkling beetle,

Alphitobius diaperinus. Journal of Insect
Science, 14: 1-11.

White, N. D. G. and Leesch, J. G. 1996.

Chemical control. In: Subramanyam, B. and
Hagstrum, D. W. (Eds.), Integrated
Management of Insects in Stored Products.
Marcel Dekker, New York-Basel-Hong
Kong, pp. 287-330.


https://dorl.net/dor/20.1001.1.22519041.2021.10.1.11.5
https://jcp.modares.ac.ir/article-3-43356-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-04-11 ]

[ DOR: 20.1001.1.22519041.2021.10.1.11.5]

Ali et al. J. Crop Prot. (2021) Vol. 10 (1)

GBI Ol pie ply 50 00351 003,1830 pgow lancds 29,10 (LS sbao,lac  w ) codled

sl

Tt oo 9 b s Il jpaio il dome e pbIS

Sl gt dgly 8 5 635 p0 sl mmspale 5 (5555laS (Medlin 3550 )
OLSly oblbasd 55,5l olRasls « ouliio i 09,5 =¥

STy bl fad ((55,5LaS oKl (2L psliiiislons 09,5 Y

(LS bl fard (55 )5laS oAl ¢ cordign 09,5 -F

k.ali@cabi.org :a.5l Jgtus odinusgi (g xSl oy

A8 00 18 by TR 0l VY wndly o

Citrullus colocynthis gz g ailgacn oS ojlas Sug) codled b5, slp pols Linghs 10duSs
Tribolium 1 ai i Joli pgo (5, Ll &8l 0 i > aw ade Melia azedarach IRy Sy
o pldl Sitophilus granarius g ails 9 Trogoderma granarium 338 4 castaneum
JoS 52,516 (0-CE) 15l (oS 5 ST (ACKE) Sl sl 558 il 251 Jlgm ol 5
98 40 Camass 058> 45365 aw 40 (ALP) la;blawsd o JIUT § (ACP) la;blawd ool ( B-CE) il
T Al 0 e S e ST ol obylas 0 Ve 5 V0 N e 0 cdale a0 olS o)l
00l S polie ST paiS dad g 0,0 ddd (o 0 sadlive &l g Lawgi (duo,o YF/TA)
oS ojlas 39 &b 5 oslas bawgs 0o )3 YAAD g Yo/AV L 2l oo e jegS o 12
e paS ded g iy aded oyl At d o ol ) 5esS e Gl (ke Jezel wlgaie
03 S Sl 5l oS o,lac g0 ;2 4 S 0,5 Coll beaidl o9 duoyo VPIAR g YANA YVAY L Ll
OlalS slao,lac (om0 o Ol it (8,5 15 anils sad (halejl Ot GladisS (55, (olie
ombe;l sloes 35l aen .0l ALP g ACP B-CE «0-CE AChE slaws 31 jlo e lgs 4y yonio 35
oLS ojlac joan il SouS e yiSlas aloen; olS ojlas lawgi o pis dw ;0 00
00,5 e yide Ty @ Al 5 poiS A 0 ACP g i adind (0 0-CE oS gzl algoin
ol pli ecils (65 o }*"l—“ Sl ST (9, mbinyga; oS ojlac 45 s o ()Lis b
Cblis gl gl ppo slra rokae (R0l S plsieas ouls aslllae LS (loolas

Cdom 03iiS O3 eae 3T 5l oLl BT s guuds” 5 51g

109


https://dorl.net/dor/20.1001.1.22519041.2021.10.1.11.5
https://jcp.modares.ac.ir/article-3-43356-en.html
http://www.tcpdf.org

