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Abstract: The cabbage aphid, Brevicoryne brassicae L. (Hemiptera:
Aphididae), is an important pest of canola that can considerably limit crop
production through direct or indirect damage. In this study, the effects of
Azadirachtin, Tondexir, Palizin, and Thiamethoxam, common insecticides used
in managing the cabbage aphid, were investigated on the population growth
parameters of this pest. Based on the results, the LCso values for Thiamethoxam,
Palizin, Azadirachtin, and Tondexir were 0.19, 0.63, 1.00, and 3.82 g/L,
respectively. Moreover, LCs concentrations of Thiamethoxam, Palizin,
Aczadirachtin, and Tondexir were 0.11, 0.10, 0.41, and 1.68 g/L, respectively,
applied in the sublethal studies. The cabbage aphids reared on the plants treated
with these insecticides had lower longevity, fecundity, and reproductive period
than the control treatment. The intrinsic rate of increase (rm), finite rate of
increase (A), net reproductive rate (Ro), and generation time (T) were lower on
Thiamethoxam treatment. Tondexir and Palizin treatments had lower values
than Azadirachtin. However, there was no significant difference between the
Tondexir and Palizin treatments. The population treated by Azadirachtin had the
highest values of growth parameters. According to the results and available
information in the context of risk assessment of the studied insecticides, this
research recommends the application of Thiamethoxam in the integrated pest
management of cabbage aphid.

Keywords: Demographic toxicology, Life table, Botanical insecticides,
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Introduction

The cabbage aphid, Brevicoryne brassicae L.
(Hem: Aphididae), is native to Europe and has a
worldwide distribution (Rivnai, 1962). The
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cabbage aphid is one of the most important pests
of plants belonging to Brassicaceae, and is
generally distributed in all regions of Iran
(Farahbakhsh, 1961). It attacks leaves, stems,
and flowers and in case of severe infestations can


https://www.magiran.com/author/profile/324902/%D8%B3%D8%B9%DB%8C%D8%AF-%D9%85%D8%AD%D8%B1%D9%85%DB%8C-%D9%BE%D9%88%D8%B1
https://www.magiran.com/author/profile/324902/%D8%B3%D8%B9%DB%8C%D8%AF-%D9%85%D8%AD%D8%B1%D9%85%DB%8C-%D9%BE%D9%88%D8%B1
mailto:m.lashkari@kgut.ac.ir؛
https://jcp.modares.ac.ir/article-3-67439-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-15]

Sublethal effects of some biorational pesticides

J. Crop Prot.

cause young plant death (Farahbakhsh, 1961).
The cabbage aphid also interrupts
photosynthesis through its honeydew secretion
and creates an environment for the growth of
black mold fungus (Anwar and Shafique, 1999;
Ellis et al., 2000).

Despite having many natural enemies, the
cabbage aphid is not completely controlled by
them due to its rapid reproduction (Van Emden
and Harrington, 2007). Currently, chemical
pesticides are often used to control this pest.
Unfortunately, natural insect enemies, e.g.,
parasitoids and predators, are most susceptible to
insecticides and are severely affected. Moreover,
pesticide application has adverse effects, such as
toxic residues on agricultural products, aphid
resistance, and environmental pollution (Van
Lenteren, 2003). These concerns have led to
increased restrictions on the use of pesticides
(Wright and Welbourn, 2002).

Growing attention has been given to using
environmentally friendly insecticides in the
recent decade. The primary active ingredient in
neem trees, Azadirachtin, is a potent antifeedant
and insect development disruptor with deficient
residual power and toxicity to biocontrol agents
(Kilani-Morakchi et al., 2021). Thiamethoxam,
marketed as Actara® for foliar and soil
treatment, is the first commercially available
second-generation neonicotinoid. Low use rates,
flexible application methods, excellent efficacy,
and a favorable safety profile make it well-suited
for integrated pest management programs
(Maienfisch et al., 2001).

In addition to investigating the direct or acute
effect of insecticides, which is determined by
median lethal dose (LDsg) and median lethal
concentration  (LCsp) indices,  sublethal
concentrations of insecticides can chronically
affect the insect population. Although the impact
of insecticides on insect populations is generally
estimated in laboratory conditions, based on
LDsy and LCso indices, this method estimates
only by the lethal effect indices. Therefore,
demographic toxicology studies, or the effect of
toxins on the life table parameters of insects, are
recommended, which provide more accurate
information  (Robertson et al., 1992).
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Demographic toxicology is an ecotoxicological
technique that incorporates life-table parameters
in the context of toxicology (Stark and
Wennergren, 1995). Life-table parameters of
populations exposed to various pollutant
concentrations are predicted under laboratory
conditions. Since ecological and toxicological
parameters are combined, the general
assumption is that predictions of the effects of
pollutants at the population level can be made
(Stark and Wennergren, 1995).

We need to know more about the typical
insecticides used for cabbage aphid. Some non-
chemical insecticides, such as Azadirachtin,
Palizin, and Tondexir, are commonly used,
formally or informally, on cabbage aphid.
Therefore, the objective of this study was to
evaluate their sublethal effects and compare
them with a well-known chemical insecticide,
Thiamethoxam, on population growth rates
parameters of cabbage aphid on rapeseed plants.

Materials and Methods

A cabbage aphid population was collected from
Kerman Province, Iran canola fields. The
collected population was reared on canola
seedlings, var. Nepton in the laboratory at 20 £
2 °C, 60 £ 10% RH, and a 16:8 h L:D regimen
photoperiod. This colony was used as a source
for all laboratory experiments. The 4-5 leaf stage
plants were used in acute and chronic toxicity
tests (Lashkari et al., 2007).

The following formulations were used:
Azadirachtin  (Neem Azal®, EC 1%,
formulated by Trifolio-M.), Thiamethoxam
(Actara®, 25% WG, Syngenta Inc), Tondexir
(Tondexir®, EC 80%, Kimia Sabzavar Co.)
and Palizin (Palizin®, SC 65%, Kimia
Sabzavar Co.).

To estimate LCsy and LCs values, the
bioassay tests were done with the leaf-deep
method in the 4-5 leaves stage of the canola
(Lashkari et al., 2007). Canola leaves containing
1%t instar nymphs of aphids were dipped for 5 s
in the insecticide dilutions of the formulated
compounds or deionized water as control. Then,
allow it to air dry for 30 min. Four replicates of
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at least 20 aphids in leaf clip-on cages were used
for each insecticide concentration, and five serial
concentrations were used for each insecticide.
Mortality was assessed after 48 h. The
experiments were conducted at 20 + 2 °C, 60% +
5% RH, and a photoperiod of 16: 8 h L: D.

The life history parameters of cabbage aphids
were predicted with LCs concentrations of
commercial formulations of the insecticides. The
experiments also were carried out using clip
cages. Adult apterous aphids individually were
placed on each clip cage. A total of 30 clip cages
were used in each treatment. After 24 h, adult
aphids and all nymphs except one were removed.
The treatments were done the same way as
determining the lethal dose. Each cage was
monitored daily until the maturity of the aphids
to determine the nymphal developmental time
and survival rate of B. brassicae for each
treatment. After maturity, daily observations
were followed until each female aphid died. The
number of nymphs produced per female aphid
was recorded daily, and then nymphs were
removed entirely from the cages. The obtained
data was used to determine the population
growth parameters.

The LCso and LCsz were determined by
Probit analysis, POLO-PC. The raw life history
data were analyzed using the TWOSEX-
MSChart program (Chi, 2019). The age-stage
specific survival rate (sx) (where x is the age
and j is the stage), age-stage specific fecundity
(), age-specific survival rate (ly), age-specific
fecundity (my), age-specific maternity (Ixmy),
age-stage life expectancy (ex) and reproductive
value (vy) were evaluated from the daily

records of the survival and fecundity of all
individuals. Moreover, the fertility life table
parameters, including the intrinsic rate of
natural increase (rm), net reproductive rate (Ro),
finite rate of increase (1), and mean generation
time (T), were estimated. The means and
standard errors of life table parameters were
determined using the bootstrap technique
(Huang and Chi, 2012) with 100,000
resamplings in the TWOSEX-MSChart
program. The paired bootstrap test was used to
evaluate the differences between treatments.

Results

The bioassay tests showed LCs and LCso values
with 95% confidence limits for the first instar
nymphs of cabbage aphids 48 h after treatment
(Table 1). Based on the results (LCsp), more
toxicity was observed in the treatments of
Thiamethoxam, Palizin, Azadirachtin, and
Tondexir, respectively. Thiamethoxam was 3.26,
5.15, and 19.73 times more toxic than Palizin,
Azadirachtin, and Tondexir, respectively.

The results of biological parameters of
cabbage aphid exposed to the sublethal
concentration of insecticides showed that the
pre-adult period, mean longevity, fecundity, and
reproduction period were significantly different
between the treated populations (P < 0.01)
(Table 2). There was no significant difference in
the pre-adult period among the three treatments:
Azadirachtin, Palizin, and Tondexir. However,
tested treatments significantly influenced this
aphid's longevity, reproductive period, and
fecundity (Table 2).

Table 1 Susceptibility of the first instar nymphs of cabbage aphids to treatments of Azadirachtin, Thiamethoxam,

Tondexir, and Palizin.

Insecticide n Slope + SE LCso (g/L) LCso (g/L) df Heterogeneity — x?
95% C. L. 95% C. L.

Thiamethoxam 480 2.45+0.335 0.194 0.119 3 0.995 0.995
(0.057-0.613) (0.013-0.158)

Azadirachtin 480 1.369+0.21 1.00056 0.414 3 0.00837 4.35
(0.910-1.106) (0.341-0.531)

Tondexir 480 1.708 £ 0.466 3.829 1.6826 3 0.0724 7.24
(2.349-4.404) (1.594-3.256)

Palizin 480 5.13+£0.173 0.634 0.1068 3 1.2489 1.115

(0.0289-8.724)

(0.0123-0.1711)

C. L., confidence limits.
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Values of Rg, rm, 4, GRR, and T on Control
were higher than those exposed to sublethal
concentrations (P < 0.01). There was also a
significant difference among the biological
parameters of the treated populations, as the
parameters were higher in Azadirachtin and
lower in Thiamethoxam insecticides (P < 0.01)
(Table 3). There was no significant difference
between the remaining insecticides, Palizin and
Tondexir.

The age-stage specific survival rate (sy) curve
showed a relatively similar pattern in the
different treatments, as the average adult
emergence in control, Azadirachtin, Tondexir,
Palizin, and Thiamethoxam treatments occurred
on 6.25, 6.06, 6.04, 592 and 5.7 days,
respectively. The probability that a nymph
would survive to the adult stage was 90, 67.67,
66.33, 66.24, and 59.74% for control,
Azadirachtin, Palizin, Tondexir, and
Thiamethoxam, respectively (Fig. 1).

The I, curve indicated survival declined in the
pre-adult period after days 2-3 in all treatments
except for Thiamethoxam, which declined after

day 1. Then, the curve slowly fell in the adult
period until the death of the last adult. Death of
the last female under treatments of Control,
Azadirachtin, Tondexir, Palizin, and
Thiamethoxam occurred on days 25, 20, 20, 19,
and 17, respectively (Fig. 2). The age-specific
fecundity (my) and the age-specific maternity
(Ixmy) are also shown in Fig. 2. The highest peaks
of mx and Ixmy were 10.13 on control (day 14),
10.82 on Azadirachtin (day 12), 6.33 on
Tondexir (day 11) and 6.19 on Palizin (day 11)
and 5.11 on Thiamethoxam (day 11) (Fig. 2).

The reproductive value (vy) gives the
expected contribution of individuals of age x and
stage j (Fig. 3). Atage 0, the reproductive values
(vo1) were 41.94 (at day 11), 38.43 (at day 11),
25.12 (at day 10), 24.83 (at day 10) and 18.38 (at
day 10) for control, Azadirachtin, Tondexir,
Palizin and Thiamethoxam, respectively.

The life expectancies (ex) curve at age 0 (eo1)
were 13.98, 9.97, 9.33, 9.18, and 7.23 days in
treatments of Control, Azadirachtin, Tondexir,
Palizin, and Thiamethoxam insecticides,
respectively (Fig. 4).

Table 2 Pre-adult period, longevity, fecundity, and reproduction period of cabbage aphid, Brevicoryne brassicae,
populations exposed to Azadirachtin, Tondexir, Palizin, and Thiamethoxam.

Treatment Pre-adult period (day) Adult longevity (day) Fecundity (off Reproduction period
spring/female/day) (day)

Control 6.25+0.11% 24.49 £0.94° 107.20 + 6.55 13.36 +0.122

Azadirachtin 6.06 +0.11° 19.18 + 0.68° 63.80 + 2.64° 8.31+0.12°

Palizin 5.92 +£0.11° 18.02 + 0.65° 41,52 +2.15° 8.00 £0.12°

Tondexir 6.04 £0.12° 18.58 + 0.65° 41.67 £2.01° 7.91+£0.13°

Thiamethoxam 5.70+0.11¢ 15.27 +0.5¢ 2512 +1.15¢ 5.75 +0.15¢

Means in a column followed by the same letter are not statistically different (Paired bootstrap test, P<0.01).

Table 3 Estimating biological parameters (Mean + SE) of cabbage aphid populations exposed to Azadirachtin,
Tondexir, Palizin, and Thiamethoxam.

Treatment Intrinsic rate of increase  Net rate of reproduction  Finite rate of increase ~ Gross reproductive Generation time
(rm) (day™) (Ro) (off springs) () (day?) rate (GRR) (off springs) (T) (day)
Control 0.259 £ 0.012 43.97 £5.942 1.295+0.0132 100.29 + 7.55° 14.6 £0.182
Azadirachtin 0.236 +0.01° 22.33+3.3° 1.266 + 0.015° 61.58 + 4.09° 13.25 +0.15°
Palizin 0.197 £ 0.01° 13.70 £ 2.02°¢ 1218 +0.014°¢ 41.63+£2091° 13.16 £ 0.21°
Tondexir 0.199 £0.01° 13.75+2.02°¢ 1.220+0.015°¢ 41.15+28° 13.16 +0.2°¢
Thiamethoxam  0.146 + 0.03¢ 6.03+1.17¢ 1.157 +0.018¢ 25.89 +2.794 12.28+0.17¢

Means in a column followed by the same letter are not statistically different (Paired bootstrap test, P <0.01).
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Figure 1 Age-stage specific survival rate (sy) of cabbage aphid, Brevicoryne brassicae, on canola plants treated
with Azadirachtin, Tondexir, Palizin, and Thiamethoxam.

Discussion

Our results showed that the sublethal
concentrations of applied insecticides in cabbage
aphid control caused significant effects on
survival, reproduction, and longevity. In a
similar study, Romasi et al. (2021) investigated
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the impact of Tondexir and Palizin on the life
table parameters of the cabbage aphid population
from Khorasan Provinces on canola (Romasi et
al., 2021). They showed that the life table
parameter of treated aphids was negatively
affected, as the intrinsic rate of population
increase was 0.27, 0.21, and 0.2 per day for
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control, Palizin, and Tondexir, respectively
(Romasi et al., 2021). Our results are near their
findings. The sublethal concentration (LCzs) of
Palizin on Aphis gossypii Glover significantly
reduced the biological indicators, such as
intrinsic rate of population increase, net rate of
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reproduction, and finite rate of population
increase (Amini Jam, 2013). Moreover, using
Palizin (in 2000 ppm) has been effective on a
population of A. gossypii. Still, because of the
possibility of plant toxicity, it should not be used
at temperatures above 30 °C (Baniameri, 2006).
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Figure 2 Age-specific survival rate (ly), age-specific fecundity (my), and age-specific maternity (Ixmy) of
cabbage aphid, Brevicoryne brassicae, on canola plants treated with Azadirachtin, Tondexir, Palizin and

Thiamethoxam.
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Figure 3 Age-stage reproductive value (V) of cabbage aphid, Brevicoryne brassicae, on canola plants treated

with Azadirachtin, Tondexir, Palizin and Thiamethoxam.

In other studies on non-chemical insecticides,

the sublethal concentrations of bergamot, Laurus
eucalyptus,

nobilis,

and

Eucalyptus

camaldulensis, extracts (Hosseini Amin et al.
2013), Galbanum, Ferula gummosa, and Cumin,

Cuminum cyminum, extracts (Kiani, 2015) have
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significantly decreased the lifespan parameters
of cabbage aphid populations.

In a study, the effect of Thiamethoxam,

Thiacloprid, and the insect pathogenic fungus,
Lecanicillium longisporum, was investigated on
cabbage aphid in greenhouse conditions. The
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results showed that the simultaneous use of sub-
lethal concentrations of the insecticides with the
pathogenic fungus has greater effects in reducing
the biological parameters of cabbage aphids
(Taheri, 2013).

The effective blending of biological and
chemical control in an IPM program also depends
on understanding how pesticides affect natural
enemies. Little research has been done on the
sublethal effects of pesticides on natural enemies,

+— nl
—— n2
—a— n3
—a— nd
— — female

Life expectancy

although many studies have been done on the lethal
effects of pesticides on natural enemies. Studies on
the sublethal effects of insecticides on natural
enemies can provide important information about
the compatibility of chemical and biological
control as well as the effect of insecticides on
natural enemies. Amini Jam (2017) studied the
sublethal effect of palizin on Aphis fabae Scopoli
and the functional response of the parasitoid wasp,
Lysiphlebus fabarum (Marshall).

Life expectancy

Life expectancy

Age (day)

Palizinll'\

[ 5 10 15 20 25 30

Age (day)

Figure 4 Age-stage specific life expectancy (eyj) of cabbage aphid, Brevicoryne brassicae, on canola plants treated

with Azadirachtin, Tondexir, Palizin, and Thiamethoxam.
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Their results revealed no differences in the
functional response parameters between the
treated and untreated populations. They
suggested that Palizin is a suitable candidate for
controlling A. fabae in combination with L.
fabarum (Amini Jam, 2017). Moreover, Abedi
et al. (2012) investigated the lethal and
sublethal  effects of two commercial
formulations of Azadirachtin on Hebrobracon
hebetor (Say). They reported a reduction in the
lifespan of the insects (Abedi et al., 2012).

Conclusion

It is well known that pesticides can affect not
only the target insects but also non-target
organisms, the environment, and humans by
pathways including wind, rainfall, surface
runoff, and treated crops. Thus, pesticide residue
analysis and the risk assessment of pesticides are
necessary for not only IPM but also for
environment and food safety. According to the
obtained results and the literature review on the
risk assessment of the studied insecticides, this
study recommends Thiamethoxam for use in
IPM of the studied pest. The results of this study
cannot recommend using Tondexir in the IPM of
the studied pest because there is no available
confirmed evidence on its risk assessment.
Despite informal use by farmers, it is not
registered by the responsible organization in Iran
(i.e., Plant Protection Organization). Finally, it is
suggested to 1) conduct risk assessment studies
of Tondexir, such as its effect on non-target
insects, environments, human health, and
Phytotoxicity, and 2) combine sub-lethal
concentrations of the recommended insecticides
with entomopathogenic fungi.

Acknowledgments

The authors would like to thank the reviewers for
all their useful comments on the previous
manuscript draft. This research has been
supported by the Institute of Science and High
Technology and Environmental Sciences,
Graduate University of Advanced Technology,
Kerman, lran.

411

References

Abedi, Z., Saber, M., Gharekhani, G., Mehrvar,
A. and Mahdavi, V. 2012. Effects of
Azadirachtin, cypermetrin, methoxyfenozide
and pyridalil on functional response of
Habrobracon  hebetor  Say  (Hym.:
Braconidae). Journal of Plant Protection
Research, 52(3): 353-358 (in Persian).

Amini Jam, N. 2013. Lethal and sublethal effects
of three insecticides on Aphis gossypii Glover
and its parasitoid Aphidius matricariae
Haliday at laboratory conditions [master’s
thesis]. Ahvaz (Iran): Shahid Chamran
University (in Persian).

Amini Jam, N. 2017. Effect of botanical
insecticides, Dayabon® and Palizin® against
Aphis fabae Scopoli (Hem.: Aphididae) and
functional response of its parasitoid wasp,
Lysiphlebus fabarum (Marshall) (Hym.:
Braconidae). Journal of Plant Protection
Research, 7(4): 13-28 (in Persian).

Anwar, M. and Shafique, M. 1999. Relative
development of aphids on different Brassica
cultivars. Pakistan Journal of Zoology, 31:
357-359.

Baniameri, V. 2006. Investigating the effect of
different concentrations of insecticidal soap
in comparison with Metasystox insecticide in
controlling Aphis gossypii on cucumbers in
greenhouses. The final report of Iranian
Research Institute of Plant Protection,
Tehran, Iran (in Persian).

Chi, H. 2019. TWOSEX-MS Chart: A computer
program for the age-stage, two-sex life table
analysis.  http://140.120.197.173/Ecology/
Download/TWOSEX-MSChart 100000.rar.

Ellis, P. R., Kift, N. B., Pink, D. A. C., Juks, P.
L., Lynn, J. and Tatchell, G. M. 2000.
Variation in resistance to the cabbage aphid
(Brevicoryne brassicae) between and within
wild and cultivated brassicae species. Genetic
Resources and Crop Evolution, 47: 395-401.

Farahbakhsh, G. 1961. A Checklist of
Economically Important Insects and other
Enemies of Plants and Agricultural Products
in Iran. Plan Organization Press, Tehran (In
Persian).


https://jcp.modares.ac.ir/article-3-67439-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-15]

Sublethal effects of some biorational pesticides

J. Crop Prot.

Hosseini amin, S. B., Shahrokhi, Sh., Alinia, F.
and Khosroshahli, M. 2013. Insecticidal and
repellent effects of essential oils from laurel,
Laurus nobilis and eucalyptus, Eucalyptus
camaldulensis against cabbage aphid,
Brevicoryne brassicae. Biocontrol in Plant
Protection, 1(1): 1-11 (in Persian).

Huang, Y. B. and Chi, H. 2012. Age-stage, two-
sex life tables of Bactrocera cucurbitae
(Coquillett) (Diptera: Tephritidae) with a
discussion on the problem of applying female
age specific life tables to insect populations.
Insect Science, 19(2): 263-273.

Kiani, M. 2015. Fumigant toxicity of two
essential oils, Ferula gummosa and Cuminum
cyminum on biological parameters of the
cabbage aphid, Brevicoryne brassicae L.
(Hemiptera: Aphididae) [master’s thesis].
Shahed University, Tehran (Iran) (In
Persian).

Kilani-Morakchi, S., Morakchi-Goudjil, H. and
Sifi, K. 2021. Azadirachtin-Based Insecticide:
Overview, Risk Assessments, and Future
Directions. Frontiers in  Agronomy, 3.
https://doi.org/10.3389/fagro.2021.676208.

Lashkari, M. R., Sahragard, A. and Ghadamyari,
M. 2007. Sublethal effects of imidacloprid
and pymetrozine on population growth
parameters of cabbage aphid, Brevicoryne
brassicae on rapeseed, Brassica napus L.
Journal of Insect Science, 14: 207-212.

Maienfisch, P., Huerlimann, H., Rindlisbacher,
A., Gsell, L., Dettwiler, H., Haettenschwiler,
J. and Walti, M. 2001. The discovery of
thiamethoxam: a second-generation
neonicotinoid. Pest Management Science,
57(2): 165-176.

412

Rivnai, E. 1962. Field Crop Pests in the Near
East. W. Junk, Minnesota.

Robertson, J. L., Russell, R. M., Preisler, H. K.
and Savin, N. 1992. Pesticide Bioassays with
Arthropods. CRC Press, Boca Raton (FL).

Romasi, F., Vahedi, H., Moeeni Naghadeh, N. and
Mahmoudvand, M. 2021. The effect of
botanical insecticides Palizin® and Tondexir®
on cabbage waxy aphid, Brevicoryne brassicae
L. under laboratory conditions. Plant
Protection, 43(4): 71-90 (In Persian).

Stark, J. D. and Wennergren, U. 1995. Can
population effects of pesticides be predicted
from demographic toxicological studies?
Journal of Economic Entomology, 88(5):
1089-10609.

Taheri, M. 2013. Insecticidal effect of
thiamethoxam, thiacloprid and  the
entomopathogenic  fungus, Lecanicillium

longisporum on cabbage aphid, Brevicoryne
brassicae L. in greenhouse conditions
[master’s thesis]. The University of Urmia,
Urmia (Iran) (In Persian).

Van Emden, H. F. and Harrington, R. 2007.
Aphids as Crop Pests. CABI, Wallingford,
Oxford.

Van Lenteren, J. C., Babendreier, D., Bigler, F.,
Burgio, G., Hokkanen, H. M. T., Kuske, S.,
Loomans, A. J. M., Menzler-Hokkanen, 1., Van
Rijn, P. C. J., Thomas, M. B. and Tommasini,
M. G. 2003. Environmental risk assessment of
exotic natural enemies used in inundative
biological control. BioControl, 48: 3-38.

Wright, D. A. and Welbourn, P. 2002. The
Emergence of Environmental Toxicology as
Science, in Environmental Toxicology.
Cambridge Press, New York.


https://jcp.modares.ac.ir/article-3-67439-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-15]

Shahmohammadi et al. J. Crop Prot. (2023) Vol. 12 (4)

Lby slayinl yly jo shsaS slagisas] Sy ouiisS ) 4SS
Brevicoryne brassicae « pdS 090 4 Suroex

Guxo g Todlysylexzs WSy Tsda) soln (M Sl Loydaxs Gdaxoo i goew
BEBEIY

cbux o pode g Aldpdy s)edeiSS 5 pades oSy o HuojeeiS 098 )
NVLAD ] R S R S T RO | 6)514453‘-71_,?_&_.0‘-?1‘_90&_3«3)\_&@2_3 o LZa ! o

b golie g sioslasS @ieel o Oliyind 3S50 o ShigeluS oliydixs gy Y
col ol eolasS colasS oLl

co Ui ins ola)le o ebS Shiuo S olisins dwwio « Lagsas] oliins gin —¥
N N VS TS ST RS- S SN Py

m.lashkari@kgut.ac.ir @ 4, 510 Jgiwo o Liwa 5 S5 35S Sy

VECY 53T VY il £)E60) (e YY aslogo

pgo LT 31 S <Brevicoryne brassicae L. « pl S _0g0 43 :odaS>
2P0 cadn S gl 5o Loade paiiwesad g padlus O)lus
3 o= ¢ ST AAS SR Nl s LlagusSo pd>
JdS copode Ho ol sle@Sepds Gl adean) pluSsiolas
GO Im PSS ese S Comex Wby slepSel Hly s (0BT ool
slagSo yi> sl (LCs) owidSyu) ahle caulis plw! o .4
QoSS SIS g gadS sl 3T ety cplwSsialys
L oy Ty (LS s auS) Y/AY g N/ /Ay /04
sla@So yd> ¢l o (LCa0) sulaS ) ahls ¢ 0 ge 4
QoS s SIS g a3 ol 3T ety cplwSsSialys
.uL[:) JJ}T‘)_‘J (J\_}_&_] P PJ\S) \/1/\ 9 '/2\ a'/\' c'/\\
o gl luS sy bl gogun sleddd ol wlel o
0099 5 a0l come Jab sl ylo ol ;85 slaguSous> Ly odd
L D S L B L I L = I N P F N S | N R =
s « (M) Samaes gul 331 e Lo 2o« (m) Same ganl 531
0o () duwo S glo) odw g8 5lbis 5 (Ro) JSodades lls
sbajleas ol 51 dxo oso ,5pS  plaSgiolis Hlays
O s o ol de O 5eS sloly Giedly g ST
Jleo 5 aore> L oda Lo solod=rae wylas ylaa s g0 (ol
B 0_3)_30’1,\_“}_3 shoylo O_““}_,k}\)_“s.)\)T S 0 > Lo 0 A
00 Vdazga0 Oledbl g ol pwlwl y Lo by sle ol y Ly
xS ol cdaxdlbo dyee slegnSo o> Swoy Loyl ae)
Good 4ol Ho eoldbw!l Gg> 1) plwSgielas (uSo o

P S0 oy plS e 40

slagiSo ydi> ¢ Sa5) Jed> Sudl 4S50y wlidpw tedadS gLS5!,

413


mailto:m.lashkari@kgut.ac.ir؛
https://jcp.modares.ac.ir/article-3-67439-en.html
http://www.tcpdf.org

