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Abstract

Nesidiocoris tenuis is a zoophytophagous mirid with biological control potential. However, the
relative importance of predation and herbivory for survival and development has not been clear.
The bugs survived longer on tomato than on eggplant and especially sweet pepper, but could
not complete development in the absence of supplemental food. Tomato also proved to be a
more favorable substrate than pepper when eggs of Ephestia kuehniella were added as a food
supplement. These results demonstrated that animal prey is a required dietary component for
N. tenuis, and also that survival time on a strict plant diet is host plant dependent.
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Mirids have been traditionally considered as phytophagous and include several
agricultural pests. However, many are now known to be zoophytophagous and there
is an increasing recognition of their importance as predators and their use in biological
control (Albajes & Alomar 1999; Alomar 2002; Lucas & Alomar 2002). Examples
include Macrolophus caliginosus (Wagner) and Dicyphus hesperus (Knight) that are
generally available and widely used in protected crops in North America and Europe,
respectively (Barnadas et al. 1998; Sanchez et al. 2003a). Other mirids have been
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integrated into conservation biological control programs in horticultural crops in
Europe and elsewhere, including D. tamanii Wagner, Nesidiocoris tenuis (Reuter) and
M. pygmaeus Rambur (Castaiié et al. 1996; Lucas & Alomar 2002; Perdikis &
Lykouressis 2002; Calvo & Urbaneja 2003).

N. tenuis is perhaps the species in this latter group most often encountered in
protected horticultural crops, especially tomato under biological control in South-
eastern Spain and the Canary Islands (Goula 1985; Carnero et al. 2000; Van der Blom
2002; Sanchez et al. 2003b). N. renuis can make significant contributions to the
control of greenhouse pests such as whiteflies, leafminers, lepidopterans and spider
mites (Arzone et al. 1990; Marcos & Rejesus 1992; Solsoloy et al. 1994; Torreno
1994; Vacante & Garzia 1994; Trottin-Caudal & Millot 1997; Jorda et al. 1998
Carnero et al. 2000; Vacante & Benuzzi 2002; Calvo & Urbaneja 2003). However, by
feeding on tomato it can also cause fruit blemishes and flower abortion (Malausa &
Ehanno 1988; CABI 1993; Vacante & Garzia 1994; Calvo & Urbaneja 2003),
although injury to other crops has not been reported.

Information on the relative importance of predation and herbivory could be of use
in maximizing benefits and minimizing plant injury. Vacante & Garzia (1994) showed
pest suppression by N. tenuis was of greater benefit than the damage caused to
tomatoes. The biological control potential of this species has stimulated experimental
releases to control the whitefly Bemisia tabaci Genn. (Hom.: Aleyrodidae) on tomato
and eggplant with positive results (J. Calvo, Koppert Biological Systems S.L., personal
communication). However, there is little information available on the role of plant
feeding versus predation in the biology of this insect. Here we report on experiments
to evaluate development and survivorship of N. tenuis on three vegetable plant hosts,
with and with out prey.

Tomato, Lycopersicum esculentum Mill. var. Saskia, sweet pepper Capsicum annuum
L. var. Spiro and eggplant Solanum melongena L. var. bandera (Seminis Vegetable
Seeds Ibérica S.A., Almeria, Spain) were seeded simultaneously in tray cells and later
transplanted into individual 1-L pots to obtain homogenous and pesticide-free plants.
The pots were placed in 2 x4-m screened cages (20 x 10 threads/cm) within an air-
conditioned greenhouse located at the Koppert Biological Sciences facility in Aguilas
(Murcia, Spain). Plants were used when the fourth node leaves were fully expanded.

N. tenuis used in the studies came from colonies originally collected from multiple
locations in the province of Murcia and maintained at the same Koppert B.S. facilities.
Adults (n =25) of N. tenuis were introduced with three plants of each host species into
separate 50 x 50-cm wood frame screened cages for 2 days. Five days after removal of
adults, aerial parts of the plants were checked for oviposition scars and cut into small
sections each containing one egg of N. tenuis. Plant parts were placed individually in
Petri dishes (5.2 cm diameter) on a fine layer (2 mm) of agar (2%, w/v) and examined
daily until nymphs appeared. First nymphal instars were then placed individually into
covered clear plastic cages (3.5 cm diameter at the bottom, 4.9 cm at the top, and
2.7 cm high) and held in a large growth chamber (25+1°C, 75+5%, 16:8 L:D
photoperiod). A section of stem and leaf of each host plant and water in an Eppendorf
tube fitted with a cotton wick was provided. Eggs of Ephestia kuehniella Zeller (Lep.:
Pyralidae) were added in the ‘with prey’ treatments and both leaves and prey renewed
daily. At least 40 nymphs were used for each plant-prey combination. Nymphs were
examined daily until death or final molt to adult. Nymphal development times (days,
nymphal instar survivorship (%) and sex ratio were calculated.
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Data on total nymphal development times was subjected to two-way analysis of
variance to evaluate the effect of factors sex and crop, using Tukey’s test for mean
separation in the event of a significant F (P <0.05) (SPSS 1999). Nymphal
development times between plants were compared with a one-way analysis of
variance. Sex ratio of adults was compared to a null hypothesis of 1:1 using a Chi-
square test.

None of the nymphs tested was able to complete development on the plant without
supplemental food (Table I). However, tomato proved to be the most suitable plant
food, allowing up to one-third of the nymphs to survive through to third instar.
Eggplant was intermediate, with one-third surviving through the second instar but
none further. Sweet pepper was the least suitable plant host, allowing only 10% to
survive through the first instar.

N. tenuis was able to complete development on all three host plants when
supplemented with E. kuehniella eggs with degrees of success that were consistent
with the above results (Table I). Lowest survivorship was observed on pepper (64.3%)
compared to 73.7 and 72.7% on eggplant and tomato, respectively. Nymphal
developmental time was longer on sweet pepper (14.2 +0.2 days) than either eggplant
(12.54+0.3 days) or tomato (12.8+0.2 days) (F=12.446; df =2, 126; P <0.001,
Table II). No differences among sexes (F=0.003; df=1, 126; P=0.964) nor
interactions between sex and crop factors were observed (F=0.387; df =1, 126;
P=0.814).

Sex ratio (9:3) was 1:1.29 and 1:1.5 and different from 1:1 on supplemented
eggplant (7> =0.28; n=32) and tomato (7> =2.41; n="70), respectively. In contrast
sex ratio was 1:1 on sweet pepper (72 =0,033; n =30).

Our results demonstrated the inability of N. zenuis to complete development to
adulthood on a strictly phytophagous diet. In contrast, Macrolophus pygmaeus Rambur
was able to develop on tomato, eggplants, cucumber, sweet pepper and green beans
without supplemental prey prey and with survivorship of about 50% (Perdikis &
Lykouressis 2002). Survivorship increased to more than 80% with the addition of
prey. Dicyphus tamaninii nymphs completed development on green and ripe tomato
fruits, but not on tomato leaves (Lucas & Alomar 2002). Thus, N. renuis appeared to
be less phytophagus on the tested plants than other cited mirid predators, based on
their ability to develop in the absence of insect prey.

Table I. Survivorship (%) of first (z) and subsequent nymphal instars of N. zenuis in sweet pepper, eggplant
and tomato at 25°C and 16:8 L:D photoperiod with and without the addition of E. kuehniella eggs.

Sweet Pepper Eggplant Tomato
Without With Without With Without With
E. kuehniella E. kuehniella E. kuehniella E. kuehniella E. kuehniella E. kuehniella

(n=46) (n=42) (n=45) (n=48) (n=60) (n=95)
N, 10.9 92.9 37.5 90.9 78.3 91.6
N, 0.0 89.7 33.3 90.0 38.3 83.9
N; - 85.7 0.0 94.4 33.3 98.6
N, - 100.0 - 94.1 0.0 98.6
Ns - 90.0 - 100.0 - 98.6

Total 0.0 64.3 0.0 72.7 0.0 73.7




Table II. Development time of male and female nymphal instars of N. zenuis, (days; mean+SE), in sweet pepper, eggplant and tomato at 25°C and 16:8 L:D

photoperiod with and without addition of E. kuehniella eggs.

Sweet Pepper Eggplant Tomato
With E. kuehniella Without With E. kuehniella Without With E. kuehniella Without
E. kuehniella E. kuehniella E. kuehniella
Male Female Male Female
(n=15) (n=15) (n=14) (n=18) (n=42) (n=28) Male Female
N, 2.14+0.2a 2.240.1a 2.7+0.2 2.340.3a 2.440.3a 4.5+40.1 2.6+0.1a 2.6+0.1a 4.14+0.2
N, 5.4+0.4a 5.2+0.2a - 3.940.1a 309+0.1a 2.540.1 4.540.2a 4.6+0.3a 4.940.5
N; 2.940.3a 2.94+0.1a - 3.8+0.3a 3.54+0.2a - 2.5+0.2a 2.5+0.2a 5.6+0.9
N, 3.54+0.4a 3.1+0.1a - 2.540.2a 2.340.2a - 2.5+0.1a 2.5+0.1a -
Ns 1.8+0.1a 1.8+0.1a - 2.54+0.1a 2.340.3a - 2.5+0.1a 2.84+0.3a -
Total 14.04+0.2a 14.34+0.2a - 12.6+0.3a 12.440.4a - 12.840.2a 12.740.3a -

Means followed by the same letter between columns and for the same crop are not statistically different (Anova, P <0.05).
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Undoubtedly, the availability of prey would be necessary for successful establish-
ment of N. renuis in any of the three crops tested. Nevertheless, our results showed
that absence of prey could be tolerated longer on tomato than on pepper and even
eggplant. However, with this added flexibility in tomato comes the added risk of plant
injury, requiring careful monitoring of the crop when N. tenuis is present. Damage in
tomato has been reported when numbers of N. tenuis are high relative to their prey
(Trottin-Caudal & Millot 1997; Calvo & Urbaneja 2003), although economic
thresholds are usually not reached (Vacante & Garzia 1994). Some tomato growers
have reportedly learned to reduce populations of N. tenuis below damaging levels by
applying the insect growth regulator lufenuron in bands (Antonio Monserrat, CIDA,
Murcia, Spain, personal communication). Plant injury should not be an issue in crops
such as eggplant and sweet pepper in which no damage has been reported.

We also showed that survivorship of N. renuis could be increased with the addition
of eggs of E. kuehniella as a food supplement. The presence of E. kuehniella eggs might
also reduce damage to tomato by N. tenuis, although this was not the case in a study of
the zoophytophagous mirid Dicyphus tamaninii (Lucas & Alomar 2002). In any case, it
should be possible to colonize or allow colonization with N. zenuis early in the crop
before damage is likely to occur and before pests become established, thus preventing
buildup of large and difficult to control pest populations. Further research will
determine whether N. zenuis can be used as an augmentative biological control agent
to supplement its present role in conservation biological control and IPM in
horticultural crops of southeastern Spain.
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