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Abstract 

 
Californiaôs almond pollination period is the largest pollination event in the world due to 

the vast almond acreage spanning the state and the cropôs dependence on pollination by managed 

honey bees. Since 1996, almond acreage in the state has increased fourfold from 428,000 to 

1,700,000 acres. California supplies 80% of the worldôs almonds, and 70% of US honey bee 

hives are transported to the state each year to meet the pollination demand. However, managed 

honey bee populations continue to decline nationwide, which threatens the almond industry. 

Experts attribute this decline to pesticide toxicity, lack of diverse and abundant nutrient and 

pollen sources, and stress from transportation. Several scientifically supported farm management 

practices show efficacy in protecting and supporting managed honey bee populations in almond 

orchards. Current analyses show that a majority of almond producers have not adopted these bee-

friendly practices. By analyzing the feasibility and attractiveness of certification systems to 

almond producers in California, this project examines the opportunity to use a certification to 

incentivize growers to adopt recommended practices to support managed honey bee health. 

Results indicate that almond producers desire a bee-friendly certification yet confirm that bee-

friendly practices are not widely adopted. Further, there is evidence that adoption rates and 

barriers for implementing bee-friendly practices differ by region, suggesting the need for a new 

certification that is both effective in supporting pollinator health and feasible for growers to 

implement.  
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Executive Summary 
 

California is the epicenter of global almond production, producing 80% of the worldôs 

almond supply. As the forecasted growth of consumer demand for almonds shows few signs of 

subsiding, farmers in California are converting farmland to almond orchards at a considerable 

rate: from 428,000 acres in 1996 to 1,170,000 acres in 2019. However, the industry is in a 

precarious position as almonds require 100% pollination from managed honey bees ï a species 

that has witnessed a considerable decline since 2006. Apiculture experts have noted several bee-

friendly practices that growers can adopt on their farms to support and protect honey bee health. 

Certifying agencies incorporate these practices into sustainable pollinator certifications that work 

to guide farmer behavior and incentivize and verify the adoption of these practices. Research 

shows that a majority of almond producers do not currently adopt the practices nor participate in 

the certifications. 

 

Due to the considerable environmental and economic risks associated with the loss of managed 

honey bees, this project explores measures that almond producers can take to make almond 

pollination less risky to honey bees and how to garner greater adoption of these measures. The 

primary research question guiding this project is: ñWhat is the feasibility and efficacy of 

implementing sustainable pollinator bee certifications for almond producers in California?ò In 

this report, feasibility is determined by the ability and desire of almond producers to implement 

bee-friendly practices, while efficacy is explored by evaluating existing pollinator certifications 

against one another and seeing which certifications incorporate the most effective practices into 

their standards.  

 

The first section of this report provides an overview of sustainable certification systems, suggests 

the potential for Californiaôs almond industry to be a viable candidate for a certification system, 

and gives a background of the stateôs almond industry. The section also discusses the challenges 

and risks the industry currently faces due to a significant decrease in managed honey bee health 

and notes a few existing mitigation tactics that are being explored by stakeholders. 

 

The second section provides an overview of the reportôs objectives and the primary research 

question. This section explains that models in R and analyses in Excel are used to analyze the 

responses of a survey administered to almond producers and farm managers throughout 

California. It also states that the survey response analyses will help determine the feasibility for 

growers to adopt bee-friendly practices as potential standards for a sustainable bee-friendly 

certification for almond producers in California.  

 

The section then describes that landscape and gap analyses of two existing pollinator bee 

certification programs, along with a literature review of bee-friendly practices, are used to 

determine the missing links within the programsô standards and assess their adoption rates 

among growers. Last, the section details how the research will benefit the client.  

 

The third section provides an in-depth explanation of the methods used to design, implement, 

and analyze the survey and the survey response dataset. It further details the structure of the 

landscape and gap analyses.  
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The fourth section of the report illustrates the results from the survey response analyses and the 

landscape and gap analyses.  

 

The fifth section provides a discussion of the main findings, the efficacy of the existing bee-

friendly certifications to support managed honey bee health, the feasibility of existing bee-

friendly certifications for almond producer adoption, a set of recommended standards for a 

sustainable pollinator bee certification, further recommendations, and research limitations.  

 

Results from the survey demonstrate that a certification is desirable, and there is also a strong 

desire to increase pollinator health. However, analyses do illustrate concerns around adopting 

some of the bee-friendly practices, and these concerns tend to differ by region. Further, the 

landscape and gap analyses determined that neither of the two existing pollinator bee 

certification programs capture both the feasibility and efficacy components that are necessary for 

widespread adoption among almond growers and heightened protection of managed honey bees. 

These results suggest that creating a new bee-friendly certification that is both feasible for 

producers to implement and more effective in promoting pollinator bee health can help support 

managed honey bees and thus protect the future of almond pollination.   
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Introduction  
 
 Food, agricultural, and forest industries implement certification systems ï such as USDA 

Organic Certified, the Sustainable Forestry Initiative, and Fair-Trade Sustainability Alliance ï to 

guide managerial behavior seeking market influence, risk mitigation, financial cost reduction, 

and environmental degradation (Dankers & Pascal, 2003). These certification systems are 

methodology implemented by a third-party organization to document and approve the 

conformity of a product, process, or service to specified requirements or standards (Murthy, 

2017). To effectively influence behavioral changes and meet the certificationôs goals, there must 

be widespread adoption of the standards by the targeted population. However, garnering greater 

participation is dependent on the standards themselves. Certification standards should be 

effective and feasible to implement while also providing a financial, social, or intrinsic incentive 

to the participant (Reddy et al., 2017). When standards are not effective nor widely implemented, 

certified products that promise environmentally conscious production practices ñgreenwashò1 the 

marketplace and detract from verified and credible certification labels (Hunter, 2014).  

To ensure that a new certification system is effective, feasible, and credible, it is 

necessary to thoroughly assess the targeted industry, examine the potential for the certification to 

mitigate risk, and analyze the success of the existing certifications in the field. The almond 

industry in California is an excellent candidate in this regard. Almond production has grown 

significantly throughout the last thirty years and is entirely dependent on pollination from 

commercially managed honey bees ï a species that has witnessed a considerable decline since 

2006 (ABC, 2019a). Further, apiculture experts have identified several managerial practices that 

are effective in protecting and supporting managed honey bee populations, yet the practices are 

currently not widely adopted among almond growers. By analyzing the feasibility and 

attractiveness of certification systems to almond producers in California, this project examines 

the opportunity to use a certification to incentivize growers to adopt recommended practices that 

support managed honey bee health. 

 

 

 

1 Greenwash: a claim so vague that it cannot be proven or disproven (Hunter, 2014). 
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Global Almond Demand 

Over the last decade, the global agricultural market has witnessed a growing demand for 

almond-based products as consumers reach for alternatives to dairy and gluten ï a movement 

coined the óplant-based revolutionô (Williams & Roffe-Rackind, 2019). With this shift towards 

almond-based food commodities, the introduction of almond products has tripled since 2010, and 

almonds continue to lead the new food product introductions market with 10,842 new almond-

based products entering the market in 2018 (ABC, 2019a). The significant increase in demand 

for almonds presents critical economic and sustainability questions on whether the almond 

industry will be able to keep pace with the burgeoning consumer demand and what implications 

this growing demand has on the environment. 

As the forecasted growth of consumer demand shows few signs of subsiding, farmers are 

answering consumersô call for more almonds by converting farmland to almond orchards at a 

considerable rate (ABC, 2019a). Due to the temperate climate of Californiaôs Central Valley, the 

region has become the hub for almond production, supplying more than 80% of the worldôs 

almond supply (NASS, 2018a). In response to the exponential growth in demand and subsequent 

increase in the value of production, Californiaôs almond production has more than doubled in 

size in the last two decades, with bearing acreage2 increasing from 428,000 acres in 1996 to an 

estimated 1,170,000 acres in 2019 (Figure 1) (NASS, 2018a). In 2017, the state produced 2.27 

billion pounds of almonds, generating $5.6 billion in production value (NASS, 2018a). Industry 

leaders expect the total amount of pounds produced to continue increasing, forecasting annual 

output at 3 billion pounds by 2021 and making almonds Californiaôs third most valuable 

commodity in terms of revenue generated (Waycott, 2018; CDFA, 2018a).  

 
2 Bearing acreage: Plantings mature enough to produce nuts. Almond trees four years and older (USDA, 2019) 
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Figure 1. Growth of Bearing Acreage of Almonds in California from 1996 ï 2019  

(Source: USDA/NASS) 

 

 

Almonds and Pollination 

Though rapid growth in almond production has bolstered Californiaôs agricultural 

economy, the almond industry faces challenges as a result of the cropôs vast expansion (NASS, 

2018a). One of the most considerable challenges stems from almond treesô dependence on 

commercially managed pollinator bees as vectors for cross-pollination3 to produce nuts. 

Specifically, bees must individually pollinate each almond kernel for the tree to set fruit within 

the five days the tree is receptive to pollen (Lee et al., 2018). In contrast to other tree crops, 

almonds require 100% saturated pollination4 to achieve the desired 40-60% fruit set, making 

bees a necessity for nut production (Lee et al., 2018).  

Not only is the pollination honey bees provide vital to almond production, but the high 

number of bees necessary to obtain sufficient almond yield is a critical factor in the process. To 

achieve adequate pollination and thus, yield, almond growing standards recommend two and a 

 
3 Cross-pollination: The transfer of pollen from one tree variety to another (Lee et al., 2018) 
4 100% Saturated Pollination: ñThe technique of keeping a larger number of bee colonies than normally maintained for honey 

production to exhaust the preferred plants and ensure visitation of the crop plants by the beesò (McGregor, S.E., 1976) 
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half honey bee hives (the terms hive and colony are used interchangeably) per acre of almonds 

after the sixth growing year (Sumner et al., 2016). Roughly 1,150,000 hives reside in California 

year-round; subsequently, provided the two and a half hives per acre recommendation and the 

estimated 1,170,000 yield-bearing acres of almonds cultivated in 2019, the state requires about 

two million additional beehives to meet the almond industryôs demand (USDA, 2017; USDA, 

2019). As a result, commercial migratory beekeeping, which entails transporting bee colonies 

cross-country to meet pollination demands, is essential to sustain Californiaôs almond industry 

(Figure 2).  

 

 

Figure 2. Pollinator Movements and Crops in the United States                                                          
(Source: Adapted by USDA, Economic Research Service from Kautzmann (2011), with input from 

commercial beekeepers and apiculture experts, including Dr. Jeff Pettis and Dr. David Epstein. Crop 

production acres are from USDA, Nass, 2012 Agricultural Census, 2014) 

 

During the one-month almond pollination season from early February to mid-March ï the 

earliest and one of the shortest among Californiaôs pollinated crops ï over 70% of the United 

Statesô commercial honey bee colonies are transported to California to pollinate almond orchards 

(USDA, 2017). Due to the vast number of commercially managed honey bee colonies required to 

pollinate Californiaôs almond acreage sufficiently, almond pollination in California has become 



 7 

 

 

the largest managed pollination event in the world (Lee et al., 2018). With such a prominent 

designation, stakeholders must ensure that the vulnerable species they heavily rely upon are 

protected and supported.  

 

The Decline of Managed Honey Bees 

Unfortunately, the dependence on commercial honey bees for pollination and as a multi-

industry revenue source presents a significant problem for almond producers and commercial 

beekeepers because, since 2006, managed bee colonies have suffered elevated death rates known 

as ñcolony collapse disorderò (CCD) (Wilder, 2018). CCD is a relatively new phenomenon 

characterized by sudden and widespread disappearances of adult honey bees from beehives 

(Epstein et al., 2012). In 2010, US beekeepers lost 37% of total managed honey bee colonies, 

with the percentage jumping to 42% in 2018 (The Almond Conference, 2018). Further, since 

2006, annual winter losses5 of managed honey bee colonies have averaged 28.7%, almost double 

the historical winter mortality rate of 15% (Ferrier et al., 2018).  

Though experts have extensively researched the causes of CCD since its discovery, a 

single source for the collapse has yet to be determined (Glenny et al., 2018). Researchers link 

many stressors to bee colony deaths such as the invasive Varroa mite, new or emerging diseases, 

the gut parasite Nosema, nutritional deficits arising from limited floral diversity and abundance, 

and pesticide poisoning (Perry et al., 2015). However, the most highly suspected cause is 

potential immune-suppressing stress on bees, resulting from one or the combination of several 

variables, that makes honey bee colonies more susceptible to disease and pests (Epstein et al., 

2012). According to research compiled by the National Honey Bee Health Stakeholder 

Conference Steering Committee, these variables may include:  

ñPoor nutrition (due to apiary overcrowding, pollination of crops with low 

nutritional value, or pollen or nectar dearth), drought, and migratory stress 

brought about by the increased need to move bees long distances to provide 

pollination servicesò (Epstein et al., 2012). 

 
5 Annual Winter Losses: The annual loss of honey bees in the locations the bees reside in over the winter. These most common 

ñoverwinteringò locations are in the Upper Midwest  (Ferrier et al., 2018). 
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Because of the almond industryôs heavy reliance on managed honey bees, the continued decline 

of managed honey bee health remains a serious concern with considerable consequences for 

almond producers and beekeepers.  

 

Pollination Fees Respond to Honey Bee Decline 

Since 2006, almond growers have witnessed a significant increase in colony rental fees 

(Ferrier et al., 2018). Due to commercial beekeeper management techniques and replacement of 

hives to compensate for lost or weakened colonies, the total number of managed honey bee 

colonies has remained stable since the late 1990s despite annual colony losses (Lee et al., 2017). 

However, the price per colony rental fee has increased drastically (Ferrier et al., 2018). Industry 

experts attribute several factors to the elevated prices for pollination services. According to 

Ferrier et al., some of these factors include:  

¶ Costs to operate a commercial beekeeping operation have increased due to higher 

rates of managed honey bee health problems that necessitate more intensive 

management practices. 

¶ The vast acreage and high stocking density6 require almond producers to pay more 

for pollination services than all other crop producers combined. 

¶ The extreme geographic concentration of almonds in the Central Valley results in a 

nearly simultaneous blooming of almond acres, which increases competition for 

pollination services and encourages the spread of disease among honey bees.  

¶ Unlike other pollinated crops, almond pollination does not produce honey. The lack 

of honey production is due to the amount of pollination required by the bees that 

leads to an energy deficit in bee colonies and prevents the bees from producing excess 

honey. Further, the bitter taste of almond honey is undesirable to consumers. These 

factors force beekeepers to only rely on income from pollination fees when providing 

bees for almond pollination.  

¶ The early blooming period of almonds means that beekeepers have little time to 

rebuild their hives if colonies were weakened or lost over winter. 

 
6 Stocking Density: The number of colonies required per acre to adequately pollinate a crop (Ferrier et al., 2018). 
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As a result of the decline in the health of managed honey bee colonies, the additional 

strategies beekeepers must implement to meet pollination demand, and the immense growth in 

almond acreage, the average rental rate for a single beehive for the almond pollination period 

increased from $35.41 in 1995 to $150 per hive in 2010 (Figure 3) (Lee et al., 2017). During this 

period, almond growers witnessed an exponential spike in pollination fees as a result of CCD, 

with dollars per colony increasing from $72.58 in 2005 to $138.98 in 2006 (Figure 4) (Carman, 

2011).  

 

 
Figure 3. Almond pollination fees in constant dollars (2010 = 100) and almond bearing acreage in 

California, 1995-2017 (Source: Lee et al., 2017) 
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Figure 4. Average Almond Pollination Fee, 1995 ï 2010                                                                     

(Source: Giannini Foundation of Agricultural Economics, UC Davis, 2011) 

 

With the continued decline of managed honey bee health, rental cost per hive has since 

surpassed $200 (Goodrich, 2020). Almond producers fear that this price will continue to rise as 

managed honey bee health continues to decline (Goodrich, 2018). At $200 per hive with two and 

a half hives recommended for a single acre of almonds, pollination services account for over 5% 

of farm-level costs for almond growers, 2-3% more than other pollination-dependent crops in 

California (Ferrier et al., 2018). The direct relationship between rental fees and health of 

pollinator bees places the future of Californiaôs almond pollination, and thus production, in a 

precarious position as the necessity for pollination becomes financially unviable for many 

producers.  

 

Actions to Enhance Pollinator Protection 

Beyond the almond industry, the loss of honey bees would have a profound effect on 

humans as one-third of our diet depends on crops that require pollination (UC Berkeley, 2006). 

Because of the significant ramifications pollinator loss has on almond production specifically, 

scientists, pollinator organizations, intergovernmental agencies, and the almond industry have 

begun to respond to the rapid decline in managed honey bee health. In an attempt to mitigate the 
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issue of colony loss and alleviate the concerns of almond producers and commercial beekeepers, 

stakeholders have collaborated to devise a series of ñBee Best Management Practicesò (BBMPs) 

and create various bee-friendly certification programs. Experts and stakeholders designed the 

BBMPs and certification programs to inform, educate, and incentivize almond producers on 

methods to enhance honey bee vitality through the adoption of certain bee-friendly practices 

(ABC, 2018). However, the existing pollinator certifications and BBMPs both have deficiencies 

that hinder them from becoming widely adopted by almond producers in California while 

effectively supporting honey bee health (See Discussion section for more details).  

 

Bee Best Management Practices 

At the 2018 Almond Conference, the key almond industry objectives set by the Almond 

Board of California (AB) included: ñAssure sufficient supply of strong hives for almond 

pollination by advancing bee healthò and ñAssure almonds continue to be a good and safe place 

for beesò (The Almond Conference, 2018). To mitigate the stress and chemical exposure to 

commercially managed honey bee colonies and potentially stagnate the rental cost of these 

colonies, AB partnered with the almond community, beekeepers, researchers, UC Davis, State of 

California and US regulators, and chemical registrants to create the Almond Board Honey Bee 

Best Management Practices (ABC, 2019b). AB established their BBMPs with the hope that by 

recommending certain practices for growers to adopt, almond orchards could promote safe and 

healthy environments for honey bees.  

The set of practices includes managerial recommendations for applying pesticides and 

herbicides before, during, and after bloom, planting recommendations to provide diversified 

nutrient and pollen sources, and communication and registration suggestions for beekeepers and 

almond growers. AB continues to emphasize the industryôs commitment to honey bee health, and 

in the 2019 AB Annual Report, the Board included a section on five factors linked to the decline 

in honey bee health and the efforts they are making to help address each one (Figure 5) (ABC, 

2019b). 
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Figure 5. The Almond Boardôs Commitments to Honey Bee Health  

(Source: ABC, 2019b) 

 

Bee-friendly Certification Programs  

Another way organizations are working to support and preserve honey bee health is 

through certification programs that require growers to adopt specific bee-friendly practices to 

qualify for the certification. Currently, two organizations are working to promote the vitality of 

managed honey bees in California through sustainable pollinator bee certifications. These 

certifications are volunteer-based, and almond producers wishing to participate can apply to 

support pollinator health and increase market awareness by meeting the certification standards 

(see ñLandscape and Gap Analyses Resultsò section for more details).  
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Objectives  

Due to the environmental and economic risks associated with a significant decline in 

managed honey bee health and the increasing global demand for almonds, the objective of my 

Masterôs project is to understand measures almond producers can take to make almond 

pollination less risky to honey bees and how to garner greater adoption of these measures 

through bee-friendly certifications. To do this, I will evaluate whether the bee-friendly practices 

included in existing sustainable pollinator bee certification standards are feasible for almond 

growers to adopt as well as effective in promoting honey bee vitality. In this project, I will 

determine feasibility by the ability and desire of almond producers to implement certain bee-

friendly practices. Additionally, I will convey effectiveness by evaluating existing pollinator 

certifications against one another and seeing which certifications incorporate the best factors to 

effectively support managed honey bee health. In short, bee-friendly practices must be 

considered feasible to be implemented and, therefore, effective. I will use the results from my 

research to assess bee-friendly practices that are both realistic for almond producers to adopt and 

demonstrated scientifically to encourage pollinator health.  

The feasibility and efficacy components of my research will be analyzed using: 

¶ A survey administered to almond producers and farm managers throughout California 

that assesses the challenges and barriers to adopting bee-friendly practices as well as 

possible incentives for implementing specific practices. I will analyze the survey 

results using statistical analyses in R and graphs in R and Excel; 

¶ Landscape and gap analyses that look at the existing certification and pollinator-

support programs and identify the missing links among certification standards and 

recommended best management practices; 

¶ An extensive review of the scientific literature on practices that promote bee health 

 

My client for my Masterôs project, SureHarvest, is an agricultural firm that provides 

professional consulting, technology support, certification, and a sustainability management 

information system (MIS) platform to farm enterprises. SureHarvest will be able to use the 

results from my report to determine whether entering the sustainable pollinator bee certification 

sector is a viable investment and, if so, which of their proprietary technologies could enhance the 

certification program.   
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Research Questions 

In this study, I aim to answer the following questions: 

¶ What is the feasibility and efficacy of implementing sustainable pollinator bee 

certifications for almond producers in California? 

o Key Factors: Which factors (i.e., the orchard(s) geographic location, 

respondentsô age, respondentsô role in the operation, and the operation size) 

influence the adoption of certain bee-friendly practices? 

o Incentives: Which incentives are most likely to encourage almond producers 

to adopt bee-friendly practices? 

o Interest: Are almond producers interested in a sustainable pollinator bee 

certification? 

o Standard Integrity:  What are the existing sustainable pollinator bee 

certifications and programs missing that prevent them from being widely 

adopted by almond producers in California and effective in supporting honey 

bee health? 

o Improvement: How can the standards and recommended best management 

practices of existing sustainable pollinator bee certifications and programs 

promote greater adoption by almond producers and support for pollinator 

bees? 

o Effectiveness: What are the most effective best management practices to 

support honey bee health? 

Methods  

Survey Design: Development  

 While working with SureHarvest over the summer of 2019, I met a postdoctoral 

researcher, Dr. Jennie Durant, from University of California, Riverside. Jennie and I discovered 

similarities in her post-doc and my Masterôs research objectives and began to collaborate on a 

survey that would assist in meeting our shared goals. Before drafting the survey, Jennie and I 

developed primary research questions that captured our shared objectives. Our primary research 

questions for the survey were:  
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¶ What barriers and incentives do almond producers in California face in adopting bee-

friendly practices?  

¶ Are producers interested in a bee-friendly certification?  

¶ What measures might incentivize them to participate in a certification program? 

 

 We then determined a series of sub-research questions that would help us more narrowly 

define our primary questions. These questions included:  

¶ How do demographics play a role in barriers, incentives, and interest in a bee-friendly 

certification? (e.g., geographic location, water price/availability, operation size, farm 

manager vs. owner vs. owner/operator, respondent age, etc.) 

¶ What barriers and incentives do growers face with cover crop planting? 

o What percent of growers have planted or are interested in planting a cover 

crop? 

¶ What barriers and incentives do growers face with permanent pollinator habitat 

planting? 

o What percent of growers have planted or are interested in planting permanent 

pollinator habitat? 

¶ What barriers and incentives do growers face in adopting the Almond Boardôs Honey 

Bee Best Management Practices? 

o What practices are they adopting more widely, and which have a lower rate of 

adoption? 

o How is the rate of adoption affected by demographics? 

 

After identifying our primary and sub-research questions, we created thematic sections 

for the survey to help us answer our driving questions. The sections we established were: 

¶ Demographics 

¶ Cover Crop 

¶ Water 

¶ Permanent Pollinator Habitat 

¶ The Almond Boardôs Bee Best Management Practices 

¶ Sustainable Pollinator Bee Certification Interest 

¶ Almond Pollination in 2019 
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Survey Design: Editing  

 To ensure relevant responses from our survey, we decided to establish qualification 

parameters. To qualify, the respondent had to be a farm manager or grower who farms one or 

more acres of almonds in California. We devised these specific parameters because those who 

met these qualifications would have the most comprehensive knowledge about the farm and the 

ability to implement changes in management practices. We then drafted a list of questions that 

could be categorized under our thematic sections and help us answer our primary and sub-

research questions. We narrowed this list by implementing survey question design techniques 

that reduce the cognitive stress of the participant and improve the quality and reliability of the 

response data (Sweller, 1988; Qualtrics, 2019).  

To maximize completion and response rates, we prioritized the length, minimized text 

entries, and attended to the structure and flow by assessing the placement of questions and 

answer choices within the survey. We analyzed questions to determine which would be more 

effective as a Likert Scale7 and adjusted the phrasing and word-choice within matrices to make 

them as simple, consistent, non-judgmental, and unbiased as possible. Within a given matrix, we 

placed easier, less objectionable answer choices at the top of the list and built to more 

challenging options. Further, we limited the number of matrices to increase the ease of reading 

and clarity. Concise, descriptive paragraphs were also included above each section to decrease 

the cognitive load of the respondent (Sweller, 1988).  

After finalizing our list of questions, we entered the survey instrument into Qualtrics, an 

online platform that we used to administer our survey. In Qualtrics, we identified questions to 

ñforce,ò by making them mandatory for the respondent to answer for the questionnaire to register 

as ñfullyò completed. The questions we selected for this process were necessary to fulfill our 

research objections. ñForcedò questions contained ñnot sureò and ñprefer not to answerò as 

answer choices to ensure the survey remained voluntary. The categories and reasoning behind 

the questions we chose to force were the following: 

 

 

 
7 Likert Scale: ñType of rating scale used to measure attitudes or opinions. This scale asks respondents to rate items on a level of 

agreementò (Statistics How To, 2020).  
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¶ Opening Demographic Questions 

o Reason: essential for understanding the effects region, operation size, and land 

ownership have on the adoption of bee-friendly practices 

¶ Prior Adoption of Cover Crop and Permanent Pollinator Habitat Questions 

o Reason: provides insight into the current bee-friendly practices growers and 

farm managers are implementing  

¶ Concerns/Incentives Questions 

o Reason: essential for answering our primary and sub-research questions 

regarding barriers and incentives for a bee-friendly certification 

¶ Water and Irrigation Questions 

o Reason: essential for understanding the relationship between region, water 

price and availability, and ability to adopt bee-friendly practices such as 

planting cover crops 

¶ Almond Board Bee Best Management Practices Questions (without legal 

implications) 

o Reason: provides insight into grower and farm manager commitment to 

existing recommendations designed to increase managed honey bee health 

¶ Certification Questions 

o Reason: essential for answering our primary and sub-research questions 

regarding the respondentsô desire for a certification 

¶ Pollination Questions 

o Reason: provides understanding on honey bee rental location, honey bee 

suppliers, grower opinions about colony price/strength, and concerns about 

factors affecting future almond pollination 

Once we edited and implemented the question characteristics into the survey instrument, 

we added numerous page breaks to ensure it was compatible to complete on a cell phone. Last, 

we included a $20 gift card as optional compensation for those who completed the survey. 

 

Expert Review 

 To evaluate the language, flow, and structure of the survey as well as ensure the 

questions remained unbiased and non-judgmental, we shared the questionnaire in two rounds for 
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stakeholder feedback. The first round included stakeholders who are closely involved with this 

research project. These partners included Dr. Jeff Dlott, President and CEO of SureHarvest; Dr. 

Eric Harris, Senior Director of Science and Sustainability at SureHarvest; Bob Curtis, recently 

retired Director of Agricultural Affairs for the Almond Board and a leader in groundbreaking 

research for the almond industry; Billy Synk, Director of Pollination Programs for Project Apis 

m. and an expert in cover crops and pollination, and Jennieôs lab, comprised of social science 

and large data science researchers.  

Jeff is a strategic advisor to clients in the design, implementation, and communications of 

sustainability performance management as well as an expert in survey design. He provided 

invaluable feedback on the structure, flow, and wording of the survey and advised us on the 

psychology of survey respondents. Eric works as the technical lead on client engagements to 

develop and implement data-driven sustainability programs and has vast experience leading 

consultancies related to sustainability strategies and development of sourcing standards. He 

contributed his extensive knowledge of product certification systems and the almond sector to 

our question design. Bob brought an industry perspective to our editing process and assisted with 

developing unbiased questions and accurate content. Billy assisted in verifying the accuracy of 

section descriptions and word choice. Jennieôs lab provided excellent feedback on survey 

structure and matrix design. 

After incorporating the first round of revisions into the survey, we sent the survey to three 

almond growers, five beekeepers, an industry board member, and an Almond Board member for 

the final round of feedback. This feedback brought a valuable perspective that most closely 

represented our target population.  

 

Target Population  

 Jennieôs and my intention for our survey was to understand the views and behaviors of 

the broad range of almond producers in California and how various factors affect almond 

producersô abilities to adopt certain bee-friendly practices. Obtaining an insight into the barriers 

that growers face in implementing bee-friendly practices, and the incentives that might 

encourage them to do so, allows us to assess whether a sustainable pollinator bee certification is 

a viable option to bolster honey bee health and support almond growers. Thus, to meet our 

research objectives and answer our research questions, we tailored the qualification parameters 
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to allow only almond growers and farm managers who farm one or more acres of almonds in 

California to participate.  

 

Data Collection 

 To increase awareness, Jennie and I created postcards with a link to the surveyôs URL 

and a QR code to make the survey accessible by phone. We attended the Almond Board 

Conference from December 10-12, 2020 and distributed the postcards to growers and farm 

managers. After the conference, we contacted the Almond Board to assist with outreach. In 

response, AB included the survey in one of their newsletters, a weekly publication sent to 

members of the almond industry throughout California. To further increase our response rate, we 

identified counties in southern, central, and northern California that contained the majority of 

almond producers: Butte, Colusa, and Glenn in Northern, CA; Stanislaus and Merced in the 

Central Valley; and Fresno and Kern in Southern, CA. We then obtained County Pesticide 

Application Records from the seven counties to acquire grower addresses. After cleaning the 

address dataset and discarding duplicates, we mailed the postcards to 3,000 almond producers 

throughout the seven counties. 

 For our second phase of dissemination, I created a list of almond and pollination 

workshops and events to announce our survey and pass out the postcards. Jennie attended three 

AB pollination workshops and increased awareness through presentations and postcard 

distribution. We also contacted representatives from Blue Diamond, Mariani Nut Company, and 

Project Apis m. to assist with outreach. Each organization sent out at least one email to inform 

their growers about the survey, and Blue Diamond sent two emails.  

 To incentivize participation, we included an option for respondents to receive a $20 

Amazon gift card upon completing the questionnaire. If the survey-takers opted for 

compensation, they had to enter their email address at the end of the survey. Once we received 

notifications regarding survey completion, we emailed the gift card to the recipient and then 

deleted the emails from our dataset to ensure anonymity and maintain the integrity of our results. 

We sent compensation emails daily to uphold our commitment to the growers and farm 

managers.  
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Timeline of Survey Implementation 

 The process of drafting, administering, and marketing the survey began in August 2019, 

and we closed the survey on February 5, 2020. Appendix A includes a detailed description of the 

timeline and process. Please navigate to Appendix B to view the completed survey. 

 

Survey Data: Cleaning 

 To prepare the dataset for analysis, we first exported the data from Qualtrics with multi-

value fields split into columns as an Excel spreadsheet. We filtered for a 100% completion rate 

and a response time of 2.5 minutes and over to ensure we received the most legitimate responses 

(Qualtrics, 2019). We established the minimum response time by analyzing each response 

between two and four minutes and determined that the entries after 2.5 minutes appeared the 

most thoughtful, complete, and genuine. We then sorted the IP address column to identify 

responses that had duplicate IP addresses. We highlighted duplicate IP addresses in green and 

ñobscureò entries in yellow.  

To determine whether or not a response was obscure, we established a set of criteria. We 

first assessed the text entries for acreage, water price, and bee colony rental fee and strength. For 

acreage, we marked entries over 10,000 acres as obscure and set a cap at 35,000-acres based on 

our knowledge that the largest almond producer in California has about 35,000-acres in almond 

production (Growing Produce, 2013; Wonderful, 2019). We chose 10,000 acres as a marker for 

an unusual response because, given the county information entered by the respondent, we could 

identify whether a farm of 10,000-acres or more is plausible (CDFA, 2018b). We then looked at 

the entries for water price and colony rental fees and strength to see if the numbers were accurate 

based on county location and industry knowledge (Bureau of Reclamation, 2017; Ferrier, 2018). 

If each of these numbers seemed inaccurate, we highlighted the entire response as obscure. 

 For our second phase of dataset cleaning, we deleted incomplete and inaccurate 

responses. We eliminated responses deemed incomplete as well as those completed under 2.5 

minutes. We then deleted responses with duplicate IP addresses to ensure that a person was not 

taking the survey under a different email address solely to receive the compensation. Next, we 

deleted responses that were flagged as obscure if they had inaccurate acreage in addition to 

unreliable bee colony and water entries. Lastly, if respondents selected ñnoò and ñprefer not to 

answerò for a majority of the questions or if they only marked the first answer choice in each 
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question, the entire response was flagged, reviewed, and then deleted if the result was 

determined unreliable.  

 Once we finalized our dataset, we went through each response to assess for irregularities 

within the text entries that a data analytics platform would flag as errors. For the bee colony price 

and strength questions, if the respondent inputted an answer to convey ñbetween two numbersò 

(e.g., 7-8), we replaced it with the average of the two numbers (e.g., 7.5). If text entries included 

characters in place of or in addition to numeric answers (e.g., 8 frames or 150 acres or ñOò 

instead of ñ0ò), we deleted the words or replaced letters with numbers so that only the numeric 

answers remained (e.g., 8 or 150). If people entered acreage that met our ñobscureò criteria 

(outlined above) or if they wrote in ñnot sure,ò but the rest of the entries in the response were 

valid, we replaced the flagged entry with ñN/A.ò  

For water price responses, it was evident that some respondents entered total water price 

rather than price per acre-foot. In this case, we divided the total water price by the total acreage 

and then cross-checked the amount to see if the price was plausible for the county that the 

respondent selected (Bureau of Reclamation, 2017). However, if the water price appeared to be 

inaccurate or highly questionable, we entered ñN/Aò and kept the rest of the question responses 

to ensure that the price would not skew our data.  

Lastly, we decided not to include the text entries for ñtotal acreage leasedò and ñtotal 

acreage ownedò in our analyses because a large portion of the entries did not add up to the 

numbers entered for ñtotal yield-bearing acreageò and ñtotal non-yield bearing acreage.ò To 

obtain a general idea regarding the amount of acreage owned vs. leased, we created a column 

that states ñTRUEò if the respondent owns the majority of acres and ñFALSEò if he or she leases 

the majority of the acreage.  

 

Survey Data: Analysis 

 To analyze the results of my survey, I created a list of variables to assess which factors 

influenced respondent behavior toward cover crop and permanent pollinator habitat adoption and 

interest. The variables included: the respondentôs role in the operation, respondentôs age, where 

the almond orchards are located (by region), and the operationôs total yield-bearing acreage. I 

then ran a Chi-squared Test of Independence and a logistic regression with a binomial 

distribution in R to examine whether or not the variables significantly affected the respondentsô 
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answer choices regarding the cover crop and permanent habitat questions in the survey. I used R 

and Excel to visualize the frequency of responses to specific questions and to determine 

overlapping themes and trends within the dataset.  

 

Landscape and Gap Analyses 

Landscape and gap analyses are commonly used by businesses to provide an overview of 

organizations in a specific industry and identify opportunities and capacity-building activities to 

improve efficiency (Whyte, 2004). Implementing this methodology allowed me to identify the 

leading organizations in the agricultural and pollinator-support sector, compare the certificationsô 

required standards and the pollinator programsô suggested best management practices, and 

contrast the requirements and recommendations with the scientific literature on bee-friendly 

practices. After creating a dataset for the existing programs, I detected gaps within the standards 

and suggested criteria and assessed possible solutions to strengthen the efficacy a certification 

could have on pollinator bee health in almond orchards. 

For my analysis, I first completed a comprehensive review of programs in California and 

throughout the US that focused on sustainable agricultural practices and supporting pollinator 

bee health. After identifying the relevant organizations, I created an Excel Spreadsheet to record 

the standards that growers are required to meet to qualify for each certification and the suggested 

practices recommended by pollinator-support programs. I then used the standards and 

recommendations to establish common themes and categorized the contents of each set of 

standards and suggested practices under the appropriate theme.  

Through extensive research, the agricultural-pollinator protection programs that are most 

relevant to my study include:  

¶ Bee Better CertifiedÓ by Xerces Society 

¶ Bee Friendly Farming by Pollinator Partnership 

¶ USDA National Organic Certification 

¶ Seeds for Bees by Project Apis m. 

¶ Pollinator Friendly Garden Certification by Penn State University 

 

From the list above, Xercesô Bee Better CertifiedÓ  and the Pollinator Partnershipsô Bee 

Friendly Farming are the only pollinator bee certification programs for California agriculture. In 



 23 

 

 

contrast, Penn Stateôs Pollinator Friendly Garden certification is only accessible to Pennsylvania 

residents, and USDA National Organic certification is nationwide. However, I chose to include 

the other pollinator support programs as well to strengthen my analysis of standards that are 

effective for improving pollinator bee health.  

After reviewing the certification programsô required standards and the pollinator-support 

programsô recommended best management practices, the overlapping themes identified were:  

¶ Habitat Percent: the percent of a farmôs total acreage that must be planted with 

temporary or permanent forage for bees (Xerces, 2020). 

¶ Habitat Type: the variety of temporary (e.g., cover crops) or permanent (e.g., 

hedgerows, perennial or re-seeding wildflower strips, riparian forests, filter strips) 

forage planted for bees on a farm (Xerces Society, 2020). Pollinator habitat can be 

planted in the orchard as a cover crop or adjacent to orchards as hedgerows and 

provides bees with supplemental nutrition while yielding additional benefits to the 

soilôs health, structure, and nutrient content (ABC, 2020).  

¶ Habitat Bloom: the amount of time the plants are in bloom during a season to ensure 

adequate and continuous pollen and nectar sources for the bees (Arathi et al., 2018). 

¶ Planting Stock/Seed: the type of plant materials or seed used for replanting or 

establishing new habitat and forage 

¶ Nesting: the sites where pollinators nest on or near the orchard(s) 

¶ Tillage: the preparation of land for growing crops 

¶ Water for Pollinators : clean and ample water sources for pollinators  

¶ Synthetic Chemical Protocol/Recommendations: requirements or 

recommendations for applying synthetic chemicals to an orchard 

¶ Apiary : a collection of beehives 

¶ Record Keeping: requirements for documenting managerial practices 

¶ Annual Fee: the annual cost required by the certifying organization to participate in 

the certification program 

¶ Verification Model : the method for verifying that the certification applicant 

implements the required certification standards  
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The analyses allowed me to assess the existing gaps among the certifications and cross-

compare their standards with the pollinator-support programsô recommendations and the 

scientific literature on practices that promote bee health in almond orchards. The survey response 

dataset analysis, coupled with the landscape and gap analyses, assisted in informing my 

suggested set of standards (see ñDiscussionò section of this report).  

 

Results 

Response Rate & Demographic Diversity 

The survey received 409 responses in total. After cleaning the survey response dataset, 

the final dataset contained 301 completed responses. From these responses, 252 of the 

respondents (the terms respondent and producer are used interchangeably here, as in the 

following results) identified as male, 38 as female, and 11 selected ñprefer not to answerò or did 

not answer the question. Figure 6 illustrates that the majority of the respondents fell within the 

25ï34  and 55 ï 64-year-old age ranges.  

 

 

Figure 6. Age Range of Survey Respondents 

 

Figure 7 provides a visualization of the location of the respondentsô almond orchards 

across California. As shown in the figure below, a majority of the almond orchards are in 



 25 

 

 

Stanislaus, Merced, Fresno, and San Joaquin. Since a majority of almond producers are from the 

southern Central Valley, I anticipated a higher response rate from these counties (USDA, 2019).   

 

 
Figure 7. Location of Almond Acreage by County 

 

In the survey, respondents could select ñfarm manager,ò ñowner,ò or ñowner/operatorò to 

describe the day-to-day role they played in almond production (i.e., ñrole in operationò). ñFarm 

managersò farm and manage the almond orchard(s), but do not own the operation; ñownersò own 

the operation but do not farm nor manage the almond orchard(s); ñowner/operatorsò own the 

operation and farm and manage the almond orchard(s).  

As shown below in figure 8, the majority of respondents own their farms and operate 

their almond production. This outcome was the opposite of my hypothesis regarding the roles the 

survey takers play in day-to-day operations because I assumed that a majority of the farms would 

consist of several parcels that were operated by farm managers and that farm managers would 

constitute the majority of survey respondents.  
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Figure 8. Respondent's Role in Almond Operation 

 

Bee-Friendly Practices 

 Three sections in the survey represented bee-friendly practices ï cover crop, permanent 

pollinator habitat, and the Almond Boardôs Honey Bee Best Management Practices. Within the 

scientific literature regarding pollinator-supporting practices for almond production, these 

practices were the most frequently noted and well-researched (Huang, 2012; Glenny et al., 2017; 

Epstein et al., 2012; Degrandi-Hoffman et al., 2015). Assessing the responses from the three 

sections allowed me to understand which bee-friendly practices almond producers were already 

implementing, which practices they had an interest in implementing, and their concerns for 

adopting the specific practices. After obtaining an overview of the responses to these sections, I 

examined the relationship between the respondentsô demographics (i.e., the respondentsô role in 

the operation, the orchard(s) location, respondent age, and operation size) and their adoption and 

interest in bee-friendly practices.  

 

Cover Crop  

To assess cover crop adoption and interest, I analyzed whether or not the respondents had 

grown a cover crop in the last five years, and if they had not, whether they were interested in 
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growing a cover crop. Out of 301 responses, 33.6% (101 respondents) answered ñYesò to having 

grown a cover crop, while 66.5% (200) selected ñNo.ò Out of the 200 respondents who answered 

ñNo,ò 26% (52) are interested in growing a cover crop, 31.5% (63) have no interest in growing a 

cover crop, and 42.5% (85) selected ñNot Sure.ò  

To understand why respondents may have selected ñNoò or ñNot Sureò when asked 

whether they had grown a cover crop or are interested in growing a cover crop, I analyzed how 

responses differed by demographics using a logistic regression. Table 1 shows results from a 

model that assesses how the respondentsô region, role in operation, age range, and total yield-

bearing acreage affect whether or not the respondents have grown a cover crop in the last five 

years. 

When controlling for all factors, we see that respondents who farm almonds in the Delta 

and Sacramento Valley are significantly more likely to have grown a cover crop than 

respondents from the San Joaquin Basin. The odds of a respondent from the Delta region 

selecting ñYesò to having planted a cover crop in the last five years are 5.38 over respondents 

from the San Joaquin Basin while the odds of a respondent from the Sacramento Valley are 3.71 

over a respondent from the San Joaquin Basin. Further, respondents who own and operate their 

almond operation have a marginally significant likelihood of growing a cover crop over 

respondents who identify as farm managers or solely owners.  
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For respondents who have not grown a cover crop in the last five years, I ran a similar 

analysis to examine how the variables ï ñrole in operation,ò ñage,ò ñsize of operation,ò and 

ñregionò  ï affect their interest in growing a cover crop. Table 2 shows that the relationships 

between the variables and respondent interest in growing a cover crop are not significant. 
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After controlling for all the variables that might affect the respondentsô adoption or 

interest in growing a cover crop, I then examined the variables individually. The following 

sections assess ñrole in operation vs. cover crop,ò ñrespondent age vs. cover crop,ò ñsize of 

operation vs. cover crop,ò and ñregion vs. cover crop.ò 

 

Role in Operation vs. Cover Crop 

To analyze how the respondentôs ñrole in operationò affects whether or not they have 

grown a cover crop, I first made a plot to visualize the number of farm managers, owners, and 

owner/operators who have and have not a grown cover crop in the last five years. Figure 9 

illustrates that the majority of respondents owned and operated their almond production, and a 

majority of them have not grown a cover crop.  

 

 

Figure 9. Role in Operation and whether or not respondents grew a cover crop in the last 5 years 

 

I then performed a chi-square test of independence to examine the relation between ñrole 

in operationò and whether or not a respondent grew a cover crop. I found that the two variables 
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are independent ï a respondentôs ñrole in operationò does not significantly affect whether or not 

they had grown a cover crop in the last five years (X2 (2, N = 301) = 2.21, p > 0.05).  

To determine the relationship between ñrole in operationò and the respondentsô interest in 

growing a cover crop, I first plotted the respondentsô the two variables. Figure 10 shows that a 

majority of the respondents own and operate their production and illustrates a high uncertainty 

for whether or not the respondent is interested in growing a cover crop. This uncertainty is 

interesting because an owner/operator often holds the most senior decision-making position. 

Therefore, I hypothesize that this uncertainty may be due to a lack of information on planting 

and managing cover crops. The accuracy of my hypothesis was supported by two respondents 

who commented: ñI do not know that much about cover crops, but I would be interested in 

learning moreò and ñWill cover crop blossoms compete for bee visits?ò It is important to note 

that the survey question regarding whether or not a person was interested in growing a cover 

crop only appeared if the respondent answered ñNoò to having grown a cover crop. Thus, the 

count for this question is lower than the question regarding whether a cover crop was grown.   

 

 

Figure 10. Role in Operation and whether or not respondents are interested in growing a cover crop 
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A chi-square test showed that ñrole in operationò and the respondentsô interest in growing 

a cover crop are also independent (X2 (4, N = 301) = 2.73, p > 0.05). The respondentôs ñrole in 

operationò does not affect whether or not they are interested in growing a cover crop. 

 

Respondent Age vs. Cover Crop  

I performed a logistic regression to examine the relationship between the age of the 

respondents and whether or not they had grown a cover crop in the last five years. The model 

showed that the relationship between the two variables is not significant ï age does not affect 

whether or not a cover crop was grown (p > 0.05). I then ran a chi-square test of independence to 

analyze this relationship further, and the analysis confirmed that the two variables are 

independent of one another (X2(7, N = 301) = 8.14, p > 0.05). However, some differences are 

apparent when comparing the respondentsô age ranges and the percent of producers who have 

grown a cover crop. Table 2 shows that a higher percentage of respondents between 35 and 54 

years selected ñyesò to having grown a cover crop in the last five years than respondents from 

other age brackets. 

 

Table 2. Respondent Age vs. Cover Crop Grown 

 

Age Range No Yes % Yes 

18-24 years old 7 2 22% 

25-34 years old 56 20 26% 

35-44 years old 34 23 40% 

45-54 years old 33 23 41% 

55-64 years old 38 23 38% 

65-74 years old 24 9 27% 

75+ years old 6 1 14% 

 

Similar to the relationship between respondent age and whether a cover crop was grown, 

age does not significantly affect whether or not the respondent is interested in growing a cover 

crop (X2(14, N = 301) = 12.34, p > 0.05). However, Table 3 shows that a higher percentage of 
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respondents in the 18 ï 34-year-old age range are interested in growing a cover crop than 

respondents in the older age brackets.   

 

Table 3. Respondent Age vs. Interest in Cover Crop  

 

Age Range No Not Sure Yes % Yes 

18-24 years old 0 3 4 57% 

25-34 years old 17 20 19 34% 

35-44 years old 9 18 7 21% 

45-54 years old 13 11 9 27% 

55-64 years old 13 17 8 21% 

65-74 years old 8 12 4 17% 

75+ years old 2 3 1 17% 

 

Size of Operation vs. Cover Crop  

To assess the effect ñsize of operationò has on cover crop adoption and interest, I used the 

numeric responses from the ñtotal yield-bearing acreageò text entry boxes in the survey. I 

analyzed the responses for ñtotal yield-bearing acreageò rather than ñtotal non-yield bearing 

acreageò because the non-yield bearing trees are not mature enough for pollination from 

managed honey bees. Thus, I assumed that non-yield bearing acreage would be less 

representative of respondentsô behaviors toward adopting bee-friendly practices. A logistic 

regression showed that the amount of total yield-bearing acreage does not significantly affect 

whether the respondent has grown a cover crop in the last five years (p > 0.05).   

I then categorized the individual text entries for ñtotal yield-bearing acreageò by ñSmall,ò 

ñMedium,ò and ñLargeò to represent the size of the operation. The acreage range within each 

category was determined by the Almond Boardôs almond acre ranges for farm sizes (ABC, 

2019b). The ñSmallò category represented producers with 0 ï 40 acres of yield-bearing almonds, 

ñMediumò represented producers with 41 ï 200 acres and  ñLargeò represented producers with 

201+ acres. Out of 301 total responses, 72 respondents farmed ñLargeò operations, 94 farmed 

ñMediumò operations, and 131 farmed ñSmallò operations.  
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I ran a chi-square test of independence to examine the relation between ñsize of 

operationò by the acreage-size categories and whether or not the respondent had grown a cover 

crop. The analysis showed that the size of the operation did not significantly affect whether or 

not the respondent had grown a cover crop in the last five years (X2(3, N = 301) = 4.82, p > 

0.05). However, there is a slightly higher percentage of producers who farm ñmediumò sized 

operations (41 ï 200 acres) that have grown a cover crop (Table 4).  

 

Table 4. Size of Operation vs. Cover Crop Grown 

Size of Operation No Yes % Yes 

Large 48 24 33% 

Medium 55 39 41% 

Small 94 37 28% 

 

To assess the relationship between ñsize of operationò and respondentsô interests in 

growing a cover crop, I ran a logistic regression using the numeric text entries for ñtotal yield-

bearing acreage.ò Results showed that there is no significant relationship between the size of 

respondentsô almond operations and their interest in growing a cover crop (p > 0.05). A chi-

square test of independence, using the ñSmall,ò ñMedium,ò ñLargeò to categorize acreage size, 

again showed no significant relationship between ñsize of operationò and respondentsô interests 

in growing a cover crop (X2(6, N = 301) = 5.96, p > 0.05). When I assessed the percentages, I 

found that there is a slightly higher percentage of producers who farm ñlargeò operations who are 

interested in growing a cover crop (Table 5).  

 

Table 5. Size of Operation vs. Interest in Cover Crop  

 

Size of Operation  No Not Sure Yes % Yes 

Large 15 17 16 33% 

Medium 15 29 11 20% 

Small 33 37 24 26% 
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Region vs. Cover Crop 

To examine whether the location of the respondentsô almond orchard(s) affected whether 

or not they had grown or were interested in growing a cover crop, I first categorized the 

respondentsô counties by Central Valley watershed basins. I chose to categorize the counties by 

watersheds provided the fact that the production of tree nuts requires a considerable amount of 

water, and due to the stateôs water scarcity, water is a critical factor in determining managerial 

practices for farmers (Fulton et al., 2019). Thus, I hypothesized that watershed basins are most 

representative of respondent behavior toward bee-friendly practices.  

The regional categories include Sacramento Valley, Delta, San Joaquin Basin, and Tulare 

Basin (Figure 11). The Sacramento Valley consists of respondents who farm almonds in Butte, 

Colusa, Glenn, or Tehama; the Delta region includes Sacramento, Solano, Yolo, and Yuba; the 

San Joaquin Basin includes San Joaquin, Stanislaus, Merced, and Madera; the Tulare Basin 

includes Tulare, Kings, Kern, and Fresno. It is important to note that the northern section of the 

Central Valley consists of the Sacramento Valley and Delta regions, while the southern section 

includes the San Joaquin and Tulare Basins. 

 

Figure 11.  Map of the Four Main Regions in Californiaôs Central Valley (Source: USGS, 2020) 
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I performed a chi-square test of independence to examine the relationship between 

ñregionò and whether or not respondents have grown a cover crop in the last five years. The 

relationship between these variables is significant, showing that ñregionò does affect whether or 

not respondents selected ñYesò to having grown a cover crop (x2(3, N = 301) = 24.205, p < 

0.05). I then ran a logistic regression to see which regions are most likely to affect whether or not 

the respondent has grown a cover crop. The model showed that respondents with almond acreage 

located in the Sacramento Valley and Delta regions were significantly more likely to have grown 

a cover crop in the last five years over respondents from the Tulare Basin (Table 6).  

 

 

 

The model also showed that the odds of a respondent from the Sacramento Valley 

selecting ñYesò to having grown a cover crop in the last five years are 5.74 over the odds of a 

respondent from the Tulare Basin while the odds of a respondent from the Delta region selecting 

ñYesò are 7.12 over a respondent from the Tulare Basin. On the other hand, the odds of a 

respondent from the San Joaquin Basin, which is closest to Tulare Basin, selecting ñYesò are 

only 1.58 over a respondent from the Tulare Basin.   

I then performed a logistic regression to examine the relationship between ñregionò and 

whether or not respondents who had not previously grown a cover crop were interested in 

growing a cover crop. The results from the analyses showed that ñregionò does not significantly 

affect respondent interest in growing a cover crop (p > 0.05). However, when I analyzed the 

percent of respondents who have grown or are interested in growing a cover crop by region, I did 

find some differences (Table 7). Results il lustrate that 80% of respondents from the Sacramento 

Valley, and 72% of respondents from the Delta region have grown or are interested in planting a 

cover crop.  
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Table 7. Region vs. Cover Crop Adoption and Interest Rates 

Region No Yes 

Sacramento Valley 28% 72% 

Delta 20% 80% 

San Joaquin Basin 52% 48% 

Tulare Basin 65% 35% 

 

Due to the significant relationship between regions and cover crop adoption, I examined 

the respondentsô concerns regarding cover crops to determine if the concerns were influenced by 

region as well. However, before assessing concerns for cover crops by region, I first looked at 

the respondentsô overall concerns for growing or maintaining a cover crop (Figure 12). Overall, 

the respondentsô leading concerns for growing or maintaining a cover crop are: ñIncreased risk of 

frost damage,ò ñEffort/time to manage it,ò and ñAvailability of waterò (Figure 12).   
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Figure 12. Respondent Concerns for Growing or Maintaining Cover Crop in Almond Orchards in 

California 

 

I then assessed how the regional concerns for growing or maintaining a cover crop 

differed from the respondentsô overall concerns. Analyzing the regional difference in cover crop 

concerns will provide insight into the barriers of adopting cover crops and help determine 

whether these concerns are local or widespread. I hypothesize that respondents who farm in the 

San Joaquin Basin and Tulare Basin will be less likely to adopt cover crops due to the 

availability and price of water in these more arid regions. Figures 13 ï 16 show that while ñcost 

of equipment necessary to plant cover cropò is a common concern in the northern regions, ñeffort 

and time to manage cover cropò and ñphysical interference with operationsò are the most 

common concerns in the southern regions. Although ñavailability of waterò is not the leading 

concern of respondents from the southern regions, as my hypothesis proposed, we do see the 
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concern for water availability noted by respondents who farm almonds in the San Joaquin Basin 

(Figure 15).  

 

 

Figure 13. Sacramento Valley Respondent Concerns for Growing and Maintaining Cover Crop 
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Figure 14. Delta Region Respondent Concerns for Growing and Maintaining Cover Crop 

 

 

Figure 15. San Joaquin Basin Respondent Concerns for Growing and Maintaining Cover Crop 
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Figure 16. Tulare Basin Respondent Concerns for Growing and Maintaining Cover Crop 

 

Permanent Pollinator Habitat 

The methods for analyzing survey responses regarding permanent pollinator habitat 

(PPH) were similar to those used to assess cover crop adoption and interest. I first evaluated 

whether or not the respondents had PPH surrounding the almond acreage they farmed in 2019. If 

they did not have PPH, I then examined whether they were interested in planting the habitat.  

Compared to the 101 people who answered ñYesò to having grown a cover crop, only 58 

selected ñYesò to having PPH on or near their almond orchard(s), while 206 answered ñNo,ò and 

37 selected ñNot Sure.ò It is important to mention that the answer choices for this question 

included: ñYes,ò ñNo,ò and ñNot Sure,ò unlike the choices for the question of whether or not 

they had planted a cover crop, which only included ñYesò or ñNo.ò We added ñNot Sureò as an 

answer choice to this question because we assumed that producers might be less certain as to 

what constitutes PPH, whereas cover crop is more obvious as the grower must plant the cover 

crop annually.  
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Compared to the 26% of people who were interested in growing cover crops, a slightly 

larger amount (29%) noted that they are interested in planting PPH out of the 206 who answered 

ñNoò to having the habitat on their farm. Results also showed that 46% of respondents had no 

interest in planting PPH, and 40% responded ñNot Sure.ò The number of respondents who 

answered ñNoò to both having PPH and to having an interest in planting PPH was higher than 

the number who answered ñNoò to the same questions in the ñcover cropò section.  

Table 8 shows the results from a model that analyzed how the respondentsô region, role in 

operation, age range, and total yield-bearing acreage affect whether or not they have PPH on or 

near their almond orchard(s). When controlling for all factors, we see that there is a marginally 

significant likelihood of respondents who farm almonds in the Delta region having PPH in 

comparison to those who farm in the San Joaquin Basin. The odds of a respondent from the Delta 

selecting ñYesò to having PPH on or around the orchard(s) are 2.5 over a respondent from the 

San Joaquin Basin. These results differ from the cover crop model that showed a significant 

relationship between producers in both the Sacramento Valley and Delta regions and cover crop 

adoption. The odds of respondents from these regions over respondents from the San Joaquin 

planting cover crop are also greater than the odds we see for PPH. Further, respondents who own 

and operate their almond production have a marginally significant likelihood of having PPH over 

respondents who identify as farm managers or solely owners. This variable was marginally 

significant in the cover crop analysis as well.   
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For respondents who do not have PPH on or near their orchard(s), I conducted a similar 

analysis to examine how the variables ï ñrole in operation,ò ñage,ò ñsize of operation,ò and 

ñregionò  ï affected their interest in planting PPH. Table 9 shows a significant relationship 

between owners of almond operation and interest in planting PPH and a marginally significant 

relationship between respondents between 65 ï 74 years old and interest in planting PPH. 

 

 

 

After controlling for all the variables that might affect whether the respondents have or 

are interested in planting PPH, I then examined the variables individually. The following 

sections assess ñrole in operation vs. permanent pollinator habitat,ò ñrespondent age vs. 

permanent pollinator habitat,ò ñsize of operation vs. permanent pollinator habitat,ò and ñregion 

vs. permanent pollinator habitat.ò 

 

Role in Operation vs. Permanent Pollinator Habitat 

To analyze how oneôs ñrole in operationò affects whether or not they have PPH, I first 

made a plot to visualize the number of farm managers, owners, and owner/operators who have 

and do have not PPH on or near their almond orchard(s). Figure 17 illustrates that the majority of 

respondents owned and operated their almond production, and a majority of them do not have 

PPH.  
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Figure 17. Role in Operation and whether or not respondents have permanent pollinator habitat on or 

near their almond orchard(s). 

 

 

 Upon further examination, I found that there is a significant relationship between 

respondents who own and operate their almond operations and whether or not there is PPH on or 

near the orchard(s) (X2 (4, N = 301) = 9.5032, p < 0.05). Additionally, the odds of 

owner/operators selecting ñYesò to having PPH on or near their almond orchard(s) are 0.59 less 

than the odds of farm managers selecting ñYes.ò  

To determine the relationship between ñrole in operationò and the respondentsô interest in 

planting PPH, I first plotted the two variables. Figure 18 shows that similar to the comparison of 

ñrole in operation vs. interest in cover crop,ò a majority of the respondents own and operate their 

operation, and there is a high uncertainty for whether or not the respondent is interested in 

planting PPH. I again hypothesized that this uncertainty might be due to a lack of information on 

planting and managing PPH.  
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Figure 18. Role in Operation and whether or not respondents are interested in planting permanent 

pollinator habitat. 

  

Unlike the relationship between the respondentôs role in the operation and whether or not 

they have PPH, which only showed a significant relationship for owner/operators, I found that 

there is a significant relationship between ñownersò and having PPH as well as owner/operators 

and having PPH (X2 (4, N = 301) = 13.207, p < 0.05) (Table 10). The odds of an owner selecting 

ñYesò to being interested in planting PPH are 0.37 less than a farm manager, and the odds of an 

owner/operator selecting ñYesò are 0.51 less than a farm manager selecting ñYes.ò  
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Respondent Age vs. Permanent Pollinator Habitat 

 A logistic regression showed that the relationship between respondent age and whether or 

not a respondent has PPH on or near the orchard(s) is not significant. This was further confirmed 

by a chi-square test of independence (X2(14, n = 301) = 15.501, p > 0.05). However, when I 

examined the relationship between respondent age and respondent interest in planting PPH, I 

found a marginally significant relationship between respondents who are 65 ï 74 years old and 

interest in planting PPH (p < 0.05).  

 

Size of Operation vs. Permanent Pollinator Habitat 

 There is no significant relationship between the size of the almond operation and whether 

or not a respondent has PPH on or near the orchard(s). Further, analyses did not show a 

significant relationship between the size of the operation and whether or not a respondent is 

interested in planting PPH (p > 0.05). However, the percent of respondents who selected ñYesò 

to having PPH on or near the almond orchard(s) does vary slightly by the size of the operation, 

with a higher percentage of larger operations having PPH (Table 11). 

 

Table 11. Size of Operation vs. Permanent Pollinator Habitat on or near orchard(s) 

Size of Operation No Not Sure Yes % Yes 

Large 44 8 20 28% 

Medium 70 9 15 16% 

Small 89 20 22 17% 

 

 

Region vs. Permanent Pollinator Habitat 

Unlike the relationship between ñregionò and cover crop, there is not a significant 

relationship between ñregionò and whether or not a respondent has PPH on or near the 

orchard(s). However, when I examined the percent of respondents who have PPH on or near the 

orchard(s), I found a higher percentage of respondents from the Sacramento Valley and Delta 

regions have PPH versus those in the San Joaquin Basin and Tulare Basin (Table 12).  
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Table 12. Region vs. Permanent Pollinator Habitat on or near orchard(s) 

Region No Not Sure Yes % Yes 

Sacramento Valley 14 0 6 30% 

Delta 10 4 6 30% 

San Joaquin Basin 124 20 34 19% 

Tulare Basin 57 13 12 15% 

 

When examining the relationship between ñregionò and whether or not a respondent has 

PPH or is interested in planting PPH, there is only slight variation among the regions (Table 13). 

Further, contrary to the similar analysis regarding cover crops that showed a higher percentage of 

adoption and interest rates from respondents in the Sacramento Valley and Delta regions, a 

majority of respondents from each region have not planted nor are interested in planting PPH. 

 

Table 13. Region vs. PPH Adoption and Interest Rates 

Region No Yes 

Sacramento Valley 61.1% 38.9% 

Delta 52.9% 47.1% 

San Joaquin Basin 61.7% 38.3% 

Tulare Basin 65.3% 34.7% 

 

 Although the analyses showed little significance in the relationship between the 

demographic variables and PPH adoption and interest, I wanted to examine the respondentsô 

concerns regarding PPH to obtain greater insight regarding the low adoption rates of the habitat. 

I hypothesized that the lower adoption rates might be due to lack of available land and 

availability and expense of water as a majority of respondents farm in the southern regions where 

water is sparse, and many farmers continue to farm ñfrom fence post to fence postò as 

encouraged by the federal government in the 1970s (Keppel, 1987). Figure 19 shows that while I 

was correct in assuming that a lack of available land would be a driving concern, availability of 

water is only the 5th highest concern while the price of water is 12th. 
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Figure 19. Respondent Concerns for Implementing, Maintaining, or Planting New Permanent Pollinator 

Habitat On or Near Almond Orchard(s) in California 

 

 When examining the concerns for PPH by region, both ñlack of available landò and 

ñlabor to plant/maintain itò have the highest frequency in each of the four regions (Figures 20 ï 

23). Unlike the concerns for cover crops that were more regional, there is considerable overlap in 

the top three concerns for implementing, maintaining, or planting new PPH among the regions.  
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Figure 20. Sacramento Valley Respondent Concerns for Implementing, Maintaining, or Planting New 

Permanent Pollinator Habitat 

 

 

Figure 21. Delta Region Respondent Concerns for Implementing, Maintaining, or Planting New 

Permanent Pollinator Habitat 
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Figure 22. San Joaquin Basin Respondent Concerns for Implementing, Maintaining, or Planting New 

Permanent Pollinator Habitat 

 

 

Figure 23. Tulare Basin Respondent Concerns for Implementing, Maintaining, or Planting New 

Permanent Pollinator Habitat 
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Almond BoardΩǎ Bee Best Management Practices (BBMPs) 
 

Overall, a majority of respondents selected ñsometimesò or ñalwaysò to adopting the 

Almond Board BBMPs that the survey assessed (Table 14). However, results do show that the 

BBMP with the lowest adoption rate is the practice regarding water sources for pollinator bees 

(Table 14, Practice 1). Comments provided by the respondents provide some insight into their 

satisfaction and approval of the BBMPs. One respondent noted:  

ñBee BMPs are a no brainer. Happy bees work harder, which in turn produce more honey 

which makes beekeepers happy, plus more benefits. We try to be as "au natural" as 

possible,ò  

while another stated: ñseems to me that the BBMPs are common courtesy. We utilized these 

practices over a decade ago.ò 

  

Table 14. Adoption rates of Almond Boardôs Bee Best Management Practices  

Practice 

 

Answer Percent 

Water sources for pollinator bees were 

covered before or replaced after pesticide 

application 

 

Always 50.8% 

Sometimes 30.2% 

Never 18.9% 

Avoided applying pesticides during bloom with 

label cautions stating: ñhighly toxic to beesò or 

ñtoxic to beesò 

Always 80.1% 

Sometimes 17.9% 

Never 2.0% 

 

Avoided applying pesticides during bloom with 

label cautions stating: ñresidual timesò or 

ñextended residual toxicityò 

 

Always 74.1% 

Sometimes 23.6% 

Never 2.3% 

Only applied fungicides in late afternoon or 

evening when bees were not present 

Always 66.4% 

Sometimes 32.2% 

Never 1.3% 

 

Avoided applying all insecticides (except B.t.) 

during bloom 

Always 69.1% 

Sometimes 26.9% 

Never 4.0% 

 

Avoided tank-mixing insecticides (except B.t.) 

with fungicides during bloom 

Always 74.1% 

Sometimes 

 

22.6% 

Never 3.3% 
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When assessing the respondentsô challenges to adopting the Almond Boardôs BBMPs, a 

majority of respondents stated that they did not have challenges adopting the BBMPs in 2019 

(Figure 24). This result again mimics the comments regarding the BBMPs that respondents 

added in the survey.  

 

 

Figure 24. Respondent Challenges for Adopting the Almond Board's Bee Best Management Practices 

 

 

 

Pollination  

Results from the ñ2019 Almond Pollinationò section of the survey showed that a majority 

of respondents rented all of the honey bees needed to adequality pollinate their almond 

orchard(s) (Table 15).     
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Table 15. Pollination Services 

 

ñWhich of the following best describes how your 

operation obtained honey bees to pollinate your 

almond orchard(s) in 2019?ò 

 

 

Frequency 

 

Percent 

Our orchards were not mature enough for bee 

pollination 

18 6.0% 

We rented all our bees 

 

212 70.4% 

We rented some bees and supplied some of our 

own 

36 12.0% 

We supplied all of our own bee pollination 27 9.0% 

Prefer not to answer 8 2.7% 

 

The survey responses showed that 43% of respondents obtained their managed honey bee 

colonies from beekeepers located outside of California (Figure 25). Analyses also illustrated that 

the mean rental cost respondents paid per hive in 2019 was $225.84, which is higher than the 

$200 average colony rental fee noted by the California State Beekeeperôs Pollination Fee Survey 

(Goodrich, 2020). 

 

 

Figure 25. Where the Respondent's Rental Bee Colonies Came From for the 2019 Almond Pollination 

Season By Percent 
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Incentives 

 At the end of each bee-friendly section, we asked a question regarding possible incentives 

that may assist or encourage the respondents to adopt the bee-friendly practices on their almond 

orchard(s). The orange bars note the highest drivers of respondent behavior. For each of the three 

incentive questions, ñincreased strength of bee colonies during bloomò had the highest frequency 

in driving respondent behavior to adopt the bee-friendly practices (Figures 26 ï 28). However, 

while ecological incentives were more frequently noted among respondents when considering 

cover crop adoption (Figure 26), economic incentives such as a ñdecreased rental fee for 

managed bee coloniesò and a ñfederal cost-share program that covered the cost of permanent 

pollinator habitat plants/seedsò were greater drivers of behavior for implementing, maintaining, 

or planting new permanent pollinator habitat (Figure 27).  

 

Figure 26. Frequency of Incentives for Cover Crop Adoption  
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Figure 27. Frequency of Incentives for Implementing, Maintaining, or Planting New Permanent 

Pollinator Habitat Adoption  

 

The Almond Boardôs Bee Best Management Practices (AB BBMPs) incorporate a set of 

pesticide application practices that can help protect and support the health of managed honey 

bees on almond orchards. Similar to the leading incentives for cover crop and PPH adoption, the 

leading incentive for adopting most or all of the AB BBMPs is ñincreasing the strength of bee 

colonies during bloomò (Figure 28). However, these results also show that respondents already 

practice most or all of the AB BBMPs and that a fair amount of respondents selected ñdecreased 

rental fee for managed bee coloniesò as a driving incentive as well.  



 55 

 

 

 

Figure 28. Frequency of Incentives for Adopting Most of All of the Almond Boardôs Bee Best 

Management Practices  

 
 

Certification 

 When asked about their interest in participating in a voluntary bee-friendly certification 

program, 74.8% (225 out of 301) of respondents selected ñStrong Interestò or ñModerate 

Interestò (Table 16).   

   

Table 16. Respondent Level of Interest in a Voluntary Bee-Friendly Certification 

ñPlease indicate your level of interest in participate 

in a voluntary bee-friendly certification programò 

 

Frequency Percent 

Strong interest 78 25.9 

Moderate interest 147 48.8 

No interest 64 21.3 

Prefer not to answer 12 4.0 
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Similar to the incentives noted in the ñcover crop,ò ñpermanent pollinator habitat,ò and 

the ñAlmond Board BBMPsò sections, the leading driver for participating in a voluntary bee-

friendly certification program is ñincreasing the strength of bee colonies during bloomò (Figure 

29). A majority of respondents also stated that a ñdecreased rental fee for managed bee coloniesò 

is a strong incentive for participating in a new bee-friendly certification program. Considering 

that, on average, respondents paid $225.84 per hive and that 2.5 hives are required to pollinate an 

acre of almonds, an incentive to decrease the rental costs is understandable. This incentive is also 

in line with the respondentsô concerns for the future of pollination that fear an increase in rental 

fees for managed honey bee hives (Figure 30).   

   

 

Figure 29. Frequency of Incentives for Participating in a Voluntary Bee-Friendly Certification 
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Figure 30. Level of Concern for Factors that may Affect the Future of Almond Pollination 

 

Landscape and Gap Analyses  

Observations from the landscape and gap analyses showed a substantial range and lack of 

consistency in detail among the required standards for pollinator certifications and suggested 

bee-friendly practices by pollinator-support programs. Due to the variation among the programs, 

I chose to focus on the differences in habitat type, habitat percent requirements, habitat bloom, 

water for pollinators, synthetic chemical protocol/recommendations, and verification models as 

these most closely mirrored the sections found in my survey. The complete Landscape and Gap 

Analyses are in Appendix C.  

 

Habitat Type  

The table below shows that each of the certification and pollinator-support programs 

require or recommend specific types of forage to be planted on farms to provide additional 

nutrition sources for pollinators except the Pollinator Partnershipôs Bee Friendly Farming 

certification (Table 17). Certification programs require participants to meet a set of standards, 

whereas pollinator-support programs include various bee-friendly recommendations that growers 

are encouraged to adopt. Xercesô and Penn Stateôs requirements include parameters for the 



 58 

 

 

placement and spacing of pollinator habitat and focus on planting primarily native species. 

Programs with unique characteristics include the USDAôs requirement of organic forage and 

Project Apis m.ôs suggestion to communicate with the beekeeper about the location of pollinator 

habitat near the farm. Bloom diversity, density, and duration to maximize the amount of pollen 

and nectar sources available to bees are common themes among the habitat type requirements 

and recommendations.  

 

Table 17. Pollinator Habitat Type Requirements/Recommendations  

Program Habitat Type Requirement Habitat Type 

Recommendation 
Xerces: Bee 

Better 

Certified  

¶ Habitat must be on the parcel/adjacent to crop 

fields within 1-mile of farm.  

 

¶ The sum of the habitat established on total of 

distributed parcels must meet Bee Better 

habitat requirements. If parcels disconnected, 

habitat should be distributed throughout 

properties.    

                                                                                          

¶ Pollinator Habitat: areas containing flowering 

plants and/or nesting sites (no noxious or 

invasive species).  

                                                                 

¶ Permanent Habitat: present year-round 

(hedgerows, perennial or re-seeding 

wildflower strips, riparian forests, filter 

strips).      

                                               

¶ Temporary Habitat: typically dies back 

annually  

 

 

Penn State: 

Pollinator 

Friendly 

Garden 

¶ Provide nectar and pollen sources.                      

¶ Choose plants that provide pollen and nectar 

sources from early spring to late fall. 

¶ Provide a variety of flower shapes and sizes.                                                                          

¶ Incorporate pollinator friendly native plants 

into the garden.                                                                 

¶ Place plants in drifts of three or more (plant 

10-12 inches apart).                                                              

¶ Plant at least four native trees and shrubs                   

¶ Must have two host plants for caterpillar food 

sources.                                                                   

¶ Safeguard pollinator habitat by removing 

invasive ornamental plants 
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(Continued) Table 17. Pollinator Habitat Type Requirements/Recommendations 

 

Program Habitat Type Requirement Habitat Type 

Recommendation 
Project  

Apis m.: 

Seeds for 

Bees 

 ¶ Specialized seed mixes to 

enhance bloom diversity, 

density and duration to 

optimize forage potential.   

¶ If possible, help your 

beekeeper locate flowering 

forage prior to and after 

almond bloom to offset 

dearth   (On adjacent acreage; 

at perimeter of orchard; 

within younger orchards; on 

fallow land)                                                                

¶ Good examples of alternative 

food sources are mustard, 

clover or vetch   

         

USDA 

Organic 

Certified 

 ¶ Provide organic forage and 

organic feed supplement if 

needed    

(Source: Xerces Society, 2019; Pollinator Partnership, 2020; Penn State College of Agricultural Sciences, 

2020; Project Apis m., 2017; USDA, 2013) 

 

Habitat Percent  

Xercesô Bee Better Certified and the Pollinator Partnershipôs Bee Friendly Farming were 

the only programs with a habitat percent requirement. However, the organizations differed in the 

percentage and specificity of the standard (Table 18). Xerces established guidelines for the 

portion of the habitat that must be planted with permanent forage (at least 1% of total farm 

acreage), while the Pollinator Partnership does not include a required ratio for planted habitat.  

 

Table 18. Pollinator Habitat Percent Requirements 

Program Habitat % Requirement 

Xerces: Bee Better Certified ¶ At least 5% of the farmôs total acreage must be planted in pollinator 

habitat  

¶ Of the 5%, 1/5th of the habitat must be permanent habitat (1% of 

total farm acreage)  

 

Pollinator Partnership: Bee 

Friendly Farming 
¶ Offer forage providing good nutrition for bees on 3% of land. 

Forage can be temporary, including crops and cover crops. 

(Source: Xerces Society, 2019; Pollinator Partnership, 2020) 
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Habitat Bloom 

 Only Xercesô, the Pollinator Partnershipôs, and Penn Stateôs certifications specify a 

requirement for habitat bloom in their set of standards (Table 19). While the Pollinator 

Partnershipôs standard necessitates the blooming of different flowering plants throughout the 

growing season, Xerces and Penn State specify the number of plant species required and include 

the number of native species the certification applicant must plant.    

 

Table 19. Pollinator Habitat Bloom Requirements 

Program  Habitat Bloom Requirement  

Xerces: Bee Better Certified ¶ Must have three flowering species per season                                                  

¶ New permanent habitats must be 70%+ native                                    

¶ Natural/mature permanent habitats must be 35%+ native                          

¶ Combined vegetative cover of the plant species in bloom should be 

classified "abundant" or "common in each season                                      

o Abundant: numerous individuals of flowering species are 

present  (51-100%)                                    

o Common: several individuals of the flowering species are 

present (11-50%)                                   

o Sparse: only a few of the flowering species are present   

(1-10%)                             

o Absent: 0%                                                   

¶ Flowering species can include trees, shrubs, or forbs known to 

provide pollen and/or nectar to pollinators 

 

Pollinator Partnership: Bee 

Friendly Farming 

¶ Provide bloom of different flowering plants throughout growing 

season, especially in early spring and late autumn in temperate 

regions. There is no minimum land coverage for seasonal bloom. 

 

Penn State: Pollinator 

Friendly Garden  

¶ Plant at least nine different species of native perennial flowers 

(must have at least three from each season grouping: early-, mid-, 

late-season bloom) 

 

(Source: Xerces Society, 2019; Pollinator Partnership, 2020; Penn State College of Agricultural Sciences, 

2020) 
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Water for Pollinators 

 Only the Pollinator Partnership and Penn State include a requirement regarding water 

sources for pollinators (Table 20). The standards are both quite general; however, Penn State 

provides examples of suitable water sources.  

 

Table 20. Water for Pollinators Requirements 

Program Water for Pollinators  Requirement 

Pollinator Partnership: Bee 

Friendly Farming 

¶ If not inhibited by government mandated water 

restrictions, offer clean water for bees 

Penn State: Pollinator 

Friendly Garden 

¶ Provide water sources: birdbath or shallow water source; 

butterfly puddling area; water garden/pond; stream; spring 

 
(Source: Xerces Society, 2019; Penn State College of Agricultural Sciences, 2020) 

 

Synthetic Chemical Protocol/Recommendations 

 Each of the programs I assessed has requirements or recommendations for synthetic 

chemical applications. Xercesô requirements necessitate a pest and disease scouting and 

monitoring protocol, pesticide use forms for the past three years, and prohibits the use of any 

unjustified and aerial applied pesticides (Table 21). Further, Xerces includes parameters for 

pesticide applications and chemical drift around permanent pollinator habitat, requiring a 40-foot 

buffer for most ground-based applications and 60-feet for air blast applications and only 

permitting the use of herbicides in designated permanent pollinator habitat sites.  

The Pollinator Partnership states that growers must practice integrated pest management 

(IPM) and reduce or eliminate pesticides to meet this standard but does not set specific 

requirements. Similarly, Penn State only states that applicants must reduce pesticide use. Project 

Apis m. suggests communicating with the beekeeper about the types of pesticides used on the 

orchard and also provides recommendations for minimizing honey beesô contact with pesticides. 

Due to the nature of USDAôs organic certification, the protocol prohibits the use of all soil 

fumigants and neonicotinoids and calls for preventative non-pesticide management practices to 

be used on farms.  
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Table 21. Synthetic Chemical Protocol and Recommendations 

Program Synthetic Chemical Protocol/Recommendations 

Xerces: Bee 

Better Certified 
¶ Develop written pest/disease scouting and monitoring protocol 

o Must describe scouting and monitoring used to inform pesticide 

application decisions 

o Pesticide use forms for past three years required with BBC Plan                                                                   

¶ Implement and maintain at least three preventive non-chemical pest 

management strategies.                                                                                                                           

¶ Fungicides can only be used during pre-bloom and/or bloom time if at least 

one non-chemical pest management strategy is also used to directly address the 

fungal concern.            

¶ There must be no unjustified use of pesticides 

o Use of pesticides must be justified and supported by evidence of 

severe pest or disease outbreak exists or has strong potential to exist.                                                                                                                      

¶ Do not use nitroguanidine neonicotinoids 

o If neonicotinoids used in last two years, must list parcel(s). 

o Planting of pesticide-coated seeds = pesticide application.                                                                                                             

¶ No aerial application of pesticides.                                                                         

¶ All habitats must be protected from chemical drift.                                                 

¶ Must establish pesticide-free spatial buffer around permanent pollinator habitat 

(40-foot buffer for most ground-based applications & 60-feet for air blast 

applications).                                                                                                      

o Vegetative buffer can be planted to capture chemical drift if spatial 

infeasible.    

o New permanent pollinator habitat must have minimum 30-foot buffer 

between habitat and neighboring farms or land where insecticides are 

known or suspected to be used.                                                                                                                                                                  

o Herbicides (except paraquat dichloride) may be used within buffer 

areas          

¶ Do not use pesticides other than herbicides in designated permanent pollinator 

habitat 

 

Pollinator 

Partnership: Bee 

Friendly Farming 

¶ Practice IPM; reduce or eliminate pesticides 

Penn State: 

Pollinator 

Friendly Garden 

¶ Reduce pesticide use 

 

Project Apis m.: 

Seeds for Bees 

¶ Let your beekeeper know the sprays used for crop protection, including tank 

mixes            

¶ Honey bees come in contact with sprays in different ways:                                                        

Bees fly through spray                                                                                                                           

Sprays may drift to hives via wind                                                                                                            

Bees may collect and bring into the hive pollen that contains chemical residue                                 

¶ Management practices to minimize contact:  

Spray when honey bees are not flying            

Spray when pollen is not being produced by the tree                                                                      

Time applications late in the afternoon or at night 
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(Continued) Table 21. Synthetic Chemical Protocol and Recommendations 
 

Program Synthetic Chemical Protocol/Recommendations 
 

USDA Organic 

Certified 

¶ Banned use of soil fumigants.                                                                                                             

¶ Banned use of nitroguanidine neonicotinoids.                                                                              

¶ Banned use of GMOs that express pesticides.                                                                    

¶ Preventative non-pesticide management 

 

(Source: Xerces Society, 2019; Pollinator Partnership, 2020; Penn State College of Agricultural Sciences, 

2020; Project Apis m., 2017; USDA, 2013) 

 

Verification Model 

 Each program I assessed had various degrees of verification to ensure conformance to 

their corresponding standards (Table 22). Xerces and the USDA are the only two certifications 

that require a third-party, on-site inspection to verify that the applicants are upholding the 

standards listed in the application. Xercesô verification process is the most stringent, 

necessitating a self-assessment followed by an application, and a Bee Better Certified Plan with 

additional required records. Penn State requires a self-assessment of current bee-friendly 

practices that is reviewed by an expert committee upon completion. The Pollinator Partnershipôs 

verification model requires growers to complete an online self-assessment stating compliance 

with the standards. If the grower states that her or she is meeting the standards, the farm qualifies 

for the certification. Project Apis m.ôs model is slightly different than the other programs because 

the organization provides subsidized seeds for temporary and permanent pollinator habitat and 

consultation services for growers seeking to learn more about bee-friendly forage. Thus, their 

model consists of an application describing the parcel of farmland and intended pollinator forage 

plantings as well as a consultation to identify the best seed mixtures for the particular parcel.  

 

 

 

 

 

 

 



 64 

 

 

Table 22. Verification Model 

Program Verification Model  

Xerces: Bee Better 

Certified 

Current farm practices self-assessment; Bee Better Certified plan with 

pesticide use, plant materials sourcing, plant list, and non-pesticide 

management records; application; onsite inspection 

 

Pollinator Partnership: Bee 

Friendly Farming 

Online Self-certification 

Penn State: Pollinator 

Friendly Garden 

Self-assessment with committee review 

Project Apis m.: Seeds for 

Bees 

Application and Consultation 

USDA Organic Certified Application and on-site inspection by USDA-accredited certifying agent 

  

(Source: Xerces Society, 2019; Pollinator Partnership, 2020; Penn State College of Agricultural Sciences, 

2020; Project Apis m., 2017; USDA, 2013) 

 

Discussion  

Main Findings 

 Analyses of the survey results showed that a majority of respondents have a strong or 

moderate interest in a voluntary bee-friendly certification. Further, the results revealed that 

ñincreasing the strength of bee colonies during bloomò is the leading incentive for almond 

producers to implement certification standards as it seemed to be the highest valued attribute of 

the bee-friendly practices in each of the incentive sections of the survey. Similarly, when asked 

about their level of concern for factors that may affect the future of almond pollination, ñstrong 

concernò had the highest selection rate for each of the concerns listed, aside from ñloss of native 

pollinators.ò From these analyses, it is clear that supporting managed honey bee health is a top 

priority and that the future of almond pollination is a point of concern for the respondents. The 

total number of respondents who completed the survey are a statistically significant 

representation of almond producers in California. Due to these overarching themes, creating a 

certification that is both feasible for almond producers to implement and effective in promoting 

pollinator bee health as the most desired attribute could be a solution to supporting managed 

honey bees and protecting the future of almond pollination.   
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 A bee-friendly certification could also meet the need for mitigating environmental and 

financial risks. As one respondent stated:  

ñFarm practices are not sustainable. Farmers should not strive to keep their ground grass-

free. I allow the grass to grow in my orchard. This allows native flowers to grow, which 

provide a temporary habitat for bees. I only spray what is necessary. This practice saves 

me money and maintains soil health.ò 

A majority of respondents reported that they rent their honey bee hives from out-of-state 

beekeeping operations. The significant increase in the stress and elevated death rates of managed 

honey bees caused by transportation present an inherent financial risk to beekeepers and almond 

growers, and contribute to the environmental risk caused by the decline of honey bees. If a 

higher percentage of almond producers adopt bee-friendly practices, the protection and support 

of managed honey bee health could mitigate these risks.  

Further, respondents paid above-average rental fees for hives in 2019 and noted that the 

ñcost of bee coloniesò is the greatest concern they have regarding the future of almond 

pollination. One respondent commented:  

ñI believe for the most part that the beekeepers do a good job with the bees but the cost of 

the bees and how the cost keeps rising is our biggest concern for our farm.ò 

As explained in the ñIntroductionò section, there is a direct link between declines of managed 

honey bee health and the rise in rental fees for honey bee hives. Although a majority of almond 

producers do not currently adopt bee-friendly practices, some do recognize the connection 

between rental fees and honey bee health. As one respondent described:  

ñPollination is my second largest operating cost. Thirty years ago, it was mid-level. Bee 

colony health is a major factor in the scarcity of colonies for rent. UC (University of 

California) should devote major efforts to improving beekeeping practices for greater 

health. Honey imports suppress US beekeeper returns, discouraging use of costly 

practices and expansion of colony numbers.ò  

Thus, supporting honey bee health could result in lower rates of colony loss and decrease the 

need for additional managerial practices that beekeepers are currently taking to protect their 

colonies, which is a contributing factor in higher beehive rental costs.  

To support managed honey bee health, apiculture experts have identified managerial 

practices that almond producers can adopt. However, since incentives do not exist, these 
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practices are recommendations rather than requirements and are thus not widely implemented. 

The results from the cover crop and permanent pollinator habitat sections of the survey further 

confirm the low adoption rates of these practices. If a certification existed that required the 

implementation of effective managerial practices while demonstrating feasibility  for growers to 

adopt these practices and provided an incentive to growers, the current risk that industry 

stakeholders are facing could be diminished.  

Out of the two, existing bee-friendly certification options ï Xercesô Bee Better 

Certification and the Pollinator Partnershipôs Bee Friendly Farming Certification ï neither 

adequately address both the feasibility of obtaining widespread adoption among almond 

producers and the efficacy of providing sufficient support for pollinator health. Xercesô standards 

appear more rigorous and potentially more effective based on the landscape and gap analyses 

performed, yet lack feasibility. In contrast, the Pollinator Partnershipôs standards seem more 

feasible for almond producers to adopt but appear insufficient in effectively supporting pollinator 

health. This dichotomy is apparent in the programsô verification models as well.  

The comprehensive nature of Xercesô verification program appears more reliable in 

ensuring that growers meet the certificationôs standards for implementing bee-friendly practices 

due to the programôs requirement of an on-site inspection. On the other hand, the Pollinator 

Partnership asks that producers complete a short, online form that notes their implementation of 

the standards, but does not perform an on-site inspection to verify the adoption of the practices. 

To be effective, not only do the certification standards have to be feasible for almond producers 

to adopt, but there also has to be proof that the producers are implementing the practices. Thus, 

there continues to be a missing link within the two existing certification programs that could be 

filled by a new certification or that the existing programs should address in their standards. 

 

Efficacy of Existing Bee-friendly Certifications to Support Managed Honey Bee Health  

While Xercesô required standards were the most comprehensive of all the programs 

assessed here, both Xercesô and the Pollinator Partnershipôs standards illustrate general efficacy 

for promoting managed honey bee health on farms through the implementation of bee-friendly 

practices. The two sets of standards contain practices, such as habitat type and bloom criteria and 

pesticide application recommendations, that are demonstrated scientifically to effectively support 

pollinator health.  
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Habitat Percent, Type, and Bloom 

Honey bee colony health and performance are intimately linked to foraging sources and 

habitat sites, which is why it is pertinent to require forage in the form of temporary or permanent 

habitat for a bee-friendly certification (Ricigliano et al., 2019). Studies show that when natural 

and more diversified forage is available, honey bees have lower pathogen loads, increased 

communication within the colonies, and achieve higher rates of pollination (DeGrandi-Hoffman 

et al., 2015; Donaldson-Matasci et al., 2012; Carvalheiro et al., 2012). 

Providing additional forage with higher species richness also increases the abundance of 

non-Apis bees (non-honey bees) (Brittain et al., 2012). A larger population of non-Apis bees can 

heighten the pollination effectiveness of managed honey bees by altering their forage behavior 

(Brittain et al., 2012). Further, more abundant nutrient and pollen sources from diversified forage 

enhance the gut health and immune-related enzyme activities of honey bees, making them more 

resistant to disease and other stressors like pests and pesticide exposure ï a few of the main 

stressors linked to CCD and the decrease in pollinator health (Huang, 2011; Anderson et al., 

2017).  

When planting bee-friendly forage, it is also essential to consider habitat design, namely 

the habitatsô proximity to the orchard, the types of plant species planted, the plant speciesô bloom 

time, and habitat size to ensure the efficacy of the forage in supporting pollinator health (NRCS, 

2009). A cover crop is a temporary nutrient source for honey bees planted between orchard rows, 

so proximity to the hives is not an issue. However, because permanent pollinator habitat is 

planted along the orchardôs edge or in patches near the orchard, the location of the habitat to the 

colonies is important to consider as the flight range for honey bees is an average of 800 meters  

(~ 0.5 miles) (Hagler et al., 2011). Further, the amount of forage planted in or near the orchard 

should adequately meet the nutrient and pollen demand of the number of colonies required for 

crop pollination.  

Xercesô requirements address proximity, stating that habitat must be on the parcel, 

adjacent to crop fields, or within one mile of the farm, while the Pollinator Partnership does not 

include a standard for habitat proximity (Xerces Society, 2019; Pollinator Partnership, 2020). 

Xerces and the Pollinator Partnership also differ in the percent of habitat required by producers 

to qualify for the certification, noting that 5% and 3%, respectively, of the farm, must provide 

habitat (Xerces Society, 2019; Pollinator Partnership, 2020). The programsô standards contrast in 
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the type of habitat and the bloom required to meet the certification standards as well. Xerces 

calls for one-fifth of the habitat to be planted in permanent pollinator habitat, and states that new 

habitat must contain 70% native species with three flowering species each season (Xerces 

Society, 2019). Pollinator Partnership, on the other hand, does not provide a standard for habitat 

type, but details that the forage must contain bloom of different flowering plants throughout the 

growing season and emphasizes that effective blooming occurs in early spring and late autumn 

(Pollinator Partnership, 2020). When compared to the scientific literature on bee-friendly 

practices, the robust nature of Xercesô standards for habitat location, plant species, and habitat 

size, the programôs standards are more effective for pollinator health than the Pollinator 

Partnershipôs standards.  

 

Synthetic Chemical Application 

A standard for pesticide applications is also necessary to include in a bee-friendly 

certification as research shows honey bee decline is directly linked to pesticide toxicity (CCD 

Steering Committee, 2007). A study on the environmental and economic costs of pesticide 

application in the US shows that approximately 20% of all honey bee colonies are adversely 

affected by pesticides, and roughly 5% of honey bee colonies are killed immediately or die 

during the winter from direct lethal and sublethal effects of pesticide exposure (Pimentel, 2004). 

The same study calculates that another 15% of honey bee colonies are significantly weakened by 

pesticides or suffer losses when beekeepers have to move the colonies to avoid pesticide 

exposure (Pimentel, 2004). When other stressors are present (e.g., diseases, lack of diversified 

habitat, improper nutrition, pests, and intensive transportation), the effects of pesticide exposure 

on honey bees are exacerbated (Pollinator Health Task Force, 2015).  

Xercesô certification standards provide a comprehensive list of requirements for the 

pesticide application protocol. The protocol requires applicants to submit a pest and disease 

scouting and monitoring protocol and pesticide use records, as well as implement at least three 

preventative non-chemical pest management strategies. Further, the requirement states that 

growers can only use fungicides pre-bloom or at bloom time if at least one non-chemical pest 

management strategy is also used to directly address the fungal concern (Xerces Society, 2019). 

Xerces also prohibits the unjustified use of pesticides and aerial pesticide applications (Xerces 

Society, 2019). Pollinator Partnershipôs pesticide application standards are less comprehensive, 
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solely requiring growers to practice Integrated Pest Management practices and reduce or 

eliminate pesticides (Pollinator Partnership, 2020). Though studies show that pesticide residue 

can enter the pollinatorsô water sources and thus recommend that water sources are covered 

during or changed after pesticide applications, only the Pollinator Partnershipô certification 

includes a standard that addresses clean water for bees (NRCS, 2009; Pollinator Partnership, 

2020). Providing access to clean and abundant water is also essential for managed honey bees as 

the bees require water to cool their hives through evaporation, which occurs by the bees carrying 

water back to the hives in their stomachs (NRCS, 2009).  

 

Feasibility of Existing Bee-friendly Certifications for Almond Producer Adoption 

The comprehensive nature of Xercesô requirements appears to be more effective in 

supporting honey bee health, given the scientific literature on bee-friendly practices. However, 

Xercesô stringent and numerous requirements raise questions concerning the feasibility of 

widespread adoption of the certification among almond producers in California and the 

willingness to adhere to these requirements. Currently, only 4,000 acres out of 1,170,000 acres of 

almonds in California are registered under Xercesô Bee Better Certified label (Lee-Mäder, 2019). 

Because only 9,356 acres (.008%) out of the 1,170,000 total acres of almonds in California are 

USDA certified organic, Xercesô synthetic chemical protocol (Appendix D) could present 

compliance issues for conventional almond producers who constitute 99.99% of the almond 

industry (CCOF, 2018).  

As almond acreage continues to increase considerably in California, projections suggest 

little indication of pesticide application rates subsiding. Reports instead note that in 2018, 

pesticide use on farms in California was at near-record levels and found that half the pesticides 

used in 2016 were applied to crops in Fresno, Kern, Tulare, Madera, and San Joaquin ï the 

counties producing the majority of Californiaôs almonds (Feldman, 2018). Pesticide use reports 

from 2016 to 2017, indicate that almond acreage treated with insecticides increased by 5%. 

Further, total herbicide use on almond acreage increased by 6%, with glyphosate use increasing 

by 5% and paraquat dichloride and glufosinate-ammonium use increasing by 6% and 50%, 

respectively (California Department of Pesticide Regulation, 2019). Due to the high rates of 

pesticide applications in almond production, it seems as though it would be difficult for growers 
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to adhere to Xercesô pesticide application requirements, which could explain the lower rate of the 

certificationôs adoption by the almond industry.  

Analyses from the survey also support the inability for almond growers to qualify for 

Xercesô Bee Better Certification due to the stringency of the standards. Xerces requires 

producers to plant 5% of their farm with forage, and one-fifth  of the forage must be permanent 

pollinator habitat. However, out of the 58 respondents who have planted permanent pollinator 

habitat, 42 have planted the habitat on less than 3% of their total acreage. As one respondent 

stated:  

ñI would need a study to see the economics involved. Decreased farmland would result in 

decreased yield. It is a small farm. How much land would be needed to support 

permanent pollinator habitat?ò  

Further, two of the most noted concerns regarding cover crops are ñeffort/time to manage itò and 

ñavailability of water,ò with a respondent commenting,  

ñI planted wild flowers around the perimeter of the orchard where possible and they are 

coming up, but I'm not sure how they will do as it warms up. I have no way of watering 

most of it.ò  

Additionally, the most noted concerns for permanent pollinator habitat are ñlack of available 

landò and ñeffort and time to manage it.ò Because of these concerns, the standards regarding 

habitat would be more feasible for growers to adopt if they did not include a set 

permanent/temporary habitat ratio and lowered the required percent of pollinator forage planted 

on farmland.  

 

Recommended Standards for a Sustainable Pollinator Bee Certification 

 To capture the efficacy of Xercesô Bee Better Certification and the feasibility of the 

Pollinator Partnershipôs Bee Friendly Farming Certification, I compiled a list of suggested 

standards that also reflect the respondentsô concerns and incentives conveyed in the survey. 

1. Plant Species and Bloom Type 

1.1. Plants chosen for temporary and permanent pollinator habitat must provide 

nectar and pollen sources for pollinators  

1.2. Plant species must bloom from early spring to late fall.  

1.2.1. There must be at least three flowering plant species each season. 
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1.2.2. Examples of temporary forage: mustards, clover, vetch, borage oilseed, 

camelina sativa, meadowfoam, and phacelia ciliate 

1.2.3. Examples of permanent pollinator habitat: wildflower mix, sainfoin, 

salvia, dianthus, decadence false indigo, penstemon, hedge nettle, woolly 

blue curl, yarrow, coyote bush, California fuchsia, elderberry, ceanothus, 

and St. Catherineôs lace 

1.3. Plant species must be ecologically appropriate for the climate and ecological 

region of the sites. 

1.3.1. It is recommended that the certification participants choose pollinator-

friendly plant species/seeds for temporary forage and permanent pollinator 

habitat that are native to the region. Native species will perform better in 

soil, require less water, and handle the climate the best. 

2. Habitat Percent and Proximity  

2.1. At least 3% of the operationôs total acreage must be planted with temporary or 

permanent pollinator-friendly habitat and forage 

2.1.1. A mix of temporary and permanent pollinator habitat is recommended. 

However, if producers provide records that show lack of water availability, 

the producer can choose to plant either temporary forage or permanent 

pollinator habitat. 

2.2. It is suggested that certification participants plant flowering groupings of at least 

three feet in diameter of an individual species. 

2.3. Permanent pollinator habitat must be on parcel or adjacent to orchards within  

1-mile.  

3. Water Source(s) for Pollinators 

3.1. Pollinators must have access to clean and abundant water sources 

3.2. Water sources must be covered water during pesticide applications or replaced 

after applications 

4. Synthetic Chemical Use 

4.1. Certification participants must adhere to the Almond Boardôs Bee Best 

Management Practices for pesticide applications 

5. Communication with Beekeeper 

http://www.almonds.com/sites/default/files/ALM_189395_HBBrochure_8_5x11_Website_F.pdf
http://www.almonds.com/sites/default/files/ALM_189395_HBBrochure_8_5x11_Website_F.pdf
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5.1. Communication regarding pesticide applications must occur between all 

pollination stakeholders 

5.2. Almond producers must establish contracts/agreements with beekeepers ahead of 

almond bloom 

5.3. Rented bee hives must be registered 

5.4. Beekeepers must be contacted 48 hours before pesticide application 

5.5. An agreed upon time for the bee hives to be removed after pollination period 

must be established between beekeepers and almond producers.  

6. Record Keeping 

6.1. Certification participant must keep up-to-date habitat and pesticide records. 

7. Verification  Model:  

7.1. Certification participant must complete an application regarding the certification 

standards. 

7.2. After the application is approved, an on-site inspection by a third-party verifier 

will take place to ensure the certification standards are being met. 

7.3. An annual on-site inspection will take place for certification renewal. 

 

Further Recommendations 

 As concerns about the long-term sustainability of pollinators heighten and the global 

demand for almond-based products increases, stakeholders are continuing to search for 

alternative solutions to mitigate the decline in managed honey bee health. One potential answer 

to the mounting economic and environmental risks of almond production is to plant self-fertile 

varieties of almonds that do not require cross-variety pollination from managed honey bees.  

Self-fertile varieties entered the market over a decade ago and have slowly gained 

traction throughout California. Currently, the dominant self-fertile almond variety is 

ñIndependence.ò Although Independence accounted for only 1% of bearing acreage in 2017, the 

variety made up 18% of the non-bearing acreage in California, suggesting the potential future 

growth of self-fertile almonds in the state (Lee et al., 2018). One respondent from the survey 

confirmed the potential for increased adoption rates of self-fertile varieties, noting,  
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ñThe next almond orchard I plant will be a self-pollinating variety such as Independence. 

The primary reasons for going this direction are the high cost of bees and the hassle of 

dealing with bees.ò  

Experts project that an increase in self-fertile almond acreage will lower the rates of honey bee 

pollination services without affecting almond yields (Lee et al., 2018). Thus, if more producers 

transition to self-fertile varieties, almond production would necessitate fewer commercially 

managed honey bees, decreasing honey bee exposure to pesticide toxicity and stress from 

transportation, which are significant contributors to the decline of honey bee health.  

  Supporting and implementing policies that enhance pollinator protection is another 

method to generate awareness and promote honey bee health. In 2015, President Obama issued a 

Presidential Memorandum designating an interagency Task Force to create a National Strategy 

to Promote the Health of Honey Bees and Other Pollinators (Holdren, 2015). The Task Force 

released the Strategy under the Environmental Protection Agency (EPA) and the US Department 

of Agriculture (USDA). The Strategy included three overarching goals: reduce honey bee colony 

losses to economically sustainable levels; increase monarch butterfly numbers to protect the 

annual migration; restore or enhance millions of acres of land for pollinators through combined 

public and private action (Holdren, 2015). Together with the science-based Pollinator Action 

Plan, the Strategy outlined needs and priority actions to increase knowledge around pollinator 

losses and measures to improve pollinator health (Holdren, 2015).  

Despite President Obamaôs efforts, the Trump administration dismantled the national 

Strategy to protect pollinators. In 2019, the USDA announced it would no longer fund the 

nationwide annual survey of honey bee populations, which was a pivotal facet of the Strategy as 

it provided critical information on current honey bee population data (Irby, 2019). Without long-

term research, it is difficult for experts to assess the trends and what contributes to the loss of 

pollinator populations. In an attempt to circumvent the current administrationôs resolution to end 

national pollinator research and protections efforts, Representative Earl Blumenauer [D-OR-3] 

sponsored Saving Americaôs Pollinators Act of 2019 (GovTrack.us, 2020). The bill requires the 

EPA to establish a Pollinator Protection Board to develop an independent review process for 

pesticides that threaten pollinators and their habitats (Blumenauer, 2019). Unfortunately, Saving 

Americaôs Pollinators Act of 2019  lost momentum, and political experts now predict only a 4% 

chance of Congress passing the bill (GovTrack.us, 2020). Due to the lack of federal support for 
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promoting pollinator protection, the responsibility now lies with the states and private sectors to 

take actions that protect the honey bee populations.  

 A final recommendation for enhancing pollinator health is to increase access and 

awareness of financial support resources to support farmers in adopting bee-friendly practices. 

Results from the survey showed that effort and time to plant and manage cover crops and 

permanent pollinator habitat were both concerns for respondents, with ñcost to plant and 

maintain permanent pollinator habitatò as a leading concern. Respondents also noted that 

ñeasy/affordable access to equipment needed to plant cover crop seedsò and a ñfederal cost-share 

program that covers the cost of permanent pollinator habitat seeds/plantsò are also driving 

incentives for adopting bee-friendly practices. Due to the tremendous effects planting additional 

and diverse habitat and forage has on enhancing managed honey bee health, it appears that 

providing funding support for the necessary equipment, seeds, and plants could assist almond 

producers in implementing the bee-friendly practices. Furthermore, like other agricultural 

subsidies, it seems such cost-share incentives are required for implementation.  

Currently, the Environmental Quality Incentives Program (EQIP) provides technical 

assistance and funding to help farmers create pollinator habitat. Similarly, private cost-share 

programs exist like Project Apis m.ôs Seeds for Bees program which offers free or subsidized 

cover crop seeds to growers and orchardists in California. However, as illustrated by the survey 

results, there are still low rates of adoption of bee-friendly practices among almond growers in 

the state. Increasing awareness and access to these programs could make the funding 

opportunities more attainable to producers. Financial assistance programs could also work with 

handlers and distributers to provide financial incentives for almond producers to adopt bee-

friendly practices. One respondent stated: ñDue to the size of our land, compiled with the time 

and expense, it would be difficult to be involved with a certification program,ò while another 

noted: ñ[I] would be interested in cover crop if [I] got help with the cost.ò Financial and technical 

assistance for implementing bee-friendly practices could incentivize producers to partake in a 

certification program that promotes honey bee health and increases consumer awareness around 

choosing products that protect pollinators.  
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Limitations 

 Although Dr. Jennie Durant and I thoroughly cleaned the survey response dataset to 

obtain the most valid and representative answers, some limitations were evident due to survey 

respondent and survey design errors. Possible survey respondent errors we noted included text 

entries, multi-value answer choices, duplicate responses for multiple parcels of land operated 

under the same owner or farm manager, eagerness to receive compensation, and responses taken 

on cell phones. Some text entry errors we noticed were respondents entering total colony rental 

price and total water price instead of rental price per colony and acre-foot price for water. 

Further, several of the ñtotal acreage ownedò and ñtotal acreage leasedò text entries did not add 

up to the numbers entered for ñtotal yield-bearing acresò and ñtotal non-yield bearing acres.ò 

This difference may be due to respondents perceiving the questions of owned vs. lease to mean 

the total acreage they farm, which could include other crops aside from almonds. Multi-value 

answer choices could have posed confusion for the respondents as well if they did not see the 

instructions to ñcheck all that applyò and instead chose one answer option.  

 The questions stated that the respondent should answer in terms of a single parcel of land 

or the general practices the respondent applies to their operation. However, we discussed the 

possibility of farm managers, farm owners, or farm operators completing the survey more than 

once under different email addresses to account for several parcels of land they operated. 

Another incentive for people to complete the survey with a different email address could have 

been to receive the $20 compensation that we provided. This incentive could also have led to 

respondents taking the survey quickly rather than entering thoughtful and genuine responses. An 

additional survey respondent error we considered was that surveys completed on cell phones 

could be more prone to human error when respondents wrote in the text entry boxes or selected a 

multiple choice answer due to the nature of a phoneôs smaller, more sensitive screen. 

 Possible survey design errors that became apparent after administering the survey applied 

to a failure to include specific questions or answer choices that could have strengthened our 

research questions. For example, we would have liked to add ñcompetition for pollinationò under 

the ñcover crop concernò section as we inferred from more recent discussions with industry 

experts that this factor is a prominent concern among almond producers. Further, asking the 

respondent to describe the price they paid for water would have provided a greater insight into 

the relation between bee-friendly practices and water prices. Additionally, including ñvoluntary 
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bee-friendly certificationò under each of the ñincentivesò sections and a question for ñconcernsò 

under the ñcertificationò section could have strengthened our analyses of certification 

desirability. 

 For the landscape and gap analyses, the analyses were observations rather than applied 

scientific methodology. As a result, even though the research was exhaustive, I could have 

neglected to identify additional pollinator certification or pollinator-support programs or missed 

information when reading through the requirements and recommendations.  

Conclusion 

As the demand for almonds continues to increase, more acres of farmland will transition 

to almond orchards, and without higher rates of adoption of bee-friendly practices or a shift in 

consumer mindset, a continued loss of managed honey bees in the US appears inevitable. A well-

designed certification system could not only incentivize growers to adopt bee-friendly practices, 

but if the standards are legitimate and verified, it could also increase consumersô awareness of 

choosing products that support pollinator health. However, the credibility of the certification is 

essential to ensure that the standards are upheld and effectively protect managed honey bee 

populations. As one respondent explained:  

ñCertification programs that are used to market to the public, then found out (by the 

public) to be weak on enforcement can end up being counterproductive to an industry: 

exposed as a sham.ò  

Labels that promise ñsustainableò and ñnaturalò products currently inundate and greenwash the 

market place, ultimately detracting from the authentic programs and therefore reducing efficacy. 

By creating a certification with standards that are feasible for growers to adopt and genuinely 

effective in supporting managed honey bee health, almond orchards could become safer 

environments for pollinator bees.  

 

 

 

 

 

 

  



 77 

 

 

Citations 

Anderson, K. E., Ricigliano, V. A. (2017). Honey Bee Gut Dysbiosis: A Novel Context of 

Disease Ecology. Science Direct, Vol. 22, 125-132. Retrieved from 

https://doi.org/10.1016/j.cois.2017.05.020 

 

Almond Board of California (ABC). (2018). Honey Bee Best Management Practices. Retrieved 

from http://www.almonds.com/pollination  

 

Almond Board of California (ABC). (2019a). Almonds Drive Growth in New and Traditional 

Consumer Product Categories Worldwide. Almond Board of California. Retrieved from 

https://newsroom.almonds.com/content/almonds-drive-growth-new-and-traditional-consumer-

product-categories-worldwide 

 

Almond Board of California (ABC). (2019b). Almond Almanac. Almond Board of California. 

Retrieved from 

http://newsroom.almonds.com/sites/default/files/pdf_file/Almanac_2019_Web.pdf 

 

Almond Board of California (ABC). (2020). Honey Bee Best Management Practices for 

California Almonds. Almond Board of California. Retrieved from 

http://www.almonds.com/sites/default/files/ALM_189395_HBBrochure_8_5x11_Website_F.pdf 

 

Arathi, H. S., Davidson, D., Mason, L. (2018). Creating Pollinator Habitat. Colorado State 

University Extension. Retrieved from https://extension.colostate.edu/topic-areas/insects/creating-

pollinator-habitat-5-616/ 

 

Blumenauer, Earl. (2019). H.R.1337 - 116th Congress (2019-2020): Saving Americaôs 

Pollinators Act of 2019. Retrieved from https://www.congress.gov/bill/116th-congress/house-

bill/1337 

 

Bureau of Reclamation. (2017). Central Valley Project Schedule of M&I Contract, Cost of 

Service, and Full Cost Water Rates per Acre-Foot by Contractor. United States Department of 

the Interior, Sch. FC-1. Retrieved from 

https://www.usbr.gov/mp/cvpwaterrates/ratebooks/special/2017/special-2017-sch-fc-1.pdf 

 

California Certified Organic Farmers (CCOF). (2018). National, California, and CCOF Organic 

Statistics. California Certified Organic Farmers. Retrieved from 

https://www.ccof.org/sites/default/files/Statistics_2018_web.pdf 

 

California Department of Food and Agriculture (CDFA). (2018a). California Agricultural 

Production Statistics. State of California. Retrieved from https://www.cdfa.ca.gov/statistics/ 

 

California Department of Food and Agriculture (CDFA). (2018b). 2018 California Almond 

Acreage Report. USDA NASS. Retrieved from 

https://doi.org/10.1016/j.cois.2017.05.020
http://www.almonds.com/pollination
https://newsroom.almonds.com/content/almonds-drive-growth-new-and-traditional-consumer-product-categories-worldwide
https://newsroom.almonds.com/content/almonds-drive-growth-new-and-traditional-consumer-product-categories-worldwide
http://newsroom.almonds.com/sites/default/files/pdf_file/Almanac_2019_Web.pdf
http://www.almonds.com/sites/default/files/ALM_189395_HBBrochure_8_5x11_Website_F.pdf
https://extension.colostate.edu/topic-areas/insects/creating-pollinator-habitat-5-616/
https://extension.colostate.edu/topic-areas/insects/creating-pollinator-habitat-5-616/
https://www.congress.gov/bill/116th-congress/house-bill/1337
https://www.congress.gov/bill/116th-congress/house-bill/1337
https://www.usbr.gov/mp/cvpwaterrates/ratebooks/special/2017/special-2017-sch-fc-1.pdf
https://www.ccof.org/sites/default/files/Statistics_2018_web.pdf
https://www.cdfa.ca.gov/statistics/


 78 

 

 

http://www.almonds.com/sites/default/files/content/attachments/2018%20Acreage%20Report_U

SDA.pdf 

 

California Department of Pesticide Regulation. (2019). Summary of Pesticide Use Report Data ï 

2017. State of California. Retrieved from 

https://www.cdpr.ca.gov/docs/pur/pur17rep/17sum.htm#almond 

 

Carman, Hoy. (2011). The Estimated Impact of Bee Colony Collapse Disorder on Almond 

Pollination Fees. ARE Update 14(5): 9-11. University of California Giannini Foundation of 

Agricultural Economics. Retrieved from 

https://s.giannini.ucop.edu/uploads/giannini_public/cb/7c/cb7c1177-c7d2-44df-a5a8-

8aad2f3ed858/v14n5_4.pdf 

 

Carvalheiro, L. G., Seymour, C. L., Nicolson, S. W., Veldtman, R. (2012). Creating Patches of 

Native Flowers Facilitates Crop Pollination in Large Agricultural Fields: Mango as a Case Study. 

Journal of Applied Ecology, 49, 1373-1383. Retrieved from https://doi.org/10.1111/j.1365-

2664.2012.02217.x 

 

CCD Steering Committee. (2007). Colony Collapse Disorder Action Plan. USDA Agricultural 

Research Service. Retrieved from https://www.ars.usda.gov/is/br/ccd/ccd_actionplan.pdf 

 

Dankers, C., Pascal, L. (2003). Environmental and Social Standards, Certification and Labelling 

for Cash Crops. Food and Agriculture Organization of the United Nations. Retrieved from 

http://www.fao.org/3/y5136e/y5136e00.htm#Contents 

 

DeGrandi-Hoffman, G., Chen, Y., Rivera, R., Carroll, M., Chambers, M., Hidalgo, G., Watkins 

de Jong, E. (2015). Honey Bee Colonies Provided with Natural Forage have Lower Pathogen 

Loads and Higher Overwinter Survival than those Fed Protein Supplements. Apidologie, 47, 186-

196. Retrieved from https://doi.org/10.1007/s13592-015-0386-6  

 

Donaldson-Matasci, M. C., Dornhaus, A. (2012). How Habitat Affects the Benefits of 

Communication in Collectively Foraging Honey Bees. Behavioral Ecology and Sociobiology, 

66, 583-592. Retrieved from http://dx.doi.org/10.1007/s00265-012-1352-1 

 

Epstein, D., Frazier, J. L., Purcell-Miramontes, M., Hackett, K., Rose, R., Erickson, T., Moriarty, 

T., Steeger, T. (2012). Report on the National Stakeholders Conference on Honey Bee Health. 

United States Department of Agriculture. Retrieved from 

https://www.usda.gov/sites/default/files/documents/ReportHoneyBeeHealth.pdf 

 

Feldman, Paul. (2018). Pesticide Use on California Farms at Near-Record Levels. Midwest 

Center for Investigative Reporting. Retrieved from 

https://investigatemidwest.org/2018/05/09/pesticide-use-on-california-farms-at-near-record-

levels/ 

 

http://www.almonds.com/sites/default/files/content/attachments/2018%20Acreage%20Report_USDA.pdf
http://www.almonds.com/sites/default/files/content/attachments/2018%20Acreage%20Report_USDA.pdf
https://www.cdpr.ca.gov/docs/pur/pur17rep/17sum.htm#almond
https://s.giannini.ucop.edu/uploads/giannini_public/cb/7c/cb7c1177-c7d2-44df-a5a8-8aad2f3ed858/v14n5_4.pdf
https://s.giannini.ucop.edu/uploads/giannini_public/cb/7c/cb7c1177-c7d2-44df-a5a8-8aad2f3ed858/v14n5_4.pdf
https://doi.org/10.1111/j.1365-2664.2012.02217.x
https://doi.org/10.1111/j.1365-2664.2012.02217.x
https://www.ars.usda.gov/is/br/ccd/ccd_actionplan.pdf
http://www.fao.org/3/y5136e/y5136e00.htm#Contents
https://doi.org/10.1007/s13592-015-0386-6
http://dx.doi.org/10.1007/s00265-012-1352-1
https://www.usda.gov/sites/default/files/documents/ReportHoneyBeeHealth.pdf
https://investigatemidwest.org/2018/05/09/pesticide-use-on-california-farms-at-near-record-levels/
https://investigatemidwest.org/2018/05/09/pesticide-use-on-california-farms-at-near-record-levels/


 79 

 

 

Ferrier, P. M., Rucker, R. R., & Thurman, W. N. (2018). Economic Effects and Responses to 

Changes in Honey Bee Health. U.S. Dept. of Agriculture, Economic Research Service (No.246). 

Retrieved from https://www.ers.usda.gov/webdocs/publications/88117/err-246.pdf?v=9274.5 

 

Fulton, J., Norton, M., Shilling, F. (2019). Water-Indexed Benefits and Impacts of California 

Almonds. Ecological Indicators, 96, Part 1, 711-717. Retrieved from 

https://doi.org/10.1016/j.ecolind.2017.12.063 

 

Gale, Julian. (2019). Almonds Retain Leading Position for Nut Introductions in Europe. IEG Vu 

Agribusiness. Retrieved from 

https://iegvu.agribusinessintelligence.informa.com/CO230161/Almonds-retain-leading-position-

for-nut-introductions-in-Europe 

 

Glenny, W., Cavigil, I., Daughenbaugh, K. F., Radford, R., Kegley, S. E., Flenniken, M. L. 

(2017). Honey Bee (Apis mellifera) Colony Health and Pathogen Composition in Migratory 

Beekeeping operations Involved in California Almond Pollination. PLoS One, 12(8): e0182814. 

Retrieved from https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0182814 

 

Goodrich, Brittney. (2018). 2018 Almond Pollination Market Outlook: Demand, Supply, and 

Contracts. Bee Culture. Retrieved from https://www.beeculture.com/2018-almond-pollination-

market-outlook-demand-supply-contracts/ 

 

Goodrich, Brittney. (2020). 2020 Almond Pollination Market: Economic Outlook and Other 

Considerations. West Coast Nut. Retrieved from https://www.wcngg.com/2020/01/06/2020-

almond-pollination-market-economic-outlook-and-other-considerations/ 

 

GovTrack.us. (2020). H.R. 1337 ð 116th Congress: Saving Americaôs Pollinators Act of 2019. 

Retrieved from https://www.govtrack.us/congress/bills/116/hr1337 

 

Growing Produce. (2013). 2013 Top Nut Growers. Meister Media Worldwide. Retrieved from 

https://www.growingproduce.com/vegetables/how-growers-can-get-a-better-handle-on-soil-

health/ 

 

Hagler, J. R., Mueller, S., Teuber, L. R., Machtley, S. A., Van Deynze, A. (2011). Foraging 

Range of Honey Bees, Apis mellifera, in Alfalfa Seed Production Fields. Journal of Insect 

Science, 11, 144. Retrieved from  https://doi.org/10.1673/031.011.14401 

 

Holdren, John. (2015). Announcing New Steps to Promote Pollinator Health. Whitehouse.Gov. 

Retrieved from https://obamawhitehouse.archives.gov/blog/2015/05/19/announcing-new-steps-

promote-pollinator-health 

 

Huang, Zachary. (2012). Pollen Nutrition Affect Honey Bee Stress Resistance. Terrestrial 

Ecology, 5, 1-15. Retrieved from https://doi.org/10.1163/187498312X639568 

 

https://doi.org/10.1016/j.ecolind.2017.12.063
https://iegvu.agribusinessintelligence.informa.com/CO230161/Almonds-retain-leading-position-for-nut-introductions-in-Europe
https://iegvu.agribusinessintelligence.informa.com/CO230161/Almonds-retain-leading-position-for-nut-introductions-in-Europe
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0182814
https://www.beeculture.com/2018-almond-pollination-market-outlook-demand-supply-contracts/
https://www.beeculture.com/2018-almond-pollination-market-outlook-demand-supply-contracts/
https://www.wcngg.com/2020/01/06/2020-almond-pollination-market-economic-outlook-and-other-considerations/
https://www.wcngg.com/2020/01/06/2020-almond-pollination-market-economic-outlook-and-other-considerations/
https://www.growingproduce.com/vegetables/how-growers-can-get-a-better-handle-on-soil-health/
https://www.growingproduce.com/vegetables/how-growers-can-get-a-better-handle-on-soil-health/
https://doi.org/10.1673/031.011.14401
https://obamawhitehouse.archives.gov/blog/2015/05/19/announcing-new-steps-promote-pollinator-health
https://obamawhitehouse.archives.gov/blog/2015/05/19/announcing-new-steps-promote-pollinator-health
https://doi.org/10.1163/187498312X639568


 80 

 

 

Irby, Kate. (2019). California Honeybees are Still Declining. Trump administration Says it Canôt 

Afford to Study It. The Sacramento bee. Retrieved from 

https://www.sacbee.com/news/california/article233391607.html 

 

Keppel, Bruce. (1987). U.S. Growers Split on How to Restore Bloom to Farming. Los Angeles 

Times. Retrieved from https://www.latimes.com/archives/la-xpm-1987-01-11-fi -3771-story.html 

 

Lee, H., Champetier, A., Sumner, D. A., Bond, J. (2017). Bee-economics Revisited: A Decade of 

New Data is Consistent with the Market Hypothesis. Giannini Foundation of Agricultural 

Economics, University of California, ARE Update, 20(5): 1-4. Retrieved from 

https://s.giannini.ucop.edu/uploads/giannini_public/52/4a/524a5514-9246-42d8-8475-

315456076a2e/v20n5_1.pdf 

 

Lee, H.,  Sumner, D. A., Champetier. A. (2018). Pollination Markets and the Coupled Futures of 

Almonds and Honey Bees: Simulating Impacts of Shifts in Demands and Costs, American 

Journal of Agricultural Economics, Volume 101, Issue 1, Pages 230ï249. Retrieved 

from https://doi.org/10.1093/ajae/aay063  

 

Lee-Mäder, Eric. (2019). Bee Better Certified Engages the Almond Industry. Xerces Society. 

Retrieved from https://beebettercertified.org/bee-better-certified-engages-almond-industry 

 

Murthy, Jon. (2017). What is the Difference between Accreditation and Certification? Planning, 

BIM & Construction Today. Retrieved from https://www.pbctoday.co.uk/news/planning-

construction-news/accreditation-and-certification-difference/32133/ 

 

Natural Resources Conservation Service (NRCS). (2009). Pollinator Biology and Habitat. United 

States Department of Agriculture. Retrieved from 

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_010204.pdf 

 

Penn State. (2019). Application for Pollinator Friendly Garden Certification. The Pennsylvania 

State University. Retrieved from https://ento.psu.edu/pollinators/public-outreach/cert/application 

 

Perry, C. J., Søvik, E., Myerscough, M. R., Barron, A. B. (2015). Rapid Behavioral Maturation 

Accelerates Failure of Stressed Honey Bee Colonies. Proceedings of the National Academy of 

Sciences of the United States of America, Vol. 112, No. 11, pp. 3427-3432. Retrieved from 

https://www.jstor.org/stable/26462058?seq=1#metadata_info_tab_contents 

 

Pimentel, David. (2004). Environmental and Economic Costs of the Application of Pesticides 

Primarily in the United States. Environment, Development and Sustainability, 7, 229-252. 

Retrieved from https://doi.org/10.1007/s10668-005-7314-2  

 

Pollinator Health Task Force. (2015). Pollinator Research Action Plan: Report of the Pollinator 

Health Task Force. Washington: Government Printing Office. Retrieved from 

https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/Pollinator%20Research

%20Action%20Plan%202015.pdf 

 

https://www.sacbee.com/news/california/article233391607.html
https://www.latimes.com/archives/la-xpm-1987-01-11-fi-3771-story.html
https://s.giannini.ucop.edu/uploads/giannini_public/52/4a/524a5514-9246-42d8-8475-315456076a2e/v20n5_1.pdf
https://s.giannini.ucop.edu/uploads/giannini_public/52/4a/524a5514-9246-42d8-8475-315456076a2e/v20n5_1.pdf
https://doi.org/10.1093/ajae/aay063
https://beebettercertified.org/bee-better-certified-engages-almond-industry
https://www.pbctoday.co.uk/news/planning-construction-news/accreditation-and-certification-difference/32133/
https://www.pbctoday.co.uk/news/planning-construction-news/accreditation-and-certification-difference/32133/
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_010204.pdf
https://ento.psu.edu/pollinators/public-outreach/cert/application
https://www.jstor.org/stable/26462058?seq=1#metadata_info_tab_contents
https://doi.org/10.1007/s10668-005-7314-2
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/Pollinator%20Research%20Action%20Plan%202015.pdf
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/Pollinator%20Research%20Action%20Plan%202015.pdf


 81 

 

 

Pollinator Partnership. (2020). Bee Friendly Farming. Pollinator Partnership. Retrieved from 

https://www.pollinator.org/bff 

 

Project Apis m. (2017). Seeds for Bees. Project Apis m. Retrieved from 

https://www.projectapism.org/seeds-for-bees.html 

 

Qualtrics. (2019). The Qualtrics Handbook of Question Design. Qualtrics LLC. Retrieved from 

https://www.qualtrics.com/ebooks-guides/qualtrics-handbook-of-question-design/?ty=mktocd-

thank-you&aliId=6002 

 

Reddy, S. M. W., Montambault, J., Masuda, Y. J., Keenan, E., Butler, W., Fisher, J. R. B., Asah, 

S. T., Gneezy, A. (2017). Advancing Conservation by Understanding and Influencing Human 

Behavior. Conservation Letters, 10: 248-256. Retrieved from 

https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/conl.12252 

 

Roffe-Rackind, Dariela and Williams, Lu Ann. (2019). Almonds Set to Drive Snacking 

Innovation in 2020. Retrieved from 

https://www.confectioneryproduction.com/news/28176/almonds-set-to-drive-snacking-

innovation-in-2020/ 

 

Sumner, D. A., Matthews, W. A., Medellín-Azuara, J., Bradley, A. (2016). The Economic 

Impacts of the California Almond Industry. University of California Agricultural Issues Center. 

Retrieved from 

https://aic.ucdavis.edu/almonds/Economic%20Impacts%20of%20California%20Almond%20Ind

ustry_Full%20Report_FinalPDF_v2.pdf 

 

Sweller, John. Cognitive load during problem solving: Effects on learning. Cognitive Science, 

12, 257-285 (1988). Retrieved from https://doi.org/10.1016/0364-0213(88)90023-7 

 

The Almond Conference. (2018). Speed Talks: Pollination and Bee Health [PDF file]. Almond 

Board of California. Retrieved from 

http://www.almonds.com/sites/default/files/content/attachments/Speed%20Talks%20-

%20Pollination%20and%20Bee%20Health.pdf  

 

United States Department of Agriculture (USDA). (2019). 2018 California Almond Acreage 

Report. California Department of Food and Agriculture. Retrieved from 

https://www.nass.usda.gov/Statistics_by_State/California/Publications/Specialty_and_Other_Rel

eases/Almond/Acreage/201904almac.pdf 

 

United States Department of Agriculture (USDA). (2013). USDA Organic 101. United States 

Department of Agriculture. Retrieved from 

https://www.ams.usda.gov/sites/default/files/media/Organic%20101%20Training%20Final%20J

une%202015.pdf 

 

https://www.pollinator.org/bff
https://www.projectapism.org/seeds-for-bees.html
https://www.qualtrics.com/ebooks-guides/qualtrics-handbook-of-question-design/?ty=mktocd-thank-you&aliId=6002
https://www.qualtrics.com/ebooks-guides/qualtrics-handbook-of-question-design/?ty=mktocd-thank-you&aliId=6002
https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/conl.12252
https://www.confectioneryproduction.com/news/28176/almonds-set-to-drive-snacking-innovation-in-2020/
https://www.confectioneryproduction.com/news/28176/almonds-set-to-drive-snacking-innovation-in-2020/
https://aic.ucdavis.edu/almonds/Economic%20Impacts%20of%20California%20Almond%20Industry_Full%20Report_FinalPDF_v2.pdf
https://aic.ucdavis.edu/almonds/Economic%20Impacts%20of%20California%20Almond%20Industry_Full%20Report_FinalPDF_v2.pdf
https://doi.org/10.1016/0364-0213(88)90023-7
http://www.almonds.com/sites/default/files/content/attachments/Speed%20Talks%20-%20Pollination%20and%20Bee%20Health.pdf
http://www.almonds.com/sites/default/files/content/attachments/Speed%20Talks%20-%20Pollination%20and%20Bee%20Health.pdf
https://www.nass.usda.gov/Statistics_by_State/California/Publications/Specialty_and_Other_Releases/Almond/Acreage/201904almac.pdf
https://www.nass.usda.gov/Statistics_by_State/California/Publications/Specialty_and_Other_Releases/Almond/Acreage/201904almac.pdf
https://www.ams.usda.gov/sites/default/files/media/Organic%20101%20Training%20Final%20June%202015.pdf
https://www.ams.usda.gov/sites/default/files/media/Organic%20101%20Training%20Final%20June%202015.pdf


 82 

 

 

University of California ï Berkeley (UC Berkeley). (2006). Pollinators Help One-third Of The 

World's Food Crop Production. ScienceDaily. Retrieved from 

www.sciencedaily.com/releases/2006/10/061025165904.htm  

 

Waycott, Richard. (2018). Almond Board CEO Forecasts Almond Community Growth (Elaine 

Watson, Interviewer). Almond Board of California. Retrieved from 

https://www.almonds.com/blog/almond-board-ceo-forecasts-almond-community-growth  

 

Whyte, Anne. (2004). Landscape Analysis of Donor Trends in International Development. 

Human and Institutional Capacity Building: A Rockefeller Foundation Series. The Rockefeller 

Foundation, Issue No. 2. Retrieved from 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.621.9633&rep=rep1&type=pdf 

 

Wilder, Emily. (2018). Bees for Hire: California Almonds Become Migratory Coloniesô Biggest 

Task. Stanford University. Retrieved from https://west.stanford.edu/news/blogs/and-the-west-

blog/2018/bees-for-hire-california-almonds-now-are-migratory-colonies-biggest-task 

 

Wonderful Pistachios & Almonds. (Wonderful) (2019). California Grown. The Wonderful 

Company. Retrieved from https://www.wonderfulpistachiosandalmonds.com/#californiagrown 

 

Xerces Society. (2019). Bee Better Certified Production Standards. Xerces Society for 

Invertebrate Conservation. Retrieved from 

https://beebettercertified.org/sites/default/files/docs/BBC_2017-

02_Production%20Standards_March2019_Updated.pdf 

 

Xerces Society. (2020). Behind the Bee. Xerces Society for Invertebrate Conservation. Retrieved 

from https://beebettercertified.org/at-a-glance 

 

  

http://www.sciencedaily.com/releases/2006/10/061025165904.htm
https://www.almonds.com/blog/almond-board-ceo-forecasts-almond-community-growth
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.621.9633&rep=rep1&type=pdf
https://west.stanford.edu/news/blogs/and-the-west-blog/2018/bees-for-hire-california-almonds-now-are-migratory-colonies-biggest-task
https://west.stanford.edu/news/blogs/and-the-west-blog/2018/bees-for-hire-california-almonds-now-are-migratory-colonies-biggest-task
https://www.wonderfulpistachiosandalmonds.com/#californiagrown
https://beebettercertified.org/sites/default/files/docs/BBC_2017-02_Production%20Standards_March2019_Updated.pdf
https://beebettercertified.org/sites/default/files/docs/BBC_2017-02_Production%20Standards_March2019_Updated.pdf
https://beebettercertified.org/at-a-glance


 83 

 

 

Appendices  

Appendix A: Timeline of Survey Implementation 

 
Date Description of Task 

Late August, 2019 Developed research questions and list of survey questions 

Sep. 16 ï 20, 2019  Revised survey draft 

Sep. 17, 2019 Contacted key early collaborators to establish their participation 

Sep. 20, 2019 Finalized draft and sent to Jennieôs labs, Billy Synk, and SureHarvest 

Sep. 27, 2019 Received first round of feedback 

Sep. 29, 2019 Sent draft for second round of feedback to industry experts, SureHarvest, 

growers, and beekeepers  

Oct. 3, 2019  Sent application to IRB for Screening for Exemption  

Oct. 29, 2019 Received approval from IRB 

Nov. 6 ï 8, 2019 Worked on postcard design 

Nov. 18 ï 19, 2019 ¶ Learned Qualtrics and entered survey 

¶ Ordered postcards 

¶ Created QR code and TinyURL link for survey 

Dec. 2, 2019 Piloted survey: SureHarvest, Bob Curtis, Project Apis m., two of Jennieôs 

colleagues 

Dec. 11, 2019 Launched the survey 

Dec. 12, 2019 Almond Board Press Release  

Jan. 3, 2020 Blue Diamond notifies growers about survey 

Jan. 14, 2020 Mailed postcards to growers from seven pre-determined counties 

Jan. 15, 22, 23, 2020 Jennie travels to pollination workshops to promote survey 

Jan. 24, 2020 Mariani Nut Company notifies growers about survey 

Jan. 30 ï 31, 2020 Blue Diamond sends out second email to growers about survey 

Feb. 5, 2020 Emily closes survey for her Masterôs project  
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Appendix B: Survey Instrument 

 
Almond Pollination Survey 

Q1. What best describes your role in the day-to-day operation of your almond orchard(s)? 

(Select one) 

¶ Owner, not responsible for day-to-day management    

¶ Owner/operator of almond orchard(s)    

¶ Farm manager (not owner)   

 

Q2. Where were the almond orchard(s) you farmed located in 2019? (Check all that apply) 

 *Answer choices continued on next page* 

¶ Tehama    

¶ Butte    

¶ Glenn   

¶ Colusa    

¶ Yuba    

¶ Sutter   

¶ Yolo   

¶ Solano    

¶ San Joaquin   

¶ Stanislaus   

¶ Madera   

¶ Merced   

¶ Fresno   

¶ Kings    

¶ Tulare    

¶ Kern   

¶ Other:   ________________________________________________ 

 

Q3. Approximately how many acres of almonds did your operation farm in 2019?  

¶ Total yield-bearing acres:  _____________________________________ 

¶ Total NON yield-bearing acres: _________________________________ 

 

Q4. Of these total acres that your operation farmed in 2019: 

¶ Approximately how many acres does your operation own?  ______ 

¶ Approximately many acres does your operation lease from another landowner?  

________________________________________________ 

 

Q5. Which of the following people were most influential in determining your operation's 

pollinator management practices in 2019? (e.g., pesticide practices during bloom, planting cover 

crops, or growing permanent habitat)? Check all that apply. 
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¶ Owner of the almond orchard(s)    

¶ Farm manager    

¶ Independent PCA (not affiliated with an agricultural retailer)   

¶ Affiliated PCA (with an agricultural retailer)   

¶ Pesticide applicator   

¶ Beekeeper  

¶ Bee broker    

 

Cover Crop Management and Irrigation Practices (Section 2 of 7) 

In this section, we ask about planting annual cover crops in your almond orchard(s). For the 

purpose of this survey, we define ñcover cropsò as a variety of species planted intentionally and 

temporarily between tree rows. 

 

Q6. Has your operation grown a cover crop in your almond orchard(s) in the past five years? 

¶ Yes   

¶ No   

 

* IF YOU SELECT ñYESò ON QUESTION 6, PLEASE CONTINUE TO QUESTION 7 

AND SKIP QUESTION 9. IF YOU SELECT ñNOò ON QUESTION 6, PLEASE GO TO 

QUESTION 9 AND CONTINUE.* 

 

Q7. Where did your operation get cover crop seeds? (Check all that apply) 

¶ Federal cost-share program (e.g., EQIP)   

¶ Private cost-share program (e.g., Seeds for Bees)   

¶ Directly from seed company    

¶ PCA/CCA/Crop consultant   

 

Q8. How satisfied were you with your operation's most recent cover crop? 

¶ Not Satisfied   

¶ Somewhat Satisfied   

¶ Very Satisfied   

 

Q9. Is your operation interested in growing a cover crop in your almond orchard(s)? 

¶ Yes   

¶ No   

¶ Not sure   
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Q10. What are the biggest concerns your operation has about growing or maintaining cover 

crops on your almond orchard(s)? (Check all that apply) 

¶ Availability of water    

¶ Expense of water   

¶ Incompatibility with irrigation system(s)   

¶ Effort/time to manage it   

¶ Labor to grow/maintain it   

¶ Cost of equipment needed to plant seeds    

¶ Availability of equipment needed to plant seeds   

¶ Cost of seeds   

¶ Inadequate soil type for cover crops    

¶ Increased risk of frost damage   

¶ Risk of supporting pest populations (e.g., Navel Orange Worm or rodents)    

¶ Limited time for planting due to competing operations   

¶ Physical interference with operations   

¶ We have no concerns about cover crops   

¶ Prefer not to answer   

 

Q11. Which of the following incentives might encourage you or encouraged you to grow a 

cover crop? (Check all that apply) 

¶ Associated benefits from non-pollination services (improved soil health, water filtration, 

etc.)   

¶ Decreased rental fee for managed bee colonies    

¶ Federal cost-share program that covers the cost of cover crop seeds   

¶ Private cost-share program that covers the cost of cover crop seeds   

¶ Easy/affordable access to equipment needed to plant seeds    

¶ Increased strength of bee colonies during bloom    

¶ None of these are incentives   

¶ Prefer not to answer    

 

Q12. What are the main irrigation systems used in your almond orchard(s)? (Check all that 

apply) 

¶ Flood   

¶ Micro-sprinkler    

¶ Solid set sprinklers    

¶ Single drip   

¶ Double drip    

¶ Prefer not to answer   

 



 87 

 

 

Q13.  From which sources does your operation get irrigation water? 

¶ Surface water   

¶ Groundwater   

¶ A combination of surface water and groundwater    

¶ Other (please describe):  ________________________________________________ 

 

Q14.  If your operation paid for irrigation water in 2019, what were your approximate water 

costs (dollars per acre foot)?  

(If you only paid one price, please enter it in the highest price box) 

¶ Highest Price  ________________________________________________ 

¶ Lowest Price  ________________________________________________ 

¶ Not Applicable   

¶ Not sure/prefer not to answer   

 

Q15. If there's anything else you'd like to share about cover crops or irrigation, please do so in 

the space below: 

 

Permanent Pollinator Habitat Management Practices (Section 3 of 7) 

 

In this section, we ask about permanent pollinator habitat and growersô general interest in 

planting such habitat. ñPermanent pollinator habitatò includes year-round herbaceous and/or 

woody plant species (hedgerows, perennial or re-seeding wildflower strips, riparian forests, filter 

strips) that are maintained along at least some of the edges of the orchard. 

 

Q16. Does your operation have permanent pollinator habitat of any kind surrounding the 

almond acreage you farmed in 2019? 

¶ Yes    

¶ No   

¶ Not sure   

* IF YOU SELECT ñYESò TO QUESTION 16, PLEASE CONTINUE TO QUESTION 17 

AND SKIP QUESTION 19. IF YOU SELECT ñNOò TO QUESTION 16, PLEASE GO TO 

QUESTION 19 AND CONTINUE.* 

 

Q17. Roughly what percent of the land you farm is planted with permanent pollinator 

habitat? 

¶ <1%  

¶ 1-3%   

¶ 4-7%    

¶ Ó8%    
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Q18. How satisfied are you with your operation's permanent pollinator habitat? 

¶ Not Satisfied   

¶ Somewhat Satisfied   

¶ Very Satisfied   

 

Q19. Is your operation interested in planting permanent pollinator habitat? 

¶ Yes   

¶ No   

¶ Not sure   

 

Q20. What are the biggest concerns your operation has about implementing, maintaining, or 

planting new permanent pollinator habitat on your almond orchard(s)? (Check all that 

apply) 

¶ Lack of available land   

¶ Labor to plant and maintain it    

¶ Effort/time to manage it   

¶ Cost to plant and maintain it   

¶ Incompatibility with irrigation system(s)   

¶ Physical interference with operations   

¶ Lack of information about how to grow permanent pollinator habitat   

¶ Expense of water    

¶ Availability of water   

¶ Increased risk of frost damage   

¶ Risk of supporting pest populations (e.g. Navel Orange Worm, or rodents)   

¶ Fire danger from vegetation   

¶ Potential for pesticide application to harm native/endangered pollinators living in the 

permanent habitat   

¶ We have no concerns about permanent habitat    

¶ Prefer not to answer   

 

Q21. Which of the following incentives might encourage your operation to implement, 

maintain, or plant new permanent pollinator habitat on your almond orchard(s)? (Check all 

that apply) 

¶ Federal cost-share program that covers the cost of cover crop seeds    

¶ Private cost-share program that covers the cost of cover crop seeds   

¶ Decreased rental fee for managed bee colonies   
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¶ Increased strength of bee colonies during bloom and afterwards   

¶ Supporting native pollinators   

¶ None of these are incentives   

¶ Prefer not to answer   

 

Q22. If there's anything else you'd like to share about permanent pollinator habitat, please do so 

in the space below: 

 

Adoption of Almond Board's Bee Best Management Practices in 2019 (4 of 7) 

 

In this section, we ask about your operation's adoption of the Almond Board's Bee Best 

Management Practices (Bee BMPs) in 2019. You can read more about them here. 

 

Q23. How often did your operation (e.g. you, PCA, applicator) adopt the following Almond 

Board's Bee BMPs during almond bloom in 2019? 

 
Bee BMP Never Sometimes Always 

Water sources for pollinator bees were covered 

before or replaced after pesticide applications 

 

   

Avoided applying pesticides during bloom that had 

label cautions stating: ñhighly toxic to beesò or ñtoxic 

to beesò 

 

   

Avoided applying pesticides during bloom that had 

label cautions stating:  ñresidual timesò or ñextended 

residual toxicityò   

 

   

Only applied fungicides in the late afternoon or 

evening, when bees were not present 

 

   

Avoided applying all insecticides (except B.t.) during 

bloom   

 

   

Avoided tank-mixing insecticides (except B.t.) with 

fungicides during bloom 

 

   

 

Q24. How often did your operation (e.g. you, PCA, applicator) adopt the following pesticide 

application practices during almond bloom in 2019? 

  

Pesticide Practice Effort Made  Usually Always 

If labeled bee-toxic pesticides were applied, 

all beekeepers within one-mile were 

provided with a 48-hour advance notice 

 

   

http://www.almonds.com/pollination
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Ensured that bee colonies were never 

sprayed directly with any pesticides 

   

Read the pesticide labelôs protocols before 

applying any agrochemical for the first time   

   

 

Q25. Which of the following made it challenging to adopt the Almond Boardôs Bee BMPs in 

2019? (Check all that apply) 

¶ Labor costs to apply pesticides/fungicides in the afternoon or evening    

¶ Labor costs to avoid tank-mixing insecticides with fungicides during bloom   

¶ Limited communication with contracted beekeeper/s during bloom   

¶ Limited communication with nearby beekeepers (not contracted) during bloom (e.g., 

because their colonies were not registered)   

¶ The amount of ground your operation's applicator can cover in the late afternoon or at night   

¶ Safety issues involved in making nighttime applications   

¶ We had no challenges adopting the Almond Bee BMPs in 2019   

¶ Prefer not to answer   

 

Q26. Which of the following incentives would encourage your operation to adopt most or all 

of the Almond Boardôs Bee BMPs? (Check all that apply) 

¶ The ability to attract high-quality beekeepers for almond bloom   

¶ Processor/handler request to implement Almond Board's Bee BMPs   

¶ Increasing the strength of bee colonies during bloom   

¶ Decreased rental fee for managed bee colonies   

¶ We already practice most or all of the Bee BMPs   

¶ None of these are incentives   

¶ Prefer not to answer   

 

Q27. If there's anything else you'd like to share about the Almond Board's Bee BMPs, please do 

so in the space below: 

 

Voluntary Bee-Friendly Certification Program ( Section 5 of 7) 

 

The following questions ask about your interest in a voluntary bee-friendly certification  

program, which 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 Almond Boardôs 

Bee BMPs, planting annual cover crops, or planting and maintaining permanent pollinator 

habitat. 
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Q28. Please indicate your level of interest in participating in a voluntary bee-friendly 

certification program : 

¶ No interest   

¶ Moderate interest   

¶ Strong interest    

¶ Prefer not to answer    

 

Q29. Which of the following potential incentives would most encourage your participation in a 

voluntary bee-friendly certification program ? (Check all that apply) 

¶ The ability to attract high-quality beekeepers for almond bloom    

¶ Increasing the strength of bee colonies during bloom   

¶ A cost-share program that would cover some of the costs of meeting the certification 

standards   

¶ Decreased rental fee for managed bee colonies   

¶ Ability to make marketing claims with a bee-friendly label   

¶ Price premium from handler/processor/distributer   

¶ Supporting native pollinators   

¶ None of these are incentives   

¶ Prefer not to answer   

 

Q30. If there's anything else you'd like to share about voluntary bee-friendly certification 

programs, please do so in the space below: 

 

Almond Pollination 2019 (Section 6 of 7) 

 

Q31. Which of the following best describes how your operation obtained honey bees to 

pollinate your almond orchard(s) in 2019? 

¶ A) We rented all our bees    

¶ B) We rented some bees and supplied some of our own    

¶ C) We supplied all of our own bee pollination   

¶ D) Our orchards were not mature enough for bee pollination   

¶ E) Prefer not to answer   

 

* IF YOU SELECT ñAò OR ñBò ON QUESTION 31, PLEASE CONTINUE TO QUESTION 

32. 
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IF YOU SELECT ñC,ò ñD,ò OR ñEò ON QUESTION 31, PLEASE GO TO QUESTION 37 

AND CONTINUE.* 

 

Q32. In 2019, where did the majority (Ó50%) of your operation's rented honey bee colonies 

come from? (Check all that apply) 

¶ Near your orchard(s): from the same county or a neighboring county   

¶ California, but not a neighboring county   

¶ Out of state   

¶ Prefer not to answer   

 

Q33. Who supplied your bee colonies in 2019? (Check all that apply) 

¶ Contracted beekeeper   

¶ Bee broker   

¶ Another grower   

¶ Other (please describe): ____________________________________________ 

¶ Prefer not to answer   

 

Q34. For your largest pollination contract in 2019: 

¶ What was the price/colony ($)?  _____________ 

¶ What was the minimum colony strength requirement (average active frame count)? 

_________ 

 

Q35. How would you describe the average price your operation paid for honey bees in 2019? 

¶ Inexpensive    

¶ A fair price   

¶ Too expensive   

¶ Prefer not to answer   

 

Q36. How satisfied were you with the strength of the majority (Ó50%) of your operation's rented 

honey bee colonies in 2019? 

¶ Unsatisfied   

¶ Somewhat satisfied   

¶ Very satisfied   

¶ Prefer not to answer   

 

Q37. How would you describe the average price almond growers paid for honey bees in 2019 

(approx. $200/colony)? 

¶ Inexpensive   

¶ A fair price   

¶ Too expensive   

¶ Prefer not to answer   

 

Q38. Please indicate your level of concern about the following factors that may affect future 

almond pollination: 
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Factor Not a concern Moderate concern Strong concern 

The cost of bee colonies 

 

   

Declining bee health   

 

   

Lack of available bee colonies  

  

   

Lack of skilled beekeepers 

 

   

Loss of native pollinators 

 

   

 

Q39. If there's anything else you'd like to share about almond pollination, please do so in the 

space below:  

 

Demographic Questions (Section 7 of 7) 

 

Q40. What is your age group? 

¶ 18-24 years old   

¶ 25-34 years old   

¶ 35-44 years old   

¶ 45-54 years old   

¶ 55-64 years old   

¶ 65-74 years old    

¶ 75 years or older   

¶ Prefer not to answer   

 

Q41. How do you identify?  

¶ Male    

¶ Female   

¶ Other    

¶ Prefer not to answer    

 

Q42. If there is anything else youôd like to share with us, please do so in the space below. 

 

Q43. You have reached the end of the survey. Would you like to receive compensation for your 

contribution? 

¶ YES   

¶ NO   
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Appendix C: Landscape and Gap Analyses 

 

Landscape Analysis: Certification Programs 
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(Continued) Landscape Analysis: Certification Programs 
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Landscape Analysis: Pollinator ς Support Programs 
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Gap Analysis 
 

Program Habitat 

%  

Habitat 

Type 

Habitat 

Bloom 

Planting 

Stock/Seed 

Nesting Tillage Water Synthetic 

Chemicals 

Apiary  Record 

Keeping 

Annual 

Fee 

Verification 

Model 

Xerces: Bee 

Better 

Certification 

 

X 

 

X 

 

X 

 

X 

 

X 

 

X 

  

X 

  

X 

 

X 

Application & 

Onsite Audit 

Pollinator 

Partnership: 

Bee Friendly 

Farming 

Certification 

 

 

X 

  

 

X 

  

 

X 

  

 

X 

 

 

X 

   

 

X 

Online Self-

certification 

Pollinator 

Friendly 

Garden 

Certification 

  

 

X 

 

 

X 

 

 

X 

 

 

X 

  

 

X 

 

 

X 

  

 

X 

 

 

X 

Self-assessment 

with committee 

review 

Project  

Apis m. 

  

X 

      

X 

 

X 

 

X 

 Application & 

consultation 

USDA 

National 

Organic 

Certification 

  

 

 

X 

     

 

 

X 

 

 

 

X 

 

 

 

X 

 

 

 

X 

 Application 

approval & on-

side audit by 

USDA-

accredited 

certifying agent  
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Appendix D: ·ŜǊŎŜǎΩ .ŜŜ .ŜǘǘŜǊ /ŜǊǘƛŦƛŜŘ Pesticide Protocol 
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