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Food safety and environmental quality impose
conflicting demands on Central Coast growers
by Melanie Beretti and Diana Stuart

Growers of fresh produce on the
Central Coast of California currently
face conflicting demands regarding measures to protect food safety
and those to protect environmental
quality. To explore the extent of
conflicting pressures and identify
the range of possible impacts on the
environment, we conducted a survey
of Central Coast irrigated-row-crop
growers during spring 2007. The results indicate that growers are experiencing a clear conflict, and some are
incurring economic hardships because
their practices to protect the environment have resulted in the rejection
of crops by buyers. In addition, some
growers are being encouraged to or
are actively removing conservation
practices for water quality, and most

Growers of leafy greens and vegetables must balance the need to improve water quality
and wildlife habitat in and around farms, with concerns about food safety.

protect the environment and have taken
a proactive approach to improve environage or eliminate wildlife from and
mental quality. An important aspect of
adjacent to croplands. These actions
these efforts is the adoption of conservacould affect large areas of land on
tion practices, which aim to improve and
the Central Coast and, as indicated by protect water quality, prevent soil erosion,
reduce the use of agricultural chemicals
growers, they are likely to increase
and protect wildlife. However, some food
over time.
safety requirements — or field-level interpretations of these requirements — conhe Central Coast of California supflict with management practices intended
ports unique biodiversity and some
to improve water quality and enhance
of the most productive agricultural lands natural habitat.
in the United States. The Salinas Valley
In response to grower concerns over
in Monterey County, often referred to as contradictory guidelines and requirethe “Salad Bowl of America,” produces
ments for food safety and environmental
the majority of the nation’s lettuce. Since protection, the Resource Conservation
the 1990s, food safety has become inDistrict (RCD) of Monterey County
creasingly important, especially with
conducted a mail survey of 600 irrigatedrespect to outbreaks of E. coli O157:H7
row-crop growers throughout the
associated with leafy greens: lettuce, es- Central Coast. The purpose was to better
carole, endive, spring mix, spinach, cab- understand the impacts of conflicting
bage, kale, arugula and chard (see www. demands on growers, and to provide
caleafygreens.ca.gov).
information to aid attempts to reconcile
Simultaneously, growers on the
the goals of food safety and environCentral Coast face increasing demands to mental protection.
growers are taking action to discour-
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Protecting environmental quality

The Central Coast contains some of
the greatest biodiversity of any temperate region in the world. At its heart
is the Monterey Bay National Marine
Sanctuary, the largest marine sanctuary
in the United States, and the Elkhorn
Slough National Estuarine Research
Reserve.
While the Central Coast houses
many natural resources, according
to the Central Coast Regional Water
Quality Control Board (CCRWQCB),
it also has some of the most polluted
waters in California. The Pajaro River
and Elkhorn Slough are listed as impaired for sediment and nutrients under California’s 2002 Section 303(d) of
the 1972 Clean Water Act. The Salinas
River is 303(d)-listed as impaired for
sediment, nutrients, pesticides and
pathogens. In 2003, the 20-year-old state
Agricultural Waiver of Nonpoint Source
Discharge ended, meaning that growers
are no longer exempt from water qual-

Mule deer/U.S. Department of the Interior

ity laws. In response, the CCRWQCB
adopted a Conditional Waiver Program
in 2005, which requires growers to
enroll in the program, attend waterquality training sessions, adopt farm
water-quality management plans, complete management practice checklists
and participate in water quality monitoring (Cal EPA 2007).
An important aspect of these efforts
is the adoption of conservation practices,
which aim to improve and protect water
quality, prevent soil erosion, reduce the
use of agricultural chemicals and protect wildlife. Vegetation on and around
farmland is a key component, including
vegetated field borders, grassed waterways, riparian buffers and constructed
wetlands. For the past decade, the
Central Coast farming community has
been proactively working with resource
agencies to develop and implement
voluntary conservation practices to
improve water quality and reduce water consumption through the adoption
and implementation of the Monterey
Bay National Marine Sanctuary’s
Agricultural and Rural Lands Plan
(MBNMS 1999). Adoption of these practices has now become a key component
for compliance with the CCRWQCB’s
Conditional Waiver Program.
Protecting food safety

Since the late 1990s, government
agencies, researchers and the produce
industry have worked to develop and
implement voluntary guidelines, or
Good Agricultural Practices, to minimize the risk of food contamination
(FDA 1998; Bihn 2004). These practices
aim to protect consumer health at all
levels of leafy greens production and
distribution, and they have become
increasingly important in light of recent outbreaks. The September 2006
outbreak of E. coli O157:H7 associated
with bagged spinach from the Central
Coast resulted in the loss of three lives
and caused more than 200 illnesses.

This outbreak affected consumers in
26 states, drawing national attention
(CDC 2006) and acting as a catalyst for
rapid change in food safety protection efforts for leafy greens. Despite an
intensive investigation, the U.S. Food
and Drug Administration (FDA) and
the California Department of Health
Services (CDHS) have not been able
to conclusively determine the specific
causes of the spinach outbreak (CDHS/
FDA 2007).
In early 2007, with oversight by
the California Department of Food
and Agriculture (CDFA), produce
industry representatives developed
the California Leafy Green Products
Handler Marketing Agreement (see
www.caleafygreens.ca.gov). More than
100 handlers (companies that move
fresh produce products from growers
to retail and food-service buyers) are
signatories. Representing more than
99% of the leafy greens production in
California, they are obligated to handle
leafy green produce only from growers
who adhere to the best management
practices detailed in the Commodity
Specific Food Safety Guidelines for the
Production and Harvest of Lettuce and
Leafy Greens, known as the “Metrics”
(see www.caleafygreens.ca.gov). The
Metrics were developed and continue
to be updated through a process involving the produce industry, government
agencies, natural resource organizations and scientists.
In addition to the Metrics, many companies and retailers who handle or sell
leafy greens have developed their own
company-specific food safety requirements, which also affect farm management practices. Because growers often
sell their crops to multiple buyers, most
now must meet at least one if not several
different sets of requirements. In addition, field interpretations of the Metrics
and company-specific guidelines vary.
Depending on the size and type of operation, a grower may conduct self-audits

Left, a poison bait trap and fence to keep small
animals out of fields; center, a small mammal/
amphibian exclusion fence constructed around
a tail-water recovery pond; right, mule deer.
In the survey, a Central Coast grower could
not sell $17,500 worth of crops because a food
safety audit found deer tracks near the field.

as well as undergo food safety inspections and audits by the CDFA, processors, grower-shippers or third-party
auditors representing the companies
that purchase their products.
Specific measures stated or implied
in the Metrics and company-specific
requirements may potentially conflict
with efforts to improve and protect water quality and support wildlife habitat.
For example, the Metrics identify “animals of significant risk” for contaminating crops and provide remediation
guidelines. Measures to deter animals
and comply with food safety requirements, such as fencing and bare-ground
buffers around fields, can also result
in adverse impacts to the environment.
This may include the alteration or elimination of wildlife habitat, including the
removal of surrounding vegetation.
Noncrop vegetation is a key component
of conservation practices such as field
borders, grassed waterways and riparian buffers. Because vegetation provides water filtration and absorption,
and reduces the deposition of sediment
and pollutants into waterways, widespread vegetation removal could have
significant environmental impacts.
Mail survey to row-crop growers

The Monterey County RCD conducted a mail survey in spring
2007, which was co-sponsored by
the Grower-Shipper Association of
Central California, the Central Coast
Agriculture Water Quality Coalition
and the Monterey County Agricultural
Commissioner’s office. The survey
packet and cover letter were mailed to
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Fig. 1. Number of respondents who grow each
commodity; most grow more than one crop.

TABLE 1: Responding growers who have adopted
specific conservation practices (n = 181; most
growers adopted more than one)
Conservation practice
Cover crop
Stormwater pond
Filter strip
Grassed waterway
Irrigation reservoir
Tailwater recovery pond
Hedgerow
Riparian restoration
Constructed wetland
Other

Respondents
%
72.1
38.5
36.3
33.5
30.2
29.6
25.7
18.4
6.1
3.9

all 600 row-crop operations listed on
the CCRWQCB Conditional Waiver
Program’s mailing list. These growers
had operations in Monterey, San Benito,
Santa Barbara, Santa Clara, Santa Cruz
and/or San Luis Obispo counties. Three
weeks following the initial mailing, a
reminder postcard was sent to the entire mailing list.
The four-page survey contained
39 questions, consisting of multiple
choice, yes/no, five-point Likert-scale
and open-ended questions. Questions
included details on farm operations,
participation in conservation programs, the adoption of conservation
practices, specifics about food safety
requirements, information on how
respondents are changing or have
changed their practices, and opinionoriented questions to allow respondents
to make comments and voice concerns.
The survey also asked respondents
about the circumstances under which
they have had crops rejected by buyers
and auditors due to food safety concerns
as well as the economic impacts of these
70

rejections. Growers were asked a series
of questions related to food safety, and
practices to protect water quality and
the environment. The survey sought
responses on three main categories
of practices and/or natural features:
(1) noncrop vegetation, (2) ponds or
waterways and (3) wildlife.
Analysis of the results included
descriptive statistics as well as the comparison of data between different groups
of respondents. We looked at differences
between respondents who indicated
that they grow leafy greens and those
who grow other crops. In addition, we
explored how other characteristics such
as operation size and type (conventional
or organic) affect management decisions.
We used the Pearson Chi Square statistic
to test for significance.
Food safety vs. water quality

A total of 181 growers returned surveys, for a 30% response rate. Almost all
respondents indicated that they grow
more than one crop, primarily leaf lettuce, broccoli, head lettuce, cauliflower,
strawberries, spinach, celery, cabbage
and baby greens (fig. 1). Approximately
86% grow conventional only or both
conventional and organic, whereas 13%
were organic only.
More than 80% of the respondents
met education requirements of the
Conditional Waiver Program through
attendance at the Farm Water Quality
Planning Short Course and had completed Farm Water Quality Plans.
Ninety-one percent (91.1%) had adopted
one or more conservation practices
TABLE 2: Survey responses (n = 181) regarding
experiences with food safety audits, concerning
the presence of noncrop vegetation, ponds/
waterbodies and wildlife

Question
“It has been suggested that I should
remove noncrop vegetation”
“I have lost points on audit reports
because of noncrop vegetation”
“It has been suggested that I should
remove ponds or waterbodies”
“I have lost points on audit reports
because of ponds or waterbodies”
“It has been suggested that I should
remove wildlife”
“I have lost points on audit reports
because of wildlife”
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Affirmative
responses
%
18.6
9.6
9.5
10.8
39.0
13.0

aimed to improve water quality and/
or wildlife habitat. Sixty-three percent
(62.8%) had received technical assistance for water quality or habitat
improvement projects from a local
resource agency or expert such as
the RCD or USDA Natural Resources
Conservation Service. Cover cropping
was the most common practice adopted
by respondents (72.1%) (table 1).
Crop rejection. Eight percent (8.0%)
of growers reported that their crops had
been rejected based on the presence of
practices to improve water quality or
wildlife habitat on the farm. Some of
the explanations shared by respondents
included:
• Lost $17,500 worth of crop due to
deer tracks.
• 1 acre of romaine lettuce rejected
due to proximity to horse pen.
• 23 acres of head lettuce and 2 acres
of mixed lettuce rejected due to contact with Salinas River floodwater.
• Crop rejected due to potential frog
habitat.
• Portions of fields rejected by processor if frogs, tadpoles, snails, mice or
other small animals were found.
• Harvest stopped due to the presence
of frogs and tadpoles in creek.
• Crop rejected due to deer intrusion.
• Crops planted for processor near trees
needed a buffer of 100 to 150 feet.
In some cases crops were not rejected
outright; however, growers responded
that their buyers, auditors or others
had suggested either discouraging or
eliminating noncrop vegetation, water bodies and wildlife in and around
fields. Growers reported they had lost
points on food safety audits due to the
presence of noncrop vegetation (9.6%
of respondents), water bodies (10.8%)
and wildlife (13%) near their crops
(table 2). Growers also indicated that in
some cases they acted in response to
buyer/auditor suggestions and actively
removed these features or adopted
mitigation measures accepted by their
auditors or buyers. In all three categories (noncrop vegetation, water bodies
and wildlife), growers of leafy greens
were more likely to have been told to
discourage or eliminate these features
than growers of other crops. In two of
the three categories (noncrop vegetation
and wildlife) leafy greens growers were

“It has been suggested
that I should remove
ponds or water bodies”

14.8*

3.0

7.4

6.0

“It has been suggested
that I should remove
wildlife”

47.7†

27.9

“I have actively removed
wildlife in response to
comments by auditors or
others”

40.7*

23.5

“I have actively removed
ponds or water bodies in
response to comments by
auditors or others”

* P < 0.05.
† P < 0.10.

significantly (P < 0.05) more likely than
growers of other crops to have acted on
these suggestions (table 3).

Conservation practice abandonment. Approximately 15% of all grow-

ers surveyed indicated that they had
removed or discontinued the use of
previously adopted conservation practices in response to suggestions made
by auditors or buyers due to food safety
concerns. Growers of leafy greens were
significantly (P < 0.05) more likely to
have taken out conservation practices
than other growers: 21.1% indicated
that they had actively taken out one or
more conservation practices due to food
safety concerns, as compared to 7.4%
that grow nonleafy green crops.
Practices that had been removed or
were planned for removal included:
(1) ponds and/or reservoirs (such as
irrigation reservoirs, duck habitat and
ponds); (2) irrigation reuse systems
(such as tail-water recovery ponds and
water reuse); and (3) noncrop vegetation
(such as grassed waterways, filter/buffer strips and trees/shrubs). In addition,
some growers stated that although they
had not yet removed conservation practices, they were planning to or felt they

would be required to in the near future.
Several respondents suggested that a
follow-up survey would reveal more
changes being made.
Wildlife exclusion. Some 88.9% of
the survey respondents indicated that
they had adopted at least one measure
to actively discourage or eliminate
wildlife from cropped areas (fig. 2).
The most commonly adopted measures
were: bare-ground buffers, fencing,
trapping and poisoned bait stations.
Bare-ground buffers and poisoned bait
stations were each used by more than
half of the respondents to protect crops
from wildlife intrusion. Trapping and
fencing were each used by approximately 40%. Growers of leafy greens
were significantly more likely to be
using bare-ground buffers (P < 0.05),
poisoned bait stations (P < 0.05) and
traps (P < 0.01).
Growers most affected. Results
from the survey suggest that the conflict between food safety and environmental protection disproportionately
affects respondents who sell to shippers and packers, operate on more
than 500 acres and grow conventionally (as opposed to organic only). Of
respondents who had removed conservation practices, 87.8% sell to shippers
and packers, whereas only 67% of all
respondents sold to shippers and packers. Of respondents who had removed
conservation practices 89% operate
more than 500 harvested acres, whereas
only 39% of all respondents operated
more than 500 harvested acres.
In addition, large farm operators
(> 500 acres) were significantly
(P < 0.05) more likely to have been told
to eliminate wildlife and waterways and
significantly more likely to have adopted
mitigation measures. Of the respondents
who had removed conservation practices, 100% grew conventionally (conventional, and conventional and organic

r
O
th
e

e
N
on

in
g

it
ba

nd

pi
ng

nc
Fe

6.9

ed

32.1*

0

iso
n

“I have actively removed
noncrop vegetation in
response to comments by
auditors or others”

10

Po

2.8

20

Tr
ap

32.1*

30

gr
ou

“It has been suggested
that I should remove
noncrop vegetation”

40

re

Question

Leafy
Nonleafy
greens
greens
........%.......

50

Ba

Growers of

60

Adoption rate (%)

TABLE 3: Comparison of affirmative responses by
leafy green versus nonleafy green growers
(n = 181) to questions concerning the removal
of conservation practices or natural features
in or adjacent to cropland

Fig. 2. Percentage of respondents
who indicated they have
adopted specific mitigation
measures for wildlife.

operations), whereas 86% of all respondents grew conventionally.
Acreage affected. The growers who
responded to the survey manage more
than 140,000 acres of row-crop land on
the Central Coast. Of these, those who
had actively removed conservation
practices for water quality or wildlife
habitat (in response to suggestions by
food safety auditors or others) manage nearly 30,000 acres. In addition,
respondents who had adopted measures to actively deter or eliminate
wildlife manage more than 133,000
acres. Survey respondents that use
bare-ground buffers manage 91,890
acres (65% of the total land reported);
trapping manage 87,279 acres (62%);
poisoned bait stations manage 108,283
acres (77%); and fencing manage 66,380
acres (47%).
Grower comments. More than 30%
of all respondents also chose to share
their personal opinions and concerns at
the end of the survey. These comments
indicated that many growers face serious
pressure regarding food safety, and they
are concerned about doing things that
may have negative impacts on the environment. Their responses suggested that
in many cases growers have little choice
in their management practices and must
be responsive to buyers’ and auditors’
suggestions in order to sell their crops.
For example, one grower wrote: “I am
afraid many positive environmental
programs and practices are going to be
abandoned due to retailers’/shippers’
new food safety practices. I am all for
the environment and safe food, but feel
many new food safety ideas are being
driven by fear and uncertainty rather
than sound science.”
And another wrote: “Our experience
has been that the food safety auditors
have been very strict about any vegetation that might provide habitat. We are
very concerned about upsetting the
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natural balance, but we have to comply
with our shipper’s requests.”
Conflict on the Central Coast

The survey results illustrate that
growers are in the middle of a clear
conflict between current food safety
standards and continued efforts to address water quality and environmental
concerns on the Central Coast. It appears
that growers of leafy greens who operate
larger acreages are especially affected
by food safety concerns; however, other
growers are also affected to a lesser extent. Growers are incurring economic
hardships due to the rejection of crops
based on the presence of practices to
protect the environment. Some growers are encouraged to or are actively
removing conservation practices in
response to food safety audits and concerns. Many growers are taking action
to discourage or eliminate wildlife and

habitat, natural lands, hedgerows and
windbreaks. Discouraging or actively
removing these features will have negative environmental impacts and, in some
cases, could actually increase the risk of
crop contamination (Stuart 2006; Stuart
et al. 2006).
For example, contamination in
overland water flows may be reduced
by filtration through perennial forage
or grasses (Tate et al. 2006). Vegetated
treatment systems (such as grassed
waterways and vegetated basins) have
also been shown to reduce the presence
and transport of pathogens (Kadlec
and Knight 1996; Koelsch et al. 2006).
Lastly, constructed wetlands have been
found to effectively remove pathogens
in water through filtration in dense
vegetation, sedimentation, microbial
competition and predation, high temperatures, and UV disinfection (Hench
et al. 2003; Nokes et al. 2003; Greenway

Growers are concerned about being put in the unfair
position of choosing between being able sell their crops
or protecting the environment.
other noncrop vegetation. These actions
could have impacts over large areas of
land in the region. In addition, comments from growers indicated that these
actions are likely to increase over time
as food safety standards become more
established. The survey also indicated
that growers are concerned about being
put in the unfair position of choosing
between being able to sell their crops or
protecting the environment.
Protecting human health and insuring the viability and sustainability of
California agriculture demands safe
food, clean water and biodiversity.
However, the virulence of E. coli O157:H7
coupled with the consumption of raw
leafy greens poses an unprecedented
challenge to the produce industry. Our
survey results indicate that current practices to address food safety in the field
may result in environmental concessions
including habitat loss, degradation and
continued water-quality impairment.
The removal of noncrop vegetation, for
example, can include common conservation practices such as filter or buffer
strips, grassed waterways, riparian
72

et al. 2005). Given the results of these
studies, further evaluation of food
safety standards requiring the removal
of vegetation may be necessary.
Scientific uncertainty plays a significant role in the current conflict,
particularly regarding animal sources
of E. coli O157:H7. Although studies
agree that cattle (Hancock et al. 1998;
Chapman et al. 1997) and some commensal wildlife species (associated
with humans) are known sources of
E. coli O157:H7 (Fenlon 1981; Meerburg
et al. 2004), most studies on pastoral
wildlife (associated with natural environments) do not illustrate a substantial threat to food safety. Studies
looking at pastoral small mammals
and deer showed minimal prevalence
of E. coli O157:H7 (Hancock et al. 1998;
Sargeant et al. 1999; Fischer et al.
2001). Studies also indicate that there
is a very low probability (0–1%) that
birds associated with natural environments will carry pathogenic bacteria
that could contaminate food crops
(Brittingham et al. 1988; Hancock et
al. 1998). More recently, E. coli O157:H7
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was isolated in feral swine near spinach fields and cattle on the Central
Coast following the 2006 spinach outbreak (Jay et al. 2007). Deer and geese
residing in high densities in watersheds heavily populated by humans
and dairies have been identified as
sources of E. coli O157:H7 in New York
state (Somarelli et al. 2007). Despite
these studies, there is still much uncertainty regarding the role of wildlife
specific to the Central Coast region.
New scientific studies are already
under way to investigate the role of
wildlife and vegetation in food safety,
as well as other sources and vectors of
E. coli O157:H7 on the Central Coast.
Although new studies will improve
our understanding of risks to food
safety, they will not be able to provide
100% certainty or eliminate all possible
sources of contamination. Therefore,
it becomes essential to weigh relative
risks and focus attention and resources
on the most likely sources of contamination. How current and future
standards affect the risk of contamination should be evaluated. For example,
conservation practices that have been
shown to reduce the presence and
transport of human pathogens could
be an asset in meeting food safety
goals. Keeping produce as safe as possible is a critical goal; however, the
means to achieve this goal should be
carefully investigated to insure those
measures actually reduce risks of crop
contamination, do not increase other
human health risks as a result of environmental degradation, and are costeffective and practical to implement.
This survey was conducted during
the spring of the first growing season
following the development and adoption
of the California Leafy Green Products
Handler Marketing Agreement. Because
food safety pressures have continued to
intensify — with a proliferation of food
safety guidelines and increased field
audits — our results likely present a conservative estimate of the on-the-ground
impacts of this conflict. As standards
and measures are developed to protect
food safety, government and industry
leaders should be conscious of how these
measures affect growers as well as the
environment.

The process and standards for protecting food safety in leafy greens on
the Central Coast of California set a
precedent that will certainly be modeled for other crops and growing regions nationwide. As of January 2008,
efforts were being put forth to develop
a Federal Marketing Agreement and
provide the foundation for a Federal
Marketing Order for leafy greens. In
addition, private industry and companies that buy fresh produce continue
to develop mandatory field-level food
safety requirements that go beyond the
currently adopted Metrics.
Based on the survey results — and
ongoing efforts of the agricultural community and local, state and national
organizations — there is a clear need
to alleviate conflicting pressures facing growers. Resolving this conflict
will require an open dialogue between
scientists, environmental and food
safety organizations, and leaders in the
produce industry to create management
standards that support both food safety
and environmental stewardship. We
have the opportunity and responsibility to learn from this conflict on the
Central Coast, and insure that our agricultural and natural resources are successfully co-managed for human and
environmental health.
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Border strips around fields, shown on a Central Coast farm, help improve water quality by
filtering runoff into and off of farmland. However, such strips may also create habitat for
small animals, which may be perceived as a food safety risk.
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