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Sweet bell pepper is the most important greenhouse vegetable crop nowadays in The Netherlands. 
It is grown on an area of 1200 hectares, and about 8000 people are working in these greenhouses. 
One third of these workers develop sooner or later an occupational allergy against the sweet bell 
pepper pollen. The symptoms range from itching, blocking of the nose as well as a snivelling nose, 
to asthma. The pollen is falling down from the flowers when the plants are shaken, which occurs 
when people are cutting fruits or when they prune or twine the plants. In a pilot study in 2001 it 
was shown that honeybees could discard the pollen from the flowers and that this resulted in a 
reduction of allergic complaints. Therefore, a more extensive study was conducted in 2002, with 
more nurseries and more (allergic) labour people involved, and during a whole season. In this study 
four questions were addressed: do honeybees reduce the amount of pollen in the greenhouse? If 
so, how many bees are needed? How do the colonies develop in the greenhouses? Does it help to 
reduce the allergic complaints. 
Greenhouses were placed in three groups: without bees, with few bees and with many bees. 
Greenhouses were frequently visited to check the development of the bees and if necessary to 
replace colonies, and to check the number of flowers with and without pollen (= pollen removed). 
The nurseries were visited three times to collect data about the allergic complaints of the people, 
once before and two times after honeybee introduction. Without bees only 0-30% of the flowers 
did not possess pollen, with bees this ranged from 50-90%. Bees also reduced the number of pollen 
grains per flower. Two colonies per hectare proved to be enough to reduce the number of flowers 
with pollen to 20% and lower. The bee colonies could be used for about ten weeks, after that they 
were too weak. This was independent of the number of hives per hectare used. The introduction 
of honeybees resulted in a significant reduction of allergic complaints, and the reduction positively 
correlated with pollen removal and with the bee densities applied. 
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Pollen allergy is an important occupational disease associated with the cultivation of sweet bell 
peppers in greenhouses. One third of the 8000 people working in sweet bell pepper greenhouses in 
The Netherlands sooner or later suffer from it. Symptoms are itching, nose problems and breathing 
problems (asthma). It has been shown that the allergen is associated with the pollen, physical 
contact with the plants gives no response (Groenewoud et al. 2002). 

Honeybees as well as bumblebees can be used to pollinate sweet bell pepper flowers 
(Delaplane & Mayer 2000), and although honeybee pollination leads to larger fruits with a higher 
number of seeds (De Ruijter et al. 1991), it is not common practice since sweet pepper production 
is not improved, and self-pollination is sufficient. There are no obvious recommendations for the 
number of beehives per surface area. Honeybees discard the pollen from the flowers, and in a pilot 
study (Van der Steen et al. 2004) it was demonstrated that this could reduce the allergic complaints 
of the workers in the greenhouses. Therefore, the Commodity Board for Horticulture ordered this 
research. 

This research addresses four questions: 
 Does the introduction of honeybees result in a decrease of flowers with pollen, and in the 

numbers of pollen per flower? 
 How many beehives per unit surface area are needed for a significant reduction? 
 How do the colonies develop? 
 Is there an effect on the allergic complaints of the workers in the greenhouses? 
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In this paper we concentrate on the first three questions, the fourth will be treated extensively 
in a separate medical paper (De Jong et al. 2004), although we do mention and discuss these 
results here swiftly, because they are the raison d’être of the whole study. 

MATERIAL AND METHODS 

Research locations 
Bell pepper nurseries were invited at random by telephone to join the research. Eighteen nurseries 
were involved, with 133 workers of which 44 (=32%) proved to be allergic to the sweet bell 
pepper pollen. The 18 nurseries were divided into three groups: 
 No bees: eight greenhouses, with 22 allergic workers; 
 Few bees: 0.8-1.1 colony per ha, three greenhouses, with eigth allergic workers; 
 Many bees: 1.5-2.0 colonies per ha, six greenhouses, with 14 allergic workers. 

Bee colonies 
All bee colonies originated from the experimental bee stand of Applied Plant Research, Unit Bee 
Research (only on one location the bees were placed by another beekeeper). These are normal 
colonies of Apis mellifera mellifera, no particular line or selection. The colonies were healthy, and 
had recently not been used for experiments that might influence their development. During the 
experiments, all colonies were fed with Apifonda sugar dough. The colonies were introduced in 
January and February, after the first visit to the nurseries by the allergology researchers (see 
below). The bee colonies were checked every three weeks. Introduced colonies had 7-9 frames 
with brood, and 8-10 frames with bees. When colonies fell below four frames with bees they were 
replaced. During each visit from 100 recently opened flowers it was determined whether pollen 
was present or not. 

Visits allergology 
The nurseries were visited three times. During the first visit, information was given to the 
greenhouse workers; they signed an informed consent, and filled out a questionnaire about the 
complaints. With a skin prick test Ig-E mediated allergy against sweet bell pepper pollen was 
assessed. The severity of the complaints was assessed using a visual analogue scale (VAS). An 
Epipen® auto-injector was delivered, to be used in case of bee sting anaphylaxis, and instructions 
were given to each employee. In visit 2 and 3 again a VAS score was taken, a lung function test 
was conducted, and pollen counts in flowers were done. For details about the methods see De Jong 
et al. (2004). The greenhouses were visited in January/February (1), May/June (2), and 
September/October (3). 

Statistics 
Regression analyses were carried out on the bee density and flower counts with and without 
pollen. 

RESULTS 
The bee colonies remained active and strong enough for two through 17 weeks (even in one case 
for 23 weeks). On average colonies could be used for 9.7 weeks. There was no difference between 
‘Few’ and ‘Many’ bees. Figure 1 shows that throughout the season about 5 frames with bees (Few) 
and 10 frames with bees (Many) were present per hectare in the greenhouses. 

The number of frames with brood shows a similar pattern, but lower. 

Pollen removal 
Figure 2 shows the percentage of flowers without pollen through the season. Without bees this was 
0-30% (pollen removed only in the end of the season), with few bees it ranged from 50-90%. With 
many bees, it was about the same. 
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Figure 1. Number of frames with bees (●) and brood (○) during the experimental period, in greenhouses 
with ‘Few’ bees (left panel) and in greenhouses with ‘Many’ bees (right panel). 

 
 

 
 

Figure 2. Percentage of flowers without pollen during the experimental period (week 5 through week 42). 
●: greenhouses without bees; ♦: greenhouses with ‘few’ bees; ○: greenhouses with ‘many’ bees. 
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Figure 3. Number of pollen per flower in visits 2 and 3, as a percentage of the numbers in visit 1, on the X-
axes (data of De Jong et al. 2004) plotted against the percentage of flowers with pollen during the same 
weeks of the visits. –2 and –3: without bees, visits 2 and 3 respectively; +2 and +3: with few bees, visits 2 
and 3; ++2 and ++3: with many bees, visits 2 and 3. 

 
 
 

Table 1. Number of pollen counted per flower in visits 2 and 3, as a percentage of the number counted in 
visit 1 (before introduction of bees). 

Visit 
Bees 

1 2 3 

No bees 100 % 102 % 70 % 
Few bees 100 % 35 % 30 % 
Many bees 100 % 12 % 18 % 

 
 
 
Pollen counts per flower, conducted by Erasmus Medical Center (De Jong et al. 2004) gave 

comparable results (Table 1), although in this case ‘Many’ bees resulted in less pollen per flower 
than ‘Few’ bees. 

Also within groups and within greenhouses, there proved to be a correlation between the 
numbers of frames with bees present and the percentage of flowers without pollen. Due to the huge 
scattering and differences between greenhouses, no such obvious effect could be seen when 
comparing the mean results of the many bees group with the few bees group concerning pollen 
removal. 

Allergy complaints 
There was a significant reduction of the complaints as obtained with the VAS scores: in visits 2 
and 3 the complaints itching nose, sneezing and running nose were significantly reduced compared 
to visit 1. There was also a trend towards an increased lung function, however not significant. 
There was a significant dose-response relationship: many bees were more effective than few bees. 
(see De Jong et al. 2004). 
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DISCUSSION 
Bees were introduced with the aim to reduce the amounts of pollen in the greenhouse, and proved 
successfully to do so. We succeeded in obtaining different bee density levels (Fig. 1), although it is 
likely that bees have been entering the greenhouse in the ‘no bees’ treatment in the end of the 
season, causing a reduction of flowers with pollen (Fig. 2) and the number of pollen per flower 
(Table 1). However, despite the fact that there was a positive correlation between the numbers of 
bees present in almost all individual greenhouses and the number of flowers from which pollen 
had been removed (results not shown), as a mean it did not result in a higher percentage with many 
bees than with few bees (Fig. 2). Nevertheless, the number of pollen per flower did give a 
distinction between few and many bees (Table 1). Figure 3 shows that there is a correlation 
between pollen counts per flower, and the percentage of flowers with/without pollen. The 
difference between the two ways of assessing the effectiveness of the bees (Table 1, Fig. 2) might 
indicate that although some flowers still contained pollen, the number of pollen were reduced, thus 
resulting in less pollen exposure of workers. Moreover, indeed a dose response relationship was 
demonstrated between the number of bees present and the occupational allergic complaints of the 
workers in the greenhouses (De Jong et al. 2004). 

Correlations between greenhouses could be used to demonstrate the effects on the allergic 
complaints, and within greenhouse variation might trouble the distinctiveness. However, the 
within greenhouse variation could be used to find specific correlations between bee density and 
pollen removing effectiveness. In almost all greenhouses there was a strong positive correlation, 
but the strength differed. Crop protection measures, way of placing of the hives in the greenhouse, 
and the height of the greenhouse were strong factors affecting the correlations. Many factors can 
still be improved. 

In conclusion, bees can contribute to a reduction of pollen of sweet bell pepper in greenhouses, 
therewith contributing to a decrease of allergic symptoms of the workers in the greenhouses. Two 
hives per hectare surface area proved to be sufficient. As a mean the bee colonies remained 
sufficiently active for about 9 to 10 weeks. 

Acknowledgements This research was supported financially by the Dutch Product Board for Horticulture 
(PT), zoetermeer, The Netherlands. We thank the growers for their co-operation. 

REFERENCES 
Delaplane, K.S. & Mayer, D.F. 2000. Crop pollination by bees. CABI publishing, Wallingford, Oxon, UK. 
De Jong, N.W., van der Steen, J.J.M., Smeekens, C.C., Blacquière, T., Mulder, P.G.H., Gerth van wijk, R. & 

de Groot, H. 2004. Honeybees as an aid in reducing occupational pollen allergy complaints in sweet bell 
pepper greenhouses. (in press) 

De Ruijter, A., van den Eijnde, J. & van der Steen, J. 1991. Pollination of sweet pepper (Capsicum annuum 
L.) in greenhouses by honeybees. Acta Horticulturae 288:270-274 

Groenewoud, G.C.M., de Jong, N.W., van Oorschot-van Nes, A.J., Vermeulen, A.M., van Toorenenbergen, 
A.W., Mulder, P.G.H., Burdorf, A., de Groot, H. & Gerth van Wijk, R. 2002. Prevalence of 
occupational allergy to bell pepper pollen in greenhouses in The Netherlands. Clin. Exp. Allergy 32: 
434-440 

Van der Steen, J., Blacquière, T, de Jong, N.W. & de Groot, H. 2004. Honeybees as an aid in improving 
labour conditions in sweet bell pepper greenhouses: reduction of pollen allergy. ISHS Horticultural 
Congress, Toronto 2002, Acta Horticulturae (in press). 

 




