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ABSTRACT

The integration of biological and chemical control approaches is very important for a
successful Integrated Pest Management (IPM) program. Demographic approaches give a
better understanding of the side effects of pesticides on beneficial organisms. In this study,
laboratory bioassays were set up to evaluate the lethal and sublethal effects of diazinon
and fipronil on different stages of Trichogramma brassicae Bezdenko (Hymenoptera:
Trichogrammatidae). The effects of Field Recommended Concentration (FRC) of
diazinon and fipronil were studied on larvae, prepupa and pupae of the parasitoid.
Diazinon and fipronil reduced adult emergence by 99.74 and 50.46 %, respectively. The
LCsy values for diazinon and fipronil on adult stage were 0.11 and 0.46 pg ai ml’,
respectively. The sublethal effects of the chemicals were studied on life-table parameters
of the parasitoid emerging from parasitized eggs exposed to the FRC of the insecticides at
larval stage and also adults exposed to LC3, of the insecticides. Longevity and progeny
production were affected by the insecticides in comparison to the control. Three main life-
table parameters including intrinsic rate of increase (r,,), Doubling Time (DT) and net
Reproduction rate (R,) were negatively affected by the sublethal treatments. The intrinsic
rate of increase for control, diazinon and fipronil exposed populations at larval stage were
0.28, 0.23 and 0.12, respectively and were 0.26, 0.04 and 0.08 for populations exposed to
LCj;, at adult stage, respectively. The sex ratio of offspring at all insecticide treatments has
led to the production of female offspring by the chemicals. These findings showed that
diazinon and fipronil were harmful for 7. brassicae, thus semifield and field studies are
suggested for getting more applicable results for possibly using them in IPM programs.

Keywords: Biological control, Life-table parameters, Parasitoid, Trichogramma
brassicae.

INTRODUCTION

Chemical control is the major tactic for
controlling agricultural pests throughout the
world (Van Lenteren and Woets, 1988;
Musser et al., 2006). In addition biological
control could offer a method that is both
economically and ecologically suitable to
control arthropod pests (Settle et al., 1996;

Van Driesche et al., 2010). Among the egg
parasitoids, the genus Trichogramma occurs
naturally worldwide and plays an important
role as a natural enemy of many
lepidopterous pests on a wide range of
agricultural crops (Abdelgader and Hassan,
2012). Many laboratory and field studies
have shown that Trichogramma spp. wasps
are highly susceptible to most broad-
spectrum pesticides (Bull and Coleman,
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1985, Saber et al, 2004; Shoeb, 2010;
Saber, 2011; Wang et al., 2012). Because of
the negative consequences associated with
pesticides, chemical and biological control
with Trichogramma spp. have mostly been
considered incompatible (Croft, 1990).

Although biological control is of great
importance in pest control, chemical control
is still necessary in agriculture, because it is
quick, efficient, easy to use, and cost
effective (Urech, 2000; Khan et al., 2008).
Due to the wide range effects of pesticides
on natural enemies, it is necessary to study
the side effects of insecticides, to adapt
chemical and biological control for
minimizing the negative impacts of
insecticides on natural enemies (Hassan et
al., 1998; Saber, 2011; Souza et al., 2014).

Insecticides have both lethal and sublethal
effects on arthropods, thus in addition to
death, they can adversely affect life
parameters such as developmental rate
(Consoli et al, 2009; Poorjavad et al.,
2014), longevity (Wang et al., 2012),
fecundity (Poorjavad et al, 2014),
oviposition (Wang et al., 2012), sex ratio
(Carvalho et al., 2003; Desneux et al.,
2003), behavior (Delpuech er al, 1999;
Poorjavad et al.,, 2014) and feeding (Qi et
al., 2001; Galvan et al., 2005). Therefore, it
is necessary to evaluate the lethal and
sublethal effects of insecticides on the
natural enemies as well as on the pest itself
in order to have a better understanding of the
effect of the chemicals on the biological
components of the system (Stark and Banks,
2003; Desneux et al., 2007). Acute toxicity
is assessed usually after a short exposure to
a chemical (e.g. a few hours to a few days)
and the endpoint is the death of the organism
(Croft, 1990; Stark and Banks, 2003). The
estimated lethal concentration during acute
toxicity tests may only be a partial measure
of the deleterious effects. Sublethal effects
are defined as effects (either physiological
or behavioral) on individuals that survive
exposure to a pesticide (Desneux et al.,
2007).

Sublethal effects can be detected by
estimating the life-table parameters such as
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net Reproduction rate (Ry), intrinsic rate of
natural increase (r,,), finite rate of increase
(A), and mean generation Time (T) (Croft,
1990; Desneux et al., 2007; Saber et al.,
2004; Saber, 2011). Life-table experiments
provide a more accurate measure of toxic
effect compared to lethal concentration
estimates (Forbes and Calow, 1999) and
have been used to evaluate side effects of
pesticides on several natural enemies
(Acheampong and Stark, 2004; Stark et al.,
2004; Saber et al., 2004, 2005; Saber, 2011;
Mahdavi et al., 2011; Saber and Abedi,

2013).
The egg parasitoid Trichogramma
brassicae Bezdenko (Hymenoptera:

Tricogrammatidae) is one of the most
important and widely distributed species of
Trichogramma in Iran. It attacks eggs of
several lepidopterous pests, and is a major
biological control agent (Iranipour et al.,
2008; Poorjavad et al., 2012). Since
diazinon and fipronil are widely used
insecticides in rice fields in Iran (Talebi-
Jahromi, 2007), we decided to investigate
the total effects (lethal and sublethal effects)
of these insecticides on T. brassicae.

MATERIALS AND METHODS
Insect Origin and Rearing

Trichogramma brassicae was obtained
from an insectarium maintained at the Rice
Research Center, Gilan (North of Iran) in
2012. T. brassicae wasps were reared on
Sitotroga cerealella (Olivier) eggs for eight
generations at 25+1°C, 70£10% RH, and a
photoperiod of 16:8 (L:D) hour. Honey was
presented as food for the adult parasitoid on
a stripe of paper.

Chemicals Materials

Diazinon (Diazinon® 60% EC, Arya shimi,
Iran) and Fipronil (Rigent® 20% G, Partonar
shimi, Iran) were used in all experiments.
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Diazinon belongs to the class of
organophosphate insecticides and kills
insects by interfering with the function of
the nervous system. Fipronil (a phenyl
pyrazole insecticide) is a potent blocker of
the GABA-regulated chloride channels in
the neurons of the central nervous system.
When this function is blocked by fipronil,
the result is neural excitation and the death
of the insect (Cole et al., 1993).

LC;, Bioassays on Adult Wasps

Adult bioassays were carried out by
contact exposure of insecticides. For this
purpose, the exposure cages were used
(Saber et al., 2004). The exposure cage was
formed of two removable glass plates (13 by
13 cm?® as floor and ceiling and a
polyethylene frame with 2 cm side wall.
There were six holes on each side of the
frame, from which two openings were used
to introduce the 7. brassicae wasps and
food; other holes were covered with black
netting for ventilation. Stock solutions of the
formulated insecticides were prepared at a
concentration that reflected the Field
Recommended Concentration (FRO).
Aliquots were taken from each stock
solution and mixed with water to prepare six
concentrations 1.75, 0.77, 0.34, 0.15, 0.06
and 0.01 ppm for diazinon and 7, 4.69, 3.17,
2.14, 1.45 and 1 ppm (based on formulated
materials ) for fipronil. Tween 80 (Merck,
Darmstadt, Germany) was used at a
concentration of 200 ppm in all dilutions as
a surfactant (Rosenheim and Hoy, 1988;
Wang et al., 2012). Glass plates (i.e., the
floor and ceiling of the exposure cage) were
sprayed with each concentration of
insecticide using a hand spray. The hand
sprayers were calibrated for sufficient and
similar spray coverage before using. Control
plates were sprayed with water plus Tween
80. After drying the glass plates on the
laboratory at room temperature for 1 hour,
exposure cages were closed. Fifty to seventy
young (< 24 hours old) T. brassicae adults
were introduced into each exposure cage by

JAST

1269

emergence tubes. Three exposure cages
were used for each insecticide concentration
and each bioassay test was replicated three
times. The parasitoids in the exposure cages
were supplied with honey placed on a small
strip of paper as food. The cages were held
at 25+£1°C, 70£10% RH, and at a
photoperiod of 16:8 (L:D) hour, for 24
hours. The number of dead wasps in each
cage was counted 24 hours after the initial
exposure to the chemicals residue.

The result of each trial was tested for
goodness of fit using PROC GENMOD
procedures (SAS Institute, 2002. Robertson
et al., 2007 ;) and the data was analyzed
using PROC PROBIT (SAS Institute, 2002)
to compute LCjy, LCsy and LCy, values on a
standard and log scale with associated 95%
fiducial limits.

Effects of Insecticides on Immature
Development

In order to investigate the effects of the
insecticides on immature stages of T.
brassicae developing within the host eggs,
S. cerealella eggs were used. The fresh S.
cerealella eggs were glued in circles on
strips of white papers to provide egg discs.
The egg discs (ca. 100+20 eggs) were
presented to adults of 7. brassicae in a glass
tube for 24 hours. Parasitized egg discs were
prepared in 3 day intervals to provide 3, 6
and 9 days old pre-imaginal stages. These
days correspond to larval, prepupal and
pupal stages of Trichogramma spp.,
respectively (Consoli et al., 1998; Knutson,
1998; Suh et al., 2000). Apposite amounts of
each pesticide were rarified with 100 ml of
distilled water to provide the recommended
field concentrations, 1,000 and 40,000 ppm
for diazinon and fipronil (Kumar and Singh,
2013; Khan et al., 2015), respectively. These
concentrations were calculated based on the
amount of recommended quantity of each
insecticide and by considering 250-300 L of
applied solution per hectare. Randomly
taken parasitized egg discs were immersed
in pesticide solution for 5 seconds (Consoli
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et al., 1998; Carvalho et al., 2003; Hewa-
Kapuge et al., 2003; Saber et al., 2004). This
method certified that all parasitized eggs
were similarly exposed to the insecticide
solutions. Distilled water was used as
control treatment. The treated egg discs were
allowed to dry completely by placing them
on the laboratory bench at room temperature
for 1 hour and then each egg disc was
transferred to a small glass tube. The glass
tubes including the eggs were then plugged
with cotton wool and were transferred to a
growth chamber that was set to the standard
conditions indicated above. Under these
conditions, adults generally emerged from
eggs 10 to 11 days after the primal
parasitism. A final assessment of emergence
was made 14 days after initial parasitism by
visually inspecting the eggs for emergence.
The total number of eggs, the number of
black eggs (an indication of parasitization)
and the emerged wasps were recorded. The
eggs with dead adults, or the eggs with
partially chewed exit holes with dead adult
remaining inside, were categorized as ‘failed
to emerge’. Ten randomly chosen
parasitized egg discs were used in each
pesticide treatment and the trial was
repeated three times. The experiment was
designed as a multifactorial design in which
factors were treatment (three levels: control,
diazinon and fipronil), and stage of wasps
treated (three levels: larvae, prepupae and
pupae). An  arcsine  square  root
transformation was performed on the
emergence percentage before analyzing data.
All data were subjected to analysis of
variance, and the means were compared
using either Fisher’s protected Least
Significant Difference (LSD) or LS means
(P< 0.05) (SAS Institute, 2002).

Sublethal Effects of Insecticides on Life-
table Parameters

Adult parasitoids that emerged from S.
cerealella eggs were previously treated
with field concentrations of the insecticides
at the larval stage and also, adult
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parasitoids treated with LCj, concentration
were used for the life-table studies.

Vials containing treated eggs at the larval
stage were monitored daily for emerged
parasitoids. More than 100 emerged young
adults (< 24 hours old) from ten replicates
of each treatment were transferred to small
glass vials (nine by 75 mm) individually
and then 25 of them were selected
randomly.

In studying LCj;, concentration, adult
parasitoids in three replicates (100£20 in
each replicate) were exposed to LCj
concentration of insecticides. After 24 h,
about 100 females surviving from all
replicates were transferred to small glass
vials individually. Then 25 of them were
selected randomly for life-table parameters
study.

In both experiments, each female
parasitoid was presented one S. cerealella
egg disc (ca. 100+20 eggs) and a small drop
of honey as food. The egg discs were
changed daily and mortality of the wasps
was recorded. The parasitized egg discs
were maintained at the rearing conditions
described above and allowed to emerge.
The total numbers of eggs, black eggs
(parasitized eggs), eggs containing dead
adults, emerged wasps and their sex ratio
were recorded.

Daily schedules of mortality and
fecundity were integrated into a life table
format (Carey, 1993) and used to calculate
the net Reproductive rate (R;), mean
generation Time (7) and intrinsic rate of
increase (r,) (Table 1). Jackknife pseudo-
values were computed using Microsoft
office Excel for r, (intrinsic rate of
increase), Ry (net Reproductive rate), Gross
Reproductive Rate (GRR), and A (finite rate
of increase) for each treatment. A square
root transformation was performed on
population parameters including 7, DT, r,
and m, data before analysis. The mentioned
data were subjected to analysis of variance
and means were compared using Tukey
posthoc test (P< 0.05) (Meyer et al., 1986;
Maia et al., 2000).
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Table 1. Effects of diazinon and fipronil on life-table parameters of Trichogramma brassicae from parasitized Sitotroga cerealella eggs previously exposed to

field rate of the pesticides at the larval stage.”

Doubling
Time

(DT)+SE
2.98+0.1b
5.66+0.2a

Intrinsic rate of
increase (r,,)£SE

0.23+0.01b

day+SE

Generation Time (T)
1.80£0.1b

rat (Ry)

1.5+2.2b

Net Reproductive
5.5+1.7b

Mean female progeny
per female
(my)+SE
0.49+0.3b

Sex ratio+SE
(Male/Female+Male)

0.06+0.026b
0.07+0.022b
0.44+0.005a

Egg
hatching+SE
71.9045.2b
62.23+3.1b

Longevity
day+SE
2.04+0.2b
3.88+0.2b
7.08+0.4a

Treatment

Diazinon
Fipronil

0.12+0.01c

14.04+0.1a

1.19+0.5b
6.61+1.5a

2.49+0.15b

14.7940.1a 0.28+0.01a

60.8+1.8a

83.69+2.2a

Control

0.05)

“ Mean within a column followed by different letters are significantly different (Fisher’s LSD; P
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RESULTS
LCs, Bioassays

The LCs values indicated that the acute
toxicity of diazinon (0.11 pg ai mL™) on T.
brassicae was higher than that of fipronil
(0.46 nug ai mL™") (Table 2) and the LCqy
value for diazinon (23.8 ug ai mL™") was
considerably higher compared to fipronil (3
ug ai mL™). It was due to the higher slope in
fipronil compared to diazinon since a little
increase in the concentration, increases the
mortality more.

Effects of Insecticides on Immature
Development

The mean emergence rate of the parasitoid
from S. cerealella eggs treated with diazinon
and fipronil at all stages were 0.26 and
49.54%, respectively. The parasitized S.
cerealella eggs exposed to either diazinon or
fipronil at the larval stage yielded the lowest
emergence rate (Table 3). T. brassicae
emergence from S. cerealella eggs was
significantly affected by the pesticides at
larval (F= 1038.74; df= 2, 29; P< 0.0001),
prepupal (F= 333.27; df= 2, 29; P< 0.0001)
and pupal (F=123.98; df= 2, 29; P< 0.0001)
stages. In total, the emergence rate was
reduced by a greater amount following
exposure to diazinon than following
exposure to fipronil.

Demographic Parameters

The mean longevity of emerged T.
brassicae adults from host eggs treated with
field concentration at the larval stage, was
significantly affected (F=94.9; df= 2, 74; P<
0.0001) (Table 1). The mean number of
female offspring per female (m,) (F= 5.7;
df=2, 21; P< 0.01) were different compared
with control. Population parameters of 7.
brassicae such as r,, (F= 38.1; df= 2, 74; P<
0.0001), Ry (F=17.4; df=2, 74; P< 0.0001),
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Table 2. Acut toxicity of diazinon and fipronil to Trichogramma brassicae adult.

Lethal Concentration (ug ai mL™")"
Slope+SE 7 LCyy LCs, LCoyp
(95% FL) (95% FL) (95% FL)
Diazinon 678 0.53+0.07 37.07 0.007 (0.002-0.009) 0.11 (0.07-0.17)  28.1(8.3 —218)
Fipronil 2707  1.58+0.1 72.93 0.35 (0.26-0.45) 0.46 (0.42-0.5) 3(24-3.9)

Insecticide n

“ Lethal concentration and Fiducial Limits (FL) based on standard scale.

Table 3. Effect of diazinon and fipronil on emergence rate of Trichogramma brassicae from Sitotroga cerealella
eggs exposed to field recommended concentration of the pesticides at tree pre imaginal developmental stages of the
parasitoid. *

Mean % of adult parasitoid emergence from Mean Mean Classification of
parasitized host eggs treated at different emergence in  reduction in  insecticide
Treatment preimaginal stages treatments % of according to
(%) emergence [OBC/WPRS
standards
Larvae Prepupae Pupae

Diazinon 0.16+0.16c 0.18+0.18c  0.44+0.23c 026+785¢c 99.7 Harmful
Fipronil 374+£249b 643+330b 6425+330b 49.54+0.09b 50.5 Slightly harmful
Control 963+0.76a 89.7+2.86a 89.73+2.86a 9331+19a

“Means in a column followed by different lowercase letters are significantly different (Fisher’s protected LSD; P< 0.05).

T (F=117.9; df=2, 74; P< 0.0001) and DT
(F= 7.6; df= 2, 74; P< 0.001) were affected
significantly by the insecticides treatments
(Table 1). The intrinsic rate of increase for
the control, diazinon and fipronil-exposed
populations were 0.28, 0.23 and 0.12 female
offspring per female per day, respectively
(Table 1). The mean sex ratio (F= 117.9; df=
2, 74; P< 0.0001) and egg hatching (F=8.4;
df= 2, 74; P< 0.0005) were also affected by
the insecticides. The sex ratio for control,
diazinon and fipronil was 0.44, 0.06 and
0.07, respectively (Table 1).

Mean longevity of T. brassicae exposed to

LCj;, value at adult stage was also affected
by the insecticides (F= 147.5; df= 2, 74; P<
0.0001) (Table 4). The mean of m, (F= 4.6;
df= 2, 19; P< 0.03) was influenced
significantly by treatments. The parameters
including r,, (F= 146.6; df=2, 7; P< 0.0001),
Ry, (F= 19.2; df= 2, 74; P< 0.0001), T (F=
44.3; df= 2, 74; P< 0.0001) and DT (F=14.8;
df= 2, 74; P< 0.0001) were affected
significantly by the insecticides (Table 4).
Diazinon and fipronil affected mean sex
ratio (F=74.8; df= 2, 74; P< 0.0001), but the
hatch rate was not influenced by the
insecticides (F= 0.72; df= 2, 74; P< 0.4879).

Table 4. Effects of diazinon and fipronil on life-table parameters of Trichogramma brassicae exposed to LCjs, of the

pesticides at the adult stage.”

Mean female

Loneevit Sex ratio+SE OoenCY Der Net Generation  Intrinsic rate Doubling
Treatment da g+SEy (Male/Female p fge mai/ep Reproductive Time (T) of increase Time (DT)
= +Male) (m)2SE rate (Ry) day+SE (ra)+SE day+SE
M=

Diazinon 1.08+0.1b 0.07+0.02b 1.02+1.02b 1.65+0.8b 12.5340.1b  0.04+0.01c  16.48+0.6a
Fipronil 1.28+0.1b 0.12+0.03b 1.83+0.8ab 2.58+1.1b 12.83+0.1b  0.08+0.01b  8.54+0.8b

Control 7.04+0.5a 0.42+0.02a 5.53+0.97a 48.92+1.6a 14.90+0.1a  0.26+0.004a  2.65+0.5b

“ Mean within a column followed by different letters are significantly different (Fisher’s LSD; P< 0.05).
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DISCUSSION

Acute toxicity bioassay results showed
that both insecticides were highly toxic to
the adult stage of Trichogramma brassicae.
Suh et al. (2000) showed that an
organophosphate insecticide, prophenofos
was very toxic to 7. exiguum at adult stage.
Other studies have also showed that broad
spectrum insecticides including fipronil
exhibited high toxicity on adult stage of
Trichogramma spp. (Li et al., 1986; Suh et
al., 2000; Khan et al., 2015). Adult
parasitoids can be exposed directly to
insecticide spray droplets or indirectly to the
deposit on the crop foliage when foraging or
imbibing contaminated water droplets,
nectar or honeydew (Longley and Jepson,
1996). Immature parasitoids can be also
exposed to insecticides through the bodies of
their hosts (Longley, 1999; Hussain et al.,
2010). Although insecticides are generally
considered toxic to adult Trichogramma,
pre-imaginal stages developing within host
eggs appear to be well protected from many
insecticides (Bull and Coleman, 1985; Li et
al., 1986; Singh and Varma, 1986; Brar et
al., 1991; Consoli et al., 1998; Saber, 2011;
Wang et al,. 2012). The present study also
showed that field rate of diazinon and
fipronil severely affected the adult stage of
the parasitoid and resulted in 100%
mortality within 24 hours. Wang et al.
(2012) found that the field rate of fipronil
caused 100% mortality on Trichogramma
chilonis Ishii adults after 8 hours. Also
Hussain et al. (2010) revealed that
chlorpyrifos caused 100% mortality on
adults of T. chilonis after 24 hours.

Diazinon and fipronil severely affected the
mean emergence rate of the adults (Table 3).
Our results showed that diazinon also is very
toxic to T.brassicae at pre-imaginal stages
even inside the host eggs. Varma and Singh
(1987) showed that fenitrothion (a member
of organophosphate insecticides) also
completely disrupted the emergence of
Trichogramma brasiliensis (Ashmead) from
rice moth, Corcyra cephalonica (Stainton)
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(Lepidoptera: Pyralidae) eggs. Shoeb (2005)
studied the effect of insecticides on
Trichogramma evanescens Westwood and
found that profenofos was harmful to the
immature stages of the parasitoid. Also
Shoeb (2010) reported that fenitrothion
caused a high decrease in the emergence rate
of T. evanescens from S. cerealella eggs.
Some mortality is also observed while
emerging adults chew the host egg chorion
(Consoli et al., 2001; Moura et al., 2006;
Souza et al., 2014). Researchers have got
different results on effects of insecticides on
pre-imaginal stages of Trichogramma and
on emergence rate of different pesticides
(Blibech et al., 2015). Plewka et al. (1975),
reported that some insecticides did not
penetrate the host egg-chorion (S.
cerealella), and Trichogramma spp. was
affected only upon emergence from the
eggs.

In thecurrent study, female adult
longevity, fecundity, sex ratio, number of
female offspring per female and population
life-table parameters such as intrinsic rate of
increase, generation time and doubling time
were used to assess sublethal effects of
diazinon and fipronil (Tables 1 and 4).

Longevity is frequently used as an index
of wasp quality (Waage and Ming, 1984;
Saber, 2011). The longevity of adult female
was  significantly affected by the
insecticides. The effect of insecticides on
longevity of parasitoids seems to be highly
dependent on the type of insecticide, the
parasitoid species, and the method of
application (Bayram et al, 2010).
Reductions in longevity have been generally
observed in parasitoids that had been treated
with insecticides during developing stages
inside hosts (Smilanick et al., 1996; Suh et
al., 2000; Schneider et al., 2004; Desneux et
al., 2006a, b) as observed in our study.
However, few studies have reported increase
in longevity of parasitoids as a consequence
of treating adults. Wang et al. (2012)
reported that the mean longevity of
Trichogramma chilonis females exposed to
fipronil was significantly longer than
control, while fipronil reduced the mean
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longevity of T. brassicae in the current
research. In our study the fecundity of the
treated insects was significantly reduced.
Similar results were found in other studies,
although researchers investigated different
parasitoid species and different insecticides:
T.  brassicae treated with LD,, of
chlorpyrifos (Delpuech and Meyet, 2003);
Telenomus busseolae Gahan (Hymenoptera:
Scelionidae) treated with LC5s of cyfluthrin
(Bayram et al., 2010); and
Trichogrammatoidea  bactrae  Nagaraja
treated with LCj, of cartap, diafenthiuron,
spinosad, and fipronil (Wang et al., 2011).
In this study, the observed reduction in
fecundity of treated 7. brassicae females
may be due to the reduction of their
longevity.

In this study the sex ratio has led to the
production of female offspring due to
treatment with insecticides. The number of
female offspring per female was affected
significantly by the pesticides. Increasing
the female offspring in the next generations
would compensate to some extent the
reduction of the parasitoid population due to
insecticide applications.

All stable population parameters were
affected by the insecticides (Tables 1 and 4).
Wang et al. (2012) reported that when T.
chilonis was exposed to chlorfenapyr,
avermectin, and fipronil, the population
parameters such as Ry, r,, and A were
significantly lower than those in the control.
Also they showed these insecticides had
adverse effects on DT. Lower intrinsic rate
of increase in a treated population could
have an important influence on parasitoid
generation (Saber ef al., 2004).

Thus, the information from this laboratory
study gives important results that will help
to choose the best pesticide to be applied
since products with the lowest impact on
biological control agents are the most
appropriate to be used in IPM programs.
However, side effects of pesticides may be
reduced under field conditions because
parasitoid wasps can benefit from refuge
areas or avoid pesticide treated areas.
Moreover, sunlight degradation plays an
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important role in the field and may decrease

the strong chemical effects seen on
beneficial  insects under  laboratory
conditions (Hassan, 1992; Rocha and

Carvalho, 2004). Further research should
focus on the impact of insecticides exposure
on T. brassicae parasitism and overall
effectiveness under semi-field and field
conditions.
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