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Until 2007, greenhouse horticulture in Spain has suffered severe prob-
lems related to the use of pesticides against insect pests. Resistance of
some key pests to the available active ingredients lead to a massive use
of insecticides and, as a consequence, to severe problems with chemical
residues on the fruits produced. Thanks to efforts in investigation by
many institutes and companies, this problem has been resolved, mak-
ing possible the large scale introduction of biological control and other
alternative measures. During the crop season of 2009-2010, biological
control is applied in approximately 59% of the total of 24,000 Ha in the
province of Almeria.
Bumblebee pollination has been applied in the total area of the tomato
crops since 1995. The massive adoption of IPM has created the possibil-
ity to extend the use of bee or bumblebee hives also in other crops, in
which, until only a few years ago, it was impossible to maintain polli-
nators alive due to the frequent use of incompatible pesticides.
Considering the applications of pollinators and biological control
agents together, it can be concluded that commercially introduced ben-
eficial arthropods play an important role in about 88% of the total
greenhouse area.
One of the possible preventive measures against insect pests is the use
of UV absorbing greenhouse covers. These materials transmit the light
the plant needs for its photosynthesis and the visible light to man, but
block UV, the most important visible colour for insects. The use of
these materials may reduce the pest incidences but might also alter the
activity of pollinators. This effect was investigated both through bioas-
says and field trials. It was concluded that the reduction of the activi-
ty under UV blocking materials is not significant with respect to bum-
blebees, but quite important for honeybees.

Keywords: biological control, residues, Bombus terrestris, Apis mellifera,
UV absorbing plastic, pollination activity

Applied entomology in Spanish greenhouse 
horticulture

PROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 21 - 2010 9



BIOLOGICAL CONTROL IN ALMERIA
The province of Almeria, Spain, houses approximately 24,000 ha of plastic-cov-
ered horticultural crops, probably representing the most densely concentrated
greenhouse area in the world. Due to the proximity of the greenhouses and the
overlap of different crop cycles, the area is extremely vulnerable to pests and dis-
eases. Insect-transmitted viruses, such as Tomato-spotted wilt virus (TSWV),
transmitted by Frankliniella occidentalis Pergande (Thysanoptera: Thripidae), and
Tomato yellow leaf curl virus (TYLCV), transmitted by Bemisia tabaci
Gennadius (Hemiptera: Aleyrodidae), can be considered as the main phytosan-
itary problems. Low tolerance for these pests has led to intensive chemical con-
trol programs, as a result of which the population of various pests have devel-
oped resistance against the applied active ingredients. This holds in particular
for Western flower thrips, F. occidentalis (Espinoza et al. 2002 a,b), and also for
pests like Sweetpotato whitefly, B. tabaci, and Beet armyworm, Spodoptera exigua
Hübner (Lepidoptera: Noctuidae). Because of this, chemical pest control became
totally unsustainable in several crops, particularly in sweet pepper.

Biological control has been applied since over 15 years (van der Blom et al.
1997), initially at a small scale and with rather unpredictable results. However,
due to the availability of new biological control agents and the grown experience
in the implementation of Integrated Pest Management (IPM), the system
became technically viable and economically feasible (van der Blom 2002, 2009,
van der Blom et al. 2008, 2009). Especially important in this process has been the
research that lead to solutions against B. tabaci, i.e., the parasitoid Eretmocerus
mundus Mercet (Hymenoptera: Aphelinidae), Nesidiocoris tenuis Reuter
(Heteroptera: Miridae; Fig. 1) and Amblyseius swirskii Athias-Henriot (Acari:
Phytoseiidae) (Nomikou et al. 2001).The first successes on a relatively large scale
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Figure 1. Nesidiocoris tenuis. (Photo: Jan van der Blom)



were achieved in 2001 in the greenhouse sweet pepper crops in Murcia-Alicante.
Due to an inverse crop cycle, the higher concentration of greenhouses and the
overlap of more different crops, the development of IPM has taken longer in
Almeria than in Murcia-Alicante. In Almeria, IPM, with biological control as
most important component, was adopted in the majority of the sweet pepper
crops in 2007 (Fig. 2). In the crop cycle of 2009-2010, biological control was imple-
mented in 59% of the total area of greenhouse crops in Almeria (Table 1).

Key beneficial species in this system are Orius laevigatus Fieber (Hemiptera:
Anthocoridae), A. swirskii and several hymenopteran parasitoids. In the majori-
ty of the remaining 41% of the greenhouses, where biological control is not the
main component of pest control, there are natural pollinators needed throughout
the major part of the crop cycle. This includes tomatoes, as well as the large
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Figure 2. Evolution of the greenhouse surface with applications of biological control as
main component of the IPM system in sweet pepper, Almeria, Spain.

Table 1. Evolution of the application of macrobiological control agents as main compo-
nent of the IPM system in the principal greenhouse crops in Almeria. The rest of the
greenhouse surface in the province (ca. 3,500 ha) is used for other crops, including
ornamentals, or is only used for summer planting of tomatoes. (Data: Junta de
Andalucía / COEXPHAL)
Crop Surface with biological control per campaign (ha) Total % with biological 

surface control
autumn 2009-2010

2006-2007 2007-2008 2008-2009 2009-2010 2009 (ha)
Sweet pepper 650 6,000 7,500 7,500 7,500 100
Tomato 500 1,400 2,000 1,850 8,500 22
Cucumber 150 600 1,100 2,600 4,000 65
Squash 50 310 500 800 2,000 40
Egg plant 50 400 600 1,000 1,500 67
Total 1,400 8,710 11,700 13,750 23,500 59



majority of the squash and eggplant crops. All together, beneficial fauna plays a
vital role in 88% of the greenhouse crops in Almeria (Table 2).

INSECTICIDES AND RESIDUES
The massive presence of beneficial mites and insects creates narrow constraints
for the use of pesticides. Many chemical products are not necessary anymore and
the ones that are used should be compatible with this beneficial fauna. The
reduction in the use of chemical pesticides is clearly reflected in the results of the
residue analyses that are carried out all over Europe. The most problematic crop
used to be sweet pepper, of which 85% of the total Spanish production is concen-
trated in Almeria. The chemical and veterinary laboratory of Stuttgart,
Germany, has published the results of residue analyses on Spanish sweet pepper
in crop season 2006-2007, compared with the results of season 2007-2008
(http://cvuas.untersuchungsämter-bw.de/pdf/druck_pest_paprika5_EN.pdf).
Whereas in 2006-2007 35% of the samples were found to contain at least one
active ingredient in concentrations above the Maximal residue level (MRL), this
percentage was reduced to zero the year after. Similar findings have recently
been published by the German supermarket chain REWE. In 2005, 235 samples
of Spanish sweet pepper were analysed, among which 30% was found to contain
at least one active ingredient above the threshold level (set by this supermarket
at 70% of the MRL). In 2008, only two samples out of 280 (0.7%) were found to
exceed this threshold level.

UV ABSORBING GREENHOUSE COVERS
IPM systems aim to minimise the use of chemical pesticides by combining pre-
ventive measures and alternative pest control techniques. Among the preventive
measures, there is a possibility to use ‘Anti-Pest’ greenhouse covers that absorb
ultra violet light (UV), which is invisible to man, but very important for insects.
It is well documented that several pests, like whiteflies, thrips and aphids,
reduce their activity significantly under UV-absorbing plastics. This results in
lower pest incidences and in lower infestations of the crop by insect-transmitted
viruses. However, UV is also a very important colour for bees (Von Helversen
1972) and bumblebees, which are used as pollinators in the majority of the green-
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Table 2. Summary of the applications of beneficial insects in the principal greenhouse
crops in Almería. (Data: COEXPHAL)

Greenhouse surface (ha) %
Biological control 13,850 59
Only bees / bumblebees 6,850 29
No auxiliary fauna introduced 2,800 12
Total 23,500 100



house crops. Therefore, Anti-Pest covers might affect the production in these
greenhouses (van der Blom 1996, Morandin et al. 2001).

UV-poor environments might have an influence on pollinator behaviour in
two ways. In the first place, the overall flight activity may diminish due to defi-
cient light conditions in general. Secondly, the light conditions might change the
colour perception of the crop flowers by the pollinators, so they will experience
more difficulty in localising the flowers among the leaf mass (Fig. 3. Excellent
pictures of UV reflection by wild flowers can be found on the web-page of the
Norwegian photographer Bjørn Rørslett: www.naturfotograf.com).

Testing of the effect of greenhouse covers on the bumblebees is time consum-
ing and expensive under field conditions. For that reason, a bio-assay was devel-
oped in order to find indications on possible disturbing effects of the materials
under study on the pollination activity of bumblebees, Bombus terrestris L.
(Hymenoptera: Apidae) (van der Blom et al., in prep.). Apart from that, field tri-
als were carried out in experimental greenhouses with both bumblebees as hon-
eybees, Apis mellifera L. (Hymenoptera: Apidae).
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Figure 3. Tomato (top) and watermelon (bottom) flowers at day-light (left) and under
UV light (right). Tomato flowers only reflect UV at the tips of the petals and the
sepals. Watermelon flowers show a strong contrast between the UV-absorbing petals
and the UV-reflecting stamens and pollen grains. (UV photography: Dr. Tomás
Cabello, University of Almeria, Spain; day-light photos: Jan van der Blom)



Bio-assay: Flight behaviour of Bombus terrrestris under UV-
absorbing greenhouse covers
Figure 4 shows the cage that was designed for the comparison of the activity of
bumblebee workers under various materials. The cage was divided into two
compartments from which the back side and the lateral walls were covered with
polycarbonate, painted white on the outside and black on the inside. The win-
dows at the upper side and the front were covered with the materials under
study and could easily be exchanged. Two bumblebee hives were connected to
each of the compartments, inside of which they were supplied with sugar water.
So, the bumblebees were fed with pollen inside the hive, but obliged to fly out
in order to feed on sugar water. In the bio-assay, several behavioural parameters
were compared for two reference materials: one without special UV filters, the
other with a strong UV block (see Fig. 5).

Significant differences were recorded when the behaviour under UV-block-
ing and normal greenhouse covers was compared. Under conventional plastic
films, workers normally appeared at the nest entrance and immediately flew
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Figure 4. Cage used for behavioural observations under different greenhouse covers (A
and B), at both sides equipped with video equipment to record the behaviour of the
workers at the nest entrance (C) and the feeder (D). These trials were mainly carried
out by Alejo Soler Rodríguez, at the Experimental Station of the Cajamar Foundation
in Almeria. (Photos: Jan van der Blom)



away. Under UV-absorbing films, a significant proportion of the workers
appeared at the nest entrance, walked around and went back into the hive again
without flying away. Also the workers that did fly away walked around signif-
icantly longer under UV-blocked films than under the normal plastic.

These differences were very consistent in the repeated trials that were carried
out. Nevertheless, no differences were observed between the actual numbers of
visits the workers made to the feeders. Since the workers were not individually
marked, it was not possible to see how many different workers actually flew out
and how many refused to fly after appearing at the nest entrance. Possibly, this
concerned only a small number of inexperienced workers that repeatedly
returned. In the bio-assay, it was observed that the behavioural differences dis-
appeared under materials that emitted 10% of the UV light. This indicates that
the effect may not be important in a normal greenhouse situation, where at least
a 10% of the light may enter via the ventilation openings.

Field trials UV absorbing greenhouse covers and pollinators
Field trials were carried out using the same reference plastics with B. terrestris
(Fig. 6) and A. mellifera (Fig. 7) in 2,000-m2 big greenhouses at the experimental
field station of the CAJAMAR Foundation in Almeria (Pérez Martínez et al.
2007). In these trials, the activity of the pollinators was recorded, as well as the
fruit yield at the time of harvesting.

In repeated trials with bumblebees, in both tomato and watermelon crops, no
differences were found in the numbers of workers that foraged, nor in the final
harvest. Contrary to the bumblebees, honeybees did show significant behaviour-
al changes under the UV-blocking plastic. Since honeybees do not forage on
tomato flowers, behaviour was studied in melon and watermelon crops. Two tri-
als were carried out in watermelon, and one in melon. In all three cases, a reduced
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Figure 5. Transmission of two reference plastics: normal film with usual UV filters
(pink curve) and ‘Anti-Pest’ (blue).



foraging activity was observed under the UV-blocking material, resulting in a
significantly lower fruit yield. This reduction was seen in the number of workers
leaving and entering the hive, so it seems to be the result of the deficient general
light conditions, more than of the difficulty to localise the flowers once foraging.

All together, it was concluded that the ‘Anti-Pest’ covers of the greenhouses
did not noticeably alter the behaviour of bumblebees under our conditions, but
significantly affected the pollination activity of honeybees.
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Figure 7. Honeybee in melon flower. (Photo: Jan van der Blom)

Figure 6. Bombus terrestris pollinating tomato. (Photo: Jan van der Blom)



CONCLUSIONS
Undoubtedly, applied entomological research has contributed in vital aspects of
Spanish horticulture during the last decades. The large-scale use of beneficial
arthropods for pollination and biological pest control has offered very important
advantages – technical advantages, reflected by more efficient pest control and
higher fruit yield, as well as commercial advantages, through the reduction of
pesticide residues on the final products that are commercialised all over Europe.
Last but not least, a major improvement has been achieved in environmental
care, making horticulture under plastic much more sustainable and much health-
ier to work and live in.
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