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Managed and wild bee populations contribute over $15 billion in pollination services to US agriculture, yet both are declining or becoming increasingly vulnerable to parasites and disease. The loss of healthy and diverse forage is a key driver in bee declines, so incentivizing land managers to adopt diversified bee-friendly management practices such as forage plantings and reduced pesticide use can directly increase food security, pollinator health, and farmer adaptive capacity. To better understand what might incentivize growers to adopt bee-friendly practices, we conducted a survey of California almond growers, whose orchards are entirely dependent on bee pollination and draw nearly 88% of US bee colonies each February to pollinate almond bloom. We asked 329 respondents across all major almond growing regions of CA about their adoption rate and incentives for planting cover crops, pollinator habitat, and practicing the recommended and legally required bee-friendly best management practices, as well as their interest in bee-friendly certification programs. Using a model selection framework, we evaluated which geographic, social, operational, and pollination-service related factors were predictive of bee-friendly practice adoption. We found that no single factor was a statistically significant predictor of adoption across all models, suggesting there is no silver bullet determining bee-friendly practice adoption. However, we discovered that region and concerns about future pollination services consistently emerged as important factors related to all the practices we investigated, except the adoption of legally required BMPs. These findings suggest that a regionally flexible pollinator conservation strategy focused on supporting honey bee colonies might have the highest likelihood of grower participation and adoption.
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INTRODUCTION

Pollinators are an essential component of functioning and sustainable agricultural systems and play a central role in food security (Potts et al., 2010b). Managed and wild bees add an estimated $15 billion in pollination services to nearly 70% of all major food crops in the United States (Pollinator Health Task Force, 2016; Kulhanek et al., 2017). Despite their critical economic and ecological role, the current state of wild and managed bee populations is precarious. Between April 2019 and 2020, US beekeepers lost an estimated 43.7% of their colonies (Bruckner et al., 2020), and research suggests that estimated wild bee abundance declined 23% between 2008 and 2013 in the US (Koh et al., 2016), part of a pattern of widespread loss of pollinator diversity and abundance (Potts et al., 2010a, 2017). Research indicates that these losses are due to a nexus of stressors including parasites, pathogens and disease, pesticides, and the loss of the habitat and floral resources necessary for pollinator survival—all of which negatively impact bee health (Goulson et al., 2015). Though there is considerable scientific support for practices that promote wild and managed bees in agriculture (Winfree et al., 2007; Klein et al., 2012; Di Pasquale et al., 2013; Kremen and M'Gonigle, 2015; M'Gonigle et al., 2015; Evans et al., 2018; Kremen et al., 2018, 2019), less is known about what factors lead to farmer adoption of bee-friendly management practices.

A key strategy to support native and managed bees is through diversified farming practices such as planting and maintaining seasonal and permanent pollinator habitat (Winfree et al., 2007; Kremen et al., 2012, 2019). Strips of semi-natural vegetation in fields (e.g., flowering cover crops) or along margins (e.g., hedgerows, wildflower strips) can increase wild pollinator diversity and visitation (Klein et al., 2012; Kremen and M'Gonigle, 2015; M'Gonigle et al., 2015; Williams et al., 2015; Ponisio et al., 2016; Nicholson et al., 2017; Kratschmer et al., 2019; Kremen et al., 2019), support natural enemies for pest control (Landis et al., 2000; Gontijo et al., 2013; Holland, 2019), and provide a consistent supply of high quality floral resources that strengthen honey bee health (Huang, 2012; Di Pasquale et al., 2013, 2016). A diverse bee community can boost crop yield and yield stability (Garibaldi et al., 2011, 2013) and increase the pollination efficiency of honey bees (Greenleaf and Kremen, 2006; Brittain et al., 2013), which suggests growers could reduce the cost of honey bee importation while increasing yields if populations of wild bees were restored in agricultural areas. Within fields, temporary cover crops also have a number of non-pollinator friendly benefits, such as weed and nematode suppression and improvements in soil structure and water infiltration (Dabney et al., 2001; Marahatta et al., 2010; Crézé et al., 2018).

Given the current state of honey bee health and the decline of native pollinators, the adoption of bee-friendly practices on agricultural land can play a key role in stabilizing pollinator health and populations and also create greater on-farm adaptive capacity (Engle, 2011). Adaptive capacity refers to a farm operation's ability to prepare for stresses and changes in advance, or adjust and respond to the effects caused by those stresses (Smit et al., 2001; Engle, 2011; Petersen-Rockney et al., 2021), such as climate change or declines in biodiversity (e.g., bee populations). One approach to on-farm adaptive capacity is through diversification (Petersen-Rockney et al., 2021), such as through the addition of pollinator habitat and forage that could support wild bees so growers are not completely reliant on managed pollinators. While adopting pollinator-friendly practices is just one step toward becoming a diversified farming system, transformations toward diversified farming are likely to proceed incrementally (Petersen-Rockney et al., 2021).


Incentivizing Bee-Friendly Practice Adoption and Adaptive Capacity

Varied strategies incentivize farmers to adopt diversified bee-friendly practices. Farmers might plant cover crops and pollinator habitat with funding from government and private cost-share programs, such as the US Department of Agriculture's Environmental Quality Incentive Program (EQIP) and the non-profit Project Apis m.'s “Seeds for Bees” cost-share program for cover crop planting (Project Apism, 2020). To reduce pesticide use during bloom, pesticide-related bee-friendly management practices have been formulated and promoted by specialty crop groups, extension specialists, and regulatory agencies, such as the Honey Bee Best Management Practices (hereafter HB BMPs) formulated by California's Department of Pesticide Regulation (CDPR), the Almond Board of California and other stakeholders (CDPR, 2018a; Almond Board, 2019). These practices aim to provide a healthy environment for bees (primarily honey bees) during bloom, increase communication between different stakeholders, and reduce pesticide exposure to bee-toxic pesticides while managed bees are in. almond orchards.

Several organizations have developed bee-friendly certification programs requiring the installation of permanent pollinator habitat and cover crops, and the adoption of pesticide-use restrictions such as the HB BMPs. These programs, which include the Xerces Society and Oregon Tilth's Bee Better Certification (Xerces Society, 2020) and the Pollinator Partnership's Bee Friendly Farming certification (Pollinator Partnership, 2020), aim to create market-based demand for the adoption of pollinator beneficial practices. If enough of a market develops for bee-friendly crops, processors or distributers may incentivize their growers to adopt bee-friendly practices, so they can provide almonds for companies like Kind Snacks, which became the first snack company to commit to using only bee-friendly almonds in their snack products (PR Newswire, 2020).

Farmers are highly influenced by their social networks and tend to adopt new practices, such as perennial crops and vegetation (e.g., cover crops, pasture, riparian buffers, and restored wetlands), based on the advice of trusted peers and experts (Brodt et al., 2004a; Atwell et al., 2009). In-person communication from private and government conservation organizations can have a strong effect on the adoption of perennial vegetation (Atwell et al., 2009), in part by educating land managers about the varied programs available to help fund conservation efforts (Gaines-Day and Gratton, 2017). Pest control advisors (PCAs) also play an important role in shaping growers' pest management practices (Brodt et al., 2005), which can include the installation of forage and habitat to attract beneficial insects. Bee-reliant farmers interact with beekeepers and bee brokers during their crop's bloom period (Goodrich, 2017; Durant, 2019), who may influence growers to adopt bee-friendly practices as well. For example, social pressure to support bees may be strong for growers that are surrounded by year-round beekeepers like the honey bee queen breeders in California's Northern Central Valley (Schiff and Sheppard, 1996).

Beekeepers can also incentivize growers by providing discounts on honey bee colony pollination services, though this practice is not yet widespread (Durant, unpublished data). For example, almonds (Prunus dulcis) are a pollinator-dependent crop in California's Central Valley that blooms mid-February (Connell, 2000), earlier than most bee-dependent crops in the US. Since 2004, the average per-colony fees for almond pollination have risen by about 180%, from 7% of the total operating costs in 1998 to 15% in 2019 (Hendricks et al., 1998; Duncan et al., 2019; Goodrich, 2019). Other crops have also seen increases, but none so substantial as that experienced by the almond industry and other crops that overlap with the almond industry's bloom period, such as early-blooming cherries and plums in California (Ferrier et al., 2018; Goodrich, 2019). These fee increases are linked to growers' demand for stronger colonies, in other words, colonies with more frames of active honey bees (Goodrich, 2019). To meet this demand, beekeepers began taking measures to increase colony strength through increased disease monitoring, nutritional supplements, and storing colonies in winter warehouses, all of which has added to the cost of colony production (Durant, 2019; Goodrich, 2019). However, if growers have cover crops or pollinator habitat flowering during bloom or commit to reducing the use of bee-toxic pesticides while bees are in their orchards, some beekeepers may offer a discounted rate on colony rental fees because of the benefit these practices can provide their colonies.

Other incentives might be operationally or regionally determined. For example, installation costs of planting cover crops and permanent habitat can be high (Brodt et al., 2008; Cruz et al., 2013; Morandin et al., 2016), since growers need to pay for equipment, water, and labor expenses to establish as well as maintain cover crops or habitat. This may mean that larger operations might be better positioned to adopt bee-friendly practices. Growers with abundant winter and/or summer rainfall may be more incentivized to adopt cover crops and pollinator habitat as well. Depending on the rental arrangement, land tenure can be another factor affecting bee-friendly practice adoption. Research indicates that absentee landlords can block conservation projects (Brodt et al., 2008) and renters are less interested in long-term diversified conservation practices (Soule et al., 2000), so owner operators might be more incentivized to adopt bee-friendly management practices. Finally, growers may be incentivized to adopt bee-friendly practices to increase their ability to attract high quality beekeepers or out of a desire to support native pollinators (Hanes et al., 2015; Gaines-Day and Gratton, 2017; Park et al., 2020).

While existing research offers key insights to California growers' adoption of bee-friendly practices (Brodt et al., 2004a, 2005, 2006, 2008), much of this research took place before honey bee declines became a serious issue in 2006 with CCD (Underwood and VanEngelsdorp, 2007) and evidence about precipitous declines in wild populations emerged (Koh et al., 2016; Kopec and Burd, 2017). Honey bee and native bee declines are now a concern at federal, state, and county levels (The White House, 2014; CDPR, 2018b). As such, growers and commodity marketing boards may have a stronger impetus to support wild and managed pollinators to secure stable pollination for their crops. Also, while previous studies have largely focused on a specific region within a state, many crops are grown across state regions (e.g., California's North and South Central Valley), and thus a cross-regional analysis could help identify regional factors that shape adoption.

To investigate the factors leading to the interest in and adoption of bee-friendly practices, we conducted a survey of almond growers across the major almond producing regions in California. We focused on factors that might influence grower adoption and/or interest in adopting bee-friendly practices such as cover crops, permanent pollinator habitat, reducing pesticides through adopting the HB BMPs, as well as interest in bee-friendly certification programs. Using a model selection framework, we employed the survey data to identify regional, operational, social, and pollination-related factors that predicted grower adoption and interest in bee-friendly practices. Though survey-based studies have investigated the drivers for adopting practices to support native bees in fruit crops (Hanes et al., 2015; Gaines-Day and Gratton, 2017; Park et al., 2020), this study is the first to evaluate the adoption of multiple bee-friendly practices across multiple California regions. Additionally, our survey offered an incentive, which likely helped increase survey response (Ryu et al., 2006), particularly those who might be adopting fewer bee-friendly practices. The factors incentivizing grower adoption of bee-friendly practices play a critical but understudied role in determining successful pollinator conservation and restoration on agricultural lands (Brodt et al., 2004b). Results from this study can thus increase our understanding of factors that incentivize farm diversification and help inform pollination conservation strategies on agricultural lands, particularly for farmers who produce crops that rely on bee pollination.




MATERIALS AND METHODS


Survey Methods

To understand the factors affecting grower adoption of bee-friendly practices, we conducted an online survey of almond growers, both hired farm managers and owners/owner operators. We selected the almond industry for this study because almonds are one of the most bee-intensive crops in California. California's almond industry produces 80% of the world's almonds and was the state's second most valuable crop in 2019 (CDFA, 2020). Over the past two decades, the almond industry expanded from 595,000 acres to over 1.39 million acres (Tippett et al., 2001; CDFA, 2019), which has led to a corresponding demand for more managed bees. Currently, two colonies per acre are recommended by crop experts (USDA and FCIC, 2018), which means that around two million honey bee colonies are shipped to California each February to pollinate almonds—nearly 88% of all managed colonies in the United States (Goodrich and Durant, 2020). Given the high number of blooming flowers and managed honey bees pollinating almonds each spring, the management practices almond growers adopt can potentially have a large impact on wild and managed bees.

The survey ran between December 2019 through February 2020. We included questions that focused on five key areas: (1) information about the almond operation and the people who were influential in decision making regarding bee-related management practices; (2) adoption of cover crops and other pollinator beneficial habitat; (3) adoption of the HB BMPs; (4) interest in a bee-friendly certification programs; and (5) satisfaction with various aspects of their 2019 almond pollination experience as well as their concerns about future pollination services. For the remainder of the paper, we refer to the respondents as growers rather than farmers, as this is the term used by the almond industry.

To distribute the survey, we advertised the survey through the Almond Board at their annual Almond Board Conference. We then mailed postcards with a QR code and link to the online survey to over 3,248 growers in seven representative counties using addresses obtained from each county agricultural commissioner's pesticide permit data (public data). The counties were Butte, Colusa, and Glenn counties in the north; Stanislaus and Merced in North San Joaquin Valley; and Fresno and Kern county in South San Joaquin Valley. We also attended three Almond Board pollination workshops to promote the survey. Finally, several industry stakeholders sent emails to their members about the survey to help increase participation. All respondents were offered a $20 gift certificate incentive for completion of the survey, to increase response (Ryu et al., 2006).


Growers' Self-Selected Incentives

For each bee management practice section (cover crops, permanent habitat, HB BMPs, and interest in certification), we asked growers to select different variables that might have incentivized or would potentially incentivize them to adopt the practice. To identify these incentives before administering the survey, we conducted informal interviews and piloted the questions with multiple stakeholders to determine the most likely incentives for almond growers, and then used those as options. In the survey, growers were asked to identify which incentives might encourage them to adopt a given bee-friendly practice; they could choose all options that applied.

In the survey, we defined cover crops as “a variety of species planted intentionally and temporarily between tree rows” and permanent pollinator habitat (hereafter pollinator habitat) as including “year-round herbaceous and/or woody plant species (e.g., hedgerows, perennial or re-seeding wildflower strips, riparian forests, filter strips) that are maintained along at least some of the edges of the orchard.” Growers were asked if they had planted cover crops in the past 5 years or had pollinator habitat of any kind surrounding the almond acreage they farmed in 2019, and could respond yes or no. For the HB BMPs, we listed each one and included an informative link in the survey for more information about the practice. Growers were asked to select if they sometimes, always, or never adopted the recommended HB BMPs (Almond Board, 2020) or made an effort, usually, or always adopted the legally required HB BMPs (CDPR, 2018a) (see Table 1 for full list of HB BMPs). Since we were collecting emails (i.e., identifying data), we did not have never as an option for the legally required HB BMPs. We defined bee certification as a voluntary bee-friendly certification program that would require growers to adopt “some level of bee-friendly management practices on farm to meet the standards such as: practicing most or all of the HB BMPs, planting annual cover crops, or planting and maintaining permanent pollinator habitat.” Growers were asked if they were interested in a bee certification program and could respond yes, no, or not sure.


Table 1. Honey Bee Best Management Practices (HB BMPs) and their legal status.
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Finally, we asked growers about their level of concern about the following factors that may affect future almond pollination: the cost of bee colonies, declining bee health, lack of available bee colonies, lack of skilled beekeepers, and loss of native pollinators. Growers could respond with not a concern, moderate concern, or a strong concern.



Quality Criteria for Cleaning Data

The survey received 447 responses in total. To prepare for analysis, we cleaned the data according to the following quality criteria. We first removed any incomplete or notably inaccurate responses, such as growers who responded that they managed over 40,000 acres of almonds (more than the largest operation in California). We also deleted any responses completed under 2.5 min, and those using the same IP address because of concerns about duplication (particularly since we offered compensation). Lastly, if respondents selected “no” and “prefer not to answer” for most of the questions or if they only marked the first answer choice in each question, the entire response was flagged, reviewed, and then deleted if the result was determined unreliable. After this data cleaning, we had a total of 329 responses for analysis.



Factors Affecting Growers' Implementation of Bee Friendly Practices

To determine which factors influenced grower adoption of bee-friendly practices, we used the following three factors as binary response variables in generalized linear models (GLMs, binominal error): (1) whether a grower reported that they had planted cover crops, (2) whether they had planted pollinator habitat, and (3) whether they were interested in participating in a certification program. Because certifications are relatively new or in the process of being established, we only modeled interest, and not participation in, certification. In our analysis, we also explored the factors that determined whether growers adopted: (1) all six recommended HB BMPs and (2) all three legally obligated HB BMPs (Table 1). Growers had to have responded “always” to all obligated or recommended HB BMP criteria to be considered as having adopted this practice. After selecting our five adoption variables, we selected explanatory variables that matched our hypotheses about the regional, operational, social, and bee-related concerns that may influence grower adoption and interest in bee-friendly practices. We detail each of these below.


Region

We hypothesized that region would play a strong role in the adoption of bee-friendly practices and interest in certification. Almond growers operate in distinct geographic regions in California's Central Valley, influenced by different rainfall patterns, seasonal temperatures, water districts, water rights, and social communities. The five highest almond-producing counties are in the central and southern San Joaquin Valley (Kern, Stanislaus, Fresno, Madera, and Merced) (USDA NASS, 2019), and rely heavily on out-of-state beekeepers (Goodrich, 2017). Sacramento Valley, however, is where a large portion of the nation's honey bee queens are reared (Schiff and Sheppard, 1996; Cobey et al., 2016), so almond growers are immersed in a strong community of involved beekeepers who might influence growers' adoption of bee-friendly management practices.

Another key difference between regions is annual rainfall. Growing regions in the San Joaquin Basin receive much lower rainfall (~5–15 inches) than counties in the Sacramento Valley which can receive 15–25 inches a year (National Weather Service, 2020). Water costs also vary greatly between Sacramento Valley and North and South San Joaquin Valley. For example, the cost per cubic foot of surface water (CCF) in Sacramento Valley was $1.76 in 2020 (in the Chico-Hamilton Tariff Area), while in North San Joaquin Valley (Stockton Tarriff Area) it was $3.42 per CCF. In South San Joaquin Valley, the cost was $13.5 per CCF in the Kern River Valley, nearly seven times as expensive as Sacramento Valley (California Water Service Company, 2020). Groundwater, on the other hand, was largely unregulated until the passage of the Sustainable Groundwater Management Act (SGMA) in 2014 (Chappelle et al., 2017). SGMA's implementation may mean that groundwater in San Joaquin Valley, which has high rates of new well installation and high levels of groundwater overdraft (Krieger, 2014; Hanak et al., 2015), will be more expensive and less available than in the past.

To better understand the role that region plays in the adoption of bee-friendly practices, we assigned each county to one of the following regions: Sacramento Valley, North San Joaquin Valley, and South San Joaquin Valley (Appendix Table A). We used USGS water basin designations to guide which counties went into which regions (Appendix Table A). We assigned counties in the Sacramento Valley Basin to Sacramento Valley, counties in the San Joaquin Basin to North San Joaquin Valley, and counties in the Tulare Basin to South San Joaquin Valley (USGS, 2021a,b,c). For countries in the center of the San Joaquin Valley (e.g., Madera) we assigned them to the North or South based on their primary watershed affiliation. We validated that our results did not change qualitatively based on the north vs. south assignment of these counties. Given the proximity to year-round beekeepers, higher rainfall, and less expensive water than in the North and South San Joaquin Valley, we hypothesized that growers in Sacramento Valley would be more likely to adopt cover crops and pollinator habitat than growers in North and South San Joaquin Valley as a result.



Operational Characteristics

Given the potential expenses associated with reducing pesticide use and planting cover crops and permanent pollinator habitat (Brodt et al., 2008; Cruz et al., 2013; Morandin et al., 2016), we hypothesized that larger operations (i.e., those who manage more acres) would be more likely to adopt these practices. Larger operations that are also processors and distributers (referred to as “handlers”) often market their products directly to consumers, while small and mid-sized farmers deliver their almonds to third-party handlers after harvest (Durant, 2019). Thus, larger operations could be more interested in the potential for an increased price point from a bee-friendly certification as well. Land tenure can also affect bee-friendly practice adoption (Brodt et al., 2008), so we hypothesized that growers who owned the majority of the land they farm on would be more likely to adopt bee-friendly practices and more interested in certification. Lastly, because we hypothesized that growers who have already adopted cover crops and installed permanent habitat would be more likely to express interest in certification programs, we also included those variables as explanatory in the certification interest model.



Social

To determine which actors on almond operations were influential in determining bee-friendly practice adoption, we included the following actors that growers identified in the survey as either “influential” or “not influential” in determining pollinator management practices: pesticide control advisors (PCAs), beekeepers, and bee brokers (growers, beekeepers, and full-time bee brokers who connect almond growers with beekeepers and colonies). In the almond industry, over 97% of growers rely on PCAs (Brodt et al., 2005), and most almond growers hire beekeepers or bee brokers to meet their pollination needs. We hypothesized that growers who stated that a beekeeper or bee broker played an influential role in pollinator decisions would be more likely to adopt bee-friendly practices and would be more interested in participation in a certification program. We hypothesized that those with a PCA might have lower rates of HB BMP adoption.



Pollination-Related Concerns

We also examined the effect of factors related to growers' concerns about the future of almond pollination services. Given that growers are concerned about the price and strength of their bee colonies, particularly because of the 2020 dip in almond prices (Goodrich and Durant, 2020), we wanted to use growers' satisfaction with the strength and price of bee colonies in 2019 as variables. In the survey, growers were asked to rate their satisfaction with the price and strength of their colonies, and we used these rankings as variables. We hypothesized that growers who were satisfied with the price and strength of their colonies would be more likely to adopt bee-friendly practices and be interested in certification. Lastly, we examined growers' concerns about future pollination, including the cost of bee colonies, the lack of availability of future bee colonies, declining bee health, a potential lack of skilled beekeepers, and the loss of native pollinators. We hypothesized that growers who expressed strong concern about the cost of rented bee colonies would be less likely to adopt bee-friendly practices, given that adopting some practices may require extra labor and material expenses. We also hypothesized that growers who expressed strong concern about the rest of the concerns would be more likely to adopt bee-friendly practices and consider certification.




Model Selection

We then tested our hypotheses on the adoption and interest in bee-friendly practices and certifications data using a model selection framework (Johnson and Omland, 2004). We performed multi-model inference based on the corrected Akaike's Information Criterion (AICc) using the dredge function in the MuMIn R package (Burnham and Anderson, 2002; Johnson and Omland, 2004; Bartoń, 2020). Because model selection can be biased by collinearity (Cade, 2015), we used variance inflation factors (VIF) (Fox and Weisberg, 2019) to identify colinear variables and exclude them from being included together in a candidate model. We found that two bee concern-related variables (lack of skilled beekeepers and lack of available colonies) and two bee satisfaction-related-variables (honey bee colony and strength satisfaction) were colinear (VIF > 2) (Zuur et al., 2010). We therefore specified that these variable pairs could not be included in the same candidate model before running the model selection procedure. The model including all explanatory variables was fit using the glm function (logit link function). All the explanatory variables were categorical except acreage, which was standardized by subtracting the mean and dividing by the SD of the data. We selected the top model set as the models within 2 AICc of the minimum AIC. Using the top model set, we then computed the conditional model average (Bartoń, 2020). We used standard model assessment techniques to determine whether the top model met all the assumptions of a GLM (Zuur et al., 2009). All analyses were conducted in R v 4.0.0 (R Core Team, 2018).





RESULTS

In this section, we report on the results of the raw survey data, followed by the model selection analysis. The survey data are reported in the following order: demographics and information about 2019 pollination, adoption rates of the bee-friendly practices (the dependent variables in our model selection analysis), and finally, the results of our operational details and bee satisfaction/concerns (the independent variables in our model selection analysis).


Demographic and 2019 Pollination Season Details

The 329 responses to our survey represented a total of ~212,000 almond acres (Table 2). Most respondents were male (84%) and fell within the 25–34 and 55–64-year-old age ranges, though our distribution was fairly representative across growers from 25 to 74 years of age. The majority of respondents were owner/operators of their almond orchard (56%) and the largest response was from operations that managed between 1 and 49 acres (40%). For regional representation, comparing our data to that of the 2017 Agricultural Census indicates that our data is representational of growers from each region (Appendix Table A), and that our results report on practices that apply to ~17% of the total almond acreage in the Central Valley (Appendix Table A). Comparing our respondents' acreage ranges to the 2017 Agricultural Census data, our results slightly overrepresent larger operations (250+ acres) by ~12% and underrepresent smaller operations (1–49 acres) by ~13%, while our representation of mid-size growers (50–249 acres) is consistent with census estimates of the proportion of growers managing that acreage range (Appendix Table B).


Table 2. Demographic and pollination operation details, listed by percent of total survey respondents.
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We asked several questions about the 2019 pollination period (February through March). Most respondents (72%) rented all their bee colonies, while around 20% supplied some or all their own bee pollination, and 5.5% of respondents had some portion of their orchards that were not mature enough for pollination at the time of the survey (Table 2). Of those who rented, the majority rented directly from a beekeeper (64%), while around 24% used a bee broker, and 4% relied on another grower to broker their colonies. About 25% of respondents obtained bee colonies from either their county or a neighboring county, 22.2% obtained colonies from another county in California, and another 41% were obtained from out of state. When analyzed by region, 42% percent of respondents in Sacramento Valley obtained their colonies from either the same county or a neighboring county, compared to 22% of growers in the North and South San Joaquin Valley regions who obtained their colonies from a nearby location.



Adoption of Bee-Friendly Practices

Our survey results indicated that growers are more interested in growing cover crops than pollinator habitat (Table 3). Thirty-five percent of respondents said they had grown a cover crop in the last 5 years, and an additional 16% said they were interested in growing a cover crop in the future, bringing the total number of survey respondents that were either growing or interested in growing cover crops to 51%. Growers had less interest in adopting permanent pollinator habitat. Nineteen percent of growers said they already maintained permanent pollinator habitat in 2019, and the same number were interested in potentially adding pollinator habitat in the future, bringing the total number of growers interested in or already maintaining pollinator habitat to 38% of respondents. In general, growers were more satisfied with cover crops than with pollinator habitat (Figure 1), with an equal number somewhat or very satisfied with cover crops (46% for each), while most respondents were somewhat satisfied with pollinator habitat (64%), and 25% were very satisfied.


Table 3. Adoption of bee friendly practices, listed by percent of total survey respondents.
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FIGURE 1. Satisfaction with cover crops (left) vs. pollinator habitat (right).


The data also indicated a low to moderate rate of consistent HB BMP adoption, with 60% of growers always practicing all the three legally required HB BMPs, and 29% always practicing all of the six recommended HB BMPs. Lastly, most growers were interested in participating in a bee certification, with 47% expressing moderate interest and 27% a strong interest (Table 3).



Operational Details, Colony Satisfaction, and Pollination Concerns

Eighty-five percent of survey respondents managed orchards that were majority owned, i.e., their operation owned ≥ 50% of the acreage they managed in 2019 (Table 4). The median total acreage that respondents managed (yielding and non-yielding acreage) was 65 acres. We had a higher response rate from North and South San Joaquin Valley regions (57 and 26%, respectively) than Sacramento Valley (16%), which corresponds with acreage grown in California (USDA-NASS, 2019; Appendix Table A). The choropleth map (Figure 2) demonstrates our response rate by county. When asked which individuals were influential in pollinator management decision making (Table 4), forty percent of respondents selected that their PCA was influential, followed by their beekeeper (32%); while about 8% selected their bee broker (the other options were the owner and the hired manager, which we excluded from analysis). The majority of operations had not planted any cover crops or pollinator habitat (56%), though a sizable number had (44%).


Table 4. Operational details, colony satisfaction, and pollination concern variables, listed by percent of total survey respondents.
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FIGURE 2. Map of response rate by California county.


A portion of the survey asked about growers' pollination practices in 2019 and general concerns about future pollination (Table 4). When considering price satisfaction, most growers (40%) felt their HBC price was fair, though 34% thought it was too expensive. The majority of growers were also either very satisfied (46%) or somewhat satisfied (34%) with honey bee colony strength, and only a small fraction of growers were unsatisfied (2%). When considering future almond pollination, most growers expressed strong concern about all the variables except the loss of native pollinators (Table 4). The greatest concern was the future cost of bee colonies, and most felt it was a strong concern (67%). Declining bee health and the lack of future bee colonies were also strong concerns, with 63 and 58% strongly concerned about bee health and the lack of colonies respectively. A future lack of skilled beekeepers and loss of native pollinators were less concerning, with most growers strongly concerned about skilled beekeepers (47%) and moderately concerned about the loss of native pollinators (43%). Around 15% of growers were not concerned about beekeepers or native pollinators.



Growers' Self-Selected Incentives

Figure 3 highlights the incentives to bee-friendly practices and interest in a bee certification program that respondents selected in the survey. Notably, across every single bee-friendly practice, increasing the strength of bee colonies during bloom was the number one incentive. For cover crops, the second top incentive was the non-pollination associated benefits from having cover crops, such as nitrogen fixing and water sequestration. Access to equipment and decreased rental fees as well as private and federal cost-share programs were all mid-level concerns, while decreased rental fees was the second-highest incentive for pollinator habitat, followed by federal cost-share programs and supporting native pollinators. Fourteen percent of growers said there were no incentives that would encourage them to plant cover crops, while 21% stated that there were no incentives that would encourage them to plant permanent pollinator habitat.


[image: Figure 3]
FIGURE 3. Respondents' self-selected incentives to adopt bee-friendly practices, listed by percent of total survey respondents.


For the HB BMP incentives, after increasing the strength of colonies, growers seemed most incentivized by a decreased rental fee, followed by the ability to attract high-quality beekeepers, and a “handler” (processor or distributer) request to implement the HB BMPs was a less influential incentive. Nearly half of all respondents responded that they were already practicing most or all the HB BMPs. Finally, growers' second highest incentive for participating in a bee certification program was a decreased rental fee for managed bee colonies. Mid-range incentives included potential price premiums from the certification, cost-share programs to support associated costs with adopting bee-friendly practices, and the ability to attract high-quality beekeepers. A third of the respondents were incentivized by supporting native pollinators and the ability to better market their product through a bee-friendly label.



Factors Affecting Bee-Friendly Practice Adoption

In this section we review the results of the model selection analysis, which determined the variables that played an important role in shaping growers' adoption of bee-friendly practices. Table 5 provides an overview of the statistically significant variables and those with P-values < 0.10. We also report differences in the probability of adoption by taking the exponent of the logit coefficient estimates that represent differences between levels of the explanatory variables.


Table 5. For each model of bee friendly practice adoption, the explanatory variables that are both included in the top model set and statistically significant (P < 0.05) are highlighted in gray.
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Growers Who Grew Cover Crops in Past 5 Years

There were three statistically significant variables that influenced cover crop adoption: region, concern about the future cost of bee colonies, and potential lack of available colonies (Figure 4, Table 5, Appendix Table C). Respondents in the Sacramento Valley were statistically significantly more likely (by an average of ~41%) to have grown cover crops than those in North and South San Joaquin Valley. Regarding cost of bee colonies, if a respondent was concerned about the future price of bee colonies, they were statistically significantly less likely to adopt cover crops than those who expressed no concern by an average of ~20% for those with a strong concern, and ~17% for those with a moderate concern. Respondents concerned about a future lack of available colonies were statistically significantly more likely to adopt cover crops than those who expressed no concern, by 38% for those with a strong concern, and 34% for those with a moderate concern.


[image: Figure 4]
FIGURE 4. Cover Crops: Coefficient estimates (points) and 95% confidence intervals for explanatory variables included in the top model set for cover crop (CC) adoption. Coefficients are on a logit scale. Because most of the variables are categorical, the coefficients estimate the difference between each category and the intercept. The intercept is set as “No concern” for bee concern variables, “Not influential” for each influential person, and South San Joaquin for region. Estimates above zero represent an increase in the probability of cover crop adoption relative to the intercept, and below zero represent a decrease in cover crop adoption relative to the intercept. Total acreage is the only continuous variable, and therefore the coefficient is the estimate of the slope of cover crop adoption for every unit increase in operation size (log).


Several non-significant variables were present in the top averaged model set (Figure 4, Appendix Table C), including total acreage (slightly more likely to adopt with higher acreage), PCAs and beekeepers who were influential in making pollinator management decisions (slightly less likely with a PCA and more likely with a beekeeper), concern about the loss of native pollinators (slightly more likely if a strong concern than not a concern, and less likely if a moderate concern than not a concern), and whether growers owned a majority of the acreage they farmed (slightly less likely to adopt cover crops if they did).



Growers Who Grew Pollinator Habitat in 2019

There were three statistically significant variables that influenced pollinator habitat adoption: satisfaction with bee colony strength, region, and acreage (Figure 5, Table 5, Appendix Table D). If growers were very satisfied with the strength of their colonies, they were statistically significantly less likely to grow pollinator habitat than those who were unsatisfied by 5%. Growers farming more acres were more likely to adopt pollinator habitat than those with less acres by 3%. If growers were in Sacramento Valley, they were statistically significantly more likely to have been growing permanent pollinator habitat in 2019 than respondents in South San Joaquin Valley by 13%, and ~7.5% more likely than those in North San Joaquin Valley.
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FIGURE 5. Permanent pollinator habitat: Coefficient estimates (points) and 95% confidence intervals for explanatory variables included in the top model set for permanent pollinator habitat adoption. Coefficients are on a logit scale. The intercept is set as “No concern” for bee concern variables, “Unsatisfied/Prefer not to answer” for honey bee colony (HBC) strength satisfaction, “Not influential” for each influential person, and South San Joaquin for region.


Several non-significant variables were present in the top averaged model set (Figure 5, Appendix Table D), including the cost of honey bee colonies (more likely with a moderate or strong concern), having a bee broker or PCA who was influential in pollinator management decisions (more likely with a bee broker and PCA), loss of native pollinators (more likely if a moderate or strong concern), declining bee health (more likely if a moderate or strong concern), or if the operation owned the majority of the acres they managed (slightly more likely if owned).



Grower Adoption of Recommended HB BMPs

Two statistically significant variables shaped growers' likelihood of always following the recommended HB BMPs: concern about declining bee health and region (Figure 6, Table 5, Appendix Table E). Growers who were moderately concerned about declining bee health were statistically significantly less likely (by 39%) to always adopt the recommended HB BMPs than those who thought it was not a concern. Respondents in Sacramento Valley were also statistically significantly less likely to adopt all the recommended HB BMPs than those in South San Joaquin Valley by 27%, and those in North San Joaquin were less likely to adopt than South San Joaquin Valley respondents by ~12%, but these results were not statistically significant.
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FIGURE 6. Recommended Honey bee BMPs: Coefficient estimates (points) and 95% confidence intervals for explanatory variables included in the top model set for Almond Board's recommended Best Management Practice (BMP) adoption. Coefficients are on a logit scale. The intercept is set as “No concern” for bee concern variables, “Not influential” for each influential person, and South San Joaquin for region.


Several non-significant variables were present in the top averaged model set (Figure 6, Appendix Table E), including total acreage (slightly less likely with higher acreage), and whether they had a beekeeper or PCA who was influential in pollinator management decisions (slightly more likely if did).



Grower Adoption of Legally Obligated HB BMPs

Three statistically significant variables influenced growers' likelihood of always following the legally required HB BMPs: satisfaction with colony strength and having a PCA or bee broker who is influential in making pollinator decisions (Figure 7, Table 5, Appendix Table F). Growers who were satisfied with the strength of their colonies were statistically significantly more likely to adopt all the legally required HB BMPs, by 27% for those who were very satisfied and 19.5% for those who were somewhat satisfied. Respondents who listed a PCA or bee broker as influential in pollinator management decisions were statistically significantly less likely to adopt all the legally required HB BMPs than those who did not, by about 15% for those with a PCA, and 21.5% by those with a bee broker.
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FIGURE 7. Legally obligated Honey bee BMPs: Coefficient estimates (points) and 95% confidence intervals for explanatory variables included in the top model set for legally obligated BMP adoption. Coefficients are on a logit scale. The intercept is set as “No concern” for bee concern variables, “Unsatisfied/Prefer not to answer” for honey bee colony (HBC) strength satisfaction, “Not influential” for each influential person, and South San Joaquin for region.


Several non-significant variables were present in the top averaged model set (Figure 7, Appendix Table F), including region (more likely to always adopt if in North San Joaquin Valley or Sacramento Valley than in Southern San Joaquin Valley), total acreage (slightly less likely with higher acreage), and concerns about lack of skilled beekeepers and lack of available colonies (slightly less likely with a moderate or strong concern).



Interest in Participating in a Bee Certification Program

We had three statistically significant variables influencing growers' interest in participating in a bee-friendly certification program: whether they planted any cover crops or pollinator habitat, satisfaction with the price of bee colonies, and region (Figure 8, Table 5, Appendix Table G). If respondents had planted cover crops or pollinator habitat, they were statistically significantly more likely by 17% to want to participate in a bee certification program than those who had not. If growers thought their colonies were inexpensive in 2019, they were about 41% less likely to want to participate in a certification program than if they thought they were too expensive. In other words, growers who thought their colonies were expensive were most likely to want to participate in a bee certification program. Finally, if growers were in Sacramento Valley, they were about 24% more likely to be interested in a bee certification program than growers in South San Joaquin Valley, and about 31% more likely than growers in North San Joaquin Valley.
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FIGURE 8. Interest in a Bee-Friendly Certification: Coefficient estimates (points) and 95% confidence intervals for explanatory variables included in the top model set for bee-friendly certification interest. Coefficients are on a logit scale. The intercept is set as “No concern” for bee concern variables, “Too expensive” for honey bee colony (HBC) price satisfaction, “Not influential” for each influential person, and South San Joaquin for region.


Several other important variables in the model were important but not statistically significant (Figure 8, Appendix Table G), including whether respondents had a bee broker (more likely if selected) or PCA influencing pollinator decisions (slightly more likely if selected), total acreage (slightly higher with higher acreage), and native pollination loss (more likely if a strong or moderate concern).





DISCUSSION

Adjusting pesticide use and planting pollinator forage and habitat are important practices that can support bee populations and mitigate honey bee vulnerability (Brittain et al., 2012; Huang, 2012; M'Gonigle et al., 2015; Di Pasquale et al., 2016; Kremen et al., 2019), and understanding which incentives motivate growers to adopt these practices may help increase their rate of adoption. Our survey data indicated that across every bee-friendly practice, growers' primary self-selected incentive was to strengthen their honey bee colonies, followed by decreasing the rental fee for managed bee colonies. This underscores the major role that pollination concerns and expenses play in incentivizing the adoption of bee-friendly practices. Our data also indicate that California almond growers are more interested in planting or have already planted cover crops than permanent pollinator habitat types. Their primary incentives to plant cover crops were to strengthen honey bee colonies or take advantage of the non-pollination benefits of cover crops such as water retention, pest control, weed and nematode suppression, and nitrogen fixing (Dabney et al., 2001; Marahatta et al., 2010; Crézé et al., 2018). Cover crops may also be more popular because they are perceived to require less water, attention, installation and labor and maintenance costs than permanent pollinator habitat (Brodt et al., 2008; Morandin et al., 2016).

Regarding pollinator habitat, growers were largely motivated to adopt pollinator habitat because of honey bees rather than native bees. Federal cost share programs were the third-highest motivation, suggesting that further outreach could be conducted to educate growers about the federal programs they can take advantage of to adopt pollinator habitat. As for bee-friendly certification programs, native bees were also a lesser incentive for participation, while price premiums, cost-share programs, and the ability to attract high-quality beekeepers were mid-level incentives after increasing colony strength and receiving a colony price reduction. This suggests that the beekeeping industry might be best positioned to encourage pollinator habitat to strengthen their colonies.

We further found that, in addition to pollination concerns, region played a consistent and statistically significant role in shaping growers' adoption of bee-friendly practices across all but one practice (the legally required HB BMPs). Growers in Sacramento Valley were more likely to have planted cover crops and pollinator habitat than those in the North and South San Joaquin Valley regions, confirming our hypothesis. Sacramento Valley growers were also statistically significantly more interested in a bee certification program. We suggest that the higher adoption and interest in certification (which necessitates forage/habitat installation) in the Sacramento Valley may be due to a combination of higher winter rainfall (National Weather Service, 2020), less expensive surface water (California Water Service Company, 2020), and the presence of year-round beekeepers (Schiff and Sheppard, 1996). Our data showed that 42% of growers in Sacramento Valley obtained their bees from their county or a neighboring county, while 22% of growers in North and South San Joaquin Valley obtained their colonies from a nearby location (Table 2). However, a grower identifying a beekeeper as influential in pollination management did not play a statistically significant role in the adoption of any bee-friendly practices. This suggests that though growers may not identify a beekeeper as influential, diffuse and informal social interactions with beekeepers, potentially those in their communities, may still be important (Thomas et al., 2020). These results did not change qualitatively with the assignment of central San Joaquin countries in the N or S San Joaquin categories.

Conversely, Sacramento Valley growers were less likely to adopt the recommended HB BMPs (which aim to reduce pesticide use during bloom) than growers in North and South San Joaquin Valley, quite possibly because higher rainfall may require heavier fungicide use during winter to prevent “Shot hole” a common fungal disease (Wilsonomyces carpophilus) affecting almonds (Adaskaveg et al., 2008). Indeed, our data show that 37% of growers in South San Joaquin Valley and 28% of those in North San Joaquin Valley always adopted the recommended HB BMPs, compared to 19% in Sacramento Valley. More research would be needed to confirm exactly which HB BMPs Sacramento Valley growers are less likely to always adopt, and the drivers that determine this.

Pollination satisfaction had statistically significant relationships with adoption, generally in line with growers' self-selected responses. Colony price and strength satisfaction did not play as important of a role as we expected, given growers' self-selected incentives. Growers who felt the price of their bee colonies was inexpensive were less interested in a bee certification program. We suggest this is because, given their lower colony costs, they did not feel the need for the price premium a certification could provide. Regarding satisfaction with colony strength, growers who were satisfied with the strength of their colonies were less likely to adopt pollinator habitat than those who were unsatisfied or did not answer the question, presumably because growers would likely only want to adopt practices that would strengthen their colonies, and growers satisfied with their colonies already perceived they were strong. Conversely, growers who were happy with the strength of their colonies were more likely to practice all the legal HB BMPs, which also supported our hypothesis, since growers would probably want to protect strong bee colonies from any pesticide-related harm during bloom. Interestingly, this dynamic, where growers are less likely to adopt cover crops and pollinator habitat if their colonies are strong, inadvertently penalizes beekeepers who bring strong colonies but would like to have access to diverse forage during crop bloom.

Growers' concerns about future pollination also played a statistically significant role in shaping the likelihood of bee-friendly practice adoption. We suspected that growers who were concerned about the cost of bee colonies, the potential lack of available colonies, declining bee health, and the loss of native beekeepers would all be more likely to adopt some or all the bee-friendly practices. We found that the cost of bee colonies and lack of available colonies were both statistically significant in shaping the adoption of cover crops, and the loss of native pollinators was somewhat influential in shaping the adoption of pollinator habitat, though not statistically significantly. Growers were more likely to practice the recommended HB BMPs (which focus on reducing pesticide use) if they were concerned about declining bee health, and also more likely to be interested in a bee certification if they felt the lack of available colonies was a strong concern.

Most notable was that the loss of native pollinators played no statistically significant role in determining grower adoption of bee-friendly practices. This is likely because almond pollination is primarily dependent on managed honey bees (Connell, 2000) and growers seemed less concerned about native bee populations as a result (Table 4). Several survey-based research studies provide some context about growers' obstacles to increasing the utilization of native pollinators in pollinator-dependent fruit crops, specifically apples, lowbush blueberries, and cranberries (Hanes et al., 2015; Gaines-Day and Gratton, 2017; Park et al., 2020). Some of these obstacles include uncertainty of native pollinators' contribution to their crop yield, the difficulty of monitoring native pollinators' population size (to determine if there are enough to pollinate an entire crop), a lack of awareness of cost-share programs to support native pollinators, and an existing reliance on honey bees. Continued research could help explain why growers are not more invested in wild bee populations when research indicates that native bees can increase the efficacy of honey bee pollination in almond orchards (Brittain et al., 2013), increase pollination services on large agricultural fields (Carvalheiro et al., 2012), and increase yields on almond varieties that were originally considered self-pollinating, but may actually benefit from some bee pollination (Sáez et al., 2020).

We expected acreage to be significant across all HB BMPs, given that larger operations might have the financial capital to invest in the labor, seeds, plants, and water involved in cover crops and pollinator habitat, and the labor capacity to practice some of the more labor-intensive aspects of the HB BMPs (such as multiple passes through an orchard to minimize tank mixing). However, acreage was only statistically significant in whether growers adopted pollinator habitat, perhaps because some larger operations keep bee colonies year-round, might want to cite bee-friendly practices in their marketing, or may have the financial capital or extra acreage to grow pollinator forage and habitat.

Social actors played a less consistent role in shaping growers' adoption of bee-friendly practices than we expected. There was high variability in the survey responses identifying which people were influential in pollination decisions. We hypothesized that growers with influential bee brokers or beekeepers would be more likely to adopt bee-friendly practices while growers with influential PCAs would be less likely to adopt the recommended HB BMPs, given their frequent affiliation with agrochemical companies (a 2004 study showed that two-thirds of all PCAs were affiliated; Brodt et al., 2005). Counter to our hypothesis, however, beekeepers did not play a statistically significant role in the adoption of bee-friendly practices or interest in a bee certification. This result was a surprise, as we expected that growers might be influenced by beekeepers requesting that certain bee-friendly practices be adopted or simply educating growers about different practices, as mentioned above. It may be that other social actors we did not include in our survey—such as growers in the respondents' network, extension specialists, or affiliates of the Almond Board or processing facilities—might have a greater influence on the adoption of practices, but further research is needed to determine this.

Bee brokers and PCAs, however, did play a role in the adoption of HB BMPs. Contrary to our expectations, our results indicate that growers were less likely to always practice the legally required HB BMPs if they had an influential PCA or bee broker. This result runs counter to the generally positive influence of bee brokers, beekeepers, and PCAs: we found that across every other practice these groups were associated with slightly higher adoption rates, though the results were not statistically significant (see Figures 4–6, 8). This result may be due to some other factor we did not have a hypothesis for and thus did not measure that is colinear with influential beekeepers and PCAs. Further research could better contextualize these findings and the information sharing among these groups and growers.

Finally, an operation's land tenure, i.e., whether they owned the majority of the land they farm, was not statistically significant in any of the models, though it was associated with slightly lower adoption rate of cover crops and slightly higher adoption of pollinator habitat (Figures 4, 5). This adds further complexity to debates around how land tenure shapes the adoption of diversified farming practices and conservation practices, which generally find that ownership incentivizes adoption of long-term conservation practices (Soule et al., 2000; Varble et al., 2016; Carlisle et al., 2019; Petersen-Rockney et al., 2021). The results from our analysis may indicate that crop type can mediate the adoption of bee-friendly practices more than land tenure. Further, our findings suggest that the bulk of bee-friendly practices are likely to be adopted regardless of land tenure in the almond industry, possibly due to the Almond Board's concerted efforts to support honey bees during bloom, such as the dissemination of the HB BMPs and promotion of cover crops and other bee-friendly practices.


Implications for Strengthening On-Farm Adaptive Capacity

Our study did not determine a single method that drives grower adoption of bee-friendly practices. Indeed, we found that none of the social, operational or bee concern-related factors included in our analysis identified a “silver bullet” that consistently predicted grower adoption of bee-friendly practices. However, our results did indicate that region plays an important role in determining which bee-friendly practices growers adopt, underscoring a general principle of farm diversification: a uniform approach to supporting pollinator health (and diversification more broadly) will likely not be as successful as a context-sensitive strategy (Kremen et al., 2012).

Just as over-simplification can create vulnerable farm agroecosystems (Petersen-Rockney et al., 2021), over-simplified pollinator strategies may weaken actual adoption or lower the desire to participate in such programs, and thus close potential pathways to diversification. Thus, organizations, regulators, and other stakeholders seeking to bolster rates of adoption may be better served by using a variety of incentivization tools rather than relying on just one and may need to recognize that these factors need to be adapted regionally based on differences in climate, social connections, and the economic context of the growers being targeted. For example, our research indicates that growers in arid regions with expensive water (such as North and South San Joaquin Valley) may be limited in their ability to grow cover crops or adopt permanent pollinator habitat but might be able to reduce pesticide applications (particularly fungicides) given their low winter rainfall (National Weather Service, 2020). Conversely, growers in regions with higher rainfall may find it challenging to lower fungicide applications during the rainy season but may be able to plant pollinator forage and habitat.

Colony strength and price, as well as growers' concerns about future pollination services, may be powerful levers to encourage the adoption of bee-friendly practices. Given that over a third of growers found their colonies too expensive (Table 3), and that decreased colony rental was the second most popular incentive across most bee-friendly practices (Figure 3), one of the most obvious incentives to adopt bee-friendly practices might be a reduction in colony price from beekeepers. The beekeeping community and Almond Board might also consider increasing communication about why the colony price has risen more sharply for almonds compared to other industries following almond bloom (Ferrier et al., 2018; Goodrich, 2019) so growers understand why these costs have risen. Alternatively, beekeepers could find ways to better demonstrate colony strength so growers can feel more satisfied with the strength they have received for the price. Other incentives might include greater outreach about funding available from existing federal or private cost-share programs that help with the installation of cover crops and pollinator habitat, or price premiums for bee-friendly growers from distributors.

Finally, further outreach may also be needed to communicate the secondary ecosystem service benefits provided by pollinator habitat enhancement to farms such as pest population reduction, protecting soil and water quality by mitigating runoff and soil erosion (Dabney et al., 2001; Marahatta et al., 2010; Crézé et al., 2018). Combining increased research and outreach with a specialized, regional, honey-bee centered pollinator approach may increase the likelihood that growers will adopt bee-friendly practices that make economic sense, strengthen their operation's adaptive capacity, and support managed and wild pollinators in turn.
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during bloom

If labeled bee-toxic pesticides are applied, provide 48-h
advance notice to all beekeepers within one-mile radius
Ensure that bee colonies are never sprayed directly with any
pesticides

Read the pesticide label’s protocols before applying any
agrochemical for the first time
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