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Abstract

Californiads al mond pollination period is
the vast al mond acreage spanning the state an
honey bees. Since 1996, almond acreage in the state has increa®dd fimum 428,000 to
1,700,000 acres. California supplies 80% of t
hives are transported to the state each year to meet the pollination demand. Hoaraged
honey bee populations continue to decline natioeywehich 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 scientiBogibhprtedarm management
practices show efficacy in protecting and supporting managed honey bee poputatiomsnd
orchards. Current analyses show that a majority of almond producers have not adsptaekthe
friendly practices. By analyzing the feasibilitydaattractiveness 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 almdmproducers desire a b&@endly certification yet confirm that bee
friendly practices are not widely adopted. Further, there is evidence that adoption rates and
barriers for implementing beeiendly practices differ by region, suggesting the need fava
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 al mond
almond supplyAs the forecasted growth of consumer demfanélmondsshows few signs of
subsiding, farmers Californiaare converting farmland to almond orchards at a considerable
rate from 428,000 acres in 1996 to 1,170,000 acres in .20&@ever, tke industry is in a

precarious position as almonds require 100% pollination from managed honéyabg@scies

that has witnessed a considerable decline since 2@0€ulture experts have noted several bee
friendly practices that growers can adopt onrtfeims to support and protect honey bee health.
Certifying agenciescorporatehiese practicemto sustainabl@ollinator certificationghat work

to guide farmer behavior and incentivize and verify the adoption of these praRasesrch

shows that anajority 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 alnroddgers can take to make almond

pollination less risky to honey bees and how to garner greater adoption of these measures. The
primary resear ch ¢gue sMhats the fgasibility and gfficachhaf s pr oj ec
implementing sustainable pollinatore e cer t i fi cati ons for al mond ¢
this report, feasibility is determined by the ability and desire of almond producers to implement
beefriendly practiceswhile efficacy is explored by evaluating existing pollinator certifications

against one another and seeing which certifications incorporateotteeffective practices into

their standards.

The first section of this report provides an overview of sustainable certification systems, suggests
the potenti al f imdustrZta heia Viable candadétesfor a ¢emificatiah system,
and gives a background of the stateds al mond
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 th
qguestion. 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 farmensathagughout

California. It also states that the survey response analyses will help determine the feasibility for
growers to adopt befeiendly practices as potential standards for a sustainabl&ibadly

certification for almond producers in Califoan

The section then describes that landscape and gap emafytsvo existing pollinator bee

certification programs, along with a literature review of-b@ndly practices, are used to
determine the missing | inksessitheir adoptiontatee pr ogr a
among growers. Last, the section details how the research will benefit the client.

The third section provides andepth explanation of the methods used to design, implement,
and analyze the survey and the survey response tatdsgher details the structure of the
landscape and gap anadgs



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

The fifth section provides a discussion of the mamdlifigs, 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 aéidation, further recommendations, and research limitations.

Results from the surveyemonstrat¢hat 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 be&iendly practices, and these concerns tend to differ by region. Further, the
landscape and gap anadggietermined that neither of the two existing pollinator bee

certification programs capture both the feasibility and efficacy compottettare necessary for
widespread adoption among almond growers and heightened protection of managed honey bees.
These results suggest tltatating anew beefriendly certification that is both feasible for

producers to implement amdoreeffective in promotingoollinatorbee healtltan help support
managed honey bees ahdisprotect the future of almond pollination.



Introduction

Food, agricultural, and forestdustries implementertification systems such as USDA
Organic Ceified, the SustainablEorestry Initiative, and Faifrade Sustainability Alliance to
guide managerial behavieeekingmarket influence, risk mitigation, financial cost reduction
and environmental degradati@idankers & Pascal, 2003yhesecertification systemmare
methodologyimplementedy a thirdparty organizatiorto document and approve the
conformity of a product, process, or service to specified requirements or standards (Murthy,
2017).To effectively influence behavioral changesand et t he cer t irdmustat i ono
be widespread adoption of the standards byatgeted populatiarHowever, garnering greater
participationis dependent on the standards themsel@estification standardshould be
effective andeasibleto implementwhile also providing a financial, social, or intrinsic incentive
to the participant (Reddy et al., 201When standards are not effective nor widely implemented,
certified products that promisgavironmentally conscioysr oduct i on jpaskthei ces
marketplace and detract froverified andcrediblecertification labelgfHunter, 2014)

To ensure that a new certification system is effective, feasible, and crédble,
necessary to thoroughly asséss targeted industrgxaminethe potential for the certification to
mitigate risk andanalyze the successtbi existing certifications in the fieldhe almond
industry in California isan excellentandidaten this regardAlmond production has grown
significantlythroughoutthe last thirty yearandis entirelydependent on pollination from
commercially managed honey bées species that has withessed a considerable dsatioe
2006(ABC, 20194. Further,apicultureexperts have identified several managerial practices that
are effective irprotecing and suppomg managed honey bee populatippst the practices are
currently not widely adopted among almond growBksanalyzing the feasibility and
attractiveness dafertification systems to almond producers in California, this project examines
the opportunityto usea certification ¢ incentivize growers to adopt recommended practitas t

support managed honey bee health.

1 Greesmwash: a claim so vague that it cannot be proven or dispfbiarier, 2014)



Global Almond Demand

Over the last decade, tgbalagricultural market hasitnessecdh growing demand for
almondbased productas consumers reach for alternatives to dairy and giuéemovement
coinedt he -®dplsant revol ut i o4Réckind, \2019)Wiih thimshifttdwalk f f e
almondbasedood commodities the introduction of almond produdtssstripled since 2010, and
almonds continue to lead the né&wod product introductions marketith 10,842 new almond
based products enteg the market in 20184BC, 201%). The significant increase in demand
for almond presentgritical economic and sustainabiliuestiors on whethethealmond
industrywill be able to keep pace with the burgeoning consumer deandnahat implications
this growing demand Isan the environment

As the forecasted growth of consumer demsimalvs few signs of subsidintarmers are
answering consumer s6 c al Farmlarato almendrehardsstmonds by
considerable rattABC, 201%). Due to the temperateclimeat of Cal i f orni ads Cen
region has become thineibfor almond production, supplying more thar®86 f t he wor | doés
almond supply (NASS, 2088 In response to thexponentiagrowth in deman@nd subsequent
increase irthevalue ofproductionCal i f or ni aés al mond producti on
sizein the lastwo decads, with bearing acreagéencreasing from 28,000 acres in 1996 t&n
estimated.,170,000 acres in 2@1(Figure 1)(NASS, 2018j). In 2017, the state produced 2.2
billion pounds of almonds, generati$§.6 billionin production valuéNASS, 2018a)Iindustry
leaders expect the total amount of pounds produced to coimicreasing forecasting annual
output at 3 billion pounds by 202ln d ma ki ng al ethind chesvvalDablei f or ni a o
commodityin terms of revenue generat@faycott, 2018 CDFA, 201&).

2 Bearing acreageéPlantingsmature enough to produce nuts. Almond tfees years and oldgiJSDA, 2019)
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Figure 1. Growth of Bearing Acreage of Almonds in California from 1998019
(Source: USDA/NASS)

Almonds and Pollination

Though rapid growth in al monédagriqutumlducti on h
economy, the almond industry faces challenges as a resultofrthe\asi sxpansion (NASS
2018&). One of the mostonsiderable hal | enges stems from al mond t
commerciallymanagedgollinator bees as vectors for crgssllinations 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 polleaeet al, 2018) In contrast to other tree crops,
almonds requird 00% saturategollinatiors to achieve the desired 4B0% fruit set making
bees a necessity for nut producti@eeet al., 2018).
Not only is the pollination honey bees provid&l to almond production, but thegh
numberof bees necessary to obtain sufficient@ha yield is a critical factor in the proce3s.
achieve adequate pollination and thus, yielshomd growing standards recommend two and a
3 Crosspollination: The transfer of pollen from one tree variety to another (Lee et al., 2018)

4100% Saturated PollinatiofiThe techniquef keeping a larger number of bee colonies than normally maintained for honey
production to exhaust theeferredplants and ensure visitation of the crop plants by thedifdeGregor, S.E., 1976)



half honeybeehives(the termshiveandcolory are used interchangeabplyer acre of almonds

after the sixth growig year Sumner et al.2019. Roughly1,150,000 hives resalin California

yearround subsequently, provided the two and a halesper acre recommendatiamd the

estimatedL, 170,000 yielebearing acres of almonds cultivated in 20th@, stateequiresabout

two million additionalbeh i ves t o meet the al mond, USDAdustryds
2019. As a result, commercial migratory beekeepwwgich entails transporting beolonies

crosscountryto meet pollinationdemandss essenti al to sustain Cal.
(Figure 2)
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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, inclidingeff Pettis and Dr. David Epstein. Crop
production acres are from USDA, Nass, 2012 Agricultural Census, 2014)
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During the oneamonth almond pollination season from early February toMuadgchi the
earliest and one of the shortest among Califérrsallinated cropsi over 7@ of the United
Statesd commerci al honey bee colonies are tra
(USDA, 2017)Due to the vast number of commertyjiahanagedconey bee colonies required to

pol I inat e Cradladrehgsuffitiendydabnorna pofhirmation in California has become



the largest managed pollination event in the wdrkkt al., 2018)With such a prominent
designation, stakeholders masisure that the vulnerable species they heavily rely upon are

protected and supported.

The Decline of Managed Honey Bees

Unfortunately, he dependence oocommerciahoneybeesfor pollination and as a mudti
industry revenue sourgesents aignificant problem for almond produceamd commercial
beekeeperbecausesince 2006managedee colonies have suffered elevated death rates known
as fAcol ony c (CCD)aNlder20iB).CCD is arelatigely new phenomenon
characterized by sudden and esgread disappearances of adult honey bees from beehives
(Epstein et al., 2012)n 2010, USheekeeperkost 3®%6 of totalmanaged honey bee colonies
with the percentage jumping t@% in 2018 (The Almond Conferenc2018).Further, since
2006,annual winter losse®f managed honey bee colonies have averagdd®&imost double
the historical winter mortality rate of ¥%(Ferrier et al., 2018).

Thoughexperts have extensively researckieelcauses of CCD sinds discoverya
single sourcedr the collapse haget to bedetermined Glenny et al.2018).Researchers link
many stressors to bee colodgathssuch as thevasiveVarroa mitenew or emerging diseases,
the gut parasite Nosema, nutritiodaficitsarising from limited floral diversity and abundance,
and pesticide poisoningPérryet al, 2015). However, the mogtighly suspectedause is
potential immunesuppressing stress on bees, resulting from one or the combination of several
variablesthat m&es honey beeolonies more susceptible to diseasé pestg¢Epstein et al.,
2012) According to research compiled by tNational Honey Bee Health Stakeholder
Conference Steering Commitidieesevariablesmay include:

A Bor nutrition (due to apiary owverowding, 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 services (Epstein et al., 2012).

s Annual Winter LossesThe annual loss of honey bees in the locations the bees reside in over the winter. These most common
fover winter i ngeUppeoMidwest(Femieretalr 2018). n t h



Because ofthelamond i ndustryds heavy reliance on mana
of managed honey bee healémains aeriousconcernwith considerable consequences for

almond producers and beekeepers.

Pollination FeeRespond to Honey Bee Decline

Since 2006, almond growers have witnessed a significant increase in colony rental fees
(Ferrier et al., 2018 PDue tocommercial beekeeper management techniques and replacement of
hivesto compensate for lost or weakened cagrthe total number of managed honey bee
colonies has remained stable since the late 1990s despite annual colony_Emsseal(, 2017).
However, the pric@ercolony rental fee has increased drastically (Ferrier et al., 2DitRistry
experts attribte ®veral factors to the elevated prices for pollination services. According to
Ferrieret al.,some ofthese factors include:

9 Costs to operate a commercial beekeeping operation have increased due to higher
rates ofmanaged honey bdéwalth problems thiaecessitate more intensive
management practices

1 The vast acreage and higtocking densityrequire almond producers to pay more
for pollination services than all other crop producers combined

1 The extreme geographic concentration of almonds iiCémeral Valley results in a
nearly simultaneous blooming of almond acwsich increases competition for
pollinationservicesand encourages the spread of disease among honey bees

1 Unlike other pollinated crops|raond pollination does not produce hon&he lack
of honey production is due the amount of pollination requirdy the bees that
leads to an energy deficit in bee coloniasdprevents the bees from producing excess
honey. Further, the bitter taste of almond honey is undesirable to constihess.
factors force beekeepers to only rely on income from pollination fees when providing
beesfor almondpollination.

1 The early blooming periodf almondsmeans that beekeepers have little time to

rebuild their hives if colonies were weakened or lagravinter

6 StockingDensity. The number of colonies required per acre to adequately pollinate éFemojer et al., 2018)



As a result of the decline the health ofmanaged honelyee coloniesthe additional
strategies beekeepers must implement to meet pollination dearamhthammensegrowth in
almond acreagehe average rental rate for a single beehivéhi®@almond mllination period
increased from 85.41in 1995to $19 per hive in 20 (Figure3) (Lee et al., 201)7 During this
period almondgrowerswitnessed an exponential spike in pollination faga result of CCD,
with dollars per colony increasing from $72.58 in 2005 to $138.98 in 2006 (Hp(@arman,
2011).
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Figure 3. Almond pollination fees in constant dollars (2010 = 100) and almond bearing acreage in
California, 19952017 (Source: Lee et al., 2017)
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(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 $20@podrich, 202D Almond producers fear that this price will continueigeras
managed honey bee health continues to decline (Goodrich, 208200 per hive with two and
a half hives recommended for a single acre of almonds, pollination services account f@6over 5
of farm-level costs for almond growers;3 more than othepollination-dependent crops in
California (Ferrier et al., 2018). The direct relationship between rental fees and health of
pollinator bees places the future of Californ
precarious positioas the necedyifor pollination becomes financiallynviablefor many

producers

Actionsto Enhance Pollinator Protection

Beyond the almond industryhe loss of honey bees would have a profound effect on
humans asnethird of our dietdepends owrrops that requirpollination (UC Berkeley, 2006).
Because of the significant ramifications pollinator loss has on almond prodsiéaiiically,
scientists pollinator organizationsintergovernmerdl agenciesand the almond industry have

begun to respond to the rapid decline in managed honey bee heattlatiempt to mitigate the

10



issue of colony loss aralleviatethe conceraof almond producers and commercial beekeepers,
stakehol ders have collaborated to devise a se
and create various béeendly certification programdExperts and stakeholders designed the

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

methodgo enhance honey bedality through the adoption of certain bgendly practices

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

that hinder them from becomingdely adoptedoy almond producers in California while

effectively supporting honey béealth(SeeDiscussiorsectionfor more details).

BeeBest Management Practices

At the 2018 Almond Conference, the key almond indudbjgaiives set by the Almond
Board of California (AB) included: fAAssure su
pollination by advancing bee healtho and fAAss
for beeso (The 6 218mbomdigale the stress amdhcbeenical exposure to
commercially managed honége colonies and potentially stagnate the rental cdbesé
colonies AB partnered with the almond community, beekeepers, researchers, UCRates)f
California and USegulators, and chemical registrants to creatétimond Board Honey Bee
Best Management PracticésBC, 201%). AB establishedheir BBMPs with the hope thénty
recommending certain practices for growers to adalptond orchards could promote safe and
healthy environments for honey bees.

The set of practices includes managerial recommendatioaptyingpesticides and
herbicides before, during, and after blggianting recommendations to provide diversified
nutrientand pollensourcesandcommunication and registration suggestions for beekeepers and
almondgrowersAB continues to emphasize the jamddustry
in the 2019 ABAnnual Report the Boardncluded a section dfive factorslinked tothe decline
in honey bedealthand the effortshey aremaking tohelp address each offeigure5) (ABC,
201%D).

11
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Figure 5. T h e

Boardodés Commitments to HonNe

Beefriendly Certification Programs

Another wayorganizations arevorking to support and preserve honey bee health is
through certification programs that require groweradoptspecific bedriendly practices to
qualify for the certificationCurrently, two organizations are working to promote the vitality of
managed bney bee# Californiathrough sustainable pollinator bee certifications. These
certifications are voluntedrasedand almond producers wishing to participate can apply to
support pollinator health and increase market awardnes®eting the certificaitn standards
(seefiLandscape and Gap AnagégsResulte section for more details)
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Objectives

Due to theenvironmental and economic risks associated wiigificant decline in
managed honey bee headthdtheincreasing global demand falmonds the objective of my
Mastefs project is tounderstand measurabnond producers can tat@make almond
pollination less risky to honey bees and how to garner greater adoption of these measures
through bedriendly certifications To do this, | wil evaluatevhether the beé&iendly practices
included in existing sustainable pollinator bee certification standards are feasible for almond
growers to adopt as well as effective in promoting honey bee vitialititis project) will
determindeasibiity by the abilityand desire oédlmond producers to implemetgrtain bee
friendly practicesAdditionally, | will convey effectivenesby evaluating existing pollinator
certifications against one another and seeing which certifications incorporatettfechas to
effectively support managed honey bee heditishort, bedriendly practicesmust be
considered feasible to be implemented, aherefore effective.l will use the esults from my
researcho assess beeiendly practiceghat are both realistic for almond producers to adopt and
demonstratedcientifically to encouraggollinator health.

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

1 A survey administered to almond producansl farm managethroughout California
thatassesssthe challenges and barriers to adopting-temadly practices as well as
possible incentives for implementisgecificpractices! will analyzethesurvey
resultsusingstatistical analyseis R and graphs in R andéel;

1 Landscape and gap anayshat look at the existing certification and pollinator
support programs and identithe missing links among certification standards and
recommendetest management practices

1 Anextensive review ahescientificliterature on practices that promote bee health

My clientf or my Ma s, BweHansst, s @roagreutural firm that provides
professional consultingechnology support, certificatipand a sustainability management
information system (MISplatform to farm enterpriseSureHarvest will be able to use the
results from my report to determine whether entering the sustainable pollinator bee certification
sector is a viable investmeand if so, which of their proprietarytechnologies could enhae the

certification program
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Research Questisn
In this study, | an to answer the following questions:
1 What is the feasibility and efficacy ohplementingsustainable pollinator bee
certificatiors for almond producers in California?

o Key Factors: Which factors (i.e.the orchard(syjeographic location,
res po mgeg rets p® rraleanthe gpérationand theoperation size
influence the adoption of certain bendly practices?

0 Incentives: Which incentives are most likely to encourage almond producers
to adopt bedriendly practices?

0 Interest: Are almond producers interested iswstainable pollinator bee
certificatior?

o Standard Integrity: What are the existing sustainable pollinator bee
cettificationsand programsnissing that prevent them from being widely
adopted by almond producers in Califorarad effective in supportingoney
bee healt@

0 Improvement: How canthe standards and recommended best management
practices oexisting sustainable pollinator bee certifications and programs
promote greater adoptidsy almond producerand support for pollinator
bee®

o Effectiveness:What are the most effectil@st manageent practiceso
support honey bee health?

Methods

Survey Desigibevelopment

While working with SureHarvest over the summer of 2019, | met a postdoctoral
researcher, Dr. Jennie Durant, from University of California, Riverside. Jennie and | discovered
similaritiesinherpost o c and my Maljectwasabdsbegarets cadborate on a
survey that would assist in meeting stiaredjoals.Beforedrafting the survey,Jennieand |
developedrimary research questiotisatcaptured ousharedobjectives Our primary research

questiondor the surveywere:
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1 What barriers and imntives do almond producers in California face in adopting bee
friendly practices?
Are producers interested in a bieendly certification?

Whatmeasuresnight incentivize them to participate in a certification program?

We then determined a series of sebearch questions that would help us more narrowly

define our primary questions. These questions included:

1 How do demographics play a role in barriers, incentives, and interest iFfiacineky
certification? (e.g., gegraphic location, water price/availability, operatgine farm
manager vs. owner vs. owner/operatespondenage, etc.)

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

0 What percent of growers have planted or are interested in platmger
crop?

1 What barriers and incentives do growers face with permanent pollinator habitat
planting?

o0 What percent of growers have planted or are interested in plg@inganent
pollinatar habitat?

1 What barriers and incentives do growers face in adoptihge Al mo nHonelBo ar d 0 ¢
BeeBestManagemenPractices?

o0 What practices are they adopting more widely, and which have a lower rate of
adoption?
o How is the rate of adoption affected by demagdnics?

After identifying our primary and sukesearch questions, we created thematic sections
for the surveyto help us answer our driving questions. The sections we established were:
1 Demographics
Cover Crop
Water
Permanent Pollinator Habitat
TheAmondBoar dés Bee Best Management Practi c:¢

Sustainable Pollinator Bee Certification Interest

== =4 4 4 A -

Almond Pollination in 2019
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Survey Design: Editing

To ensure relevant responses from our survey, we decidstatolish qualification
parameters. To qualify, the respondent had toflaena marager or grower whdarmsone or
more acres of almonds California We devised these specific parametesause¢hose who
met these qualificationsould have the most comprehensive knowledge about the farm and the
ability to implement changes in management practMsthen drafted st of questions that
could be categorized under our thematic sectamshelpus answer our primary and sub
research questiongVe narrowedhis listby implementing surveguestiondesigntechniques
thatreduce the cognitive stress of the participant and impieeguality and reliabilityof the
response datgsweller, 1988Qualrics, 2019).

To maximize completion and response satee prioritized the length, minimized text
entries and attended to the structure and floyvassessinthe placement ofjuestiors and
answer choicgwithin the surveyWe analyzed questions determinenvhich would be more
effectiveasa Likert Scale andadjusted the phrasing and weshoice within matgesto make
them as simple, consistent, Rprigmental and unbiaseds possibleéwithin a given matrix, &
placed esier, lessobjectionableanswerchoices at the top of the liahd built to more
challengingoptions Further, we limited thaumberof matricesto increaseheease of reading
and clarity.Concise, descriptive paragrapherealsoincludedabove each seon to decrease
the cognitive load of the respondeSineller, 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
Af orce, 0 by making them mand adquestignnairdn registehe r e s
as nf ul | yTbhe questiopsiwe sekealed for this process were necessary to fulfill our
research objections. AForcedoO questions cont a
answer choices to ensure the survey raetvoluntaryThecategorieand reasoning behind

thequestionsve chose to forcevere the following:

7 Likert Scale:fiType of rating scale used to measure attitudes or opinitiis scaleasks espondents to rate items on a level of
agreemert ( St atistics How To, 2020)
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1 Opening Demographic Questions
o Reason: essential for understandingdfiectsregion, operation size, and land
ownership have on the adoption of Heiendly practices
1 Prior Adoption of Cover Crop and Permanent Pollinator Habitat Questions
o Reason: provides insight intbe currenbeefriendly practicegrowers and
farm managers are implementing
1 Concerns/incentives Questions
0 Reason: essential for answgr our primary and subesearch questions
regarding barriers and incentives for a-endly certification
1 Water and Irrigation Questions
0 Reason: essential for understanding the relationship between region, water
price and availability, and ability tadapt beefriendly practicesuch as
planting cover crops
1 Almond Board Bee Best Management Practices Quegtatisoutlegal
implicationg
0 Reason: providginsightinto grower and farm manager commitment to
existing recommendatioresignedo increasenanaged honelyee health
1 Certification Questions
0 Reason: essential for answering our primary andregbarch questions
regarding h e r e s ¢esira forea certification
9 Pollination Questions
0 Reason: provides understanding on honeyreetal locationhoney bee
suppliers groweropinions about colony price/strength, and concerns about
factors affecting future almond pollination
Oncewe edited and implemented the question characteristicth@tsurvey instrument,
we added numerous page breadensue it was compatibléo completeon a cellphone. Last,

we included a $20 giftardasoptionalcompensatiofor those who completed the suyve

Expert Review

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

guestions remained unbiased and-paigmental, weshared theuestionnairen two rounds for
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stakeholder feedback. The first round included stakeholdeosare closely invived with this

research projectThese 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 fothe 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 c®and pollinatonand Jenni eds | ab, compri se
and large data sence researchers.

Jeffis 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
invaluablefeedback on the structyrlow, and wordingof the surveyandadvised us on the
psychology of survey responderigsic works aghe technical lead on client engagements to
develop and implement datgiven sustainability programs and has vast experience leading
consultancies related to sustaindpiitrategies and development of sourcing standbdels.
contributed his extensive knowledgeproduct certification systems and the almond sector to
our question desigiBob brought an industry perspective to our editing process and assisted with
developng unbiased questions and accurate conBalhy. assisted in verifying the accuracy of
section descriptions and word chaidennié kb provided excellent feedback sarvey
structure and matrix design.

After incorporating the first round oévisions 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 feedbacKhis feedback brought a valuable perspective that most closely

represented our t@et population.

Target Population

Jenni® and myintention for our survey was tmderstandhe views and behaviors of
the broad range of almond producers in California and how various factors affect almond
producer so abi | i4rienglgprattioes@bthioipgtan icsight intathearriets e e
thatgrowers fae in implementing bedriendly practicesand the incentives that might
encourage them to do,smlows us to assess whether a sustainable pollinator bee certification is
a viable opbn to bolster honey bee health and support almond growers. dhuset our

research objectives and answer our research questieriailored the qualification parameters

18



to allowonly almond growes andfarm managerwho farmoneor more acres of almonds in

Californiato participate

Data Collection

To increaseawareness, Jennie and | created postcards with a link to the GushrRly
and a QR cod® make the survey accessibledihone. We attended the Almond Board
Conferencerbm December 1412, 2020anddistributed the postcards to growers and farm
managers. After the conference, we contacted the Almond Board to assist with outreach
response, ABncluded the survey in one of their newslettersveekly publicatiosent to
members of the almond industry through@alifornia. To further increase our response rate, we
identified countiesin southern, central, and northern Califortiiat contained the majority of
almond producers: Butte, Colusand Glenn ifNorthern, CA Stanislaus and Merced in the
Central Valley and Fresno and Kern Bouthern, CA Wethenobtained County Pesticide
Application Records from the seven counties to acquire grower addresseslesitengthe
address datasahddiscarding duplicatesve mailed the postcards to 3,000 almond producers
throughouthe seven counties.

For our second phase of disseminatiatrelateda list of almond and pollination
workshops and events to announce our survey and pass out the gostance attended three
AB pollination workshops anthcreasecwarenesthrough presentatiorendpostcard
distribution We also contacted representatives from Blue Diamond, Mariani Nut Company, and
Project Apis mto assist withoutreachEach organiz&n sent out at least one emailindorm
their growersabout the surveyand Blue Diamond sent two emails.

To incentivize participation, we included an option for respondents to receive a $20
Amazon gift card upon completing theestionnairelf the surveytakers opted for
compensation, thelyad to entetheir email addresat the end of the surve@nce we received
notifications regarding survey completion, emailedthe gift card to the recipieaind then
deleted the emailsdm our dataset to ensure anonymity and maintain the integrity of our results.
We sent compensation emails daily to uptmid commitment to thgrowers and farm

managers
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Timeline oSurveyymplementation

The process of drafting, administering, and manigethe survey began in August 2019
and we closedthe surveyon February 5, 2020.gpendix A includes detailed description of the

timeline and proces®lease navigate #ppendix Bto view he completd survey

SurveyData Cleaning

To prepardghe datasdior analyss, we firstexported the data from Qualtrics with muilti
value fields split into columns @ ExcelspreadsheeWe filtered fora100% complebn rate
and a response time of 2.5 minutes and over to ensure we received the most legitimate responses
(Qualtrics, 2019). We established théenimumresponse time by analyzing each response
between two and founinutes and derminedthat theentriesafter2.5 minutes appeared the
most thoughtfylcompleteand genuineéWe then sorted thi¥ addresscolumn to identify
responsethat had duplicatéP addresses. We highlighted duplicate IP addresses in green and
A o b s entrresngellow.

To determine whetr or not a response wabscurewe established a set of criteria. We
first assessethe text enfesfor acreage, water price, abdecolony rental fee and strengtfor
acreagewe markecentriesover 10,000 acres adscure and set a cap35,008acresbased on
our knowledge that the largest almond producetaliforniahas about 35,008cres in almond
production(Growing Produce, 2013Vonderful, 2019) We chose 10,000 acres as a reafér
an unusual respongecaise given thecountyinformation entered by the respondemé could
identify whether a farm of 10,0edécres or more is plausibl€EDFA, 201&). We then looked at
the entries for water price and colony rental fees and strength to see if the numbercwate a
based on county locati@nd industry knowledg@Bureau of Reclamatiqr2017; Ferrier, 2018)

If each of thesaumbers seemed inaccurates highlightedthe entireresponse agbscure

For aur second phase dhtasetleaning wedeletdincomplete and inaccurate
responses. Weliminatedresponses deemed incomplete as well as ttaspletedunder 2.5
minutes. We then deleted responses with duplicate IP addresses talesisuperson was not
taking the survey under a different email sel$solelyto receive the compensatiddext we
deleted responses that were flaggedtascurdf they had inaccurate acreage in addition to
unreliableb ee col ony and water entriesdipba@adehrynoitf t

a n s wa a mgority of the questions or if they onlyarked the first answer choice in each

20



guestion, the entireesponseavas flagged, reviewed, and then deletetiéf result was
determined unreliable.

Once we finalized our dataset, we went through eesponsdo assess for irregularities
within the text entries thadata analyticplatform would flagas errorsFor the bee colony price
and strength questions, if the respondeptitted an answeo conveyfbetween two numbebs
(e.g., #8), wereplaedit with the average of the two numbers (e.g., 7.5t entries included
charactersn place of or in additonta u mer i ¢ answers (e.g., 8 fr ame
instead of A0O0), we ldters witheuthbetsdtieat ompthechsmericr r e p |
answers remained (e.g., 8 or 150). If people entered adreaget  nobéscuréo uar ifit er i a
(outinedabovpor i f they wrote i n efitrreointhesspansewére but t h
valid, we replaced thitaggedentywi t h ofi N/ A.

For water price responses, it was evident that some respoedéstsd total water price
rather than price per acfeot. In this case, we divided the total water price by the total acreage
and then crosshecked the amount to see if the prueas plausibldor the county that the
respondent selectéBureau of ReclamatiqQr2017) However, if the water price appeared to be
naccurate or highly questionable, we entered i
to ensure that the price would not skew our data.

Lastly, we decidedndbi ncl ude the text entries for Ato
acr e ag ein auvanatyse®ecause a large portion of the entries did not add tipe
numbers entered fért ot alhe g1 iehm g acr e a-giedddbeasng dcredigeTot a | non
obtain ageneral idea regarding the amount of acreage owned vs. leased, we created a column
t hat st at thexesgorfdéhtolidhe mdjority of acrea nd A F Ahe 8rishie leasks

the majority of the acreage.

Survey DataAnalysis

To analyze the resultsf my survey | created a list ofariablesto assess which factors
influenced respondent behavior toward cover crop and permanent pollinator habitat adoption and
interest The variables includedher e s pondent 6s rol e in the operat
the al mond orchards are | ocat e dealngsgcreage.yi on) ,
thenrana Chi-squared Test of Independence aridgistic regressiowith a binomial

distribution h Rto examine whether or not the variables significantly aéidécth e r es pondent
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answer choices regarding the cover crop and permanent habitat questions in the survey. | used R
and Excel tovisualize the frequency of responses to specific question®a®sdermine

overlapping themes and trends within the dataset.

Landscape and Gap Analys

Landscape and gap analyses are commonly mgedsinesse® provide an overview of
organizations in a specifindustryand identify opportunities and capaelyilding activities to
improve efficiency (Whyte, 2004). Implementing this methodology allowed nuetdify the
leadingorganizations in the agriculturahdpollinatorsupportsector, comparethee r t i f i cat i o
required standardsnd t he p ol | suggestedest managemgent pracsicasd
contrast theequirementsand recommendationgith the scientific literature on betiendly
practices. After creating dataset fothe existingprograms| detecedgaps within the standards
andsuggested criteriandassessepossible solutions to strengthen the efficacy a certification
could have on pollinator bee heaithalmond orchards

For my analysis, | first completed a comprehensive revieggrajramsn Caifornia and
throughout the US that focused on sustainable agricultural practices and supporting pollinator
bee health. After identifying the relevamganizations| created an Excel Spreadsheetecord
the standards that growers are requirechéet to qualify for each certificatiand the suggested
practicesecommended by pollinat@upport programd then used the standaraisd
recommendationt® establish common themes and categorized the contents of each set of
standard and suggestepradicesunder the appropriate theme

Through extensive research, the agricultp@linator protection programs that are most
relevant to my study include:

f Bee Better Certified by Xerces Society

1 Bee Friendly Farming by Pollinator Partnership

1 USDA Nation&Organic Certification

1 Seeds for Bees by Project Apis m.

1 Pollinator Friendly Garden Certification by Penn State University

From t he | i sBeeBetheoGerified Xaedcehé Pol | i Beet or Pa

Friendly Farmingare the onlypollinator bee certification programs for California agricultune
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contrastP e n n  Polliadtoe Frisndly Gardercertificationis only accessible t&ennsylvania
residents, and USDA National Orgawcgrtification is nationwide. However, | chose talude
the other pollinator support programs as well to strengthen my analysis of stehdaats
effective br improving pollinator bee health.
After reviewingthec er t i fi cati on programso rsappati r ed s
p r o g rrecomsnéded best management practicthe overlapping themeadentified were
i Habitat Percentt he percent of a farmds tot al acr
temporary or permanent forage for bees (Xerces, 2020).
91 Habitat Type: the variety of temporary (e.g., cover crops) or permanent (e.g.,
hedgerows, perennial or-seeding wildflower strips, riparian forests, filter strips)
forage planted for bees on a farm (Xerces Society, 2020). Pollinator habitat can be
planted in the ordrd as a cover crop or adjacent to orchards as hedgerows and
provides bees with supplemental nutrition while yielding additional benefits to the
soil 6s health, structure, and nutrient <co
1 Habitat Bloom: the amount of time the plants areldloom during a season to ensure
adequate and continuous pollen and nectar sources for the bees (Arati2i0at&)|
1 Planting Stock/Seedthe 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/RRcommendations requirements or
recommendationfor applying synthetic chemicals to an orchard
Apiary : a collection of beehives
Record Keeping requirements for documenting managerial practices

= =4 -4 -

=

Annual Fee the annual cost required by the certifying organization to participate in
the certification progam

1 Verification Model: themethod for verifying that the certification applicant
implements the required certification standards
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The analy®s allowed me tassessghe existing gaps among thertificationsand cross
compare thie standards witlthepollinators u p p o r t rpconumgmd@zonsandthe
scientific literature on practices that promote bee healitmond orchardslhe surveyresponse
dataset analysisoupled with théandscape and gap anagsassisted in informingny
suggested set of standafds e e fA Di s c u stsisreparth secti on of

Results

Response Ra& Demographic Diversity

The survey received09 responses total. After cleaning the survey response data
thefinal dataset contained 301 completed responses. From these responses, 252 of the
respondentgthe termgespondenandproducerare used interchangeably here, as in the
followingresult3i dent i fi ed as male, 38 as fevmaloe oramd
not answer the question. Figugdlustrates that the majority of the respondents fell within the
251 34 and 55 64-yearold age ranges.

AGE RANGE OF SURVEY RESPONDENTS

m18-24

m25-34

m35-44

1 45-54

m55-64

m65-74

W 75 years or older

M Prefer not to answer

Figure 6. Age Range of Survey Respondents

Figure7 provides a visualization of tHecation of the e s p o n d e narchkadds a| mo n d
acrossCalifornia. As shown in the figuteelow, a majority of the almond orchards are in
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Stanislaus, Merced, Fresno, and San Joa@umte amajority of almond produceiae fromthe

southern Central Valley anticipated digher response rate from these counties (USDA, 2019).

Where were the almond orchard(s) you farmed located in 2019?
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Figure 7. Location of Almond Acreage by County

In the survey, respondents could sefedtar m manager, 0 Aowner, 0 OI
describethedatood ay r ol e they played in al mofifram pr oduc
managergfarm and manage the almond orchard(s), but do not own thatimpefiowner® own
the operation but do not farm nor manage the almond orchaiofg)er/operatoisown the
operation and farm and manage the almond orchard(s).

As shownbelowin figure 8, the majority ofrespondentswn their farms and operate
thar aimond production. This outcome was the opposite of my hypothesis regarding theoles
survey takers play in dayp-day operations because | assumed that a majority of the farms would
consist ofseveral parcels that were operated by farm managersaridrth managers would

constitute the majority afurveyrespondents
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What best describes your role in the day-to-day operation of
your almond orchard (s)?

180
160
140
120

100

Count

80

60

40

20

Owner, not responsible forday-  Owner/operator of almond Farm manager (not owner)
to-day management orchard(s)

Figure 8. Respondent's Role in Almond Operation

BeeFriendly Practices

Three sections in the survey representedfberdly practices cover crop, permanent
pollinator habitatandt h e Al mo nHbneyBeeaBest Masagement Practic@déithin the
scientific literatureregardingpollinatorsupporting practicefor almondproduction these
practicesvere the mostrequentlynotedandwell-researche@Huang, 2012; Glenny et al., 2017;
Epstein et al., 201D)egrandiHoffman et al., 2015)Assessing theesponses from théree
sectionsallowed meto understand whicheefriendly practices almond producers were already
implementingwhich practices they haghinterest in implementing, arttleir concerns for
adoptingthe specifiqpracticesAfter obtaining an overview of the responses to these sections, |
examined the relatiahipb e t we e n t h edemograpbias (i.ethe respa d e mole nd
theoperationthe orchard(slocation,respondenage, and operation sizahd theiradoptionand

interestin beefriendly practices.
Cover Crop

To assessover cropadoption and interegtanalyzed whether or ntite respondesthad

grownacover cropn the last five yearsandif they had notwhetherthey werenterested in
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growingacover cropOut of 301 response83.6%(101respondenta nswer ed AYesoOo to
grownacover crop, whilé6.3% (200)selectedi No . 0 O R00respdndentdhe answered
A N 026% (52) are interesteth growingacover crop31.5%(63) have no interest in growirgy
cover crop, and 42.5985)s el ect edo AiNot Sur e
Tounderstanatvhy respondents may have selected AN
whether they had growacover crop oareinteresedin growingacover crop) analyzed how
responses differed by demographising a logsticregressionTablel shows results from a
modelthatassesssh ow t he r e s pmwleid earatisndage rengei, amatotal yield
bearing acreagdfact whether or not the respondents hgk@wvnacover crop in the last five
years.
When controlling for all factorsve see that respondents who farm almonds in the Delta
and Sacramento Valley are significantly more likely to hgresvn acover crop than
respondents from the San JoagBasin The odds ofirespondentrom the Dela region
s el ect i nhgving plaatsdocover arop in the last five years are 5a8&rrespondents
from the San Joaquin Basin whitee odds of aespondent from the Sacramento Valley are 3.71
over a respondetom the San Joaquin Basifurther, espondents who own and operate their
almondoperationhave a marginally significant likelihood of growiagover crop over

respondents whinlentify asfarm managers @olely owners.
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Table 1. Bee-Friendly Practices Dependent Variable: Cover Crop Grown

Standard

Parameter Estimate Error Z-Value P-Value

(Intercept) -1.25E4+00 9.39E-01 -1.32561012 0.184969
(Regions)Delta 1.68E+00 5.44E-01 3.09230169 0.001986109 **
(Regions)Sacramento 1.31E+00 5.09E-01 2.57661853 0.009977199 **
(Regions)Tulare -4,02E-01 3.19E-01 -1.25773634 0.208487
Owner -5.47E-01 4.34E-01 -1.26142305 0.207156
Owner/operator of almond orchard(s) -5.77E-01 3.16E-01 -1.82925271 0.06736176 *
Age: 25-34 4.01E-01 9.52E-01 0.42099191 0.673761
Age: 35-44 1.19E+00 9.58E-01 1.23862275 0.215485
Age: 45-54 1.09E+00 9.59E-01 1.13285324 0.257276
Age: 55-64 1.13E+00 9.65E-01 1.17654718 0.239376
Age: 65-74 5.99E-01 1.01E+00 0.59529649 0.551645
Age: 75+ 6.84E-02 1.43E+00 0.04792898 0.961773
Age: Prefer not to answer -1.28E+01 6.23E+02 -0.02058755 0.983575
(Q3_1) Total yield-bearing acreage -1.06E-05 4.06E-05 -0.26176425 0.793503

For respondents who have not groaweover crop in the last fivegars, ran a similar

analysis teexamine how theariablesi ir 0 Ine o p er a tfisoinz,ed0 offaaguep, eor at i on

firegiord T affect theirinterestin growinga cover cropTable 2 show thattherelationshifs

betweerthevariables and respondent interest in grovamgver cropare not significant

Table 2. Bee-Friendly Practices Dependent Variable: Interest in Growing Cover Crop

Parameter

(Intercept)

(Regions)Delta
(Regions)Sacramento
(Regions)Tulare

Owner

Owner/operator of almond orchard(s)
Age: 25-34

Age: 35-44

Age: 45-54

Age: 55-64

Age: 65-74

Age: 75 years +

(Q3_1) Total yield-bearing acreage

Estimate
1.69E+01
-1.91E-01
1.08E+00
-5.02E-01
-4.65E-01
-1.85E-01
-1.59E+01
-1.55E+01
-1.62E+01
-1.60E+01
-1.59E+01
-1.59E+01
1.19E-05

Std. Error
9.59E+02
9.05E-01
1.11E+00
3.43E-01
5.34E-01
4.03E-01
9.59E+02
9.59E+02
9.59E+02
9.59E+02
9.59E+02
9.59E+02
5.14E-05

Z-Vale
0.01765857
-0.21105854
0.97761654
-1.46273259
-0.87124661
-0.45932876
-0.01657181
-0.01620763
-0.01691805
-0.01664293
-0.01661991
-0.01655221
0.23237426

P-Value

0.9859112
0.8328416

0.328264
0.1435406
0.3836195
0.6459981
0.9867782
0.9870688

0.986502
0.9867215
0.9867398
0.9867939
0.8162473
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After controlling for al/l the variables th
interest in growing cover crop) thenexaminedhevariables individually. The following

sections assess fArole in operatdromp,ves .fi scioveero f

operation vs. cover crop, o0 and fAregion vs. co

Role in Operation vs. Cover Crop

To analyzhowt he r espoolde nit ® s o pwhetlzet or mtheyhawef f e c t
grown acover crop, | first made a plot to visualize the number of farm managers, owners, and
owner/operators who have and havealgtown cover crop in the last five yeaFsgure 9
illustrates that the majority of respondents owned and operated their almondtp and a
majority of them have not growra cover crop.
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Role in Operation

Figure 9. Role in Operation and whether or mespondents greacover crop in the last 5 years

| thenperformeda chisquare testf independence to examine the relation betweeno | e

n o p eandavhether oramot aespondengrewa cover crop | found that the two variables
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are independerita

respondent &s oésnobsigreficantly affectyvieether brina n 0

d

they had growracover crop in the last five years{§, N = 301) = 2.21, p 8.05).

To determinethe el at i ons hi

p
growingacover cropl first plottedt h e

bet ween firol iaterestm oper a

r e s theotwodvaiabtes-igure 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 groa@yer crop. This uncertainty is

interesting because an owner/operator ofteids themost seniodecisionmaking position.

Therefore] hypothesizahat this uncertainty may be dueatack of information on planting

and managing cover creplhe accuracy of mizypothesis wasupported bywo respondents

wh o

l earning Wndrlea oavred fcr op

c o mme nt kndw thafimuchdlmout nower crops, but | would be interested in

b | o s sltasnrsporiard tmpoet e f or

that he survey question regarding whether or not a person was interested in grcovey

croponly appeared if the respondent answéred o 0

t o h aeovencgop. ghug then

count for this question is lower than the question regarding whatweer crop was grown.
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Figure 10. Role in Operation and whether or mespondentare interested in growirgcover crop
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Achrsqguare test showed that Arole in operati
acover crop ar@lsoindependenfX2(4, N =301) =273, p>0.05.The respondentds T

operationo does not affect wvingacoveremop.or not t he

Respondenfge vs. Cover Crop

| performed a logitic regression to examine the relastip between the age tifie
respondergand whether or not they hgdowna cover crop in the last five yearBhe model
showed that the relationship between the two variables is not signifieget does not affect
whether or noacover crop was grow(p > 0.05) | thenran a chisquare test of independence to
analyze this relatiaghipfurther,and theanalysisconfirmed that the two variables are
independendf one anothe(X2(7, N = 301) = 8.14, p > 0.09)owever, some differencese
apparentvhenc ompar i ng t he r e s pteepercem of prdducargveno lagen ge s a
grownacover crop Table 2 showthat a higher percentage relspondents between 35 and 54
yearss e | e c t ® Havnfy gr@enm acover 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 relatioshipbetween respondent age and whethaver crop was grown,
age does ndignificantly affect whether or not the respondeninierestedn growingacover
crop(X2(14, N = 301) = 12.34, p > 0.09)owever,Table 3 shows that a higher percentage of
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respondents the 18 34-yearold age range ailiaterested in growing cover crop than
respondents in thelderage brackets

Table 3. Respondent Age vinterest inCover Crop
Age Range No Not Sure Yes % Yes

18-24 years old 0 3 4 57%
25-34years old 17 20 19 34%
3544 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 effeits i z e o f has qn eover ¢rap adogiion and interessed the
numeric responsedbefaromgt her etagirtdsargee | ént ry b
analyzed he responsebBedwnirngtacrne agyge @fietidbdatngr t han 7
acr eag e ohe tosyeld heariag trees are not mature enough for pollindtimm
managed honelgees Thus,| assumed thatonyield bearing acreage would be less
representative o ftowar@éasgptmabddriendlyspiaciceseAHogistic o r s
regression stwed thathe amount ofotal yield-bearing acreagagoes not significantly affect
whether the respondent has groawover crop in the last five yeafjs > 0.05)

| then categorized the i-belvidgaddSmadgeanhb
AMedi um, 0 & regresénttlersipemfthe operatibhe acreage range within each
category was determined by t fodfarmhdizesdAB@, Boar dos
2019b).The A Smal | 0 c apradgcersvith Oir 40 pcredfyieldibeainy almonds
AMedi umo rpegucesdtle4iit20d0 acres and pfoducersgtte 0 r epr €
201+ acres. Out of 301 total responsesiegpondents farmdd L a ropgegations, 94 farmed

AMedi umo operations, ratond. 131 farmed fASmall 0 o
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| ran achi-square test of independence to examinedlagion betweerisize of
0 p e r abythecaor@agsizecategoiesandwhether or not the respondent had grawaover
crop.Theanalysisshowed that the size dieoperation did not significantly affect whether or
not the respondent had groawcover crop in the last five years4(8, N = 301) =4.82, p >
0.05).However, there is a slightly higher percentagpafoducer s who farm fimed

operations (41 200 ares) that have growacover 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 beinteressm fAsi ze o
growingacover crop, | ramlogisticr e gr essi on using the numeric t
bearing acreageResultsshowed thathere is no significant relationship between the size of
respondent sd al mond oper aacoverorgpp adlb)Atchi-ei r i nt e
square tst of independenge s i ng t he A Smal | tocategoNke acieagensizé, A L ar g
again showed no significean el at i onshi p between fAsize of oper
in growingacover crop (%(6, N = 301) = 5.96, p > 0.05)Vhen | assessdtie percentages, |
found thatthere isa slightlyhigherp er cent age of producers who f ar

interested in growing cover crop (Table 5).

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

Size ofOperation No Not Sure Yes % Yes
Large 15 17 16 33%
Medium 15 29 11 20%
Small 33 37 24 26%
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Regiorvs. Cover Crop
To examine whether the | ocation of the res
or not they had grown or were interested in grovargver crop] first categorized the
r e s p o rcoauetiestbg @entral Valley watershed basirchose to categorizbe counties by
watersheds provided the fact that the production of tree nuts reguioesiderable amount of
waterand due to the stateds water scarcity, wat e
practicedor farmers(Fulton et al., 2019)Thus, | hypothesized that watershed basins are most
representative of respondent behavior towardfberdly practices.
TheregionalcategoriesncludeSacramento Valley, Delta, San Joaquin Basin, and Tulare
Basin (Figure 11). The Sacramento Valtnssts ofrespondents 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, anddsno. It is important to note that therthernsection of the
Central Valley consists of tifgacramento Valley and Delta regionsile thesouthern section

includes theésan Joaquin and Tulare Basins.
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Figure 11. Map oftheFour Main Region# Californiad s Ce n t (Sadrce:\WUAGS| 2020)
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| performed a chsquare test of independence to examine the retiphetween
firegiord and whether or not respondents have grawaver crop in the last five years. The
relatiorshipbetween these variablessignificant, showing th&diregioro does affect whether or
notr espondent s daihggrownaaverichoe (5(3) N 1 3D1) =24.205 p<
0.05). | then ran a logitic regression to see which regions are nhigely to affect whether or not
the respondent has growarcover crop. The model showed tih@aspondents with almond acreage
located inthe Sacramento Valley and Delta regioveresignificantly more likely to haverown

acover crop in the last fivgearsover respondents from the Tulare Ba@iable 6)

Table 6. Region vs. Cover Crop Grown

Estimate Standard Error Z-Value P-Value
(Intercept) -1.06635 0.25301 -4.21472 2.50E-05
(Regions)Sacramento 1.68539 0.53272 3.16373 0.001558**
(Regions)Delta 1.91365 0.54964 3.48162 0.000498**
(Regions)San Joaquin 0.20833 0.30146 0.69106 4 90E-01

Themodel also showed that theds of a respondent from the Sacramento Valley
sel ect i ng indigiwersaoover aop im the last five years arésover the odds of a
respondent from th&ulare Basirwhile theodds of a respondent from the Delta region selecting
A Y e s @.12averea respondent from the Tulare Basin. On the other hand, the odds of a
respondent from the San Joaquin Basihich is closestto Tulare Basg,e | ect i ng fAYeso
only 1.58 over a respondent from the Tulare Basin.

| thenperformed a logitic regressn to examine the relatiahip betweernfregioro and
whether or not respondentho had not previouslgrowna cover cropwereinterestedn
growingacover crop.The results from the analyses sleaithatfiregiord does not significantly
affect respondent interest in growiagover crop (p > 0.05). However, when | analyzed the
percent of respondentgho have grown or are interested in growagover cropoy region | did
find some differences (Table. Resultsllustrate thaB0% of respondents from the Sacramento
Valley, and 72% of respondents from the Delta region lggoe/nor are interested iplantinga

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 significantelatiorshipbetweerregionsand cover crodoption | examined

ther e s p o rcaheemgegaddingcover crogto determine if theoncerns were influenced by

region as wellHowever, before assessing concerns for coversdrppegion,| first looked at

the respondentsao

frost damage, O

t(Foguren®2n a g e
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What are the biggest concerns your operation has about growing or
maintaing cover crop in your almond orchard(s)?

Availability of water
Increased risk of frost damage

Physical interference with operations

Limited time for planting due to competing
operations

Risk of supporting pest populations
Inadequate soil type

Cost of seeds

Availability of equipment to plant seeds
Cost of equipment to plant seeds

Labor to grow/maintain it
Incompatibility with irrigation system(s)
Expense of water

No concerns about cover crops
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Figure 12. Respondent @cerns for Growing or Maintaining Cover Crop in Almond Orchards in

di

| then assessed how the regional concerns for growing or maintaicowgr crop
ffered

from

t he

California

r eAsglyaing thereygivreal@iffebpencenrc@avér tcropc o nc e r

concernswill provide insight intothe barriers of adopting coverops and help determine

whether these concerns dweal or widespread. hypothesizehat respondents who farm in the

San Joaquin Basin and Tulare Basin will be less likely to adopt coverduepo the

availability and price of water in these morelaegions.Figures 13 1 6

of

and

common concerns in the southerre gi on s .

equi pment

ti me to

necessary

manage

to plant

cover cropo

Al t hough

show that whi
cover cropo i
and Aphysical

favai

abi

concern of respondenfi®m the southern regionas my hypothesis proposed, we do see the
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concernfor water availabilitynotedby respondents who farm almonds in the San Jodgagmn
(Figure 15.

Sacramento Valley

No concerns

Expense of water

Cost of equipment

Physical interference with operations
Inadequate soil type

Cost of seeds

Increased risk of frost damage
Limited time for planting

Incompatibility with irrigation systems

Availability of water
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Count

Figure 13. Sacramento VallelResponden€oncerns for Growing and Maintaining Cover Crop
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Delta

Effort/time to manage it

Cost of equipment

Increased risk of frost damage
No concerns

Availability of water

Expense of water

Limited time for planting

o
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Count

Figure 14. DeltaRegion Responde@oncerns for Growing and Maintaining Cover Crop

San Joaquin Basin

Effort/time to manage it

Availability of water

Increased risk of frost damage
Labor to grow/maintain it

Incompatibility with irrigation systems

Physical interference with operations .

Expense of water
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Figure 15. San Joaquin BasiRespondentoncerns for Growing and Maintaining Cover Crop
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Tulare Basin

Physical interference with operations
Incompatibility with irrigation systems
Effort/time to manage it

Increased risk of frost damage
Availability of water

Limited time for planting

Risk of supporting pest populations

Cost of seeds

Availability of equipment

o
u
[y
(=]

15 20 25 30

Count

Figure 16. Tulare BasirResponden€oncerns for Growing and Maintaining Cover Crop

Permanent Pollinator Habitat

The method$or analyzing survey responses regardiegnanent pollinator habitat
(PPH)were similar tahose used to assessver cropadoption and interesitfirst evaluated
whether or not the respondentsli®PHsurrounding the almond acreage they farmed in 2019
they did not hav®PH | then examine@vhether they were interested in plantthg habitat

Compared to th&é01 peoplavhoa n s wer ed A Y e s Oacdver crdpanlyb& g gr o w
selectediYesdto havingPPHon or near their almond orchard(ghile 266 an s wedaerdd @A No
37 sel ect eldisimpdrtant to B ientioa that the answer choices for this question
included: AYes, 0 ANo, 06 and @ No tofwBetherer,nat unl i ke
they had planted cover cropwhich onlyincludedfi Y e s 0 oWe adidéfoN@wt Sur ed as
answer choicéo this questiobecause we assumed that producers might be less certain as to
what constitute®PH whereas cover crop is more obviassthe grower must plant the cover

crop annally.
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Comparedo the 26% of people who weir@erestedn growing cover crog a slightly
larger amount (29%)oted that they anaterestedn plantingPPHout of the 2@ who answered
fi Nato having the habitat on their fariResults also showed th&#% of respondentsad no
interest inplantingPPHa nd 40 % r e s p o Mk aunbei i eipondents veho 0
answer ed A No oPPHaod tdhaving anlinterest in gantiRPHwashigherthan
the numbewh o ans wer esamdigNastionstno tdhdeeof® s e.ct i on

Table 8 shows the results from a motteltanalyzech ow t he respondentsé
operation, age range, and total yiblelaring acreage affect whether or noythavePPHon or
neartheir almond orchard(sWhen controlling for all factors, we see that there is a marginally
significant likelihood of respondents who farm almonds in the Delta régieimgPPHin
comparison taghose who farm in the San JoagBiasin.The odds of a respondent from the Delta
selecting fiYeso to having PPH on or around th
San Joaquin BasiTheseresultsdiffer from the cover crop model thslhowed asignificart
relationship betweeproducersn boththe Sacramento Valley and Delta regiansl 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 foFBRier, respondents who own
and ograte their almond production have a marginally significant likelihood of h&midover
respondents who identify as farm managers or solely owhleisvariable wasnarginally

significant in the cover crop analysis as well.

Table 8. Bee-Friendly Practices Dependent Variable: Permanent Pollinator Habitat Grown
Standard
Parameter Estimate Error Z-Value P-Value
(Intercept) -1.21E+00 8.94E-01 -1.35622 0.17502922
(Regions)Delta 9.17E-01  4.99E-01 1.8388373  0.06593912*
(Regions)Sacramento -5.29E-02 5.32E-01 -0.099476 0.92076034
(Regions)Tulare -4.31E-02 3.09E-01 -0.139404 0.88913082
Owner 1.14E-01 4.05E-01 0.2817021 0.77817191
Owner/operator of almond
orchard(s) -5.89E-01 3.13E-01 -1.883728 0.05960175 *
Age: 25-34 5.75E-01 8.99E-01 0.6398077 0.52229762
Age: 35-44 8.73E-01 9.06E-01 0.9632196 0.33543734
Age: 45-54 2.02E-01 9.17E-01 0.2207427 0.82529277
Age: 55-64 1.20E+00 9.12E-01 1.311477 0.18969664
Age: 65-74 2.71E-01 9.70E-01 0.2797903 0.77963837
Age: 75 + 5.64E-01 1.22E+00 0.4631504 0.6432566
Age: Prefer not to answer 1.61E+01 6.17E+02 0.0261019 0.97917605
(Q3_1) Total yield-bearing acrage -3.75E-06 3.75E-05 -0.099982 0.92035824
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analysisto examine how the variablésir 0 Ine o p er atfisoinz,ed0 offaagoep, eor at i on

For respondents who do not ha&®Hon or near their orchard(d)conducteda similar

firegiord T affecedtheirinterestin plantingPPH.Table9 showsa significant relationship

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

relationship between respondents betweeh B% years old and interest in planting PPH.

Table 9. Bee-Friendly Practices Dependent Variable: Interest in Growing Permanent Pollinator Habitat

Age:
Age:
Age:
Age:

Age:
Age:
Age:

(Q3_

Parameter

(Intercept)
(Regions)Delta
(Regions)Sacramento
(Regions)Tulare

Owner
Owner/operator of almond orchard(s)

25-34
35-44
45-54
55-64

65-74
75 +
Prefer not to answer

1) Total yield-bearing acreage

Estimate

16.79168

0.40626
0.460317
0.456346

-1.06869
-0.4761
-1.22561
-1.77961
-1.575
-1.76212

-2.16038
-0.72608
-17.3807

2.89E-05

Std. Error

1455.398
0.660507
0.608635
0.333878

0.460772
0.351956
1.123267
1126781
1.126366
1.133722

1.161901
1.385607
1455.398

5.47E-05

Z-value

0.011537519
0.615073164
0.756310111
1.366801599

-2.319355169
-1.352736344
-1.091115229
-1.579375341
-1.398304612
-1.554281867

-1.859344665
-0.524013635
-0.011942252

0.52941496

P-Value

0.9907946
0.5385064
0.44946329
0.1716875

0.02037579**
0.17613988
0.27522218
0.11424999
0.16202161

0.1201172

0.0629783 *
0.60026906
0.99047169

0.59651762

After controlling for all the variables thatight affectwhetherthe respondentsaveor

areinteresed in planting®?PH | then examined the variables individually. The following

S €

ctions

permanent pollinator habitatd s i z e

vs. permanent pollinator habitato

Role in Operation vs. Permanent Pollinator Habitat

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

anddo have noPPHon or near their almond orchard(B)gurel7 illustrates that the majority of

To analyze howo n efitrso | e

of mepnanerd pollinatar habitato

a s s e s s pefimareert pollinator habppa® r d@tr iecmp onsdd.ent

and

i n o pwhetlzet or rmthey haadPPiHd forst

respondents owned and operated their almond produationa majority of therdo not have
PPH
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Role in Operation

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

near their almond orchard(s).

Upon further examination, | found that there is a significant relationshipeleatw
respondents who own and operate their almgetationsand whether or not theis PPH on or
near the orchafd) (X2 (4, N = 301) = 9.5032, g 0.05).Additionally, the odds of
owner / oper abtesx st os dPabari bningagtheifialmond oesl(s) are.59 less

than the odds darmmanagers el ectbng fAYes

To determine the relationship beintaresenn fir ol
planting PPH]| first plotted the two variable$igure 18 shows thaimilar to the comparison of
Arol e i n operat i on amaority of tha respoadertts ownmandopevaee theirc r o p

operation andthere isa high uncertainty for whether or not the respondent is interested in
planting PPHI again hypothesed thathis uncertainty nght be due talack of information on
planting and managingPH
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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 respd e n t 6 theopevatiom and whether or not

they have PPHwhichonly showed a significant relationship for owner/operators, | found that

there is a significant relationship betwdenvner® and having PPH as well as owner/operators
andhavingPPH (X (4, N = 301) = 13.207, p < 0.0B)able 10) The odds of an owner selecting

iYeso to being interested in pl aandthewodys oPdnH
owner/ operator selecting AYeso are 0.51 |
Table 10. Interest in Growing Permanent Pollinator Habitat vs. Role in Operation

Parameter Estimate Standard Error Z-Value P-Value

(Intercept) 0.9360934 0.2638328 3.548055 0.0004

Owner -0.9932518 0.4289369 -2.315613 0.0206**
Owner/Operator -0.665803 0.3162389 -2.10538 0.0353**
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Respondent Age vs. Permanent Pollinator Habitat

A logisticregression showed thidite relationship between respondent age and whether or

not a respodent has PPH on or near the orcharid(s)t significant This was further confirmed

by a chisquare test of independence(®4, n = 301) = 15.501, p > 0.05). However, when |

examined the relationship between respondent age and responelesstin planting PPH, |

found a marginally significant relationship between respondents who aré4gears old and

interest in planting PPkp < 0.05)

Size of Operation vs. Permanent Pollinator Habitat

There is no significant relationship betwdbgasize ofthe almond operation and whether

or not a respondent has PPH on or near the orchaFd(gher, analyses did not show a

significant relationship betwedhesize oftheoperation and whether or not a respondent is

interestedn planting PPH (p > 0.05). loe v e r

t he

percent of

respond

to having PPH on or near the almond orchard(s) does vary slightly by the tiz@pération,

with a higher perceageof larger operations having PPH (TablB.1

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

Sizeof 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 betwedinegioro and cover crop, there is not a significant

relationship betweeiregioro andwhether or not a respondent has PPH on or near the

orchard(s)However, vhen | examined the percent of respondents who have PPH on or near the

orchard(s), | found a higher pert¢ageof respondents from the Sacramento Valley and Delta

regions have PPH versus those in the San Joaquin Basin and Tulare BasinZTable 1
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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 betwdeagiord and whether or not a respondent has

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

Further, contrary to the similar analysegjardingcover crog that showed a higher percentage of

adoption and interesates 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 vsPPHAdoption and Interest Rates

Region No Yes
Sacrament&/alley 61.1% 38.9%
Delta 52.9% 47.1%
San Joaquin Basin 61.%6 38.3%
Tulare Basin 65.3% 34. ™%

Althoughthe analyses showed little significance in the relationship between the

demographic variableend PPH adoption and interest, | wantedxamine the respondend

concerns regarding PPH to obtain greater ingighardingthe low adoption ratesf the habitat.

| hypothesized that the lower adoption rateghtibe due to lack of available land and

availability and expense of watasa majority of respondents farm in the southern regions where

water is spars@andmanyfarmerscontinue to farnii f r o m

fence

pass t

t o

encouraged by the federal govermim the 1970s (Keppel, 198 Figure B shows that while |

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

water is only the & highest concern whilthe price of water is 12
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What are the biggest concerns your operation has about
implementing, maintaining, or planting new permanent pollinator
habitat on your almond orchard(s)?

Lack of available land

Effort/time to manage it

Cost to plant and maintain it

Labor to plant and maintain it
Availability of water
Physicalinterference with operations

Risk of supporting pest populations

Lack of information about how to grow permanent
pollinator habitat

Increased risk of frost damage

Incompatibility with irrigation system(s)

Potential for pesticide application to harm
native/endangered pollinators living in the habitat

Expense of water

No concerns

Fire danger from vegetation
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Figure 19.Respondentoncerns for Implementing, Maintainingr Planting New Permanent Pollinator
HabitatOn or Near Almond Orchard(s) in California

When examining the concerns for PPH by regio,t h fil ack of avail abl
Al abor t o pl antHhighesatifreqtieacy in eachtofthe ffloar vegions (Rigures 20
23). Unlike the concerns for cover cetpat were more regional, there is considerable ovamlap

thetop threeconcerns for implementing, maintainiray planting new PPH among the regions.
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Sacramento Valley

Lack of available land

Effort/time to manage it
Cost to plant/maintain it
Availability of water

e
Labor to plant/maintain it  EE——
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Figure 20.Sacramento Valley Respondent Concerns for Implementing, Maintaining, or Planting New
Permanent Pollinator Habitat

Labor to plant/maintain it

Patential for pesticide application to harm
native/endagered pollinators

Cost to plant/maintain it

Efforttime to manage it [

Lack of available land
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Figure 21.Delta Region Respondent Concerns for Implementing, Maintaining, or Planting New
Permanent Pollinator Habitat
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San Joaquin Basin

Effort/time to manage it
Lack of available land
Labor to plant/maintain it
Cost to plant/maintain it

Availability of water

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

Tulare Basin

Effort/time to manage it
Lack of available land
Cost to plant/maintain it
Availability of water
Labor to plant/maintain it

Lack of information about how to grow it
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Figure 23.Tulare Basin Respondent Concerns for Implementing, Maintaining, or Planting New
Permanent Pollinator Habitat
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Almond Boar@ Bee Best Management Practices (BBMPS)

Overall, a majority of respondents sel
Almond Board BBMPs that the survagsesse(lable14). However, esultsdo show that the
BBMP with the lowest adoption rate is the practice regarding water sourceslioatoolbees
(Table14, Practice 1)Comments provided by the respondgmtsvidesome insight into their
satisfaction and approval of the BBMPs. One respondent noted:

fiBee BMPsare a no briaer. Happy bees work hardexhich in turn produce more honey

which makes beekeepsnappy, plus more benefits. We try to be as "au natural” as

possible 0
while another statedfi s eems t o me that the BBMPs are

practices over a decade ago. o0

Table 14. Adoption rates of AlmonBoar d6s Bee Best Managen
Practice Answer Percent
Water sources for pollinator bees were Always 50.8%
covered before or replaced after pesticide Sometimes 30.2%
application Never 18.9%
Avoided applying pesticides during bloom wi Always 80.1%
| abel cautions stati Sometimes 17.9%
Aitoxic to beeso Never 2.0%
Avoided applying pesticides during bloom wi Always 74.1%
| abel cautions stati Sometimes 23.6%
fextended residual t Never 2.3%
Only applied fungicides in late afternoon or Always 66.4%
evening when bees were not present Sometimes 32.2%
Never 1.3%
Avoided applying all insecticides (except B.t. Always 69.1%
during bloom Sometimes 26.9%
Never 4.0%
Avoided tankmixing insecticides (except B.t.) Always 74.1%
with fungicides during bloom Sometimes 22.6%
Never 3.3%
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When assessing the respondentsdé chall enges
majority of respondents stated that they did not have challenges adopting the BBMPs in 2019
(Figure24). This result again mimics the comments regarding the BBMPs thaincsuis
added in the survey.

Which of the following made it challenging to adopt the Almond
Board's Bee BMPs in 20197

We had no challenges adopting the Almond Bee BMPs in
2019

The amount of ground your operation’s applicator can
coverin the late afternoon or at night

Labor costs to apply pesticides/fungicides in the afternoon
orevening

Safety issues involved in making nighttime applications

Limited communication with nearby beekeepers (not
contracted) during bloom (e.g., because their colonies
were not registered)

Limited communication with contracted beekeeper/s
during bloom

Labor costs to avoid tank-mixing insecticides with
fungicides during bloom

o

20 40 60 80 100 120 140

Count

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

Pollination

Results from the A2019 Al mond Pollinationbo
of respondents read all of thehoneybeesneededo adequality pollinate their almond
orchard(s)Tablel5).
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Table 15. Pollination Services

AWhich of the foll owi
operation obtained honey bees to pollinate yo Frequency Percent
al mond orchard(s)

Our orchards were not mature enough for bee 18 6.0%
pollination
We rented all our bees 212 70.4%
We rented some bees and supplied some of ou 36 12.0%
own
We supplied all of our own bee pollination 27 9.0%
Prefer not tanswer 8 2.7%

The survey responses showed #f#6 of respondents obtadtheir managed honey bee
colonies from beekeepers located outside of CalifqFigure25). Analyses alsdllustratedthat
the mean rental costspondents paider hivein 2019 was$225.84, which ikigherthan the
$200 average colony rental fee noted by the C
(Goodrich, 2020).

In 2019, where did the majority of your operation's rented
honey bee colonies come from?

= Near your orchard(s): from
the same county or a
neighboring county

m California, but not a
neighboring county

43%
Out of state

Prefer not to answer

Figure 25 Wherethe Respondent's Rental B&loniesCame From for the 2019 Almond Pollination
SeasorBy Percent
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Incentives

At the end of each bdeendly sectionwe asked a question regarding possible incentives
that may assist or encourage the respondents to adopt theehdéy practices on their mdond
orchard(s)The orange bars note the highest drivers of respondent belfaxi@ach of the three
incentvequestions, Aincreased strength of bee col
in driving respondent behavior to adopt the-b@ndly practices (Figures 2628). However,
while ecological incentives were more frequently noted among respondents when considering
cover crop adoption (Figure 26), economic inc
managed bee c ol oostslease progaam dhat aoveiedl thaelcest a permanent
pollinator habitat pl ant s/ s @amldngedingyveamtaining,r eat er
or planting newpermanent pollinator habitat (Figure 27).

Which of the following potential incentives encouraged
you or might encourage you to grow a cover crop?

Easy/affordable access to equipment needed to
plant seeds

Increased strength of bee colonies during bloom

Associated benefits from non-pollination services
(improved soil health, water filtration, etc.)
Private cost-share program that covered the cost
of cover crop seeds

Federal cost-share program that covered the cost
of covercrop seeds

Decreased rental fee for managed bee colonies

None of these were incentives

Count

Figure 26.Frequency of Incentives for Cov€rop Adoption

53



Which of the following incentives might encourage your
operation to implement, maintain, or plant new permanent
pollinator habitat on your almond orchard(s)?

Increased strength of bee colonies during bloom
and afterwards

Decreased rental fee for managed bee colonies

Federal cost-share program that covers the cost of
permanent pollinator habitat seeds/plants

Supporting native pollinators

Private cost-share program that covers the cost of
permanent pollinator habitat seeds/plants

None of these are incentives

o

200 40 60 80 100 120 140 160 180

Count

Figure 27.Frequency of Incentives for Implementing, Maintaining, or Planting New Permanent
Pollinator Habitat Adoption

The Al mond Boardébés Bee Best Management Pra
pesticide applicatiopractices that can help protect and support the health of managed honey
bees on almond orchard&imilar to the leading incentives for cover crop and PPH adoption, the
|l eading incentive for adopting most fbee all of
colonies dur i ngHowdverdaadres(lts alsp shovethalr&pondents already
practice most or all of the AB BBMPs and that
rental fee for madrdngmakntveawellc ol oni esodo as a
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Which of the following potential incentives would encourage
your operation to adopt most or all of the Alimond Board's Bee
BMPs?

Increasing the strength of bee colonies during bloom
We already practice most or all of the Bee BMPs

Decreased rental fee for managed bee colonies

The ability to attract high-quality beekeepers for
almond bloom

Processor/handler request to implement Almond
Board's Bee BMPs

None of these are incentives

20 40 60 80 100 120 140 160 180

o

Count

Figure 28.Fr equency of I ncentives for Adopting Most
Management Practices

Certification

When asked about their interest in participating wolantary bedriendly certification
program, 74.8% (226 ut of 301) of respondents selected
| nt e(Table 16D

Table 16. Respondent Level of Interest in a Voluntary Beendly Certification

APl ease indicate your Frequency Percent
inavoluntarybeef r i endl y certi

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 theficover cropd fipermanent pollinator habitatand
thefAlmond Board BBMP& s e cthe leadmgglriver for participating in a voluntarpee
friendly certificationprogrami s fi ncr easing the strength of be
299 . A majority of respondent soralnsaon asgteadt ebde et hcao
is astrong incentive for participating inreewbeefriendly certificationprogram 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 teatease the rental costaiisderstandablé his incentive is also
in |line with the respondentsd concerns for th
fees for managed honey beges (Figure30).

Which of the following potential incentives would most encourage
your participation in a voluntary bee-friendly certification program?

Increasing the strength of bee colonies during bloom T

Decreased rental fee for managed bee colonies

A cost-share program that would cover some of the
costs of meeting the certification standards

Price premium from handler/processor/distributer

The ability to attract high-quality beekeepers for
almond bloom

Supporting native pollinators

Ability to make marketing claims with a bee-friendly
label

None of these are incentives

o

20 40 60 80 100 120 140 160 180 200

Count

Figure 29.Frequency of Incentives for Participating ivaluntary BeeFriendly Certification
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Please indicate your level of concern about the following factors
that may affect future almond pollination:

Loss of native pollinators
Lack of skilled beekeepers
Lack of available bee colonies
Declining bee health

The cost of bee colonies

i

o

50 100 150 200 250

B Strong Concern  ® Moderate Concern M Not a Concern

Figure 30.Level of Concern for Factors that may Affect the Future of Almond Pollination

Landscape and Gap Anays

Observations from the landscape and glaaly®s showed a substantiednge and lack of
consistencyn detailamongthe require standard$or pollinator certifications and suggested
beefriendly practices by pollinatesupport programs. Due to the variation among the programs,
| chose tdocusonthe differences in habitat type, habitat percent requirements, habitat bloom,
water for pollinators, synthetic chemical protdoetommendationsnd verification modslas
these most closely mirrored the sectiémsnd inmy survey The complete Landape and Gap

Analyses arein AppendixC.

Habitat Type

The table belovghows that each of the certification and pollinaopport programs
require or recommend specific typedafageto be planted on farms to provide additional
nutrition sources for pol | i BeeFrendlsFarmirgcept t he
certification (Table I7). Certification programs require participants to meet a set of standards
whereas pollinatesupport programs include various Heendly recommendations that growers

are encouragedto adopter ces 6 and Penninchdepatamétess fortkeq ui r e me n
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placement and spacing of pollinator habitat and focus on planting primarily native species.
Programs with niquecharacteristics include théSDAG s r e g ofiorgamidozagd and

Project Apismb s s u g gcemsntunice¢nvithtthe 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 halgguisgaents

andrecommendatias.

Table 17. Pollinator Habitat Type Requirements/Recommendations

Program Habitat Type Requirement Habitat Type
Recommendation

Xerces Bee | Habitat must be on the parcel/adjacent to ¢

Better fields within mile of farm.

Certified

1 The sum of the habitat established on total
distributed parcels must meet Bee Better
habitat requirements. If parcels disconnectt
habitat should be distributed throughout
properties.

9 Pollinator Habitat: areas containing flowerit
plants and/or nesting sites (no noxious or
invasive species).

1 Permanent Habitat: present yeaund
(hedgerows, perennial or-seeding
wildflower strips, riparian forests, filter
strips).

1 Temporary Habitat: typically dies back
annually

Penn State:
Pollinator
Friendly
Garden

Provide nectar and pollen sources.
Choose plants that provide pollen and nect
sources from early spring to late fall.
Provide a variety of flower shapes and size
Incorporate pollinator friendly native plants
into the garden.

Place plants in drifts ahreeor more (plant
10-12 inches apart).

Plant at leasfiour native trees and shrubs
Must havetwo host plants for caterpillar foof
sources.

1 Safeguard pollinator habitat by removing
invasive ornamental plants

=a =4 E

E N
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(Continued) Table 17.Pollinator Habitat Type Requirements/Recommendations

Program Habitat Type Requirement Habitat Type
Recommendation
Project 1 Specialized seed mixes to
Apis m. enhance bloondiversity,
Seeds for density and duration to
Bees optimize forage potential.

9 If possible, help your
beekeeper locate flowering
forage prior to and after
almond bloom to offset
dearth (On adjacent acreag
at perimeter of orchard;
within younger orchards; on
fallow land)

T Good examples of alternativ
food sources are mustard,
clover or vetch

USDA 1 Provide organic forage and
Organic organic feed supplement if
Certified needed

(Source: Xerces Society, 2019; Pollinator Partnership, 2020; Penn State CbAegewtural Sciences,
2020; Project Apis m., 2017; USDA, 2013)

Habitat Percent
X er BeesBétter Certified nd t he Pol | i Bee Friendly Paemingveree r s hi p ¢
the only programsvith a habitat percent requiremehiiowever,the organizations differed in the
percentage andgescificity of thestandardTable18). Xerces established guidelinfes the
portion of thehabitatthat must be plantedith permanenforage(at least 1% of total farm

acreage)while the Pollinator Partnership does not incluadequired ratio for plantedabitat

Table 18. Pollinator Habitat Percent Requirements
Program Habitat % Requirement

XercesBee Better Certified| § At | east 5 %tabafreageimest qeantedrid mollinator
habitat

1 Of the 5%, 1/& of the habitat must be permanent habitat (1% of
total farm acreage)

Pollinator PartnershiBee | {1 Offer forage providing good nutrition for bees on 3% of land
Friendly Farming Forage can beemporary, including crops and cover crops.
(Source: Xerces Society, 28 Pollinator Partnership, 2020)
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Habitat Bloom
Only Xerceso6, the Pollinator Partnershipods
requirement for habitat bloom in their setstdndard¢Table B). While the Pollinator
Partner shi po6s shebdoanmhgaf different flowesing planahroaghout the
growing seasanXerces and Penn State specify the number of plant speqigisedand include

thenumberof native speiesthe certification applicanmhust plant.

Table 19. Pollinator Habitat Bloom Requirements

Program Habitat Bloom Requirement

Xerces:Bee Better Certified| § Must havethreeflowering species per season
1 Newpermanent habitats must be 70%+ native
1 Natural/mature permanent habitats must be 35%-+ native
1 Combined vegetativeover of the plant species in bloom should
classified "abundant” or "common in each season
0 Abundant: numerous individuals of flowering species g
present (51100%)
o Common: severahdividuals of the flowering species ar
present (1350%)
o Sparse: only a few of the flowering species are presen
(1-10%)
0 Absent: 0%
1 Flowering species can include trees, shrubs, or forbs known to
provide pollen and/or nectar to pollinators

Pollinator PartnershilBee |  Provide bloom of differenflowering plants throughout growing
Friendly Farming season, especially in early spring and late autumn in temperatg
regions There is no minimum land coverage for seasonal bloon

Penn StatePollinator 1 Plant at leashinedifferent species of native perennial flowers
Friendly Garden (must have at leaitreefrom each season grouping: earmid-,
late-season bloom)

(Source: Xerces Society, 28 Pollinator Partnership, 2020; Penn State College of Agricultural Sxsenc
2020)
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Water for Pollinators
Only the Pollinator Partnership and Penn State include a requireegamtlingwater
sources for pollinators (TabR9). Thestandardsire both quite general; however, Penn State

provides examples of suitable water sources.

Table 20. Water for Pollinators Requirements

Program Water for Pollinators Requirement

Pollinator Partnershi@ee | T If not inhibited bygovernment mandated water

Friendly Farming restrictions offer clean water for bees

Penn StatePollinator 9 Provide water sources: birdbath or shallow water sourc
Friendly Garden butterfly puddling area; water garden/pond; stream; spr

(Source: Xerces Society, 28 Penn State College of Agricultural Sciences, 2020)

Synthetic Chemical Protocol/Recommendations

Each of the programs | assessesreguirements or recommendations for synthetic
chemical appl i cat i oecessitateXpest ancedis@aserseutingiande me nt s
monitoring protocol, pesticide use forms for the past three years, and @ttehitse of any
unjustified and aerial gghed pesticideg¢Table 21). Further, Xerces includes parameters for
pesticide applications and chemical drift around permanent pollinator habitat, requitkigah
buffer for most groundbased applicatiorsnd60-fed for air blast aplications and only
permitting the use of herbicid@sdesignated permanent pollinator habsiées

The PollinatoPartnership states that growers mustgticeintegrated pest management
(IPM) andreduce or eliminate pesticidasmeet this standard bdoes not setpecific
requirements. Similarly, Penn State only statesappticants must redugeesticide useProject
Apis m. suggests communicating with the beekeeper about the types of pesticides used on the
orchard and also provides recommendatiorsr mi ni mi zi ng honey bees®d
Due to the nature of thePprDtécol prohibitsthauseofalleod r t i f i c a
fumigants and neonicotinoids and calls for preventativepesticide management practices to

be used on farm
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Table 21. Synthetic Chemical Protocol and Recommendations

Program

Synthetic Chemical Protocol/Recommendations

Xerces:Bee
Better Certified

1

= =4 =9

Develop written pest/disease scouting and monitoring protocol

0 Must describe scouting and monitoring usethtorm pesticide
application decisions

o0 Pesticideuse forms for paghreeyears required with BB®lan

Implement and maintain at leabteepreventive norchemical pest
management strategies.

Fungicides can only be used during-pteom and/or bloom time if at least
onenon-chemical pest enagemert strategy is also used to directly address
fungal concern.

There must be no unjustified use of pesticides

0 Use of pesticides must be justified and supported by evidence of

severe pest or disease outbreak exists ®strang potential to exist.

Do not use nitroguanidine neonicotinoids

o0 If neonicotinoids used in lasio years, must list parcel(s).

0 Planting of pesticidecoated seeds = pesticide application.
No aerial application of pesticides.
All habitats must be protected from chemical drift.
Must establish pesticidigee spatial buffer around permanent pollinator hak
(40-foat buffer for most groundbased applications & 6fed for air blast
apdications.

0 Vegetative buffer can be planted to capture chemical drift if spatia
infeasible.

0 New permanent pollinator habitat mustzaaminmum 30-foat buffer
between habitat and neighboring farms or land where insecticideg
known or suspected to be used.

0 Herbicides (except paraquat dichloride) may be used within buffe
areas

Do not use pesticides other than herbicides in designated permanent pol
habitat

Pollinator
PartnershipBee
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 tg
mixes

Honey bees come in caut with sprays in different ways:

Bees fly through spray

Sprays may drift toikies via wind

Bees may collect and bring into the hive pollen that contains chemical reg
Management practices moinimize 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 | § Banned use of soil fumigants.
Certified 1 Banned use of nitroguanidine neonicotinoids.
1 Banned use of GMOs that express pesticides.
1 Preventative nojpestidde management

(Source: Xerces Society, 28 Pollinator Partnership, 2020; Penn State College of Agricultural Sciences,
2020; Project Apis m., A0; USDA, 20L3)

Verification Model

Each program | assesslealdvarious degrees of verification to ensamnformance to
their correspondingtandardg¢Table 2). Xerces and the USDAre the only two certifications
that require dhird-party,on-site inspection teerify thatthe applicants are upholding the
standarddistedin the application Xer ces 6 verification process I
necessitating a setfssessment followed by an application, and a Bee Better Certified Plan with
additional required record®enn State requires a safsessment of currergdfriendly
practices that is reviewed by an expert commitigen completonT he Pol | i nat or Par
verification modelkequiresgrowers to complete an online sasessmerstatingcompliance
with the standarddf the grower states that hersire is meeting the standarttee farmqualifies
for thecertificaton.Pr oj ect Api s m. 6s model is slightly d
the organization provides subsidized seedsdimporaryand permanent pollinator habitatd
consultatiorservices for growers seeking to learn more aboufftberedly forage. Thus, their
model consists of an applicatidiescriling the parcel of farmland and intended pollinator forage

plantings as well as a consultation to identify the best seed mixturid fparticular parcel.
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Table 22. Verification Model

Program Verification Model
Xerces: Bee Better Currentfarmpracticesself-assessment; Bee Better Certifigdn with
Certified pesticideuse,plant materialssourcing,plantlist, andnon-pesticide

managementecords;application;onsiteinspection

Pollinator Partnership: Be| Online Selfcertification
Friendly Farming
Penn State: Pollinator Selfassessment with committee review
Friendly Garden
Project Apis m.: Seeds fo| Applicationand nsultation
Bees
USDA Organic Certified | Applicationandon-site inspectiorby USDA-accredited certifying agent

(Source: Xerces Society, 28 Pollinator Partnership, 2020; Penn State College of Agricultural Sciences,
2020; Project Apis m., A07; 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 bieendly certification. Furthertheresultsrevealedhat
Ai ncreasi ng tchlaiessuringbloogit thedeallingbcentive for almond
producerdo implementcertificationstandardss itseemed to be the highest valued attribute of
the beefriendly practicesn each of the incentive sectiookthe surveySimilarly, whenasked
abouttheirl evel of concern for factors that may aff
concerno had the highest selecdsiohe rfar@mf filro e
pollinatorso From these analyses, it is clear that suppg@managed honelgee health is a top
priority and that the future of almond pollination is a point of conéarthe respondent§he
total number of respondents who completed the suaew statistically significant
representation ailmond producers California Due to these overarching theme®ating a
certification that is both feasible fatlmondproducers to implement and effective in promoting
pollinatorbee healttas the most desired attributeuld be a solutioto supporihg managed

honey bees and protéaag the future of almond pollination.
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A beefriendly certification could also meet the needratigating environmental and
financial risks. As one respondent stated:
fiFarm practices are not sustainable. Farmers shaulstrive to keep their ground grass
free. | allow the grass to grow in my orchard. This allows native flowers to grow, which
provide a temporary habitat for bees. | only spray what is necessary. This practice saves
me money and maintains soil health.o
A majority of respondents reported thithey rent theihoney bedivesfrom outof-state
beekeeping operationshe significant increase ihestress and elevated death raiemanaged
honey beesaused by transportation present an inhdieahcial risk to beekeepers and almond
growers and contribute ttheenvironmental risk caused by the decline of honey bkas.
higherpercentage of almond producers adoptfeadly practices, the protection and support
of managed honey bee heattiuld mitigatethese risks
Further, espondentpaid aboveaverage rental fees for hives in 2019 antkd that the
Acost of bee coloniesd is the greatest concer
pollination.One respondent commented:
Al believe for the most part that the beek
the beesand howteo st keeps rising is our biggest ¢
As explained in t hereidadirdctlinkdainwedheclonea maragedt i on, t
honey bee healthnd therise in rental fees for honey bee hivathough a majority of almond
produces do not currently adopt béeendly practices, some do recognize tiomnection
between rental fees and honey bee health. As one respondent described:
fiPollination is my second largest operating cost. Thirty years ago, it wakevald Bee
colony heal is a major factor in the scarcity of colonies for rent. U@Giversity of
California)should devote major efforts to improving beekeeping practices for greater
health. Honey imports suppress US beekeeper returns, discouraging use of costly
practicesangé x pansi on of colony numbers. 0
Thus, sipporting 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 s acontribuing factorin higherbeéhive rental costs.
To support managed honey bee heapicultureexperts have identified managerial

practices thaalmond producers can adoptowever,since incentives do not exishese
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practices are recommendatioasher 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 practidéa certification existed that required the
implementation of effective managerial practiedsile demonstratingeasiblity for growers to
adoptthese practiceand provigddan incentive to groweyshe current riskhatindustry
stakeholders are facing could be diminished.
Out of the two, existingdefriendly certification option$ Xerce®Bee Better
Certificatonand t he Pol | i Bea Friendly Faaning Qedificatibiningitlies
adequatehaddressoththe feasibility of obtaining widespread adoption among almond
producersandthe efficacy of providing sufficient support for pollinator healhe r c e s 6 st and
appear more rigorous and potentially more effective based on the landscape and gep analys
performed yet lack feasibility In contrastt he Pol | i nat or Reemoreer shi pos
feasible for almond producers to adbpt appeatinsufficient in effectively supporting pollinator
health.This dichotomyis apparent n t he pr ognmouessdsweller i fi cati o
The comprehensive nature of Xeraliableisd verif.i
ensuringthag r ower s meet the certi fi ca-friendlypiasticest andar
due to the pr ogr amitesspectogQnithe eherchand, the Pollirator o n
Partnership asks that producers complete a short, online form that notes their implementation of
the standards, but does not perform assiv® inspection teerify the adoptionof the practices
To be effectivenot only dothe certification standards have to be feasible for almond producers
to adoptbut there also has to be proof that the producers aremnepitingthe practices. Thus,
there continues to be a $8ing link within the two existing certification programs toatild be

filled by a new certification or thdhe existingorogramsshouldaddress in their standards.

Efficacy of ExistingeefriendlyCertificatios to SupportManagedHoneyBee Health

WhileXer cesd required standards were the most
assesselere bot h Xercesd and the Pollinator Partne
for promotingmanaged honelgee health on farmfirough the imfementation of beériendly
practices The two sets oftandards contain practi¢cessich as habitat type and bloom criteria and
pesticide application recommendatiptigat are demonstratedientificallyto effectively support

pollinator health
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Habitat Rercent, Type, and Bloom
Honey bee colony health and performance are intimately linked to forsgimgesand
habitatsites whichis why it is pertinento requireforagein the form of temporary or permanent
habitatfor a beefriendly certification(Ricigliano et al., 2019)Studies show that ken natural
and more diversified forage is available, honey bees have lower pathogennoatsed
communicatiorwithin the colmies, and achieve higher rates of pollination (DeGrataffiman
et al., 2015PonaldsorMatasci et al., 201X arvalheiro et al., 2012).
Providing additional forage with higher species richrassincreases the abundamaf
nontApis bees (nothoney bees) (Brittain et al., 2012) l#&gerpopulation of norApis bees can
heighten the pollination effectivenessménagedoney bees by altering their forage behavior
(Brittain et al., 2012)Further, noreabundant nutrient arabllen sources from diversified forage
enhance the gut health and immuekated enzyme activitief honey beesnaking then more
resistant to disease and other sweskke pests and pesticide exposiira few of the main
stressors linked to CCD artige decreasén pollinator healthiHuang, 2011; Anderson et al.,
2017).
When planting beériendly forage, it is alsessentiato considethabitat design, namely
the habitatsd proximity to theher phanmidgmstpree i te
time, and habitat size to ensuhe efficacy of the foragé supporting pollinator healfiNRCS,
2009).A cover crop is a temporary nutrient source for honey bees planted between orchard rows,
SO proximity to the hives is not asue. Howevethecaus@ermaentpollinator habitat is
pl anted along the orchar ddtbeloeatianef the habitattothp at c¢c h e
coloniesis important taconsider as the flight range for honey beemisiverage @00 meters
(~ 0.5 miles) (Hagler et al., 2011). Furthére amount oforageplantedin or near the orchard
should adequately meet the nutrient and pollen dematie aflumber of colonies required for
crop pollination.
Xercesod6 requir ement sthashdbdat reustbe op theoparceimi t y, st
adjacent to crop fields, or within one mile of the fawhjle the Pollinator Partnership does not
includea standard for habitat proximity (Xerces Society, 2019; Pollinator Partnership, 2020).
Xerces and the Pollinatérartnership also differ in the percent of habitat required by producers
to qualify for the certificationnoting thats% and 3%, respectively, of the farmustprovide
habitat (Xerces Society, 2019; Pol | omrastimr Par
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the type of habitat and the bloom required to meet the certification standards as well. Xerces

calls foronefifth of the habitat to be planted in permanent pollinator halsitat 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 contdgom of different flowering plants throughout the

growing season and emphasizes that effective blooming occurs in early spring and late autumn
(Pollinator Partnership, 2020)Vhen compared to the scientific literature on-bendly
practicestherobush at ur e of Xercesdé standards for habit
size, the programbébs standards are more effect

Partnershipbs standar ds.

Synthetic Chemical Application

A standardor pesticide apptatiorsis also necessary to include ibeefriendly
certification as researdhowshoney bealecline isdirectly linked to pesticide toxicity (CCD
Steering Committee, 2007). A study on the environmental and economic costs of pesticide
application in he USshows that approximately 20% of all honey bee colonies are adversely
affected by pesticideandroughly5% of honey bee colonies are killed immediatalylie
during the wintefrom direct lethal and subletheffects ofpesticide exposure (Piment2004).

The same studgalculates 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)hen other stressors greesen(e.g., diseases, lack of diversified
habitat, improper nutrition, pests, and intensive transportatios effects of pesticide exposure

on honey beeareexacerbate@Pollinator Health Task Force, 2015).

Xerceso6 certif i cacompemenswdlisgtfitej@rentestsfggtheo vi de a
pesticide application protocol'he protocotequires applicants to submit a pest and disease
scouting and monitoring protocahd pesticide use records, as well as implement at least three
preventative noithemcal pest management strategiésrther, he requirement states that
growers camonly use fungicides prbBloom or at bloom time if at least one roimemical pest
management strategy is also used to directly address the fungal concern (Xerces Society, 2019)
Xercesalsoprohibits the unjustified use of pesticides and aerial pesticide applications (Xerces

Soci ety, 2019) . Pollinator Part neommsdengves pest
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solely requiringgrowers to practice Integrated Pest Mamagget practices and reduce or

eliminate pesticides (Pollinator Partnership, 2020). Though studies show that pesticide residue
can enter t he poandthusreconimerd that water sourcesaoelcovered s

during or changed after pesticide apgtions, only the Pollinator Partners@ip cer t i fi cati o
includesastandard thaaddresseslean 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 ragire water to cool their hives through evaporatswhichoccursby the bees carmgg

water back to the hives in their stomachs (NRCS, 2009).

Feasibility of Existing B&gendly Certificationfor Almond Producer Adoption

The comprehensive natureXfe r c e s 6 r e q usitorb@ moeereffectiveanp p e ar
supporting honey bee healtfiven the scientific literature on bégendly practices. However,
X e r csteirggént and numerous requirements raise questmmserninghe feasibilityof
widespread adojfun of the certificatioramongalmond producers in Californendthe
willingnessto adhere to these requiremer@sirrently, only 4,000 acres out of 1,170,000 acres of
almonds in California are registeradn d e r Bee Bettar €ebtifiedhbel (Lee-Mader, 2019).
Because onlQ,356 acre$.008%) out of the 1,170,000 total acresadimonds in Californiaare
USDAcertifiedorga i ¢, Xer cesoO6 synt het i D)cauld present a | proto
compliance issugfor conventional almond producesho constitute 99.9% of the almond
industry(CCOF, 2018).

As almond acreage continues to increase considerably in Califprojactionssuggest
little indication of pesticide application rates subsiding. Reports instead note that in 2018,
pesticide use on farms in Californiagat neafrecord levels and found that half the pesticides
used in 2016 were applied to crops in Fgdfern, Tulare, Madera, and San Joaguihe
countiesproduengt he maj or ity of Cal i f oresticide@use repdrtsno nd s
from 2016 to 2017indicate that almond acreage treated with insecticides increased. by 5%
Further,total herbicide use on almond acreamereasedy 6% with glyphosataiseincreasing
by 5% and paguat dichloride and glufosina@mmonium use increasing by 6% and 50%,
respectively(California Department of Pesticide Regulation, 20D8)e to the high rates of

pestigde applications in almond production, it seems as though it would be difficult for growers
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A

to adhere to XercesO pesticide application re
certificationbés adoption by the almond indust
Analyses fromMe survey also support the inability for almond growers to qualify for
Xerces 6 Bee B euetodhe stritgency of the stardandsicas requires
producers to plant 5% of their farm witbrage andonefifth of the forage must be permanent
pollinator habitat. However, out of the 58 respondents who have planted permanent pollinator
habitat, 42 have plantede habitabn less than 3%f their total acreagé\s one respondent
stated:
Al woul d n eeetthe eaona@nicuimglved. Decreased farmland would result in
decreased yield. It is a small farm. How much land would be needed to support
per manent pollinator habitat?o
Further, two of the most noted concerns regarding coveserope fief f or t / t i me t o
Aavail abi lwithayesmohdentvcamneentingo
Al 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. | have no Wayatering
most of it.o
Additionally,h e most noted concerns for permanent pol
l andd and dAeffort and time to manage it. o Bec
habitat would be more feasibi@r growers ¢ adoptf they did not include a set
permanent/temporary habitat ratio and lowered the required perqauitio&tor forage planted

onfarmland.

Recommended Standards foBastainable Pollinator Bee Certification
To captur e t h e Bee Bdtter Catificatioand theXeagibdite «f the
Pol I i nat or BePRiendinFrammdGenificagign compiled a list of suggested
standards that also reflect theinthesuppeyndent s o
1. Plant Species andloom 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 flowgyiplant species each season.
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1.2.2. Examples of temporary foragetustards, clover, vetch, borage oilseed,

camelina sativa, meadowfoam, and phacelia ciliate

1.2.3. Examples of permanent pollinator habitaitdflower mix, sainfoin,
salvia, dianthus, decadence falsegod penstemorhedge nettle, woolly
blue curl, yarrow, coyote bush, California fuchsia, elderberry, ceanothus,
and St. Catherineds | ace

1.3. Plant species must be ecologically appropriate for the climate and ecological
region of the sites.

1.3.1. Itis recommended #i the certificatiorparticipantschoose pollinater
friendly plantspecies/seeds for temporary forage and permanent pollinator
habitat that are native to the regidiative species will perform better in
soil, require less water, and handle the climatd#ss.

2. Habitat Percentand Proximity
2.1.Atleast3%oftheo per at i o n 0 sustbe planted wattctempaagyeor
permanenpollinatorfriendly habitat and forage

2.1.1. A mix of temporary and permanent pollinator habitat is recommended.
However,if producers provide records that show lackvater availability,
the producer can choose to plant either temporary forage or permanent
pollinator habitat.

2.2.1t is suggested thaectification 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) forPollinators
3.1.Pollinators must have access to clean@mthdantwater sources
3.2. Water sources must beveredwater during pesticide applications or repthce
after applications
4. Synthetic ChemicalUse
4.1. Certification participants must adheretothé mond Boar ddés Bee
Management Practices for pesticide applications

5. Communication with Beekeeper

71


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

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 hitede removed after pollination period
must be established between beekeepers and almond producers.
6. Record Keeping
6.1. Certification participant must keep tip-date fabitat and pesticide records
7. Verification Model:
7.1. Certification participant must compled@ application regarding the certification
standards.
7.2. After the application is approved, an-site inspection by a thirgarty verifier
will take place to ensure the certification standards are being met.

7.3.An annual orsite inspection will take place foerification renewal.

Further Recommendations

As concerns about the lofigrm sustainability of pollinatoiseighten and thglobal
demand for almonthased productscreasesstakeholders amontinuing tosearch for
alternative solutions tmitigatethe decline in managed honey bee he&imepotential answer
to the mounting economic and environmental risks of almond productiomplantself-fertile
varieties of almonds that do not require creagety pollination frommanagedoney bees.
Self-fertile varieties entered the market over a decade ago and have slowly gained
traction throughout CaliforniaCurrently, he dominant selfertile almondvariety is
Al ndependence. 0 Although I ndependence,th@ccount
variety made up 18% of the ndr@aring acreage in California, suggesting the potential future
growth of selffertile almonds in the state (Lee et al., 20I®&)e respondent from the survey

confirmed the potential for increased adoption rates offesife varieties, noting,
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AThe next almond orchard | plant will be a sgdfilinating variety such as Independence.

The primary reasons for going this direction are the high cost of bees and the hassle of

dealing with bees. 0
Expertsproject thaanincrease in selfertile 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 seHfertile varieties, almond production would necessitate fewer comriigrcia
managed honey bees, deciegfoney bee exposure to pesticide toxicity and stress from
transportationwhich are significant contributors tbe decline of honey bee health.

Supporting and implementing paksthatenhance pollinator protection is another
method tagenera¢ awareness and pronedioney bee health. In 2015, President Obama issued a
Presidential Memorandum designating an interagency Task Force to ciNzdteral Strategy
to Promote the Health of HopdBees and Other Pollinatofsioldren, 2015)The Task Force
released the Strategy under Erevironmental Protection Agency (EPA) and the US Department
of Agriculture (USDA) The Strategy includeitiree overarching goalseduce honey bee colony
losses taeconomically sustainable leveiacrease monarch butterfly numbers to protect the
annual migratioprestore or enhance millions of acres of land for pollinators through combined
public and private action (Holdren, 2015). Together with the scibasedPollinator Action
Plan, theStrategy outlined needs and priority actions to increase knowledge around pollinator
losses and measures to improve pollinator health (Holdren, 2015).

Despite Pr esi d,ahe TrunPlrmimsaalion dienfaritlethe nasonal
Strategyto protect pollinators. In 2019, the USDA announced it would no longer fund the
nationwide annual survey of honbge populationsavhich was a pivotal facet dfie Strategy as
it provided critical informatioron currenthoney begopulation datdlrby, 2019) Without long
term research, it is difficult for experts to assess the trends and what contributes to the loss of
pollinator populations. lanattempt to circumventthe curremt mi ni str at itwemd s r e s C
national pollinator research and protections efforts, Representative Earl Blumen#ie«3PD
sponsoreavi ng Ameri cads Govlradk.nsa2020)he billkequiresdghe 2 01 9
EPA to establish a Pollinator Protection Board to develapdependent review process for
pesticides that threaten pollinators and their habiBltsxienauer, 2019)Jnfortunately,Saving
Americads Pol | ilostandonemntan, aia political fexpertd rio@ predicty a4%
chance ofCongresgassinghe bill (GovTrack.us, 2020Due to the lack of federal support for
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promoting pollinator protectiontheresponsibility now lies witlthe states and private sectors to
take actios thatprotect the honey bee populations.

A final recommendation for enhaing pollinator health is to increasecess and
awareness dfnancial support resources to support farmers in adoptindrieeelly practices.
Results from the survey showed tleffort and time to plant and manage cover crops and
permanent pollinator hgtat were both concerrier respondentsyithi c ost t o pl ant an
mai nt ai n per man easdleaging candemRadpandentdatsd riotedathtato
Neasy/ affordable access to equipment -sh@eded t
progam t hat covers the cost of permanent pol | i
incentives for adopting befeendly practices. Due to the tremendous effects planting additional
and diverse habitat and forage has on enhancing managed honey theet laggdears that
providing funding support for the necessary equipment, seeds, and plants could assist almond
producers in implementing the b&e@ndly practicesFurthermore, like other agricultural
subsidies, it seems such cebfare incentives arequired for implementation.

Currently, the Environmental Quality Incentives Program (EQIP) providesitathn
assistance and funding to help farmers create pollinator h&iitatarly, private cosshare
programs exist lik€roject Apis mb Seeds for Beggogramwhich offers free or subsidized
cover crop seeds to growers and orchardists in California. However, as illustrated by the survey
results, there are still low ratesamoption of bedriendly practices among almond growers in
the state. Increasing awareness and access to these programs could make the funding
opportunities more attainable producersFinancial assistance programs could also work with
handlers and disbuters to provide financial incentives for almond produteesiopt bee
friendly practicesOn e r e s p o n Oue to the size @& oueland, compiled with the time
and expense, it would be difficul tleanotherbe i nvo
noted: A[l] would be inter est eHKnancialand®chmcal cr op
assistance for implementing bieendly practicesould incentivizeproducers to partake in a
certification program that promotes honey bealtheand increases consumer awareness around

choosing products that protect pollinators.
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Limitations

AlthoughDr. JennieDurantand | thoroughly cleaned the survey response dataset to
obtain the most valid and representative ansveersie limitationsvere evident due tsurvey
respondent anslurveydesign errors. Possible survey respondent errors we noted included text
entries, mui-value answer choices, duplicate responses for multiple parcels of land operated
under the same owner or farm manager, eagerness to receive compeasdtiesponses taken
on cell phonesSome text entry errors we noticed were respondents enterihgdiotay rental
price and total water price instead of rental price per colony andautrprice for water.
Further, several of the Atot al acreage ownedo
up to the number shearimg eacde s or-giidlofi abeal ehgnac.i
This difference may be due respondents perceiving the questions of owned vs. lease to mean
the total acreage they farmhich could include other crops aside from almonds. Mualtue
answer choices couldalie posed confusion for the respondastsvellif they did not see the
instructions to fAicheck all that applyo and in
The questions stated that the respondent should answer in terms of a single parcel of land
or the genergbractices 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 thégdope
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 taateringthoughtful and genuine responsésh
additionalsurvey respondent error we considered wasshrveysompleted on cell phones
couldbe more prone to human error whiespondentsvrotein the text entry boxes @electeca
multiple choice answer due to thatareof ap h o n e 6 s m@esankitiveescreen.
Possible survey design errors that became apparent after administering the survey applied
to a failure to include specific questiomisanswer choicethat could have strengthened our
research questionBor example, we would have likedaddi c o mpet i ti on f or pol |
the fAcover crop concerno section as we inferr
experts that this factor is a prominent concern among almond prodegeleer, aking he
respondent to describe the price they paid for water would have provided a greater insight into

the relation between bdaendly practices and water preéddditionally, i ncluding fAvol
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beef ri endly certi fi cat i onectionsandaeuestierfaréidoncerr® t he fi
under the fAcertificationo sectcerticatom oul d have
desirability.

For the landscape and gap anedyshe analyses were observations rather than applied
scientific methodology. As gesult, even though the research was exhaustold have
neglected to identifpdditional pollinator certification or pollinat@upport programer missed

information when reading through the requirements and recommendations.

Conclusion

As the demand for almonds continues to increase, more adersdnd will transition
to almondorchards and without higher rates of adoption of #isendly practices or a shift in
consumer mindset, a continued loss of managed honey bees in dppéBsnevitable. Awell-
designectertificationsystemcould not only incentivize growers to adopt ¥gendly practices
but 1 f the standards are | egitimate and verif
choosing products that support pollinator heaitbwever, he credibility of the certification is
essential to ensathat the standards arehgdd and effectively protect managed honey bee
populations. As one respondent explained:
fiCertification 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 aryindus
exposed as a shatn
Labels that promise Asustainabl edo and fAnatur a
market place, ultimately detracting from the authentic progeamdsherefore reducing efficacy
By creating a certification with stands 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.
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Appendices

AppendiA: Timelineof Surveymplementation

Date

Description of Task

Late August, 2019

Developed research questions and list of suquestions

Sep. 16 20, 2019

Revised survey draft

Sep. 17, 2019 Contacted key early collaborators to establish their participation

Sep. 20, 2019 Finalized draft and sent to Jenni

Sep. 27, 2019 Received firstound 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 Receivedapproval from IRB

Nov. 61 8,2019 Worked on postcard design

Nov. 1871 19, 2019

1 Learned Qualtrics and entered survey
9 Ordered postcards
1 Created QR code and TinyURL link for survey

Dec. 2, 2019 Piloted survey: SureHarvest, Bob
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-getermined counties

Jan. 15, 22, 23, 2020 | Jennie travels tpollination workshops to promote survey

Jan. 24, 2020 Mariani Nut Company notifies growers about survey

Jan. 30' 31, 2020 Blue Diamond sends out second email to growers about survey

Feb. 5, 2020 Emily c¢closes survey for her Mast g
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Appendk B: Survey Instrument

Almond Pollination Survey

Q1. What best describes your role in they-to-day operation of your almond orchard(s)?
(Select one)

1 Owner, not responsible for dag-day management
1 Owner/operator of almond orchard(s)

1 Farm manager (not owner)

Q2. Where were the almond orchard(s) you farmed located in 2@k 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:

A =8 -0_-0_9_90_90_-02_-42_-2_-9a_-2_-242_-24_-2_-2°_-2

Q3. Approximately how many acres of almonds did your operation farm in 20197

i Totalyield-bearing acres:

9 TotaINON vyield-bearing acres:

Q4. Of these total acres that your operation fadnm 2019:

1 Approximately how many acres does your operation?
1 Approximately many acres does your operateasefrom another landowner?

Q5. Which of the following people wemost influential in determining your operation's
pollinator management practices in 2019? (e.g., pesticide practices during bloom, planting cover
crops, or growing permanent habitaReck all that apply.

84



Owner of the almond orchard(s)

Farm manager

Independent PCANEt affiliated with an agricultural retailer)
Affiliated PCA (with an agricultural retailer)

Pesticide applicator

Beekeeper

Bee broker

= =4 -8 _8_9_9_-2

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 defifiec o v e r asarvarietysobspecies planted intentionally and
temporarily between tree rows.

Q6. Has your operation grown ar crop in your almond orchard(s) in the past five years?
Y Yes
1 No
*IF YOU SELECTA Y E ®8 QUESTION 6, PLEASE CONTINUE TO QUESTION 7
AND SKIP QUESTION 9.IF YOU SELECTA N O©ON QUESTION 6, PLEASE GO TO
QUESTION 9 AND CONTINUEx

Q7. Where did your operation get cover crop sed@feck all that apply)

Federal cosshare program (e.g., EQIP)

Private cosshare program (e.g., Seeds for Bees)
Directly from seed company

PCA/CCA/Crop consultant

= =4 -4 A

Q8. How satisfied were you with your operation's most recent cover crop?

f Not Satisfied
1 Somewhat Satisfied
1 Very Satisfied

Q9. Is your operation interested in growing a cover crop in your almond orchard(s)?

Y Yes
I No
Y Not sure
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Q10.What are thdiggestconcernsyour operation has abogtowing or maintaining cover
crops on your almond orchard(sf€heck all that apply)

=4 A -0_-0_-0_9_9_-42_-4_-29_2_-29_-2_-2_-2

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 poptians (e.g., Navel Orange Worm or rodents)
Limited time for planting due to competing operations
Physical interference with operations

We haveno concernsabout cover crops

Prefer not to answer

Q11.Which of the followingincentivesmight encourage youor encouraged youto grow a
cover crop{Check all that apply)

l

= =4 =4 -8 -8 _9_9

Associated benefits from ngollination services (improved soil health, water filtration,
etc.)

Decreased rental fee for managed bderses

Federal cosshare program that covers the cost of cover crop seeds

Private cosshare 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

Noneof these are incentives

Prefer not to answer

Q12.What are the main irrigation systems used in your almond orcha(@(s¢ek all that
apply)

= =4 -8 8 8 9

Flood
Micro-sprinkler
Solid set sprinklers
Single drip

Double drip

Prefer not to answer
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Q13. From which sources does your operation get irrigation water?

1 Surface water
1 Groundwater

1 A combination of surface water and groundwater
9 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 tighest price box)

1 Highest Price
9 Lowest Price
1 Not Applicable
1 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 $ection3 of 7)

I n this section, we ask about permanent pol i
planting such habitai Per manent p ol ihciudesyearoundiherdacedus and/or

woody plant species (hedgerows, perennial @eeding wildflower strig, riparian forests, filter

strips) that are maintained along at least some of the edges of the orchard.

Q16.Does your operation hayermanent pollinator habitat of any kind surrounding the
almond acreage you farmed in 20197

1 Yes

T No

1 Not sure

*IF YOU SELECTA Y E §O QUESTION 16, PLEASE CONTINUE TO QUESTION 17
AND SKIP QUESTION 19. IF YOU SELECT N OO QUESTION 16, PLEASE GO TO
QUESTION 19 AND CONTINUE:

Q17.Roughly whapercentof the land you farm is planted wiglermanent pollinator
habitat?
1 <%
1 1-3%
1 47%
T 08 %
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Q18.How satisfied are you with your operatiopsrmanent pollinator habitat?
1 Not Satisfied
1 Somewhat Satisfied
1 Very Satisfied

Q19.1s your operation interested in plantipgrmanent pollinator habitat?

T Yes
T No
9 Not sure

Q20.What are thdviggestconcernsyour operation has abomplementing, maintaining, or
planting new permanent pollinator habitat on your almond orchard(sf€heck all that

apply)
9 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

=4 =4 4 4 4 -4 -4 -4 A -4 -4 -

Potential for pesticide application to harm native/endangered pollinators living in the
permanent habitat

We haveno concernsabout permanent habitat

Prefer not to answer

Q21.Which of the followingincentivesmight encourage your operationitoplement,
maintain, or plant new permanent pollinator habitat on your almond orchard(s{€heck all
that apply)

1 Federal cosshare program that covers the cost of cover crop seeds

1 Private cosshare program that covers the cost of cover crop seeds

1 Decreaed rental fee for managed bee colonies
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Increased strength of bee colonies during bloom and afterwards
Supportingnative pollinators

Noneof these are incentives

Prefer not to answer

=4 =4 -4 -4

Q22.1f there's anything else you'd like to share about peemigpollinator 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 Alimond Board's Bee Best
Management Practices (Bee BMPs) @19. You can read more about theaie

Q23.How often did your operation (e.g. you, PCA, applicatadpt the following Almond
Board's Bee BMPduring almond bloom in 20197

Bee BMP Never Sometimes Always
Water sources for pollinator bees were covered
before or replaced after pesticide applications

Avoided applying pesticides during bloom that ha
| abel cautions stating
to beeso

Avoided applyingpesticides during bloom that had
| abel cautions stating
residual toxicityo

Only applied fungicides in the late afternoon or
evening, when bees were not present

Avoided applying all insecticides (except B.t.) duri
bloom

Avoided tankmixing 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 beeoxic pesticides were applieq
all beekeepers withianemile were
provided with a 4&hour advance notice
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Ensured that bee colonies were never
sprayed directly with any pesticides

Read the pesticide
applying any agrochemical for the first tim

Q25.Which of the followingmade it challengingto adopt he Al mond Boar dos Be
2019?(Check all that apply)

Labor costs to apply pesticides/fungicides in the afternoon or evening

Labor costs to avoid taakixing 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 makimgghttime applications

We hadno challengesadopting the Almond Bee BMPs in 2019

Prefer not to answer

=4 =4 =4 =4

= =4 =8 =4

Q26.Which of the followingincentiveswould encourage your operationto adopt most or all
of the Al mond B(Ghedkdldhat agplg)e B MPs ?

The ability to attract higiguality 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 mber all of the Bee BMPs

Noneof these are incentives

Prefer not to answer

=4 =4 =4 -8 -4 -4 -4

Q27.1f there's anything else you'd like to share about the Aimond Board's Bee BMPs, please do
so in the space below:

Voluntary Bee-Friendly Certification Program ( Section5 of 7)

The following questions ask about your interest woluntary bee-friendly certification

program, which would require growers to adopt some level ofrigally management

practices on farm to meet the standards, such as: practicing mostforattdh e Al mond Bo a|
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 wolantary bee-friendly
certification program:

)l
il
)l
il

No interest
Moderate iterest
Strong interest
Prefer not to answer

Q29. Which of the following potentiahcentiveswould most encourage your participation in a
voluntary bee-friendly certification program ? (Check all that apply)

il
)l
il

= =4 =4 =4 -8 -9

The ability to attract higiyuality beekeepers for almond bloom

Increasing the strength of bee colonies during bloom

A costshare program that would cover some of the costs of meeting the certification
standards

Decreased rental fee for managed t@&enies

Ability to make marketing claims with a bésendly label

Price premium from handler/processor/distributer

Supporting native pollinators

Noneof these are incentives

Prefer not to answer

Q30.If there's anything else you'd like to share about voluntaryfrigelly certification
programs, please do so in the space below:

Almond Pollination 2019 Section6 of 7)

Q31.Which of the following best describes how your operation obtained honeyadbees
pollinate your almond orchard(s) in 20197
1 A) We rented all our bees

T

B) We rented some bees and supplied some of our own

1 C) We suppliedll of our own bee pollination

T
T

D) Our orchards were not mature enough for bee pollination
E) Prefer not t@answer

*IF YOU SELECTA A0 O RONICBIBESTION 31, PLEASE CONTINUE TO QUESTION

32.
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IF YOU SELECTA C, 0 fi D, ®N QUESTI@NG31, PLEASE GO TO QUESTION 37
AND CONTINUE *

Q32.1n 2019, where did the majority O50 %) of your operation's ren
come from3Check all that apply)

1 Near your orchard(s): from the same county or a neighboring county
{ California, but not a neighboring county

1 Out of state

1 Prefer nbto answer

Q33.Who supplied your bee colonies in 20XZheck all that apply)
1 Contracted beekeeper
1 Bee broker
1 Another grower
1 Other (please describe):
1 Prefer not to answer

Q34.For your largest pollination contract in 2019:
! What was the price/colony ($)?
1 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 20197
1 Inexpensive
1 A fair price
1 Too expensive
1 Prefer not to answer

Q36.How satisfied were you with the strength of
hone/ bee colonies in 20197

1 Unsatisfied

1 Somewhat satisfied
1 Very satisfied

1 Prefer not to answer

Q37.How would you describe the average price almond growers paid for honey bees in 2019
(approx. $200/colony)?

1 Inexpensive

1 A fair price

1 Too expensive

1 Prefer not to answer

Q38.Please indicate youevel of concernabout 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

Q39.1f 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
6574 years old

75 years or older
Prefer not to answer

= =4 =8 -4 -4 -8 -89

Q41.How do you identify?

1 Male

1 Female

1 Other

1 Prefer not to answer

Q42.1 f t here

Q43.You have reached the end of the survey. Would you like to receive compensation for your

contribution?
M1 YES
1T NO

S

anything

el s e vy o uspade bélawk e
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AppendixC Landscape and Gap Arsdy

Landscape AnalysiSertification Programs

Certification
Program

Organization
Type

Habitat %

Habitat Type Requirement

Habitat Bloom Requirement

Planting Stock/Seed Requirements

Nesting Requirements

Tillage Requirements

Xerces & Oregon
Tilth-- Bee Better
Certification.
(Bee Better V1.0)

Nonprofit

1.1.a. At least 5% of farm must be habitat.
1.1.a.i. Of 5%, 1/5th must be in permanent (1% of
total farm).

1.1.a.v. Habitat must be on parcel/adjacent to
crop fields/within 1mi of farm.

1.1.a.vi. 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.

1.1. Habitat Definitions:

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 (If
mass-flowering, pollinator-attracting crops are ID'd
as part of temporary habitat, may only account for
1/5th of required habitat acreage. )

1.2.a. Must be 3 flowering species each
season.

1.2.b.i. New Permanent habitats must be
70%+ native.

1.2.b.ii. Natural/mature permanent
habitats must be 35%+ native.

1.2.c. Combined vegetative cover of the
plant species in bloom should be classified
"abundant” or "common in each season.
1.2.c.i. Abundant: numerous individuals of
flowering species are present (51-100%).
Common: several individuals of the
flowering species are present (11-50%).
Sparse: only a few of the flowering species
are present (1-10%).

Absent: 0%

1.2. Definitions: Flowering species can
include trees, shrubs, or forbs known to
provide pollen and/or nectar to pollinators.

1.3.a. Plants must be ecologically appropriate for
sites (climate/ecological region).

1.3.a.i. Plant materials for replanting or establishing
new habitats must be sourced from within 150 mi of
property (Can expand to 300 miles if none exist).
1.3.a.dil. Plant material receipts submitted to
provide evidence of material sourcing and native
status.

1.3. There are questions regarding proof of native
status and justification of non-natives.

1.4.a. Pollinator nesting site must be
1D'd and protected and known
nesting areas outside crop field must
be left undisturbed.

1.4.a.iii. Must describe how nesting
sites are protected and ID'd to
workers

1.4.b. New permanent habitat
plantings must have minimum of 5%
pithy-stemmed plants, plants used
for nest cell materials, butterfly host
plants (some of each must be
included). Plants providing nesting
sites or nesting materials for native
bees must be incorporated into
habitat plantings

Host plants for butterflies must also
be included.

1.5.a. Tillage standard operating procedure
must exist to reduce impact on ground-nesting

bees in nesting areas.
1.5. The SOP should demonstrate that

existing tillage practices are low risk or that
new practices reduce the risk of disturbance to

ground nesting bees.

1.5.a.ii. SOP should encompass at least 1/3rd

of the total certified acreage each year.

1.5.a.iii. SOP must address at least 2 of the
following: 1. tillage depth 2. tiiming of tillage 3.

frequency of tillage 4. equipment type 5.
location of tillage

Pollinator
Partnership - Bee
Friendly
Certification
(Bee Friendly
V1.0)

Nonprofit

1. Offer forage providing good nutrition for bees on
3-6% of land

2. Plant bloom of different flowering plants
throughout growing season, especially in
early spring and late autumn in temperate
regions

4, Provide a variety of habitat for
nesting through features such as
hedgerows, natural brush, or buffer
strips

Pollinator Friendly
Garden
Certification (PA
only)

USDA
Extension
Agency

1. Provide nectar and pollen sources.

1.i.Choose plants that provide pollen and nectar
sources from early spring to late fall.

1.ii. Provide a variety of flower shapes and sizes.
1.iv. Incorporate pollinator friendly native plants
into the garden.

1.v. Place plants in drifts of 3 or more (plant 10-12
inches apart).

1.2, Plant at least 4 native trees and shrubs

1.4. Must have 2 host plants for caterpillar food
sources.

4.1. Safeguard pollinator habitat by removing
invasive ornamental plants

1.3. Plant at least 9 different species of
native perennial flowers (must have atleast
3 from each season grouping: early-, mid-,
late-season bloom).

L.iii. When using annuals, choose old fashioned
heirloom varieties and limit the use of modem
hybrids.

3. Provide shelter for pollinators to
nest and overwinter: spaces of bare
ground; rock pile/wall; dead wood;
man-made boxes; leave garden
cleanup until spring.
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(Continued) Landscape Analysis: Certification Programs

c:::;:" D":v“:ﬁ“ Water Requirements y Chemical Pr R Record Keeping Requirements Other Requirements Verification Model
2.1.a. Develop written pest/disease scouting and monitoring protocol; Must describe 4.1. Record Keeping: Parcel map with temporary & permanent habitats & location of nitroguanidline Bee Better Certified Plan
scouting and monitoring used to inform pesticide application decisions. Pesticide Use a. Habitat records neonicotinoids used & buffer areas inspected by Oregon Tilth*
forms for past 3 years required with BBCPlan b. Pesticide Mitigation Records Self-assessment Oregon
2.1.b. Implement and maintain at least 3 preventive non-chemical pest management . Bumble Bee Records Tilth onsite Inspection/Audit
strategies. d. Land History:

2.1.c. Fungicides can only be used during pre-bloom and/or bloom time if at least 1 non- | Parcel Name/Location Code;
chemical pest mgmt strategy is also used to directly address the fungal concemn. Systemic Pesticide
2.2.a. There must be no unjustified use of pesticides; Use of pesticides must be justified |Name/Manufacturer; Date
and supported by evidence of severe pest or disease outbreak exists or has strong Materials Applied For:
potential to exist. Current Year
Xerces 8 Oregon 2.2.d. Do not use nitroguanidine neonicotinoids; If neonicotinoids used in last 2 years, | Previous Year
T":;;Z:::’ Nonprofit must list parcel(s). Planting of Pesticide-coated seeds = pesticide application. 2 Years ago

(Bee Better V1.0)

2.2.e. No GMO crops that express pesticides or are resistant to herbicides.

2.3.a. No aerial application of pesticides.

2.3.c. All habitats must be protected from chemical drift.

2.3.c.i. Must establish pesticide-free spatial buffer around permanent pollinator habitat
(40ft buffer for most ground-based applications & 60ft for air blast apps).

2.3.c.ii. Vegetative buffer can be planted to capture chemical drift if spatial infeasible.
2.3.c.iii. New permanent pollinator habitat must have min 30ft buffer between habitat
and neighboring farms or land where ir are known or d to be used.
2.3.c.iv. Herbicides (except paraquat dichloride) may be used within buffer areas.
2.4.a. Do not use pesticides other than herbicides in designated permanent pollinator
habitat.

Parcel map with temporary &
permanent habitats & location of
nitroguanidline necnicotinoids used
& bufferareas

Pollinator
Partnership - Bee
Friendly
Certification
(Bee Friendly
V1.0

Nonprofit

3. Offer clean water for bees

5. Practice IPM; reduce or eliminate pesticides

Online self-certification program

Pollinator Friendly
Garden
Certification (PA
only)

USDA
Extension
Agency

2. Provide water sources: birdbath or shallow
water source; butterfly puddling area; water

garden/pond; stream; spring

4.2.Reduce pesticide use

Photos/sketch of garden required

Self-assessment that gets
reviewed by committee
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Landscape Analysis: Pollinatd@upport Programs

Programs
:ﬂl ml o Or‘::::ﬁnn Habitat Habitat Type Requirement Habitat Bloom Requirement Planting Stock/Seed Requirements. Nesting Requirements Tillage Requirements
health
Specialized seed mixes to enhance bloom Diversity,
density and duration to optimize forage potential.
Apis M. Bee BMPs: 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
501(C)5
Apis M Nonprofit
] Federally Feed: Pru\.'id_e organic forage and organic feed
usnA‘ National Regulated supplement if needed
Organic Program Program
Programs
supporting ~,
e /polivitor Water Requirements Synthetic Chemical Protocol or Restrictions Record Keeping Apiary Requi Verification Model
health
Apis M. Bee BMPs: Apis M. Bee BMPs: Apis M. Bee BMPs: 1. Growers must reside in CA
Let your beekeeper know the sprays used for crop protection, including tank mixes Secure contracts early for the - Beekeepers need to place, service and remove hives routinely 2. Complete application
Honey bees come in contact with sprays in different ways: following pollination season so Apis M. Bee BMPs: 3. Grow honey bee pollinated
Bees fly through spray beekeepers will make the Orchard roads should be maintained and graded for easy access crops (including seed production),
Sprays may drift to hives via wind investment in colongy health and |- Allow for hive placement in areas not prone to flooding or shade nuts or fruits
Bees may collect and bring into the hive pollen that contains chemical residue strength - Eastern and southern exposures are better for sun and warmer temperatures and | 4. Phone consultation with Seeds
practices to contact: Spray when honey bees are not flying -When colonies arrive in the encourage bee flight for pollination for Bees program manager is the
Spray when pollen is not being produced by the tree orchard, check colony strength: - Let bees do their job, place hives as to limit human and honey bee interaction last step to finalize a participant's
Time applications late in the afteroon or at night 8to 10 frames is optimum enroliment if accepted
- An objective third party inspection
Apis M of colonies will indicate if
contractual obligations are being
met.
-Allow your beekeeper time and
opportunity to provide additional
colonies if needed
- Walk your orchard during honey
bee flight hours to make sure you
see plenty of bee activity
Forage Zone: Land or bodies of water, within a | Banned use of soil fumigants. Recommendations:
USDA National |1.8mile radius of the edge of the apiary which |Banned use of nitroguanidine neonicotinoids. Transition/Hive Construction: Apiary under c organic I for1
Organic Program | provides bees with water, nectar, honeydew, |Banned use of GMOs that express pesticides. year prior to removal of bee products
pollen and propolis. P i ici B Healthcare: Leave hives with adequate supplies of honey for dormancy period
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Gap Analyis

Program Habitat | Habitat | Habitat | Planting Nesting | Tillage | Water | Synthetic | Apiary Record Annual | Verification

% Type Bloom | Stock/Seed Chemicals Keeping | Fee Model
Xerces: Bee Application &
Be“‘?F . X X X X X X X X X Onsite Audit
Certification
Pollinator Online Self
Partnership: certification
Bee Friendly X X X X X X
Farming
Certification
Pollinator Selfassessmen
Friendly with committee
Garden X X X X X X X X review
Certification
Project Application &
Apis m. X X X X consultation
USDA Application
National approval & on
Organic side audit by
Certification X X X X X USDA-

accredited

certifying agent
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2 Pesticide Mitigation

2.1 Preventive Non-Pesticide Management

a.

Develop a written pest/disease scouting and monitoring protocol and
demonstrate that scouting and monitoring occurs regularly through the growing
season.

Implement and maintain at least 3 preventive non-chemical pest management
strategies.

i. Select strategies from the Bee Better Certified Non-Pesticide 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 prompting the application(s).

Document all approved preventive non-chemical pest management strategies
(refer to Appendix J for guidance).

Relevant Appendices
Appendix |: Pest Scouting and Monitoring Guidance.
Appendix J: List of Approved Non-Pesticide Management Strategies.

2.2 Pesticide Application

a.

There must be no unjustified use of pesticides.

i. Ajustified use must be supported by evidence that that an economically
damaging pest or disease outbreak exists or has strong potential to exist.

ii. Farm-specific scouting and monitoring records can be used to demonstrate
an outbreak. Additional documentation (e.g., extension publications,
newspaper articles) that supports the severity of the issue may also be
submitted.

iii. Documentation should provide evidence that an economic threshold has
been exceeded. If no threshold is available, provide an expert opinion.
Experts may include a certified pest control adviser, accredited crop
consultant, extension agent, or other credentialed independent pest
management specialist. Advice or recommendations from pesticide or seed
company representatives is not considered sufficient evidence to justify
pesticide use.

Bee Better Certified Production Standards
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iv. Even if use is shown to be justified, growers must follow all other Bee Better
Certified pesticide mitigation standards.

b. During bloom for crops that are visited by or pollinated by insects, do not apply
any pesticides classified by the U.S. Environmental Protection agency (EPA) as
highly toxic or moderately toxic to bees.

c. Never apply within three days of one another pesticides that jointly may increase
toxicity to bees.

i. Use the online Bee Precaution pesticide rating tool from University of
California Statewide Agricultural & Natural Resources Integrated Pest
Management Program to determine if there is potential for a pesticide
combination to increase toxicity.

d. Do not use nitroguanidine neonicotinoids (clothianidin, dinotefuran, imidacloprid,
and thiamethoxam).

i. This ban includes the planting of treated seeds.

e. Do not use genetically modified crops that express pesticides or are resistant to
herbicides.

f. Do not use soil fumigants.

Definitions

Pesticides are any substance or mixture of substances intended for preventing,
destroying, repelling or mitigating a pest or disease. Pesticides can also be plant
regulators, defoliants, desiccants, or nitrogen stabilizers. The term pesticide
includes bactericides, fungicides, herbicides, insecticides, miticides, molluscicides,
nematicides, and piscicides.

Pesticide applications include any activity that introduces a pesticide into the
environment for the purposes of controlling pests, including but not limited to
spraying, dusting, and chemigation. We also consider the planting of pesticide-
coated seed a pesticide application.

Pre-bloom will commence 10 days prior to when bloom is expected to occur.

Bloom is defined as the time period from when first blooms open until petal drop

or closure of all blooms (e.g., squash blossoms are open for a single day, but spent
flowers can remain attached for a long period after they cease to be viable). See
Appendix K for a list of exempt crops, those that are not visited by insects and that do
not bloom (e.g., leafy greens not grown for seed production).

Relevant Appendices

Appendix K: List of Pesticides Rated by the EPA as Moderately or Highly Toxic to
Pollinators

Appendix L: Crops that are Exempt from Bloom-Time Pesticide Application Standard

The Xerces Society for Invertebrate Conservation
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