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Abstract

The biological control used for the control of Tetranychus urticae (Koch) is the predator mite Phytoseiulus persimilis
(Athias-Henriot). It is important to the know the effects of acaricides on the biological behavior the Abamectin on the
functional response of P. persimilis. The functional response of the predator was of type II exposed to concentration
of Abamectin, the functional response parameters: successful attack rate (a’), handling time (Th), search efficiency
and the maximum predation theory (T/Th) were affected by the acaricide. The predator spends more time in persecute,
dominate, consume and prepair it self to the next searching comparing with the proof subject an the predation ability
was affected.
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Efeito subletal da Abamectina na resposta funcional do predador
Phytoseiulus persimilis (Athias-Henriot) em Tetranychus urticae (Koch)
(Acari: Phytoseiidae, Tetranychidae)

Resumo

O controle biologico utilizado para o controle de Tetranychus urticae (Koch) é o acaro predador Phytoseiulus persimilis
(Athias-Henriot). E importante conhecer os efeitos dos acaricidas sobre o comportamento bioldgico do predador.
Foi avaliado o efeito toxico de a Abamectina na resposta funcional de P. persimilis. A resposta funcional do predador
foi tipo II exposta a concentragdes subletais de Abacmetina, os parametros da resposta funcional: taxa de ataque (a’),
tempo de manipulagdo (Th), a eficiéncia na procura e predacéo tedrica maxima (T/Th) foram afetados pelo acaricida.
O predador passa mais tempo na procura, dominar, consumir e se preparar para a proxima procura em comparagao
com a testemunha e sua capacidade de predagao foi afetada.

Palavras-chave: acaro rajado, predador, Abamectina, resposta funcional, efeitos subletais.

1. Introduction

The two spotted spider mite is an important pest in a
wide scale of free and protected cultivations in the world
(Van Leeuwen et al., 2010) and one of the most important
pest in greenhouse rose (Van de Vrie, 1985). Population
densities between 10-15 mites per leaf cause a reduction
of the floral stem of 17% and 26% respectively in relation
to plants free of mites (Landeros et al., 2004). Its control is
mainly based on the use of acaricides; however, becaused
of its high fertility, inbreeding which, may be arrhenotokia
type and results in several generations per year, is able to
develop resistance and survive the applications of acaricides
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which increases the production costs, and reduces crop
profitability (Cranham y Helle, 1985; Van Leeuwen et al.,
2010). Alternatives have been sought that in conjunction
with the use of pesticides and biological controls or in an
independent way can be use in management of this pest
(IPM). A sustainable alternative constitutes the biological
control (Oliveira et al., 2009) although combine use of
these two methods is possible only if the naturals enemies
are adapted to resist the pesticides used, so the handling
of'this pest would be very useful (Ibrahim and Yee, 2000).
Methods to test side effects of the pesticides have been
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developed in function of natural enemies. Studies designed
to evaluate the effects of pesticides on predators often focus
on detection and consumption of prey (Desneux et al., 2007).
To define the predator’s success on the prey, it is necessary
to determine the functional response, that is, the capacity
of predators to adjust the feeding rate to the changes in
the densities of the prey (Solomon, 1949). The objective
of this research was to study the effect to concentrations
of abamectin on the capacity of predators P. persimilis
over T. urticae in rose cultivations.

2. Materials and Methods

The experiment was carried out in a bioclimatic
chamber of the Department of Agricultural Parasitology
of the Autonomous Agrarian University Antonio Narro.
It was used a Laboratory colony of 7. urticae (prey)
previously established under conditions controlled of
25+2°C, relative humidity of 60-70% and a photoperiod
of 12 hours on plants of bean (Phaseolus vulgaris L.).
The population of P, persimilis (predator) was obtained from
a commercial way SPIDEX®, of the Mexican company
Koppert. The population of the predator was kept on highly
infested bean plants with 7. urticae, using for this purpose
breeding cylinders (Fournier et al., 1985) under the same
laboratory conditions than for the breeding of the prey.

Homogeneous populations were obtained from both
species placing 100 fertilized female adults in disc leaves
of Royal variety of Rose of 1cm in diameter, those discs
were placed in plastic petri boxes of Scm in diameter to
which they were placed in the back ground cotton with
water to saturation. After 24 hr the females of both species
were removed leaving only the eggs, which hatched and
they developed until they reached their adult state.

A test was initially conducted to determine the
range of concentration-mortality. The concentration of
Abamectin were prepared with distilled water beginning
of the commercial product Agrimec® (1.8% CE) and the
adjuvant Bionex® to a concentration of 0.1%. We used
the leaf dip method (modified from Helle and Overmeer,
1985 and Castagnoli et al., 2005): twenty experimental
units were carried out and each unit with 20 females of
P, persimilis with sufficient food (different development
state of 7. urticae). Seven concentrations were used in a
range from 0 to 50 ppm in females of P. persimilis of five
days of age, they were immersed for 5 seconds in each
concentration. Treated discs were paced in plastic petri
boxes on moistened cotton, 24 hours later mortality data
were taken, and the data were analyzed statistically (Probit
analysis) using the maximum verosimilitude method
(Finney, 1971), previously it was applied the Abbot’s
corrected mortality formula (Abbott, 1925).

To develop the main experiment, 2 different concentrations
of Abamectin were used (1.02 and 1.52 ppm) and control
(distilled water). The females that survived after 24 hr of
exposure to acaricide during bioassay to determine the LC, |
were used for the study of depredation. Female P. persimilis
were placed kept fasting in discs of Scm of diameter, then
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submerged for 5 seconds in the different concentrations
using the methodology previously described and transferred
individual to discs of rose leaf to which previously they
had been placed females of 7. urticae of 2 days of ripening
to densities of 1, 2, 4, 8, 16, 32 and 64. Each density was
repeated for 15 times and the depredation was recorded
at 24 hr of exposure.

The functional response was determined in two stages.
First, the type of functional response (curve shape) was
determined by the analysis of regression logistic, adjusting
apolynomial equation of the proportion of preys consumed
(N /N,) against the number of preys offered (V) (Juliano,
2001).

N,  Exp(R+PN, +PN; +PN,)

N, 1+Exp(B,+RN,+PBN:+PN?)

o

(M

N, = number of prey consumed
N = number of prey offered
P, P, P,y P=parameters to be estimated

The regressions were made by starting with the
cubic model and the most order coefficients that were
not significantly different from zero were eliminated,
until all the coefficients that remained in the model were
significantly different from zero. The symbol of the linear
parameter P, is used to distinguish between the functional
response type Il and type IIL, if P <0, the proportion of
preys consumed decreases monotonically with the initial
number of preys offered, and in this way, describes the
functional response of type II; but if 7 >0, the proportion
of preys consumed is positively dependent on the initial
density, in this way the functional response of type III is
described (Juliano, 2001), the parameters were estimated
by PROC NLIN of SAS/STAT (SAS Institute, 2008).

The parameters of the functional response were
estimated (time of handling and coefficient of attack) using
the model of Holling (1959) for functional response type
II trough a non linear regression of the number of preys
consumed against the density of preys offered:

=t @
1+a'NT,

N = number of preys consumed
a’= constant attack rate
N = prey density
T= total time available
T,= handling time

Non linear regression was worked with the procedure
PROC NLIN SAS/STAT (SAS Institute, 2008).

3. Results and Discussions

The relationship concentration-mortality of P. persimilis
after 24 hr of exposure to Abamectin according to the
analysis probit, the LC, was 8.35 ppm with a confidence
interval to 6.36 to 11.96 (p<0.05). These results are lower
than the ones reported by Nour and Abdallah (2013) which
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recorded a LC, for the predator P. persimilis of 0.5339ml/L
after one day of exposure to Abamectin. While that Kim
and Yoo (2002) report that Milbectin was highly toxic to
Iml/L with total mortality between one and three days ofter
exposure to the product and Saenz-de-Cabezon et al. (2007)
records an average of 26.4% of mortality three days after
the treatment to concentration of 93 ppm to Abamectin.
Nadimi et al. (2011) recorded average mortality rate of
62.20 and 73.35% after three days of exposure to 0.1 and
0.05 ml/L of Abamectin respectively.

Negative values were obtained in the linear parameter
(P <0) in this study conforming the functional response type
II for all treatments (LC,, LC, and control) (Equation 1)
(Table 1). Similar results were obtained by Seiedy et al.
(2012), with the same predator and prey on cucumber
leaf discs. The depredation of P. persimilis tended to
decrease with the density of the prey, possibly owning
to an increase in a satiety of the predator in the most
dense areas. The feeding of the predator increased at an
accelerated rate when the density of the prey was between
16 and 64 preys; while for treatments (LC, , LC ) this was
not observed, these were less notorious. The maximum
consumption of P. persimilis was observed in the control
(21.2 females of T_ urticae), followed by LC | (1.02 ppm)
and LC ; (1.52 ppm) treatments, with 15.6 and 10.0 preys
consumed respectively (Table 2).

It has been observed that not only the mites are affected
by the application of sublethal doses or pesticides residues,
other organisms commonly used for the biological control
are also exposed to changes in their demographic behavior
and the functional response (Stark et al., 2004; Talebi et al.,
2008, Sohrabi et al., 2014). In this case, mites exposed to
sublethal concentrations did not show a change in their
functional response, but positive in its efficiency (Table 1;
Figure 1). The exposition to insecticides, is associated
with a change to the asymptote, but not in the shape of
the curve of the functional response, a lower asymptote
of the functional response curve is an indication in
decreasing the effectiveness of predation (Martinou and
Stavrinides, 2015), in this respect P. persimilis shew loss
prey consumptions in the treatments compared to the
control (Table 2). The consumptions of preys decreased by
44.99% and 39.79% in LC  and LC , respectively, which
indicated a negative effect of Abamectin on the predator
activity of P. persimilis. Hernandez et al. (2014) they fund
some effect with the predator Chrysoperla carnea, in
which the curve was not affect by to effect of Abamectin,
but if decreased significantly the consumption of preys.

Was observed a significant decrease in attack rate (a ) and
an increased in the handling time (7%) indicating a negative
effect of the acaricide on the predation of P. persimilis
(Equation 2) (Table 2). Therefore, the predator requires

Table 1. Estimated parameters for the logistic regression of the proportion of consumed preys by Phytoseiulus persimilis vs
the initial number of preys offered from Tetranychus urticae (Na/No).

Parameters
Treatments Intercept (P) Lineal (P,) Quadratic (P,)
Control 2.6161 -0.0908 --
(1.7775,3.4548) (-0.1247, -0.0569)
Cl, 4.5914 -0.9762 0.0138
(1.675,7.5077) (-1.6694, -0.2830) (0.0036,0.0240)
Cl 1.0833 -0.071 --

15

(0.4716,1.6949)

(-0.1136, -0.0285)

Values in parenthesis indicate confidence intervals 95% both based in Wald formule (SAS Institute, 2008).

Table 2. Average consumption of P. persimilis to different densities of 7. urticae preys and functional response parameters.

NaxSE
No Control +SE E CL,, +SE E CL,, +SE E
1 1 +0.000 1 1 +0.000 1 1 +0.000 1
2 2 +0.000 1 2 +0.000 1 2 +0.000 1
4 4 +0.000 1 2.4 +1.200 0.60 2 +0.632 0.50
8 8 +0.000 1 2.4 +0.800 0.30 2 +0.894 0.25
16 9 +1.000 0.56 3.8 +1.326 0.24 8 +1.897 0.50
32 12.6 +2.190 0.39 9 +2.000 0.28 9.8 +0.748 0.31
64 21.2 +2.598 0.33 15.6 +1.624 0.24 10 +2.280 0.16
n 8.257a +1.348 5.171b +0.864 4.971b +0.809
a’ 1.078 +0.082* 0.725 +0.216 0.798 +0.232
Th 0.036 +0.011°* 0.054 +0.036 0.068 +0.019
T/Th 27.78 18.52 14.71

*Standard error by the method of Jackniffe. Average values followed by a different letter are significantly different from each
other. Na: preys consumed. No: preys offered. Th: handling time. a’: attack rate. SE: standard deviation. E: Search efficiency.
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Figure 1. Functional response of adult female of P. persimilis about T. urticae to the exposure of sublethal doses of Abamectin

compared to the control with the Holling model.

more time to identify, persecute, consume and digest the
prey when it is under the influence of acaricide compared
to the control. The search efficiency (E=Na/No) of the
predator decreases when exposed to increased sublethals
concentrations of LC, to LC .. The theoretical maximum
number of prey attacked by the predator P. persimilis
estimated by the asymptote (7/7h) of the functional response
curve was 27.77, 18.51 and 14.70 females of T urticae per
day per female for the control, LC, and LC  respectively.
Theoretical maximum predation decreases when exposed
to creased in sublethal concentrations of LC,  and LC ,
(Table 2). About it and as a result of predator biological
behavior, Reddy (2013) mentions that the decrease in
feeding is reflected by the exposure of thin layer residuals
Abamectin, when it enters in contact with the mite, it affects
the capacity of the neurotransmitters GABA and Glutamate
stimulating the flow of chlorine ions into the nerve cells
resulting in the loss of the function, these ions that flow
inside the channel to an opening result in the loss of the
cellular function and interruption of the nervous impulses
and consequently, the mites stop their feeding, concluding
a negative affect for the predatory mites.
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