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Abstract The performance of Tetranychus urticae and its
predator Neoseiulus californicus on ten strawberry culti-
vars was determined in the laboratory. Development time
and survival of T. urticae from egg to adult were recorded
on Albion, Aromas, Camarosa, Diamante, Festival, Kp,
Sabrosa, Selva, Sweet Charlie, and Whitney. Fecundity of
newly molted and mated females was recorded during the
first 10 days of oviposition. Predation rate and fecundity of
N. californicus were tested on Albion, Aromas, Festival,
Kp, Sabrosa, and Whitney. Predator females reared on each
cultivar were placed individually in experimental units, and
the number of eggs per day was counted during 3 days.
Cultivars with high hairiness (Albion, Aromas, and Festi-
val) and cultivars with low hairiness (Sabrosa, Whitney and
Kp) were identified, to assess the effect on the performance
of both species. Development time, survival from egg to
adult, and fecundity of T. urticae differed among cultivars.
Festival was classified as moderately resistant, Aromas and
Kp were moderately susceptible, and the others were
intermediate. The number of prey consumed per day per
female of N. californicus differed between cultivars and
time. Fecundity of N. californicus did not differ among
cultivars; however, it did over time. The development time
and fecundity of T. urticae did not differ among high and low
hairiness cultivars. The glandular hairiness affected neither
consumption nor fecundity of N. californicus. According
to detrimental and propitious effect on 7. wurticae and
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N. californicus performance, respectively, we concluded that
Festival and Albion could be used along with this predator in
T. urticae management programs.
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Introduction

Twospotted spider mite, Tetranychus urticae Koch, is
highly polyphagous (Rodriguez and Rodriguez 1987;
Yano et al. 1998) and exhibits differential performance
when feeding on various plant species (Greco et al. 2006;
El-Shafei and Gotoh 2010) or cultivars of the same crop
(Krips et al. 1998; Agrawal 2000; Greco and Sanchez
2003). Strawberry, Fragaria x ananassa Duchesne, is a
preferred host for T. urticae (Klingen and Westrum 2007)
and therefore is a common pest affecting commercial
strawberry crops in several countries. Many cultivars with
different degrees of susceptibility or resistance to 7. urticae
and related species have been reported (Giménez Ferrer
et al. 1993; Shanks et al. 1995; Wold and Hutchison 2003;
El-Shafei and Gotoh 2010).

The resistance or susceptibility of a crop or cultivar to T.
urticae can be evaluated by studying herbivore perfor-
mance (Yano et al. 1998; Lourengao et al. 2000; Xu et al.
2011; Khan 2011). Several characteristics of the life history
of an herbivore, such as development time, survival, and
fecundity of females, are good indicators of the suitability
of a plant for its growth (Agrawal 2000; Krips et al. 1998).
In cultivars where the herbivore has a shorter development
time (and hence a shorter generation time) and a higher
fecundity, the potential growth of the population will be
greater. According to Sabelis (1985), changes in
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development time of phytophagous mites are more
important for the population growth than are changes in the
rate of oviposition. Nevertheless, several authors have
identified resistant varieties by analyzing the injury pro-
duced to leaves and the abundance of individuals in
developing varietal improvement and pest management
strategies (Giménez Ferrer et al. 1993, 1994; Shanks and
Moore 1995; Shanks et al. 1995; Petrova et al. 2000; Wold
and Hutchison 2003; Kazak and Kibritci 2008). Strawberry
has numerous cultivars with different degrees of resistance
or susceptibility to 7. urticae (Lourencao et al. 2000; Uselis
et al. 2006). Selva is a traditional cultivar that has been
studied extensively in terms of susceptibility to this pest.
Other cultivars studied, to a lesser extent, are Camarosa
and Sweet Charlie (Giménez Ferrer et al. 1993; Shanks
et al. 1995).

In addition, several studies have been conducted to
evaluate physical (trichomes, cuticular waxes, domatias,
etc.) (Krips et al. 1998; Skorupska 2004; Oku et al. 2006)
and chemical characteristics of the plant (Steinite and
Ievinsh 2002) to elucidate possible defense mechanisms.
Steinite and Ievinsh (2002) studied the activity of oxidative
enzymes and ethylene production in strawberry cultivars
with different susceptibility to 7. urticae, but they could
not identify any biochemical mechanism that significantly
influenced resistance. Luczynski (1990) found a negative
correlation between development time of 7. urticae and
phenol concentration, as well as between oviposition and
the amount of simple and glandular trichomes of straw-
berry leaves. However, Steinite and Ievinsh (2003) found
that simple hairiness was very variable characteristic and
depending on phenology of the plant and on growth con-
ditions. Some authors (e.g., Torre Figueiredo et al. 2012)
report that strawberry simple hairiness would not be a
resistance factor to 7. urticae. Nevertheless, a negative
correlation was found between the distance traveled by the
twospotted spider mites and the density of glandular tric-
homes on the strawberry plant (Torre Figueiredo et al.
2012).

The plant—herbivore—natural enemy interactions warrant
investigation because such information is essential to the
development of an integrated pest control strategy that
combines the use of more resistant cultivars with biological
control, since these techniques are not always compatible
(Krips et al. 1999). The plants usually have positive effects
on natural enemies of herbivores, due to the production of
volatile chemical attractants or physical characteristics that
provide shelter for survival (Boethel and Eikenbary 1986;
Price 1986; Gould et al. 1991; Hare 1992; Vet and Dicke
1992; Krips et al. 1999; Gontijo et al. 2010). However,
some cultivars could adversely affect colonization, per-
formance, and effectiveness of natural enemies and be
disadvantageous to biological control (Bottrell and Barbosa

1998; Greco et al. 1998). For example, the presence of
simple or glandular trichomes may alter search behavior of
predators. Moreover, it could differentially affect the con-
sumption of prey from different stages.

Several species of predatory mites prefer plants with
hairy leaves (Duso 1992; Karban et al. 1995) that provide
protection of eggs from predators and maintain humidity
level that reduce egg mortality from desiccation (Krips
et al. 1999). However, Afzal and Bashir (2007) found that
density and length of trichomes adversely affected the
performance of predatory mites pertaining of the family
Cunaxidae. While the widest range of responses is found
between plant species, varieties of the same crop can also
differentially affect the natural enemies (Hare 1992;
Eigenbrode et al. 1996). Search efficiency and prey con-
sumption of Phytoseiulus persimilis were negatively
affected by the most hairy varieties of Gerbera jamesonii
(Krips et al. 1999). Cédola et al. (2001) determined that
Neoseiulus. californicus was an inefficient control agent of
T. urticae on tomato cultivars with a high number of
glandular hairs on the leaf.

Although Ahn et al. (2010) found that the consumption
of different stages of T. urticae by N. californicus was not
influenced by simple hairs of two cultivars of strawberry,
little is known about the effect of glandular trichomes on
the performance of this pest and its predator.

Our hypothesis is that T. urticae and N. californicus
have different performance on various strawberry cultivars
and that glandular trichome density of the leaf is one factor
that affects performance. In this study, we examined the
development time from egg to adult, survival and fecundity
of T. urticae, and the consumption rate and fecundity of
N. californicus on different cultivars. We also evaluated the
effect of glandular trichome density on the aforementioned
traits of pest and predator. The aim was to provide
knowledge to select strawberry cultivars to combine with
biological control of T. urticae by N. californicus in an
integrated pest management plan.

Materials and methods
Culture of mites and plants

Tetranychus urticae and N. californicus were collected
from commercial strawberry plants, cultivated under plas-
tic tunnels, in horticultural farms in La Plata, Buenos Aires,
Argentina (38°52’S, 57°59'W). Colonies of both species
were reared on new and completely expanded trifoliate
strawberry leaves under controlled conditions of
25 £ 4 °C, 60-70 % relative humidity and photoperiod of
14:10 (L:D). The petioles were placed in water-filled tubes
(height 7 cm, diameter 2 cm) to keep the leaves turgid. To
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initiate the 7. urticae colony, leaves were infested with
newly copulated females using a fine brush. Tubes were
placed in plastic containers (500 ml) covered with plastic
film. To breed N. californicus, eggs, immatures, and adults
of T. urticae were offered to recently mated females by
brushing 7. urticae-infested leaves with a very soft brush.
Weekly, individuals were brushed to new and fresh leaves
to maintain the colonies.

Strawberry runner plants came from nurseries in
Argentina that imports and produces several cultivars from
various countries. Evaluated cultivars were Albion, Aro-
mas, Camarosa, Diamante, Festival, Kp, Sabrosa, Selva,
Sweet Charlie, and Whitney. Plants were individually
planted in May, in 30-cm plastic pots containing fertile soil
mixed with peat, and were grown in a greenhouse under
natural light and temperature conditions.

Development time, survival, and fecundity of 7. urticae
on strawberry cultivars

The experimental unit was a plastic cage (2.7 cm diameter)
with a floral foam disk (2 mm height) on bottom, then an
agar disk (1.8 cm diameter), and finally a strawberry leaf
disk, of the same diameter, with the abaxial side upward.
The disks within plastic capsules were surrounded by water
to prevent individuals from escaping and to maintain
moisture in the device. Tetranychus urticae eggs from
females fed on each cultivar (treatment) were put indi-
vidually in the experimental units. To ensure optimal
conditions of strawberry disks for mites, they were
replaced whenever necessary moving mites with a fine
brush.

Development time and the survival of individuals from
egg to adult emergence were recorded daily for each
experimental unit of each treatment. After four consecutive
days of observations, unhatched eggs were considered
dead. The number of replicates per cultivar was between 45
and 56. The variation in development time of 7. urticae
among different cultivars was analyzed using the Kruskal—
Wallis nonparametric single factor analysis of variance,
because data did not meet the assumptions of the para-
metric analysis of variance (ANOVA). Subsequently,
multiple comparisons were made of the average rank for
each pair of groups, calculating the z-average value for
each comparison, and their probability (corrected for the
number of comparisons) for a two-tailed significance test
(Zar 1996). The Kaplan—Meier product-limit survival curve
analysis (Kaplan and Meier 1958) was used to examine the
influence of cultivar on survival. This analysis considers
data from individuals that escaped from the experimental
unit and those that were alive at the end of the experiment
as censored data. Data from individuals who die during the
experiment are categorized as completed. In this study, no

individual escaped experimental unit, so only data of those
remaining alive at the end of the experiment were con-
sidered like censored. Preimaginal survival curves were
compared using a multiple comparison chi-square test, and
then pairwise comparisons were made by the Gehan—-Wil-
coxon (Gehan and Thomas 1969).

Fecundity (eggs/female) was recorded during the first
10 days of oviposition period in those recently molted to
this stage and mated. The number of replicates per treat-
ment ranged from 6 to 20. The fecundity was analyzed by
one-way ANOVA and Tukey’s post hoc test.

Cultivars were grouped according to different classes of
susceptibility or resistance, based on the analysis of the
development time, survival, and fecundity of T. urticae
combined. For each characteristic analyzed (development
time from egg to adult, preimaginal survival, and fecun-
dity), we identified two groups of cultivars with contrasting
levels of it (high and low), according to the following
criteria: within a group, the value of the feature was sta-
tistically similar in all cultivars, while among the groups,
pairwise comparisons were significantly different. Those
cultivars that did not meet these criteria were considered
intermediate for that feature. It was considered that a
shorter development time, higher survival, and fecundity
will promote population growth of T. urticae. Development
time was categorized as favorable (F) when it was shorter,
adverse (A) when it was longer, and intermediate (I) when
the value was between F and A. Survival and fertility were
considered F when they were higher, A when they were
lower, and I when values were between F and A. Cultivars
that showed favorable levels for the three characteristics
were considered susceptible (S), and those that showed
adverse levels for the three characteristics were considered
resistant (R). Susceptibility was classified as moderate
(MS) for cultivars which had two variables F and one A
or I, as moderate resistance (MR) which had two A
characteristics and one F or I. The cultivars were consid-
ered intermediate (I) when they presented the three vari-
ables I; two I and one F; two I and one A; or one F, one A,
and one I.

Predation rate and fecundity of N. californicus
on strawberry cultivars

To evaluate the predation rate and fecundity of N. cali-
fornicus on different strawberry cultivars, Albion, Aromas,
Festival, Kp, Sabrosa, and Whitney were tested. Strawberry
leaves of each cultivar with 20 eggs of N. californicus were
placed in petri dishes with moistured filter paper on the
bottom and fed T. urticae. After 6 or 7 days, matings were
observed and mated females were placed individually in
the experimental units belonging to each cultivar. The
experimental unit was a petri dish (8 cm diameter) with a
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strawberry leaf disk (4 cm diameter) placed on an agar disk
(5 cm diameter by 3 mm deep). The disks were surrounded
by water to prevent individuals from escaping and to
maintain suitable moisture. Each female was fed 5 eggs, 5
immature, and 5 adults of T. urticae. Preys consumed were
replaced daily to maintain constant food. The number of
prey consumed per day and the number of eggs laid were
registered at 24, 48 and 72 h. The number of replicates per
treatment ranged from 10 to 20.

Prey consumption by the predator and fecundity per day
in each cultivar were analyzed by repeated measure one-
way ANOVA. Previously, Mauchly’s Sphericity test was
used to test the assumption of circularity. When this
assumption could not be met, the adjustment of the F sta-
tistic degrees of freedom was performed by the Green-
house—Geisser method (Scheiner and Gurevitch 2001).
Multiple comparisons were made with the Bonferroni test
(Zar 1996).

Effect of glandular trichomes on 7. urticae and N.
californicus

Randomly selected mature leaflets were collected, and the
multicellular uniseriate glandular capitates trichomes,
0.04-0.05 mm in length (Steinite and Ievinsh 2003), were
quantified on the abaxial surface of leaflets of Albion,
Aromas, Festival, Camarosa, Kp, Sabrosa, and Whitney
cultivars. The leaflets were dipped in 5 % sodium
hydroxide during 4 days to eliminate the cellular content
and washed in distilled water. Then, they were immersed in
sodium hypochlorite (active chlorine 60 g/l) for 8—10 min
or to total clearing and washed with abundant distilled
water. Disks (1.8 cm diameter) were cut, placed on slides,
and stained with safranin (O’Brien and Mc Cully 1981).
The number of glandular trichomes was recorded using an
Olympus BX51 stereo microscope (magnification 200x) in
7 fields of each disk (from 7 to 12 disks per cultivar),
representing 21.88 mm? and equivalent to 8.6 % of the
total disk surface.

The number of trichomes was compared using one-way
ANOVA followed by the Tukey’s test for multiple com-
parisons (P < 0.05). When data did not meet the assump-
tions of the ANOVA, a Kruskal-Wallis test was used.
From cultivars, two contrasting levels of glandular hairi-
ness (high and low) were identified according to two
conditions: a) the difference in the number of trichomes
within a group was statistically not significant; b) all
pairwise comparisons of number of trichomes between
groups were significant.

Development time and fecundity of 7. wurticae, and
predation rate of fecundity of N. californicus were com-
pared among cultivars with high and low hairiness by
nested ANOVA, where the subordinate -classification

(cultivars) was nested within the higher level of classifi-
cation (hairiness). Means were compared by Tukey’s test
(P < 0.05). Nonparametric Kruskal-Wallis test was used
when data did not meet the assumptions of the parametric
analysis of variance.

Results

Development time, survival, and fecundity of T. urticae
on strawberry cultivars

Development time of 7. urticae from egg to adult differed
among cultivars (Hg n=s04) = 64.69; P < 0.01) (Fig. 1).
On Aromas and Kp, it had lower development time than on
Festival, Diamante, Sabrosa, Selva, and Sweet Charlie. On
Albi6én, Camarosa, and Whitney, the development time was
intermediate (Table 1).

Preimaginal survival of T. urticae was different among
cultivars (chi2 =7222; df =9; P <0.001) (Fig. 2). The
cultivars fell into two contrasting groups (P < 0.05): one
conformed by Kp and Whitney, and another integrated by
Camarosa, Selva, Sabrosa, Sweet Charlie, Festival, and
Aromas. In the first group, 7. urticae survival was lower than
in the second. On Diamante and Albion, survival was inter-
mediate. On Whitney and Kp, T. urticae survival was very
low in the egg stage and in the latter cultivar showed another
steep decline around day 11. On the remaining cultivars,
survival varied little and it was never below 80 %.

The fecundity of T. urticae also differed among cultivars
(F =631;df =9, 115; P < 0.001) (Fig. 3). Fecundity on
Festival and Aromas had the lowest values and these cul-
tivars formed a contrasting group with another integrated
by Albién and Kp with the highest fecundity of 7. urticae.
On Camarosa, Diamante, Sabrosa, Selva, Sweet Charlie,
and Whitney, fecundity of 7. urticae was intermediate.

Taking into account the categorization (favorable,
adverse, or intermediate) of 7. urticae characteristics
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Fig. 1 Development time (mean + SE) of T. urticae from egg to
adult on different strawberry cultivars. Bars topped with the same
letters were not significantly different (P > 0.05). Numbers inside
bars indicate the number of replicates
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Table 1 Strawberry cultivar classification according to development
time, survival, and fecundity of T. urticae, categorized as favorable
(F), adverse (A), or intermediate (I) for the population growth

Cultivars  Development  Preimaginal Fecundity Classification
time survival
Albion 1 I F )
Aromas F F A MS)
Camarosa 1 F 1 @
Diamante A 1 1 1))
Festival A F A (MR)
Kp F A F MS)
Sabrosa A F 1 (I)
Selva A F 1 (I)
Sweet A F 1 @D
Charlie
Whitney 1 A 1 @

S susceptible, MS moderately susceptible, / intermediate between
susceptible and resistant, MR moderately resistant, R resistant
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Fig. 2 Preimaginal survival of T. urticae on different strawberry
cultivars

(development time, preimaginal survival, and fecundity)
and their combination, Festival resulted the only cultivar
classified as moderately resistant (MR), while Aromas and
Kp were moderately susceptible (MS) and the remaining
were considered intermediates (I) (Table 1).

Predation rate and fecundity of N. californicus
on strawberry cultivars

The total number of prey (eggs, nymphs, and adults of
T. urticae) consumed per day per adult female of
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Fig. 3 Fecundity (mean £ SE) of T. urticae on different strawberry
cultivars. Bars topped with the same letters were no significantly
different (P > 0.05). Numbers inside bars indicate the number of
replicates

Total number of prey consumed

Albion

Aromas  Festival Kp Sabrosa

Cultivars

Whitney

[D24h 048h m72h]

Fig. 4 Mean number (£SE) of prey (eggs, nymphs, and adults of T.
urticae) consumed per day by adult females of 24-, 48-, and 72-h old
of N. californicus on different strawberry cultivars. The same capital
letters indicate no significant differences between cultivars, and same
small letters indicates not significant differences in consumption
along the time on each cultivar (P > 0.05)

N. californicus was different between cultivars and time
(cultivar F = 4.73; df 5, 72; P < 0.001; time F = 7.81; df
2, 148; P < 0.001), and there was a significant interaction
between factors (F = 2.09; df 10, 148; P = 0.029). The
predation rate was higher on Albién than on Sabrosa. An
increase in prey consumption was observed over time in
Aromas, Sabrosa, and Whitney, but it was significant at 48-
and 72-h old only in Whitney (Fig. 4).

The fecundity of N. californicus did not exhibit differ-
ences among cultivars; however, it did over time (cultivar:
F=1.89; df 5, 74; P =0.106; time: F = 41.94; df
adjusted by the Greenhouse—Geisser method 1.81, 134.08;
P adjusted < 0.001). There was no significant interaction
between cultivar and time (F = 0.45; df adjusted by the
Greenhouse—Geisser method 9.06, 134.08; P adjusted =
0.918). The lowest fecundity values were registered in
females of 24-h old and the highest at 72 h (Fig. 5).
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Effect of glandular trichomes on 7. urticae and N.
californicus

The number of glandular trichomes of leaves differed
among cultivars (H n=66) = 33.56; P < 0.01) (Fig. 6).
Two contrasting groups were identified: Albion, Aromas,
and Festival belonged to the high hairiness group, while
Sabrosa, Whitney, and Kp to low hairiness. Camarosa was
not included in any group because it had an intermediate
hairiness.

The development time of 7. urticae from egg to adult
did not differ among high and low hairiness cultivars
(H n=285) = 0.513; P = 0.474). Fecundity did also not
differ between both cultivar groups (hairiness F = 0.53,
df=1, P =0510; cultivars F =13.15, df=4,
P < 0.001; df error = 98), but differences were found
within groups: fecundity of T. urticae females was higher
on Albién than on Aromas and Festival, all with high
hairiness, and on Kp, it was higher than on Sabrosa and
Whitney, the three cultivars with low hairiness (Fig. 7).

The prey consumption by N. californicus did not vary in
relation to the glandular leaf hairiness, but differences were
found between cultivars (hairiness F = 3.51; df = 1;
P = 0.065; cultivars F =5.92; df=4; P <0.001; df
error = 74). On Sabrosa, consumption was lower than on
Whitney and Albién. Results indicated that in spite that
these two latter cultivars belonged to hairiness contrasting
groups, consumption of N. californicus was similar
(Fig. 8).

The effect of glandular hairs on the fecundity of N.
californicus was not analyzed because this feature did not
exhibit significant differences between varieties.

Eggs/females/day

Albién

Aromas  Festival Kp
Cultivars

(m24h 048h O 72h]

Sabrosa Whitney

Fig. 5 Fecundity (mean &+ SE) of 24-, 48-, and 72-h old N.
californicus females. The same capital letters indicate no significant
differences between cultivars, and same small letters indicates no
significant differences in consumption along the time on each cultivar
(P > 0.05)
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leaves from different strawberry cultivars. Bars with the same letter
did not significantly differ (P > 0.05)
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Fig. 7 Fecundity (mean number of eggs/female/10 days & SE) of T.
urticae on strawberry cultivars with high (white columns) and low
(black columns) glandular trichomes. Columns with the same letter
are not significantly different (P > 0.05)

Discussion

Susceptibility and resistance of strawberry cultivars to 7.
urticae have been documented by several authors (Gimé-
nez Ferrer et al. 1993; Shanks and Moore 1995; Lourengao
et al. 2000; Uselis et al. 2006). In this study, Kp and
Aromas were classified as moderately susceptible. Tetr-
anychus urticae had both development time and fecundity
favorable to population growth, but preimaginal survival
was low, while in Aromas, their development time and
preimaginal survival were favorable, but fecundity was
low. By contrast, Festival showed moderate resistance
since both development time and fecundity were unfavor-
able for T. urticae, but preimaginal survival was high. The
other cultivars studied were considered with an interme-
diate susceptibility or resistance. Kazak and Kibrit¢i (2008)
studied, among other cultivars, Camarosa, Sweet Charlie,
and Selva as host of 7. cinnabarinus Boisduval and found
no difference in development time coinciding with the
results of the present study for 7. urticae. Moreover, these
authors found differences in the intrinsic growth rate,
considering Sweet Charlie a less favorable cultivar to the
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Fig. 8 Consumption (mean + ES) of different life stages of T.
urticae by N. californicus females at 72 h, in strawberry cultivars
with high (white columns) and low (black columns) glandular
trichomes. Columns with the same letter are not significantly different
(P > 0.05)

population growth of T. urticae. According to the evaluated
characteristics in the present research, Sweet Charlie like
Selva was classified as intermediate between susceptible
and resistant. Results obtained for Selva, one of the most
widely studied cultivars worldwide, were similar to those
reported by other authors (Gimenez-Ferrer 1993; Shanks
and Moore 1995; Labanowska, 2007; Kazak and Kibrit¢i
2008). Moreover, Greco and Sanchez (2003) reported the
existence of induced susceptibility by T. urticae to their
subsequent populations in this cultivar.

The differential performance of 7. urticae observed in
different cultivars may be due to many physical and
chemical plant characteristics. The pubescence is one of
the most studied features related to the resistance against
arthropods because it provides a defensive barrier against
various phytophagous insects and mites (Webster 1975;
Levin 1973; Onyambus et al. 2011). However, Harvey and
Martin (1980) found a higher density of Eriophyes tulipae
Keifer mite in wheat cultivars with dense pubescence.
Steinite and Ievinsh (2003) and Torre Figueiredo et al.
(2012) observed that the simple hairiness would not be a
factor of resistance to T. urticae. Similarly, results of the
present study suggest that glandular hairiness would not be
an important resistance factor for 7. urticae on strawberry,
since development time and fecundity of 7. urticae females
did not differ between cultivars with high and low glan-
dular hairiness. Torre Figueiredo et al. (2012) found a
negative correlation between the distance traveled by T.
urticae and density of glandular trichomes on strawberry
leaves, suggesting that ambulatory dispersion could be
negatively affected by this kind of trichomes.

In this study, N. californicus had higher prey con-
sumption in Albién than in Sabrosa. The glandular hairi-
ness did not influence the rate of consumption. Fecundity
of this phytoseiid did not differ between cultivars. The
functional and numerical response of this predator was
adversely affected by the glandular hairs in other crops

such as tomato (Cédola et al. 2001). However, the glan-
dular trichomes of tomato leaf are larger than those of the
strawberry leaf and have toxic exudates that could hinder
the displacement and performance.

Some of the strawberry cultivars tested in this study
showed different degrees of resistance or susceptibility to
T. urticae and affected differentially the rate of consump-
tion of N. californicus. However, glandular hairiness of the
leaf was not identified as the factor responsible for the
differences found. Festival could be included in an IPM
because it was classified as moderately resistant to 7. ur-
ticae and the consumption rate of N. californicus was
intermediate on this cultivar. Albion could be another
cultivar to be taken into account in an IPM, because it
showed intermediate resistance to 7. urticae, while the
predator’s consumption rate was relatively high. In sum-
mary, according to the results of this study, N. californicus
exhibited a better performance on Festival and Albion than
on the other cultivars; therefore, they could be integrated
with the biological control by this predator in pest man-
agement programs.
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