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ABoUt tHIs PUBLIcAtIon

This handbook was prepared by research 

scientists in the Canadian Pollination Initia-

tive (CANPOLIN), a five-year (2009–2013) 

strategic research network funded by the 

Natural Sciences and Engineering Research 

Council. 

CANPOLIN was established to gain a 

better understanding of the growing prob-

lem of pollinator and pollination decline 

in Canada. The network was truly national 

in scope, bringing together 44 researchers 

from 26 institutions across the country. 

Research activities fell under four themes: 

Pollinators, Plants, Ecosystems, and 

Prediction & Economics), with extensive 

connections between themes.

In the very early days of the Network, 

a decision was made by a group of 

researchers to focus on lowbush blueberry 

as a model system. Blueberries are now 

the leading horticultural crop in Canada 

in terms of acreage and economic value, 

and they rely on insect pollinators for fruit 

set. It is also a relatively undomesticated 

crop, with pollination issues similar to wild 

plant species. Thus, research findings could 

potentially be extended to other plant-pol-

linator systems as well. 

Stemming from this decision, the 

concept of a “hit-team” approach to study 

pollination in lowbush blueberry quickly 

evolved. The lowbush blueberry hit-team 

comprised scientists from different 

disciplines (entomology, botany, genetics) 

working together to collect a large amount 

of data on fruit-set limitation, gene flow, 

floral characteristics, breeding systems, 

and pollinator ecology and taxonomy. 

Over the five year life of the Network, field 

studies were carried out in Newfoundland, 

Nova Scotia, New Brunswick and Quebec. 

The hit-team’s efforts have resulted 

in an enormous amount of data and 

several publications have been published 

or submitted to scientific journals, with 

many more yet to come. This handbook is 

intended to provide a concise summary of 

CANPOLIN’s research findings for growers 

and other stakeholders interested in 

lowbush blueberry pollination. 

For more information about other 

research activities in CANPOLIN (including 

additional studies on highbush blueberry 

and wild Vaccinium species), please 

visit the NSERC-CANPOLIN website, 

uoguelph.ca/canpolin.
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6 This handbook is the culmination of five years of lowbush 

blueberry research by members of the Canadian Pollination 

Initiative. Their dedicated efforts have resulted in a major 

contribution to our understanding of pollination challenges 

and opportunities in lowbush blueberry in Canada. 

We thank in particular all the researchers in the so-named 

CANPOLIN lowbush blueberry “hit-team” (in alphabetical 

order): Madeleine Chagnon (L’Université du Québec à Montréal), 

Chris Cutler (Dalhousie University), Valerie Fournier (Laval University), 

Luise Hermanutz (Memorial University), Linley Jesson (University 

of New Brunswick), Risa Sargent (University of Ottawa), Dan 

Schoen (McGill University) and Cory Sheffield (Royal Saskatchewan 

Museum). These researchers were joined by several graduate 

students, technicians and research associates, including Kyle 

Bobiwash, Sier-Ching Chantha, Pamela Craig, Amelie Gervaise, Angela 

Gradish, Melissa Fulton, Andony Melathopoulos, Irene McKechnie, 

Joseph Moisan-DeSerres, Daniel O’Neail, Krilen Ramanaidu, Kevin 

Reeh, Jason Sproule and Margie Wilkes. We also thank the small army 

of undergraduate research assistants who helped make this research 

possible.

We thank Linley Jesson, Dan Schoen and Chris Cutler for 

spearheading the effort to assemble and produce this handbook.

We also thank collaborators Steve Javorek (Agriculture and Agri-

Food Canada) and Barry Hick (College of the North Atlantic) for their 

contributions and expertise.
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6 What Influences 

Fruit Set in Plants?
(with an emphasis on lowbush blueberry)

Many factors can influence fruit set in plants that rely on 

insect pollinators: resource availability, genetics, the pres-

ence of beneficial fungi, as well as pollinator abundance, diversity and 

behaviour. Many of these factors, in turn, are influenced by manage-

ment practices. This section summarizes the key scientific principles 

that underpin crop management decisions, particularly in lowbush 

blueberry.

a) Resource Allocation

All plants require carbon (obtained from atmospheric carbon dioxide 

and sunlight) and nutrients (obtained from soil) for growth and fruit 

production. Insect damage and leaf and root diseases can reduce 

carbon and/or nutrient uptake. There are also other associations with 

organisms, such as underground mychorrizal fungi, that can increase 

nutrient uptake. 

If plants have sufficient carbon and nutrients, most variation in the 

ability to uptake and use these resources is determined by a plant’s 

genetic make up. Different cultivars will use or allocate resources in 

different ways. For example, plants can move resources between 

PArt 1
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and within stems and branches, and/or store resources for future 

years. There are many ways that allocation of resources within a plant 

may vary:

• plants can allocate more resources to either leaves or flowers, 

or both;

• plants can allocate more resources to either current or future 

reproduction;

• allocation between male and female functions can vary (for 

example, in blueberry there are claims that some plants are male 

or female sterile, however this issue is unlikely to be very important 

for most blueberry growers and so we won’t go into further detail 

here);

• plants can make many small flowers or only a few big ones (for 

example, blueberry plants develop many small flowers; this can 

have both good and bad impacts on pollination, as will be exam-

ined in more detail).

A general truth about plants is that they produce more flowers 

than fruits. This is because available resources, pest and disease 

pressures can vary from year to year, and the results of investment 

in flowers by the plant are unpredictable. In addition, if flowers on 

perennial plants do not result in fruit production, the extra resources 

can be stored for reproduction in future years.

b) Floral Characteristics

A plant’s floral characteristics influence interactions with other 

organisms important in the pollination process. For example, the 

shape and structure of a flower will affect the type and number of 

pollinators needed for pollination. While many plant species have 

flowers that allow most pollinators to easily access rewards and pick 

up and deposit pollen, blueberry flowers have poricidal anthers, 
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which require the pollen to be shaken out through holes like a salt 

shaker. A visiting bee must grab the base of the anthers in its jaws, 

disengage its flight muscles from its wings and then rapidly vibrate 

these muscles. This is called buzz pollination. Not all pollinators can 

buzz pollinate (honey bees cannot, while bumble bees and many 

other wild species can).

c) Genetic Diversity

In addition to pollinator type and behaviour, fruit production is also 

influenced by the genetic diversity of the local plant population. Fruit 

number and/or quality may be lowered if pollination occurs within a 

genetic individual (i.e., a single blueberry bush) or between closely 

related genetic individuals. This process is known as inbreeding 

depression and it results in lower fruit set. Inbreeding depression is 

caused by the accumulation of small genetic mutations in popula-

tions that can reduce plant fertility. Because self-pollination results in 

reduced fruit set, we consider pollen from the same genetic individual 

Left: Poricidal anthers on a blueberry flower (figure adapted from University 
of Maine Fact Sheet No. 630, UMaine Extension No. 2111). Right: a bumble bee 
working a blueberry flower. photo by M. Wilkes

Stigma

Anther
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(self) or closely related individuals to be “poor quality.” This is not 

because the pollen is non-functional, but because reproduction 

between related individuals can strongly reduce fruit (or offspring) 

yield due to inbreeding. 

The likelihood of a flower receiving related or unrelated pollen 

depends on whether clones in a population are closely related, and 

the size of the plant/clone itself. Large clones will produce less fruit 

if pollinators move pollen between flowers on the same genetic 

individual. For these reasons, it is conceivable that planting mixtures 

of unrelated individuals in a field could reduce self-pollination by 

breaking up the genetic relationship structure in the field.

d)  Pollinators

Blueberry flowers rely exclusively on pollinators for pollination. Blue-

berry pollen is relatively large and heavy, meaning it is unlikely to be 

moved far by wind or shaking. Shaking of flowers by wind is likely to 

result in self-pollination and poor fruit set. Because of the reliance on 

pollinators, the number of insect visitors can influence the amount of 

pollen that is deposited on a flower. However, there is also likely to be 

a threshold at which point plants are no longer limited by the amount 

of pollen deposited on the female stigma, and are instead limited by 

the amount of resources available for fruit production. 

Wild pollinators in blueberry include species of Andrenidae (left), Bombus 
(middle) and Lasioglossum (right). photos by s. Marshall
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e) Pollinator Diversity and Behaviour

Blueberry flowers cannot be worked by all pollinators, and so 

particular pollinators, and combinations of pollinators, are likely to 

be important for fruit production. Some bees are known to be able to 

actively buzz pollinate flowers, and contribute to high pollen transfer. 

These bees include Andrenid bees and bumble (Bombus) bees. 

However, because self-pollination can be an important contribu-

tion to low fruit production, the foraging behaviour of these pollina-

tors is also likely to influence fruit production. For example, because 

individual blueberry plants make so many flowers, foraging by a 

bee among flowers that are in close proximity will tend to increase 

self-fertilization and reduce fruit set. In this situation, increasing the 

numbers of pollinators may not result in a direct increase in fruit 

production. In contrast, pollinators that, on average, make longer 

flights between inflorescences could potentially reduce inbreeding. 

FIgUre 1. Pollination efficiency of different insect pollinators in lowbush 
blueberry. adapted froM Javorek et al., 2002, annals of the entoMological 
society of aMerica 95:345-351
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Bees that do not actively extract pollen can still play a role in 

pollination. A pollinator that cannot extract pollen from a flower may 

still be able to pick up pollen left over from another pollinator and 

move it to distant, unrelated plants. For this reason, there is great 

interest in how pollinator diversity (and combinations of different 

bee species) can influence how pollen moves between flowers and 

between plants, and in doing so influence crop yield.

f) Availability of Nesting Sites

Because pollinator diversity is believed to be important in increasing 

plant yields, changes to local landscapes, such as habitat loss and 

human disturbance, are key factors in the loss of pollination services. 

This is because many native bees nest in the ground or in natural 

cavities, such as holes in trees or hollow plant stems. Intensive land 

use can disturb these important nesting areas, leading to fewer 

pollinators. Proximity to natural habitat (such as forests, old logs, 

unmowed field margins, etc.) can increase the availability of nesting 

sites for pollinators and provide a higher diversity of flowers available 

for foraging.

A ground nesting bee. photo by e. nardone
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g) Beneficial Fungi

In addition to bees, there are other organisms that might have a posi-

tive effect on fruit production. Many beneficial soil organisms, known 

as mycorrhizal fungi, live within the roots of many plants including 

blueberries. These fungi increase the ability of the plants to absorb 

important soil nutrients, such as phosphorous and nitrogen. In some 

plants, an association with mycorrhizal fungi leads to larger, more 

numerous flowers and higher levels of nectar production, although 

this has not yet been examined in blueberries. It is possible that the 

use of fungicide against pathogenic fungi can have a negative impact 

on these beneficial fungi. 

Recently, it has been confirmed that lowbush blueberry stems 

and leaves contain endophytes, mutualistic fungi that live within the 

plant. These endophytes cause no harm to the plant and may in fact 

improve a plant’s tolerance to stresses such as drought, disease, or 

insect herbivory, which also affect fruit production.

h) Pests and Disease

Many organisms also have a negative impact on fruit production 

and plant growth, and each year, growers invest a large amount of 

resources controlling or attempting to manage these pests. Blueberry 

plants compete with weeds (e.g., sheep sorrel, fescue) for resources, 

and are susceptible to infection by fungi (e.g., monilinia blight, botry-

tis blight, septoria leaf spot) and insects (e.g., blueberry flea beetle, 

blueberry fruit fly). The negative impact of most pests and diseases 

generally occurs through a reduction in resources available to plants 

to mature fruits (as occurs with leaf blights or leaf damage by insects 

and browsing mammals). However, some organisms specifically 

target flowers (e.g., blueberry spanworm) or fruits (e.g., browsing 

by deer or blueberry fruit fly). Plants must also allocate resources to 

produce chemical or physical defenses against attack by pathogens 
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and herbivores, and different genotypes will have different levels of 

susceptibility or resistance. In fields with large clones or many closely 

related individuals, plants are likely to have similar levels of suscepti-

bility to attack by pests. As a result, there may be further benefits to 

having high levels of genetic diversity in fields.

Measuring the causes of low or high fruit set is difficult because 

of the multiple effects of these factors and the interactions between 

them. For example, measures of pollinator abundance and diversity 

can indicate whether pollen quantity is an important factor limiting 

fruit set. However, pollinators can still increase selfing rates and cause 

inbreeding depression. 

All of the above factors 
combine to influence fruit 
production, and it can 
be difficult to distinguish 
between different causes 
of low fruit set.

^
6
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6 Pollination Challenges 

in Lowbush Blueberry

Most crops have a long history of crop improvement and 

domestication. As a result, many genetic factors that contrib-

ute to lower production have been removed by breeding practices. At 

present, cultivation practices for the wild blueberry market in eastern 

Canada involve applying different management practices to naturally 

occurring plant populations in an attempt to increase berry produc-

tion. Because the fields are established from natural blueberry stands, 

they are genetically diverse and can suffer from problems that might 

otherwise be bred out of fully domesticated crops.

Past research and discussions with farmers suggest that the key 

issues in lowbush blueberry production are:

• a reliance on pollinators for cross-pollination (compared to many 

crops that have been bred to self-fertilize without pollinators and 

in which inbreeding depression is low);

• flowers that have a specialised pollination system that likely 

restricts certain pollinators from being effective (in most other 

crops that rely on insect pollinators, a wide range of pollinators are 

able to effectively pollinate flowers);

• variation in the ability of different plants in a field or population to 

PArt 2
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acquire carbon and nutrients, allocate resources to fruit, and resist 

infection by insects, disease and other pathogens (in most crops 

the highest yielding or most disease resistant genotypes/cultivars 

have been selected by breeders or growers for production);

• inbreeding depression, which results from the accumulation of 

genetic mutations within a plant and in populations that lead to 

lower fruit production after selfing (in most crops the mutations 

that produce inbreeding depression have been largely eliminated 

through many generations of continued self-fertilisation);

• populations of plants that are long lived and extensively clonal, 

increasing the possibility for the transfer of self pollen between 

flowers on the same plant, and increasing the risk of disease in 

susceptible genotypes (many of the world’s most important crops 

are annual or short lived perennials);

• a reliance by blueberry plants on other species (e.g., fungal 

associations) for increased carbon production (it is not yet clear 

how important this is in many crop species).

In addition, many ecological factors (light, water and nutrient 

levels, pollination regime, disease and pest abundance) can influence 

fruit production. Growers often actively manage these influences by:

• removing other plant species to reduce competition for light and 

nutrients;

• introducing different species of pollinators during periods of 

highest blossom production;

• burning or mowing fields every second year to increase the pro-

duction of flower meristems (and in the case of burning to increase 

availability of nutrients or reduce pest loads);

• fertilizing, irrigating and spraying pesticides;

• planting wind breaks and/or other flowering species to increase 

natural populations of pollinators or to improve conditions for 

pollination during peak flowering.
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While there is much conjecture on the effects of these different 

practices, there is limited evidence for the best practices for growers 

and much remains unknown about how these factors interact to 

influence blueberry production. It is possible that some management 

practices have adverse effects on pollination or the ability of the plant 

to acquire or allocate resources towards fruit production. For exam-

ple, some management practices may unwittingly remove pollinator 

habitat and reduce the abundance or diversity of wild pollinators or 

other beneficial organisms.
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It was not possible in the five-year timeline of CANPOLIN to 

examine the effect of all of the factors that influence fruit 

production, as well as possible interactions between them. Instead, 

CANPOLIN research focussed on nine key areas:

1. The importance of inbreeding depression and self-pollination 

for reducing crop yields.

2. The role of different species of managed pollinators, and 

combinations of pollinators, for influencing fruit production.

3. The influence of wild, unmanaged pollinators on fruit production.

4. The importance of surrounding landscape on pollination by 

wild pollinators.

5. The association of blueberry plants with fungal species that 

might increase fruit production.

6. Using bees to vector biocontrol agents to manage diseases.

7. Hazards of pesticides to bees.

8. A description of spatial and temporal changes in bee 

communities in blueberry fields.

9. The interaction of pollinators with other ecological and 

production factors on fruit production.

Research by CANPOLIN

PArt 3
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Pollinator abundance
• specialists
• generalists

Pollen 
quality

Pollen
limitation

Fruit set

Genetics
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Plant
ResourcesDisease
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Pollinator behaviour
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FIgUre 2. An overview of the pollination process, with areas targeted by 
CANPOLIN research highlighted in green boxes.

The Pollination Process  
and CANPOLIN Research

As shown in Figure 2, many 

factors interact to influence crop 

production, and management 

practices can influence these fac-

tors separately or in combination. 

In this diagram, pollen quantity 

refers to the total number of 

pollen grains deposited on a 

flower, and pollen quality is the 

source of that pollen (either from 

the same plant or from different 

plants). Resources include carbon 

as well as macro and micronutrients. Resources can be reduced by 

either external factors such as pests and disease or by a lower ability 

of a plant to uptake or utilize those resources. Pesticides and herbi-

cides are used to increase resources available to the plant by reducing 

competition for those resources.

Blueberry pollen grains on a stigma. 
photo by M. Wilkes
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$6
1. Adding outcross pollen does not result in 100% of flowers 

setting fruit. A goal of 100% fruit production is probably not 
realizable. Most blueberry plants can achieve only 60% fruit 
set in a year.

Evidence: In 68 fields measured across three years, shoots with 

added supplemental outcross pollen resulted in 40–60% of flowers 

producing fruits. There was a strong association between the levels of 

achievable fruit set and the geographic region: in some fields and in 

some regions, a greater proportion of flowers resulted in fruit (Jesson 

et al., in preparation).

Wild blueberry in Quebec, New Brunswick, Nova Scotia, Prince 

Edward Island and Newfoundland provided a valuable opportunity to 

address these research priority areas across a range of environments.

Fruit yield was assessed through measurements of fruit set, seed 

number (which contributes to berry weight), fruit weight and pollen 

limitation. Pollen limitation is the difference between actual fruit 

production and potential fruit production that is achieved if extra 

pollen from unrelated plants is added.
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1. Adding outcross pollen does not result in 100% of flowers 

setting fruit. A goal of 100% fruit production is probably not 
realizable. Most blueberry plants can achieve only 60% fruit 
set in a year.

Evidence: In 68 fields measured across three years, shoots with 

added supplemental outcross pollen resulted in 40–60% of flowers 

producing fruits. There was a strong association between the levels of 

achievable fruit set and the geographic region: in some fields and in 

some regions, a greater proportion of flowers resulted in fruit (Jesson 

et al., in preparation).

Summary of Key Findings
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Conclusions and relevance for growers: A goal of 100% fruit 

production in blueberry is unrealizable. Strong differences between 

regions and/or fields suggest that plant genetics and regional variation 

in other factors (perhaps soil quality, the number and/or diversity of 

native pollinators or disease load) can influence the potential fruit 

production (i.e., the number of blossoms produced that develop into 

fruit). If growers are paid by weight, increasing the number of berries 

may come at the expensive of producing smaller fruit.$6
2. Almost all blueberry plants experience inbreeding 

depression and poor set fruit when self-pollinated. Large 
clones can experience reduced fruit set if pollinators 
forage within a clone. Moreover, genetic mutations that 
accumulate within old or large clones can further reduce 
fruit set.

FIgUre 3. Fruit set in blueberry flowers with and without supplemental pollen 
added. This experiment was conducted in several fields in two different 
locations in New Brunswick over a two-year period. An asterisk indicates a 
significant difference between treatments (pollen added or no pollen added) 
in each location and year.
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Evidence: Bagging shoots and adding self-pollen (one year of study 

in 24 fields) results in <10% of flowers on a shoot producing fruit. 

Most of these fruit were small and not production quality. In fields 

where clones are all of a similar size, fields with large clones set slightly 

more fruit at the edge than at the centre. In contrast, if a field had 

clones of many different sizes this effect was not seen. Seed set (and 

hence berry size) was also greater at the edge of clones (Bobiwash 

et al, 2013).
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Most plants pollinated with self-pollen 
produce little to no fruit

FIgUre 4. Frequency of fruit set in 288 self-pollinated plants in 28 different 
fields (data arcsin transformed for statistical analysis). 

Conclusions and relevance for growers: There are likely to be 

benefits to planting other clones in the middle of plants with very 

large clone sizes to reduce selfing caused by pollinators foraging 

within the same clone.
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$6
3. Adding managed bees to some fields may not increase 

fruit set.

Evidence: In two years of experiments adding different combinations 

of pollinators (and in some fields adding no pollinators), we found 

no strong effect of adding managed pollinators. In one year of study 

there were slight increases in fruit production when particular com-

binations of pollinators were added (both honey bee and bumble 

bee together), but only after other field and regional effects were 

accounted for. Fields without added pollinators were as likely to have 

high levels of fruit production as fields with added pollinators (Jesson 

et al., in preparation; Schoen et al., in preparation).

FIgUre 5. Fruit set in fields with managed pollinators added alone or in different 
combinations. Black lines show the median fruit set, purple boxes show the 
upper and lower quartile values, and dashed lines indicated the maximum and 
minimum values in each treatment. B=bumble bees, H=honey bee, L=leafcutter 
bees, C=control (no managed pollinators added).
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Conclusions and relevance for growers: Adding pollinators does 

not always increase fruit set. From this we infer that in many regions 

native pollinators are likely making an adequate contribution to fruit 

production. However, adding pollinators likely provides an “insurance 

policy” to ensure fruit set when the numbers of wild pollinators are 

low, or in a season with poor weather for pollination.$6
4. Fruit set increases with increasing numbers of bees.

Evidence: In 16 wild blueberry fields in Prince Edward Island, both the 

initial and final fruit set were higher in fields that had a higher density 

of bees (both wild and managed). 

FIgUre 6. Initial (green) and final (blue) fruit set in 16 fields with different 
densities of bees. Bee density is the total number of bees observed in each field 
in one hour of observation during the bloom period (May).
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Conclusions and relevance for growers: Increasing the number 

of bees (wild and/or managed) in a blueberry field can increase fruit 

set. However, up to a certain point, this relationship becomes one of 

diminishing returns where adding more bees (or particular species of 

bees) may not increase fruit set (see finding #3). $6
5. Pollen limitation is significant, but yield is also affected by 

other factors that reduced fruit set after flowering.

Evidence: In the same 16 wild blueberry fields in PEI, branches started 

off with 26.75 flowers or “potential fruit” per branch. The potential fruit 

set declined progressively over the season. The largest drop in fruiting 

potential occurred just before final fruit set. Both initial and final fruit set 

were higher when there was a greater density of pollinating bees (see 

finding #4) during flowering. Although bees were important for fruit 

set, initial fruit set was also higher in plants with higher levels of calcium 

in the plant tissue, and final fruit set was higher in fields with more 

blueberry clones per unit area (Melathopoulos et al, in preparation).

FIgUre 7. Change in fruiting potential of a blueberry branch over the course of 
the season. “Potential fruit” is the number of flowers on a branch.
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Conclusions and relevance for growers: Yield from blueberry fields 

seems to be primarily pollen limited, but factors other than pollen 

transfer affect berry yield (such as the availability of resources to 

produce fruit and having many small clones in clones). In early field 

development, producers should aim to maximize the diversity of 

blueberry clones in their fields, and monitor calcium levels, a nutrient 

that is needed for pollen tube germination. $6
6. Nova Scotia (and New Brunswick and Prince Edward 

Island by proxy) has a rich community of wild bees around 
blueberry fields, but it tends to be dominated by a few taxa. 
The make-up of this community changes over the season 
and within fields.

Evidence: Across 10 commercial wild blueberry fields in NS, 87 spe-

cies representing 23 genera were collected by pan trapping (before, 

during and after bloom). The genera Lasioglossum and Andrena 

comprised 92% of all individuals. The abundance of several of the 

most common species was related to time of year and proximity to 

the forest edge, with larger bees found further into fields than smaller 

bees (Cutler et al., in press).

Conclusions and relevance for growers: The results highlight wild 

bee taxa that could be targeted for conservation efforts to poten-

tially decrease reliance on managed pollinators. The decline of bee 

abundance at distances further away from the forest edge is likely 

correlated with nesting locations, and emphasizes the importance of 

maintaining natural habitat for wild bees around blueberry fields. If we 

assume that most native bees nest in field margins, and that there are 

physical limitations to how far certain species can fly into fields, this in 

turn places limits on their contributions to pollination of the crop.
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$6
7. Increased abundance of some wild bees is weakly 

associated with increased fruit production in some fields 
and regions, but not others. Increased diversity of bees is 
associated with increased fruit production in some regions, 
but not others.

Evidence: In New Brunswick, counts of native bees in pan traps and 

foraging on flowers in fields did not correlate with the percentage 

of flowers on a stem that resulted in fruit. There is an indication that 

fields with a higher number of Andrenid bees have slightly greater fruit 

set in New Brunswick. In northern New Brunswick (which overall had 

very low bee diversity), the diversity of bees in pan traps was associat-

ed with higher fruit set. This relationship was not present in southern 

New Brunswick (which had higher overall levels of bee diversity) 

(McKechnie et al., in preparation).

Conclusions and relevance for growers: We have no strong 

evidence that particular bee species or combinations of species 

strongly influence fruit set, and the apparently contradictory effects 

of pollinators found in different studies (see findings #3, 4 and 5) 

highlight the complex interactions of resources, pests and genetics 

with the pollinator regime. While finding #3 suggests that native 

pollinator species are doing an adequate job, we have mixed evidence 

that greater numbers or diversity of native pollinators increases fruit 

production (finding #4). One interpretation is that levels of pollination 

(added and natural pollinators) are sufficient given the resource and 

disease levels in natural populations. If this is the case, then man-

agement regimes that reduce populations of native pollinators from 

current levels could result in a negative effect on yield.
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$6
8. The landscape surrounding blueberry fields influences both 

the pollinator community and fruit production.

Evidence: The bee community collected against forested edges of 

blueberry fields was less abundant but more diverse than the bee 

community collected against non-forested edges. However, blue-

berry plants against forested edges had lower fruit weight and seed 

numbers compared to those against non-forested edges, likely due 

to reduced light levels. Blueberry plants surrounded by large areas of 

other blueberry fields (within a 1 km radius buffer zone) showed lower 

fruit set and higher pollen limitation compared to plants surrounded 

by less area of blueberry fields (Moison DeSerres et al., 2014; McKech-

nie et al., in preparation).

Conclusions and relevance for growers: Fields surrounded by 

extensive forest likely suffer adverse effects from shading; however, 

there are advantages to having fields in areas with different types of 

habitat. Monocultures of blueberries likely reduce the floral resources 

needed by different species of pollinators as they forage.

Landscape factors also influence fruit set. photo by d. schoen
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$6
9. Bees are not the only insects that can contribute to 

blueberry pollination. Insects that are active at night 
in blueberry fields can also carry blueberry pollen and 
contribute to significant fruit set and yield.

Evidence: When patches of blooming blueberry clones were covered 

with bee-proof cages during the day, but open from dusk to dawn 

each day, significant fruit set occurred. However, fruit set was highest 

on blossoms exposed during the day. No fruit set occurred in cages 

that were closed from insects for 24 h. Ripe fruit produced on stems 

exposed only at night weighed just as much as those exposed 24 h. 

Many insects (mainly moths and flies) were active and captured at 

night, and carried blueberry pollen on their bodies (Cutler et al., 2012; 

Manning and Cutler, 2013). 

Blueberry flowers at dusk. photo by p. Manning
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Conclusions and relevance for growers: The potential importance 

of nocturnal pollinators to blueberry pollination should not be 

overlooked. Although it is often recommended that growers apply 

pesticides in the evenings to avoid exposure to bees, beneficial 

nocturnal insects could be affected by evening sprays. As with efforts 

to better manage agricultural habitats to promote wild bee pollinators 

and natural enemies of insect pests, it may be beneficial to develop 

management strategies to enhance the contribution of nocturnal 

pollinators in lowbush blueberry. $6
10. The benefits of pollination depend on limiting damage from 

leaf and flower disease and insect pests.

Evidence: An experiment was carried out in a pollination tunnel 

stocked with a high density of commercial bumble bees that 

compared two levels of pollination (allowing 25 or 100% of flowers 

to be pollinated) and two levels of insect and disease management 

with recommended pesticide sprays (’full inputs’), or no treatments 

(’no inputs’).  It was found that increased fruit set at harvest was 

only possible if 100% pollination was combined with the ‘full input’ 

pesticide treatment. Although restricting pollination to 25% of the 

flowers resulted in fewer berries, these plants put more resources into 

the remaining fruit, resulting in bigger berries.  However, this effect 

was only observed in the presence of pesticide treatments (Melatho-

poulos et al., in revision).
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Conclusions and relevance for growers: The value of pollinator 

activity in blueberries is strongly dependent upon pest and disease 

management of the crop. Good management of insects and diseases 

is required to reap the full benefits of good pollination.

FIgUre 8. Fruit set and weight at two different levels of pollination (25 and 
100%) and with or without pesticide treatments. The benefit of full pollination 
to fruit set was only realized in the presence of the pesticide treatments. Bars 
with the same letter are not significantly different.
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$6
11. Bees vary in their susceptibility to different pesticides, and 

different bee species may vary in their susceptibility to a 
given pesticide. A pesticide used on blueberries that is toxic 
to bees may not necessarily pose an unacceptable hazard 
or risk in the field. Some pesticides can be used safely in 
conjunction with pollination.

Evidence: In the laboratory, bumble bee workers and alfalfa 

leafcutter bees were killed by topical applications of spinosad 

(Entrust™), spinetoram (Delegate™), deltamethrin (Decis™), and 

phosmet (Imidan™), but not flubendiamide (Belt™). When ingested, 

spinetoram and deltamethrin were toxic to bumble bees. In contrast, 

ingested flubendiamide was less toxic than spinetoram and del-

tamethrin at levels up to double its recommended label rate. Under 

chronic exposure, deltamethrin shortened bumble bee lifespan and 

resulted in the production of fewer offspring, whereas flubendiamide 

and spinetoram had no effect. Likewise, alfalfa leafcutter bee larvae 

were adversely affected by feeding on pollen provisions treated with 

deltamethrin and spinetoram, but not flubendiamide. In a field-cage 

experiment, bumble bees that foraged for a week on blueberry 

blossoms 24 hours after treatment with Assail™ (acetamiprid) or 

Entrust™ (spinosad) suffered no ill effects (Cutler et al., 2012; Gradish 

et al., 2012).

Conclusions and relevance for growers: Some insecticides used by 

blueberry producers are non-toxic to bees, but others are. However, 

a pesticide that is toxic may not pose a hazard or risk in the field. For 

example, the short residual time or non-toxicity of dry residues of 

Assail and Entrust suggest that, if necessary for insect management, 

applications of these insecticides could be made without affecting 

high numbers of bees. That said, whenever possible insecticide 

application should be avoided during blueberry bloom.
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$6
12. Dispensers containing powder formulations of microbial 

biological control agents can be mounted on the front of 
bumble bee hives. As bees exit the hives, they pick up the 
biocontrol powder and thereafter deliver it to blueberry 
blossoms as they pollinate the flowers. This “biovectoring” 
technique may be an effective component of integrated 
disease management in blueberry production.

Evidence: In a field experiment, bees were able to deposit spores 

of the biocontrol agent Clonostachys rosea on to blueberry flowers 

up to 150 m from their hives, without any effect on bee behavior. In 

field-cages containing hives with biocontrol dispensers, foraging for a 

duration of only 20 minutes by bees carrying C. rosea spores reduced 

the incidence of Botrytis infection by 10–20%. In a greenhouse experi-

ment, pre-treatment of blueberry blossoms with C. rosea significantly 

reduced establishment of Botrytis blight. This biocontrol agent also 

demonstrated tolerance to the fungicide Switch™, but little tolerance 

to Pristine™ and Maestro™ (Reeh et al, 2013, 2014).

A commercial bumble bee hive fitted with special dispensers containing 
biocontrol inoculum. photo by J. sutton
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Conclusions and relevance for growers: Some technical issues with 

biocontrol dispensers and commercial B. impatiens hives need to be 

addressed before widespread use can be expected in commercial 

blueberry production. However, it is clear that C. rosea can help 

control Botrytis blight, can be delivered by bees during pollination, 

and is compatible with some chemical fungicides. The technique thus 

holds promise as part of an integrated disease management program.$6
13. The role of mycorrhizal fungal species in promoting 

blueberry plant growth is unknown but likely to be 
important.

Evidence: All blueberry plants examined had mycorrhizal fungi 

occurring in their roots, suggesting it may be an obligate relationship 

in this species. However, we were unable to detect strong relation-

ships between the levels of mycorrhizal fungi and measures of fruit 

and seed production (McKechnie et al., in preparation; Cutler et al., 

in preparation). 

A lowbush blueberry root; dark areas represent mycorrhizal fungal 
colonization. photo by i. Mckechnie
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Conclusions and relevance for growers: The presence of beneficial 

soil fungi is likely important for blueberry growth, but we have no 

evidence that high levels of soil fungi influence fruit production. It is 

possible that adding fungicides kills beneficial fungi that help with 

nutrient uptake. We have no clear results about this, but further study 

of this issue is needed.$6
14. Field and regional differences have the biggest impact on 

fruit set.

Evidence: In all years of study, plants that set high numbers of fruit 

when supplemental pollen was applied also set a high proportion 

of fruit under natural (i.e., open) pollination conditions. This effect 

occurred (and was very strong) at the plant, field and the regional 

level (Jesson et al, in preparation).

FIgUre 9. Mean fruit set in 68 fields in plants with supplemental pollen added 
(Y-axis) or with open (natural) pollination (X-axis). 
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Conclusions and relevance for growers: This finding is likely due 

to a combination of local climatic and soil conditions, as well as 

differences in genetics and disease and nutrient status. While we do 

not yet have evidence as to the exact cause(s) of the field and regional 

differences in fruit set, it is the clearest signal in this dataset. Future 

breeding programs should focus on the genetic differences that can 

influence fruit set.

Caveats and Other Considerations

One of the challenges associated with our experimental research was 

that we examined fruit production on individual shoots, not whole 

fields. It is not clear how well findings from shoot level scale to the 

field level. For example, plants can reallocate resources within and 

between shoots, and so an increase in fruit production at the shoot 

level may be at the cost of allocation to fruits on other shoots, or for 

fruit production in future years. To examine field level effects more 

closely, we are developing a database that will contain anonymous 

yield data and management information from growers. This will 

enable growers to track yield and management trends of their own 

fields from year to year, as well as allowing researchers to elucidate 

differences between fields and regions. 
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)
6 Conclusion 

and Next Steps

PArt 5

Research by CANPOLIN scientists is still ongoing, but our 

results to date strongly indicate that no single factor alone 

limits blueberry fruit production. While some of the findings here 

appear to be contradictory or at odds with each other, this simply 

highlights how it is a combination of factors (pollination, disease and 

potential beneficial organisms) that influence fruit production. It is 

likely that all these factors contribute simultaneously to limit fruit 

production. At the same time, however, it is important to keep in mind 

that there is a maximum threshold of fruit production, above which 

further gains are likely unrealizable.

Recommendations for Next Steps

• An annual, anonymous questionnaire and database should be set 

up to collect and collate information on management practices 

and yields. Information should be collected, such as the amount 

and types of pollinators introduced, herbicides and fungicides 

used, and whether fields are burned or mowed. This information 

should be analyzed for possible trends that could suggest best 

practices for maximizing yield. CANPOLIN scientists have already 
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developed a preliminary database template that could be 

managed and maintained by an industry or government partner. 

• More information is needed on interventions that could be taken 

to reduce inbreeding depression and consequent fruit loss. In 

particular, it is of interest to determine whether planted, mixed 

stands containing unrelated plants outperform stands containing 

relatives, and whether stands containing plants whose overall 

individual size is kept to under a square meter in size outperform 

stands containing larger individuals. 

• More information is needed on the level of existing genetic 

variation in ability to produce fruit and how different cultivars 

are influenced by environmental effects on fruit production. This 

could be accomplished in common garden experiments by vegeta-

tive propagation of plants across a range of environments. 

Screenshot of a possible online survey to collect grower data on yield and 
management practices. photo by linley Jesson
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• More information is needed on the level of existing environmental 

variation in blueberry fields, particularly with respect to major and 

minor nutrient levels, soil moisture, and the correlation of these 

factors with whole plant yield. This could be accomplished by 

sampling soil around individual plants and measuring nutrient and 

water levels, and correlating these with yield.

Harvesting blueberries in New Brunswick. photo by dr. Wilson, Wiki coMMons
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lowbush blueberry pollination that are currently published 
or in press (Note: additional papers will become available 
over time; please refer to the CANPOLIN website for the 
most up to date list of all network publications).
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