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Inconsistent food safety pressures complicate environmental 
conservation for California produce growers
by Patrick Baur, Laura Driscoll, Sasha Gennet and Daniel Karp

Controlling human pathogens on fresh vegetables, fruits and nuts is imperative 
for California growers. A range of rules and guidelines have been developed since 
2006, when a widespread outbreak of E. coli O157:H7 was linked to bagged spinach 
grown in California. Growers face pressure from industry and government sources 
to adopt specific control measures on their farms, resulting in a complex, shifting set 
of demands, some of which conflict with environmental stewardship. We surveyed 
588 California produce growers about on-farm practices related to food safety and 
conservation. Nearly all respondents considered both food safety and environmental 
protection to be important responsibilities for their farms. Responses indicate that 
clearing vegetation to create buffers around cropped fields, removing vegetation 
from ditches and ponds, and using poison bait and wildlife fences are commonly used 
practices intended to reduce wildlife movements onto farm fields. The survey also 
revealed that on-farm practices vary substantially even among farms with similar 
characteristics. This variability suggests inconsistencies in food safety requirements, 
auditors’ interpretations or growers’ perception of the demands of their buyers. 
Although site-specific considerations are important and practices should be tailored to 
local conditions, our findings suggest growers, natural resources and food safety would 
benefit from clearer, more consistent requirements.

California leads the nation in pro-
duction of vegetables, fruits and 
nuts (CDFA 2014) and its fresh 

produce industry is composed of an 
exceptional diversity of crops and farm 
types. Beginning in the late 1990s and ac-
celerating after prominent incidents such 
as the 2006 outbreak of E. coli O157:H7 
linked to bagged spinach, new rules and 

best practice guidelines to mitigate food-
borne pathogen contamination propa-
gated rapidly through the fresh produce 
industry (Stuart 2010). The multiple layers 
of rules and guidance developed over the 
past decade present growers with a com-
plex landscape of pressures to adopt and 
intensify on-farm practices intended to 

improve food safety, some of which may 
conflict with efforts to conserve natural 
resources. 

Alongside continually developing 
expectations for food safety, growers 
are also expected to conserve water and 
soil and are legally obligated to protect 
water quality as well as wildlife and its 
habitat. Many of the state’s major agri-
cultural regions, such as the San Joaquin, 
Sacramento, Santa Clara and Salinas River 
valleys are located in or near ecologically 
sensitive river corridors and floodplains. 
These ecosystems host fertile soils, are 
sources of fresh water, and also provide 
habitat for many species of birds, am-
phibians and other wildlife. On-farm 
practices, including those related to food 
safety, can have direct and indirect con-
sequences to the benefits provided from 
these ecosystems (Karp et al. 2015; Karp et 
al. 2016; Karp, Baur et al. 2015; Letourneau 
et al. 2015).

Food safety measures and 
impacts
Early evidence suggested that pres-
sures to improve food safety after 2006 
led growers to adopt on-farm practices 
with substantial economic and envi-
ronmental costs (Lowell 2010). Surveys 
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A survey of California produce growers 
suggests that food safety measures and use of 
conservation practices such as this tailwater 
recovery system (foreground) in the Salinas 
Valley vary widely across the state. 
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and interviews of Central Coast growers 
conducted in 2007 (Beretti and Stuart 
2008) and 2009 (Beretti 2009; Lowell et 
al. 2010) revealed that “as a condition to 
sell their produce, growers report yield-
ing to tremendous pressure exerted by 
auditors, inspectors, and other food 
safety professionals to take measures 
that are potentially damaging to the 
environment” (Lowell et al. 2010). Such 
measures included clearing vegetation 
(including removing existing vegetated 
conservation practices), removing ponds 
or water bodies, setting poison bait traps 
for wild animals and installing extensive 
wildlife exclusion fences. In a separate 
study of land use change using aerial 
imagery, Gennet et al. (2013) confirmed 
that approximately 13% of the remaining 
riparian habitat in the Salinas Valley was 
removed between 2005 and 2009.

There is no clear evidence that on-farm 
practices to reduce animal intrusions 
are effective at enhancing food safety 
(Langholz and Jay-Russell 2013). Further, 
emerging evidence suggests that removal 
of non-crop vegetation fails to reduce, 
and may even increase, pathogen preva-
lence on leafy-green vegetable farms 
in the California Central Coast (Karp 
et al. 2015), while degrading important 
ecosystem benefits such as natural pest 
control services (Letourneau et al. 2015, 
Karp et al. 2016). Removing vegetation 
is expensive and at times conflicts with 
landowners’ acknowledged environmen-
tal stewardship responsibilities (Crohn 
and Bianchi 2008; Gennet et al. 2013; 
Hardesty and Kusunose 2009; Stuart 
2009). Furthermore, such approaches may 
conflict with California’s regulatory tar-
gets for surface water quality. They may 
also conflict with standards for USDA’s 
Natural Resources Conservation Service 
conservation practices, limiting grow-
ers’ access to Farm Bill or other federal 
sources of funding. In addition, activities 
specifically adopted to remove or deter 
wildlife from entering fields — such as 
poison bait, trapping and extensive wild-
life exclusion fences — may expose grow-
ers to criticism from wildlife conservation 
interests and public expectations of farm-
ers to protect native plants, animals and 
environmental quality.

Many layers of pressure
The pressures on growers to improve food 
safety originate from government regula-
tors such as the Food and Drug Admin-
istration (FDA), from private third-party 
auditors and certifiers, and from retail 
and foodservice companies that purchase 
produce. The cumulative effect of these 
multiple layers of pressure on growers 
and the food safety measures they feel 
obligated to implement has not been as-
sessed industry-wide.

Food safety regulation at the farm 
level is a recent development. Before FDA 
finalized its Produce Safety Rule (80 Fed. 
Reg. 74353) in 2015 pursuant to the Food 
Safety Modernization Act of 2011, there 
was no direct federal oversight. The rule 
was written in general terms to provide 
growers with the flexibility to adopt the 
food safety measures that they deem most 
appropriate for their farm. For example, 
with respect to how growers should 
manage animal intrusion, the rule only 
requires that growers visually monitor 
the growing area prior to harvest and 
take “measures reasonably necessary” in 
case an animal does find its way into the 
field. It leaves precise interpretation of 
what those measures should entail open 
to the discretion of growers, inspectors, 
auditors and produce buyers. The rule 
sets more specific standards for detect-
able amounts of bacteria in biological soil 

amendments and agricultural water. But 
while it does detail approved compost-
ing and pathogen testing methodologies, 
the rule gives growers latitude to choose 
their own irrigation and soil amendment 
practices and technologies. FDA, USDA 
and various partner organizations are ac-
tively developing additional guidance and 
training resources to assist growers in 
interpreting and implementing the rule, 
but it will take years to reach everyone. In 
the meantime, it is unclear precisely how 
growers will respond.

That said, while much attention has 
been given to the minimum legal require-
ments set by government regulators, it is 
critical to understand that government 
oversight will not account for all, or 
even necessarily the primary, pressure 
on growers to improve food safety on 
their farms. Because food safety rules as 
written are frequently open-ended and 
regulators have very limited resources to 
monitor or enforce compliance, many pro-
duce buyers seek additional assurance by 
requiring their growers to receive certifi-
cation to one or more private standards. 
Maintained by third-party certifiers, 
these private standards add an additional 
burden of compliance to government 
regulation (Bain et al. 2013; Henson and 
Humphrey 2009).

Regulations and private standards are 
generally publicly available, but there are 

Traps and wildlife exclusion fences are commonly 
used measures intended to reduce animal 

intrusions onto fields.
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two further layers of more opaque pres-
sure. First, government inspectors and 
third-party auditors decide whether or 
not the on-farm practices used by a given 
grower comply with regulations or pri-
vate standards, respectively. Inspectors 
and auditors thus shape the ways in 
which growers put rules and standards 
into practice, yet it is very difficult to 
gauge their consistency and level of influ-
ence. Second, produce buyers may im-
pose additional, case-specific production 
specifications on their suppliers through 
purchasing contracts or even verbal 
communication.

From pressure to practice

Little scholarship has examined how 
these varied and dynamic pressures 
have played out on California farms 
since 2009 or assessed whether and to 
what extent pressures and practices 
vary by crop type and farm size. Several 
developments in the past 7 years lend 
urgency to the need for updated and 
expanded data in these areas. First, in re-
sponse to the reported tension between 
managing for food safety and managing 
for environmental quality (Crohn and 
Bianchi 2008; Stuart 2009), UC Coop-
erative Extension in collaboration with 
USDA’s Natural Resource Conservation 
Service and others has developed guid-
ance for and sought to raise awareness 
of co-management, an adaptive strategy 
that seeks to reduce food safety risks 
without impairing environmental goals 
(ANR 2015; FFSCN 2015). Second, the 
aforementioned Produce Safety Rule 
now requires growers to meet national 
standards for agricultural water, soil 
amendments (specifically compost) and 
preventive programs to mitigate contam-
ination risk from wildlife and livestock. 
Third, the ongoing drought in California 
and heightened water quality control 
regulations for agriculture — such as 
the Central Coast Water Quality Control 
Board’s Conditional Waiver of Waste 
Discharge Requirements (Agricultural 
Order No. R3-2012-0011) under Califor-
nia’s 1969 Porter-Cologne Act, the first 
order that does not allow waivers for 
agricultural contamination to waterways 
— may give new impetus for growers 
to preserve riparian and wetland veg-
etation that helps reduce nutrient con-
tamination and implement other water 
conservation practices. Lastly, public 

health officials and media continue to 
draw attention to the persistent risk of 
foodborne illness associated with fresh 
produce (Bakalar 2015; FDA 2014; Painter 
et al. 2013).

As these ongoing developments in-
tensify scrutiny of field-level production, 
there is a pressing need to assess the cur-
rent state of on-farm practices and grower 
perspectives for food safety and conserva-
tion. To help address the need for such 
data, we collaborated with the California 
Farm Bureau Federation (CFBF) in 2014 to 
survey growers across the state.

Survey design and 
implementation
The survey (ucanr.edu/u.cfm?id=141) was 
designed to produce baseline informa-
tion about ongoing food-safety practices 
for industry, policymakers, regulators, 
the Cooperative Extension community, 
conservation interests and academic 
researchers. In developing the survey 
instrument, we examined the questions 
asked in the 2007 and 2009 surveys and 
gathered suggestions on further questions 
to include from stakeholders at the CFBF 
and the Farm Food Safety and Conserva-
tion Network. We aimed to assess (1) the 
current prevalence of various on-farm 
practices for food safety and conservation 
in California; (2) the effect of farm size 
and organic status on whether growers 
use a certain practice; (3) where and how 
growers access information about food 
safety and conservation; and (4) growers’ 
broader perspectives on food safety and 
environmental management.

The first draft of the survey instru-
ment was shared with a focus group of 
five CFBF members for comment. Based 
on feedback from the focus group, the 
instrument was revised and piloted 
with 28 members of the CFBF’s Specialty 
Crop Commodity Advisory Committee. 
After a final round of revisions, CFBF 
staff delivered the survey instrument 
electronically to the CFBF email listserv. 
Responses were collected during the 
month of October 2014, and one reminder 
email was sent two weeks after the initial 
recruitment email.

Survey limitations
To preserve privacy and with the under-
standing that on-farm practices can be a 

sensitive subject for growers, responses to 
this survey were collected anonymously. 
In addition, the identity and job title or 
operational role of specific respondents 
were not controlled or recorded. As with 
all surveys, responses reflect the personal 
interpretations and attitudes of respon-
dents. There is thus a possibility of false 
or incorrect answers. Respondents were 
allowed to skip individual questions, 
opening the possibility for underreport-
ing on sensitive topics. For example, some 
growers may have chosen not to disclose 
whether they currently use poison bait 
or copper sulfate, or whether they clear 
vegetation in or near riparian areas, as 
these management practices may exist in 
a legal gray area depending on the area of 
production. That said, we did not observe 
the response rates for these practices to be 
markedly lower than for the less sensitive 
practices queried.

Survey respondents
The survey yielded responses from 588 
produce growers who reported more 
than $25,000 annual sales for their opera-
tion. Of these respondents, 536 reported 
growing fruits and nuts and 118 reported 
growing vegetables and melons (66 re-
spondents reported growing at least one 
crop in each category). About one-fifth 
(21%) of respondents reported growing at 
least some certified organic produce, with 
7% reporting growing exclusively certi-
fied organic produce.

To estimate our survey response rate, 
we compared our respondents to the sub-
population of CFBF members growing 
fruits and nuts or vegetables and melons, 
who have operations with annual sales 
above $25,000. When the survey was sent 
in 2014, CFBF had 29,519 agricultural 
members, 10,905 of whom were on the 
organization’s email listerv. Fruit and 
nut growers represented 41% of CFBF 
members on the listserv, while vegetable 
and melon growers represented 15%. 
We therefore estimate the survey instru-
ment was emailed to 4,471 fruit and nut 
growers and 1,636 vegetable and melon 
growers. 

CFBF does not track its members’ 
annual sales. Additionally, the survey 
did not indicate the percentage of sales 
by commodity for each respondent. 
However, we estimate response rates 
by assuming that the distribution of 
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operations by annual sales is similar be-
tween CFBF members and the full popu-
lation of California growers as reported 
in the 2012 census of agriculture (USDA 
2014). This would mean the survey was 
distributed to approximately 2,618 fruit 
and nut growers and 684 vegetable and 
melon growers with annual sales above 
$25,000, yielding estimated response 
rates of 20% for fruit and nut grow-
ers and 17% for vegetable and melon 
growers.

The CFBF membership is not neces-
sarily representative of all California 
growers, and as such our respondents 
should be conservatively interpreted as 
a convenience sample. To assess the po-
tential selection bias resulting from this 
non-probabilistic sample, we compared 
the proportion of respondents by crop 
type and annual sales to the statewide 
proportions reported in the 2012 census 
of agriculture (USDA 2014). Statewide, 
the ratio of fruit and nut operations to 
vegetable and melon operations with 
more than $25,000 in annual sales is ap-
proximately 9:1. The statewide ratio of 
produce operations (fruit, nut, vegetable 
and melon) with annual sales between 
$25,000 and $500,000 to those with an-
nual sales greater than $500,000 is about 

3:1. Among our respondents, the ratios 
are about 4:1 and 1:1, respectively, mean-
ing that our sample over-represents both 
vegetable and melon growers and farm 
operations with more than $500,000 in 
annual sales.

Farm categories

In our analysis, we compare respondents 
by the annual sales reported for their 
farms. Based on FDA’s definitions of farm 
size used in the Produce Safety Rule (21 
CFR §112.3), we define “large” farms as 
respondents who reported annual sales 
of $500,000 or more per year and “small” 
farms as those who reported annual 
sales between $25,000 and $500,000 per 
year; we excluded respondents report-
ing sales under $25,000 per year. Differ-
ent market channels represent different 
clusters of consumer demand, and thus 
may be associated with different types 
and intensities of food safety pressure. 
In our sample, respondents reporting 
annual sales of at least $500,000 per year 
also reported selling primarily to broker, 
wholesaler, packer/shipper and proces-
sor market channels, while respondents 
reporting annuals sales under $500,000 
per year were more likely to report sell-
ing primarily to farmers market and 

community supported agriculture (CSA) 
channels. 

In addition to annual sales, different 
crops are associated with different agro-
nomic practices and present different food 
safety risk profiles. In recognition of these 
differences, we analyze respondents who 
reported growing vegetable and melon 
crops separately from those who reported 
growing fruit and nut crops (including 
strawberries).

On-farm practices
The survey asked respondents to indi-
cate when, if ever, they had used any of 
a list of 11 on-farm practices specifically 
because of a food safety concern. Respon-
dents were also asked to indicate use of 
a list of 22 conservation practices on land 
they farm. We implemented generalized 
linear mixed models (GLMMs) to assess 
whether and to what extent farm size and 
organic status affect the likelihood that 
a grower uses on-farm practices for food 
safety (fig. 1) or conservation (fig. 2).

Fruit and nut growers were analyzed 
separately from vegetable and melon 
growers. Predictor variables (fixed ef-
fects) included whether growers operated 
a large versus small farm, and whether 

Organic farm
Conventional farm

Large farm
Small farm

Organic farm
Conventional farm

Large farm
Small farm

+ +

+ +

*

**

*

*

++

+

Cleared vegetation for bare-ground bu�er

Copper sulfate

Poison bait

Nonpoison traps

Depredation (removed pest animals)

Falconers or owl boxes

Wildlife fences

Treated irrigation water

Stopped use, drained or �lled ditch or farm pond

Removed vegetation from ditches or farm pond

Planted low-risk crops or fallowed land

0% 50% 100%

P(In use) P(In use) P(In use) P(In use)

Fruits and nuts Vegetables and melons

0% 50% 100% 0% 50% 100% 0% 50% 100%

Fig. 1. On-farm practices for food safety among California produce growers. Points are mean model-predicted probabilities that a respondent reported using 
the on-farm practice for food safety. The left panel reports probabilities for fruit and nut growers (n = 282 to 306), while the right reports probabilities for 
vegetable and melon growers (n = 74 to 79). For each type of grower, the second column compares organic versus conventional producers and the second 
column compares large farms versus small farms. Lines are confidence intervals, asterisks (*) denote significance under likelihood ratio tests after multiple 
test correction, and plus signs (+) denote significance without multiple test correction. Too few vegetable and melon growers reported using copper 
sulfate to model the effect of organic status or farm size. Model parameters, practice-specific n-values, and P-values are presented in table S1 (ucanr.edu/u.
cfm?id=142).
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they grew organically versus convention-
ally. The primary market channel for each 
grower was accounted for as a random 
effect. We first built separate models with 
binomial errors and logit links for each 
on-farm practice. We then used likelihood 
ratio tests to assess the significance of pre-
dictor variables, comparing nested models 
with and without each predictor variable 
(Zuur et al. 2009). Because each on-farm 
practice was modeled individually, we 
used false discovery rates to account for 
multiple tests.

Practices for food safety

Most respondents (88%, n = 314) reported 
using at least one of the 11 on-farm 

practices for food safety queried in the 
survey, with about half (48%) reporting 
using at least four such practices (data 
not shown). Among fruit and nut growers 
(n = 282 to 306, see tables 1 and S1 [ucanr.
edu/u.cfm?id=142] for detailed results), 
53% reported using nonpoison traps and 
52% reported using poison bait because of 
a food safety concern. Rates were similar 
across organic/conventional status and 
farm size, although our models show that 
large farms growing fruits and nuts were 
more likely than small farms to use poi-
son bait (60% vs. 45%). 

A higher proportion of vegetable and 
melon growers reported using nonpoison 
traps (68%), but fewer overall reported 

using poison bait (47%). However, among 
vegetable and melon growers (n = 74 to 
79), our models show that large farms 
were significantly more likely than small 
farms to report using nonpoison traps 
(80% vs. 47%) and poison bait (63% vs. 
18%).

Reported use of wildlife fences was 
relatively low among fruit and nut grow-
ers (26%), but 48% of vegetable and melon 
growers reported using wildlife fences. 
No significant difference was detected 
across organic status or farm size for ei-
ther group. 

Similarly, less than half of fruit and 
nut growers (38%) reported removing 
vegetation from ditches or farm ponds; 

Organic farm
Conventional farm

Large farm
Small farm

Organic farm
Conventional farm

Large farm
Small farm

P(In use) P(In use) P(In use) P(In use)
0% 50% 100%

Fruits and nuts Vegetables and melons

0% 50% 100% 0% 50% 100% 0% 50% 100%

Raw soil amendment (c)

Fully composted soil amendment (b)

Physically heat-treated soil amendment (a)

Crop rotation

Cover cropping

No-till agriculture

Vegetated treatment system

Vegetated filter or buffer strips

Tailwater recovery ponds

Sediment or stormwater basin

Riparian/stream bank restoration

Grassed waterways or roads

Hedgerow or windbreak

Flower or native plant strips for native pollinators

Flower or native plant strips for pest predators

Integrated pest management (IPM)

Beetle banks

Native bee nest boxes

Release of biocontrol agents

Constructed wetland

Bird nest boxes

*

*

*

*

*

+

+

+
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*
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*

*

*
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*

+

+

*

*

*

*
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Fig. 2. On-farm conservation practices among California produce growers. Points are mean model-predicted probabilities that a respondent reported using 
the conservation practice. The left panel reports probabilities for fruit and nut growers (n = 280 to 305), while the right reports probabilities for vegetable 
and melon growers (n = 72 to 80). For each type of grower, the first column compares organic versus conventional producers and the second column 
compares large farms versus small farms. Lines are confidence intervals, asterisks (*) denote significance under likelihood ratio tests after multiple test 
correction, and plus signs (+) denote significance without multiple test correction. For rows in which model parameters are not reported, either too few 
growers reported using the practice (e.g., beetle banks), or too few reported not using the practice (e.g., crop rotation), to model the effect of organic status 
or farm size; see table 2. Model parameters, practice-specific n-values and P-values are presented in table S2 (ucanr.edu/u.cfm?id=143).
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large farms were slightly more likely to 
report removing vegetation than were 
small farms. The majority of vegetable 
and melon growers (56%) reported 
removing vegetation from ditches or 
farm ponds; no significant difference 
was detected across organic status or 
farm size. 

A total of 40% of fruit and nut growers 
and 45% of vegetable and melon growers 
reported clearing vegetation to create buf-
fers; no significant differences were found 
across organic status or farm size. Very 
few respondents (<20%) in either pro-
duce category reported stopping use of, 
draining, or filling ditches or farm ponds 
because of a food safety concern. One in 
four fruit and nut growers and 17% of 
vegetable and melon growers reported 
using copper sulfate due to a food safety 
concern; large fruit and nut farms were 
significantly more likely to report use 
of copper sulfate than were small farms 
(37% vs. 16%).

Conservation practices

Most respondents (91%, n = 292) reported 
using at least one of the 20 conservation 
practices queried in the survey and about 

half (54%) reported using at least 5 such 
practices (data not shown). However, 
very few of the 20 conservation practices, 
when considered individually, were 
reported to be in widespread use (see 
tables 2 and S2 [ucanr.edu/u.cfm?id=143] 
for detailed results). Less than a quarter 
of growers reported currently using con-
structed wetlands, vegetated water treat-
ment systems, raw soil amendment (e.g., 
manure), grassed waterways and roads, 
riparian restoration, bee nest boxes, or 
beetle banks. In addition, among just 
fruit and nut growers, less than a quarter 
reported currently using a fully compos-
ted soil amendment (i.e., compost), heat-
treated soil amendments (e.g., chicken 
manure pellets), or tailwater recovery 
ponds. 

The most commonly reported con-
servation practice in both groups was 
integrated pest management (IPM), 
with 74% of fruit and nut growers and 
80% of vegetable and melon growers 
reporting currently using IPM. Our 
models show that large farms in both 
groups were significantly more likely 
to use IPM than were small farms. 
Most vegetable and melon growers also 

reported using cover crops (66%) and 
crop rotation (88%).

Despite low overall use, significant dif-
ferences in reported use between small 
and large farms were found for many con-
servation practices. Among fruit and nut 
growers (n = 280 to 305), our models show 
that large farms were significantly more 
likely than small farms to use biocontrol 
agents (44% vs. 21%), sediment or storm-
water basins (34% vs. 17%), tailwater re-
covery ponds (26% vs. 10%), crop rotation 
(40% vs. 18%), and physically heat-treated 
soil amendments (31% vs. 9%). 

Among vegetable and melon grow-
ers, large farms were significantly more 
likely than small farms to use sediment 
or stormwater basins (55% vs. 14%) and 
tailwater recovery ponds (49% vs. 11%). 
However, among these growers (n = 72 to 
80), small farms were significantly more 
likely than large farms to use native bee 
nest boxes (35% vs. 9%), vegetated strips 
for native pollinators (60% vs. 28%), and 
fully composted soil amendments (50% 
vs. 19%). Not surprisingly, organic grow-
ers in both categories were more likely 
than conventional growers to report using 
biocontrol agents and vegetated strips 

TABLE 1. On-farm practices for food safety among fruit/nut and vegetable/melon growers reported by farm size (annual sales)

Conservation 
practice

Fruits and nuts Vegetables and melons

More than $500,000 
annual sales

Less than $500,000 
annual sales All

More than $500,000 
annual sales

Less than $500,000 
annual sales All

n Use
Don’t 

use n Use
Don’t 

use n Use
Don’t 

use n Use
Don’t 

use n Use
Don’t 

use n Use
Don’t 

use

Planted low-risk 
crops or fallowed 
land

141 82% 18% 154 93% 7% 295 88% 12% 53 60% 40% 28 68% 32% 81 63% 37%

Removed vegetation 
from ditches or farm 
ponds

149 55% 45% 157 69% 31% 306 62% 38% 54 37% 63% 27 59% 41% 81 44% 56%

Stopped use, 
drained, or filled 
ditch or farm pond

141 87% 13% 155 92% 8% 296 90% 10% 52 77% 23% 28 86% 14% 80 80% 20%

Treat irrigation water 142 82% 18% 155 91% 9% 297 87% 13% 52 69% 31% 28 89% 11% 80 76% 24%

Wildlife fences 144 72% 29% 158 77% 23% 302 74% 26% 53 43% 57% 29 69% 31% 82 52% 48%

Falconers or owl 
boxes

148 48% 52% 160 62% 38% 308 55% 45% 53 68% 32% 29 72% 28% 82 70% 30%

Depredation 
(removed pest 
animals)

142 54% 47% 161 60% 40% 303 57% 43% 53 40% 60% 28 64% 36% 81 48% 52%

Nonpoison traps 146 45% 55% 166 48% 52% 312 47% 53% 54 20% 80% 30 53% 47% 84 32% 68%

Poison bait 151 40% 60% 168 55% 45% 319 48% 52% 54 37% 63% 31 81% 19% 85 53% 47%

Copper sulfate 145 63% 37% 161 85% 16% 306 75% 25% 51 75% 26% 30 97% 3% 81 83% 17%

Cleared vegetation 
to create or expand 
buffers

150 62% 38% 165 58% 42% 315 60% 40% 54 54% 46% 30 57% 43% 84 55% 45%
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for native pollinators and pest predators. 
Organic fruit and nut growers were also 
more likely than their conventional coun-
terparts to use cover crops, crop rotation 
and physically heat-treated organic soil 
amendments.

Access to information 
The survey asked respondents to indicate 
from whom they get information about 
best practices for food safety and for con-
servation. We summarize the responses 

(n = 336, undifferentiated by size or crop) 
in figure 3. It should be noted that these 
questions were asked at the end of the 
survey, and the response rate is lower 
most likely due to survey fatigue. It is 
possible that respondents might not have 

TABLE 2. On-farm conservation practices among fruit/nut and vegetable/melon growers reported by farm size (annual sales)

Conservation practice

Fruits and nuts Vegetables and melons

More than $500,000 
annual sales

Less than $500,000 
annual sales All

More than $500,000 
annual sales

Less than $500,000 
annual sales All

n Use
Don’t 

use n Use
Don’t 

use n Use
Don’t 

use n Use
Don’t 

use n Use
Don’t 

use n Use
Don’t 

use

Bird nest boxes 150 53% 47% 166 46% 54% 316 49% 51% 52 23% 77% 29 35% 66% 81 27% 73%

Constructed wetland 139 9% 91% 161 5% 95% 300 7% 93% 51 10% 90% 26 4% 96% 77 8% 92%

Release of biocontrol 
agents

144 44% 56% 164 21% 79% 308 32% 68% 52 39% 62% 29 21% 79% 81 32% 68%

Native bee nest boxes 142 16% 85% 160 21% 79% 302 18% 82% 53 9% 91% 29 35% 66% 82 18% 82%

Beetle banks 140 2% 98% 153 4% 96% 293 3% 97% 51 2% 98% 28 4% 96% 79 3% 97%

Integrated pest 
management (IPM)

155 85% 16% 165 64% 36% 320 74% 26% 56 93% 7% 30 57% 43% 86 80% 20%

Flower or native plant 
strips to attract natural 
pest predators

141 28% 72% 163 26% 74% 304 27% 73% 53 40% 60% 28 61% 39% 81 47% 53%

Flower or native 
plant strips for native 
pollinators

145 32% 68% 162 28% 72% 307 30% 70% 51 28% 73% 30 60% 40% 81 40% 60%

Hedgerow or 
windbreak

144 30% 70% 163 21% 79% 307 25% 75% 53 30% 70% 26 27% 73% 79 29% 71%

Grassed waterways or 
roads

143 25% 76% 161 21% 79% 304 23% 77% 53 17% 83% 27 26% 74% 80 20% 80%

Riparian/stream bank 
restoration

141 21% 79% 159 15% 86% 300 18% 82% 53 15% 85% 27 26% 74% 80 19% 81%

Sediment or 
stormwater basin

144 34% 66% 161 17% 83% 305 25% 75% 53 55% 45% 28 14% 86% 81 41% 59%

Tailwater recovery 
ponds

139 26% 74% 160 10% 90% 299 17% 83% 53 49% 51% 28 11% 89% 81 36% 64%

Vegetated filter or 
buffer strips

141 29% 71% 159 22% 78% 300 25% 75% 53 38% 62% 27 33% 67% 80 36% 64%

Vegetated treatment 
system

136 6% 94% 159 9% 91% 295 7% 93% 52 8% 92% 27 15% 85% 79 10% 90%

No-till agriculture 150 52% 48% 163 42% 58% 313 47% 53% 53 21% 79% 29 35% 66% 82 26% 74%

Cover cropping 149 45% 55% 163 37% 63% 312 41% 59% 54 65% 35% 29 69% 31% 83 66% 34%

Crop rotation 145 40% 60% 160 18% 82% 305 29% 71% 55 89% 11% 30 87% 13% 85 88% 12%

Physically heat treated 
soil amendments 
containing animal 
manure

144 31% 69% 160 9% 91% 304 19% 81% 53 36% 64% 28 25% 75% 81 32% 68%

Fully composted, not 
physically heat treated, 
soil amendments 
containing animal 
manure or animal 
products

144 28% 72% 162 21% 79% 306 24% 76% 52 19% 81% 30 50% 50% 82 30% 70%

Raw manure, green 
waste or other 
non-composted 
soil amendment 
containing animal 
products

140 10% 90% 161 8% 93% 301 9% 91% 52 6% 94% 26 15% 85% 78 9% 91%
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answered these questions because they 
felt uncomfortable with the topic, but no 
concerns were raised on these questions 
during either phase of piloting.

Respondents reported receiving in-
formation on food safety and conserva-
tion (“any information” category in fig. 
3) primarily from other growers (75% of 
respondents), government agencies (74%), 
Cooperative Extension advisors (70%) and 
trade associations (69%). For information 
exclusively about food safety, however, 
more respondents rely on their buyers 
(42%), third-party auditors/inspectors 
(28%) and trade associations (24%) than on 
government agencies (18%) or Cooperative 
Extension advisors (13%). Furthermore, 
respondents with large farms were signif-
icantly more likely (P < 0.01 using a Z-test 
to compare proportions) than respondents 
with small farms to rely on third-party 
auditors/inspectors (46% vs. 11%) and 
their buyers (50% vs. 34%) exclusively for 
food safety information (data not shown). 
For information about conservation, 
conversely, Cooperative Extension and 
government stand out, with 57% and 55% 
of all respondents seeking some form of 
conservation information from them, re-
spectively (“Only conservation” category 
in fig. 3). There was no statistically signifi-
cant difference between large and small 
farms for information only about conser-
vation (data not shown).

The survey also asked growers to 
rank the factors of importance in resolv-
ing their buyers’ food safety concerns. 
Respondents with large farms were much 
more likely to rank certification more 
important and to rank the length of the 
relationship with their buyer and buyer 
site visits less important than were grow-
ers with small farms (fig. 4).

Respondents were also asked how they 
prefer to get information and what top-
ics are of most use to them. On a scale of 
1 (most) to 6 (least) useful, respondents 
ranked in-person workshops (2.6) and 
written guidance available either online 
(2.7) or in paper format (2.8) significantly 
more highly than online webinars/train-
ings (3.9) or videos (4.1). Using a bootstrap 
method with case resampling to estimate 
95% confidence intervals for the rankings, 
no significant differences were observed 
across crop type or farm size (data not 
shown).

Most respondents (n = 374, undifferen-
tiated by size or crop) wanted information 

on regulatory requirements (82%), de-
tailed best practice guidance (72%), what 
technologies and tools are available (69%), 
implementation costs (63%), and evidence 
of the effectiveness of tools and prac-
tices for managing food safety hazards 
(62%). Around half of respondents 
felt that information about how to 
co-manage food safety and agri-
cultural conservation (59%), how 
to prepare for a food safety audit 
(52%), and guidance/tools for 
developing good agricultural 
practices (GAPs) (52%) would 
be useful. Only 39% felt that 
information about avail-
able consulting services 
would be of use. No sig-
nificant differences were 
observed across crop 
type or farm size.

Grower percep-
tions, opinions
The survey asked re-
spondents whether they 
agreed or disagreed 
with a set of statements 
about food safety and 
conservation. Again, 
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Fig. 3. Sources of food safety and conservation information for California produce growers (n = 336). 
Lines denote 95% confidence intervals.

Small vegetable and melon farms (n = 15–29)
Large vegetable and melon farms (n = 53–56)
Small fruit and nut farms (n = 107–145)
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Fig. 4. Factors of importance in resolving buyer food safety concerns. 
The vertical axis measures the average rank for each factor by grower 
group. n values vary as not all respondents chose to rank all six factors, 
see legend. Error bars represent 95% confidence intervals, estimated 
using a bootstrap method with case resampling.
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response rates for these questions are 
lower (data not shown), most likely due to 
survey fatigue. 

Past surveys have indicated that many 
on-farm practices for food safety are both 
costly (Hardesty and Kusunose 2009) 
and pose an ethical dilemma for growers 
(Stuart 2009). Among our respondents, 
however, most fruit and nut growers (78%, 
n = 279) and vegetable and melon growers 
(71%, n = 77) believed that their on-farm 
practices for food safety are compatible 
with their environmental stewardship 
goals; only 8% and 16%, respectively, per-
ceived a conflict. 

Most respondents were confident that 
they had or could easily get information 
on food safety; only 17% of fruit and nut 
growers (n = 273) and 16% of vegetable 
and melon growers (n = 77) responded 
that they could not.

Furthermore, the overwhelming major-
ity of fruit and nut growers and vegetable 
and melon growers agreed or strongly 
agreed that it is their responsibility to 
protect food safety (92%, n = 305, and 96%, 
n = 82, respectively) and water quality 
and the environment (93%, n = 309, and 
95%, n = 81, respectively) on their farm.

That said, many respondents perceived 
problems with the auditing process. Only 
42% of fruit and nut growers (n = 187) 
and 50% of vegetable and melon grow-
ers (n = 62) reported that they agree with 
government or third-party auditors when 
those auditors identify potential food 
safety risks. Moreover, just 16% of fruit 
and nut growers (n = 191) and 18% of veg-
etable and melon growers (n = 62) agreed 
that auditors are consistent. 

When asked if they agreed that their 
products are safer following food safety 
certification, 39% of fruit and nut growers 
(n = 170) and 39% of vegetable and melon 
growers (n = 61) disagreed or strongly 
disagreed. The response rate for ques-
tions asking about auditors and certifica-
tion was markedly lower; we presume 
this is because many respondents do not 
maintain third-party certification and so 
skipped these questions as not applicable 
to their operations. A majority of respon-
dents agreed that buyers cooperate with 
them to address food safety concerns (71% 
of fruit and nut growers, n = 237, and 69% 
of vegetable and melon growers, n = 67), 
and that they can adequately address 
their buyers’ food safety concerns (76%, 
n = 246, and 80%, n = 69, respectively). 

Tension and inconsistency 
persist
The results of our survey suggest that on-
farm practices for food safety that target 
wildlife and potentially impact natural 
communities and ecosystem services via 
vegetation and habitat removal are still 
used in produce agriculture in California. 
Past surveys of on-farm practices used by 
leafy greens growers in the Central Coast 
found that the most common practices 
were buffers around cropped fields and 
poison bait (>50% respondents), followed 
by wildlife trapping and wildlife exclu-
sion fencing (~40%) (Beretti and Stuart 
2008; Lowell et al 2010). Respondents to 
our survey reported similar if not higher 
rates of use for these same practices, sug-
gesting that practices have remained con-
stant within the leafy greens sector over 
the past 6 years and that, possibly due to 
expanding food safety regulations, food 
safety pressures and practices now reach 
into other sectors of the produce industry, 
as well.

As discussed above, many of these 
legacy practices have not been shown 
to reduce food safety risk, and growing 
evidence points to their impacts on eco-
system services and other public goods 
and benefits (Karp et al. 2015; Karp et al. 
2016; Karp, Baur et al. 2015; Letourneau 
et al. 2015). Nevertheless, we found that 
many growers still use these and similar 
practices, suggesting that the on-farm 
practices which growers perceive to be re-
quired of them do not yet reflect available 
scientific information.

The impact of requiring on-farm 
practices for food safety depends upon 
how and by whom rules are written 
and enforced, and the scale of the farm. 
Future field-based research should ad-
dress whether this difference is due to the 
greater resources available to large farms 
or to different levels of risk and oversight 
associated with different market channels 
and supply chains. 

Our survey suggests that food safety 
and conservation are practiced and in-
terpreted differently by growers of dif-
ferent size and crop type. Farms in our 
sample with annual sales over $500,000, 
for example, were more likely than farms 
with annual sales under $500,000 to 
report practicing some form of animal 
intrusion prevention, such as fencing or 
trapping. However, even among farms 

of similar size growing similar crops, we 
found a wide range of variation. Rather 
than converging as scientific evidence 
and experience grow, on-farm practices 
for food safety are highly heterogeneous 
across produce agriculture in California, 
suggesting that either requirements, or 
grower interpretations of those require-
ments, are inconsistent.

Inconsistency in real or perceived food 
safety pressures raises several concerns. 
Our results show that many growers rely 
on each other for both food safety and 
conservation information, but percep-
tions of practices for food safety and 
knowledge of regulations varied greatly 
among growers. Mixed messages from 
their peers could lead to uncertainty 
over legal requirements and the poten-
tial consequences of noncompliance. 
In the face of uncertainty, growers may 
take what seems to be a conservative ap-
proach by adopting wildlife deterrence 
and vegetated habitat removal practices 
that have not been scientifically shown to 
reduce risk. While open-ended or flexible 
regulation may aim to give farmers more 
freedom, inconsistencies in food safety 
pressures can also make it more difficult 
to provide guidance on strategies to co-
manage food safety and sustainability 
goals.

In addition, the majority of our survey 
respondents reported that auditors are 
inconsistent in their assessments. A high 
degree of inconsistency may make food 
safety requirements appear arbitrary 
to growers, especially if evidence is not 
provided along with the justification for 
decisions or recommendations. A signifi-
cant proportion of our respondents also 
did not believe that food safety certifica-
tion has made their products safer, de-
spite the high importance of certification 
in securing access to larger buyers. Lastly, 
the higher the degree of inconsistency 
in interpreting and responding to food 
safety pressures, the higher the degree of 
difficulty for regulators — and the con-
suming public — to know whether the 
produce industry has effectively made 
food safer. 

Finding the right balance
Taken together, our findings highlight 
that discrepancies remain among Califor-
nia produce growers with respect to their 
access to current, relevant food safety 
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science and other information; their per-
ceptions of what environmental factors 
pose food safety risks; and how decisions 
are made about which practices best suit 
their farming context. At the very least, 
there is a need for greater support for 
outreach programs on food safety for 
buyers, auditors and trade associations 
as well as growers, particularly further 
guidance as to which suite of food safety 
practices are most effective and compat-
ible with protection of natural resources 
and ecosystem services in a variety of 
farm settings. However, the desire for 
consistency must be balanced against the 
need for flexibility. Farms are complex 
and variable environments, and interpre-
tation of food safety risks and appropri-
ate preventive actions depends upon the 
particular context of a given operation. As 
discussed above, the FDA Produce Safety 
Rule acknowledges this need by provid-
ing a degree of flexibility to growing op-
erations, but it is necessary to evaluate the 
extent to which that flexibility will lead to 
on-farm practices that actually improve 
safety while minimizing environmental 
and economic costs.

Our results suggest that in some cases 
pressures from third-party auditors and 
produce buyers may lead to inconsistency 
in the interpretation and implementation 
of food safety regulations and guidance, 
but our survey was conducted prior to 
the finalization of the Produce Safety 
Rule. In light of this significant regulatory 
development since the survey was admin-
istered, additional survey and interview-
based research is needed to determine the 
extent to which growers adopt practices 
based on their own goals or perceived 
pressures from their buyers, third-party 
certifiers/auditors or government regula-
tors. Future research should investigate 
who has the power to decide what prac-
tices are best for food safety, and whether 
and in what ways the distribution of deci-
sion-making authority affects the balance 
between consistency and flexibility.

Greater alignment and collaboration 
between environmental and food safety 
science is needed to establish a more 
comprehensive catalogue of practices 
that can help growers mitigate pathogen 
risks while also protecting the environ-
ment and ecosystem services. A call for 

consistent rules and enforcement must al-
low a responsive flexibility in implement-
ing food safety guidelines. A balance is 
necessary. While we cannot say what that 
balance should be, it is apparent from our 
survey that any discussion of balance can 
only improve with better understanding 
of extant food safety pressures and the 
ways in which they are perceived and put 
into practice by growers. More transpar-
ent information on what practices growers 
adopt in the name of food safety, and why 
growers adopt those practices, is urgently 
needed. It would improve consistency and 
help promote food safety efficiently and 
without unnecessary impacts on the envi-
ronment. That would benefit both farmers 
and consumers. c
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