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Effect of sublethal doses of thiamethoxam and pirimicarb on
functional response of Diaeretiella rapae (Hymenoptera:
Braconidae), parasitoid of Lipaphis erysimi (Hemiptera:
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Abstract: The toxicity of thiamethoxam and pirimicarb on Diaeretiella rapae
(Mc'Intosh) as a parasitoid of Lipaphis erysimi (Kaltenbach), exposed to
residues on glass vials, was investigated under laboratory conditions at 23 + 2
°C, 70 + 5% RH and 16:8 h (L: D). Moreover, in order to find the negative
impacts of both insecticides on the efficiency of D. rapae, the functional
response of the exposed parasitoids were assessed. The newly emerged
parasitoids were exposed to LCys of the insecticides and distilled water as
control. Host densities of 2, 4, 6, 8, 16, 32 and 64 were placed on canola
seedlings in a transparent cylindrical container and were offered to the treated
parasitoids. Type of functional response was determined by means of logistic
regression method and the parameters, attack rate (a) and handling time (77,)
were calculated by nonlinear regression model using SAS software. The
parasitoid exhibited type II functional response in all experiments. Attack rates
in control, pirimicarb and thiamethoxam were 0.057 + 0.01,0.059 + 0.013 and
0.040 + 0.01 h'', and handling times were 1.097 + 0.1, 1.86 + 0.02, 2.81 +
0.296 h, respectively. Maximum rates of parasitism (7/7,) were estimated
21.87, 12.9, 8.53 aphids, respectively. These observations suggest that
pirimicarb with less harmful effects is the preferred candidate for controlling
the mustard aphid.
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Introduction

Canola is one of the most important oil seeds
attacked by 38 species of insect pests. The
mustard aphid Lipaphis erysimi (Kaltenbach) is
the most serious pest causing severe damages of
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up to 90% on canola (Bakhetia, 1987; Narang et
al., 1993). This aphid has been found to be the
dominant species in canola crops with a
frequency of 66.7%, in Khuzestan province,
Southwest Iran (Khajehzadeh et al., 2010). The
yield loss caused by the mustard aphid has been
raised up to 27% in Shoush city (Khajehzadeh
and Kariminezhad, 2008).

Diaeretiella  rapae  (Mc'Intosh) is a
parasitoid with a substantial role in preventing
the outbreak of aphids in brassica crops
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(Bahana and Karuhize, 1986; Elliott et al,
1994). This parasitoid prefers to parasitize the
aphids feeding on Brassicaceae such as L.
erysimi rather than generalist species (Blande et
al., 2004).

Combination of biological and chemical
control is the main objective of Integrated Pest
Management (IPM). However, despite the
presence of selective insecticides, this remains
as a difficult challenge (Wennergren and Stark,
2000; Al Antary et al., 2010). Irregular use of
pesticides in  agricultural systems has
unfavorable effects on non-target organisms,
resulting in reduction of their efficiency in
biological control. Beside the introduction of
new agrochemicals, it is necessary to evaluate
their potential effects on survival and efficiency
of natural enemies (Paul and Thygarajan, 1992).
The evaluation of these effects is more
complicated than what was reported in the past
(Banken and Stark, 1998).

Functional response is the main element in
host- parasitoid interactions which was
discussed by Solomon (1949) for the first time.
It is defined as the change in number of hosts
attacked by a natural enemy per unit of time in
relation to host densities (Solomon, 1949;
Holling, 1959; McCaffrey and Horsburgh,
1986). Functional response has been classified
into three basic categories suggested by Holling
(1959). Most of the predators and parasitoids
exhibit type II functional response but type III
has been observed in some species too (Hassell
et al. 1977, Hogvar and Hosvang, 1991;
Fathipour et. al. 2001; Rakhshani et al. 2004;
Askarianzade et al. 2009; Faal-Mohammad-Ali
et al. 2010; Mostaghimi et al. 2010; Asadi et
al., 2012; Tazerouni et al., 2012). Sarmento et
al. (2007) found out that when the females of
Eriopis  connexa  Germar  (Coleoptera:
Coccinellidae) preyed upon aphids, presented a
type III functional response. This behavior
changed to a type II when mites were offered as
their prey. Diaeretiella rapae exhibited type 111
when  Schizaphis  graminum  (Rondani)
(Hemiptera: Aphididae) was used as its host
(Jokar et al. 2012). Pandey et al. (1984)
reported a sigmoid relationship between the

468

number of eggs laid and the host density.
Whereas, there are some reports of functional
response type Il for D. rapae in different host
species and under variable conditions (De-Jiu et
al., 1991; Desneux et al., 2005; Fathipour et al.
2006; Tazerouni et al., 2011, 2012).

There are many factors such as pesticides
that affect the functional response of a natural
enemy (Oaten and Murdoch, 1975). Pesticides
can alter the behavior of parasitoids through
their neurotoxic activity, even in low doses.
They may also reduce the parasitoid's behaviors
such as searching capacity, response to host
kairomones and pheromonal communication.
Moreover, changes in foraging patterns and
impairment of odor learning have been reported
(Desneux et al., 2003).

There are some studies that confirm these
effects (De-Jiu et al, 1991; Desneux et al.,
2003; RafieeDastjerdi et al., 2009; Faal-
Mohammad-Ali et al. 2010; Amini Jam et al.
2012; Sohrabi et al. 2012).

There is no previous study on sublethal
effects of insecticides on D. rapae parasitizing
L. erysimi on canola. The present study was
designed to investigate the potential effects of
pirimicarb and thiamethoxam on parasitoid D.
rapae in order to find the proper insecticide in
management programs of L.erysimi.

Materials and Methods

Host and parasitoid cultures

The mustard aphid L. erysimi and its
parasitoid D. rapae were obtained from
canola fields in February 2013 in Khuzestan
province, southwestern Iran. They were
maintained on canola seedlings Brassica
napus L., cultivar 401 in muslin — walled
cages (110 x 80 x 80 cm). The rearing
conditions were at 25 £ 2 °C, 50-60% R. H
and a photoperiod of 16: 8 h (L: D).

Insecticides
Insecticides tested were pirimicarb (Pirimor”™ 50

W.P, Moshkfam Fars, Iran) and thiamethoxam
(Actara®25 W. G, Syngenta, Switzerland).
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Bioassay

Residual bioassay was adopted in this study. The
test concentrations were determined by
preliminary experiments to find the lower and
upper doses that cause 5-90% mortality. For each
insecticide a water control and five concentrations
with logarithmic intervals were prepared by
diluting the stock solution in distilled water. Each
concentration had five replications and all tests
were repeated three times.

To obtain a homogeneous residual layer, 150
pl of each concentration and distilled water as
control was applied on the inner side of glass vials
(diameter: 4.5 cm; length: 7.5 cm).Vials were
regularly rotated and left for 2 h to complete
evaporation. Fifteen newly emerged female
parasitoids (< 24 h old) were placed in each vial
provided with honey solution (30% v/v). Pesticide
exposure was carried out at 23 +2 °C, 70 £ 5 %
RH and 16:8 h (L: D). After 24 h of exposure, the
number of dead parasitoids was counted.

Data were analyzed by Polo-Plus software
(LeOra Software, Version 2, 2013) to estimate
LCsp values and their 95% confidence limits (C.
L). The LCsy values of pesticides were
compared by relative toxicity ratio test
(Robertson et al., 2007; Heong et al., 2011).

Functional response

In order to expose the parasitoids to LCys of
insecticides, the same method mentioned in
bioassay section was applied. LC,s was chosen
as the sublethal dose because it has below 30%
mortality threshold recommended in use of
insecticides in IPM (Barrett et al., 1994;
Bayram et al., 2010). The concentrations used
for thiamethoxam and pirimicarb were 0.059
and 79.89 ppm, respectively. Seven parasitoids
treated with LCys of pesticides and distilled
water as control were introduced to transparent
cylindrical containers (diameter: 7.5 cm; length:
18 c¢m) individually. These containers enclosed
canola seedlings in 4-5 leaf-stage infested by
different densities (2, 4, 6, 8, 16, 32, and 64) of
third instar nymphs of L. erysimi. This is the
preferred nymphal instar of this species for D.
rapae (Sing and Sinhat, 1982). Each density
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had 10 replicates. The containers were kept in
an incubator under controlled conditions as in
previous experiments. After 24 h the parasitoids
were removed from experimental units and the
aphids remained for about 10 days in order to
count the mummies.

Functional response analysis

It is difficult to determine the type of functional
response before fitting data to Holling and
Rogers models (Holling, 1959; Rogers, 1972) so
a logistic regression proportion of parasitized
host versus the initial number of hosts offered,
(N/Ny) is usually recommended (Juliano, 2001).
Equation 1)

N,  explB,+ PN, + BNZ+PN;)
N, l+exp(P,+PN,+PN:+PN;)

Where N, is the number of parasitized
hosts and Ny is initial host density. Py, P; P,
and Psare the intercept, linear, quadratic and
cubic, respectively. Maximum likelihood
estimates of parameter P, to P; were obtained
by applying the CATMOD procedure in SAS
software (Juliano, 2001, SAS Institute, Inc.
2003). Type of functional response was
determined by examining the sign of P;and
P,. A negative and positive linear parameter
(P;) would indicate a type II and III,
respectively (Juliano, 2001). As the host
densities  were  depleted during the
experiment, data fitted to Rogers' type Il
random parasitism equation (Rogers, 1972)
(Proc NLIN; SAS Institute Inc. 2003).
Equation 2)

N, = Ny {l —exp[-a(T —ThN,)]}

Where T is the total time (24h), a is the
attack rate (h'"), and 7, is handling time in
hours. Attack rate is the proportion of
parasitized hosts versus total number of hosts
existing in an experimental arena in a specific
time unit. Handling time for a parasitoid
includes time for host finding, oviposition,
preening, resting and time for water or sap
ingestion (Holling, 1959; Allahyari et al,
2004). This parameter evaluates the ability of
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a biological agent to allot its time to attack
the host (Rogers, 1972).  Pairwise
comparisons of  functional response's
parameters for all possible pairs of treatments
were performed by using the indicator
variable method (Juliano, 2001) as follows:
Equation 3)

N, = No{l—exp[~(a+ Dy ;)T —(Th+ Dy ; )N, 1}

Where j is an indicator variable which takes
value O for the first treatment and 1 is for the
second treatment. In order to test the significant
differences in a and T}, between two treatments,
the null hypothesis assumed that D, = 0 and Dy,
= 0, respectively. The parameters D, and Dy,
indicate the difference between a and 7,
parameters in different treatments, respectively
(Juliano, 2001; Allahyari et al., 2004).

Results

Bioassay
The lethal dose values and upper and lower
confidence limits of thiamethoxam and
pirimicarb are presented in table 1. Hypothesis
tests of parallelism (equal slopes) and equality
(the sameness of slopes and intercepts) of the
regression lines are rejected (p < 0.05) (Table 2).
In fifty percent lethality concentrations
(LCsp), the relative toxicity ratio of
thiamethoxam and pirimicarb was about
0.003 and their corresponding 95%
confidence limits were 0.002-0.004, which
did not include the value 1.0. Relative
toxicity was considered significant (P < 0.05)
when their 95% confidence intervals (C. )

did not include the value 1.0 (Robertson et
al., 2007; Heong et al., 2011). In other words,
the toxicity of thiamethoxam to D. rapae is
significantly greater than pirimicarb.

Functional response

The functional response of D. rapae is shown in
figure 1. In all experiments, the number of host
parasitized increased with increasing the host
densities.  Fitting the polynomial logistic
regression model (equation 1) to data set indicated
that in both pesticides treatments and control, the
linear parameter (P;) value is negative. The P,
values obtained for control, pirimicarb and
thiamethoxam were -0.07 +. 062 (x2 = 1.39, Pae
=0.24), -0.07 £ 0.05 (3 = 1.55, Pyaue = 0.21), -
0.10 £ 0.06 (> = 3.13, Pyyue = 0.08).

Therefore, in order to compare the search
rates (a) and handling time (7},) of D. rapae on
L. erysimi, the Rogers type II random
parasitism model were fitted for each treatment
data set. Estimated instantaneous attack rate (a)
of D. rapae in control, pirimicarb and
thiamethoxam were 0.057 + 0.01 (0.040-
0.080), 0.058 = 0.013(0.03 — 0.08) and 0.04 +
0.01 (0.02-0.06) h™, respectively. This
parameter value was highest in control,
pirimicarb and thiamethoxam, respectively.
Comparisons of attack rate for all yielded no
significant pairwise differences in attack rate
(a) (Table 3).

The attack rate of control and pesticide
treatments assumed to be ¢ and a + D,
respectively. If the confidence limits include
value 0, there are no significant differences
between these two treatments (Juliano, 2001).

Table 1 Comparative toxicity of thiamethoxam and pirimicarb tested on D. rapae.

Insecticide n Slope + SE  »2 (df) (L;,;%,Z (8%‘}) (Lgcsiz](glf)n? (Lgcs‘;’%(glf)n?

Pirimicarb 1069 3.92+023 046 (3) 79.89 118.71 251.9
(73.71-85.69) (112.12-125.58)  (229.94-281.26)

Thiamethoxam 1137 0.86+0.05 11.35(3) 0.39 11.23
(0.02-0.14) (0.15-0.89) (3.52-88.9)

' CL: Confidence limits
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Diaeretiella rapae handling time (7)) for
control, pirimicarb and thiamethoxam, were
1.09 + 0.098 (0.09-1.29), 1.86 + 0.02 (1.53-
2.19) and 2.81 + 0.29 (2.22-3.40) h,
respectively. Pairwise experiments
demonstrated that parameter 7) significantly
differed in all treatments (Table 3). The
longest  handling time  related to
thiamethoxam and pirimicarb, respectively.

The maximum number of attacks is
limited by an upper asymptote value defined
by the ratio of 7/7, (Hassell, 1978). So, the
maximum number of parasitized aphids in
control, pirimicarb and thiamethoxam were
21.87, 12.9 and 8.53 aphids during 24h,
respectively.

The coefficient of determination (R* = 1-
residual sum of squares / corrected total
sum of square) indicated equal variation in
parasitism rate of parasitoid (Allahyari et
al., 2004; Farrokhi et al., 2010). The R’
values for control, pirimicarb and
thiamethoxam were 0.92, 0.87 and 0.79,
respectively.

Table 2 Hypothesis test of equality and parallelism
of regression lines.

Hypothesis 12 df P-value

Equality 708 2 0.000

Parallelism 234 1 0.000
Discussion

It is documented that the pesticides applied
to control the pests cause negative effects
on reproduction and behavioral activities of
beneficial arthropods (Claver et al., 2003;
Poletti et al., 2007; Gholamzadeh Chitgaret
al., 2013; Mahdavi ef al., 2013). Among the
behavioral activities, functional response is
widely used to evaluate the host-parasitoid
interactions.  Studies  illustrated  that
sublethal doses of chemicals would change
the type of functional response (Perera,
1982; De-Jiu et al., 1991; Claver et al.,
2003). According to De-Jiu, et al. (1991)
the sublethal doses of pirimicarb,
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cypermethrin and dimethoate on parasitoid
D. rapae changed its functional response
from type II (in control treatment) to type
III. It was equally observed in Acanthaspis
pedestris (Stal) (Reduviidae), which altered
its functional response from type II to IV
(dome—shape curve) in exposure to
cypermethrin (Claver et al., 2003).

The current study indicates that when the
parasitoid D. rapaeis is exposed to pirimicarb
and thiamethoxam its functional response
(type 1I) is not changed compared to the
control treatment. These results agree with
other published data in other parasitoid
species (Saber et al., 2002; Thairi et al.,
2007; Rafiee Dastjerdi et al., 2009; Amini
Jam et al., 2012; Sohrabi et al., 2012;
Mahdavi et al., 2013).

According to the overlap in fiducial limits,
thiamethoxam and pirimicarb did not affect
the attack rate significantly. However, the
handling  time became longer in
thiamethoxam and pirimicarb, respectively.
Neural disorder in a parasitoid may involve
prolongation of host finding, oviposition or
preening. Hence, these results could be due to
the mode of action of these insecticides which
affects the neural system of parasitoids.
Negative impacts of neonicotinoid
insecticides on natural enemies and other
non- target arthropods are well documented
(Poletti et al.,, 2007; Al Antary et al., 2010;
Amini Jam et al., 2012; Sanchez-Bayo ef al.,
2013). These problems led to the banning of
their application on sunflower, canola and
corn crops (Sanchez-Bayo et al., 2013). For
example the acute toxicity of thiamethoxam
and imidacloprid to Trichogramma chilonis
Ishii, is about 2000 times higher than that of
other insecticides used in rice crops in India
(Sanchez-Bayo et al., 2013). Whereas,
pirimicarb is more toxic to cabbage aphid
Brevicoryne brassicae L. than its parasitoid
D. rapae in cabbage (Al Antary et al., 2010).
Moreover, its lower toxicity on non-target
arthropods such as Collembola in cereal crops
has been reported (Sanchez-Bayo er al.,
2013).



Functional response of Diaeretiella rapae J. Crop Prot.

1.2

Control

Control
30 .

20

10

Number of hosts parasitized

Proportion of hosts parasitized

0 0.0
0 20 40 60 0 20 40 60
©

B )
S Pirimicarb S Pirimicarb
@ 30 g 1.0 {ecee
1 - 2
2 20 7
o 2
o Y—
= o
o
5 10 E
2 =
€ o
= o
z o1 o

0 20 40 60 o

©
. R 12

8 Thiamethoxam = Thiamethoxam
= 30 T 1.0 {e-
u S
S @
n 7]
g 20 §
< 1)
c 10 5
Q S
E a
Z 0 6-‘;_’

0 20 40 60 0 20 40 60

Host Density Host Density

Figure 1 Functional responses of D. rapae in different densities of L. erysimi. Right: number of hosts parasitized
(Symbols are observed data and lines are predicted by model (equation 2). Left: proportion of hosts parasitized.

472



Rezaei et al.

J. Crop Prot. (2014) Vol. 3 (4)

Table 3 Parameters estimated by an equation with indicator variable (3) for D. rapae.

Parameter Estimate Asymptotic (SE) 95% CI 95% CI' (Upper)
(lower)

Control and Pirimicarb

Attack rate (a) 0.057 0.01 0.04 0.08

Handling time (7,) 1.097 0.09 0.91 1.29

D/ 0.002 0.02 -0.03 0.03

Dy’ 0.760 0.19 0.38 1.15

Control and Thiamethaxam

Attack rate (a) 0.060 0.01 0.04 0.07

Handling time (7},) 1.097 0.09 0.92 1.28

D, -0.020 0.01 -0.04 0.01

Dy, 1.710 0.34 1.04 2.39

Thiamethaxam and Pirimicarb

Attack rate (a) 0.040 0.01 0.02 0.06

Handling time (7,) 2.820 0.32 2.19 3.44

D, 0.019 0.02 -0.01 0.05

Dy, -0.950 0.35 -1.65 -0.26

' CI: Confidence interval.

2D, indicator variable estimates the differences between the treatments in the value of the parameter a.
3 Dp,,: indicator variable estimates the differences between the treatments in the value of the parameter 7,

By evaluating the maximum rate of
parasitized aphids it is demonstrated that the
efficiency of parasitism in control treatment is
1.7 and 2.6 times more than its value in
pirimicarb and thiamethoxam, respectively.

In order to protect the reach fauna of beneficial
arthropods (such as pollinators and parasitoids) in
canola, the crop management is very crucial.
Hence, pirimicarb is preferred for chemical
control of L. erysimi in canola. Routinely,
functional response experiments, like present
study, are carried out in controlled conditions.
However, it is obvious that in the field conditions,
natural enemies encounter unstable and highly
variable conditions. On the other hand, it is
difficult to predict the natural enemies' reactions
to these changes. Therefore, it is suggested to
perform such studies under semi field and field
conditions apart of laboratory experiments.

Acknowledgments
The authors wish to thank Dr. Eric Elahi from Stan

bridge College, FCPL, U. S. A, for proofreading
the manuscript. This work received financial

473

support from research deputy of Shahid Chamran
University of Ahwaz which is greatly appreciated.

References
Al Antary, T. M., Ateyyat, M. A. and

Abussamin, B. M. 2010. Toxicity of certain
insecticides to the parasitoid Diaeretiella

rapae (M’Intosh) (Hymenoptera:
Aphidiidae) and its host, the cabbage aphid
Brevicoryne brassicae L. (Homoptera:

Aphididae). Australian Journal of Basic and
Applied Sciences, 4: 994-1000.

Allahyari, H., Fard, P. A. and Nozari, J. 2004.
Effects of host on functional response of
offspring in two populations of Trissolcus
grandis on the sunn pest. Journal of Applied
Entomology, 128: 39-43.

Amini Jam, N., Kocheyli, F., Mossadegh, M.
S., Rasekh, A. and Saber, M. 2012. Effect of
imidacloprid and pirimicarb on functional
response of Aphidius matricariae Haliday
(Hym: Braconidae) under laboratory
conditions. Journal of Plant Pests Research,
2 (3):51-61.



Functional response of Diaeretiella rapae

J. Crop Prot.

Asadi, R., Talebi, A. A., Khalghani, J., Fathipour,
Y., Moharramipour, S. and Askari Siahooei,
M. 2012. Age-specific functional response of
Psyllaephagus zdeneki (Hymenoptera:
Encyrtidae), parasitoid of  Euphyllura
pakistanica (Hemiptera: Psyllidae). Journal of
Crop Protection, 1 (1): 1-15.

Askarianzade, A., Moharramipour, S. and Narei,
A. 2009. The effect of sugar cane cultivar on
functional response and parasitism of
Platytelenomus hylas (Hym.: Scelionidae) to
different egg densities of stem borer Sesamia
nonagrioides (Lep. Noctuidae). Journal of
Sciences and Technology of Agriculture and
Natural Resources, 45: 275-284.

Bahana, J. and Karuhize, G. 1986. The role of
Diaeretiella rapae (Mc'Intosh)
(Hymenoptera: ~ Braconidae) in  the
population control of the cabbage aphid,
Brevicoryne  brassicae L. (Hemiptera:
Aphididae) in Kenya. International Journal
of Tropical Insect Science, 7 (5):605-609.

Bakhetia, D. R. C. 1987. Insect pests of
rapeseed-mustard and their management. In:
Rao MYV, Sithananthans (Eds.), Plant
Protection in Field Crops, pp. 249-259.

Banken, J. A. O. and Stark, J. D. 1998. Multiple
routes of pesticide exposure and the risk of
pesticides to biological controls: A study of
neem and the seven-spot lady beetle,
Coccinella septempunctata L. Journal of
Economic Entomology, 91: 1-6.

Barrett, K., Grandy N., Harrison, E. G., Hassan,
S. and Oomen, P. 1994. Guidance document
on regulatory testing procedures for
pesticides with non-target arthropods,
SETAC, Brighton, UK.

Bayram, A., Salerno, G., Onofti, A. and Conti,
E. 2010. Sub-lethal effects of two
pyrethroids on biological parameters and
behavioral responses to host cues in the egg
parasitoid Telenomus busseolae. Biological
Control, 53: 153-160.

Blande, J. D., Pickett, J. A. and Poppy, G. M.
2004. Attack rate and success of the
parasitoid Diaeretiella rapae on specialist
and generalist feeding aphids. Journal of
Chemical Ecology, 30:1781-1795.

474

Claver, M. A., Ravichandran, B., Khan, M. M.
and Ambrose, D. P. 2003. Impact of
cypermethrin on the functional response,
predatory and mating behaviour of a non-
target potential biological control agent
Acanthaspis ~ pedestris (Sta) (Het.,
Reduviidae). Journal of Applied
Entomology, 127: 18-22.

De-Jiu, G., Ming-En, Y., Ren-Huan, H. and Zhe-
huai, L. 1991. The effects of sublethal doses of
insecticides on the foraging behavior of
parasitoid,  Diaeretiella  rapae  (Hym.:
Braconidae). Acta Ecologica Sinica, 4: 1-4.

Desneux, N., Pham-Delegue, M. H. and Kaiser,
L. 2003. Effects of sub-lethal and lethal
doses of lambda-cyhalothrin on oviposition
experience lambda-cyhalothrin on
oviposition experience and host-searching
behaviour of a parasitic wasp, Aphidius ervi.
Pest Management Science, 60: 381-389.

Desneux, N., Fauvergue, X., Dechaume-
Moncharmont, O. X., Kerhoas, L.,
Ballanger, Y. and Kaiser, L. 2005.

Diaeretiella rapae limits Myzus persicae
populations after applications of
deltamethrin in oilseed rape. Journal of
Economic Entomology, 98(1): 9-17.

Elliott, N. C., Reed, D. K., French, B. W. and
Kindler, S. D. 1994. Aphid host effects on the
biology of Diaeretiella rapae. Southwestern
Entomologist, 19 (3): 279-284.

Faal-Mohammad-Ali, H., Seraj, A. A., Talebi-
Jahromi, K., Shishehbor, P. and Mossadegh, M.
S. 2010. The effect of sublethal concentration of
chlorpyrifos and fenproparthin on functional
response of Habrobracon hebetor Say
(Hymenoptera: Braconidae) in larval and pupal
stages. Proceedings of the 19th Iranian Plant
Protection Congress., Iran, p. 236.

Farrokhi, S., Ashouri, A., Shirazi, ],
Allahvardi, H. and Huigens, M. E. 2010. A
Comparative study on the functional
response  of  Wolbachia-infected and
uninfected forms of the parasitoid wasp
Trichogramma brassicae. Journal of Insect
Science, 10: 16.

Fathipour, Y., Kamali, K., Khalghani, J. and
Abdollahi, G. 2001. Functional response of



Rezaei et al.

J. Crop Prot. (2014) Vol. 3 (4)

Trissolcus grandis (Hym., Scelionidae) on
different egg densities of Eurygaeter
integriceps (Het., Scutelleridae) and effects
of different wheat genotypes on it. Applied
Entomology and Phytopathology, 68 (1 &
2): 123-136.

Fathipour, Y., Hosseini, A., Talebi, A. A. and
Moharramipour, S. 2006. Functional response
and mutual interference of Diaeretiella rapae
(Hymenoptera: Aphidiidae) on Brevicoryne

brassicae (Homoptera: Aphididae).
Entomologica Fennica, 17: 90-97.
Gholamzadeh-Chitgar, M., Hajizadeh, J.,

Ghadamyari, M., Karimi-Malati, A. and
Hassan, H. 2013. Sublethal effects of diazinon,
fenitrothion and chlorpyrifos on the functional
response of predatory bug, Andrallus
spinidens Fabricius (Hem.: Pentatomidae) in
the laboratory conditions. Journal of King
Saud University Science, (In press).

Hassell, M. P., Lawton, J. H. and Beddington, J.
R. 1977. Sigmoid functional responses by
invertebrate predators and parasitoids. The
Journal of Animal Ecology, 46 (1): 249-262.

Hasselll, M. P. 1978. The Dynamics of
Arthropod Predatory-Prey Systems.
Princeton University Press.

Heong, K. L., Tan, K. H., Garcia, C. P. F.,
Fabellar, L. T. and Lu, Z. 2011. Research
methods in toxicology and insecticide
resistance monitoring of rice planthoppers.
Los Baifios (Philippines): International Rice
Research Institute.

Hogvar, E. B. and Hofsvang, T. 1991: Aphid
parasitoids (Hymenoptera: Aphidiidae): biology,
host selection and use in biological control.
Biocontrol News Information, 12: 13-41.

Holling, C. S. 1959. Some characteristics of
simple types of predation and parasitism.
The Canadian Entomologist, 91: 385-398.

Jokar, M., Zarabi, M., Shahrokhi, S. and
Rezapanah, M. 2012. Host-stage preference
and functional response of aphid parasitoid
Diaeretiella  rapae  (Mclntosh) (Hym.:
Braconidae) on greenbug, Schizaphis
graminum (Rondani) (Hem: Aphididae).
Archives of Phytopathology and Plant
Protection, 45 (18): 2223-2235.

475

Juliano, S. A., 2001. Nonlinear curve-fitting:
predation and functional response curves. In:
Scheiner, S. M. and Gurevitch, J. (Eds.),
Design and Analysis of Ecological
Experiments, 2nd ed. Oxford University
Press, New York, pp. 178-196.

Khajehzadeh, Y. and Kariminezhad, Zh. 2008.
Effects of sowing date on canola aphids
damage in Khuzestan. Final Report of
Project Khuzestan Jihad-e-Agriculture.

Khajehzadeh, Y., Malkeshi, H., and Keihanian,
A. 2010. Population fluctuation of canola
aphids, biology of mustard aphid Lipaphis
erysimi (Kalt.) and the efficiency of its
natural enemies in canola fields of
Khuzestan province. Journal of Iran Plant
Protection Science, 41 (1):165-178.

LeOra Software. 2013. Polo-Plus (version: 2),
POLO for Windows LeOra Software.

Mahdavi, V., Saber, M., Rafiee-Dastjerdi, H.,
Mehrvar, A. and Hassanpour, M. 2013.
Efficacy of pesticides on the functional
response on larval ectoparasitoid,
Habrobracon hebetor Say (Hymenoptera:
Braconidae). Archives of Phytopathology and
Plant Protection, 46 (7):841-848.

McCaffrey, J. P., Horsburgh, R. L. 1986.
Functional response of Oriuspanonychusulmi
(Acari: Tetranychidae), at different constant
temperatures. Environmental Entomology,
15:532-535.

Mostaghimi, N., Fathi, S. A. A. and Nouri
Ghanbalani, Gh. 2010. The functional
response of Habrobracon hebetor (Say)
(Hym.: Braconidae) to different densities of
Ephestia  kuehniella Zeller and Plodia
interpunctella (Hubner). Plant Protection
Science, 41 (1):1-8.

Narang, D. D., Josan, V. S. and Dilawari, V. R.
1993. Control of mustard aphid Lipaphis
erysimi (Kalt.) on Brassica juncea Cross and
Brassica campestris L. grown in field under
different soil water regimes. Journal of
Insect Science, 6: 195-196.

Oaten, A., and Murdoch, W. W. 1975.
Functional response and stability in predator
-prey systems. The American Naturalist,
109: 289-298.



Functional response of Diaeretiella rapae

J. Crop Prot.

Pandey, R. K. P., Singh, R. and Tripat, C. P. M.
1984.Functional response of Diaeretiella
rapae (M'Intosh) (Hym., Aphidiidae), a
parasitoid of the mustard aphid Lipaphis
erysimi Kalt. (Hom., Aphididae). Journal of
Applied Entomology, 98: 321-327.

Paul, A. V. N. and Thygarajan, K. S. 1992.
Toxicity of pesticides to natural enemies of
crop pests in India. In: David, B.V (Ed.) Pest
management and pesticides: Indian scenario.
Narmrutha Publications, Madras, pp 158-176.

Perera, P. A. C. R. 1982. Some effects of
insecticide deposit patterns on the parasitism
of Trialeuroides vaporariorum by Encarsia
Formosa. Annals of Applied Biology, 101:
239-244.

Poletti, M., Maia, A. H. N. and Omoto, C.
2007. Toxicity of neonicotinoid insecticides
to Neoseiulus californicus and Phytoseiulus
macropilis (Acari: Phytoseiidae) and their
impact on functional response to
Tetranychus urticae (Acari: Tetranychidae).
Biological Control, 40: 30-36.

Rafiee-Dastjerdi, H., Hejazi, M. J., Ganbalani,
G. N. and Saber, M. 2009. Effects of some
insecticides on functional response of
ectoparasitoid, Habrobracon hebetor (Say)
(Hym.: Braconidae). Journal of Entomology,
6 (3): 161-166.

Rakhshani, E., Talebi, A. A., Kavallieratos, N.
and Fathipour, Y. 2004. Host stage
preference, juvenile mortality and functional
response of Trioxys pallidus (Hymenoptera:
Braconidae, Aphidiinae). Biologia
Bratislava, 59 (2): 197-203.

Robertson, J. L., Russell, R. M., Preisler, H. K., and
Savin, N. E. 2007. Pesticide Bioassays with
Arthropods. CRC Press, Michigan.

Rogers, D., 1972. Random Search and Insect
Population Models. Journal of Animal
Ecology, 41 (2): 369-383.

Saber, M., Hejazi, M. J. and Sheykhi, A. 2002.
Effect of sublethal concentration of
fenitrothion and deltametrin on functional
response  of  Trissolcus  semistriatus
(Hymenoptera: Scelionidae). Proceeding of
the 15th Iranian Plant Protection Congress.
7-11 September, Iran, P. 13.

476

Sanchez-Bayo, F., Tennekes, H. A. and Goka,
K. 2013. Impact of Systemic Insecticides on
Organisms and Ecosystems. In: Tradan, S.
(Eds.). Insecticides-Development of Safer
and More Effective Technologies. Publish
with InTech, pp. 367-416.

Sarmento, R. A., Pallini, A., Venzon, M., Souza, O. F.
F., Molina-Rugama, A. J. and Oliveira, C. L. 2007.
Functional response of the predator Eriopis connexa
(Coleoptera: Coccinellidae) to different prey types.
Brazilian Archives of Biology and Technology, 50
(1): 121-126.

SAS Institute. 2003. The SAS System for
Windows, Release 9.0. SAS Institute, Cary,
N. C.

Singh, R., Sinhat, T.B. 1982. Bionomics of Trioxys
(Binodoxys) indicus Subba-Rao and Sharma, an
aphidiid parasitoid of Aphis cruccivora Koch.
Host selection by the parasitoid. Journal of
Applied Entomology, 93: 64-75

Sohrabi, F., Shishehbor, P., Saber, M. and
Mossadegh, M. S. 2012. Effect of sublethal
concentration of buprofezin and
imidacloprid on functional response of
Encarsiainaron (Walker) (Hymenoptera:
Aphelinidae). Plant Protection (Scientific
Journal of Agriculture), 35 (1): 25-34.

Solomon, M. E. 1949. The natural control of
animal populations. Journal of Animal Ecology,
18: 1-35.

Tazerouni, Z., Talebi, A. A., and Rakhshani, E. 2011. The
foraging  behavior of  Diaeretiella  rapae
(Hymenoptera: Braconidae) on Diuraphis noxia
(Hemiptera: Aphididae). Archives of Biological
Science Belgrade, 63 (1): 225-234.

Tazerouni, Z., Talebi, A. A., and Rakhshani, E.
2012. Temperature-Dependent  Functional
Response of Diaeretiella rapae (Hymenoptera:
Braconidae), a Parasitoid of Diuraphis noxia
(Hemiptera: ~ Aphididae). Journal of the
Entomological Research Society, 14 (1): 31-41.

Thariri, S., Talebi, A. A., Fathipour, Y. and Zamani,
A. A. 2007. Host stage preference, functional
response and mutual interference  of
Aphidiusmatricariae (Hym.: Braconidae:
Aphidiinae) on Aphis fabae (Hom.: Aphididae).
Entomological Science, 10, 323-331.

Wennergren, U. and Stark, J. D. 2000. Modeling
long-term effects of pesticides on populations:
beyond just counting dead animals. Ecological
Applications, 10: 295-302.



Rezaei et al.

J. Crop Prot. (2014) Vol. 3 (4)

Diaeretiella rapae yguj U 5519 69 © )00 3 9 plaS ol suillS 9 5 3o 5l

Lipaphis erysimi (Hemiptera: Aphididae) Jo 5 acl audgis 31,L (Hymenoptera: Braconidae)

T owals Sygl g oot Al St L Gonan dprwanse S ol 3 o Ldy ¢ s

Ol leal claal s gl olBadls «(g5,5lis caslidls ¢ S 5ol 04,5 -
Ol @S (Ols Bl (gamb lbis 5 (55)0liS (i (Sl 09,5 -V
Ol eales s (ol olKiils (g5 ,alis oaslasls o Syl 05,5 -V
ns.rezaei@gmail.com :a.5le Jatuws odiun g (Sedg Sl oy

WWAY 00,9,8 V4t b pdy AYAY 3T YE idl jo

Diaeretiella rapae (Mc'Intosh) ;5535 (59, «,S0s y 9 pluS giols slo iS0 pi Corons 1008
a0 YY £ Y sbl.i.’:u“l.o)'" Lylys o Lipaphis erysimi (Kaltenbach) Jo > aii adenjll
" Geiped D (o (B9 (Se)B) Celw VA (6550 0,55 5 TV E O (g Cusho ugeadins
loy9) (w0 GiSly D rapae aSgu3lk oL » 5955 GlaiSepie ghie SISl () jslare
i OF g la iSo i LCos (b 50 oad 1l o3l slaadsn il 35 )15 obs)l 0550 o0 jlacs
Jo5 i pgw (rw o)y aliSe glagSTy 4 0ag)] (IS glaazalS s S I8 wals lyieq,
L b Sty 98 028,518 oadlas sloygdy JLislis IS5 Ve 0 (PF5 YY O F A & KY)
LTy oleis oloj 5@ o 55 slayiabl 5 )5 et St (ppmm ¥, Aslao 5| colin
pled yo D. rapae o gsisjlil o aulxe SAS Jl58le 5 5l eolainl b s g 8, Joe 5l eolaiul
1V it PS5l 5 ol e 20l 55 o &5 005 (5 | 5o 55 (ouls Ty ot
VIAF £ o[oY g V=AYV £ o) Slaws plejy g sl pofo ¥t ofe) g o[-0 £ <[} 4o /- 0V £
dwloee AIOY g VY/R g YVAY b jay (T/T)) e}l 55 ST 09y el YIAY £ +/YA5
FRERC SV OX S SONNGH [ B ivd K PR L GONYPRPL S YW PE S0 Sielesl ol s pololy s 8

ilge Jo,3 il S8 sl s el

Thiamethoxam (Pirimicarb . U Sy Diaeretiella rapae, Lipaphis erysimi :goudS §3lg

477



