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Abstract

The plant matrix influences the performance of omnivorous mirids as biocontrol agents and increasing plant diversity has
been hypothesised to enhance pest control. This research aimed to determine the effect of using calabash, Lagenaria siceraria,
as a companion plant on the population dynamics and whitefly control efficacy of Dicyphus argensis in tomato greenhouses.
The response of D. argensis was also compared with that of Nesidiocoris tenuis. Four treatments were assayed in a com-
plete randomised block design with three replicates each: (1) Bemisia tabaci, (2) B. tabaci+ D. argensis, (3) B. tabaci+ D.
argensis +calabash and (4) B. tabaci+ N. tenuis. Calabash harboured high populations of D. argensis, but its abundance
on tomato plants was significantly lower in the presence of calabash than in its absence, and in both treatments, it reached
lower numbers than N. tenuis. Dicyphus argensis reduced the whitefly density on tomato plants relative to the compartments
with no mirids, but the whitefly density was higher in the presence of companion plants, and N. fenuis was more effective
in reducing whitefly populations. Calabash served as a host for the multiplication of whitefly and increased the pest density
on tomato. In this research, increasing plant diversity in crops did not enhance pest control because: (1) the aggregation of
D. argensis in calabash reduced its abundance in tomato plants; (2) the pest populations multiplied. This contrasts with the
diversity hypothesis and confirms the importance of the plant context for predatory dicyphines.
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Key message e Calabash used as a companion plant reduced the density
of Dicyphus argensis on tomato plants.

e Calabash multiplied whitefly and contributed to the

¢ Increasing plant diversity is considered to enhance natu-
ral enemy effectiveness and pest control.

e (Calabash was an optimum host for the omnivorous mirid
Dicyphus argensis.
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increase in the pest on tomato plants.
e Increasing plant diversity in tomato greenhouses did not
enhance pest control.

Introduction

The management of biodiversity for the provision of eco-
system services is a challenging task for applied ecologists,
among other reasons because until now no general pattern
has emerged, and thus, it depends on the knowledge of the
biology and intricate interactions among species for each
particular ecosystem (Tscharntke et al. 2016; Lichtenberg
et al. 2017; Karp et al. 2018). This is the case of habitat
management for the conservation of natural enemies aim-
ing to improve pest control in agroecosystems (Altieri and
Letourneau 1982; Landis et al. 2000; Gurr et al. 2017).
Increasing plant diversity has been considered one of the
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key factors for enhancing the activity of natural enemies and
reducing pest density in crops (Root 1973; Russell 1989;
Altieri 1991; Bianchi et al. 2006). However, this is not a
universal principle, and there are many cases where plant
diversity has been associated with increased pest incidence
(Letourneau et al. 2011). Consequently, the suitable selec-
tion of plants is crucial to maximising the positive effects
of pest control. Protected agricultural crops are simple sys-
tems that may miss many of the requirements for the main-
tenance of permanent populations of natural enemies, but
this may be compensated with the introduction of particular
plant species providing alternative host/prey, nectar, pollen,
shelter or other vital resources (Landis et al. 2000; Wickers
et al. 2005; Gurr et al. 2017). However, there is also the risk
that these plants host pathogens and/or are used by pests to
increase their populations (van Rijn et al. 2002; Balzan and
Wickers 2013; Tscharntke et al. 2016).

The order Hemiptera includes many species of natural
enemies that play a major role in regulating the populations
of phytophagous arthropods in agroecosystems (Wheeler
2001). Many of these hemipterans are omnivores with a
broad range of variations in their prey-plant feeding habits
and whose biology is highly restricted to particular plant
species (Eubanks et al. 2003; Cassis and Schuh 2012). This
concerns dicyphines (Hemiptera: Miridae: Bryocorinae),
which include several species of high economic importance
(van Lenteren 2012). Predatory dicyphines are key species
in biological pest control in vegetable crops, especially in
tomatoes, because not many natural enemies are as well
adapted to live on plants with glandular trichomes as they
are (Castaiié et al. 2004; Gillespie et al. 2007; Voigt et al.
2007; Perdikis et al. 2008; Calvo et al. 2012a, 2016; Sanchez
et al. 2014, 2021). This group includes species such as Mac-
rolophus pygmaeus (Rambur) (Hemiptera: Miridae), which
is among the ten most commercialised biological control
agents in the world (van Lenteren 2012). Nesidiocoris tenuis
(Reuter) (Hemiptera: Miridae) is also extensively used for
the control of whitefly and Tuta absoluta (Meyrick) (Lepi-
doptera: Gelechiidae) in the Mediterranean area (Calvo et al.
2012b; Urbaneja et al. 2012). Apart from the Macrolophus
species and N. tenuis, several Palaearctic species of the
Dicyphus genus have been tested against the main pests of
vegetable crops (Alomar et al. 2002; Ingegno et al. 2013;
Abbas et al. 2014).

The zoophytophagous character of predatory dicyphines
may cause some trouble when they are used as pest control
agents because of the derived damage from plant feeding,
but it may also confer some advantage in terms of establish-
ment and persistence in crops when prey is scarce (Sanchez
et al. 2003, 2021; Biondi et al. 2016). Zoophytophagy is
a common, if not an obligate, feeding strategy in dicyph-
ines, in the sense that these insects need to feed both on
plant and animal prey. One of the main functions of plant
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feeding in zoophytophagous mirids is the acquisition of the
required water for prey feeding, metabolism and develop-
ment (Gillespie and McGregor 2000). Plants may provide
some nutrients, but their contribution to their diet is much
lower than that of animal food (Gillespie and McGregor
2000; Sanchez et al. 2004; Ingegno et al. 2011). Indeed,
phytophagy usually increases as a response to compensate
for the scarcity of prey (Sanchez 2008b, 2009; Calvo et al.
2009). However, the fitness of zoophytophagous mirids feed-
ing on plants varies among the species and relative to host
plants (Sanchez et al. 2004; Perdikis et al. 2007; Biondi et al.
2016). The behaviour of dicyphines is greatly conditioned
by the plant context, and even if the fitness from feeding on
plants is much lower than that from feeding on prey, plant
preference in dicyphines seems to be mainly driven by their
fitness as herbivores (Sanchez et al. 2004; Gillespie et al.
2012). These particular aspects of the biology of dicyph-
ines may limit their performance as biocontrol agents, but it
opens the possibility of enhancing their habitats by provid-
ing companion plants with a higher nutritional value than
that of the crops.

For instance, in the absence of prey, Dicyphus hesperus
Knight (Hemiptera: Miridae) has a much higher fitness feed-
ing on mullein (Verbascum thapsus L. -Scrophulariaceae)
than on tomato, and the use of mullein as a companion plant
in tomato greenhouses enhances its establishment, numerical
response and pest control (Sanchez et al. 2003, 2004). Other
plants such as tobacco, Calendula officinalis L. (Asteraceae)
and Ballota hirsuta Bentham (Lamiaceae) have been used
with variable results as alternative hosts for M. pygmaeus
in tomato greenhouses (Arnd et al. 2000; Lambion 2014;
Balzan 2017; Sanchez et al. 2021). Although, in principle,
the idea of increasing crop diversity is appealing, several
drawbacks must be considered before adopting this system.
In the first place, companion plants may host and multiply
pathogens and/or pests, which increase the risk of damage
to the target crops (Tscharntke et al. 2016). In the second
place, natural enemies may aggregate in highly preferred
plant species and disperse at a low rate to the targeted crop
(Blitzer et al. 2012).

Against this background, the effect of increasing plant
diversity in tomato crops, using calabash Lagenaria sicer-
aria (Molina) Standley (Cucurbitaceae) as a compan-
ion plant, was assessed on the establishment, population
dynamics and whitefly control efficacy of Dicyphus argensis
Sanchez & Cassis 2018. This plant was selected because it
was known to be a suitable host for Dicyphus species and
because it had been reported as a bad host for Bemisia tabaci
Gennadius (Hemiptera: Aleyrodidae) (Kishaba et al. 1992;
Sanchez and Cassis 2018; Lopez-Gallego et al. 2019). Our
working hypothesis was that increasing plant diversity in
tomato crops would enhance the numerical and pest control
response of D. argensis. Preliminary laboratory experiments
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showed high predation rates of D. argensis on B. tabaci
nymphs (J.A. Sanchez, non-published data). Dicyphus
argensis is a recently described species that has never been
reported before as a pest control agent (Sanchez and Cassis
2018). Therefore, the efficacy of D. argensis was compared
with that of another reputed zoophytophagous mirid, N. fen-
uis, which is commonly used for pest control in tomato crops
in the Mediterranean area.

Materials and methods
Greenhouse

The experiment was conducted in a 40X 10 m air-inflated,
double-layered polyethylene-covered Quonset style green-
house located at the Koppert facilities in Aguilas (Murcia,
Spain). The greenhouse was equipped with a pan and fan
cooling system and central heating, and it was divided into
36 compartments of 4 X2 x 3.5 m each, 12 of which were
used for the experiment. Compartment walls and ceilings
were constructed of ‘anti-thrips’ polyethylene screening
with 220 x 331 um interstices supported by heavy guy
wires connected to the greenhouse superstructure. Floors
were covered with woven 2-mm thick polyethylene cloth.
Access to the greenhouse was gained through a double, zip-
pered doorway with an additional zippered doorway leading
to each compartment from a central corridor. To simplify
the terminology, these compartments will also be referred
to as greenhouses. Each compartment was provided with
a separate duct from the air-conditioning system. Temper-
ature and relative humidity (RH) were monitored in four
compartments with HOBO H8 RH/ Temp Loggers (Onset
Computer, Bourne, MA, USA). The daily average, mini-
mum and maximum temperatures along the assay period
were 18.1 °C, 12.4 °C and 22.7 °C, respectively. The daily
average, minimum and maximum RH along the assay were
68.1, 31.9 and 87.6, respectively.

Whitefly and predatory mirids

Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) adults
to infest the tomato plants were collected from a colony
maintained on tobacco plants, Nicotiana tabacum L. (Sola-
naceae), and originally obtained from field samples from
several locations in the Region of Murcia, Spain (37°59'10"
N, 1°7'49" W) and that were identified with polymerase
chain reaction (PCR) as biotype ‘Q’. Nesidiocoris tenuis
was provided in bottles containing 500 2-3-day-old adults
(Nesibug™; Koppert Biological Systems, Berkel en Roden-
rijs, The Netherlands). Dicyphus argensis adults were col-
lected from a colony maintained on N. tabacum and fed with
Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) eggs.

The original colony was collected on pumpkin, Cucurbita
maxima Duchesne (Cucurbitaceae), in the northwest Murcia
Region (Spain) (38°6'32" N, 1°47'1" W). A sample of adults
was collected from the rearing colonies and kept as voucher
specimens at the IMIDA collection. These specimens were
later identified as D. argensis, according to Sanchez and
Cassis (2018).

Experimental design and procedure

Four treatments were assayed in a complete randomised
block design with three replicates each: (1) B. tabaci, (2) B.
tabaci+ D. argensis, (3) B. tabaci+ D. argensis +compan-
ion plant -calabash and (4) B. tabaci+ N. tenuis. Each block/
replicate was a group of four adjacent greenhouse compart-
ments, each being randomly designated for each treatment.

Seeds of tomato, Solanum lycopersicum L. (Solanaceae)
cv. Razymo (Rijk Zwaan, De Lier, The Netherlands), were
first sown into 5.4-cm? peat moss root cubes. When seed-
lings reached the five-leaf stage, 12 plants were transplanted
inside each compartment on 27 January 2005 into 10-L pots
with coco peat fibre as substrate. During the experiment,
tomato plants were trained by the main stem to a black
polyethylene string tied to a stainless-steel overhead wire.
Secondary shoots were removed and water and fertilisers
were supplied as required through the drip irrigation sys-
tem (Mithra™; Novedades Agricolas). In each compartment
designated for ‘B. tabaci+ D. argensis+ companion plant’,
two calabash plants were also transplanted the same day
as the tomato plants. Calabash plants were approximately
20 cm tall at transplant. None of the plants was sprayed with
pesticides during the experiments.

Each compartment was infested with 72 adult females of
B. tabaci plus an unknown quantity of males on 3 February
2005. This infestation rate was chosen to simulate a strong
and early whitefly attack. Two weeks later, on 17 February
2005, N. tenuis and D. argensis were released into desig-
nated compartments at a rate of 1 adult per plant and a sex
ratio of 1:1 (male: female). This release was repeated 1 week
later at the same rate. This release schedule for the mirids
was chosen following the recommended release rate for N.
tenuis in commercial tomato crops (Calvo and Urbaneja
2004) and to assure the presence of food (first whitefly
nymphs) when first mirids were released. Mirid and whitefly
adults to be released were cooled briefly in a cold room at
8 °C for counting and sexing before being released into the
designated experimental compartments.

Sampling of insects
Plants were monitored weekly for 13 weeks after transplant-

ing, beginning on 3 February 2005, just before the whitefly
release, and finishing on 28 April 2005. Six tomato plants
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were randomly selected on each sampling date for each com-
partment, and in compartments with calabash, two plants
were also selected. Whitefly and mirid nymphs and adults
were counted on three leaves from each of the selected
plants: one leaf was randomly selected from the upper, one
from the middle and one from the bottom third of the plant.
In each case, leaves were turned carefully to count first
whitefly and mirid adults and then the other insect stages
using a 15X hand lens. In addition, the number of nymphs
and adults of mirids was counted on the whole plant during
the first eight weeks of the experiment. This was done to
increase the accuracy and precision of the estimates of the
mirid numbers in the first weeks, when the populations were
small and densities on leaves were very low. To reduce the
risk of accidental contamination among treatments, special
care was always taken to enter the B. tabaci-only compart-
ments first and then the compartments with mirid release.

For the assessment of mirid damage, the number of
necrotic rings was counted on each of the leaves sampled.
In addition, the number of aborted and viable flowers was
counted in one truss of flowers from each plant.

Statistical analysis

The abundance of mirids, whiteflies nymphs and adults
expressed as the number of individuals per leaf was com-
pared among treatments using generalised linear mixed mod-
els (GLMM). In the case of mirids, only the data from the
weeks after their release were used for the analyses because
no mirids were observed in the previous weeks. The date
of sampling, plant code and strata of the plant from where
leaves were taken (upper, middle and bottom) were intro-
duced in the models as random factors. GLMMs were run
using the function “glmmPQL” (“MASS package”) (Vena-
bles and Ripley 2002) set to the negative binomial, as it was
found to be the distribution that best fit the experimental
data for all the groups of insects (R-Development-Core-
Team 2017). The Xz and p-values for the fixed factors were
obtained by the Wald test using the “Anova” function in the
R “car” package (R-Development-Core-Team, 2017). The
post hoc pairwise multiple comparisons among treatments
was run using Tukey’s test with the function “glht” in the
“multcomp” package in R (Hothorn et al. 2006). The same
approach was followed to compare the number of mirids
(nymphs + adults) per plant among treatments. In this model,
the only two differences were that the control treatment was
excluded from these analyses, as no mirids were observed
along the 5 weeks that the whole plant was sampled and only
date and plant code were used as random factors.

The above-explained procedure for the abundance of
insects on leaves was also followed to compare the number
of necrotic rings per leaf and the proportion of aborted flow-
ers per truss among treatments. In the GLMM that explained
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the variation in the proportion of aborted flowers the data
were transformed by the arcsine of the square root to account
for the deviation from normality, and only the date was used
as a random factor. All the statistical analyses were run using
the R software (R-Development-Core-Team 2017).

Results
Population dynamics of mirids and plant damages

The number of mirids per tomato plant over the 5 weeks
after the release differed significantly among treatments
(X2 =15.4; df=2; P<0.001). Significant differences in the
abundance of mirids in tomato plants were found between
the compartments with D. argensis plus companion plants
and those where N. fenuis and D. argensis were released
(Tukey's test, P <0.01). In contrast, no significant differ-
ences were found between the compartments with N. fen-
uis and D. argensis (Tukey's test, P=0.836). The number
of mirids per tomato plant started to increase in the third
week after the release to reach density peaks of 3.39 +1.33,
2.22+0.98 and 0.56 +0.40 (mean + SE) individuals per
plant in the compartments with N. tenuis, D. argensis and
D. argensis plus companion plants, respectively (Fig. 1A).
In calabash plants, the number of D. argensis reached much
higher abundances (17.5 +4.3 individuals per plant) in the
fifth week after its release (Fig. 1B).
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Fig. 1 (A) Number of mirids per tomato plant+SE in greenhouses
compartments with four different treatments: (1) B. tabaci releases
-Control; (2) B. tabaci+D. argensis releases; (3) B. tabaci+D.
argensis + calabash as companion plant; and (4) B. tabaci+ N. tenuis
releases. (B) Number of D. argensis per plant+ SE in calabash



Journal of Pest Science (2022) 95:1557-1566

1561

Significant differences in the number of mirids per leaf
over the ten weeks after the release were found among all
the treatments (X2 =588.3; df =3; P<0.001). The highest
number of mirids was reached in the compartments where V.
tenuis was released, followed in descending order by those
with D. argensis, D. argensis plus companion plants and the
control (Fig. 2A). Nesidioscoris tenuis reached its highest
density (3.72 +0.36 individuals per leaf) in the last week
of the experiment. In the compartments where D. argensis
was released, the abundance of this mirid over the thirteen
weeks of the experiment was much lower than that of N. fen-
uis. Dicyphus argensis reached density peaks of 0.44 +0.28
and 0.41 +0.33 individuals per leaf in the last weeks in the
compartments with and without companion plants, respec-
tively (Fig. 2A). The population dynamics of D. argensis
in the compartments with and without calabash were very
similar, but the density of this mirid in tomato plants was
higher in the compartments without companion plants until
the eleventh week. The control compartments were free
of mirid during most of the experiment, with just a few N.
tenuis (0.08 +£0.04 individuals per plant) found in two of
the compartments in the last two weeks of the experiment
(Fig. 2A). In calabash, the density of D. argensis increased
progressively to reach a peak of 0.72 +0.24 individuals per
leaf in the eleventh week (Fig. 2B).

Significant differences were found in the proportion
of aborted flowers among treatments (y*=26.6; df =3;
P <0.001), as the proportion of aborted flowers in the com-
partments with N. fenuis was significantly higher than that
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Fig.2 (A) Number of mirids per tomato leaf+SE in greenhouses
compartments with four different treatments: (1) B. tabaci releases
-Control; (2) B. tabaci+D. argensis releases; (3) B. tabaci+D.
argensis + calabash as companion plant; and (4) B. tabaci+ N. tenuis
releases. (B) Number of D. argensis per leaf + SE in calabash

observed in the other compartments (Tukey's test, P <0.05).
The proportion of aborted flowers increased progressively
to reach peaks of 0.33 +0.31, 0.19+0.17, 0.18 +0.02 and
0.15+0.05 in the compartments with N. tenuis, D. argensis
plus companion plants, D. argensis and the control, respec-
tively (Fig. 3A). In the compartments where N. tenuis was
released, the leaf damage increased progressively to reach
a peak of 0.78 +0.39 necrotic rings per leaf in the last week
of the experiment (Fig. 3B). No leaf damage was found in
the rest of the treatments; however, the differences in leaf
damage among treatments were not significant (X2=4.17;
df=3; P=0.243).

Whitefly population dynamics

The density of B. tabaci nymphs differed significantly
among all the treatments (X2 =4,246,923; df =3;
P <0.001). The highest number of whitefly nymphs was
observed in the control compartments, followed by those
where D. argensis was released and calabash used as a
companion plant, those with D. argensis and no compan-
ion plants and, finally, those where N. fenuis was released
(Fig. 4A). The density of whitefly nymphs increased
progressively from its release until the last week of the
experiment to reach peaks of 493.6 + 116.3 nymphs per
leaf in the compartments with D. argensis and companion
plants, 316.9 + 87.8 nymphs per leaf in the controls and
161.1 +77.7 nymphs per leaf in the compartments with
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Fig.3 (A) Proportion of aborted flowers+SE in tomato plants in
greenhouses compartments with four different treatments: (1) B.
tabaci releases -Control; (2) B. tabaci+D. argensis releases; (3)
B. tabaci+D. argensis+ calabash as companion plant; and (4) B.
tabaci+ N. tenuis releases. (B) Number of necrotic rings per tomato
leaf + SE in the same four treatments as in graph A
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Fig.4 (A) Number of whitefly nymphs per tomato leaf+SE in
greenhouses compartments with four different treatments: (1) B.
tabaci releases -Control; (2) B. tabaci+D. argensis releases; (3)
B. tabaci+D. argensis+ calabash as companion plant; and (4) B.
tabaci+ N. tenuis releases. (B) Number of whitefly adults per tomato
leaf + SE in the same four treatments as in graph A

only D. argensis (Fig. 4A). In the compartments with N.
tenuis, the density of whitefly nymphs increased to reach a
maximum of 72.5+21.6 nymphs per leaf in the tenth week
and decreased thereafter to 20.0 + 17.3 nymphs per leaf in
the last week (Fig. 4A). Significant differences were also
found in the density of B. tabaci adults among treatments
(X2 =41.4; df =3; P<0.001). The abundance of white-
fly adults differed among all the treatments (P <0.01),
except for that between the control and the D. argen-
sis plus companion plant compartments (Tukey's test,
P=0.716) and between the treatments with N. fenuis and
D. argensis (Tukey's test, P=0.960) (Fig. 4B). The density
of whitefly adults increased progressively to reach peaks
0f 493.6 +116.3,316+87.8,161.1 +77.7 and 43.1 +39.7
adults per leaf in the compartments with D. argensis plus
calabash, the controls, the compartments with D. argensis
and those with N. tenuis, respectively (Fig. 4 B). On 15
April, an unexpected increase took place in the number
of whitefly adults in tomato plants in the compartments
with calabash (Fig. 4B). This, in turn, produced a sudden
increase in the number of nymphs in the following weeks,
which was likely due to the reproduction of adults immi-
grating from calabash. The density of whitefly in calabash
started to increase at the beginning of April to reach a peak
of 13.5+10.2 and 8.1 +4.0 nymphs and adults per leaf
in the last week of the experiment, respectively (Fig. 5).
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Fig.5 Number of whitefly nymphs and adults per leaf+ SE in cala-
bash plants

Discussion

Increasing plant diversity in tomato crops using calabash as
a companion plant did not enhance the pest control efficacy
of the omnivorous mirids D. argensis. This is in contrast
with our working hypothesis and with the theories that pre-
dict an enhancement in the effectivity of natural enemies in
regulating the populations of herbivores when plant diversity
increases (Root 1973; Altieri and Letourneau 1982; Russell
1989). Calabash was an optimum host for the multiplication
of D. argensis; in fact, this mirid reached populations of sev-
eral orders of magnitude higher in this host than in tomato
plants. However, the presence of calabash did not enhance
the numerical response of D. argensis in the crop plants.
On the contrary, the abundance of this mirid on tomato was
significantly lower in the presence than in the absence of the
companion plant. This lack of spillover of the D. argensis
populations built up in calabash to tomato plants could be
due to the relatively lower preference of this mirid for tomato
than for calabash. Another parallel assay found that when
calabash plants were cut to force D. argensis to disperse to
tomato plants, it chose to leave the greenhouses they were in
and tried to immigrate to others where calabash was present
(Sanchez 2008a). Similar behaviour was observed in D. hes-
perus (Hemiptera: Miridae), which showed a low preference
for pepper and it did not increase its population on pepper
plants, even when mullein plants hosting a high population
of this mirid were cut to force its dispersal (Sanchez 2008a).
In a similar context, strips of Calendula officinalis L. (Aster-
aceae) hosting several zoophytophagous dicyphine species
did not significantly affect their abundance in tomato crops
(Balzan 2017).
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In contrast, other authors have reported a positive effect
when increasing plant diversity in crops. For instance, the
use of mullein as a companion plant enhanced the estab-
lishment of D. hesperus and the control of the whitefly
Trialeurodes vaporariorum Westwood (Hemiptera: Aley-
rodidae) in tomato glasshouses (Sanchez et al. 2003). In the
same way, tobacco used as a banker plant for M. pygmaeus
reduced the density of 7. vaporariorum in tomato and hosted
populations of this mirid during free crop periods (Arné
et al. 2000; Fischer and Terrettaz 2003; Bresch et al. 2014).
Annual strips of C. officinalis near greenhouses increased
the occurrence of M. pygmaeus in tomato crops (Lambion
2014; Ardanuy et al. 2022). Finally, B. hirsuta has been
reported to enhance the establishment, numerical and pest
control response of M. pygmaeus in tomato greenhouses
(Sanchez et al. 2021).

Dicyphus argensis was found to significantly reduce the
abundance of the whitefly B. fabaci compared to the green-
houses where mirids were not released. Predatory mirids are
reputed predators of small arthropod pests such as whiteflies,
thrips, aphids, dipterans, leafminers, psyllids and lepidopter-
ans (Riudavets and Castafié 1998; Perdikis et al. 2008; Calvo
et al. 2009, 2012b, 2016; Urbaneja et al. 2012; Ingegno
et al. 2013; Sanchez et al. 2014, 2021; Abbas et al. 2014).
In particular, other Dicyphus species such as D. hesperus,
Dicyphus tamanini Wagner and Dicyphus hyalinipennis
(Burmeister) (Heteroptera: Miridae) have been reported as
effective biocontrol agents of whitefly in tomato greenhouses
(Ceglarska 1999; Sanchez et al. 2003; Gillespie et al. 2007,
Castaié et al. 2011). This research also confirmed that N.
tenuis can quickly build up its population and effectively
reduce the density of whiteflies in tomato crops (Sanchez
2008b). In contrast, D. argensis reached lower population
levels and was less effective in controlling whiteflies than
N. tenuis. The slower population increase of D. argensis
could be due to its lower fitness than N. tenuis when feeding
on B. tabaci on tomato plants (Sanchez J.A., unpublished
data). However, it could also arise from high emigration
rates because of the low preference of D. argensis for tomato
plants compared to calabash (Sanchez 2008a). Plant prefer-
ences are known to strongly affect the population dynamics
of predatory dicyphines (Gillespie et al. 2012). For example,
emigration rates in D. hesperus were found to vary with
plant species, with higher patch-leaving times registered in
the less-preferred plant species (Sanchez et al. 2004; Van-
Laerhoven et al. 2006).

Dicyphus argensis was found to produce less damage to
tomato plants than N. tenuis. However, these differences
could have been just due to the lower abundance of the
former species. Omnivorous mirids are known to produce
blemishing in vegetative plant parts and flower abortion,
in particular when prey is scarce (Sanchez 2008b, 2009;
Calvo et al. 2009). The presence of companion plants did

not significantly affect crop damage. In contrast, the use of
Dittrichia viscosa L. (Asteraceae) and Sesamum indicum L.
(Pedaliaceae) as an alternative host for N. tenuis was found
to reduce damage in tomato plants (Biondi et al. 2016). In
the same way, D. hesperus produced less damage to tomato
plants in association with mullein than to tomatoes in mono-
culture (Gillespie et al. 2012).

The use of calabash as a companion plant had the undesir-
able effect of increasing B. tabaci density in tomato plants.
Plant diversity may not only benefit natural enemies but
also phytophagous arthropods that attack crop plants (van
Rijn et al. 2002; Balzan and Wiackers 2013; Tscharntke et al.
2016). Many arthropod pests are polyphagous and feed on
a wide range of cultivated and wild plants, thus, pests may
multiply in wild plants and disperse to crops (Tillman et al.
2009; Blitzer et al. 2012). The higher density of whiteflies
in the greenhouses with companion plants in comparison to
the controls could have been due to several reasons. In the
first instance, whiteflies on tomatoes in the greenhouses with
the companion plants were likely exposed to lower predation
because of the lower abundance of D. argensis on tomato
plants. Other authors have also reported disruption in bio-
logical control when providing alternative plant resources
to omnivorous natural enemies (Frank et al. 2011). In the
second instance, calabash served as a host for the multi-
plication of B. tabaci that dispersed to tomato plants. This
is in contrast with previous works, where it was found that
L. siceraria acted as a trap plant that reduced the immigra-
tion of B. tabaci when placed outside tomato greenhouse
(Lopez-Gallego et al. 2019). The different results could have
been due to variations in the density of glandular trichomes
between the calabash plants used in the two experiments,
as pubescence seems to be an ovipositional deterrent for B.
tabaci (Kishaba et al. 1992). However, the trichome density
was not measured and this statement cannot be corroborated.
In spite of D. argensis being present in calabash in high
numbers and the high predation rates observed in previous
laboratory assays (J.A. Sanchez, non-published data), this
mirid was unable to prevent the whitefly outbreak on cala-
bash. As stated above, it is likely that the food resources
provided by calabash reduced whitefly predation.

Other cases where introducing alternative host plants
increased pest density have been reported in the literature
(Letourneau et al. 2011; Tscharntke et al. 2016). For exam-
ple, in the absence of predators, tomato with tobacco as a
banker plant strongly increased the abundance densities of
the whitefly 7. vaporariorum (Bresch et al. 2014). Stink bugs
were found to disperse from peanuts to the neighbouring
cotton fields and fed on cotton bolls (Tillman et al. 2009).
The abundance of Pieris rapae (L.) (Lepidoptera: Pieridae)
and Plutella xilostella (L.) (Lepidoptera: Plutellideae) was
higher in broccoli interplanted with nectar-producing plants
than in broccoli monocultures (Zhao et al. 1992).
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In conclusion, this research adds to the list of cases where
increasing plant diversity in crops did not enhance pest
control. Calabash was an optimum companion plant for the
multiplication of D. argensis, but it contributed neither to
increasing its abundance in the tomato plants nor to enhanc-
ing whitefly control. On the contrary, the aggregation of D.
argensis in calabash reduced its abundance in tomato plants.
These results outline the importance of the plant context for
dicyphine species and that of selecting the right companion
plant to enhance the performance of natural enemies as bio-
control agents (Wickers et al. 2005; Gillespie et al. 2012).
In addition, the pest situation in tomatoes worsened because
of the multiplication of B. tabaci on calabash. This has been
identified as one of the possible causes of the failure of bio-
logical control when increasing plant diversity (Tscharntke
et al. 2016). In the present research, we add another cause,
that is, when alternative host plants attract and reduce the
abundance of natural enemies in crops.

Although the lower efficiency of D. argensis compared
to N. tenuis may not justify augmentative releases, it could
nonetheless provide a valid biocontrol service when it natu-
rally colonises tomato crops and, thus, it would be worth
its inclusion in conservation biocontrol programmes. This
species has been naturally found in crops such as tomato
and pumpkin, as well as on some Solanaceae, Scrophulari-
aceae and Fagaceae wild host plants (Sanchez and Cassis
2018). Enhancing the habitat by providing host plants for
these mirids may also benefit other dicyphine species, as
they share many of their host plant species (Alomar et al.
2002; Sanchez and Cassis 2018). Nonetheless, further stud-
ies will be required to properly manage habitats to ensure
the spillover of predatory mirids to crops and enhancement
of pest control.
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