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1  |  INTRODUC TION

The conservation of pollinators, and of the pollination services they 
provide, is a major issue for stakeholders worldwide (IPBES, 2016). 
This has led to the establishment of several regional, national and 
international pollinator initiatives, and subsidised pollinator- friendly 
management schemes to support pollinators on agricultural land 
(Dias et al., 1999; Haaland et al., 2011; Requier & Leonhardt, 2020). 
Many initiatives advocate increased flower food resources for pol-
linators, which can be implemented through planting flower strips 
in field margins, flowering cover crops as part of crop rotations, in-
tercropping of flowering plants with crops and/or increasing plant 

(flower) richness in grassland seed mixes (Garibaldi et al., 2014; 
Griffiths- Lee et al., 2020; Hodgkiss et al., 2019; Mallinger et al., 2019; 
Orford et al., 2016). These flower plantings aim to provide food and 
shelter for beneficial arthropods, such as pollinators and pest con-
trol agents.

While several studies have demonstrated that increased floral 
resources generally increase the abundance and diversity of wild 
pollinators and pest- suppressing insects in agricultural landscapes 
(Albrecht et al., 2020; Lowe et al., 2021), specific insects do not 
forage upon all available flower types (Lundin et al., 2019; Sutter 
et al., 2017; Wood et al., 2017). Many different plant species are 
selected in floral plantings to support native biodiversity, manage 
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Abstract
1. Most pollinator policy initiatives are focused on habitat restoration and increas-

ing the availability of floral resources, yet the choice of plant species is not always 
compatible with farming system cultivation and management needs.

2. In this paper, we developed a framework for selecting plants to specifically meet 
stakeholder needs. We trialled 19 plant species and collected observational data 
on plant- insect visitors, plant survival in the orchard environment and potential 
risks to crops and the environment. We used this framework to identify plants 
suitable to incorporate into blueberry cropping systems.

3. Practical implication: Our framework ensured plant choice based on informed 
decisions and allowed the selection of two plant species that aligned well with 
industry needs. Different plants may be optimal for different conservation aims, 
hence plants selected need ideally to be evaluated for their use by the flower- 
visiting taxa, as well as align with industry growing practices and needs.
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honeybee health, increase crop pollination services, or other 
ecosystem services (e.g. biocontrol, water retention, nutrient 
regulation; M'Gonigle et al., 2017; Senapathi et al., 2015; Sutter 
et al., 2017). Plant identity in flower plantings is thus a critical 
component of decision- making to ensure the species selected not 
only support pollinators or services but also fit within the crop-
ping system managed by the industry. Yet, few initiatives explicitly 
align floral choice with the goals, management needs and safety 
precautions needed by industry stakeholders (Pywell et al., 2011; 
Wood et al., 2017).

Pollinator habitat enhancement initiatives are often broadly 
focused on pollinator conservation objectives, which in some 
cases, may not result in positive gains for crop production—a 
primary objective for industry when undertaking floral resource 
enhancement (Albrecht et al., 2020; Lowe et al., 2021). For ex-
ample, some plant species may result in disservices to crop pro-
duction as they attract crop pests (Tschumi et al., 2018). Crop 
pollination may also be negatively impacted if floral resource ad-
dition results in pollinator dilution (Nicholson et al., 2019), or if 
selected co- flowering species facilitate the establishment of crop 
pollinator pathogens (Adler et al., 2021). Despite this, pollinator 
conservation objectives are not mutually exclusive with goals to 
enhance crop productivity. Achieving these combined goals will 
likely require more rigorous plant selection targeted to (i) sustain 
both wild and managed crop pollinators and (ii) ensure compati-
bility with industry needs (Garibaldi et al., 2014). These industry 
needs will often be crop- specific but encompass considerations 
such as flowering plant establishment success and maintenance 
costs, compatibility with horticultural practices and agricultural 
inputs, as well as environmental and human health risks (e.g. plant 
invasiveness or allergies) posed by the introduction of additional 
plant species.

Flower plantings may facilitate crop pollination by increasing 
pollinator abundance, diversity and health, or through plant mag-
net effects when pollinators spill- over from attractive co- flowering 
plants onto crops (Braun & Lortie, 2019). It follows that in order 
to enhance crop pollination through flower plantings, pollinators 
should be shared between the added plant species and the crop. 
Using direct floral visitation observation records as a means to iden-
tify the co- flowering plants already utilised by insects is, therefore, 
a critical component in selecting the best possible plant taxa for flo-
ral plantings (Howlett et al., 2021). In addition to selecting plants 
with high visitation frequencies of shared pollinators, selected plant 
species should complement the nutritional rewards of crops (Filipiak 
et al., 2017). Pollen provides many of the essential nutrients required 
for bee growth and development, and for generalist bees such as 
honeybees, a diverse pollen diet is considered important for col-
ony health (Bonoan et al., 2020). Yet, many crops are cultivated in 
monocultural systems and are reliant on migratory beekeeping for 
crop pollination services, restricting the diversity of pollen forage 
available to these managed bees (Bonoan et al., 2020). While it is 
important to have continuous floral resource availability to support 
wild pollinator populations (Grab et al., 2017), supporting managed 

bees in monocultural cropping systems will likely require diversify-
ing pollen sources over the period of crop bloom when the man-
aged bees are present. Although there is a growing evidence base 
to support these broad management recommendations, there is a 
growing need for more case studies and guides to be available to the 
industry to help navigate the often- complex task of initiating floral 
resource enhancement projects, of which plant selection is a major 
consideration.

Here we present a two- phase framework, developed in consul-
tation with industry, to inform plant selection for supporting crop 
pollinators. We conducted trials for 19 plant species to specifically 
select plants that met industry stakeholder needs within a commer-
cial perennial blueberry crop system. Informed through the consul-
tation process with industry, and considering lessons learned, we 
provide a step- by- step plant selection guide applicable to other sys-
tems and contexts (Figure 1).

2  |  METHODS

2.1  |  Study system

We conducted plant selection trials in blueberry blocks at Costa's 
berry farm in Coffs Harbour, Australia. Costa berry farm permit-
ted us to carry out the field study. Blueberry, a globally impor-
tant food crop, is known to exhibit reduced yields when insect 
floral visitation and cross- pollination is infrequent (Benjamin & 
Winfree, 2014). In the study system, southern highbush blueberry 
(Vaccinium corymbosum) is cultivated in substrate (potted plants) 
or soil and grown in partially enclosed polytunnels (Figure S1) or 
in open blocks. Insect visitation to blueberry flowers, and subse-
quently yield, can be negatively affected by polytunnels, which 
are increasingly used for blueberry cultivation (Hall et al., 2020). 
Blueberry provides both pollen and nectar rewards, and while the 
dominant pollinators in Eastern Australia (honeybees, Apis mellif-
era, and stingless bees, Tetragonula carbonaria; Kendall et al., 2020, 
Samnegård et al., 2023) frequently collect blueberry nectar, pollen 
collection is more infrequent and varies over the blooming season, 
possibly due to its low protein content (Samnegård et al., 2023; 
Somerville, 2005). Flowering of southern highbush blueberry at 
the study site primarily occurs from March (austral autumn) to 
September (austral spring).

2.2  |  Industry aims and needs

The blueberry industry partner had two major aims for adding flo-
ral resources into this system: (1) to increase the activity of pol-
linators throughout the blueberry rows in polytunnels and (2) to 
support the health of managed honeybees and wild stingless bees. 
To meet industry needs, specific selection criteria were identi-
fied to ensure compatibility with farm management practices. 
Firstly, the selected flowering plants needed to cope with the 
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management regime used for blueberries (e.g. watering regime, 
pruning and spraying practices, and in particular, a highly acidic 
substrate), have a low stature to avoid shading of blueberry plants 

and be perennial to minimise maintenance costs. Secondly, plants 
needed to have synchronous flowering with blueberry over the 
austral winter, a season when comparatively few plant species 
are in bloom, and thirdly, plants needed to have accessible pollen 
to increase pollen availability in the system (Figure 1, steps 1–2). 
Additional criteria were identified as likely being more broadly rel-
evant across a range of cropping systems. These included risks of 
crop pest or pathogen facilitation, risks to the environment, such 
as exotic invasiveness, and risks to personnel, such as plant de-
fences (e.g. spines).

2.3  |  Candidate trial plants

The first phase of plant selection concerned sourcing candidate 
plant species for a field trial. A list of potential plants was collated 
using existing reference sources on pollinator- enhancing plants to-
gether with expert advice from local plant nurseries and industry 
partners, with emphasis placed on identifying plants that meet the 
industry- specific needs (Leech, 2012; Somerville, 2005). Plants that 
were invasive or weedy in Australia were regarded as unsuitable and 
disregarded from the list (Department of Primary Industries, n.d.). 
The availability of seedlings and plants held in stock by a national 
plant distributor further filtered the plant list, which resulted in 19 
plant species that were commercially available in the study region 
(Figure 1, steps 3–4; Table S1).

2.4  |  Observations

For the second phase of the plant selection process, potted candidate 
plants species were purchased and transplanted into the blueberry 
growth media used at the trial site. Plants were positioned randomly 
at the end of blueberry rows in polytunnels or in an open blueberry 
orchard block and were connected to the irrigation system used for 
blueberry watering and fertilisation. Following plant establishment 
in the blueberry system in May 2019, we conducted regular observa-
tions of plant health, stature and potential risk factors to personnel 
or management practices. In the year following plant establishment, 
we conducted standardised observations of floral insect visitors on 
the 36 plants, representing 11 species, that had survived in the sys-
tem and co- flowered with the blueberry plants (Table S2). The aim of 
the standardised observations in field trials was to record the actual 
identity and number of visitors that visited the different plant spe-
cies and what type of resources they collected (nectar and/or pol-
len). The observations were conducted both in polytunnels (March 
2020,	 approximately	 10 months	 after	 establishment)	 and	 in	 open	
field blocks (March–May 2020). Individual plants were observed for 
5 min,	and	all	floral	visitors	were	recorded,	together	with	the	number	
of open flowers. We conducted 8 separate days of observations in 
the	polytunnels	and	5 days	of	observations	in	the	open	block.	Final	
plant choice was guided by the outcome of each step in the frame-
work (Figure 1, steps 1–9).

F I G U R E  1 Nine-	step	prioritisation	framework	for	selecting	
suitable plants to incorporate into crop systems. These steps 
have been developed for an evergreen blueberry system but 
its applications could be tailored for any agroecosystem for 
which plants are specifically considered for pollinators and crop 
production. All images are from the public domain.
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2.5  |  Statistics

We modelled the number of visitors to candidate plants using gener-
alised linear mixed effect models with the glmmTMB package (Brooks 
et al., 2017) in R (R Core Team, 2017). Random effects reflected ex-
perimental design, with the effects of plant location nested within row, 
and the crossed effects of observation date. The natural logarithm of 
the mean number of flowers for each plant species was used as an off-
set. Models were specified with a negative binomial error distribution 
following model diagnostics implemented with the DHARMa package 
(Hartig & Hartig, 2017). Separate models were fitted for honeybees, 
stingless bees, and for all visitors combined. Due to low visitation to 
some plant species, only plant species receiving greater than one floral 
visit in aggregate were included in the models. Pairwise testing was 
performed using the emmeans package (Lenth & Lenth, 2018).

3  |  RESULTS

Experimental trials deemed several plant taxa unsuitable as a result 
of the conditions of blueberry management, evidenced by signs of 
stress (leaf yellowing), slow growth rate and/or wilted leaves, or 
death (Figure 1, step 5, Table S1). Other plants were deemed un-
suitable due to their climbing habit (Hardenbergia violacea), abun-
dant wind- dispersed seeds (Gazania splendens) or trailing growth 
form (Carpobrotus glaucescens and Mesembryanthemum cordifolium; 
Figure 1, steps 5 and 6, Table S1). Plants with defences that caused 
discomfort for farmworkers, like Grevillea spp. with its spine- tipped 
leaves, or Geranium with its strong fragrance, were also found to be 
unsuitable (Figure 1, step 7, Table S1). Some culinary plant species 
were excluded as they were found to be attractive to mammal pests 
such as rabbits and were grazed or dug out (e.g. Rosemarinus offici-
nalis). None of the plants included in the trial resulted in insect pest 
pressure of concern to blueberries (Figure 1, step 8, Table S1).

3.1  |  Visitation records

We recorded a total of 1161 visitors to the candidate plants across 
24.2 hours	of	observations.	Honeybees	were	the	most	frequent	visi-
tors (48%), followed by stingless bees (34%), Muscidae flies (6%), 
Syrphidae (hoverflies; 6%) and other taxa (6%). Honeybees regularly 
visited about half of the plant species included in the insect visitor ob-
servation trials, whereas only two plant species received regular visits 
by stingless bees (Figure 1, step 9; Figure S2). Plants receiving visits by 
stingless bees had a much higher total number of visits compared to 
plants mainly visited by honeybees (Figure S2). Other taxa occasionally 
visiting the trial plants in polytunnels were blue- banded bees (Amegilla 
sp.), Calliphoridae, Muscidae, Chloropidae, Sarcophagidae, Syrphidae 
and moths (Table S2). The number of flowers per trial plant varied 
considerably between species, from an average of 19 flowers of the 
composite Gazania splendens to an average of 270 flowers of Pentas 
lanceolata. Overall, M. cordifolium and Ocimum basilicum were the 

most attractive species, which received significantly more stingless 
bee and honeybee visitors than several other candidate plant species 
(floral visitor models results are provided in Figures S3–S5). There was 
no statistically significant differences in the number of floral visitors 
under polytunnels compared to open blocks. When comparing the 
other taxa visiting the trial plants, Diptera (Muscidae and Syrphidae) 
were more common visitors of C. hyssopifolia in the open block, and 
blue- banded bees were only observed visiting plants in the polytun-
nels (Table S2). For all plants, Syrphidae were only observed once in 
the polytunnels, compared to 65 times in the open block (Table S2).

3.2  |  Final plant choice

Most of the trial plants had both strengths and weaknesses and hence 
decisions were made based on industry priorities (Table S1). High prior-
ity was assigned to ecosystem, farm workers and crop system safety, so 
plants that posed any risk of becoming harmful (Figure 1, steps 6–8) were 
discarded. C. hyssopifolia was selected since it was the only plant species 
that did well on all steps 5–8 (Table S1) in the trial phase, and was visited 
frequently by honeybees. Moreover, C. hyssopifolia was also visited by 
other pollinating taxa, such as Syrphidae, which was considered a benefit 
(Table S2). However, C. hyssopifolia, was rarely visited by stingless bees 
and since this taxon were a priority group for the industry, we decided to 
also include a plant species specifically used by them. Hence, the second 
plant selected was Ocimum basilicum, which was frequently visited by 
stingless bees, and also did well on all steps 5–8 (Table S1), despite taking 
a longer time to establish in the blueberry system (Table S1).

4  |  DISCUSSION

In this study, we found that several plants were potentially deemed 
suitable if the only factor considered was visitation by insect pollina-
tors (Figure S2). However, when these plants were considered for 
all traits beyond floral visitation, many were found to be unsuitable 
and incompatible with industry needs. For example, some plants 
were repeatedly visited by mammal pests, evidenced by the plants 
being grazed or dug out from their pots. Visiting birds and mammals 
can cause serious problems in crop systems, including the risk of 
spreading foodborne pathogens (Eckert & Deplazes, 2004; Smith 
et al., 2020), crop damage, and potential hazards for farm workers. 
As a consequence, and precaution, plants attractive to vertebrate 
pests were not considered suitable for the crop system.

Moreover, the agronomic practices for the plants need to match the 
practices for the crop plants and not add unnecessary additional labour. 
We included a criterion for selection of low stature plants at the planning 
phase; however, in the course of the experiment it became apparent that 
some of the plant's growth forms could pose a risk for the blueberry pro-
duction, such as the scrambling H. violacea that started to shade the blue-
berry plants, or the trailing C. glaucescens and M. cordifolium that grew out 
into the blueberry rows causing concerns in regard to row maintenance. 
The potential extra workload made them unsuitable for the system.
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The candidate plant species included in this study were shortlisted 
for their potential attractiveness to local blueberry pollinators; how-
ever, at the time of the study, information on their attractiveness to 
stingless bees was lacking in the literature. This necessitated pollina-
tor visitation observations to ensure the desired objective to support 
blueberry pollinators in the study system was being met. It is worth 
noting that the framework presented (Figure 1) can be applied in some 
cases without the need for pollinator visitation observations, simpli-
fying the evaluation process. Data relating to the compatibility of 
selected plant species to existing agricultural management practices 
would be the only additional data required in regions and crop systems 
with available plant- pollinator interaction studies.

Industry engagement and consultation with stakeholders is crucial 
to ensure long- term uptake and investment in conservation actions, 
especially in countries that do not provide political subsidies for such 
measures. Hence, it is important to involve and consult stakeholders 
in the evaluation process of priorities and trade- offs of different strat-
egies. When focusing on conservation actions aiming at supporting 
crop pollinators, plant species choice is critical and the best choice 
for pollinators may not always be the best choice for industry needs. 
By evaluating conservation aims together with industry needs and 
concerns, following our presented framework, plant choice will be 
based on informed decisions that are well aligned with industry needs. 
Besides plant choice, further evaluations are required to determine 
the most appropriate layout for the plantings, if pollinator health is 
improved by the flower enhancement and if the floral enhancement 
improves pollination success/fruit set in these systems. It is likely that 
priorities and trade- offs will differ depending on aims, crop system and 
region, hence local evaluations of suitable plants are needed.
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