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Integration of Selected Novel Pesticides with Trichogramma
chilonis (Hymenoptera: Trichogrammatidae) for Management

of Pests in Cotton
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ABSTRACT

Selected pesticides widely used worldwide to control key pests on cotton plants were
evaluated for integration with the Trichogramma chilonis (Ishii). Chlorantraniliprole
showed a mean emergence of approximately 7982 and 87—-91% at both 6.25x and 9.4x
doses when host eggs (Sitotroga cerealella Olivier) were treated at larval and pupal stage
of parasitoids, respectively. Helicoverpa armigera NucleoPolyhedroses Virus (HaNPV)
revealed mean emergence ranging from 80 to 84% at both 12.5x and 6.25x doses in the
pupal stage treatment. Spiromesifen demonstrated mean emergence approximately
ranging from 82.35 to 88.55% at 5x, x, and 0.5x doses in both the egg and pupal stage
treatments, and in addition at 8.3X dose in the pupal stage treatment. Spiromesifen led to
mean emergence of 88.20 and 79.52% at 2x and 5x doses, respectively, when parasitoid
was treated at larval stage. When individual T. chilonis females were exposed to the
previously treated host eggs (S. cerealella), chlorantraniliprole resulted in mean
parasitism ranging from 17.88 to 20.88 parasitized host eggs at both 5x and 3.13x doses,
while spiromesifen led to mean parasitism of 7.20 parasitized host eggs at 10.4x dose and
showed significant effect on parasitism by parasitoid. The results indicated that the
pesticides tested against emergence exhibited no significant toxic effects on the parasitoid.
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INTRODUCTION

Cotton (Gossypium hirsutum L) is an
important cash crop found worldwide
including in Pakistan. Variety of pest species
in cotton agro-ecosystem exhibit different
feeding habits, behavior, and ecology and
provide a challenge to implement integrated
pest management or IPM (Barros et al., 2018).
Furthermore, the long phenology of cotton
allow for colonization and multiple
generations of pest species. Thus, integration
of pesticides with the biological control may
be needed to manage the multiple pest
populations in cotton.

The use of agrochemicals, particularly
pesticides, can adversely affect the efficacy of

natural enemies, and lead to disruption of their
ecosystem services (Desneux et al., 2007
Stark et al., 2007; Stavrinides and Mills,
2009; Dhawan et al., 2009; Martinou et al.,
2014; Khan et al., 2015; Martinez et al., 2018).
Assessment of acute mortality by the
pesticides provides important information on
the risk they pose to natural enemies (Candolfi
et al, 2001; Martinou et al, 2014).
Furthermore, use of such chemicals also leads
to sub-lethal effects on development and
reproduction of predators and parasitoids
(Croft, 1990; Desneux et al., 2007; Biondi et
al., 2012; Pekér, 2012; Martinou et al., 2014).
The adverse impacts of pesticides on
beneficial  insects can be minimized by
evaluation of pesticide effects on natural
enemies, and subsequent adoption of strategies
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such as use of selective compounds, and
altered dosage or schedule of pesticide
application (Way, 1986; Hassan et al., 1994;
Martinson et al., 2001; Khan et al., 2014;
Ghorbani et al., 2016). Therefore, successful
integration of chemical and biological control
requires evaluation of both lethal and sub-
lethal effects of pesticides on natural enemies
(Croft, 1990; Ruberson et al., 1998; Stark et
al., 2007; Jiang et al., 2018). Hymenopteran
parasitoids including Trichogramma have
been shown to be highly effective in
suppressing crop pest populations (Willow et
al., 2019).

Trichogramma are used worldwide in
biological control (Khan et al., 2015b), and are
among the most widely used parasitoid species
worldwide (Parreira et al., 2019). They
control over 400 host species belonging to a
variety of insect orders, particularly
Lepidoptera (Lingathurai et al., 2015). The
parasitic wasps have been reportedly released
in 30 countries on an estimated area of 80
million acres including agricultural land and
forests annually to cope with important insect
pests (Li, 1994; Khan et al., 2015b) in corn,
rice, cotton, sugar-beet, tomatoes, vegetables,
and orchards (Hassan, 1993; Smith, 1996;
Khan et al., 2014).

Trichogramma chilonis (Ishii) successfully
controls more than 400 pest species, mostly

lepidopteran pests, and has been successfully
used in augmentation worldwide (Lingathurai
et al,, 2015; Pinto and Stouthamer, 1994).
They are widely distributed throughout the
Indian subcontinent (Manjunath et al., 1985;
Ananthakrishnan et al., 1991; Khan et al.,
2014). They control pests including Chilo spp.
in sugarcane, maize, and Helicoverpa
armigera Hubner in cotton, tomato, and
Lady’s finger in India (Singh, 2001). In
Pakistan, it is an important egg parasitoid of
lepidopteran pests (Sattar et al., 2011; Khan et
al., 2014). It successfully manages some of the
common hosts i.e., sugarcane borer (Chilo
sacchariphagus indicus) in sugar cane,
diamondback moth  ((Plutella  xylostella
(Linnaeus)) in cabbage and other vegetables,
and cotton bollworms ((Helicoverpa armigera
(Hubner)) in cotton and corn (Rasool et al.,
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2002). T. chilonis is an effective parasitoid of
rice leaf folder Cnaphalocrocis medinalis
(Guenée) in Pakistan (Sagheer et al., 2008).
The aim of the current research was to
evaluate the effects of selected pesticides
commonly used on the cotton plants on the
immature mortality and parasitism of T.
chilonis. The pesticides selected were
chlorantraniliprole, HaNPV, and spiromesifen,
applied at very high doses (= 5X dose of field
dose: X) in order to integrate the experimental
pesticides with T. chilonis for more successful
control of important pests on cotton field.

MATERIALS AND METHODS
Rearing of Sitotroga cerealella Olivier

The young larvae of grain moth Sitotroga
cerealella Olivier hatched and infested the
sterilized wheat grain within a week in a
plastic tray (30x18 cm) in the laboratory of
Entomology Division, Nuclear Institute of
Food and Agriculture (NIFA), Peshawar,
(Pakistan). The infested wheat was
maintained in plastic rearing jars (15%20
cm) in the laboratory at average conditions
of 24+6°C, 65+10% Relative Humidity (RH)
and 16:8 (L:D) until adults emerged after
20-25 days. The emerged adult moths were
regularly collected every 24 hours by an
electric suction apparatus in the oviposition
jar (10x15 cm) covered at bottom by mesh
(mesh no. 30 to 40 pore size). The jar was
placed on corn flour in a plastic tray until
next day (24 hours) to lay eggs in the flour,
and eggs were subsequently collected by
sieving the flour, and were used in the
laboratory.

Rearing of Trichogramma chilonis
(Ishii)

Approximately ~ 1,000-1,300  ultraviolet
untreated fresh eggs of S. cerealella were
sprinkled on glued paper card (4x7 cm)
followed by glue drying for 1-2 hours, and
card was exposed to parasitoids in glass jars
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(5%12 cm) containing approximately 20-30
pairs of adult of T. chilonis in the laboratory
at conditions described earlier. The
parasitized card was removed and was
transferred to another glass jar of the same
size, and the jar was incubated at the
23+3°C, 70+£10% RH and 14:10 (L:D)
conditions until adult emergence. The stock
culture of T. chilonis was maintained for use
in the experimental work.

Preparation for Testing of Pesticides
against Pre-Imaginal Stages of T. chilonis

Approximately 200-300 fresh S. cerealella
eggs were glued to the hard paper card (5x8
cm), and allowed to dry 1-2 hours before
offering to parasitoids in glass jars (5x12
cm) containing approximately 14 to 20
mixed-gender adults of T. chilonis
depending on the number of host eggs on the
card in the laboratory at average conditions
of 24+6°C, 65+10% RH and 16:8 (L:D).
After 24 hours of exposure, the parasitized
card was subsequently removed and was cut
to small card strips (0.8x8 cm). The trial
involved 10 replicated card strips, each
containing 20-40 host eggs, prepared
separately for field dose (x), and 0.5x , 2x,
5x, 6.25x, 8.3x, 9.4%, and 12.5x doses. The
different doses were prepared based on the
reason: (1) To integrate several times higher
doses than field dose with the parasitoids,
(2) to achieve more successful control of
pests. The above mentioned card strips were
treated at appropriate  time  post-
parasitization for the different immature
stages that were less than 1 day (< 24 hours
old) for eggs stage, 3 days (72 hours old) for
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larvae, and 6 days (144 hours old) for pupae.
Preparation of Pesticide Solutions

Commercial  products of formulated
pesticides (Table 1) were diluted with tap
water to prepare two to four different
concentrations of pesticides for use in the
experiments by the following formula:

C1V1=C2V2,

Where, C; and V; are the Concentration
and Volume of commercial pesticides/stock
solution, respectively, and C; and V; are the
Concentration and Volume of the required
pesticide solutions (diluted), respectively.

Testing against Immature Stages of T.
chilonis

Chloratraniliprole was tested against both
larval and pupal stages of parasitoid at both
6.25X and 9.4X doses, while spiromesifen
was tested against both egg and pupal stages
at X, 0.5X and 5X doses and, in addition,
8.3X dose was tested only against pupae.
However, spiromesifen was tested at both
5X and 2X doses against the larval stage of
parasitoids, and HaNPV was tested against
the pupal stage of T. chilonis at both 6.25X
and 12.5X doses. The pesticides were tested
by dipping paper card strips (0.8x8 cm) each
containing approximately 10-15 parasitized
host eggs (< 24 hours) for 1-2 seconds in the
pesticide solution or in water (untreated
control). The card strip was then removed,
the excess of pesticide solution or water was
removed with filter paper, and card was
subsequently air dried at room temperature

Table 1. Label descriptions of the pesticides used in the experiments.

Trade name and Field rate/Acre or per liter

formulation? Type Active ingredient Chemical class solution

Coragen 200 SC Insecticide  Chlorantraniliprole Anthranilicdiamide 80 mlacre*or 0.8 ml 1 L
12

HaNPV Insecticide gg’;f)v (7.5x10 Biopesticides 80 mlacretor0.8ml1L?

Oberon 240 SC Miticide Spiromesifen Tetronic acids 250 ml acre* or 2.5 ml 1 L

[ DOR: 20.1001.1.16807073.2019.21.4.16.1 ]

2 SC (Soluble Concentrate). HaNPV (Helicoverpa armigera NucleoPolyhedroses Virus).
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for 1 h. Each dried card strip was transferred
into a vial (1x10 cm), and was incubated at
controlled conditions: 23+3°C, 70+10%
(RH) and 14:10 (L:D) until adult emergence.
The number of pupae and the number of
specimens emerging from the pupae on the
pesticides dipped card were determined and
recorded separately for each concentration
and stage treated.

Assessing Pesticides Effects on
Parasitism of Previously Treated Host
Eggs (No-Choice Test)

Approximately 100 to 175 fresh S.
cerealella eggs were glued on hard paper
card (5x8 cm). The card was dried for 1-2
hours and was subsequently cut into several
strips (0.9x8 cm each) in such a manner that
each card strip contained approximately 30-
35 host eggs. Card strips were treated by
dipping for 1-2 seconds for each pesticide
including chlorantraniliprole (Doses: 5X and
3X), and spiromesifen (dose: 10.4X) in their
respective solution, in addition to water.
Each card was dried at the aforementioned
laboratory conditions and was subsequently
transferred to a glass vial (1x10 cm)
containing one pair of T. chilonis (< 24
hours old). The vial was exposed to light for
24 hours for completion of parasitisation.
The trial was replicated 10 times for each
concentration. The exposed parasitizing
female was removed after 24 hours from
each vial, and all the vials were incubated at
aforementioned conditions until pupae
formation. The data were recorded
separately for all doses of pesticides by
counting darkened eggs (pupae) 7 days after
exposure to parasitoids.

Statistical Analysis

The data were analyzed using a general
linear model through factorial analysis of
variance for each of the response variables,
and the differences between treatments were
analyzed statistically by Tukey’s HSD all-
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pairwise multiple comparison tests (P= 0.05
or 95% CI, or P= 0.001 or 99.9% CI) by
using statistical software “Statistix” (version
9).

The assessment of reduction in emergence
(%) or reduction in parasitism (%) over the
controls was carried out by toxicity
categories (laboratory and field scales) of
International Organization for Biological
Control (IOBC)/West Palaearctic Regional
Section (WPRS) (Hassan, 1994, Sterk et al.,
1999): 1= harmless (E< 30%); 2= slightly
harmful (30< E< 79%); 3= moderately
harmful (79< E< 99%); 4= harmful ( >99%),
where “E” is the Effect of the pesticide on
the biological control agent measured as the
reduction in percentage of emergence or
parasitism over the control.

RESULTS AND DISCUSSION
Pesticides Effects on Emergence

All the three pesticides and their doses tested
against the immature stages of T. chilonis
were found harmless (E< 30%) for
emergence of parasitoid. Chlorantraniliprole
demonstrated mean emergence (Table 2)
ranging approximately from 80 to 91% at
both 6.25X and 9.4X doses in both larval
and pupal stage treatments. Similarly,
HaNPV showed (Table 3) mean emergence
ranging approximately from 80 to 84% at
both 6.25X and 12.5X doses when host eggs
were treated at pupal stage of parasitoid. All
the doses of chlorantraniliprole and HaNPV
showed no significance difference with
respective controls (P> 0.05). Spiromesifen
revealed (Table 4) mean emergence ranging
approximately from 82 to 88% at 5X, X and
0.5X doses in the egg stage treatment, while
in the pupal treatment, emergence ranged
approximately from 83 to 87% at
aforementioned doses plus 8.3X dose. All
doses of spiromesifen used both in egg and
pupal stage treatments were statistically at
par with the respective controls (P>0.05). In
the larval stage treatment (Table 4),
spiromesifen led to 88% mean emergence at
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Table 2. Percentage emergence (mean+SE) of T. chilonis adults from the host eggs (S. cerealella) treated with
chlorantraniliprole at larval and pupal stages of parasitoid, means comparison (Tukey’s HSD, P= 0.05 or 5%),
and toxicity ranking.?

Doses (means+SE) and toxicity ranking

Stage 9.4X C 6.25X C Control
Larval 81.61+0.75 bc 1 79.83+0.73 ¢ 1 80.15+0.87 ¢
Pupal 90.98+3.63 a 1 87.58+1.33 abc 1 88.78+1.60 ab

2 Means followed by the same letter within or among columns are not significantly different (Tukey’s HSD, P>
0.05). “C” indicate toxicity Class (International Organization of Biological Control: IOBC).

Table 3. Percentage emergence (mean+SE) of T. chilonis adults from the host eggs (S. cerealella) treated with
HaNPV at pupal stage of parasitoid, means comparison (Tukey’s HSD, P=0.05 or 5%), and toxicity ranking.?

Doses (means+SE) and toxicity ranking

12.5X C 6.25X C control
80.15+0.84 a 1 84.07+2.10a 1 84.67+t1.46a

2 Means followed by the same letter among columns are not significantly different (Tukey’s HSD, P> 0.05).

Table 4. Percentage emergence (mean+SE) of T. chilonis adults from the host eggs (S. cerealella) treated with
spiromesifen at immature stages of parasitoid, means comparison (Tukey’s HSD, P= 0.05 or 5%) and toxicity
ranking.?

Doses (means + SE) and toxicity ranking

Stage 8.3X C 5X C 2X C X C 05X C Control
83.94+ 88.55+

Egg - - 8235+0.79a 1 - - 082a 1 109 a 1 88.59+165a

Larval - - 7952+274b 1 88.20+1.76a 1 - - - - 88.21+1.33a
83.44+ 86.36%

Pupal 83.11#169a 1 87.34+xl1.15a 1 - " 169a 1 596 a 1 80.84+1.87a

@ Means followed by the same letter in the row are not significantly different (Tukey’s HSD, P> 0.05). “C”
indicates toxicity Class (I10BC).

2X dose, while 79.52% at 5X dose, which 0.001) and were ranked as harmless (P<
was significantly different from the control 30%) for parasitism. However, spiromesifen
(P< 0.05). The results demonstrated that demonstrated (Table 6) significantly reduced
neither chlorantraniliprole nor HaNPV and mean parasitism i.e., 7.20 at 10.38X, which
spiromesifen showed adverse impacts on was significantly different from the control
emergence at all used doses and all stages (P<0.05) and was categorized as slightly
treated. harmful (30< E< 79%) for parasitism.

The three pesticides used in the current
study, including chlorantraniliprole, HaNPV
and spiromesifen, are widely used
worldwide for the control of key pests on the

Pesticides Effects on Parasitism

Exposure of females T. chilonis to the cotton plants as well as broadly in the

previously treated host eggs of S. cerealella, agreoecosystem.

chlorantraniliprole led to reduced mean The insecticide chlorantraniliprole belongs

parasitism (Table 5): 17.88 at 5X dose, and to a novel chemical class, anthranilic

20.88 at 3.13X dose, and both doses were diamides and is selective to beneficial

statistically at par with the control (P> arthropods. It activates insect ryanodine
877
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Table 5. The number of successfully parasitised S. cerealella eggs (mean+SE) previously treated with
chlorantraniliprole by single female T. chilonis, means comparison (Tukey’s HSD, P= 0.001 or 0.1%), and
toxicity ranking.2

Doses (means+SE) and toxicity ranking

5X C 3.13X C control

17.88+1.92 a 1 20.88+2.15a 1 23.00+2.02 a

@ Means followed by the same letter within a column/among columns are not significantly different (Tukey’s
HSD, P> 0.001). “C” indicates toxicity Class (I0OBC).

Table 6. The number of successfully parasitised S. cerealella eggs (mean+SE) previously treated with
spiromesifen by single female T. chilonis, means comparison (Tukey’s HSD, P= 0.05 or 5%), and toxicity
ranking.?

Doses (means=SE) and toxicity ranking

10.38X C control

7.20£1.70 b 2 18.742.93 a

@ Means followed by the same letter within a column/among columns are not significantly different (Tukey’s
HSD, P> 0.05). “C” indicates toxicity Class (IOBC).

receptors, which stimulates release of calcium virus strain for controlling the important cotton
from the internal store of smooth and striated pest H. armigera.

muscle, and results in impaired muscle Spiromesifen is a novel acaricide, belonging
regulation, paralysis, and insect death, due to to the insecticide class ketoenols, acts as a lipid
abnormalities in the normal contraction of biosynthesis inhibitor. Spiromesifen disrupts
muscles. Chlorantraniliprole acts mainly by lipogenesis by preventing formation of fatty
ingestion and has little contact activity. In acid and their chemical derivatives. The
Pakistan, it is used to control mainly acaricide is used against whiteflies and all
lepidopterous insects, such as American major mites including red mites, two-spotted
bollworms, boll-worms and armyworms in spider mites and bud mites at all stages on the
sugarcane, corn, rice, cotton, tomato, lady cotton, maize, brinjal, cabbage, cauliflower,
finger, cabbage, mustard, spinach, apple and chilli, cucurbit, potato, lettuce, spinach, tomato
peach, etc. and strawberry, etc., in Pakistan.

The Nuclear PolyhedroViruses (NPV) are Repeated use of many pesticides in the agro-
microbial insecticides belonging to the sub ecosystem can result in pest resistance to
group Baculoviruses, and have been used to pesticides and appearance of secondary pests.
manage pest insects, predominantly moths and Therefore, the present study was an endeavour
butterflies in cereal crops and vegetables. The to determine the effects of pesticides on T.
polygonal structure of the virus known as the chilonis at the rates several times high than
capsid protects and facilitates the virus’s field dose, in order to stop or reduce the
infestation of host cells and helps in virus development of resistance in pest insects found
reproduction. The virus strains are released in cotton in response to the field dose, and for
and start reproduction in the host by rupturing more effective control of pests in the future.
the capsid. The NPV Baculovirus heliothis Sufficient literature is not available on the
control Sheliothines spp, an important pest novel pesticides effects on Trichogramma
group in at least 30 crops worldwide. The (Khan et al., 2015b). Furthermore, the
Helicoverpa armigera Nuclear pesticides tested against the parasitoids in the
PolyhedroVirus (HaNPV) is an important present studies were not evaluated previously
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at the same doses against the Trichogramma or
any other natural enemies to assess their
emergence or parasitism. However, there are
few previous studies on the pesticides effects
on the tiny parasitoids.

HaNPV was found to be harmless for
emergence of T. chilonis in the current study
as well as by Khan et al. (2014) who found the
same insecticide as harmless for emergence of
adults T. chilonis from the host eggs (S.
cerealella) treated with the same insecticide at
field dose (x), 2x, and 0.5x doses, when
parasitoids were at egg, larval, and pupal
stages. The percent reduction in mean
emergence relative to the controls of T.
chilonis was less than 10% for all doses and
life stages treated. Moreover, the previous
studies with other microbial insecticides also
supported the fact that microbial insecticides
are harmless to Trichogramma such as Gandhi
et al. (2005), who described that emergence
success of the T. chilonis was not influenced
by the treatment of bacterium Pseudomonas
fluorescens. Furthermore, Nasreen et al.
(2004) also found Bacillus thuringiensis
(microbial insecticide) as relatively safe for
emergence of the T. chilonis, when host eggs
of S. cerealella were treated at late pupal stage
of parasitoid under semi-field conditions.

Both chlorantraniliprole and spiromesifen
were found harmless for emergence of T.
chilonis in the present study. This is supported
by Hussain et al. (2012), who evaluated
toxicity of chlorantraniliprole under laboratory
conditions and demonstrated that the same
insecticide resulted in maximum emergence of
T. chilonis from the host eggs (S. cerealella)
treated after 8 days of parasitism (treatment of
pupal stage) and showed minimum adverse
effect on emergence of the tiny wasp from 1,
3, 5 and 7 days old parasitized treated eggs.
Similarly, Khan and Ruberson (2017)
observed that both chlorantraniliprole and
spiromesifen caused no significant mortality to
immature stages of T. pretiosum.

Literature is not available on the effects of
chlorantraniliprole and spiromesifen on
parasitism by females of Trichogramma
emerged from the host eggs treated at the
immature stages. Although Khan et al. (2015a)
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observed  that  chlorantraniliprole  and
spiromesifen were harmless and slightly
harmful for parasitism by the female T.
chilonis, respectively, exposed to the
previously treated host eggs of S. cerealella.
Similarly, Khan and Ruberson (2017)
observed that both chlorantraniliprole and
spiromesifen caused no significant effect on
foraging behaviour of female T. pretiosum
exposed to previously treated host eggs of
Helicoverpa zea (Boddie).

CONCLUSIONS

The experimental pesticides were evaluated as
harmless for emergence of, as well as
parasitism by, T. chilonis at all used doses.
Moreover, chlorantraniliprole demonstrated as
harmless for parasitism at both 3.13x and 5x
doses, while spiromesifen showed slightly
harmful for parasitism by parasitoid at 10.38x
doses. The selected pesticides at harmless
doses and can be integrated with the
parasitoids at the same doses provided that the
doses will not adversely affect other natural
enemies in the agro-ecosystem. The current
study deals with research under the laboratory
conditions, however, further study under field
conditions are required for more effective
integration of parasitoids wasps with the
pesticides under natural conditions. Moreover,
further studies are needed to determine the
adverse effects of the used pesticides on other
natural enemies in agro-ecosystem for
comprehensive integration of biological and
chemical controls to effectively control the
different pests in the agroecosystem.

ACKNOWLEDGEMENTS

Although the research is not part of my PhD
programme, the provision of financial
support to the author under indigenous 5000
PhD fellowship programme by the Higher
Education Commission of Pakistan is
gratefully acknowledged. The author is also
greatly thankful to the Nuclear Institute of
Food and Agriculture (NIFA), Tarnab Farm,


https://dorl.net/dor/20.1001.1.16807073.2019.21.4.16.1
https://jast.modares.ac.ir/article-23-17116-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-23 ]

[ DOR: 20.1001.1.16807073.2019.21.4.16.1 ]

Khan

Peshawar (Pakistan), for the provision of the
laboratory facilities.

REFERENCES

1. Ananthakrishnan, T. N., Senrayan, R,
Murugesan, S. and Annadurai, R. S. 1991.
Kairomones of Heliothis armigera and
Corcyra cephalonica and Their Influence on
the Parasitic Potential of Trichogramma
chilonis (Trichogrammatidae:
Hymenoptera). J. Biosci., 16(3): 111-119.

2. Barros, E. M., Silva-Torres, C. S. A, Torres,
J. B. and Rolim, G. G. 2018. Short-Term
Toxicity of Insecticides Residues to Key
Predators and  Parasitoids for Pest
Management in Cotton. Phytoparasitica.
doi.org/10.1007/s12600-018-0672-8.

3. Biondi, A., Mommaerts, V., Smagghe, G.,
Vifiuela, E., Zappala, L. and Desneux, N.
2012. The Non-Target Impact of Spinosyns
on Beneficial Arthropods. Pest Manage.
Sci., 68: 1523-1536.

4. Candolfi, M. P., Barrett, K. L., Campbell, P.,
Forster, R., Grandy, N., Huet, M. C., Lewis,
G., Oomen, P. A., Schmuck, R. and Vogt, H.
2001. Guidance Document on Regulatory
Testing and Risk Assessment Procedures for
Plant Protection Products with Non-Target
Arthropods. In SETAC/ESCORT2 Workshop
Report, 21-23 March 2000, Wageningen.

5. Croft, B. A. 1990. Arthropod Biological
Control Agents and Pesticides. Wiley and
Sons, New York. PAGES??

6. Desneux, N., Decourtye, A. and Delpuech, J.
M. 2007. The Sublethal Effects of Pesticides
on Beneficial Arthropods. Annu. Rev.
Entomol., 52: 81-106.

7. Dhawan, A. K., Singh, S. and Kumar, S.
2009. Integrated Pest Management (IPM)
Helps Reduce Pesticide Load in Cotton. J.
Agr. Sci. Tech., 11: 599-611.

8. Gandhi, P. I., Gunasekaran, K., Poonguzhali,
S., Anandham, R., Kim G. -H., Chung, K. -
Y. and Sa, T. 2005. Laboratory Evaluation
of Relative Toxicities of Some Insecticides

against Trichogramma chilonis
(Hymenoptera:  Trichogrammatidae) and
Chrysoperla carnea (Neuropterai:

Chrysopidae). J. Asia-Pacific Entomol.,
8(4): 381-386.

9. Ghorbani, M., Saber, M., Bagheri, M. and
Vaez, N. 2016. Effects of Diazinon and
Fipronil on Different Developmental Stages

880

10.

11.

12.

13.

14.

15.

16.

17.

of Trichogramma brassicae Bezdenko
(Hym.; Trichogrammatidae). J. Agr. Sci.
Tech., 18: 1267-1278.

Hassan, S.A. 1993. The Mass Rearing and
Utilization of Trichogramma to Control
Lepi-Dopterous Pests: Achievements and
Outlook. Pestic. Sci., 37(4): 387-391.
Hassan, S.A., Biglert, H., Bogenschutz, H.,
Boller, E., Brun, J., Callis, J. N. M., C-
Pelseneer, J., Duso, C., Grove, A,
Heimbach, U., Helyer, N., Hokkanen, H.,
Lewis, G. B., Mansour, F., Moreth, L.,
Polgar, L., S-Petersen, L., Suphanor, B.,
Staubli, A., Stern, G., Vainio, A., Veire, V.
D. M., Viggiani, G. and Vogt, H. 1994.
Results of the Sixth Joint Pesticide Testing
Programme of the 1OBC/WPRS-Working
Group “Pesticides and Beneficial
Organisms. Entomophaga., 39(1): 107-119.
Hussain, D., Ali, A., M-ul-Hassan, M., Ali,
S., Saleem, M. and Nadeem, S. 2012.
Evaluation of Toxicity of Some New
Insecticides  against Egg  Parasitoid
Trichogramma chilonis (Ishii)
(Hymenoptera: Trichogrammitidae). Pak. J.
Zool., 44(4): 1123-1127.

Khan, M. A., Khan, H., Farid, A. and Ali, A.
2015a. Evaluation of Toxicity of some
Novel Pesticides to Parasitism by
Trichogramma  chilonis  (Hymenoptera:
Trichogrammatidae). J. Agric. Res., 53(1):
63-73.

Khan, M. A., Khan, H. and Farid, A. 2014.
Assessment of the Lethal and Parasitism
Effects of Helicoverpa armigera
NucleoPolyhedroVirus (HaNPV) on
Trichogramma chilonis (Ishii)
(Hymenoptera: Trichogrammatidae). Sarhad
J. Agric., 30(4): 425-432.

Khan, M. A., Khan, H. and Ruberson, J. R.
2015b. Lethal and Behavioral Effects of
Selected Novel Pesticides on Adults of
Trichogramma pretiosum (Hymenoptera:
Trichogrammatidae). Pest Manage. Sci., 71:
1640-1648.

Khan, M. A. and Ruberson, J. R. 2017.
Lethal Effects of Selected Novel Pesticides
on Immature Stages of Trichogramma
pretiosum (Hymenoptera:
Trichogrammatidae). Pest Manage. Sci.,
73(12): 2465-2472.

Li, L. -Y. 1994. Worldwide use of
Trichogramma for Biological Control on
Different Crops: A Survey. In: “Biological
Control with Egg Parasitoids”, (Eds.):


https://doi.org/10.1007/s12600-018-0672-8
https://dorl.net/dor/20.1001.1.16807073.2019.21.4.16.1
https://jast.modares.ac.ir/article-23-17116-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-23 ]

[ DOR: 20.1001.1.16807073.2019.21.4.16.1 ]

Integration of Selected Novel Pesticides in Cotton

18.

19.

20.

21.

22.

23.

24.

25.

Wajnberg, E. and Hassan,S. A. CAB
International, Wallingford, UK, PP. 37-53.
Lingathurai, S., Pushpalatha, M., Raveen,
R., Vinolaya, P. P., Sathikumaran, R. and
Sathya, N. P. C. 2015. Ecotoxicological
Performances and Biochemical Effect of
Selected Pesticides on Trichogramma
chilonis (Ishii) (Hymenoptera:
Trichogrammatidae). J. Entomol. Zool.
Stud., 3(1): 109-114.

Manjunath, T. M., Bhatnagar, V. S., Pawar,
C. S. and Sithanantham, S. 1985. Economic
Importance of Heliothis spp. in India and an
Assessment of Their Natural Enemies and
Host Plants. In Proc. Workshop on Biol.
Control of Heliothis, New Delhi, India, PP.
197-228.

Martinez, L. C., Rueda, A. P., Neves, G. da
S., Gongalves , W. G., Zanuncio, J. C.,
Bozdogan, H., and Serrao, J. E. 2018.
Permethrin  Induces  Histological and
Cytological Changes in the Midgut of the
Predatory Bug, Podisus nigrispinus.
Chemosphere., 212: 629-637.

Martinou, A. F., Seraphides, N., Stavrinides,
M. C. 2014. Lethal and Behavioral Effects
of Pesticides on the Insect Predator
Macrolophus pygmaeus, Chemosphere, 96:
167-173.

Martinson, T., Williams, L. and Loeb, G. E.
2001. Compatibility of Chemical Disease
and Insect Management Practices used in
New York Vineyards with Biological
Control by Anagrus spp. (Hymenoptera:
Mymaridae), Parasitoids of Erthroneura
Leafhoppers. Biol. Control., 22: 227-234.
Nasreen, A., Mustafa, G., Ashfag, M. and
Saleem, M. A. 2004. Combined Effect of
Chrysoperla carnea Stephen (Neuroptera:
Chrysopidae) and Trichogramma chilonis
(Ishii) (Hymenoptera: Trichogrammatidae)
on Helicoverpa armigera Eggs in the
Presence of Insecticides. Pak. J. Zool.,
36(3): 189-191.

Parreiraa, D. S., Cruzb, R. A-de la, Dimatéb
F. A. R, Batistac, L. D., Ribeirod, R. C,,
Ferreirae, G. A. R. and Zanunciob, J. C.
2019. Bioactivity of Ten Essential Oils on
the Biological Parameters of Trichogramma
pretiosum (Hymenoptera:
Trichogrammatidae) Adults. Indus. Crops
Prod., 127: 11-15

Pekar, S. 2012. Spiders (Araneae) in the
Pesticide World: An Ecotoxicological
Review. Pest Manage. Sci., 68: 1438-1446.

JAST

881

26.

27.

28.

29.

30.

31.

32.

33.

34.

Pinto, J. D. and Stouthamer, R. 1994.
Systematics of the Trichogrammatidae with
emphasis on Trichogramma. In: “Biological
Control with Egg Parasitoids”, (Eds.):
Wajnberg, E. and Hassan, S. A. CAB
International, Wallingford, PP. 1-36.
Rasool, B., Arif, J.,, Hamed, M. and
Nadeem, S. 2002. Field Performance of
Trichogramma chilonis Against Helicoverpa
armigera Under Varying Sowing Time and
Varieties of Cotton. Int. J. Biol. Agri., 4(1):
113-114.

Ruberson, J. R., Nemoto, H. and Hirose, Y.
1998. Pesticides and Conservation of
Natural Enemies in Pest Management. In:
“Conservation Biological Control”, (Ed.):
Barbosa P. Academic Press, San Diego, CA,
USA, PP. 207-220.

Sagheer, M., Ashfaq, M., Hasan, M-ul, and
Rana, S. A. 2008. Integration of Some
Biopesticides and Trichogramma chilonis
for the Sustainable Management of Rice
Leaf Folder Cnaphalocrocis Medinalis
(Guenee) (Lepidoptera: Pyralidae). Pak. J.
Agri. Sci. 45(1): 69-74.

Sattar, S., Ullah, F., Saljogi, A. U. R., Arif,
M. and Qazi, J. I. 2011. Toxicity of Some
New Insecticides against Trichogramma
chilonis (Hymenoptera: Trichogrammatidae)
under Laboratory and Extended Laboratory
Conditions. Pak. J. Zool., 43: 1117-1125.
Singh, S. P. 2001. Augmentative Biocontrol
in India. In: “Augmentative Biocontrol:
Proceedings of the ICAR-CABI Workshop”
(Eds.): Singh S. P., Murphy, S. T. and
Ballal, C. R. Project Directorate of
Biological Control, 29th June to July 1st,
2001, Bangalore, PP. 1-20.

Smith, S. M. 1996. Biological Control with
Trichogramma advances, Successes, and
Potential of Their Use. Annu. Revi.
Entomol., 41: 375-406.

Stark, J. D., Vargas, R. and Banks, J. E.
2007. Incorporating Ecologically Relevant
Measures of Pesticide Effect for Estimating
the Compatibility of Pesticides and
Biocontrol Agents. J. Econ. Entomol., 100:
1027-1032.

Stavrinides, M. C. and Mills, N. J. 2009.
Demographic  Effects of Pesticides on
Biological Control of Pacific Spider Mite
(Tetranychus pacificus) by the Western
Predatory Mite (Galendromus occidentalis).
Biol. Control., 48: 267-273.


https://dorl.net/dor/20.1001.1.16807073.2019.21.4.16.1
https://jast.modares.ac.ir/article-23-17116-en.html

Khan

35. Sterk, G., Hassan, S. A., Baillod, M.,

Bakker, F., Bigler, F., Blimel, S,
Bogenschutz, H., Boller, E., Bromand, B.,
Brun, J., Calis, J. N. M., Coremans-
Pelseneer, J., Duso, C., Garrido, A., Grove,
A., Heimbach, U., Hokkanen, H., Jacas, J.,
Lewis, G., Moreth, L., Polgar, L., Rovesti,
L., Samsoe-Peterson, L., Sauphanor, B.,
Schaub, L., Staubli, A., Tuset, J. J., Vainio,
A., de Veire, M. V., Viggiani, G., Vifiuela,
E. and Vogt, H. 1999. Results of the Seventh
Joint Pesticide Testing Programme Carried
Out by the IOBC/WPRS-Working Group

““Pesticides and Beneficial Organisms’’.
Bio. Cont., 44: 99-117.

36. Way, M. J. 1986. The Role of Biological

Control in Integrated Plant Protection. In:
“Biological Plant and Health Protection”,
(Ed.): Franzv, J. M. Stuttgart: Gustav
Fischer Verlag, PP. 289-303.

37. Willow, J., Silva, A., Veromann, E. and

Smagghe, G. 2019. Acute Effect of Low-
dose Thiacloprid Exposure Synergised by
Tebuconazole in a Parasitoid Wasp. PLo0S
ONE, 14(2): e0212456.
https://doi.org/10.1371/journal.pone.021245

[ Downloaded from jast.modares.ac.ir on 2024-11-23 ]

[ DOR: 20.1001.1.16807073.2019.21.4.16.1 ]

6.

Trichogramma chilonis b wos (b BT 54l b 4dy S cdT o g
(Hymenoptera: Trichogrammatidae)

ol .l.p

oS
lfé:&l}'ﬂj@\@bd\@z-))%oM&h&Tdﬁféugwg}&éTv&?‘ﬁ}}éd‘)z
mean ),,d Kb @b bl s by Trichogramma chilonis  (Ishii)
@r,'.:‘\s@li» 39.4X 6.25X 35 55 » 5> Chlorantraniliprole s, ,. ,s ¢mergence
Co 5 4oy odkd lad Ao sl o ki 5 5,Y al e s (Sitotroga cerealella Olivier) ol ;..
ot dm o sles 53 15 5 56b GSSL(HANPV) s s coiomen 35 TAV-4Y 5 IVA-AY 4 oS0
o= b s o LSpiromesifen s .sls olis ARG /A 56.25X S12.5X 33 g5 e s
383X 35 y55 0,45 o e sl ) 0.5XX SX s 35 ,588.55% 182.35%
4 SPIromesifen (s jls oo, do o s du il & on 3 5l OLis o i d e
oslT. Chilonis a8 o&is s 5X 52X (slasd ;5 5 5 479.52% ,88.20% ,4eb Kol
sl 33 s chlorantraniliprole (s K. i 3 (S. cerealella) ol s sis Hlas s B B 3
23 o Oljem 0k o3k 035 1 e VM B VIM sl 3 e 5154 oobe 4 223.13X 55X
B 5 4s Ol o35 VY slams 3 e300 oole 4 2210.4X 33 ,sspiromesifen S
ey odd 0ajT sla ESET & 55 0T I (Sl ol 0L Sy 230k 35l 65 1okne

M‘“““‘ﬁﬂ)‘)kd‘jd‘°“&‘j‘@‘)}€‘b

882


https://doi.org/10
https://dorl.net/dor/20.1001.1.16807073.2019.21.4.16.1
https://jast.modares.ac.ir/article-23-17116-en.html
http://www.tcpdf.org

