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Abstract 
California leads the country with $50 billion in annual agricultural sales while 
providing substantial investment in and support for sustainable practices across 
its 25.4 million agricultural acres (CDFA 2018). Consumers want healthy, safe 
food that is produced sustainably. However, some sustainable agricultural and 
food safety practices conflict. For example, sustainable practices that support 
wildlife or integrate livestock on farm are counterbalanced by costs to produce 
safety, such as lost production (from no-harvest buffer zones) and practices to 
reduce produce safety risk (e.g., removal of wildlife habitat around growing and 
packing areas, pest management practices, restrictiosn on the use of certain 
soil amendments); this balancing challenge can limit the adoption of 
alternative, sustainable practices, as well as the success of policies and 
programs that support them. We analyzed public documents and meetings, 
reviewed literature, and communicated with stakeholders to identify conflicts 
between food safety requirements and policies supporting sustainable farming 
practices in California. Given that food safety is an ever-evolving, demanding 
concern and California has significantly invested in encouraging the adoption 
of sustainable, climate-smart agricultural practices, the findings presented in this 
report will increase awareness of policy conflicts and serve as a resource for  
policy-makers and program managers to better promote co-management of 
food safety and environmental sustainability. 
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Introduction 

Foodborne illness outbreaks have serious consequences for public health—an 
estimated 48 million people experience illness related to contaminated food 
each year nationwide (CDC 2021)—and the agricultural industry by disrupting 
supply chains, shaking consumer confidence, and causing economic losses. 
Recent outbreaks and liability concerns have increased pressure on growers to 
address food safety risks. In 2019, the U.S. Food and Drug Administration (FDA) 
initiated the “new era of smarter food safety,” while industry groups are working 
to strengthen their food safety standards, including water treatment, animal 
exclusion, and no-harvest buffer zones (U.S. FDA 2019; Ward 2020). Meanwhile, 
California has invested significantly in encouraging the adoption of sustainable, 
climate-smart agricultural practices through governmental policies and 
programs. Statewide initiatives include efforts to promote water quality and use-
efficiency, soil health, wildlife conservation, and pest management with lower 
chemical inputs. 

Among these system wide efforts to promote sustainability, are practices that 
interfere with on-farm government- or industry-set requirements for food safety. 
Where food safety and environmentally sustainable practices conflict, growers 
may be constrained by competing pressure in their attempt to balance and 
promote both objectives. In this report, we aim to better understand where food 
safety and sustainability pressures conflict and create challenges for co-
management, with a key focus on governmental policies and programs. We 
document conflicts between food safety requirements and practices promoted 
by sustainable agricultural initiatives in the context of specific governmental 
policies and programs where the state’s efforts to assist the transition to and 
widespread adoption of sustainable practices could fail owing to the more 
immediate need to comply with food safety requirements. 

This report links both well established and less commonly documented conflicts 
to specific environmental policies. While there is a body of literature that 
documents conflicts between food safety and sustainable agricultural practices 
(Olimpi et al. 2019), it is primarily limited to California’s Central Coast region; 
here, we build upon those studies by looking at conflicts experienced statewide 
and linking them to specific governmental policies and programs. The results 
have important implications for policy makers and program managers to 
evaluate how their policies and programs might contribute to, or be affected 
by, challenges growers experience in co-managing for food safety and 
environmental sustainability. 

In this report we first provide context for California’s agricultural industry, and 
then explore the policy landscape for food safety and sustainable agriculture for 
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California growers. Next, we present the results of our qualitative analysis 
documenting conflicts between food safety requirements and environmental 
policies. We conclude by discussing the policy implications of these conflicts. 

Context: Food Safety and Sustainable Agricultural Policy 
Affecting California Growers 

California leads the nation and world in agricultural production, delivering over 
$50 billion in total cash receipts, derived from 24.3 million acres, in 2018 (CDFA 
2019b). The state’s leading crops are fruits, nuts, and vegetables (CDFA 2019b). 
California is the country’s largest agricultural producer and exporter, serving as 
the nation’s sole exporter for many specialty crops, such as almonds, pistachios, 
walnuts and raisin grapes (CDFA 2019b). The European Union, Canada, and 
China were the top three agricultural export markets for California in 2018 (CDFA 
2019b). California is also rich in biodiversity and natural resources. The state is 
home to over 400 state and federally protected wildlife species, with agricultural 
land serving as important habitat corridors. Supporting that wildlife, and 
supplying drinking and irrigation water, for the state are California’s mountain 
ranges, wetlands, surface water, and groundwater reserves. As increasingly 
diversified agricultural landscapes coexist with and even support biodiversity, 
the introduction of foodborne pathogens is an accompanied risk. In recent 
years California has been linked to the source of foodborne illness outbreaks 
associated with spinach, romaine lettuce, and other leafy greens, with the most 
significant being the 2006 Escherichia coli O157:H7 outbreak originating on 
California’s Central Coast (199 reported cases)(Turner et al. 2019; CDC 2006). 
Most recently a Salmonella outbreak in onions originating in Central California 
reported 1,127 infectioned individuals (CDC 2020b). An agricultural industry that 
is key to the state’s economy and that feeds people around the world, paired 
with intermittent foodborne pathogen outbreaks, has led to the creation of a 
strong regulatory environment that requires growers to mitigate food safety risk 
on farms; this, combined with significant investment in environmental and 
sustainable agricultural efforts, means California growers must balance policy 
and program requirements for food safety and environmental protection to 
produce a safe, healthy, and sustainable food supply. 

Key on-farm food safety requirements for California growers 

Food safety in the United States primarily focuses on mitigating sources of 
foodborne pathogens through on the ground management of waterborne, 
soilborne and animal-borne potential routes of pathogen exposure (Baur 2020); 
major foodborne pathogens of concern in the U.S. include Escherichia coli (E. 
coli), Salmonella, Norovirus and Listeria (CDC 2020a). Requirements vary in form, 
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governance and prescriptiveness across all stages of the supply chain (shippers, 
processors, buyers). The degree and variation of these requirements influence 
the conflicts growers face on the ground. 

Federal and state government 

The Food Safety Modernization Act (FSMA) directs the U.S. Food and Drug 
Administration (FDA) to set risk-based, prevention-oriented safety standards. 
FSMA’s “Produce Safety Rule” (PSR) outlines guidelines for major sources of 
potential contamination of covered produce (raw agricultural commodities, 
with exceptions) including: water; soil amendments; and domesticated and wild 
animals (U.S. FDA 2015a). California Department of Food and Agriculture 
(CDFA)’s Produce Safety Program is the state’s designated authority for 
inspection and enforcement of FSMA’s PSR. 

Commodity-specific agreements and programs 

Voluntary programs, such as those under the Leafy Green Products Handler 
Marketing Agreement (LGMA) and California Cantaloupe Advisory Board, set 
commodity-specific food safety guidelines for crop production and harvest that 
typically require more rigorous, and additional, requirements compared to 
FSMA. Government (e.g. CDFA) audits—separate from inspections for FSMA— 
ensure compliance with program guidelines. 

Processor and buyer requirements 

Food safety requirements from large processors, retailers, and buyers 
(collectively called ‘buyers’) are cited as the most specific and taking the most 
precaution (Minor et al. 2019; Latack and Ozeran 2020; Astill et al. 2019). Owing 
to concern over food safety liability, requirements are often proprietary; bringing 
buyers into the conversation is difficult, with many hesitant to publicly share 
requirements, even anonymously (Taylor-Silva 2019). Because these large buyers 
hold a majority of the market, a significant portion of farms are subject to their 
strict requirements (Havinga 2006). Table 1 compares examples of varying 
requirements for no-harvest buffers between crops and potential contamination 
sources. Buyer standards can be run through third-party non-governmental (e.g. 
Primus GFS) or governmental (e.g. USDA GAP and GHP) audit programs both of 
which are separate and additional to FSMA compliance inspections. 
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Table 1. No-harvest buffer metrics by food safety standard. 
Standard 

Adjacent Land Use FSMA PSR LGMA Food Retailer Shipper 

Concentrated “Must take all 1200 ft. 1 – 2 miles 1200 ft. to 
Animal Feeding 
Operation (1,000 – 
80,000 head) 

Riparian/Vegetative 
Area 

measures 
reasonably 
necessary to 
identify, and 
not harvest, 
covered 

30 ft. 50 – 150 ft. 

1-2 miles 

30 – 150 ft. 

Irrigation reservoir/ 
pond/ catch basin 

produce that 
is reasonably 
likely to be 
contaminated 

-- 50 ft. 30 ft. with 
fencing 

Large animal 
dropping 

with a known 
or reasonably 
foreseeable 

Minimum 5 
ft. 
diameter 

50 ft. – 
prohibit 
entire field 

5 – 10 ft. 

hazard” 
Visible amphibian 
activity 

(U.S. FDA 
2015a) 

-- Prohibit Buffer or 
prohibit 

Composting 
operation 

400 ft. -- 400 ft. 

Table adapted from Gularte & Pereira (2019)’s presentation to the Central 
Coast Regional Water Quality Control Board 

Key sustainable agricultural initiatives for California growers 

California Governor Newsom’s proposed 2020-2021 budget1 allocated $200 
million to the Environmental Farming Incentive Program, which funds soil health, 
water efficiency, and nutrient management practices on agricultural lands, 
including California Department of Food and Agriculture (CDFA)’s Healthy Soils 
(HSP) and State Water Efficiency and Enhancement (SWEEP) Programs. HSP, 
SWEEP and U.S. Department of Agriculture (USDA)’s Environmental Quality 
Incentives Program (EQIP) and Conservation Stewardship Program (CSP) 
promote practices such as cover crops, hedgerows, compost, buffer strips, 
grassed waterways, and constructed wetlands. These efforts are further 
supported by California Resource Conservation Districts, University of California’s 
Division of Agriculture and Natural Resources (UC ANR), and nonprofit 

1 January 2020 budget proposal prior to COVID-19 budget changes 
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organizations. Although these programs are voluntary, environmental 
regulations can require growers to implement sustainable practices; for 
example, the Central Coast Regional Water Quality Control Board (RWQCB)’s 
draft Waste Discharge Requirements (WDR) would require Central Coast 
growers to manage riparian areas, including establishing vegetated setbacks 
(Central Coast RWQCB 2020). State efforts to support lower chemical inputs 
include the $5 million allocated to development of safer alternatives to the 
pesticide chlorpyrifos amid cancelation of most of its agricultural use in 2020 
(CDFA 2019a). 

Methods 

This paper draws on government and other public documents, webinars, 
meetings, existing peer-reviewed literature, and stakeholder communications on 
topics related to food safety and environmental protection to identify conflicts 
between food safety policies and specific policies and programs supporting 
sustainable agriculture. To identify specific policy and programs that conflict 
with food safety, we collected information on the policy and regulatory 
landscape of food safety and sustainable agriculture for California growers by 
searching for regulations, laws, and policies on the websites of relevant 
government agencies, including: FDA, USDA, CDFA, California Department of 
Pesticide Regulation (DPR), and State Water Resources Control Board (SWRCB). 
We then analyzed these policies side-by-side to identify incompatibilities; this 
included documenting policies that mention practices referenced in peer-
reviewed literature and stakeholder communications. We identified conflicts in 
the grey literature by watching and listening to live and recorded webinars and 
meetings that occurred from September 2019 to April 2020 based on subject 
matter relevance; webinars and meetings were found based on email listservs, 
personal communication, and personal invitation. 

Conflicts were identified in the existing literature through a literature search to 
identify peer-reviewed articles relevant to food safety, agricultural sustainability, 
and related conflicts in California. The search was conducted from December 
2019 to April 2020. We used Google Scholar and University of California, Davis 
library search engines; searches included one or multiple keywords and terms, 
including: ‘food safety,’ ‘sustainable agriculture,’ ‘California,’ ‘policy,’ 
environmental protection,’ ‘conflict.’ We eliminated publications that were 
greater than 20 years old due to the recent adoption of national food safety 
policies (FSMA adopted in 2011) and consequential rise of conflicts with recent 
sustainability efforts. We narrowed down the list of search results to those that 
were relevant based on an assessment of whether article abstracts and 
keywords addressed our research question of identifying conflicts between food 
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safety requirements and sustainable agricultural practices, policies, or programs. 
We then identified additional relevant articles from those referenced within the 
papers from our initial search. 

Further information on conflicts was identified through direct communication 
with stakeholders. We conducted in-person, phone, and email communication 
with 43 relevant stakeholders, which occurred from January to March 2020. 
Stakeholders were chosen to represent a variety of crop types, grower 
operations (including small farms), and geographic regions, as well as 
knowledge and experience in food safety and sustainable agriculture. These 
personal, semi-structured communications always included a summary 
introduction to the project context and objectives, and the following questions: 
(1) What is your experience/exposure to food safety and sustainable agricultural 
on-farm practices? (2) What specific practices have you experienced come 
into conflict? (3) If applicable, what issues cause concern during food safety 
audits? (4) Are there specific policies or programs that you have witnessed 
conflicts with? Information, including anecdotes, garnered from personal 
communications were integrated into the results. From each source, we 
identified material that was applicable to (1) on-farm food safety practices, (2) 
on-farm sustainable agricultural practices, and/or (3) California growers. 
Information obtained from stakeholder communication was not analyzed as 
qualitative data, but rather as supplementary information; stakeholders gave 
permission for their communications to be used anonymously. Table 2 lists the 
specific materials analyzed. 

Table 2. Materials Analyzed. 

Government or other, public texts and documents related to these policies 
and programs: 

• Food Safety Modernization Act (FSMA) 
• Environmental Impact Statement (EIS) for “Standards for Growing, 

Harvesting, Packing, and Holding of Produce for Human Consumption” 
• Leafy Green Products Handler Marketing Agreement (LGMA) 
• Commodity Specific Food Safety Guidelines for the Production, Harvest, 

Cooling, Packing, Storage, and Transporting of Cantaloupes and Other 
Netted Melons 

• All policies and programs listed in Table 3 

Webinars and other public meetings 
• 19 September 2019. Central Coast Regional Water Quality Control 

Board: “Board Meeting” 
• 19 November 2019. CCOF: “Small Farm Food Safety Questions De-

mystified” 
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• 7 January 2020. CA State Board of Food and Agriculture: “Board 
Meeting” 

• 15 January 2020. Center for Produce Safety: “The Risk of Wildlife to 
Produce Safety: What do we know?” 

• 4 March 2020. University of California Division of Agriculture and Natural 
Resources: “Diversified Farming and Food Systems Program Team 
Meeting” 

• 16 April 2020. Central Valley Regional Water Quality Control Board: 
“Board Meeting” 

Personal, semi-structured communications 
• 6 growers 
• 7 grower/industry representatives 
• 13 University of California Cooperative Extension (UCCE) employees 
• 11 government employees 
• 6 university scientists 

Occurred January – March 2020 

Peer-reviewed published literature 
• See references 

Findings: Conflicts 

In this section we present the findings of our analysis; we note conflicts that exist 
between on-farm food safety requirements and sustainable agricultural 
practices funded, or otherwise supported by, key governmental policies and 
programs. 

Growers—particularly those selling to large shippers and packers—are often 
constrained by food processing and retail firms who can reject crops if safety 
standards are not met (Beretti and Stuart 2008; Stuart 2009; Beretti 2009). This 
pressure can constrain a grower’s ability to implement sustainable practices, as 
documented by examples in the sections that follow; each section is organized 
by topic to include (1) description of key environmental policies, (2) overview of 
key food safety objectives, and (3) conflicts between the two. Table 3 
summarizes these conflicts. 
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Table 3. Governmental policies and programs that may conflict with food safety 
requirements. 

Environmental policy or Food safety practice Conflict description or 
program in conflict with consequence 

(Federal*, States) environmental policy 
or program 

Water quality and quantity 
Federal Water Pollution 
Control Act (“Clean 
Water Act”)* 

Lack of water quality 
practices (e.g. 
natural filtration of 
runoff by non-crop 
vegetation) 

May impair waters of the 
United States 

Porter-Cologne Water 
Quality Control Acts; and 
Antidegradation Policys 

Lack of water quality 
practices 

May impair waters of the 
State 

Sustainable 
Groundwater 
Management Act 
(SGMA)s 

Preference for 
groundwater usage 
(vs. surface water); 
lack of non-crop 
vegetation; risk from 
flood/pooled water 

Conflicts for groundwater 
use restrictions and 
barriers to recharge efforts 

Irrigated Lands 
Regulatory Programs: 
Waste Discharge 
Requirements 

Lack of non-crop 
vegetation; discing 
fields of crops when 
food safety risk is 
present 

May impede ability to 
comply with riparian 
buffer and nitrogen 
removal requirements 

Preference for Can conflict with SB X7-7 
The Water Conservation 
Act of 2009 (SB X7-7)s 

groundwater usage; 
lack of non-crop 
vegetation; risk from 
flood/pooled water 

water use efficiency 
objectives 

State Water Efficiency Risk from SWEEP promoted 
and Enhancement flood/pooled water practices include tailwater 
Program (SWEEP)s recovery, use of recycled 

water, and stormwater 
capture, which causes 
food safety concern over 
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Environmental policy or Food safety practice Conflict description or 
program in conflict with consequence 

(Federal*, States) environmental policy 
or program 

Wildlife protection 
California Endangered 
Species Acts 

Endangered Species 
Act* 

Migratory Bird Treaty Act* 

Regional Conservation 
Investment Strategy 
(RCIS) Programs 

Habitat Conservation 
Plans (HCPs) *; and 
Natural Community 
Conservation Plans 
(NCCPs)s 

Ecosystem Restoration 
on Agricultural Lands 
(ERAL) Programs 

California Biodiversity 
Initiative: Biodiversity 
Executive Order (EO) B-
54-18s 

Air Quality and Climate 

Lack of non-crop 
vegetation; other 
wildlife deterrents 
(e.g. rodenticide use) 

Lack of non-crop 
vegetation and other 
wildlife habitat 

pooled water and water 
reuse 

Can be directly 
(deterrents) or indirectly 
(habitat) harming 
threatened, endangered, 
and other protected 
species (as well as non-
target species) 

Can interfere with RCIS 
objectives for regional-
scale conservation efforts 

Can interfere with HCP 
and NCCP objectives for 
landscape-scale 
conservation efforts 

Can interfere with ERAL 
wildlife conservation 
objectives 

Can interfere with the EO’s 
efforts to promote native 
vegetation and wildlife 
habitat 

CA Air Resources Board 
Resolution 17-46s: 
California’s 2017 Climate 
Change Scoping Plan; 
and California 2030 
Natural and Working 

Lack of non-crop 
vegetation and other 
soil health practices 
(cover crops, 
compost use, 
silvopasture) 

May conflict with climate 
goals to support carbon 
sequestration on working 
lands 
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Environmental policy or Food safety practice Conflict description or 
program in conflict with consequence 

(Federal*, States) environmental policy 
or program 

Lands Climate Change 
Implementation Plan 

2006 Global Warming 
Solutions Act (AB 32)s 

Senate Bill 1386: 
Resource conservation, 
natural and working 
lands (2016)s 

Healthy Soils Program 
(HSP)s 

Sustainable Agricultural 
Lands Conservation 
(SALC) Programs 

Other 

May conflict with HSP-
promoted practices 

May conflict with SALC 
funding aims to conserve 
agricultural lands and 
reduce GHG emissions, 
including maintaining 
natural habitat 

National Organic Risk associated with 
Program (NOP)* biological soil Conflicts may interfere 

amendments and with common organic 
California Organic Food non-crop vegetation practices 
and Farming Act 
Canella Environmental [See SWEEP and HSP Conflicts with CDFA’s 
Farming Acts above] Environmental Farming 

programs (HSP, SWEEP) 

Environmental Quality 
Incentives Program 
(EQIP)* Risk associated with Conflicts with EQIP, CSP, use of cover crops, and CRP promoted Conservation silvopasture, and filter practices Stewardship Program strips 
(CSP)* 
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Environmental policy or Food safety practice Conflict description or 
program in conflict with consequence 

(Federal*, States) environmental policy 
or program 

Conservation Reserve 
Program (CRP)* 

Biologically Integrated 
Farming Systems 
Program (BIFS)s 

Proactive Integrated 
Pest Management 
Solutions Programs 

DPR’s Pest Management 
Grant Programs 

UC Statewide Integrated 
Pest Management 
Programs 

Lack of non-crop 
vegetation; demands 
for pesticide use (e.g. 
rodenticide, 
herbicide); use of 
synthetic products 
(e.g. fertilizer) 

Conflicts with these 
programs, which promote 
lower chemical inputs and 
sustainable pest 
management practices 
that rely on natural 
predators supported by 
non-crop vegetation 

Water (quality, source) 

Maintaining water quality is important to human and environmental health. 
Vegetative buffers, grassed waterways, and constructed wetlands help 
maintain water quality through natural filtration of harmful microbes, fertilizers, 
and pesticides (Grismer et al. 2006). Growers are encouraged – sometimes 
mandated – to limit nitrogen runoff. Regional Water Quality Control Boards 
(RWQCB) are starting to require growers to monitor and report, as well as limit, 
the amount of nitrogen that is applied and removed from fields (Central Coast 
RWQCB 2020). Water conservation and efficiency practices, such as 
groundwater recharge, are increasingly prevalent amid frequent drought 
conditions statewide: The Sustainable Groundwater Management Act (SGMA) 
recently reached its first submission deadline for groundwater sustainability 
plans, and SWEEP has invested $81.2 million in 836 projects to date (CDFA 
2020d). 

Food safety requirements relating to water quality and source focus on 
minimizing the risk of contact with pathogen-contaminated water. PSR sets 
agricultural water quality standards, where treatment can include the use of 
antimicrobials and chlorine (U.S. FDA 2015b). Buyer food safety requirements 
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can mandate specific no-harvest buffers between harvestable crops and 
pooled water, as well as raise concern over the use of exposed water sources. 

Food safety water quality requirements can conflict with environmental and 
water conservation goals by restricting or eliminating the use of on-farm 
practices that protect water quality and quantity. Chemically treated water 
that is open to the environment (e.g. in ditches, irrigation ponds) may expose 
wildlife to toxins. Growers can lose points on audits if they irrigate with surface 
water—which can be at risk of contamination from uncontrollable sources (e.g. 
wildlife)—rather than groundwater, despite depleted groundwater reservoirs in 
some regions (grower personal communication). PSR requires measures to 
reduce potential “hazards as a result of contact of covered produce with 
pooled water” (U.S. FDA 2015a). Industry standards are stricter: LGMA requires a 
no-harvest buffer of at least 30 feet from flood water, while buyer and shippers 
may require 30-50 feet from irrigation reservoirs, ponds, and catch basins (Table 
1). These requirements may conflict with groundwater recharge and flood 
management efforts (Dahlke et al. 2018). 

Several studies report that, owing to conflicts with food safety requirements, 
growers have discontinued some water quality best management practices 
(Crohn and Bianchi 2008; Lowell, Langholz, and Stuart 2010; Baur et al. 2016). 
Following the 2006 Central Coast E. coli spinach outbreak, 13.3% of riparian 
habitat—in place to help maintain water quality—in the Salinas River Valley was 
eliminated or degraded (Gennet et al. 2013). Despite these efforts to reduce 
food safety risk, E. coli in fresh produce increased after non-crop vegetation 
clearing at farm field borders (Karp, Gennet, et al. 2015) . Growers have 
reported creating no-harvest buffers and even discing under entire fields of 
crops when a perceived risk (e.g. animal feces) is present; discing, however, 
leaves excess nitrogen in the field, which conflicts with enforceable water 
quality regulations that require applied and removed nitrogen reporting (e.g. 
Waste Discharge Requirements). One almond grower reported that guidance 
provided to them by food safety auditors would have resulted in violation of the 
Clean Water Act (gov. employee personal communication). 

Reusing water, saving water, or using water for habitat improvements can 
conflict with food safety. Pooled and flood water, waterbodies (ponds, 
reservoirs, wetlands), and irrigation reuse systems (tailwater recovery ponds), 
may attract animals; 10.8% of surveyed growers lost points on food safety audits 
due to the presence of ponds or waterbodies (Beretti and Stuart 2008). Tailwater 
recovery is an important water efficiency practice but can have higher 
microbial activity than groundwater; the occurrence of Salmonella and 
concentration of E. coli was found to be positively associated with the use of 
surface water compared to groundwater (Partyka et al. 2016). Biological 
material from utilizing dairy effluent for irrigation presents a food safety concern 
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for crops harvested from the ground (gov. employee personal communication). 
Land fallowed under SGMA and other water use restrictions – projected at up to 
1 million acres in the San Joaquin Valley – may be managed with non-crop 
vegetation to support groundwater recharge (Sunding and Roland-Holst 2020). 
Non-crop vegetation is one of the most cited food safety concerns (discussed in 
section 4.2). 

Soil (amendments, cover crops, crop rotation) 

Practices that support soil health are heavily incentivized; $50.5 million of state 
funding was allocated to HSP from 2016-2020 (CDFA 2020b). HSP, EQIP, CSP, and 
many other programs promote practices including compost, crop rotation, and 
cover crops, which can enhance soil microbial abundance, activity, and 
diversity (Kim et al. 2020). The state continues to create incentives for these 
practices, including a recently proposed bill (AB 2106) to fund cover crops, as 
well as other non-crop vegetation, through game bird hunting revenue (Aguiar-
Curry 2020). 

Food safety requirements raise concern over the use of soil amendments 
containing animal materials that may introduce pathogenic E. coli, or other 
pathogens, into the crop. Non-crop vegetation, including cover crops, can 
create issues for food safety when they serve as attractants to wildlife that may 
harbor pathogens. 

PSR sets application and microbial treatment standards for the use of biological 
soil amendments of animal origin; however, they tend to be broadly described, 
which can leave growers subject to varying interpretations for enforcement. 
LGMA does not allow soil amendments that contain raw manure, untreated 
animal products, or un-composted green waste; if they have been applied, 
there is a required one year wait period prior to producing leafy greens (LGMA 
2021). The National Organic Program (NOP) requires a 90-120 day wait-time 
following manure application (Rittenhouse 2015). Buyers may require longer 
waiting periods. As a result of food safety requirements, growers in orchard 
systems are moving toward composted manure; however, current requirements 
can make on-farm composting difficult (grower/industry rep. personal 
communication). Shelling factories would not accept one grower’s almonds if 
compost had been applied to the ground (gov. employee personal 
communication). Soil amendment requirements may result in greater reliance 
on synthetic fertilizers (Baur 2020). 

Wildlife (e.g. deer) are sometimes attracted to non-crop vegetation (e.g. cover 
crops) in ground-harvested nut orchards (gov. employee personal 
communication), which conflicts with some buyer food safety requirements to 
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restrict wildlife. Furthermore, growers will use animals to graze cover crops prior 
to harvest, whose droppings can create food safety concern. Buyers can 
dictate which fields are safe for crop production; some growers may only be 
able to grow one crop type in certain fields, preventing crop rotation 
(grower/industry rep. personal communication). 

Animals (domesticated and wildlife) 

Diversified, mixed crop-livestock farming systems are a sustainable practice (HSP 
promotes silvopasture), where grazing can help enhance soil fertility and recycle 
nutrients (Patterson et al. 2018). Many programs promote on-farm wildlife habitat 
through practices that support non-crop vegetation such as hedgerows (Table 
1). Hedgerows provide habitat for natural pest enemies, potentially reducing the 
need for insecticide, as well as support pollinators and other native wildlife 
(Morandin et al. 2011). Increasing habitat on farms is a key component of 
developing an agricultural landscape that can co-exist with wildlife (Karp, Baur, 
et al. 2015), a goal that is in line with California’s desire to conserve vulnerable 
species. 

The presence of animal activity, wild or domestic, can cause food safety 
concerns. Livestock are known to harbor pathogens in feces, where risk of crop 
contamination can come from both on-farm livestock (e.g. grazing) and runoff 
from nearby animal operations; thus, the integration of livestock into farm 
operations is often prohibited (Patterson et al. 2018; grower personal 
communication). Even wildlife habitat can cause food safety concern. The role 
of wildlife in vectoring pathogens is still relatively unclear (Langholz and Jay-
Russell 2013), and some research supports the safety of ecologic diversity (D. 
Karp 2019; Sellers et al. 2018). Nonetheless, perceived risk can create pressure for 
growers to mitigate animal intrusion. 

Small and medium farms have shown increased interest in diversifying 
operations by integrating livestock, such as poultry, sheep, and pigs, that can 
help support soil health but are discouraged by food safety inspectors 
(grower/industry rep. personal communication). Animals that support natural 
rodent control (e.g. cats) can cause concern over carrying pathogens (e.g. 
toxoplasmosis) into packing houses (UCCE employee personal communication). 

While FSMA does not require farms “to exclude animals…destroy animal 
habitat…or otherwise clear farm borders,” growers may employ these practices, 
especially under pressure from stricter requirements (U.S. FDA 2015a). PSR does 
require growers to check for potential contamination from animals and “take all 
measures reasonably necessary” to determine whether the crop can be 
harvested (U.S. FDA 2015a). LGMA and buyer no-harvest buffer requirements 
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range from five feet to an entire field (Table 1). To minimize the risk of animal 
intrusion, growers report discouraging and even directly eliminating wildlife and 
habitat. The removal of non-crop vegetation (e.g. filter strips, trees) and bare-
ground buffers adjacent to riparian corridors are common practices (Stuart et 
al. 2006; Lowell et al. 2010; Baur et al. 2016; Olimpi et al. 2019); 88.9% of surveyed 
growers took at least one measure to “actively discourage or eliminate wildlife” 
from production areas (Beretti and Stuart 2008). However, fencing to exclude 
wildlife from production areas has been associated with greater bird fecal 
density (Karp 2019), while species that may vector pathogens (e.g. deer mice) 
have been found to prefer less-vegetated sites (Sellers et al. 2018). Auditors 
have required buffers due to the mere presence of trees (Gularte and Pereira 
2019). A farm adjacent to wildlife refuges that also manages on-farm habitat 
reported that wildlife observed by auditors at harvest resulted in crop 
destruction (grower personal communication). Hedgerows, a highly incentivized 
field structure, can result in lost points on food safety audits (grower personal 
communication). Though not a pathogenic food safety concern, birds dropping 
nuts onto production fields pose allergy concerns; if a nut makes its way into a 
(e.g. leafy green) processing facility, operations can halt and lead to crop 
destruction (Gularte and Pereira 2019). Fencing, trapping, and poisoned bait 
traps to prevent wildlife intrusion are also common, which can impact wildlife 
movement and non-target species (Olimpi et al. 2019). 

Pest control (pesticide usage, disease management) 

California has demonstrated substantial interest in integrated pest management 
(IPM), alternatives to synthetic pesticides, and lower chemical inputs; CDFA’s 
Biologically Integrated Farming Systems and Proactive IPM, and DPR’s Pest 
Management grants aim to refine IPM programs designed to reduce chemical 
insecticide inputs (CDFA 2020a; 2020c; CDPR 2020). UC ANR Statewide IPM 
program efforts have helped reduce pesticide usage for over 40 years (Goodell 
et al. 2014). 

Food safety concerns related to pest control are driven by potential for pests to 
directly introduce or spread pathogens, cause damage that makes crops prone 
to pathogens, or remain in a crop sold to consumers. Processors can impose 
strict standards on the percent of damaged crop that they will accept owing to 
threat of contamination. Non-crop vegetation can serve as habitat for rodents, 
and other wildlife, that may harbor pathogens; as a result, food safety 
requirements can involve the removal of this vegetation and maintenance of 
bare-ground buffers. Food safety requirements can include eliminating areas for 
pests to live and breed (i.e. non-crop vegetation removal) to reduce the risk of 
pathogen introduction. 
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Concern about aflatoxin—a carcinogenic toxin correlated with navel 
orangeworm damage in almonds—has caused some processors to require very 
low damage, which is hard to achieve using an IPM approach (Palumbo et al. 
2014) and generally requires an increased use of insecticides. Black widow 
spiders—which naturally feed on crop pests and are venemous to humans— 
have been found in San Joaquin and Coachella Valleys’ table grape vineyards; 
export and consumer concerns may increase insecticide usage (Bentley 2009). 
Removal of non-crop vegetation and maintenance of bare-ground buffers 
frequently involves herbicides. Perceived threats from rodent pests, namely 
pathogenic E. coli, have increased rodenticide use, often required by buyers 
(grower personal communication). LGMA calls for pest control methods 
including avian deterrents (LGMA 2021), and PSR requires pest removal around 
buildings and equipment (U.S. FDA 2015a). Utilizing natural predators instead of 
rodenticides, a key IPM strategy, can create conflicts. One grower withdrew 
their USDA funding application after concern from neighbors that owl boxes—to 
support non-chemical rodent control—would attract birds (gov. employee 
personal communication). 

Natural insect pest management efforts, such as support for beneficial insects 
and using vegetation as wind barriers to decrease pesticide drift, are supported 
through incentivizing practices like hedgerows. Non-crop vegetation conflicts 
with food safety requirements; yet, research has shown pest control can be 
enhanced by non-crop habitat (Karp et al. 2016; Tooker, O’Neal, and 
Rodriguez-Saona 2020). Eliminating beneficial insect habitat to comply with food 
safety requirements can increase insecticide use. 

Policy Implications 

Our findings demonstrate that the difficulty a growers faces in both protecting 
food safety and implementing and maintaining sustainable agricultural 
practices may inhibit the success of governmental policies and programs meant 
to support those sustainable practices. Consequently, growers may have trouble 
achieving regulatory compliance in the face of policies with competing 
objectives. These results further reinforce the role of regulatory, legal, and 
market forces that drive decision making and practice adoption at the farm 
level (Baur 2020). 

If growers face barriers to implementation of practices that enhance biodiversity 
and ecosystem services, then they will have to rely more on practices that can 
be a detriment to the natural environment. Impacts to biodiversity and 
ecosystem services from practices adopted to comply with food safety 
requirements are well-documented (Karp, Baur, et al. 2015; Olimpi et al. 2019). 
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Pollination and natural pest control can decrease in the absence of natural 
vegetation on field margins (Letourneau et al. 2015; Olimpi et al. 2019); semi-
natural vegetation in lettuce fields supported greater natural predation of 
herbivores than farms with simplified landscapes (Karp et al. 2016). Fences along 
river corridors can impede wildlife movement (Lowell, Langholz, and Stuart 
2010). Minimizing non-crop vegetation, maintaining bare ground, and synthetic 
pesticide use can impact water (nutrient loading, aquatic habitat, 
sedimentation), soil (erosion, fertility), air quality (Karp, Baur, et al. 2015), and 
carbon storage and sequestration (Smukler et al. 2010). 

Food safety conflicts can be costly for growers. No-harvest buffers can lead to 
unharvestable crops (Crohn & Bianchi 2008; Calvin et al. 2017); 8% of surveyed 
growers experienced crop rejection due to practices utilized to improve water 
quality or wildlife habitat (Beretti and Stuart 2008). Growers forced to alter 
practices may experience yield loss or increased production costs (especially for 
small and medium growers), with cascading effects for farm consolidation and 
reduced socioeconomic diversity (Hardesty and Kusunose 2009; D. S. Karp, Baur, 
et al. 2015). Conflicts may result in growers facing ethical dilemmas; food safety 
pressure, particularly from large industry firms, can cause a grower who values 
environmental protection to compromise and act against that value (e.g. 
deterring wildlife) (Stuart 2009). These conflicts can also prevent information 
sharing between growers – a key strategy for sustainable practice adoption. In 
the face of regulatory uncertainty with regard to competing objectives and 
conflicting practice requirements, growers may be hesitant to discuss their farm 
management practices in fear of regulatory enforcement (grower/industry rep. 
personal communication); this prevents the spread of best practices through 
farmer-to-farmer knowledge networks. 

Given the challenges discussed in this report, policy-makers and program 
managers can evaluate their policies and programs to (1) help growers balance 
both important food safety and sustainable practices and (2) increase the 
effectiveness and success of policies and programs that aim to 
promote/increase adoption of sustainable, environmentally friendly, and 
climate-smart practices. This may include considering the following: list of eligible 
practices for incentive funding; metrics for policy/program and practice 
adoption success; environmental mandatory/regulatory requirements should 
not compromise food safety. Environmental program and policy managers 
should participate in conversations between regulators, growers, distrubutors on 
how to best support on-farm co-management for food safety and 
environmental sustainability. 
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Next steps 

In the face of market pressure toward increasingly stringent food safety 
requirements, the adoption of sustainable practices—led by investments in 
governmental policies and programs—may be minimal. This analysis highlights 
that a broader, more inclusive conversation is needed to address conflicts 
growers face in on-farm management practices. There is a need for more 
research around how to achieve food safety objectives while also using 
sustainable practices. Greater awareness of the conflicts and impacts, and 
communication between sustainable agricultural program managers and 
policymakers, along with industry firms crafting food safety requirements, is key in 
order to better achieve a system that supports safe and sustainable food 
production. 
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