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ABSTRACT

Background: Agrotis ipsilon (Hifn.), is known as a hazardous destructive pest for corn, Zea mays
(L.) in Egypt, where it negatively affects corn yield production. Using insecticides continuously were
sharply affected the progress of pest development in the field. The frequent uses of chemical
pesticides to protect field crops leads to the development of insecticide-resistant strains.

Aim: Evaluate the insecticidal effect of four plant extracts with insecticidal properties and a
chemical insecticide to control A. ipsilon using biological parameters and fertility life table. Also, to
estimate the effects of these insecticidal materials on population growth, developmental progress,
and nutritional indices and hence make recommendation of the type of insecticides to be used in
Integrated Pest Management Programs.

Methodology: 1- Tested materials: (1) chemical insecticide (Chlorfenapyr at 0.5% concentration).
(2) Four plant extracts (petroleum ether extracts of both Melia azedarach and Vinca rosea, and
alcohol & hexane extracts of Conyza aegyptiaca) at 5% concentration each.

*Corresponding author: E-mail: mgesraha@gmail.com;
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2- Tested insect: Agrotis ipsilon (the egg stage and the 4™ larval instar).

3- Bioassay: Eggs and larvae were treated with tested materials separately, then different
biological parameters were calculated.

4- Life table parameters: Life table parameters were calculate using the “Age-stage, two-sex life
tables” computer program.

Results: The obtained data revealed that petroleum ether extracts of V. rosea and M. azedarach

were the best antifeedant agents against the 4" arval instar of A. ipsilon. The female longevity was

significantly shortened under the effect of both treatments of M. azedarach and Challenger

insecticide. All tested materials reflected an effective decline in the female ability for laying eggs,

where this effect was obvious in the case of M. azedarach and Challenger insecticide treatments. It

was found that the Melia treatment prolonged the incubation and developmental periods for the

immature stages leading to a reduction of some life table parameters of A. ipsilon and also

increase the generation mean time.

Conclusion: The resultant data obtained in this work may help in the usage of plant extracts in the

advancement of IPM programs for the greasy cutworm, (Agrotis ipsilon) in Egypt.

Keywords: Greasy cutworm; Agrotis ipsilon; plant extracts; insecticidal agents; nutritional indices;
antifeedant; life table parameters.

ABBREVIATIONS

Cl : Consumption Index

AD : Approximate Digestability

ECI : The efficiency of Conversion of Ingested Food
ECD : The efficiency of Conversion of Digested Food
rm : The intrinsic rate of increase

Ro . Net Reproductive Rate

T: : Mean generation time

A : Finite rate of increase

IPM : Integrated Pest Management

1. INTRODUCTION net reproduction rate (R,), and the mean-time of

generation (T.)], probably describe the mass
The greasy cutworm, Agrotis ipsilon (Hufn), is  population. It was the main method to forecast
known as a hazardous destructive pest for corn,  the changes in the pest population dynamic [7].
Zea mays (L.) in Egypt, where it negatively
affects corn yield production. Using insecticides  This work was designed to evaluate the effect of
continuously were sharply affected the progress some plant extracts with insecticidal properties
of pest development in the field [1]. The frequent and a chemical insecticide to control A. jpsilon in
uses of chemical pesticides to protect field crops  the field using biological parameters and fertility
were raises up the negative aspect, such as the life table. Also, estimate the effect of these
development of insecticide-resistant strains [2]. insecticidal materials on population growth of this
pest, their developmental progress, and
Therefore, great attention was paid to find safer nutritional indices (NI) and hence find out which
alternative methods instead of chemical of them could be recommended to be used in
insecticides used to control such pests [3]. IPM programs.
Among such alternatives is the utilization of plant
extracts which have considerable effects on 2. MATERIALS AND METHODS
several pests and also, because it has low
mammalian toxicity and littte environmental 2.1 Tested Control Agents
pollutions [4]. Many investigators studied the
effect of different plant extracts on some 2.1.1 Challenger 36% SC
biological aspects and population consideration
dynamics of A. ipsilon to exploit as methods of It is @ commercial formulation of Chlorfenapyr
pest popu|ation Suppression [5’6] peStiCide, manufactured by BASF-The Chemical
Company, New Jersey, USA. The recommended
Estimation of life table parameters (LTP) for corn  concentration (0.5%) with two drops of Tween-80
pests populations [as the intrinsic rate (™), the as a dispersant (after Gesraha et al. [8]).
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21.2 Plant materials and preparation of
extracts
The plant extracts used for biochemical

determinations were petroleum ether extracts of
Melia azedarach, Vinca rosea, and Conyza
aegyptiaca (alcohol & hexane) extracts. Samples
from two local plant species belonging to
different families were collected from the
Qaluibya Govenorate fields to be used for
extraction processes.

e Leaves from both Periwinkle, V. rosea
(Apocynaceae), and Chinaberry, M.
azedarach (Meliaceae) were dried at room
temperatures and then milled into fine
powdered, then extracted with petroleum
ether solvent according to Freedman et al.

9.

Conyza aegyptiaca (L.) (Order: Asterales;
Family: Asteraceae) was collected from
Sinai, Egypt. The whole plant was dried,
finely powdered and  successively
extracted with two solvents (hexane and
ethanol) until exhaustion. The
concentration of 5% for all extracts was
prepared by mixing 5 ml of the extract with
100ml water, then three drops of the
emulsifier (Triton X-100) was added [10].

2.2 Treated Insect

The black cutworm, Agrotis ipsilon strain used in
the present study was obtained from the
permanent rearing laboratory at the National
Research Centre, and reared under laboratory
constant conditions at (25+2(1C and 75+5% RH).

2.3 Bioassay and Technique of the
Treatment

According to Ebeid et al. [10], the eggs were
treated with the tested materials, kept separately
in wide-opening plastic jars (1000 ml) fitted with
filtler paper until hatching. Percentage of
hatchability was calculated.

Another newly hatched larvae were kept into jars
and provided with clean castor bean leaves,
Ricinus communis for larval feeding. When the
larvae reached to 4" instar they reared
individually in a separate plastic cup of (11x4cm)
to avoid cannibalism then covered with muslin.
Cups were divided into 5 groups (each group
comprised of 30 replicates). Each of the first 5
groups of them was marked for one of the tested
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material, while the 6" group was marked as a
check (untreated control). Moreover, each cup
was provided daily with a known weight of fresh
castor bean leave disks treated with one of the
aforementioned concentrations of each tested
material [M. azedarach and V. rosea extracts,
Conyza alcoholic and hexane extracts (5%), and
Challenger insecticide (0.5%), and water only as
a control] until pupation. The pupae were
transferred into glass jars embedded with filter
paper until adult emergence. Couples of female
and male moths were kept in glass jars (9.5cm
diameter, 15 cm height). Ten pairs of newly
emerged moths, previously treated as larvae
were fed on a 20% sucrose solution under the
aforementioned constant conditions.

Egg hatchability percentage, larval duration,
pupal duration, incubation periods, female
longevity and number of laid eggs per female
(F1), the weight gained of larvae (weight of
larvae at the end of the experiment minus its
weight at the beginning), faeces weight, eaten
food and remaining food was calculated daily
during the feeding period to estimate the life
table, food indices, food consumption, and food
utilization.

2.4 Calculation of Nutritional Indices (NI)

At the end of the experiment, all above-recoded
weights were expressed as a percentage
according to the equations summarized by
Waldbauer [11] to calculate the following:
Relative growth rate (RGR), Consumption
index (Cl), Approximate digestibility (AD),
Efficiency of conversion of ingested food (ECI)
and Efficiency of conversion of digested food
(ECD).

The percent reduction was computed according
to the equation summarized by Atay-Kadiri et al.
[12]

% Reduction = (control — treated)*100/control

The following equation was used for calculating
the antifeeding activity [13]

% Antifeeding activity = [1-(eaten treated
disc/eaten untreated disc)]*100

2.5 Life Table Parameters

Life table parameters, described by Chi and Su
[7], were derived from the obtained data; net
reproductive rate (Rp), finite rate of natural
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increase (A), generation time (T) and intrinsic rate
of natural increase (™) for Black cutworm fed on
each host plant was constructed.

2.6 Statistical Analysis

Corrected mortality was applying by Abbott's
formula [14]. Data were subjected to ANOVA test
throughout the SPSS computer program to
discriminate differences between treatments.
Differences between mean values were
compared using Duncan’s Multiple Range test
[15]. The life table parameters were analyzed
according to “Age-Stage, Two-Sex Life Tables”
computer program [7].

3. RESULTS

3.1 Developmental Progress of A. Ipsilon
Treated with Different Tested
Materials

Extracts of M. azedarach, V. rosea, Conyza
aegyptiacae alcohol or hexane extracts, and
Challenger insecticide were discuses under
laboratory conditions comparing with the
untreated control (check). All tested materials
were negatively affected the developmental
progress of A. ipsilon, especially on consuming,
and utilizing food (Tables 1 and 2).

Data obtained under constant temperature and
relative humidity in Table 1 concluded the effect
of the insecticidal agents on the incubation
periods where M. azedarach and Challenger
insecticide induced significant prolongation that
varied significantly with control (Fs24=23.660**,
P=0.000).

In addition, all treatments were significantly
varied with the check. Challenger was the most
effective one, where it induced the least
hatchability percentage, followed by Conyza-
hexane extract (Fs 2= 89.820**, P=0.000).

As for larval duration, nearly the same trend was
observed, where Challenger was the most
effective  one, while M.azedarach had
insignificant ~ variance  with  the  check
(F5.24=61.942**, P=0.000).

The pupal duration was significantly varied with
the check in only the two extracts of
M.azedarach and V. rosea which recorded more
and less days, respectively, while the rest of
tested materials had no variance with the check
(F5.24=10.909**, P=0.000).
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The percentage of pupation subsequently was
affected too with treated materials, where all
recorded percentages were less significantly
than that in case of the check, except in the case
of Conyza-hexane extract and; (Fs.4= 21.405**,
P=0.000).

Female longevity was affected sharply in case of
M. azedarach extract and Challenger insecticide,

which reduced the longevity by about 50%
compared with the check (Fs,24=34.340**,
P=0.000).

Finally, it was observed that the main biological
aspects of A. ipsilon were affected by Challenger
treatment at the 4" instar larvae, where the
majority of larvae died during the moulting
process, while a few number of individuals
complete their development (Table 1). The
fecundity and fertility of each resultant female
were considerably varied significantly compared
with the check, and among each other. The
mean number of deposited eggs/ female varied
significantly with the check in one side and
between each other on the other side, except in
the case of M. azedarach and Challenger
(Fs,24=82.705**, P=0.000)(Table 1).

3.1.1 Effect of five control agents
nutritional indices of Agrotis ipsilon

on

Table 2 showed the achieved data of A. ipsilon
larvae that fed on castor bean leaves treated with
the tested experimental agents as the following.

3.1.2 Consumption index (Cl)

Values of (Cl) were decreased significantly
(P<0.05) when the larvae fed on castor bean
leaves treated with all tested insecticidal agents
especially Conyza extracts, followed by M.
azedarach and then Challenger insecticide,
compared with control (F5,4=36.201**, P=0.000).

3.1.3 Approximate digestibility (AD)

The calculated (AD) estimates that the efficiency
of A.ipsilon larvae to digest then absorb of
engulfed food was being significantly (P>0.05)
decreased when the larvae were fed on castor
leaves ftreated with the tested insecticidal
resources, compared to the check. Where the
highly significant decrease showed in the case of
larvae fed on treated castor leaves with both
extracts of M. azedarach and Conyza-alcohol
(F5’24=51.137**, P=0000)
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Table 1. Developmental progress of A. ipsilon treated with different insecticidal agents under laboratory condition

Incubation Hatchability Larval Pupal Pupation Female Egg/female
Treatments period (%) duration duration (%) longevity (F1)

(days) (days) (days) (days)

Means * SE
Melia azedarach 4.904+0.19 a 86.50+0.27 b 30.50+0.67 a 13.41£0.10 a 25.60+0.20 e 6.71£0.22 d 116.00£1.60 e
Vinca rosea 3.49+0.09 cd 77.20+0.64 d 24.20+0.47 c 10.03+0.55 ¢ 33.01+£0.08 ¢ 15.604£0.29 a 131.00+0.71d
Conyza-hexane 3.80+0.05 bc 71.10+£0.23 e 23.30+0.20 ¢ 12.01£0.11 b 46.10+£0.19 a 11.801£0.20 ¢ 236.00+2.07 b
Conyza-alcohol 3.06£0.13 d 81.90+0.47 ¢ 27.10£0.51 b 11.40+0.41 b 36.40+0.14 b 14.404£0.16 b 167.00+0.71 c
Challenger 4.211£0.07 b 60.80+0.31 f 17.90+0.44 d 11.60£0.32 b 32.50+0.22d 7.30+0.26 d 115.00+1.14 e
Control 3.10+£0.24 d 100.00+3.37 a 30.20+1.02 a 12.06+£0.26 b 45.90+0.15 a 15.404+0.11 a 515.00+2.86 a
Fso4-value 23.660** 89.820** 61.942** 10.929** 21.405** 34.340** 82.705**
P-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000
** Highly Significant

Means in a column followed with a different letter(s) are significantly different

Table 2. Effects of five control agents applied at low concentrations on some nutritional indices of A. ipsilon 4™ larval instar

Treatments Cl AD ECI ECD RGR Antifeedant

(%) (%) (%) (%) (%) (%)

Means + SE
Melia azedarach 0.38+0.01 cd 77.30+0.32d 33.61+0.05 a 43.48+0.61 a 0.13+£0.003 b 33.70+£0.30 b
Vinca rosea 0.71x0.01 b 83.90+£0.54 b 13.17£0.19d 15.64+0.17 d 0.09+0.005 ¢ 55.67+2.28 a
Conyza-hexane 0.38+0.01 cd 80.00+0.76 ¢ 09.90+0.05 f 12.38+0.16 e 0.04+0.013 d 27.11£1.03 ¢
Conyza-alcohol 0.30+0.02d 77.3921.49d 11.44+0.17 e 16.57+0.10 cd 0.04+0.007 d 27.47+0.25 ¢
Challenger 0.50+0.04 c 80.39x0.75 ¢ 19.50£0.31 b 28.03+0.56 b 0.10+0.013 bc 28.89+0.50 ¢
Control 0.99+0.09 a 91.50+0.42 a 16.11£0.53 ¢ 17.62+0.28 ¢ 0.16+0.014 a 0d
Fs,4-value 36.201** 51.137** 102.113** 99.073** 21.511** 28.445**
P-value 0.000 0.000 0.000 0.000 0.000 0.000
** Highly Significant

Means in a column followed with a different letter(s) are significantly different
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Table 3. Effects of tested control agents applied to A. ipsilon 4™ larval instar on some Life

Table parameters

Treatments Life table parameters
Ry r" A T
Melia azedarach 91.00+£1.40c 0.076+0.0068bc 1.078+0.0069b 59.39+£0.613a
Vinca rosea 108.65+0.76b 0.080+£0.0071bc 1.080+0.0114b 56.81+£0.506b
Conyza-hexane 48.31+0.37f 0.08040.0447bc 1.085+0.0022b 54.09+0.606¢c
Conyza-alcohol 61.02+0.34d 0.060£0.0140c 1.072+0.0089b 59.27+0.336a
Challenger 55.3310.17¢ 0.093+£0.0049ab 1.090+0.0079b 42.97+0.406e
Control 544.704£0.59a 0.12040.0141a 1.130+0.0095a 52.05+0.308d
Fs24-value 71.298** 4.564* 6.352** 16.652**
P-value 0.000 0.005 0.001 0.000
** Highly Significant
Means in a column followed with a different letter(s) are significantly different
3.1.4 The efficiency of conversion of AFE against A. ipsilon larvae, as they gave the

ingested food (ECI)

Estimated values of (ECI) that measures the
overall ability of the insect to convert ingested
food to body tissues (Table 2) was decreased
significantly (P<0.05) as a result of all insecticidal
agents, especially in case of Conyza-hexane
(9.90%) treated leaves. While there was an
exception in the case of larvae fed on leaves
treated with both M. azedarach and Challenger
insecticide, that gained more values over the
control (Fs24=102.113**, P=0.000).

3.1.5 The efficiency of Conversion Digested
food (ECD)

Likewise, the metabolic efficiency expressed to
provide the body with required nutrients (ECD)
(Table 2) decreased effectively due to the
application of some tested extracts, i.e., V. rosae
and both extracts of Conyza, while the opposite
tendency appeared in the case of M. azedarach
and Challenger insecticides-treatment compared
to the check (F524=99.073**, P=0.000).

3.1.6 Relative growth rate (RGR)

Data in Table 2 also indicated the effect of the
tested control materials, which significantly
decreased the growth rate of the 4" |arval instar,
that being significantly varied with the check. The
most significant decline appeared on larvae fed
on castor leaves treated with both Conyza
extracts, followed by V. rosae then the
Challenger insecticide as compared with the
check (Fs524=21.511**, P=000).

3.1.7 Antifeedant effect (AFE)

Data in the Table 2 recorded that extracts of V.
rosea and M. azedarach were the most excellent
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maximum percentage of protection (the best
repellent plants), respectively against the 4"
larval instar of A. ipsilon. On the other hand,
Challenger and alcoholic and hexane extract of
Conyza showed lower antifeedant activities,
being statistically varied with the check
(F5’24=28.445**, P=0000)

3.1.8 Life table parameters (LTP)

Data illustrated in Table 3 summarized the
effects of tested insecticidal resources on LTP for
A. ipsilon, where it was observed that (r'"), (Ro),
and (A) decreased significantly for insects
exposed to tested insecticidal resources. In
contrast, all agents significantly prolonged the
mean generation time (T;), while the insecticide
Challenger treatment resulted in lower significant
varied, compared with the control group
treatment.

3.1.9 Values of Ry, r'", and A

These values were clearly decreased; being
significantly varied with the check (Table 3);
especially in the case of both extract of C.
aegyptiaca treatment followed by that of
Challenger insecticide as compared with the
control group.

The generation time (T.) was elongated in all
treatments; being significantly varied compared
to the control (F5,4=16.652**, P=0.000) except in
the case of Challenger treatment, which recorded
shorter time compared to all other treatments
(Table 3).

4. DISCUSSION

Our present study discussed the disturbance that
happened to the A. jpsilon normal development
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by the effects of some insecticidal materials, i.e.,
[M. azedarach, V. rosea (petroleum ether
extracts), Conyza (alcohol and hexane extracts)
and Challenger insecticide]. Where, these agents
resulted in prolongation of the larval phase,
falling down the level of pupation and longevity.
Also, the number of deposited eggs and
hatchability of larvae that fed on castor leaves
treated with these agents were significantly
decreased especially under the effect of both
Conyza-alcohol extract and Challenger
treatments, these results were matched with the
conclusion discussed by EL-Shall and Mohamed
[16] on A. ipsilon.

Thus, after the application of all treatments, the
fecundity was significantly decreased, due to the
treatments effects on mating and oviposition
behaviour. Similar studies have shown nearly the
same findings [17,18]. Also, the inhibition of A.
ipsilon population by the effect of the tested
insecticidal agents were matched with that
reported by some authors [19,20].

Our results also showed that M. azedarach
treatment increases the time required for
incubation, larval, and pupal durations as a result
of diverted energy of the larvae due to the
cessation of feeding and toxification. The
previous conclusion matched with that previously
discussed [19,21].

The present study recorded a significant
decrease in all food utilization indices for A.
ipsilon larvae treated with (petroleum ether
extract of M. azedarach, V. rosea, alcohol, and
hexane extract of Conyza and Challenger
insecticide with respect to the check. All tested
insecticidal agents caused significant reduction in
(Cl), (RGR), (AD), (ECI) and (ECD) except in
case of ECIl, ECD for larvae fed on leaves
treated with M. azedarach. Such results are in
accordance with many authors who used
different plant extracts and botanical oils against
different lepidopterous larvae. Ramachandran et
al. [22] using azadirachtin against Achaea janata
and Spodoptera litura. Sridhar and Chetty [23]
using Azadirachta indica and Pongamia glabra
extracts against Euproctis fraternal, and EL-Shall
and Mohamed £16] using the barnof extract
against 5™ and 6" instar larvae of A. jpsilon.

Moreover, the antifeedant activity of the tested
insecticidal agents was evaluated based on the
feeding ratio of the treated and untreated leaf
discs. Our results showed that petroleum ether
extracts of V. rosea and M. azedarach were the

89

best antifeedant agents against A. ipsilon, as
they were the most repellent plants, respectively
against the 4™ larval instar. These results were
similar to those studied by some authors as [24]
showed that the leaf extract of M. azedarach had
a significant antifeedant effect on the larvae of S
littoralis. Atay-Kadiri et al. [12] tested the
antifeedant effect of seed extract of M.
azedarach against gypsy moth (L. dispar) larvae
(second to fifth instars) fed with cork oak
(Quercus suber) foliage. On the other hand,
alcohol and hexane extract of Conyza showed
lower insignificant antifeedant activities, where
these results matched with [5] who evaluated the
deterrent effect of whole plant petroleum ether
extract of Azadirachta indica [neem], on the last
instar larvae of Spodoptera litura, and indicating
lack of antifeedant activity.

The Life Table Parameters data is known as an
effective means for evaluating the effects of
insecticides on target insects at the population
level [25,26]. Consequently, the tested
insecticidal agents resulted in reduction of some
LTP values of A. ipsilon, i.e., ("), (N), and (Ry),
which were significantly low compared to the
check. The increase of (T¢) was the most useful
test of reproductive potential for pest populations.
Therefore, the outcome obtained may offer a
progress for IPM strategies, that is because of
the retardation in generation time may subjected
the population to unexpected adverse
environment.. These results were also in
agreement with an earlier study carried out [27].
The implication of these results about the
succession of plant extract should be considered
in the development of future IPM programs for
BCW control in Egypt.

5. CONCLUSION

The present study indicated that the biological
activity of A. ipsilon fed on leaves treated with
insecticidal agents was more remarkably
affected. Consequently, a significant decrease in
all food utilization indices for the larvae treated
with petroleum ether extract of M. azedarach, V.
rosea, alcoholic, and hexane extract of Conyza
and Challenger compared to the check, except in
case of ECI, ECD for M. azedarach. Moreover,
our results showed that petroleum ether extracts
of V. rosea and M. azedarach were the most
repellent plants against the 4™ larval instar of A.
ipsilon. All the treatments resulted in a significant
decrease in the total number of eggs laid
especially that treated with M. azedarach and
Challenger. Generally, these effects reflect the
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reduction of some parameter’'s values for A.
ipsilon population. Also, an increase in (T¢),
which is the most useful sign of the reproductive
potential for insect populations was noticed.
Consequently, results achieved from this study
may assist in developing the progress of plant
extracts as insecticidal materials in the of future
IPM programs for A.ipsilon control in Egypt.

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our
area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

ACKNOWLEDGEMENT

The authors are very grateful to all colleges, for
their valuable assistance and advice. Much
appreciation to all peoples helps in fieldwork.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Ebeid AR, Gesraha MA, Abdou WL.
Effects of Cyfluthrin Insecticide on
Agrotis ipsilon Immature Stages

Development with Respect to Different
emperatures. Annu Res Rev Biol. 2017;
15(6):1-9.

2. Du J, Yu W, Wang M, Zhang C, Mu W.
Selective toxicity of three amide pesticides
to black cutworm Agrotis ypsilon and
earthworm Eisenia foetida. Acta
Phytopphylacica Sinica. 2013;40:266-272.

3. Sattelle DB, Cordova D, Cheek TR. Insect
ryanodine receptors: Molecular targets for
novel pest control chemicals. Invertebr
Neurosci. 2008;8:107—119.
DOI:10.1007/s10158-008-0076-4
PMID: 18696132.

4. Lahm GP, Cordova D, Barry JD. New and
selective ryanodine receptor activators for
insect control. Bioorg Med Chem. 2009;17:
4127-4133.

90

5.

10.

11.

12.

13.

14.

15.

Sahayaraj K. Antifeedant effect of some
plant extracts on the Asian armyworm,
Spodoptera litura (Fabricius)). Curr Sci.
1998;74(6):523-525.

Salem Nagwa Y, Hoda A Ramadan, Elham
A Sammour. Physiological and
histopathological effects of some wild plant
extracts on the cotton leafworm
Spodoptera littoralis (Boisd) (Lepidoptera:
Noctuidae). Bull Ent Soc Egypt. Econ Ser.
2003;29:113-123.

Chi H, Su HY. Age-stage, two-sex life
tables of Aphidius gifuensis (Ashmead)
(Hymenoptera: Braconidae) and its host
Myzus persicae (Sulzer) (Homoptera:
Aphididae) with mathematical proof of the
relationship between female fecundity and
the net reproductive rate. Environ Entomol.
2006;35:10-12.

Gesraha MA, Ebeid AR, Salem NY, Abdou

WL. Comparative Study on Some
Biological Indices of Agrotis ipsilon
(Lepidoptera: Noctuidae) Larvae Treated
with  Three Control Agents under

Laboratory Conditions. Annu Res Rev Biol.
2017;21(6):1-8.

Freedman B, Nowak LJ, Kwolek WF, Berry
EC, Guthrie WD. A bioassay for plant-
derived pest control agents using the
European corn borer. J Econ Entomol.
1979;72:541-545.

Ebeid AR, Sammour EA, Zohdy Nawal
Zohdy M. Role of Challenger pesticide and

plant extracts on some physiological
parameters of the cotton leafworm,
Spodoptera littoralis  (Boisd.).  Arch

Phytopathol Plant Prot. 2014;48(5):385-
392.

Waldbauer GP. The consumption and
utilization of food by insects. Adv Insect
Physiol. 1968;5:229-288.

Atay-Kadiri Z, Semlali A, Benhsain N,
Villemant C. Effect of Melia azedarach L.
(Meliaceae) extract on Lymantria dispar L.
(Lepidoptera: Lymantriidae) development
and reproduction. Bulletin-OILB/SROP.
2002;25(5):139-146.

Saleh MA, EL-Bolok MM, Abdel-Salam KA,
Ibrahim NA. Plant affecting insects feeding,
growth and metamorphosis. Bull Agric
Cairo Univ. 1986;37(1):529-539.

Abbott WS. A method of computing the
effectiveness of an insecticide. J Econ Ent.
1925;18:265-267.

Duncan DB. Multiple ranges and multiple
F-test. Biometrics. 1955;11:1-42.



16.

17.

18.

19.

20.

21.

22.

Gesraha and Ebeid; AJOB, 10(4): 83-91, 2020; Article no.AJOB.63948

EL-Shall SSA, Mohamed HF. The
combined effects of gamma irradiation and
plant extract (Barnoof) on the nutritional
profile of the black cutwom, Agrotis ipsilon
(Hufn.) (Lepidoptera: Noctuidae) II- The
effect on the F1 Progeny during the 5™ and
6" instar larvae. Arab J Nuc Sci Appl.
2005;38(2):289-299.

Zhang R, Jang EB, He S, Chen J. Lethal
and sublethal effects of cyantraniliprole on
Bactrocera dorsalis (Hendel) (Diptera:
Tephritidae). Pest Manag Sci, 2015;71,
250-256.

Loriatti C, Anfora G, Angeli G, Mazzoni V,
Trona F. Effects of chlorantraniliprole on
eggs and larvae of Lobesia botrana (Denis
& Schiffermller) (Lepidoptera:
Tortricidae). Pest Manag Sci, 2009;65:
717-722.

Lai T, Su JY. Effects of chlorantraniliprole
on development and reproduction of beet
armyworm, Spodoptera exigua (Hibner). J
Pest Sci. 2011;84:381-386.

Faline He, Shiang Sun, Haili Tan, Xiao
Sun, Chao Qin, Shoumin Ji, Xiangdong Li,

Jiwang Zhang, Xingyin Jiang.
Chlorantraniliprole  against the black
cutworm  Agrotis ipsilon (Lepidoptera:

Noctuidae): From biochemical/physiologi-
cal to demographic responses. Scientific
Reports (IF 4.011) Pub Date: 2019-07-17.
DOI:10.1038/s41598-019-46915-0.

Stark JD, Banks JE. Population-level
effects of pesticides and other toxicants on
arthropods. Annu Rev Entomol. 2003;48:
505-519.

Ramachandran R, Mukherjee SN, Sharma
RN. Effects of food deprivation and

23.

24,

25.

26.

27.

concentration of azadirachtin  [from
Azadirachta indica) on the performance of
Achaea janata and Spodoptera litura on
young and mature leaves of Ricinus

communis. Entomol Exp Appl. 1989;
51(1):29-35.

Sridhar S, Chetty JS. Effect of
Azadirachta  indica and  Pongamia

glabra leaf extracts on food utilization

and  modulation of efficiency of
digestive enzymes in Euproctis
fraterna  (Lepidoptera:  Lymantriidae).

Proceedings of the Indian Academy of
Sciences, Animal Sciences. 1989;98(5):
313-323.

Khadr GA, EL-Monem EMA, Taha MA.
Effect of Melia azedarach extract on
Spodoptera littoralis (Boised) larvae in the
labortatory. Bull Ent Soc Egypt, Econ Ser.
1986;15:235—-243.

Zhang P, Liu F, Mu W, Wang Q, Li H,
Chen C. Life table study of the
effects of low-lethal concentrations of
thiamethoxam on Bradysia odoriphaga
Yang and Zhang. Pestic Biochem Phys.
2014;11:31-37.

Zhao Y, Wang Q, Ding J, Wang Y, Zhang
Z, Liu F, Mu W. Sublethal effects of
chlorfenapyr on the life table parameters,
nutritional  physiology and enzymatic
properties of Bradysia odoriphaga (Diptera:
Sciaridae). Pestic Biochem Phys. 2018;
148:93-102.

Papachristos DP, Milonas PG. Adverse
effects of soil applied insecticides on the
predatory coccinellid Hippodamia
undecimnotata (Coleoptera: Coccin-
ellidae). Biol Control. 2008;47:77-81.

© 2020 Gesraha and Ebeid; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/63948

91



