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Chapter

Commercial Pollination of Apple 
Orchards: Val di Non Case Study
Luciano Pilati, Paolo Fontana and Gino Angeli

Abstract

This chapter presents the results of a survey conducted in spring 2019 within 
the beekeepers who rent their colonies for the pollination of apple orchards in Val 
di Non, an alpine area in North Italy. The commercial pollination of apple orchards 
in this area is managed in an associated form by their cooperatives. The survey, 
carried out in collaboration with the local farmer cooperatives, submitted to the 
beekeepers a questionnaire containing questions on the economic and apidological 
aspects of their migratory beekeeping. The answers, referring to 43 questionnaires, 
show that beekeepers mostly: plan the migration itinerary at the beginning of the 
year; proceed to balance the colonies of honey bees before the pollination of the 
apple orchards; believe that the strength of the colonies must affect the pollination 
fee paid by the farmers and that the concentration of the colonies for the pollination 
of crops is not a relevant factor in the spread of bee diseases. The winter losses of 
honey bee colonies suffered by the responding beekeepers are on average 11.9%. 
The average cost of feeding the honey bee colony amounts to 19.1 €/colony. Finally, 
there is a wide interest in beekeepers to ensure the honey bee colonies.

Keywords: commercial pollination service, apple orchards, Val di Non,  
cooperative management of pollination service, survey,  
economic and apidological results, sustainability

1. Introduction

The use of managed western honey bee (Apis mellifera Linnaeus, 1758) colonies 
for commercial pollination of crops is redesigning modern beekeeping. Farmers 
must use managed honey bee colonies for generalized loss or reduction of not man-
aged pollinator biodiversity in intensively cultivated areas [1, 2] and to support crop 
yield and/or to improve crop quality [3, 4]. Conversely, beekeepers are interested in 
hiring their bee colonies to farmers to cash colony rental fees and in addition, if the 
pollinated crop produces valuable nectar, to obtain honey productions. The match-
ing between the demand of farmers and the supply of beekeepers has given rise to 
markets in the world of commercial pollination services [5–9] with very hetero-
geneous economic and apidological characteristics. The possibility of sequentially 
integrating the production of honey and commercial pollination services during 
the year has led beekeepers to undertake the migration management of honey bee 
colonies. The movements of the honey bee colonies follow privileged itineraries 
[10–13], and according to some authors [14], these itineraries are designed by the 
beekeepers before the start of the migration itinerary. The commercial pollination of 
crops is posing some new economic issues. Traditionally, the pollination fee per hive 
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was contracted by the beekeeper without taking into account the robustness of the 
honey bee colony [15]. However, some research has shown that robustness signifi-
cantly affects the productivity of the bees [16–19]. Consequently, farmers should 
choose the stocking density on the basis of their robustness to obtain the optimal 
pollination. In reality, the inhomogeneity of colony-to-colony robustness reflects the 
effects on the pollination of the crop. For this reason, balancing of honey bee colonies 
before the start of pollination service is to be counted among the good beekeeping 
practices [20]. The migratory management of modern beekeeping offers advantages 
but also involves risks: the concentration of numerous honey bee colonies coming 
from the most disparate places in a restricted area to be pollinated can facilitate the 
spread of honey bee diseases [21, 22]; displacement of honey bee colonies over long 
distances can affect their health [23, 24] and also the percentage of winter losses [25]. 
Moreover, when the supply of the commercial pollination service involves the move-
ment of bees of a subspecies of not managed Apis mellifera within the natural range 
of another subspecies, or when honey bees belonging to the so-called commercial 
hybrids are handled, damage can be created both to the not managed populations 
of Apis mellifera of the other local subspecies and to honey bees managed by local 
beekeepers [26].

Even the intensive cultivation of the apple trees shows some problems from the 
point of view of pollination [27]. The intensification of cultivation has made the 
survival of local not managed pollinators difficult, especially where the cultivations 
reach great extents, while at the edge of the cultivated area, near the natural vegeta-
tion (woods or grasslands), not managed pollinators can easily satisfy the residual 
pollination needs. To support the pollination provided by wild pollinators in areas 
where these do not constitute stable and conspicuous populations, apple producers 
use the pollination service provided in general by the managed honey bee colonies. 
We used honey bee colony and beehive as synonyms even if this latter is formed by 
the colony of honey bees and the hive (box) that contains it.

Commercial pollination is a consolidated practice in Val di Non (North Italy), 
an alpine area specialized in intensive apple cultivation. In this area the pollination 
contract with the beekeepers is stipulated by the cooperatives to which the farmers 
confer apples for storage, processing, and marketing. The combined management 
of the pollination service allows to overcome the technical-economic limit deriv-
ing from the typical pulverization of the land structure of the local farms. In order 
to gather information about beekeepers who support the pollination of the apple 
orchards in Val di Non, a survey was conducted through a questionnaire. The survey 
was filled anonymously. Participants were asked questions about some technical-
economic and apidological questions concerning mainly migratory beekeeping. The 
objective of the survey is twofold: on the one hand to verify if there are differences 
between the answers provided by small- and large-scale beekeeping operations on 
quantitative aspects, such as the level of bee colony losses in winter and the number 
of kilometers traveled annually, but also on qualitative aspects such as balanc-
ing of bee colonies and the propensity to ensure bee colonies, and on the other 
hand, to compare the results obtained with those of other surveys on beekeeping. 
Unfortunately, this comparison will remain confined to a few aspects because many 
questions we submit to beekeepers are lacking terms of comparison.

The structure of this chapter is the following. After the presentation in Section 
2 of the materials and methods of investigation, in Section 3 five economic and five 
apidological aspects considered worthy of attention will be briefly discussed, not 
all those considered in the questionnaire, to avoid that the analysis becomes too 
dispersive. The results obtained will be shown and briefly discussed in Section 4. 
Section 5 will present some proposals for the future of migratory beekeeping in Val 
di Non (but not only).
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2. Materials and methods

The exploratory survey on beekeepers supporting apple pollination in Val di Non 
was conducted during the spring 2019 using a special questionnaire. Submitting 
questionnaires to the beekeepers to collect business information is a fairly common 
practice. The winter losses of bee colonies [28, 29], the pollination fees [30, 31], and 
the movement of bee colonies during the year [32, 33] have been surveyed with this 
instrument.

The associated management of the pollination service in Val di Non facilitated 
the investigation; in fact, the cooperative managers contacted beekeepers to inter-
view, distribute, and collect questionnaires. Beekeepers filled in a questionnaire 
with 20 questions: in some cases, the interviewee was asked to provide a dichoto-
mous answer (yes/no) as shown in Table 1, Section 1; in other cases, the questions 

Number of honey bee colonies

1–80 >80 All

Section 1

Yes 
(%)

No 
(%)

Yes 
(%)

No 
(%)

Yes 
(%)

No 
(%)

Plans honey bee colony movements? 93.1 6.9 100. 0 0.0 95.2 4.8

Interest in ensuring honey bee colonies? 63.3 36. 7 92.3 7.7 72.1 27.9

Balance honey bee colonies? 93.3 6.7 100.0 0.0 95.3 4.7

Section 2

Disease spread risk %

Irrelevant 34.5 46.2 38.1

Low 41.4 46.2 42.9

Significant 24.1 7.7 19.0

Honey bee colony losses in summer %

<5% 92.8 74.6 90.3

5–10% 3.6 15.4 7.3

>10% 3.6 0.0 2.4

Honey bee robustness vs pollination fee %

No 10.0 8.3 9.5

Low 30.0 25.0 28.6

High 60.0 66.7 61.9

Commercial hybrids are an opportunity? %

No 43.3 38.5 41.9

Yes 10.0 30.7 16.3

Do not know 47.7 30.8 41.8

Section 3

Cost of feeding honey bees (€/colony) 21.1 14.7 19.1

Kilometers traveled per year 3538 13,592 6650

Winter honey bee colony losses (%) 12.5 10.3 11.9

Table 1. 
Beekeepers replies to the questionnaire.
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were multiple choice and the interviewee could choose between several pre-coded 
answers (Table 1, Section 2); in other cases, the answer was in an open form where 
the interviewee entered numeric data (Table 1, Section 3).

A total of 43 completed questionnaires were returned by the beekeepers. 
However, the number of valid answers varies from question to question. As a whole, 
the respondent beekeepers, given the stocking density average locally applied to 
apple orchards, provide almost half of the commercial pollination needs in the area 
under investigation.

The commercial pollination of the apple orchards in Val di Non is always prac-
ticed at the beginning of the migration itinerary of the beekeepers of Northern 
Italy. In this period of the year, beekeepers are not able to provide data on the loss of 
honey bee colonies in summer and winter, on the average feeding cost of the honey 
bee colony. For these aspects, the questionnaire asked the beekeeper to refer to the 
situation of the previous year (2018) or the last two years or to indicate the expected 
value under normal conditions. The averages of the continuous variables and the 
percentages of the answers to the pre-coded questions were calculated. The statisti-
cal analyzes of the data collected with the questionnaire are placed, for the peculiar-
ity of the questions set out and for the lack of information on the distribution of the 
variables, in the context of non-parametric statistics. To process the collected data, 
the R program, an open source programming language designed specifically for sta-
tistical analysis [34], was used. In order to ascertain the effect of the company size, 
beekeepers were divided into two groups based on the number of bee colonies they 
managed: a) up to 80 honey bee colonies; and b) more than 80 honey bee colonies.

3. Technical-economic and apidological aspects of apple pollination

3.1 Technical-economic aspects

Most apple cultivars require cross-pollination with a compatible pollinizer to 
increase apple tree yield and fruit quality. Some exceptions to this are the diploid 
varieties as Golden Delicious, the more cultivated in Val di Non. Although this 
variety is partially self-fruitful, it will produce better apples with cross-pollination 
by means of honey bees. This has been observed in Val di Non where, despite being 
close to vast areas of meadow and wood, the pollination action carried out by 
wild pollinators is sometimes limited due to the low temperatures of the flowering 
period. To get the maximum quality of apple production, it is necessary that pol-
lination takes place at the first flowering phase, when 2–4% of the flowers of apple 
are open (first king flowers). The commercial pollination of the apple tree does 
not occur in Val di Non simultaneously because the local flowering periods of the 
apple orchards depend on the altitude and exposure and on the different varieties 
cultivated. Depending on the altitudinal level, at the same variety, the flowering 
window is about 14–18 days, while it’s between 5 and 8 days the period of beginning 
of flowering among the varieties grown on the same altitudinal plane. The honey 
bee colonies are distributed in orchards to be pollinated in small batches according 
to precise stocking density, which in the case of apple intensive cultivation is placed 
in the range 8 ± 4 honey bee colonies per batch. The optimal stocking density varies 
according to some parameters, in particular the varieties of apples locally grown 
(few varieties or multi-varieties). Even if one colony per hectare could generally be 
enough, it is advisable to distribute honey bee colonies at a rate of 1.5 per hectare. 
The permanence of honey bee colonies for pollination of apple orchards has a theo-
retical duration of 18 ± 2 days, generally included between the first week of April 
and May; operatively this period is greatly influenced by the weather pattern [35].  
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If the first phase of full flowering takes place with very favorable weather for the flight 
of honey bees, the hives can be transferred to the next site already after 7–10 days.

The problem of the use of pesticides assumes in the case of the Val di Non and, 
more generally in the alpine territory, a particular connotation due to the blossom-
ing of apple orchards that is strictly correlated to the variation of the elevation. 
In fact, it may happen that active honey bees on a site where apple orchards are in 
bloom and therefore pesticide treatments are not yet performed can reach apple 
orchards located at a lower elevation where the bloom is already over (or is consid-
ered such by growers), and therefore the treatments with pesticides have already 
started. The problem is aggravated by the presence of new apple plants which, 
especially in the first year of plantation, usually bloom 3–4 weeks later than the oth-
ers. These young apple trees are often nearby or mixed (in rows) with productive 
ones and can after that receive pesticides while blooming.

The apple growers of the Val di Non confer (with few exceptions) their produc-
tion for the subsequent conservation, processing, and marketing to 16 cooperatives 
associated in turn in a Consortium. The area cultivated with apple trees from the 
4000 producers associated with the cooperatives of the Val di Non extends over 
6400 ha located at an altitude between 450 and 900 m above sea level (https://
www.melinda.it/il-consorzio/il-consorzio.html). In the Val di Non, the average size 
of the apple orchards owned by single farmers is only 1.6 ha, and the land parcels 
are so small that they evoke the image of “patches of land.” The management of 
the pollination service at the farm level would be almost impossible, given that the 
flight of the honey bee exceeds 1 km and does not respect the boundaries of the 
land parcels. In these conditions, some farmers may behave as free riders, i.e., wait 
for others to implement their apple orchard pollination service and then benefit 
from it free of charge. Acting in this way would get the service without paying the 
fee; lastly, however, they would compromise, due to the reaction of those who paid 
for the service, the commercial pollination on the whole area (or almost) reaching 
a socially inefficient situation. The problem of the free rider found a solution in 
Val di Non thanks to the coordination function carried out by the farmer coopera-
tives. The latter, acting as territorial authority, organize the pollination service on 
behalf of their members: they decide the stocking density to be applied to the apple 
orchards, settle the payments to beekeepers who have provided honey bee colonies 
for hire, and divide the cost of the service among the producers in proportion to 
the pollinated surface. In some areas of the Val di Non, the commercial pollination 
service is managed by the land improvement consortium to replace the cooperative.

The associated management of the pollination service generates a further 
economic advantage as it allows to contain the transaction costs [36]. The pollina-
tion contract is in fact stipulated by the cooperative without the direct involvement 
of thousands of farmers.

The most significant economic aspects among those submitted to beekeepers 
with the questionnaire are the following:

a. If they plan the movements of honey bee colonies before the start of the migra-
tion route. This hypothesis, however plausible it may be, remains to this day 
unproven.

b. If they consider the robustness of the honey bee colonies to be relevant in 
determining the pollination fee of the apple orchards. The effectiveness of the 
pollination service depends critically to know if the beekeepers who support 
the pollination of the apple orchards in Val di Non are aware of the need to 
consider this factor in the calculation of the pollination fee of the commercial 
pollination service.
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c. What is the average cost borne by the beekeeper for feeding the honey bee 
colony in order to obtain strong colonies early in the season. The data on the 
costs of big beekeeping operations for the year 2018 reported by Sumner and 
Champetier [37] show that the cost of the food purchased suffered a very 
strong increase compared to 1976.

d. How many kilometers the beekeeper travels to manage the movements of his 
bee colonies; this is a significant aspect for measuring the migratory footprint 
of the beekeeper.

e. Whether the beekeeper is interested in securing his honey bee colonies. This 
is an economic aspect of primary importance. In the last few decades, the 
role of insurance has grown enormously in many productive sectors of alpine 
agriculture, especially in those afflicted by adverse climatic conditions or plant 
diseases. Surprisingly, in apiculture the insurance instrument has not found 
wide applications (at least in Italy) although the effects of climatic adversities 
have become increasingly evident in the last few years.

3.2 Apidological aspects

The intensification of apple cultivation, even in the Val di Non, has made the 
survival of local not managed pollinators difficult due to the drastic reduction of 
the flora capable of supplying pollen and nectar, for the reduction of nesting and 
overwintering sites for some bees and even more for the use of agrochemicals. The 
presence of not managed Apoidea is generally very scarce in intensively cultivated 
areas. Stable populations of Apoidea and other wild pollinators are present only in 
areas adjacent to meadows, pastures, and forests [38]. However, these populations 
provide a limited contribution because they have normally reduced mobility, not 
exceeding 80–100 m of home range. Since the cultivation of the apple tree in Val 
di Non follows linearly the path of the Noce river forming on the two sides of the 
river strips of variable width often fragmented by areas of natural vegetation, the 
presence of not managed pollinators in apple orchards is closely related to their 
ability to reach them from adjacent areas that depends on the width of these strips. 
The immediate implication of the peculiar apple orchard cultivation configuration 
in Val di Non, in relation to the management of the commercial pollination service, 
is that the stocking density to be applied is not uniform but varies according to the 
need for integration of “natural” pollination. The choice of stocking density to be 
applied in order to optimize the pollination of the apple orchards must carefully 
consider the level of robustness of the honey bee colonies. In fact, the pollination 
potential of the honey bee colonies depends both on the number of foraging bees 
as well as on their health status. Each bee is able to make 3–10 daily flights, dur-
ing which it can visit up to 3000 flowers [39]. Since the health status is difficult to 
estimate quickly and economically, the pollination contract is limited to prescrib-
ing, if provided, the minimum strength (population) of the colonies quantified on 
the basis of the number of “inhabited” frames/combs.

At the beginning of the spring season, i.e., at the end of the wintering period, 
honey bee colonies have a poor robustness, and beekeepers must reinforce them 
with artificial preventive nutrition or enter the market to buy colonies or brood 
combs. Among the apidological aspects submitted to beekeepers in the question-
naire, the following are the most relevant:

a. If they proceed to balance the colonies of honey bees before the pollination of 
the apple orchards.
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b. What is the percentage of losses of bee colonies found in the winter rest period 
2017/2018 and 2018/2019.

c. What is the percentage of losses of bee colonies found in the summer period 
2017/2018 and 2018/2019, classifying it as follows: less than 5%, between 5 and 
10%, and over 10%.

d. If they consider that the concentration of bee colonies in the area to be pol-
linated facilitates the spread of diseases and parasites among bees.

e. If the use of commercial hybrids (i.e., the so-called Buckfast bees) constitutes 
an opportunity. Commercial hybrids offer opportunities for their great vigor, 
for the production of abundant broods, and for the consequent formation of 
populous honey bee colonies, but they carry with them the risk of not reaching 
the robustness of the colonies themselves at the beginning of the productive 
season. Commercial hybrids, strongly selected for the production of honey, 
find hard to develop their colonies in the early stages of the production season 
when they are used for pollination of crops.

4. Results

The responding beekeepers manage on average 93.3 honey bee colonies. Thirty 
beekeepers have less than 80 honey bee colonies with an average of 27.9. The 
remaining 13 beekeepers with more than 80 honey bee colonies have an average of 
244.2. All beekeepers with less than 80 honey bee colonies have their headquarters 
in the local area, specifically in the Trentino-Alto Adige region, while the remain-
ing 13 come from other Italian regions. It follows that the size classes and the 
classes of origin coincide. Overall, the responding beekeepers have in total 4011 
honey bee colonies; those from outside the region have only 3175 colonies that are 
almost 80% of the total number. The “local” beekeepers therefore prevail numeri-
cally over the others, but they are minority in terms of colonies of honey bees 
possessed.

With regard to the economic aspects (see Table 1, Section 1), a clear majority 
percentage (95.2%) of the responding beekeepers declares that they plan the migra-
tion itinerary ex ante. The percentage reaches 100% for the beekeeper with over 
80 honey colonies. This result supports the basic assumption of the model of the 
migratory beekeeper on the planning of the movement sequence at the beginning of 
the year.

Most beekeepers (61.9%) believe that the strength of the honey bee colony 
should affect highly the pollination fee paid for pollination of the apple tree (see 
Table 1, Section 2). This percentage is low compared to the importance attributed 
to balancing the honey bee colonies; it could be distorted due to the convenience of 
beekeepers with less robust honey bee colonies to declare the parameter irrelevant.

The distance traveled by beekeepers takes into account not only the movements 
of bee colonies but also the visits to apiaries located at various sites during the sea-
son. Responding beekeepers traveled (see Table 1, Section 3) an average of 6650 km 
during 2018 (both for pollination services and honey production). The distance 
traveled by beekeepers with less than 80 honey bee colonies is much lower, being 
on average 3538 km. Beekeeper with more than 80 colonies traveled an average of 
13,592 km during 2018. The greater distance traveled by beekeepers belonging to the 
latter size class finds an easy explanation in their origin from outside the region and 
in their farm size. The reduced number of kilometers traveled by beekeepers with 
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less than 80 honey bee colonies shows that these beekeepers have a weak migration 
footprint.

The average annual cost for the honey bee colony feeding stands at 19.1 €/colony, 
being higher for beekeepers with less than 80 colonies (21.1 €/colony) and minor 
(14.7 €/colony) for those with a higher number. It is surprising that the big bee-
keeping operations have a lower average cost for feeding the colony than the small 
ones. The first possible explanation of the difference is the amount of food provided 
to honey bees, and the second one is that beekeepers with less than 80 colony pay a 
higher price because they buy smaller quantities.

In total 72.1% of beekeepers declare an interest in securing honey bee colonies 
being the 92.3% within the beekeepers belonging to the class with more than 80 
colonies. This high percentage is a good starting point to implement an insurance 
strategy suitable on the needs of beekeepers.

Regarding the apidolological aspects, almost all (95.3%) the responding bee-
keepers balance their honey bee colonies before the apple pollination service. The 
percentage reaches 100% for beekeepers with more than 80 colonies.

The losses of honey bee colonies suffered in the winter period in the 2-year 
period 2017/2018 and 2017/2019 amounted to the average of 11.9% (see Table 1, 
Section 3). This is a lower percentage than that documented by the Coloss survey 
[29] for European beekeepers, which reached an average of 16.4% during winter 
2017/2018 with variations from 2.0 to 32.8% between countries. Beekeepers with a 
number of colonies greater than 80 undergo winter losses that are lower in percent-
age (10.3%) than in those with a lower number of colonies (12.5%). This result is 
aligned with that of the Coloss survey.

The losses of honey bee colonies suffered by beekeepers during the produc-
tive, summertime period, with few exceptions, are less than 5% in the area under 
investigation (see Table 1, Section 2). The overall average loss of honey bee colonies 
during the 2-year period considered therefore remains less than 16.9%.

Only 19% of interviewed beekeepers consider the risk of spread of honey bee 
diseases as significant due to the movement and the subsequent concentration of 
honey bee colonies. This risk is considered irrelevant or low by 92.4% of beekeepers 
with more than 80 honey bee colonies.

To the question of whether commercial hybrids represent an opportunity, the 
answers “do not” and “don’t know” are on a par with 41.9 and 41.8%. Only 16.3% 
of beekeepers believe that commercial hybrids are an opportunity. However, the 
answers to this question are very different in the two size classes. 30.7% of beekeep-
ers with more than 80 honey bee colonies compared to a meager 10.3% of beekeep-
ers of the other size class believe that commercial hybrids are an opportunity. 47.7% 
of beekeepers with less than 80 bee colonies and 30.8% of the other size class do not 
know how to answer this question, demonstrating their lack of knowledge of the 
subject.

4.1 Discussion

The survey carried out using the questionnaire highlighted some interesting 
differences between migratory beekeeping implemented in the Val di Non for pol-
lination of apple orchards and the pollination service conducted in other beekeep-
ing contexts such as the USA. The major differences concern the average annual 
cost for the honey bee colony feeding, the risk of spread of honey bee diseases, and 
the losses of honey bee colonies suffered in the winter period. These differences 
derive both from the specific morphological and climatic conditions of the Val di 
Non and from the main address and the size of the beekeeping operations involved 
in the pollination service. The Val di Non is a typical alpine valley where the apple 
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orchards are of small extension and the altitudinal variability generates a straight-
ness of blooms. It is therefore necessary to move the honey bee colonies from 
one site to the next one in rapid succession, and this obviously favors small- and 
medium-sized, more flexible, and dynamic beekeeping operations.

The average annual cost for the honey bee colony feeding stands in Val di Non 
at 19.1 €/hive, a value much lower than that reported by Sumner and Champetier 
[37], equal to 50.21 $/hive, referred, however, to large-scale commercial migratory 
beekeepers (1000 hive operation) from California. The differences between the 
two contexts make the data for the cost for the honey bee colony feeding difficult 
to compare even if they refer to the same year (2018). The small size of beekeep-
ing operations that support the commercial pollination of apple orchards in Val di 
Non probably favors greater efficiency in the management of honey bee colonies, 
and, on the other hand, the main production address (honey production) does not 
allow the use of large artificial feeds before the production season, in order not to 
contaminate the honey product with noncompliant sugars and not to stimulate 
swarming.

Almost all the beekeepers that support the commercial pollination of the apple 
orchards in Val di Non balance their honey bee colonies before the apple pollination. 
Beekeeping in North America, in particular that aimed at the large-scale pollination 
service, does not provide for colony balancing, but on the contrary, these, kept in 
hives of different conception, are divided before the migration. The most common 
hives used by North American beekeepers are multi-nest body Langstroth hives, 
while in Italy the most common ones are the Dadant-Blatt hives with single nest 
body. With these hives the balancing and moderate feeding of the honey bee colo-
nies before their displacement in cultivated agricultural areas are normal in Italy in 
order to anticipate their demographic development and after that to better perform 
pollination and honey production.

The risk of spread of honey bee diseases due to the concentration of honey bee 
colonies is considered irrelevant by beekeepers interviewed above all by those who 
have more than 80 honey bee colonies. It is a result in contrast with the resonance 
that this problem has aroused in the USA and Australia. Most likely, the concen-
tration of a few thousand bee colonies in an area of about 6000 ha that develops 
linearly along the two sides of the Val di Non is not perceived by the responding 
beekeepers as a real risk of spread of honey bee diseases.

The losses of honey bee colonies suffered in the winter period in the 2-year 
period 2017/2018 and 2017/2019 assumes a lower average value than that docu-
mented by the Coloss survey [33] for European beekeepers. Winter losses are lower 
in percentage for the large-scale beekeeping operations than in those with a higher 
number of colonies. The greater distance traveled annually by large beekeeping 
operations for the transfer of honey bee colonies between forage sites therefore does 
not exercise the feared negative effect in the opinion of beekeepers who support 
pollination of the apple orchards in Val di Non.

5. Conclusions

The pollination of the apple orchards in Val di Non has peculiar characteristics 
that make it a case of study: the orography and landscape structure could favor 
the integration between “natural” pollination and “managed pollination”; pol-
lination of apple orchards is managed in a cooperative manner and not by each 
farmer; and the pollination of the apple tree is also supported by the honey bee 
colonies managed by small local beekeepers not contractually involved in the 
pollination service.
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Among the economic and apidological aspects covered by the survey on bee-
keepers who operate the apple pollination service in Val di Non, two deserve to be 
highlighted for their immediate operational implications:

• The robustness of the honey bee colonies is considered, by the majority of 
interviewed beekeepers, a parameter that must have a large impact on pollina-
tion fee, and therefore apple tree pollination service contracts should include 
clauses that subordinate the level of pollination fee to the robustness of honey 
bee colonies.

• The high propensity of the responding beekeepers to ensure their honey bee 
colonies are the prerequisite for pushing insurance companies to place on the 
market “cutoff” policies on the needs of beekeepers, in particular for the cover-
age of risks of honey bee colony losses and of honey production reduction.

Regarding the future of apple orchard pollination in Val di Non (and not only), 
it is to be hoped that the value of unmanaged pollinators will be enhanced by means 
of an integrated crop pollination strategy [40] that includes the protection of plant 
biodiversity also in agroecosystems and the protection of sensitive sites in view of 
the reproduction of wild pollinators.

Conflict of interest

No conflict of interest.

Author details

Luciano Pilati1*, Paolo Fontana2 and Gino Angeli2

1 Department of Economics and Management, University of Trento, Italy

2 Edmund Mach Foundation of San Michele all’Adige, Italy

*Address all correspondence to: luciano.pilati@unitn.it

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



11

Commercial Pollination of Apple Orchards: Val di Non Case Study
DOI: http://dx.doi.org/10.5772/intechopen.90429

References

[1] Potts SG, Biesmeijer JC, Kremen C,  
Neumann P, Schweiger O, Kunin WE. 
Global pollinator declines: Trends, 
impacts and drivers. Trends in Ecology 
& Evolution. 2010;25:345-353. DOI: 
10.1016/j.tree.2010.01.007

[2] Goulson D, Nicholls E, Botías C,  
Rotheray EL. Bee declines driven 
by combined stress from parasites, 
pesticides, and lack of flowers. 
Science. 2015;347:1-16. DOI: 10.1126/
science.1255957

[3] Garratt MPD, Breeze TD, 
Jenner BN, Polcec C, Biesmeijer JC, 
Potts SG. Avoiding a bad apple: Insect 
pollination enhances fruit quality 
and economic value. Agriculture, 
Ecosystems & Environment. 
2014;184:34-40. DOI: 10.1016/j.
agee.2013.10.032

[4] Klatt BK, Holzschuh A, Westphal C, 
Clough Y, Smit I, Pawelzik E, et al. Bee 
pollination improves crop quality, shelf 
life and commercial value. Proceeding 
of the Royal Society B, Biological 
Sciences. 2014;281:2013-2440. DOI: 
10.1098/rspb.2013.2440

[5] Burgett M, Daberkow S, Rucker RR, 
Thurman WN. U.S. pollination markets: 
Recent changes and historical 
perspective. American Bee Journal. 
2010;150:35-40

[6] Bond J, Plattner K, Hunt K. U.S. 
pollination-services market, fruit 
and tree nuts outlook. In: Situation 
and Outlook Report No. FTS-
357SA. U.S. Department of Agriculture, 
Economic Research Service; 2014. 
Available from: https://docplayer.
net/16188476-Fruit-and-tree-nuts-
outlook-economic-insight-u-s-
pollination-services-market.html

[7] Monck M, Gordon J, Hanslow K. 
Analysis of the Market for Pollination 
Services in Australia. Rural Industries 

Research and Development Corporation. 
Barton Australia. Publication No 08/058. 
2008. ISBN 1 74151 647 1

[8] Melhim A, Weersink A, Daly Z, 
Bennett N. Beekeeping in Canada: 
Honey and Pollination Outlook. 
General Information Report. NSERC-
CANPOLIN. 2010

[9] Lorenz S. The endangerment 
of bees and new developments in 
beekeeping: A social science perspective 
using the example of Germany. 
International Journal of Environmental 
Studies. 2016;73:988-1005. DOI: 
10.1080/00207233.2016.1220703

[10] Rucker RR, Thurman WN, 
Burgett M. Honey bee pollination 
markets and the internalization of 
reciprocal benefits. American Journal 
of Agricultural Economics. 2012;94: 
956-977. DOI: 10.1093/ajae/aas031

[11] Jabr F. The mind-boggling math 
of migratory beekeeping. Scientific 
American. 2013;1. Available from: 
https://www.scientificamerican.
com/article/migratory-beekeeping-
mindboggling-math 

[12] Hellerstein D, Hitaj C, Smith D, 
Davis A. Land use, land cover, and 
pollinator health: A review and trend 
analysis. Economic Research Report No. 
232. U.S. Department of Agriculture, 
Economic Research Service; 2017. DOI: 
10.22004/ag.econ.263074

[13] Goodrich B, Williams J, 
Goodhue R. The great bee migration: 
Supply analysis of honey bee colony 
shipments into California for almond 
pollination services. In: Annual Meeting 
of the Allied Social Sciences Association 
(ASSA); January 4-7, 2019; Atlanta, 
Georgia. DOI: 10.1093/ajae/aaz046

[14] Pilati L, Daris R, Prestamburgo M, 
Sgroi F. Modeling sequential production: 



Modern Beekeeping - Bases for Sustainable Production

12

The migratory beekeeper case. Quality 
Access to Success. 2018;19:146-154

[15] Goodrich BK, Goodhue R. Honey 
bee colony strength in the California 
Almond Pollination Market. 
Giannini Foundation of Agricultural 
Economics, ARE Update. 2014;19: 
5-8. Available from: https://giannini.
ucop.edu/publications/are-update/
issues/2016/19/4/honey-bee-colony-
strength-in-the-california-almond 

[16] Goodrich BK. Do more bees imply 
higher fees? Honey bee colony strength 
as a determinant of almond pollination 
fees. Food Policy. 2019;83:150-160. DOI: 
10.1016/j.foodpol.2018.12.008

[17] Taha EA, Kahtani SA. Relationship 
between population size and 
productivity of honey bee colonies. 
Journal of Entomology. 2013;10:163-169. 
DOI: 10.3923/je.2013.163.169

[18] Brar AS, Sharma HK, Rana K. 
Colony strength and food reserves 
of Apis mellifera L. under stationary 
and migratory beekeeping in 
Himachal Pradesh India. Journal of 
Entomology and Zoology Studies. 
2018;6:1156-1159. Available from: 
https://www.researchgate.net/
publication/328191392_Colony_
strength_and_food_reserves_of_Apis_
mellifera_L_under_stationary_and_
migratory_beekeeping_in_Himachal_
Pradesh_India

[19] Geslin B, Marcelo A, Aizen MA, 
Garcia N, Pereira A-J, Vaissière BE, 
et al. The impact of honey bee colony 
quality on crop yield and farmers’ 
profit in apples and pears. Agriculture, 
Ecosystems & Environment. 
2017;248:153-161. DOI: 10.1016/j.
agee.2017.07.035

[20] Curtis BGL, Veenstra D. Honey 
Bee Best Management Practices 
for California Almonds. 2014. 
Available from: http://www.
almonds.com/sites/default/files/ 

honey_bee_best_management_
practices_for_ca_almonds%5B1%5D.pdf 

[21] Owen R. Role of human action in 
the spread of honey bee (hymenoptera: 
Apidae) pathogens. Journal of Economic 
Entomology. 2017;110:797-801. DOI: 
10.1093/jee/tox075

[22] Gordon R, Bresolin-Schott N, 
East IJ. Nomadic beekeeper movements 
create the potential for widespread 
disease in the honeybee industry. 
Australian Veterinary Journal. 
2014;92:283-290. DOI: 10.1111/
avj.12198

[23] Ahn K, Xie X, Riddle J,  
Pettis J, Huang ZY. Effects of long 
distance transportation on honey 
bee physiology. Psyche: A Journal 
of Entomology. 2012;2012. DOI: 
10.1155/2012/193029

[24] Zhu X, Zhou S, Huang ZY. 
Transportation and pollination service 
increase abundance and prevalence of 
Nosema ceranae in honey bees (Apis 
mellifera). Journal of Apicultural 
Research. 2014;53:469-471. DOI: 
10.3896/IBRA.1.53.4.06

[25] Döke MA, McGrady CM, Otieno M, 
Grozinger CM, Frazier M. Colony size, 
rather than geographic origin of stocks, 
predicts overwintering success in honey 
bees (hymenoptera: Apidae) in the 
northeastern United States. Journal of 
Economic Entomology. 2019;112: 
525-533. DOI: 10.1093/jee/toy377

[26] Fontana P, Costa C, Di Prisco G, 
Ruzzier E, Annoscia D, Battisti A, et al. 
Appeal for biodiversity protection of 
native honey bee subspecies of Apis 
mellifera in Italy (San Michele all’Adige 
declaration). Bulletin of Insectology. 
2018;71:257-271. ISSN 1721-8861

[27] Marini L, Quaranta M, Fontana P, 
Biesmeijer JC. Landscape context and 
elevation affect pollinator communities 
in intensive apple orchards. Basic and 



13

Commercial Pollination of Apple Orchards: Val di Non Case Study
DOI: http://dx.doi.org/10.5772/intechopen.90429

Applied Ecology. 2012;13:681-689. DOI: 
10.1016/j.baae.2012.09.003

[28] Seitz N, Kirsten S, Traynor KS, 
Steinhauer N, Rennick K, Wilson ME, 
et al. A national survey of managed 
honey bee 2014-2015 annual colony 
losses in the USA. Journal of Apicultural 
Research. 2015;54:292-304. DOI: 
10.1080/00218839.2016.1153294

[29] Gray A, Brodschneider R, et al. 
Loss rates of honey bee colonies 
during winter 2017/18 in 36 countries 
participating in the COLOSS 
survey, including effects of forage 
sources. Journal of Apicultural 
Research. 2019;58:479-485. DOI: 
10.1080/00218839.2019.1615661

[30] Burgett M. Pacific Northwest Honey 
Bee Pollination Economics Survey. 
2009. Available from: https://orsba.org/
wp-content/uploads/2019/08/2010-
NHR-Burgett-reduced.pdf 

[31] Caron D, Sagili R, Cooper M. Pacific 
Northwest pollination survey. 2012. 
Available from: http://www.orsba.
org/download/surveys_past_and_
current/2011%20 BL% 20Caron%20
et%20al.%20Summary%20reduced.pdf 

[32] Ritten CJ, Peck D, Ehmke M, 
Patalee MAB. Firm efficiency and 
returns-to-scale in the honey bee 
pollination services industry. Journal 
of Economic Entomology. 2018;111: 
1014-1022. DOI:  10.1093/jee/toy075

[33] Carreck NL, Williams IH, 
Little DJ. The movement of honey bee 
colonies for crop pollination and honey 
production by beekeepers in Great 
Britain. Bee Word. 2015;78:67-77. DOI: 
10.1080/0005772X.1997.11099337

[34] Field A, Miles J, Field Z. Discovering 
Statistics Using R. London: Sage Ed; 
2012. DOI: 10.1111/insr.12011_21

[35] Vicens N, Bosch J. Weather-
dependent pollinator activity in 

an Apple Orchard, with Special 
Reference to Osmia cornuta and Apis 
mellifera (Hymenoptera: Megachilidae 
and Apidae). Environmental 
Entomology. 2000;29:413-420. DOI: 
10.1603/0046-225X-29.3.413

[36] Narjes ME, Lippert C. The optimal 
supply of crop pollination and honey 
from wild and managed bees: An 
analytical framework for diverse 
socio-economic and ecological settings. 
Ecological Economics. 2019;157:278-
290. DOI: 10.1016/j.ecolecon.2018.11.018

[37] Sumner D, Champetier A. 
Economics of the supply functions for 
pollination and honey: Marginal costs 
and supply elasticity. Invited Paper 
Presented at the Annual Meeting of 
the Allied Social Sciences Association 
(ASSA); Atlanta, GA; 4-6 January 
2019. DOI: 10.22004/ag.econ.281164. 
Available from: http://ageconsearch.
umn.edu/record/281164/files/
Champetier-Sumner.pdf 

[38] Joshi NK, Otieno M, Rajotte EG, 
Fleischer SJ, Biddinger DJ. Proximity 
to woodland and landscape structure 
drives pollinator visitation in apple 
orchard ecosystem. Frontiers in Ecology 
and Evolution. 2016;4:38. DOI: 10.3389/
fevo.2016.00038

[39] Tautz J. Il ronzio delle api. 
Milano: Springer Verlag; 2009. DOI: 
10.1007/978-3-540-78729-7

[40] Garratt MPD, Brown R,  
Hartfield C, Hart A, Potts SG. 
Integrated crop pollination to buffer 
spatial and temporal variability in 
pollinator activity. Basic and Applied 
Ecology. 2018;32:7785. DOI: 10.1016/j.
baae.2018.06.005


