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Biological control of Acanthoscelides obtectus and Zabrotes subfasciatus in stored dried

beans

Abstract

This study assesses the feasibility of using natural enemies for the control of Acanthoscelides obtectus Say and
Zabrotes subfasciatus Boheman (Coleoptera: Chrysomelidae), key pests of stored dried beans, Phaseolus
vulgaris L. (Fabales: Fabaceae). The predatory mites Blattisocius tarsalis Berlese (Acari: Ascidae) and
Amblyseius swirskii Athias-Henriot (Acari: Phytoseiidae) were able to prey on A. obtectus eggs, reducing the
bruchid population by more than 60% under both controlled and warehouse conditions. Therefore, they show
good potential as biological agents for controlling this pest. The larval parasitoids Anisopteromalus calandrae
Howard and Lariophagus distinguendus Forster (Hymenoptera: Pteromalidae) were both moderately effective
(34-38% reduction) at suppressing A. obtectus populations, but when A. calandrae was combined with B.
tarsalis, a significant improvement in control efficacy (81% reduction in emergence) was observed. Therefore,
the release of A. calandrae combined with B. tarsalis seems to be a promising strategy for controlling A.
obtectus. Neither B. tarsalis nor A. swirskii were able to prey on Z. subfasciatus eggs. Only the parasitoid A.
calandrae was moderately effective (39% reduction) at supressing Z. subfasciatus populations. Further testing
is needed to identify other natural enemies that can complement the action of A. calandrae in reducing Z.

subfasciatus populations.
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1. Introduction

Acanthoscelides obtectus Say and Zabrotes subfasciatus Boheman (Coleoptera: Chrysomelidae) are major pests
of stored dried beans Phaseoulus vulgaris L. (Fabales: Fabaceae). These pests cause significant damage to the
legume during long periods of storage (Hill 1990). Acanthoscelides obtectus is neotropical in origin but
currently has a cosmopolitan distribution. Zabrotes subfasciatus is widespread in several countries in Africa,
Asia and the Americas. Acanthoscelides obtectus attack dry bean seeds in the field and subsequently infest
storage units; Z. subfasciatus attack only stored seeds (Cardona 1989; Oliveira et al. 2013; CABI 2019). The
larvae of both bruchids are internal feeders; they can bore into seeds. Larvae develop inside the seeds until they
reach adulthood, when they emerge from the legume and actively disperse (Subramanyam and Hagstrum 1996;

Soares et al. 2015).

Pest management in stored dried beans commonly involves treatments with pesticides (fumigants and/or
residual insecticides) (Paul et al. 2009). However, the use of pesticides poses a threat to the health of operators
handling the fumigant. In addition, there are significant environmental concerns about the use of pesticides, and
consumer demand for residue-free products is increasing. In addition, the number of active substances available
is shrinking due to changes in legal approval processes and to the emergence of resistant pest populations
(Benhalima et al. 2002; Opit et al. 2012; Pimentel et al. 2008; Clarke et al. 2011). Therefore, there is a demand
for alternative, environmentally safe methods of pest control. Among these, the use of natural enemies such as
predatory mites and parasitoid wasps stands out. Biological control using beneficial insects and mites is an
effective pest management tool that does not induce resistance and involves no risks for operators (Niedermayer

and Steidle 2013).

The present study evaluates the effectiveness of two types of natural enemies in the control of these two weevils:
four polyphagous predatory mite species that prey on eggs and two polyphagous larval parasitoid species. The
predatory mite Blattisocius tarsalis Berlese (Acari: Ascidae) is frequently found in storage areas of different
commaodities (Haines 1981; Riudavets et al. 2002a, b). However, the capacity of the other mite species to control
storage pests is unknown. Amblyseius swirskii Athias-Henriot, Neoseiulus cucumeris Oudemans (Acari,
Phytoseiidae) and Stratiolaelaps scimitus Berlese (Acari, Laelapidae) are commercially available biological

control agents for different pests in many vegetable crops grown in open fields and greenhouses (Jess and
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Kilpatrick 2000; Messelink et al. 2006; Gerson and Weintraub 2007). Amblyseius swirskii is able to prey on the
eggs of stored pests such as Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) and Callosobruchus chinensis
L. (Coleoptera: Chrysomelidae) in the laboratory, and the predator N. cucumeris is able to consume E.
kuehniella eggs (Delisle et al. 2015; Riahi et al. 2017; lturralde-Garcia et al. 2020). The larval parasitoids
Anisopteromalus calandrae Howard and Lariophagus distinguendus Férster (Hymenoptera: Pteromalidae)
often attack coleopteran larvae that develop inside the seeds of different stored commodities (Belda and

Riudavets 2013; Castafié and Riudavets 2015; Berger et al. 2017).

The main objective of this study was to evaluate the effectiveness of these biological control agents on these
two bruchid populations under controlled and warehouse conditions. We hypothesized that combining
parasitoids with predatory mites would control both bruchid populations better than the use of either biological
agents alone. Therefore, we first selected predatory mites based on their consumption of bruchid eggs and their
ability to survive at different relative humidity levels. Predatory mites and parasitoid wasps were then tested,
alone and in combination, on infested dried beans in small cages. Finally, the dispersion capacity of predators
and parasitoids was evaluated on a larger scale: in 12-kg containers of beans under controlled conditions and in

commercial 25-kg bags of beans under warehouse conditions.

2. Materials and methods

2.1. Insect and mite colonies. Insect colonies were maintained at a constant temperature of 28 + 2°C, 75 + 5%

relative humidity (RH) and a photoperiod of 16 hours of light to 8 hours of darkness. Colonies of A. obtectus,
A. calandrae and L. distinguendus were initiated with samples collected from warehouses in Spain; a colony of
Z. subfasciatus was started with samples from the University of Sonora (México). Every week, unsexed adults
of A. obtectus or Z. subfasciatus were placed in plastic containers with dry bean seeds (P. vulgaris; cv. Rifidn)
to obtain weevils of known ages. To obtain eggs of both weevil species, adults were isolated with dry beans for
48 hours in plastic cages. Eggs of A. obtectus were collected with a fine hairbrush from the bottom of the cages
while for Z. subfasciatus seeds with attached eggs were collected. A. calandrae was reared by offering A.
obtectus or Z. subfasciatus larvae (aged 15 to 21 days) to newly emerged adults; L. distinguendus was reared

similarly but was only offered A. obtectus larvae. Sugar water (20% sucrose) in a cotton plug was supplied as

3
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additional food. After three weeks, a new generation of adult parasitoids was available for experiments. The
predatory mites B. tarsalis, A. swirskii, N. cucumeris and S. scimitus were supplied by Agrobio SL (Almeria,

Spain).

2.2. Survival and consumption of bruchid eqgs by predatory mites. To assess the ability of the four species of

predatory mites to prey on bruchid eggs, 15 two-day-old eggs of A. obtectus or Z. subfasciatus were offered to
one female in a small cage (2.5 cm diameter). Female predatory mites were collected using a fine hairbrush and
transferred into the experimental cages. After 24 h, the female mite’s survival was assessed and the number of
completely or partially damaged eggs recorded. With a stereomicroscope, damaged eggs can be easily
distinguished from healthy and turgid eggs. A control treatment using 15 two-day-old eggs of A. obtectus or Z.
subfasciatus but no predatory mites was also done. Ten replicate experiments of each combination of predator
and bruchid species and of the control treatment were conducted. Experiments with A. obtectus were carried
out at 28 + 2°C and at two levels of RH, 80% and 75%; Z. subfasciatus was kept at 80% RH to test the ability
of predatory mites to survive at different environmental humidity. Saturated salt/water solutions were used to

maintain a stable RH inside containers where the small cages were deposited during the experiment.

2.3. Effectiveness of predatory mites and larval parasitoids in reducing bruchid populations. To further test the

predatory capabilities of B. tarsalis and A. swirskii, 45 two-day-old eggs of A. obtectus or Z. subfasciatus were
offered to 15 mite females over three weeks as follows: 15 two-day-old eggs per week were offered to three (in
the first week), six (in the second week) and six (in the third week) predatory females of each species. The final
proportion was one female predatory mite to three bruchid eggs. After four additional weeks, necessary for
surviving eggs to reach adulthood, the number of emerged weevils was counted. To test A. calandrae and L.
distinguendus, beans containing 15 two-day-old eggs of A. obtectus or Z. subfasciatus were introduced weekly
for three weeks, and, on the fourth week, three pairs of adults were released, resulting in a total proportion of
one female parasitoid to 15 hosts. A plastic tube containing sugar water (20% sucrose) and a cotton plug was
also included as additional food in the experimental arena. After three additional weeks, necessary for surviving
weevil eggs and parasitoids to reach adulthood, the number of weevils and/or parasitoids was counted until no
more emergence was recorded. To test the combined effect of the predatory mites B. tarsalis and A. swirskii
with the parasitoid A. calandrae on the populations of A. obtectus or Z. subfasciatus, a similar test was
performed in which female predatory mites were introduced during the first three weeks and parasitoid pairs in
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the fourth week, resulting in the same proportions of prey to hosts as previously described. A control treatment
with 45 two-day-old eggs of A. obtectus or Z. subfasciatus but without predatory mites or parasitoids was also
done. For all experiments, 710-mL plastic containers containing 100 g of beans, including the seeds with
bruchid eggs, were used. Ten replicate experiments were conducted for each predatory mite, parasitoid species
or combination and for the control treatment. Experiments were carried out in controlled conditions at a

temperature of 28 + 2°C, 75 + 5% RH and a photoperiod of 16 h of light to 8 h of darkness.

2.4. Searching ability of predatory mites and A. calandrae. To assess the ability of B. tarsalis and A. swirskii

females to locate their prey in a more realistic arena, bruchid eggs were offered in 12-kg containers of beans.
Two predator-to-prey ratios were tested, 1:3 and 2:1. A fixed number of prey (45 two-day-old eggs of A.
obtectus) were offered to 15 or 90 female predatory mites. PVC pipes (40 cm tall, 20 cm diameter) filled with
12 kg of beans were used in this experiment. A stainless-steel screened cage (7 cm high, 5 cm internal diameter)
containing 60 g of beans and infested with 45 two-day-old eggs of A. obtectus was located at the bottom of the
PVC pipe. Next, the appropriate number of predatory mites was released at the top, on the surface of the beans,
and pipes were sealed with fabric mesh. After four additional weeks, PVVC pipes were poured off, the screened

cages were recovered, and the number of weevils that had emerged in the cages was counted.

The combination of the predatory mite B. tarsalis with the parasitoid A. calandrae was assessed in a similar
arena of PVC pipes. A fixed number of prey/hosts (45 two-day-old eggs of A. obtectus) was offered to 90 female
predatory mites (2:1 predator-to-prey ratio) and to three pairs of A. calandrae (1:15 parasitoid-to-host ratio).
Predatory mites were released the same week as the bruchid eggs, while the parasitoids were released four
weeks later. After three additional weeks, the number of emerging weevils and parasitoids in the screened cages
was counted. For the control treatment, 710-mL plastic containers containing 60 g of beans infested with 45
two-day-old eggs of A. obtectus were used. Six replicates were conducted of each treatment, including the
control. The experiments were carried out at in controlled conditions at a temperature of 28 + 2°C, 75 + 5% RH

and a photoperiod of 16 h of light to 8 h of darkness.

To assess the ability of B. tarsalis to locate its prey in larger arenas, a similar test was done with commercial
woven polypropylene bags (42 x 66 cm containing 25 kg of beans) in experimental rooms (23.5 + 1.5°C, 68 +

10% RH). One infested screened cage containing 45 two-day-old eggs of A. obtectus in 60 g of beans was
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placed at one end of the bag. At the opposite end, 9 ml of commercial diet substrate containing B. tarsalis (90-
180 individuals) was released. One polypropylene bag was placed on the floor of each empty room (3 x 2 m).
After one week, the bags were opened, and the infested chickpeas in screened cages were allowed to develop
under controlled conditions (28 = 2°C; 75 + 5% RH; 16 h: 8 h light: dark). Over the following weeks, the
emerging A. obtectus were counted. The control treatment without predators used 710-mL plastic containers
containing 60 g of beans infested with 45 two-day-old eggs of A. obtectus. Six replicates were conducted, each

in a different room.

2.5. Data analysis. The percentage of mortality was calculated by subtracting the number of surviving weevils
from the total number of eggs offered at the start of the experiment. An arcsine square root transformation was
performed on the percentage of mortality rates so that these data complied with the normality and
homoscedasticity requirements of parametrical tests. The following data sets were analysed using a one-way
analysis of variance (ANOVA): a) percentage of mortality of Z. subfasciatus and A. obtectus eggs after one
female predatory mite was released; b) percentage of mortality of Z. subfasciatus and A. obtectus when
predatory mites, parasitoids or a combination of both were released; c) percentage of mortality of A. obtectus
when two predatory-to-prey ratios of A. swirskii and B. tarsalis were tested alone, or when B. tarsalis was
combined with A. calandrae in PVC pipes or when 9 ml of commercial B. tarsalis were released in a propylene
bag. Post-hoc comparisons were conducted for all tests using Tukey corrections for multiple comparisons. All

statistical analyses were conducted using JMP (JMP 13.1.0, 2016, SAS Institute, Inc).

3. Results

3.1. Survival and consumption of bruchid eggs by predatory mites. All females of B. tarsalis, A. swirskii and

N. cucumeris survived at 80% RH; no S. scimitus female survived when offered eggs of Z. subfasciatus, and
only 10% of females survived when offered A. obtectus eggs. At 75% RH, most females of B. tarsalis and A.
swirskii survived, but no N. cucumeris survived. Only N. cucumeris consumed Z. subfasciatus eggs, resulting
in a significant difference in egg mortality compared to the control (Table 1). However, when A. obtectus eggs
were offered, all predatory mites tested produced significantly higher mortality than that observed in the control,

at both 75% and 80% RH.
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3.2. Effectiveness of predatory mites and larval parasitoids in reducing bruchid populations. Neither predatory
mites nor the parasitoid L. distinguendus were able to reduce the emergence of Z. subfasciatus adults compared
to the control treatment. Only the parasitoid A. calandrae significantly reduced the Z. subfasciatus population
when interacting for at least one week (F = 12.17; df =6, 79; P < 0.001) (Fig. 1a). As expected, when predatory
mites were combined with the parasitoid A. calandrae, the mortality of Z. subfasciatus was not significantly
different than that observed with A. calandrae alone. However, immature stages of A. obtectus were more
susceptible to attack by these natural enemies (F = 64.61; df = 6, 79; P < 0.001). When tested individually, both
parasitoids, A. calandrae and L. distinguendus, and both predatory mites, B. tarsalis and A. swirskii,
significantly impacted the mortality of A. obtectus (Fig. 1b). The combination of predatory mites with the
parasitoid A. calandrae had a synergistic effect, producing a A. obtectus mortality between 52% and 65%. The
combination of the parasitoid with B. tarsalis was significantly more effective than its combination with A.
swirskii (Fig. 1b). Parasitoid reproduction was low, with less than 0.70 individuals produced in average per

host.

3.3. Searching ability of predatory mites and A. calandrae. When A. obtectus eggs were offered 40 cm deep in

a 12-kg pile of beans, both B. tarsalis and A. swirskii were able to locate and prey upon them. A. obtectus
mortality was significantly higher than in the control treatment when either predatory mites or a combination
with A. calandrae were released at the two predator-to-prey ratios tested (Table 2). No significant differences
were observed among the predator-to-prey ratios tested; B. tarsalis caused A. obtectus mortality ranging from
60% to 67% in PVVC pipes and polypropylene bags. Amblyseius swirskii caused similar bruchid mortality with
the high ratio tested in the PVC pipes, but bruchid mortality was significantly lower with a lower ratio. The best
results were obtained with the combination of B. tarsalis with the parasitoid A. calandrae, which resulted in

81% mortality of A. obtectus (Table 2).

4. Discussion

Two of the predatory mites tested, S. scimitus and N. cucumeris, had difficulty surviving at high temperatures
and low humidity, typical conditions in storehouses. Stratiolaelaps scimitus is used as a biocontrol agent of a

number of pest species, including Frankliniella occidentalis Pergande and Thrips tabaci Lindeman
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(Thysanoptera: Thripidae) under greenhouse conditions (16-25°C and 24-32°C with 64-98% and 35-78% RH,
respectively) (Wu et al. 2014). Stratiolaelaps scimitus survive high temperatures for short periods, but when
the temperature is constantly high, as in the present experiment, this predator is unable to survive. Neoseiulus
cucumeris is often used to control thrips and spider mites on horticultural plants, and it can prey on storage
pests such as E. kuehniella in a laboratory under controlled conditions (25°C and 60-70% RH) (Sarwar et al.
2009; Delisle et al. 2015). Although N. cucumeris can survive high temperatures (25°C), our study used an even
higher temperature (28°C), making it difficult for this predator to survive. However, both S. scimitus and N.
cucumeris are very sensitive to the environmental humidity and do not thrive at medium or low RH. However,
A. swirskii is able to survive the high temperatures and low humidity common to orchards in the Middle East
from where it is native. It coexists with whiteflies and tolerates low humidity and high temperatures better than
nearly all other species of predatory mite (Nomikou et al. 2001). This species is commonly used for the
biological control of thrips and whiteflies in greenhouse crops and feeds on E. kuehniella eggs under controlled
conditions (25°C and 65% RH) (Fathipour and Maleknia 2016; Riahi et al. 2017). Blattisocius tarsalis was also
able to survive the tested conditions; this was expected since this predator is spontaneously present in

warehouses and food processing facilities (Dizlek et al. 2019).

The predatory mites A. swirskii and B. tarsalis were unable to prey on Z. subfasciatus eggs. This is probably
because the eggs are firmly attached to the bean and have a protective coating once they harden (Southgate
1979); this may impede the predator’s perforation of the eggshell. However, both predatory mites were able to
prey on A. obtectus eggs. Unlike Z. subfasciatus, this bruchid species lay eggs in the debris of pulses, so
predatory mites do not have to deal directly with the seed. According to Jimenez et al. (2017), the bean testa
contain toxic compounds that cause paralysis or antixenosis in bruchid adults and antibiosis and antixenosis in
larvae. These toxic compounds, which are associated with bean resistance to pests, can also have adverse effects
on biological control agents (Velten et al. 2008). This might explain the differences observed in the predatory
capacity of the two mite species on A. obtectus and Z. subfasciatus eggs. Both predatory mites were able to
locate and prey on A. obtectus eggs in PVC pipes, indicating that they can locate their prey at a distance of 40
cm in a total volume of 12,566 cm?® of beans. B. tarsalis also demonstrated good potential for reducing A.
obtectus density in infested commercial bags under warehouse conditions, where it effected a similar

suppression rate (65% mortality). This good suppression rate in commercial bags indicates a good dispersion
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capacity as well, since mites were able to locate their prey at a distance of 60 cm in a total volume of 46,653
cm® of beans. Thus, the release of either of the predatory mites alone seems to hold promise for the biological

control of A. obtectus eggs.

The two parasitoids tested were able to locate and, to some extent, to reduce A. obtectus populations: A.
calandrae effected a 38% reduction and L. distinguendus a 34% reduction from an initial population of 45 eggs.
A. calandrae was also able to reduce Z. subfasciatus populations by up to 39%. However, these reductions in
weevil populations were low compared to the reductions these species have been reported to effect with the
same weevils in different pulses and/or with other weevils. Anisopteromalus calandrae produced up to 95% A.
obtectus mortality in the cowpea Vigna unguiculata L (Fabales: Fabaceae) (Berger et al. 2017). This legume
has a rougher surface than the smooth beans used in the present study. Phaseolus vulgaris seeds are a difficult
substrate for the movement of parasitoid wasps; their slippery surface does not allow parasitoid females to get
a firm grip during drilling and parasitization (Mitsunaga and Fujii 1999; Niedermayer and Steidle 2013).
Anisopteromalus calandrae was able to reduce Sitophilus zeamais (Motschulsky) and Rhyzopertha dominica
Fabricius populations by more than 95% when released in rice at 28°C under similar conditions to those used
in the present study (Sola et al. 2020). Another factor that may have contributed to the parasitoid’s poor
performance is the release ratio used in this study. Some authors have argued that weevil control is effective
only when parasitoids are introduced in quantities of one parasitoid per ten hosts or higher (Arbogast and Mullen
1990, in corn; Sanon et al. 1998, in cowpeas). However, A. calandrae has been used at the same release ratio
and under the same environmental conditions as the present study to control Callosobruchus chinensis L. in

chickpeas, resulting in more than 90% bruchid control (Iturralde-Garcia et al. 2020).

The combination of A. calandrae with predatory mites did not improve the parasitoid’s efficacy in controlling
Z. subfasciatus. This is not surprising since the mites were unable to prey on the eggs. However, the combination
of A. calandrae with A. swirskii or B. tarsalis improved control of A. obtectus (52-65% suppression) when the
predators were released in small cages. Control improved even more (81% suppression) when two natural
enemies were released in PVC pipes containing 12 kg of beans (Fig. 1a, b; Table 2). It is important to mention
that there was no direct competition between the two natural enemies since one (parasitoids) attacked the beetles
at a developmental stage located inside the beans and the other (predatory mites) attacked the prey outside the
beans. Improved control has previously been observed with the combined release of multiple natural enemies
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that attack the host at different developmental stages. The larval parasitoid A. calandrae and the predator
Xylocoris flavipes Reuter (Hemiptera: Lyctocoridae) together effected 95% suppression of A. obtectus progeny
(Berger et al. 2017); the egg parasitoid Trichogramma pretiosum Riley (Hymenoptera: Trichogrammatidae)
and the larval parasitoid Habrobracon hebetor Say (Hymenoptera: Braconidae) effected 84% reduction of
Plodia interpunctella Hiibner (Lepidoptera: Pyralidae) populations (Brower and Press 1990). Therefore, the
combination of B. tarsalis with A. calandrae can be recommended for the biological control of A. obtectus
populations. This method should not be a problem in bulk beans, since the dead bodies of parasitoids and
predators are almost imperceptible due to the small size of both natural enemies. Furthermore, they can be

separated from the beans using standard cleaning procedures.

In conclusion, the predatory mites A. swirskii and B. tarsalis were able to prey on A. obtectus eggs, reducing
the bruchid population by more than 60% under both controlled and warehouse conditions. Therefore, they
demonstrate good potential as biological agents for controlling this pest. Both parasitoids were moderately
effective (34-39% reduction) in suppressing both bruchid populations, but significant improvement (81%
reduction) was observed when A. calandrae was combined with B. tarsalis. The combined use of both natural
enemies to control A. obtectus seems to be a promising strategy for containing the growth of the bruchid
populations below damaging levels, allowing to reduce the number of pesticide application during the
sometimes long storage period. However, further research is needed on the use of other natural enemies in

combination with A. calandrae to reduce Z. subfasciatus populations.
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Figure Caption

Fig. 1. Percentage of mortality (+ SE) of bruchids when predatory mites and parasitoids were released, alone

or in combination, in 100-g containers of beans. The predator-to-prey and parasitoid-to-host ratio was 1:15. a)

Z. subfasciatus; b) A. obtectus. Values followed by a different lowercase letter are significantly different (Tukey

test, P < 0.05).

15



356

357

358

359

360

361

Table 1. Percentage of survival and egg mortality (+ SE) when 15 two-day-old A. obtectus or Z. subfasciatus

eggs were offered to one female mite in a small cage (2.5 cm diameter) for 24 h at 28°C and 80% or 75% RH.

Z. subfasciatus A. obtectus
Predatory
80% RH 80% RH 75% RH
mites

survival Egg mortality survival Egg mortality survival Egg mortality
Control - 25.17 £ 2.42b - 20.51 + 4.40b - 19.58 + 3.46b
B. tarsalis 100 31.75+1.91ab 100 51.80+2.39a 83.33+16.67 45.73+4.24a
A. swirskii 100 34.35 + 2.84ab 100 4051+4.06a 90.00+10.00 42.14+1.85a
N. cucumeris 100 40.32+3.43a | 88.89+11.11 40.83+4.18a 0 33.50 £ 3.97a

S. scimitus 0 30.51 +£3.88ab | 10.00 £10.00 47.58+1.92a - -
F4, 49= 3.29 F4, 49= 11.31 F3, 39— 11.40

P <0.050 P <0.001 P <0.001

Average values in the same column followed by a different lowercase letter are significantly different (Tukey

test, P < 0.05).
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Table 2. Percentage of mortality (+ SE) of A. obtectus when B. tarsalis or A. swirskii were released at two

predator-to-prey ratios or when B. tarsalis was combined with A. calandrae in 40-cm PVC pipes filled with

12 kg of dried beans (28 + 2°C, 75 + 5% RH), or when 9 ml of B. tarsalis enriched diet were released (90-180

individuals) in commercial bags containing 25 kg of dried beans (23.5 + 1.5°C, 68 + 10% RH).

Natural enemy-to-

Experimental arena

Mortality (%)

Treatments _
prey ratios
Control 15:45 PVC pipes 26.11 + 1.65d
Control 90:45 PVC pipes 25.33 £2.52d
Control 90-180:45 Commercial bags 26.29 + 0.49d
A. swirskii 15:45 PVC pipes 41.55+1.94c
A. swirskii 90:45 PVC pipes 60.77 + 2.67b
B. tarsalis 15:45 PVC pipes 67.18 + 3.51b
B. tarsalis 90:45 PVC pipes 65.80 + 3.59b
B. tarsalis 90-180:45 Commercial bags 65.71 + 4.15b
B. tarsalis + A. calandrae 90:45 + 1:15 PVC pipes 81.08 + 3.43a
Fg 53= 55.58
P <0.001

Average values in the last column followed by a different lowercase letter are significantly different (Tukey

test, P < 0.05)
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