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ABSTRACT Beginning in 2012, seed potatoes in Washington State were
associated with an outbreak of Potato virus Y (PVY), one of the oldest
known plant viruses. The PVY outbreak seriously impacted commercial
potato growers, who unknowingly purchased infected seed potatoes.
Commercial potato growers, university researchers, and extension
personnel blamed Washington seed potato growers for the PVY outbreak.
Drawing on the literature about perceptions of innovation attributes,
nonadoption of agricultural innovations, and farm-level disease
management, we offer a broader perspective on PVY management
among Washington seed potato growers. We explore the reasons behind
seed potato growers’ nonadoption of a specific innovation that has the
potential to protect potatoes from PVY problems. We argue that seed
potato growers approach PVY management in logical and intentional
ways, and have distinct reasons for choosing not to adopt certain PVY
management practices. Our study contributes to scholarship on the
perceived attributes and nonadoption of agricultural innovations, as well
as interdisciplinary work on plant disease management. A better
understanding of PVY management decision making can help efforts to
ensure agricultural biosecurity, maintain crop quality and yield, and
prevent economic losses within the potato industry in Washington State,
the second largest producer of potatoes in the United States.
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Introduction

Beginning in 2012, seed potatoes in Washington State were associated
with an outbreak of Potato virus Y (PVY), one of the oldest known plant
viruses. The PVY outbreak seriously impacted commercial potato growers,
who unknowingly purchased infected seed potatoes. Since the outbreak,
commercial potato growers, as well as university research and extension
personnel, have “individually blamed” Washington seed potato growers
for the PVY outbreak." These groups have argued that seed potato growers
are reluctant to adopt management practices (specifically, winter field
testing of seed lot samples in Hawaii followed by laboratory verification of
PVY presence or absence) that have the potential to protect potatoes from
the problems associated with PVY. Commercial potato growers, university
researchers, and extension personnel have not focused on the larger con-
text in which Washington seed potato growers operate, nor explored in
depth the experiences and perceptions of seed potato growers. However,
gathering information about the sociocultural context of farmers’ percep-
tions (especially with regard to innovation attributes and potential risks) is
essential for understanding farm-level disease management decisions
(Breukers et al. 2012; Ilbery 2012; Maye, Ilbery, and Little 2012;
McRoberts et al. 2011; Mills et al. 2011; Rogers 2003). The purpose of this
article, therefore, is to offer a broader perspective on PVY management
decisions in Washington State.

Drawing on the literature about perceptions of innovation attributes,
the nonadoption of agricultural innovations, and farm-level disease
management decision making, we explore the case of the nonadoption
of winter field testing of seed lot samples in Hawaii followed by labora-
tory verification of PVY presence or absence among Washington seed
potato growers. We argue that Washington seed potato growers
approach PVY management in logical and intentional ways, and have
distinct reasons for choosing not to adopt certain PVY management
practices. Our study contributes not only to scholarship on the per-
ceived attributes and nonadoption of agricultural innovations but also
to interdisciplinary work on general plant disease management deci-
sion making. Moreover, a better understanding of PVY management
can also help efforts to ensure agricultural biosecurity, maintain crop
quality and yield, and prevent economic losses within the Washington
potato industry.

'Tndividual blame, as defined in diffusion research, is the “tendency to hold an individ-
ual responsible for his or her problems, rather than the system of which the individual is a
part” (Rogers 2003:118—19). In most cases, a combination of individual- and system-level
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This article is organized into five sections. First, we discuss the classic
diffusion-of-innovations framework, and review the literature on the
nonadoption of agricultural innovations and farm-level disease manage-
ment decision making. Second, we provide background on potato pro-
duction and PVY management in the study region. Third, we describe
our research methods. Fourth, we present and discuss our findings.
Last, we summarize our results, discuss research and practical contribu-
tions, point out study limitations, and suggest ideas for future research.

Literature Review
Classic Diffusion-of-Innovations Framework

Research on how, why, and at what rate societies adopt new technolo-
gies and ideas has a long history. While anthropological studies of inno-
vation diffusion were popularized in the 1930s, diffusion research was
integrated into rural sociology in the 1940s to study new farming practi-
ces (Rogers 2004). Ryan and Gross (1943), for example, drew on early
anthropological diffusion research to study the noneconomic factors
influencing farmers’ decisions to adopt hybrid seed corn in two Iowa
communities. They found that the rate of adoption of hybrid seed corn
followed an “S-shaped curve™ adoption was slow at first followed by a
“take off” period and then a gradual leveling off as fewer farmers
remained to adopt (see also Rogers 2004). Ryan and Gross’s study of
the exchange of information about hybrid seed corn and timing of
innovation adoption provided the basic framework for the study of the
diffusion and adoption of innovations (Rogers 2004).

In the decades following Ryan and Gross’s work, Everett Rogers
(1962, 1971, 1983, 1995, 2003) further refined the diffusion model.
According to Rogers in the fifth edition of his book Diffusion of Innova-
tions (2003:5), diffusion is “the process in which an innovation is com-
municated through certain channels over time among the members of
a social system.” An innovation is “an idea, practice, or object that is
perceived as new by an individual or other unit of adoption” (12).
A communication channel (e.g., mass media or a face-to-face exchange) is
“the means by which messages get from one individual to another”
(2003:18). The diffusion of new ideas can be planned or spontaneous,
but communication always involves the creation and sharing of infor-
mation. The passage of time is necessary for an individual to move
through the five stages (knowledge, persuasion, decision, implementa-
tion, and confirmation) of the innovation—decision process. Lastly, a
social system is defined as “a set of interrelated units that are engaged in
joi e i ish.a common goal” (23). These four
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elements—an innovation, communication channels, time, and a social
system—are “identifiable in every diffusion research study and in every
diffusion campaign or program” (11).

Because the spread of new ideas has important consequences for the
members of a social system, diffusion is a type of social change (Rogers
2003). More specifically, the diffusion of innovations is a “universal
micro-process of social change” that can be “applied to a variety of real
world problems, often with useful results” (Rogers 2004:16, 18). The
accumulation of over 5,000 diffusion publications since the 1940s
attests to the generalizability of the diffusion model (Rogers 2004).

Nonadoption of Agricultural Innovations

Historically, diffusion studies have focused on innovations that are pop-
ular and easy to track (Rogers 2003; Ryan and Gross 1943; Strang and
Soule 1998). Consequently, diffusion research often exhibits a
“proinnovation bias” based on the assumption that all innovations are
inherently good and eventually adopted by the members of a social sys-
tem (Rogers 2003). Moreover, some studies wrongfully assume that
innovation decisions take place within a static environment, without
the influence of external factors such as political climate, advancing
technologies, or societal changes (for more on this issue see Kremer
et al. 2001; Moser and Barrett 2003; Rogers 2003). Buttel, Larson, and
Gillespie (1990:46) describe the proinnovation bias as “a promotional
posture toward technological change” whereby the goal of diffusion
research was often to devise ways to enable “change agents” (e.g., exten-
sion personnel) to increase the rate of adoption of “improved” or
“recommended” innovations. This “promotional posture” has resulted
in a significant gap in the diffusion literature: it lacks research specifi-
cally on the nonadoption of innovations.

Studies of nonadoption tend to conflict with the larger tradition of
diffusion research. In early applications of diffusion theory, nonadop-
ters were often thought to be traditional, resistant to change, or irratio-
nal (Belasco 1989; Rogers 2003; Sommers and Napier 1993; Vanclay
1992). However, as Yapa and Mayfield (1978:146) said nearly 40 years
ago, “non-adoption is not a passive state caused by apathy or resistance;
on the contrary, it is an active state.” The rejection of an innovation is
often “objectively rational” and “makes sense” from the individual’s per-
spective (Vanclay 1992:10; also see Rogers 2003). Accordingly, under-
standing the reasons behind nonadoption can help inform the
promotlon or future adoption of critical innovations such as water fil-

e ybrid rice (Shah, Grant, and
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Table 1. Perceived Attributes of an Innovation.

Attribute Description

Relative advantage The degree to which an innovation is perceived to be better, or to
have some kind of measurable benefit over an existing practice or
technology.

Compatibility The degree to which an innovation is perceived to be consistent with
current practices, past experiences, existing values, and the needs
of potential adopters.

Complexity The degree to which an innovation is perceived to be hard to under-
stand, difficult to implement, or overly complex.

Trialability The degree to which an innovation is perceived to have the ability to
be experimented with on a limited or short-term basis.

Observability The degree to which the results of an innovation are visible to others.

Adapted from Rogers (2003).

Stocklmayer 2014), sustainable agriculture practices (Carolan 2006;
Goldberger et al. 2015; Rodriguez et al. 2009; Wheeler 2008), environ-
mental or conservation practices (Cullen, Forbes, and Grout 2013;
Greiner and Gregg 2011), and climate-smart agriculture (Long, Blok,
and Coninx 2016).

Understanding individuals’ perceptions of the attributes of an inno-
vation is essential for explaining nonadoption behavior. According to
Rogers (2003), the perceived attributes of innovations account for
approximately 50 to 90 percent of the variance in the rate of adoption
of innovations. The classic diffusion model highlights five attributes of
innovations: relative advantage, compatibility, complexity, trialability,
and observability (Table 1). An innovation is less likely to be adopted if
potential adopters perceive it to have few advantages over existing tech-
nologies or ideas; to be incompatible with existing values, past experi-
ences, and needs; to be difficult to understand and use; to be difficult
to experiment with on a small scale; and/or to have results that are dif-
ficult to observe or describe (Kremer et al. 2001; Rogers 2003). Innova-
tions that are deemed too expensive, knowledge intensive, risky, and
inflexible are also less likely to be adopted (Vanclay 1992).

A study by Kathy Kremer and colleagues (2001) demonstrates the
important influence of farmers’ perceptions of innovation attributes on
nonadoption behavior. Chase and Korsching (1992) suggested that a new
kit to measure cornfield soil nitrogen levels would be quickly adopted by
farmers in Iowa. However, company representatives and university
researchers later noticed a decline in kit sales for no apparent reason.
Seeking to understand this rejection behavior, Kremer et al. found that
Iowa farmers either initially adopted and then discontinued the use of the

i i j ita hey discovered that prior researchers
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had incorrectly predicted the rapid adoption of the kit in part because
they had not taken into account Iowa farmers’ perceptions of the attrib-
utes of the innovation. Of particular importance were farmers’ percep-
tions that the kit was incompatible with their other farming practices (e.g.,
the use of anhydrous ammonia), required high labor and capital expendi-
tures, and lacked a comparative advantage over other soil-testing options.

Farmers’ perceptions of agricultural innovations can be influenced
by motivations, communication channels, social networks, cultural
norms, and epistemic distance. Greiner and Gregg (2011) argue that
farmers’ “motivational profiles” (economic and financial, conservation
and lifestyle, and social) influence their perceptions of the barriers to
the adoption of on-farm conservation practices (also see Brodt, Klon-
sky, and Tourte 2006). In her study of agricultural professionals’ views
on the barriers to further adoption of organic farming and genetic
engineering, Wheeler (2008) emphasizes the importance of communi-
cation channels and social networks in shaping farmers’ perceptions of
agricultural innovations. Other researchers (e.g., Compagnone and
Hellec 2015; Moore 2008) have studied how the composition of social
networks and the conflicts that can arise between different network seg-
ments can influence farm-level decisions. Vanclay (1992) discusses the
powerful norms associated with the “farming subculture,” which often
dictate how new agricultural practices “should” be perceived by farmers
(also see Rodriguez et al. 2009). In his study of the barriers to the wide-
spread adoption of sustainable agriculture, Carolan (2006:234) focuses
on “epistemic distance,” which relates to “socio-biophysical objects,
effects, and relationships that are beyond direct perception.” He argues
that socioinstitutional relationships shape how and what farmers “see,”
and, consequently, the decisions farmers make about the adoption or
rejection of agricultural innovations.

Farm-Level Disease Management Decision Making

Relatively few social science studies have focused on the factors that
influence farmers’ decisions to adopt (or reject) management practices
that can help reduce the spread of plant viruses, which can cause signif-
icant losses in crop quality, yield, and income. In recent years, social sci-
entists have been “critical of macro-scale and scientific/technical
approaches to biosecurity, calling for more micro-scale and farm-level
studies” that focus on farmers’ risk perceptions and disease manage-
ment strategies (Ilbery 2012:310). How farmers “encounter, compre-
hend, and manage disease” (Ilbery 2012:311) can have important
implicati agri al_bi ity, crop production, food supply




604  Rural Sociology, Vol. 83, No. 3, September 2018

chains, and food security (Ilbery 2012; Maye et al. 2012; Mills et al.
2011).

Geographers Brian Ilbery, Damian Maye, and Ruth Little have con-
ducted the most notable research on the human factors that influence
the management of plant diseases (Ilbery 2012; Ilbery, Maye, and Little
2012; Ilbery et al. 2013; Maye et al. 2012). Their work on the U.K.
potato and wheat sectors has focused specifically on risk perceptions,
practical rationality, intuition, and relationships between growers and
agronomists. Based on qualitative research in eastern England and the
west Midlands, Maye et al. (2012) argue:

Perceptions of and strategies to mitigate plant disease risk
involve scientific deliberation. However, as interviews with
growers in both [the potato and wheat] sectors highlighted,
scientific rationality is bounded ... by practical concerns and
conditions, grower knowledge, past experiences, professional
advisory relations and other farm business factors. Decision-
making is rational but encultured as a practical farm management
priority rather than pure scientific risk. (345, emphasis in
original)

Ilbery et al. (2012) emphasize the significance of “risk as feeling”
(Slovic et al. 2004), which refers to the practice of growers and agrono-
mists relying on their instincts, intuition, and experiential knowledge—
in addition to scientific or technical information (“risk as analysis”)—
when making risk management decisions or recommendations. The
extent of knowledge exchange between growers and agronomists
depends on growers’ perceptions of their own knowledge and levels of
trust within their sociospatial knowledge networks (Ilbery et al. 2012).
Taking a broader, industrywide perspective, Ilbery et al. (2013) exam-
ine the risk perceptions of not only growers and agronomists but also
input suppliers, grain merchants, and flour and feed millers associated
with the U.K. wheat sector. The majority of interviewees believed that
endemic plant disease is a “controllable risk ... that rests mainly at the
point of production (i.e., with farmers)” (Ilbery at al. 2013:129). How-
ever, climate change, changing regulations, and other perceived future
threats are increasing the uncertainty about how farmers, agronomists,
“upstream” and “downstream” businesses, and policymakers should
respond to plant disease risks (Ilbery et al. 2013).

Other researchers (Breukers et al. 2012; McRoberts et al. 2011; Mills
et al. 2011 Wllklnson et al. 2011) have emphasized the importance of

2 2 atural scientists (e.g., plant pathologists),
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social scientists, and on-farm decision makers regarding plant disease
management practices. Plant disease management approaches that are
too narrowly focused on epidemiological issues fail to recognize that
farmers may not make “rational decisions based on objective risk asses-
sment” (Breukers et al. 2012:609). Rather, farmers’ perceptions of
risk—both the probability of an undesirable event and the intensity of
potential negative impacts—are socially constructed (subjective) and
influenced by a wide range of sociocultural, economic, and other fac-
tors (McRoberts et al. 2011; also see Naylor and Courtney 2014). Social
science understandings of why farmers do not act “rationally” (resulting
in low adoption rates of important disease management practices) can
help plant disease specialists, agriculture service providers, and policy-
makers tailor their research, outreach, and policy decisions, respec-
tively, to better meet farmers’ needs (Breukers et al. 2012; Mills et al.
2011). Responding to this call for interdisciplinary approaches to
understanding on-farm plant disease management, our research team
consisted of two plant pathologists, one sociologist, and one agriculture
extension educator, working in close collaboration with farmers in the
study region.

Background on Washington Potatoes and PVY

Potato production is a critically important component of Washington
State’s agricultural economy. Planted on over 160,000 acres, potatoes
are Washington’s fourth most important crop (WSPC 2007). Because of
nutrientrich soils and climate, Washington potato farms rank number
one globally in total yield per acre (WSPC 2007). The Washington
potato industry has an economic impact of more than $4.6 billion, and
produces over 20 percent of all potatoes in the United States (NASS
2015; WSPC 2007). The state’s fresh market potato industry is located
primarily in western Washington, on approximately 12,000 acres with a
value of $60 million (McMoran 2015). Four percent of Washington
potatoes are grown for seed (NASS 2015). Nine certified seed potato
operations, concentrated primarily in western Washington, grow more
than 120 varieties of seed potatoes on approximately 3,215 acres (NASS
2015; WSSPC 2015) . Many fresh market potato growers in the state pur-
chase certified seed potatoes from operations in the region, effectively
linking the two industries.

Unlike many other vegetable crops that are grown from true seed,
potatoes are propagated by vegetative methods. This practice is due in
part to the high genetic variability of true potato seed, and because

E 2 i flower, or form fruit. Growing tubers by
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Table 2. Characteristics of Certified Seed Potato Programs in the
United States.

Percentage

2014 Certified of U.S. Seed Winter Grow-Out
State Acreage Potato Industry Location
Alaska 32 0.03 Hawaii
California 1,018 0.92 Hawaii or S. California GH*
Colorado 10,975 9.91 Hawaii
Idaho 32,367 29.21 Hawaii
Maine 10,861 9.80 Florida
Michigan 2,185 1.97 Florida
Minnesota 5,580 5.04 Hawaii
Montana 10,194 9.20 Hawaii
Nebraska 6,016 5.43 Hawaii
New York 617 0.56 Florida
North Dakota 16,104 14.53 Florida
Oregon 2,623 2.37 Oregon GH
Pennsylvania 367 0.33 Florida
Washington 3,215 2.90 Washington GH
Wisconsin 8,643 7.80 Hawaii

Total 110,797

Source: PAA Certification Section (2015); NASS (2015); Sather et al. (2014); personal
communications with representatives from Minnesota, Nebraska, New York, Oregon,
Pennsylvania, and Wisconsin.

“GH = greenhouse.

vegetative propagation produces progeny tubers that are genetic clones
of parents. While genetic uniformity is ideal for mechanized agriculture
systems, the practice of vegetative propagation makes tuber-borne
(often referred to as seedborne) plant pathogens, especially plant
viruses, an increasing threat to each subsequent potato generation
(Karasev and Gray 2013). In an attempt to help ensure that progeny
tubers are disease free, seed potato growers adhere to seed certification
rules and regulations.

Seed certification programs began in North America in 1913 as a
result of the National Plant Quarantine Act of 1912 (Whitworth and
Davidson 2008). After recognition of the need to have more consistency
between country and state-province borders, the Certification Section
of the Potato Association of America (PAA) was established in 1964.
The members of the group implemented standardized protocols to
address different issues of concern including establishing the “U.S. No.
1 Seed Potato Grade,” uniform disease tolerance levels for early genera-
tion seed, and U.S. Export Seed Potato Standards (Whitworth and
Davidson 2008) Throughout North America today, 15 states (Table 2)

0.Ca v.and certify more than 240 cultivars of
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seed potatoes on over 197,000 acres (PAA Certification Section 2015;
Whitworth and Davidson 2008). A major purpose of these programs is
to help manage different seedborne potato diseases including those
caused by viruses such as PVY.

PVY is the fifth most economically harmful plant virus in the world
(Scholthof et al. 2011), and is recognized as the most impactful viral
pathogen with a global distribution (Kerlan and Moury 2008). PVY has
a wide host range and can infect major solanaceous crops (eggplant,
pepper, potato, tobacco, and tomato), hundreds of species of weeds,
and some ornamental plants (De Bokx and Huttinga 1981; Kerlan
2006; Shukla, Ward, and Brunt 1994). The virus can contribute to yield
losses of 10-100 percent in potatoes, and lead to tuber necrosis and
defects that render tubers unmarketable (De Bokx and Huttinga 1981).

PVY can be transmitted by infected seed tubers or from potato plant to
potato plant by aphids or by mechanical means. Because potatoes are
grown as genetic clones of parent tubers and parental diseases passed on
to progeny tubers increase with every generation, PVY-infected seed pota-
toes represent a primary source of inoculum within a field (Gray et al.
2010). The appearance of diseased plants early in the growing season ena-
bles secondary spread of the virus by its aphid vectors, or through sap
transfer when plants are wounded (Gray et al. 2010).

There are different strains of PVY that can cause infection. The old-
est strain, PVY?, causes symptoms that vary in severity and appearance
depending on the potato variety. Generally, PVY® causes mosaic,

Figure 1. Common Foliar Symptoms Caused by PVY®. Left: Mosaic. Right: Veinal
Necrosi figure can be viewed at-wileyonlinelibrary.com]
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mottling, leaf drop, leaf necrosis, and reduced tuber yield (Figure 1)
(Crosslin et al. 2006; Gray et al. 2010; Karasev et al. 2010). Because the
mosaic symptoms induced by PVY® on potato foliage are relatively easy
to identify by trained field inspectors (Gray et al. 2010), PVY-infected
plants are typically removed (or rogued) from fields during seed potato
certification.

A relatively new strain to the United States, PVY", was first reported in
potato fields in the northwestern region in 2002 (Crosslin et al. 2002;
Nolte, Alvarez, and Whitworth 2009). Other new strains of PVY have also
emerged with genome structures that are a combination of PVY? and
PVYY (Glais, Tribodet, and Kerlan 2002; Lorenzen, Meacham, et al.
2006; Lorenzen, Piche, et al. 2006; Nie and Singh 2002; Schubert,
Fomitcheva, and Sztangret-Wisniewska 2007). Recombinant strains, such
as PVY"™ and PVY"™!, are now endemic to potato fields in Washington
and Idaho (Benedict et al. 2015; Crosslin et al. 2006), and they present
significant challenges to these states’ potato industries (Chikh-Ali, Gray,
and Karasev 2018). PVY"™ and PVY™ cause asymptomatic or mild
symptoms on potato leaves (Chrzanowska and Doroszewska 1997; Weide-
mann 1988), rendering traditional visual field inspections ineffective. As
a result, many seed potato certification programs throughout the United
States have mandated laboratory testing for PVY in representative seed
lot samples to improve accuracy over that of visual disease assessments
(Crosslin et al. 2006; Piche et al. 2004; Singh et al. 2003).

In the United States, seed potato certification is managed by each
state’s department of agriculture. The states adhere to the same general
rules that were established by the Certification Section of the PAA, but
allow for flexibility depending on the needs of their region’s seed
potato industry. One practice that is consistent across all U.S. programs
is winter grow-out testing. The goal of winter grow-out testing is to
determine the health of seed potatoes that will be planted on commer-
cial potato fields during the next season. The location of winter grow-
out testing, however, can vary based on the protocols mandated by each
state’s seed potato certification program.

Eighty percent of the certified seed potato programs in the United
States hold winter grow-out testing in a tropical location, either Hawaii or
Florida (Table 2). A winter grow-out test in a tropical location, with a
preference for Hawaii, aids in visual symptom expression because the
temperature and light conditions enable the plant to grow rapidly and
the symptoms to be more readily recognized (A. Karasev, personal com-
munication). Also, Hawaii has low aphid incidence and no risk of frost
during the winter, conditions that minimize unwanted aphid transmis-

i inj inter grow-out process requires individual
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state programs to pack tubers, which have been treated to sprout earlier
than normal, onto pallets that are shipped and delivered to one farm on
Oahu. Each state is assigned a planting date and designated agents plant
each state’s seed lots in a specific (isolated) area of the Hawaii farm.
Once plants are growing, trained inspectors collect leaf samples that are
immediately sent to a designated laboratory for PVY testing in the state
where the seed potatoes originated. All of these practices increase both
the likelihood that potato plants will be accurately certified and the speed
at which test results can be returned to seed potato growers.

In contrast, for the winter grow-out in Washington, growers transport
and submit samples of tubers from different seed lots to a heated semi-
permanent hoop house or greenhouse managed by the Washington
State Department of Agriculture (WSDA). The submitted seed tubers
are treated to break dormancy, planted into pots or trays, and inspected
visually for symptoms after plants have grown approximately 15 centi-
meters high. Certification of potatoes using this grow-out procedure is
dependent on plants expressing recognizable symptoms of PVY.
Accordingly, prevailing hoop house or greenhouse conditions can have
significant effects on PVY symptom expression, especially if a recombi-
nant strain of PVY that does not cause obvious plant symptoms is present
within a seed lot.

Despite the scientific evidence suggesting that winter grow-out test-
ing works best under tropical conditions for accurate disease assess-
ment and seed certification (A. Karasev, personal communication),
seed potato growers in Washington State remain in favor of keeping
winter grow-out testing in local greenhouses without confirmatory labo-
ratory testing. The nonadoption of a Hawaii winter grow-out, in particu-
lar, has confused seed potato buyers, PVY researchers, and extension
personnel in the region because of the tangible benefits (from their
perspective) in limiting seedborne PVY. Thus, a disconnect lies between
the apparent benefits of winter field testing of seed lot samples in
Hawaii followed by laboratory verification of PVY presence or absence
(as understood by commercial growers or buyers, researchers, and
extension personnel) and seed potato growers’ perceptions of what
constitutes successful PVY winter detection techniques.

The primary objectives of our case study are to (1) establish a pro-
file of commercial potato growers and certified seed potato growers
in the study region, and (2) identify the reasons why seed potato
growers in the region choose not to adopt the winter field testing of
seed lot samples in Hawaii followed by laboratory verification of PVY
presence or absence (hereafter referred to as the Hawaii winter grow-
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Research Methods

To understand the context surrounding the nonadoption of the
Hawaii winter grow-out innovation, we sought information from com-
mercial potato growers, certified seed potato growers, and university
researchers and extension educators. To protect the confidentiality of
participants, specific locations of the potato-growing areas are not
revealed. In October 2015, we collected preliminary data to assess the
knowledge, perceptions, and management practices of PVY among
commercial potato growers with operations greater than 100 acres.
We completed an initial round of 18 interviews that lasted approxi-
mately 10 minutes each in conjunction with Washington State Univer-
sity (WSU) Extension’s Annual Potato Research Needs Survey of
commercial potato growers in the area. Topics included the severity of
PVY infections observed by the interviewees since 2012 and the rea-
sons behind the observed decrease in PVY during the 2015 season.
Following the short preliminary interview, we asked potato growers if
they would be interested in participating in a longer, semistructured
interview to discuss their experiences with PVY and the effects of the
virus on their potato-growing operation. Twelve of 18 commercial
potato growers agreed to participate. In addition, we asked seven seed
potato growers at a Washington State Seed Potato Commission
(WSSPC) meeting on October 8, 2015, or over the telephone if they
would be interested in participating in an interview to discuss their
experiences with PVY. All seven seed potato growers expressed inter-
est in participating in this study.

We contacted the 12 commercial potato growers and seven seed
potato growers who agreed to participate to arrange an audio-recorded,
semistructured interview that would be conducted either in person or
by telephone. If we received no response, we contacted the grower at
least one more time. Six commercial potato growers (50 percent) and
six seed potato growers (85 percent) completed interviews.

The second round of interviews took place in November and Decem-
ber 2015 for commercial potato growers, and between November 2015
and February 2016 for seed potato growers. The interviews lasted
between 15 and 45 minutes and included questions about farm charac-
teristics, experiences managing PVY on farms, seed potato practices,
and economic impacts of PVY. The types of questions differed slightly
for the two groups of growers, but had similar themes. We asked each
participant all of the questions on the list, but some declined to answer
certain questions. We transcribed all of the interviews and arranged
i is,.with the exception of one interview
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that was not recorded. In that instance, we transcribed interview notes
and analyzed them in the same manner.

We also collected data for this study via informal telephone calls,
e-mails, and in-person conversations with three university researchers
and one winter grow-out manager. This information was used to pro-
vide “expert” opinions and as a means for fact-checking statements
made by growers. We did not audio-record communication with these
individuals. Their responses are summarized, instead of directly
quoted, in this article.

Findings
Profile of Potato Growers in the Study Region

In the region of study in Washington State, commercial potato growers
produce red, yellow, white, purple, and fingerling varieties. These pota-
toes are sold primarily to grocery stores, restaurants, and distribution
centers. The majority of the commercial potato farms are family corpo-
rations, with long histories of potato farming. Seventeen potato-
growing operations (ranging between approximately 500 and 1,000
acres) are managed using conventional agriculture techniques, and
make up the majority of the industry in the area. Eight additional farms
(100 acres or less) operate as certified organic. All of the six commer-
cial potato growers we interviewed during the second round of inter-
views were men. Five were owners of their farming operation, while one
previously owned an operation, but currently worked for a different
commercial potato farm. Commercial potato operations had an average
area of 707 acres. On average, seven different varieties of potatoes were
grown, and the most common rotation crops were silage corn, vegeta-
bles, and wheat.

There are nine seed potato operations in Washington State (WSSPC
2015). Similar to the commercial potato farms, the majority of the seed
potato operations are family corporations, with farm management
passed down generationally, or to members of the same family manag-
ing different enterprises of affiliate companies. One seed potato farm
(62 acres) is managed using certified organic farming practices, while
the other seed potato farms (ranging between approximately 450 and
1,000 acres) operate using conventional agricultural practices. The
seed potato growers produce over 120 varieties of russet, red, yellow,
white, purple, and fingerling seed potatoes (Sather et al. 2014). They
sell their seed potatoes to commercial potato growers throughout the
state, the United States, Canada, and Pacific Rim countries. Of the seed

2 i iew vo.were women and four were men. All
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Figure 2. Commercial and Seed Potato Growers’ Responses to “Where Do You Prefer to
Get Your Information on PVY?”

Note: Growers could provide multiple responses. Data from the second round of
interviews.

interviewees were either owners of or partners in certified seed potato
farms. The average potato production area was 578 acres. The farms
grew an average of 27 varieties of seed potatoes, and most commonly
planted silage corn, grass, and wheat as rotation crops.

Sources of Information about PVY

Scholarship concerning PVY is abundant, and in recent years, key
review articles on current PVY research have been published (Gray
et al. 2010; Karasev and Gray 2013). In 2015 alone, 68 peer-reviewed
journal articles were published about PVY.” Despite the available
research and resources about PVY, all 12 interviewees responded that
they had obtained their information about PVY from only one or two
WSU researchers (Figure 2), who are situated within growers’ sociospa-
tial knowledge networks (Ilbery et al. 2012). Most study participants
reported also completing their own searches of available resources
about PVY, relying primarily on grower magazines, the Internet, and
various university extension bulletins.

It is not surprising that WSU is the most common source of infor-
mation about PVY for potato growers, given that a main responsibility
of WSU personnel is to communicate research findings to the greater
agricultural community of the state. Moreover, potato growers in the
region tend to seek out advice and expertise from the researchers
with whom they are most familiar. It is evident that the majority of

2We conducted our search for articles in a similar manner to Kremer et al. (2001) for a
nonsystematlc samphng of Journal articles listed on Google Scholar. Parameters included
015) and containing the words “Potato virus Y.”
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Figure 3. Tuber Cracking Symptoms Likely Caused by PVY. Photo by B. Gundersen.
[Color figure can be viewed at wileyonlinelibrary.com]

potato growers have relied on the expertise of only a few go-to
researchers to provide important recommendations on PVY manage-
ment on their farm. However, interestingly, they have not followed
these researchers’ recommendations regarding the Hawaii winter
grow-out innovation.

Origin of Recombinant Strains of PVY in Washington

PVYY™ and PVY™™W were first reported in 2012 in seed-potato-growing
areas of western Washington State (Benedict et al. 2015). The recombi-
nant strains created challenges for WSDA inspectors and seed potato
growers, because the characteristic PVY” symptoms did not appear on
potato plant foliage during winter grow-out tests. As a result, many seed
lots were inaccurately certified by inspectors and unintentionally sold as
healthy certified seed to commercial potato growers. When commercial
potato growers who planted Washington certified seed potatoes har-
vested their crop at the end of the season, they saw prominent symp-
toms on some tubers—particularly suberized, canoe-shaped cracks
(Figure 3), which had not been observed previously. Initially, commer-
i ymptoms were growth cracks, a
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physiological condition that affects tubers when potato plants are over-
irrigated. The commercial growers began communicating with each
other to investigate if any of the other local potato-growing operations
had noticed seed and harvested tubers with similar symptoms. Commer-
cial potato growers estimated that yield and tuber quality losses during
this time were between 10 percent and 40 percent, confirming the sig-
nificant impact plant diseases can have on crop quality and yield.
Because these cracking symptoms had not been observed at such high
levels before, commercial potato growers wondered if the observed
symptoms had originated in the fields of the seed potato growers, and
if the problem had been caused by a virus introduced on the certified
seed potatoes they had purchased. According to one commercial
grower, “Originally, we thought everything was a growth crack—maybe
we did overirrigate it. But I'd given [the tubers with symptoms] to our

. guy, and I thought he took them up to [WSU], and had them
[tested], and said, ‘Um, yeah. That’s PVY’” (commercial potato grower
2). While some seed potato growers were not convinced that the tuber
cracking was a viral symptom or that it originated in their fields, work
by Benedict and collaborators (2015) demonstrated the relationship.
As evidence mounted that the asymptomatic strains of PVY were
increasingly problematic (Benedict et al. 2015; Gray 2014; Karasev and
Gray 2013), WSSPC moved to remedy the situation.

The WSSPC works in conjunction with the WSDA to regulate seed
potato production in Washington State. The commission comprises
representatives from the seed-potato-growing operations in the state, as
well as representatives and plant inspectors from the WSDA. In
response to the asymptomatic strains of PVY, the WSPCC chose to man-
date laboratory testing for seed potatoes submitted for certification in
2013, a regulation to which most other states with seed certification pro-
grams already adhered at the time (PAA Certification Section 2015).

While the new regulation was intended to enhance the quality of cer-
tified seed potatoes, it had unfortunate ramifications. The laboratory
that was contracted to carry out the testing made technical errors that
contributed to false positive results. This led to the complete loss or
noncertification of thousands of seed potato tubers. One seed potato
grower described the situation:

We had changed our regulations. We felt that everything
should be tested at [an early generation] as a check. Some of
us felt that anything that was being replanted should be
retested but [this regulaUOn] was a compromise. Some

2 t eluctantly. And then, we had a
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problem.... It’s never really been explained to us what
happened, but all this [early generation] material that was sent
there, they were getting hits all over the board. Like 80 percent
of all seed lots came back positive, probably 60 percent of them
were exceeding threshold levels. We had a hard time believing
that that was right. It was unfortunate. We found this
information out in March and [commercial potato growers]
were going to be planting in April, and [were] told we didn’t
have clean seed. There [are] no other alternatives at that
point, and a lot of the [seed potato] growers said we can’t ever
do that to ourselves again. We backed ourselves into a corner
and we almost tore the industry down to not have seed and not
have material eligible to plant based on our change in the
regulations and [being at] the mercy of this one lab. (Seed
potato grower 2)

As a result of the inaccurate laboratory testing, the new regulation was
removed, and the protocols reverted to the previous year’s protocols,
while the WSSPC considered alternative ways to effectively manage the
recombinant strains of PVY. Throughout the course of our interviews,
we found this incident was at the root of nonadoption of the Hawaii
winter grow-out innovation. The seed potato growers had acted consci-
entiously by implementing new protocols to manage PVY, which
directly resulted in a nearly devastating impact on the industry. This dis-
trust of laboratory testing for the winter grow-out and subsequent certi-
fication has affected the state’s ability to institute the Hawaii winter
grow-out innovation.

Perceived Attributes of the Winter Grow-Out Innovation

Throughout our interviews with seed potato growers, we collected data
on perceptions of the five attributes of innovations (Rogers 2003) asso-
ciated with the diffusion model (Table 1). We found that Washington
seed potato growers perceived that the Hawaii winter grow-out innova-
tion did not have a relative advantage, was not compatible with current
PVY management practices mandated in their certification program,
was overly complex, was not particularly easy to try on a small scale, and
had difficult-to-observe impacts.

Relative advantage. Two-thirds of the seed potato growers said they
were uncertain that holding winter grow-out testing in Hawaii would
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Hawaii has failures too. They’ve been hit with weather or other
problems and they've had their own share of failures. So
there’s no guarantee wherever you go. (Seed potato grower 3)

I'm not convinced that Hawaii would be any better. (Seed
potato grower 4)

I've heard through the years that there [are] multiple states
being tested [in Hawaii], and there has been in question some
cross contamination between horrible lots right beside clean
lots. Some [seed potato] growers didn’t quite feel it’s accurate
or right, but there’s been some haggle and questions about it.
There’s been certain [PVY] movement in Hawaii from seed lot
to seed lot. ...  haven’t been there or seen it myself, but it’s just
rumors. (Seed potato grower 6)

These comments demonstrate that the seed potato growers believe
that a new winter grow-out location would not necessarily be more
successful than the winter grow-out system they already have. More-
over, some seed potato growers (particularly seed potato grower 6)
think that the accuracy of seed potato virus readings would diminish
if samples were planted in Hawaii because of potential cross contam-
ination from other states’ submitted lots that may contain infected
seed. The perception of higher incidence of PVY transmitted by
insect or mechanical means from other states’ seed lots also contrib-
utes to why Washington seed potato growers have not adopted the
innovation.

Interestingly, one university researcher and one grow-out manager
from a state other than Washington reported that their winter grow-out
in Hawaii provided substantial benefits including speed of grow-out
results, improvements in certification accuracy, and enhanced symptom
expression. Coincidentally, these three benefits address problems that
the Washington greenhouse winter grow-out had experienced in previ-
ous years. Additionally, neither the researcher nor the manager was
aware of contamination between seed lots on the Hawaii farm, largely
because each state’s seed potatoes are planted in areas that are isolated
from one another. The grow-out manager further noted that some-
times seed potato growers who receive poor test results during the win-
ter grow-out blame these results on cross contamination or current
season transmission and infection. These findings, like those of Ilbery
et al. (2013), show the importance of understanding perceptions and
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Compatibility. Conforming to “farming subculture” norms and
beliefs about agricultural management practices is a “fundamental
aspect of social behavior” (Vanclay 1992:11). In the case of PVY man-
agement, Washington seed potato growers place high importance on
isolating their seed potatoes from other states’ seed potato winter grow-
outs. This need suggests that Washington seed potato growers perceive
that winter grow-out tests in Hawaii are not compatible with their priori-
ties and standards if they do not have an isolation component:

There are benefits to where we can keep our seed lots away
from any other state’s testing seed crop. There may be some
drawbacks on some efficiency [to growing out in Hawaii], and
the speed of growth that the plants or certain varieties perform
in a greenhouse. ... I'm not sure if they do better in a tropical
climate or not. (Seed potato grower 6)

If it goes to Hawaii, it’s not as controlled. (Seed potato grower 3)

Maybe [there’d be] even new environmental symptoms or
growth cracks. (Seed potato grower 4)

One university researcher and one grow-out manager said that dur-
ing the winter grow-out, each state’s seed potatoes are indeed planted
in isolated areas of the farm, and that they have not encountered issues
with cross contamination between states’ seed potatoes on the Hawaii
farm. However, Washington seed potato growers believe (albeit likely
incorrectly) that other states’ potatoes may be a source of PVY that
could contaminate seed lots and confound grow-out testing. These
statements demonstrate possible misinformation being perpetuated
among the Washington seed potato growers.

Complexity. 'Two-thirds of the seed potato growers indicated that the
learning curve associated with adopting the Hawaii winter grow-out
innovation would be challenging. This perception speaks to the com-
plexity of the logistics that would be required to implement a new grow-
out location.

First, does Hawaii have the space or time for us? The next is the
logistical problem of loading up a container and getting it over
there, and unloading the container and making sure that
everything’s sorted through and done correctly—and then just
that distance and travel factor. (Seed potato grower 2)

We’d probably have new learnlng curves to deal with—we’d be
2 e game. There’s a bad leaf
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miner problem that makes readings difficult. It would be hard
to start the process up again. Where would we find new
ground? Who are the new people to work with? Flooding
happens, there’d be new insects to deal with. (Seed potato
grower 4)

I know there’s quite a few states that send their stuff to Hawaii.
I’'m not really familiar with the whole process. (Seed grower 5)

These responses show that the seed potato growers believe they would
have to overcome numerous hurdles to implement a Hawaii winter
grow-out. These perceptions are particularly surprising, given that 80
percent of the states with a seed potato certification program in the
United States hold their grow-out test in a tropical location (Table 2).

The perceived complexity of the system as held by the Washington
seed potato growers seems to stem from a perception that starting
something new is inherently complex, which may be somewhat of a mis-
conception. When a grow-out manager was asked to describe the logisti-
cal process of shipping tubers to Hawaii and planting the tubers for a
grow-out, he noted that the first year “did take a little getting used to.”
However, during each subsequent year of the tropical winter grow-out,
the test performance exceeded his expectations. It is important to note,
however, that other states have much larger programs and more per-
sonnel to deal with implementation of certification standards.

Trialability. Geographically, the Hawaii winter grow-out innovation
is not easy to implement at a large scale because of the distance and
transit required. Once seed potatoes are packed onto a shipping con-
tainer, delivered, and planted in the ground in Hawaii, seed potato
growers cannot abandon the grow-out in the middle of a test, because
of the requirement to obtain plant samples for laboratory verification
of the visual assessments. It may be possible for growers to conduct a
trial of a small-scale subset of seed tubers in a grow-out in Hawaii and
test a subset of samples in a Washington laboratory to explore the prac-
ticality and usefulness of the testing. Regardless of the viability of these
options, Washington seed potato growers currently believe that the
Hawaii winter grow-out followed by confirmatory laboratory testing is
an all-or-nothing practice.

The failure of laboratory testing during the 2013 growing season (as
described above) is likely the main reason for seed potato growers’ aver-
sion to what is now routine winter grow-out and testing practices in other
states for PVY verification. Moreover, we know from classic diffusion

: potential early adopters perceive



Nonadoption of an Agricultural Innovation — Beissinger et al. 619

trialability to be a significant adoption barrier, while later adopters can
look to early adopters who “act as a kind of vicarious trial,” making per-
sonal trials less important. In other words, until one or more Washington
seed potato growers try (and eventually adopt) the Hawaii winter grow-
out innovation and encourage other seed potato growers to follow suit,
industrywide adoption in Washington State may not be likely.

Observability. Because of the distance that separates Washington
and Hawaii, seed potato growers expressed concern that they would not
be able to observe plants while the winter grow-out was taking place:

We feel like we’re better off controlling [PVY] where we’re able
to see it every week. If [the grow-out] is in Hawaii, we can’t see
and monitor what’s gong on. (Seed potato grower 3)

I think we have benefits in the way we do it, keeping it in the
state in a private, isolated greenhouse, mainly because we’re
our own testing facility. We have only our own [seed] in there,
no other state’s for the risk of cross contamination. It’s all in-
house and isolated under a roof. (Seed potato grower 6)

These comments demonstrate that the perceived lack of personal con-
trol over winter grow-out testing in another state is another factor con-
tributing to nonadoption. Growers place a high value on being able to
observe that grow-out testing is executed in a way whereby they can pro-
vide feedback and suggestions, and be able to physically see how plant
symptoms progress. Despite the fact that Washington is geographically
closer to Hawaii than other states that implement a Hawaii winter grow-
out, the Washington seed potato growers’ emphasis is on immediate
observability. This finding relates to the importance of reducing both
geospatial and phenomenological “epistemic distance” to change
growers’ perceptions and behaviors (Carolan 2006).

Perceived Status of the Current PVY Management System

The winter grow-outs that take place in Washington hoop houses and
greenhouses have had mixed results in recent years. In 2014, a combi-
nation of late scheduling and poor growing conditions led to the fail-
ure of the winter grow-out, with many lots having inconclusive results.
Nonetheless, seed potato growers prefer relying on the Washington-
based approach rather than switching to the Hawaii winter grow-out
innovation. One seed potato grower reflects on the Washington grow-
e our homework, and [written]
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Figure 4. Commercial Potato Growers’ Characterization of the Severity of PVY During
2012/2013 and 2014/2015.
Note: Data from the first round of interviews.

specifications that required certain temperatures and moisture levels
and sunlight. And we learned from it for this year [2015]” (seed potato
grower 2). Despite the unpredictable performance of a greenhouse win-
ter grow-out test, one-third of the Washington seed potato growers
believe that the current management strategies, as written in the
WSDA’s Washington State Certification of Seed Potato Protocols
(2008), are sufficiently successful for managing PVY. “I think we’re
doing a really good job with what we’re doing,” said one grower. “It’s
just patrolling of it if anything, making sure that our standards are
being met” (seed potato grower 3). Another said, “Washington is pretty
on par with any of the other states [that have seed potato certification
programs]” (seed potato grower 4). According to commercial potato
growers who were interviewed, the 2014 and 2015 growing seasons
experienced significantly less PVY than previous years (Figure 4). Sixty-
seven percent of commercial potato growers attributed this decline to
less seedborne PVY (Figure 5).

Possibility of Future Adoption

Although seed potato growers have not adopted the Hawaii winter
grow-out innovation for the reasons outlined above, there may be a pos-
sibility of adoption in the future. Most of the seed potato growers inter-
viewed said they would be interested in considering the winter grow-out
i ion. i i vers demanded and were willing to
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Figure 5. Commercial Potato Growers’ Explanations for the Decrease of PVY During the
2015 Growing Season.
Note: Growers could provide multiple responses. Data from the first round of interviews.

pay a premium to cover the costs associated with making the switch to
Hawaii grow-outs:

If that’s something that [commercial potato growers]
requested and were willing to pay for, then absolutely [we’d
consider a Hawaii winter grow-out]. [Commercial potato
growers] need to have confidence in the material. I guess a lot
of that’s our philosophy here. Our success is built on theirs.
(Seed potato grower 2)

If a commercial customer would demand it, I don’t think I would
have a problem with it personally. (Seed potato grower 6)

However, two seed potato growers were not convinced that commercial
potato growers would actually be willing to pay such a premium: “We have
a ‘customer is always right” mentality,” the first said. “But I don’t think that
the commercial growers give a shit about PVY” (seed potato grower 4).
The second said, “If they were willing to pay more for me to test [seed
potatoes] in Hawaii, I would do it. I mean, if they’re willing to, heck yeah.
But I know that’s not going to happen” (seed potato grower 2).

These comments suggest two things. First, some seed potato growers
recognize that switching to a Hawaii winter grow-out would be a wise
business decision if their customers (i.e., commercial potato growers)
expressed interest. Second, seed potato growers believe that the Hawaii
winter grow-out innovation is more expensive than their current winter
grow-out practices. The perceived high cost of an innovation is a com-
i i berger at al. 2015; Kremer et al. 2001;
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Long et al. 2016; Rogers 2003; Vanclay 1992). A premium paid by com-
mercial potato growers would incentivize and alleviate some of the bur-
den of additional costs that may be associated with adopting the Hawaii
winter grow-out innovation.

When commercial potato growers were asked about their opinions
on winter grow-out testing in Hawaii, they had mixed responses. Fifty
percent responded that they would be willing to consider paying a pre-
mium for certified seed potatoes that were grown-out in Hawaii:

I've requested for years to have our seed growers do the grow-
outs [in Hawaii]. I’d really like them to have a winter grow-out
in Hawaii, but I feel that they’ve been doing a good job of get-
ting better. (Commercial potato grower 4)

I guess it would depend on what the premium would be. And [it]
depends on if the first time it’s like, “oh, this stuff is dynamite, it
doesn’t have anything, right?” (Commercial potato grower 2)

Well, but a premium, I mean I don’t know how expensive it is,
but I suppose it would be worth a little bit more to me, yes.
(Commercial potato grower 5)

However, the remaining commercial potato growers were concerned
that they already paid a sufficiently high cost for certified seed potatoes
that were sometimes inaccurately certified. These commercial potato
growers suggested that there were more factors to consider than just
the winter grow-out test in Hawaii. They were interested in reintroduc-
ing the laboratory-testing requirement for seed potato certification:

I wouldn’t weigh [things on the Hawaii test] as much. If I knew
more about the seed [health] and it had more value added to
it, so definitely if it’s clean and had some sort of pedigree
that’d come with it, I could see some upcharges on certain
varieties. (Commercial potato grower 3)

I think we’re already paying a premium for seed that’s not
getting it. I'd love to see the grow-out plus the other testing meth-
ods to come back on a different deal.... I think a lot of people
are thinking the same thing ... looking at the way that this dis-
ease has changed, or is expressing itself, what the relevance of
the grow-out has been, and how trusting we can be in that [seed
potato certification] program. (Commercial potato grower 6)

It is essential to understand the perceptions and seed potato prefer-
e erci ers_(buyers), as well as the perceptions




Nonadoption of an Agricultural Innovation — Beissinger et al. 623

of seed potato growers, when exploring the possibility of the future
adoption of the Hawaii winter grow-out innovation. The responses of
commercial potato growers suggest approaches seed potato growers
could use to improve PVY management and, consequently, retain or
attract customers and provide a high-quality product.

Conclusion

The purpose of this study was to investigate the reasons behind the non-
adoption of a winter grow-out innovation among certified seed potato
growers in Washington State by conducting interviews with commercial
potato growers, certified seed potato growers, university researchers,
and others associated with the state’s potato industry. We found that
the primary reasons for nonadoption related to seed potato growers’
perceptions of the winter grow-out innovation were lack of advantages
compared with existing PVY management practices, incompatibility
with growers’ priorities relating to the desire for isolation and avoid-
ance of cross contamination, overly complex logistics, inability to con-
duct trials on a small scale, and lack of readily observable impacts.
Growers’ sociospatial knowledge networks and experiences with inaccu-
rate laboratory testing also help explain why Washington seed potato
growers rejected the innovation. Nonetheless, some seed potato
growers were willing to consider the Hawaii winter grow-out innovation
if commercial potato growers expressed an interest and were willing to
pay a premium. It is evident from our work that commercial potato
growers, as well as university researchers and extension personnel, indi-
vidually blamed seed potato growers for not adopting the winter grow-
out innovation. Lacking the social science insights provided by our
study, these groups were not aware of the factors—specifically, growers’
perceptions of different innovations and risks, long-standing sociospa-
tial knowledge networks, and broader sociocultural, economic, and
institutional contexts—that influence decisions to adopt (or reject) dis-
ease management practices.

Our case study makes several significant research and practical con-
tributions. Our study adds to the body of knowledge about the non-
adoption of agricultural innovations. Since the 1940s, researchers
working within the diffusion-of-innovations tradition have not devoted
adequate attention to why certain innovations are not adopted by the
members of a social system. Exhibiting a proinnovation bias, diffusion
scholars (and change agents) have focused primarily on the spread of
popular innovations rather than the rejection of unpopular technolo-
i i i : 1990; Rogers 2003). To overcome
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the proinnovation bias, Rogers (1995, 2003) has encouraged diffusion
scholars to select “unsuccessful innovations” as objects of study,
acknowledge that rejection behavior may be “rational and appropriate”
from an individual’s point of view, understand the broader policy and
research and development (contexts of innovation decisions), and
explore the “why” of adoption, rejection, and discontinuance. Despite
the call for more research, the number of nonadoption studies is lim-
ited (see, e.g., Belasco 1989; Cullen et al. 2013; Greiner and Gregg
2011; Kremer et al. 2001; Long et al. 2016; Shah et al. 2014; Wheeler
2008). In line with these past studies, our case study shows that seeking
to understand decisions to reject certain agricultural innovations is a
worthwhile endeavor. Research on the nonadoption of agricultural
innovations is critically important for understanding perceptions and
behaviors that have been ignored or overlooked by diffusion research-
ers. In addition, such work can lead to new and creative ideas for how
best to design, introduce, and broadly diffuse critical agricultural
innovations.

Our study also contributes to the sparse social science literature on
farm-level disease management. Specifically, it meets the call for more
microscale studies of risk perceptions and disease management strate-
gies (Ilbery 2012). Our study serves as a U.S. counterpart to the impor-
tant work on the human factors that influence the management of
plant diseases in the U.K. potato and wheat sectors (Ilbery 2012; Ilbery
et al. 2012, 2013; Maye et al. 2012). Moreover, our work meets the call
for partnerships among natural scientists, social scientists, and on-farm
decision makers when attempting to understand plant disease manage-
ment practices (Breukers et al. 2012; McRoberts et al. 2011; Mills et al.
2011; Wilkinson et al. 2011). To accomplish our goal, we assembled an
interdisciplinary team—two plant pathologists, one sociologist, one
agriculture extension educator, and participating seed potato and com-
mercial potato growers—to carry out our study of farm-level manage-
ment of PVY, one of the most economically impactful plant viruses in
the world. More thorough understandings of risk perceptions and dis-
ease management practices can help inform local, regional, national,
and international efforts to ensure agricultural biosecurity, maintain
crop quality and yield, safeguard food distribution and security, and
prevent economic losses within the agricultural sector (Ilbery 2012;
Maye et al. 2012; Mills et al. 2011).

Our work also offers valuable insights to applied researchers, exten-
sion educators, and other agriculture service providers who work in the
broad area of pest management (insects, weeds, and diseases). Social

e t ers do not act “rationally” can help

—



Nonadoption of an Agricultural Innovation — Beissinger et al. 625

applied researchers, change agents, and policymakers tailor their
research, outreach, and policy decisions, respectively, to better meet
farmers’ needs (Breukers et al. 2012; Mills et al. 2011). As Breukers
etal. (2012:609) argue, “once the incentives and barriers growers expe-
rience in applying farm-level risk management measures are under-
stood, effective intervention strategies can be designed to further
improve risk management at the farm level.” In Washington State, for
example, we believe information about the logistical steps, cost, and
time needed to implement the Hawaii winter grow-out innovation, as
well as reliable potato virus testing laboratories, could be assembled
and disseminated to help seed potato growers make informed decisions
about different winter grow-out options. In addition, Washington seed
potato growers could benefit from the knowledge and experiences of
seed potato growers in other states where adoption of these potato virus
management practices has already taken place. Arranging opportuni-
ties for seed potato growers to hear such testimonials from early adopt-
ers of the winter grow-out innovation could be helpful.

It is important to recognize the limitations of our study. First,
potato growers are quite aware of the different types of risks inherent
in producing potatoes. Numerous potato pathogens exist in addition
to PVY, all of which present unique management challenges. In some
cases, it was difficult for our interviewees to describe management
strategies for PVY independently from those for other potato patho-
gens. As a result, some opinions from growers about management
strategies for PVY may have inadvertently been influenced by those
for other pathogens that also pose risks to potatoes. Analysis of how
farmers make management decisions simultaneously about multiple
pathogens (e.g., viruses, bacteria, or fungi) based on different levels
of perceived risks is lacking in the literature on farm-level disease
management decision making and would be an interesting topic for
future research.

Second, not everyone who was asked to participate in the study wanted
to be interviewed. Some potential interviewees said they were not familiar
with PVY, or that they were too busy. The growers who did not participate
might have been more inclined if data had been collected via focus groups
(more relaxed environment) or written surveys (more anonymous). The
responses of individuals who chose not to participate might have provided
useful insights into PVY management and winter grow-out options; how-
ever, we have no way of knowing if nonparticipants’ perceptions would
have differed significantly from those of the study participants.

Last, our study focused on the nonadoption of the Hawaii winter
i i eed potato growers in only one state. Our
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analysis would have benefited from primary research on seed potato
growers’ PVY management decision making in Oregon and California,
the only other states that do not carry out winter grow-out testing in a
tropical location (Hawaii or Florida). However, it is worth noting that
perceptions and contextual factors likely differ from state to state, mak-
ing geographically (and socioculturally) situated case studies of disease
management decision making more appropriate than attempts to gen-
eralize findings across multiple states. We thus encourage interdisci-
plinary teams in other U.S. states to undertake case studies focused on
farmers’ (and other stakeholders’) perceptions and management of
plant disease risks.

References

Belasco, David B. 1989. “Adoption of Community Water Systems: An Area Study in Three
Villages in Muhafzat Kofr-Shaykh, Egypt.” PhD dissertation, University of Denver,
Denver, CO.

Benedict, Christopher A., Donald W. McMoran, Debra A. Inglis, and Alexander V.
Karasev. 2015. “Tuber Symptoms Associated with Recombinant Strains of Potato Virus
Y in Specialty Potatoes under Western Washington Growing Conditions.” American
Journal of Potato Research 92(5):593-602.

Breukers, Annemarie, Marcel van Asseldonk, Johan Bremmer, and Volkert Beekman.
2012. “Understanding Growers’ Decisions to Manage Invasive Pathogens at the Farm
Level.” Phytopathology 102 (6):609-19.

Brodt, Sonja, Karen Klonsky, and Laura Tourte. 2006. “Farmer Goals and Management Styles:
Implications for Advancing Biologically Based Agriculture.” Agricultural Systems 89:90-105.

Buttel, Frederick H., Olaf F. Larson, and Gilbert W. Gillespie Jr. 1990. The Sociology of Agri-
culture. New York: Westport Press.

Carolan, Michael S. 2006. “Do You See What I See? Examining the Epistemic Barriers to
Sustainable Agriculture.” Rural Sociology 71 (2):232-60.

Chase, Craig and Peter F. Korsching. 1992. “N-Trak Soil Test Purchaser and Farm Opera-
tor Survey Results.” Prepared for the Iowa State University Agriculture and Home
Economics Experiment Station, Ames, Iowa, and the University of lowa Public Policy
Center, Iowa City, IA.

Chikh-Ali, Mohamad, Stewart M. Gray, and Alexander V. Karasev. 2013. “An Improved
Multiplex IC-RT-PCR Assay Distinguishes Nine Strains of Potato Virus Y.” Plant Disease
97(10):1370-74.

Chrzanowska, Mirosawa and Teresa Doroszewska. 1997. “Comparison between PVY Iso-
lates Obtained from Potato and Tobacco Plants Grown in Poland.” Phytopatologia
Polonica 13:63-71.

Compagnone, Claude and Florence Hellec. 2015. “Farmers’ Professional Dialogue Net-
works and Dynamics of Change: The Case of ICP and No-Tillage Adoption in Bur-
gundy (France).” Rural Sociology 80(2):248-73.

Crosslin, James M., Philip B. Hamm, Kenneth C. Eastwell, Robert E. Thornton, Charles R.
Brown, Dennis Corsini, Patrick J. Shiel, and Philip H. Berger. 2002. “First Report of
the Necrotic Strain of Potato Virus Y (PVY") on Potatoes in the Northwestern United
States.” Plant Disease 86(10):1177.

Crosslin, James M., Philip B. Hamm, Dan C. Hane, Joy Jaeger, Charles R. Brown, Patrick J.
Shiel, Philip H. Berger, and Robert E. Thorton. 2006. “The Occurrence of P R
PVYY, and PVY™ Strains of Potato Virus Yin Certified Potato Seed Lot Trials in Wash-
ington and Oregon.” Plant Disease 90(8):1102-05.




Nonadoption of an Agricultural Innovation — Beissinger et al. 627

Cullen, Ross, Sharon L. Forbes, and Rachel Grout. 2013. “Non-adoption of Environmental
Innovations in Wine Growing.” New Zealand Journal of Crop and Horticultural Science
41(1):41-48.

De Bokx, Jacob A. and Harm Huttinga. 1981. “Potato Virus Y.” Descriptions of Plant Viruses.
No. 242. Association of Applied Biologists. Retrieved April 23, 2016 (http://www.
dpvweb.net/dpv/showdpv.php?dpvno=242)

Glais, Laurent, Michel Tribodet, and Camille Kerlan. 2002. “Genomic Variability in
Potato Potyvirus Y (PVY): Evidence that PVY"W and PVY""™ Variants Are Single to
Multiple Recombinants between PVY® and PVYY Isolates.” Archives of Virology
147(2):363-78.

Goldberger, Jessica R., Robert E. Jones, Carol A. Miles, Russell W. Wallace, and Debra
A. Inglis. 2015. “Barriers and Bridges to the Adoption of Biodegradable Plastic
Mulches for U.S. Specialty Crop Production.” Renewable Agriculture and Food Systems
30(2):143-53.

Gray, Stewart M. 2014. “The Persistence of PVY: New PVY Strains Difficult to Detect.” Spud-
man 52(5):32-33.

Gray, Stewart, Solke De Boer, James Lorenzen, Alexander Karasev, Jonathan Whitworth,
Phillip Nolte, Rudra Singh, Alain Boucher, and Huimin Xu. 2010. “Potato Virus Y: An
Evolving Concern for Potato Crops in the United States and Canada.” Plant Disease
94(12):1384-97.

Greiner, Romy and Daniel Gregg. 2011. “Farmers’ Intrinsic Motivations, Barriers to the
Adoption of Conservation Practices and Effectiveness of Policy Instruments: Empiri-
cal Evidence from Northern Australia.” Land Use Policy 28:257-65.

Ilbery, Brian. 2012. “Interrogating Food Security and Infectious Animal and Plant Dis-
eases: A Critical Introduction.” Geographical Journal 178(4):308-12.

Ilbery, Brian, Damian Maye, Julie Ingram, and Ruth Little. 2013. “Risk Perception, Crop
Protection and Plant Disease in the UK Wheat Sector.” Geoforum 50:129-37.

Ilbery, Brian, Damian Maye, and Ruth Little. 2012. “Plant Disease Risk and Grower-
Agronomist Perceptions and Relationships: An Analysis of the UK Potato and Wheat
Sectors.” Applied Geography 34:306-15.

Karasev, Alexander V. and Stewart M. Gray. 2013. “Continuous and Emerging Challenges
of Potato Virus Y in Potato.” Annual Review of Phytopathology 51:571-86.

Karasev, Alexander V., Olga V. Nikolaeva, Xiaojun Hu, Zachary Sielaff, Jonathan
Whitworth, James H. Lorenzen, and Stewart M. Gray. 2010. “Serological Properties of
Ordinary and Necrotic Isolates of Potato Virus ¥: A Case Study of PVYN Mis-
identification.” American Journal of Potato Research 87(1):1-9.

Kerlan, Camille. 2006. “Potato Virus Y.” Descriptions of Plant Viruses. No. 414. Association of
Applied Biologists. Retrieved May 6, 2016 (http://www.dpvweb.net/dpv/showdpv.
phprdpvno=414).

Kerlan, Camille and Benoit Moury. 2008. “Potato Virus Y.” Pp. 287—96 in Encyclopedia of
Virology, 3rd ed, edited by B. W. J. Mahy and M. H. V. van Regenmortel. Oxford,
England: Academic Press.

Kremer, Kathy S., Michael Carolan, Stephen Gasteyer, S. Noor Tirmizi, Peter F.
Korsching, Gregory Peter, and Pingsheng Tong. 2001. “Evolution of an Agricultural
Innovation: The N-Trak Soil Nitrogen Test—Adopt and Discontinue, or Reject?”
Technology in Society 23(1):93-108.

Long, Thomas B., Vincent Blok, and Ingrid Coninx. 2016. “Barriers to the Adoption and
Diffusion of Technological Innovations for Climate-Smart Agriculture in Europe: Evi-
dence from the Netherlands, France, Switzerland and Italy.” Journal of Cleaner Produc-
tion 112:9-21.

Lorenzen, James H., Teresa Meacham, Philip H. Berger, Patrick J. Shiel, James M.
Crosslin, Philip B. Hamm, and H. Kopp. 2006. “Whole Genome Characterization of
Potato Virus Y Isolates Collected in the Western USA and Their Comparison to Iso-
lates from Europe and Canada.” Archives of Virology 151 (6):1055-74.



http://www.dpvweb.net/dpv/showdpv.php?dpvno=242
http://www.dpvweb.net/dpv/showdpv.php?dpvno=242
http://www.dpvweb.net/dpv/showdpv.php?dpvno=242
http://www.dpvweb.net/dpv/showdpv.php?dpvno=414
http://www.dpvweb.net/dpv/showdpv.php?dpvno=414
http://www.dpvweb.net/dpv/showdpv.php?dpvno=414

628  Rural Sociology, Vol. 83, No. 3, September 2018

Lorenzen, James H., Lisa M. Piche, Neil C. Gudmestad, Teresa Meacham, and Patrick J.
Shiel. 2006. “A Multiplex PCR Assay to Characterize Potato Virus Y Isolates and Iden-
tify Strain Mixtures.” Plant Disease 90(7):935-40.

Maye, Damian, Brian Ilbery, and Ruth Little. 2012. “Rationalising Risk: Grower Strategies
to Manage Plant Disease in the UK Wheat and Potato Sectors.” Geographical Journal
178(4):338-47.

McMoran, Donald W. 2015. “Skagit County Agriculture Statistics.” Washington State Uni-
versity Skagit County Extension, Burlington, WA. Retrieved August 17, 2016 (http://
ext100.wsu.edu/skagit/wp-content/uploads/sites/5/2014/02/WSU-Skagit-County-
Agricultural-Statistics-2014-Draft.pdf).

McRoberts, Neil, Charles Hall, Laurence V. Madden, and Gareth Hughes. 2011.
“Perceptions of Disease Risk: From Social Construction of Subjective Judgments to
Rational Decision Making.” Phytopathology 101(6):654—65.

Mills, Peter, Katharina Dehnen-Schmutz, Brian Ilbery, Mike Jeger, Glyn Jones, Ruth Little,
Alan MacLeod, Steve Parker, Marco Pautasso, Stephane Pietravalle, and Damian
Maye. 2011. “Integrating Natural and Social Science Perspectives on Plant Disease
Risk, Management and Policy Formulation.” Philosophical Transactions of the Royal Soci-
ety B 366:2035-44.

Moore, Keith M. 2008. “Network Framing and Pest Management Knowledge and
Practice.” Rural Sociology 73(3):414-39.

Moser, Christine M. and Christopher B. Barrett. 2003. “The Disappointing Adoption
Dynamics of a Yield-Increasing, Low External-Input Technology: The Case of SRI in
Madagascar.” Agricultural Systems 76(3):1085-100.

NASS (National Agriculture Statistics Service, U.S. Department of Agriculture). 2015.
“Potatoes: 2014 Summary.” Retrieved April 24, 2016 (http://usda.mannlib.cornell.
edu/usda/current/Pota/Pota-09-17-2015.pdf).

Naylor, Rhiannon and Paul Courtney. 2014. “Exploring the Social Context of Risk Per-
ception and Behavior: Farmers’ Response to Bovine Tuberculosis.” Geoforum 57:
48-56.

Nie, Xianzhou and Rudra P. Singh. 2002. “A New Approach for the Simultaneous Differ-
entiation of Biological and Geographical Strains of Potato Virus Y by Uniplex and Mul-
tiplex RT-PCR.” Journal of Virological Methods 104(1):41-54.

Nolte, Phillip, Juan M. Alvarez, and Jonathan L. Whitworth. 2009. “Potato Virus Y Manage-
ment for the Seed Potato Pproducer.” CIS 1165, University of Idaho Extension,
Idaho Falls, ID. Retrieved May 6, 2016 (https://www.cals.uidaho.edu/edcomm/pdf/
CIS/CIS1165.pdf).

PAA Certification Section. 2015. “Annual General Certification Agency Survey.” Retrieved
April 4, 2016 (http://potatoassociation.org/wp-content/uploads/2016/03/PAA-CS-
Gen-Agency-Survey-current-12.30.2015.pdf).

Piche, Lisa M., Rudra P. Singh, Xianzhou Nie, and Neil C. Gudmestad. 2004. “Diversity
among Potato Virus Y Isolates Obtained from Potatoes Grown in the United States.”
Phytopathology 94(12):1368-75.

Rodriguez, Joysee M., Joseph J. Molnar, Robin A. Fazio, Emily Sydnor, and Mecca J. Lowe.
2009. “Barriers to Adoption of Sustainable Agriculture Practices: Change Agent
Perspectives.” Renewable Agriculture and Food Systems 24(1):60-71.

Rogers, Everett M. 1962. Diffusion of Innovations. New York: Free Press.

. 1971. Diffusion of Innovations. 2nd ed. New York: Free Press.

. 1983. Diffusion of Innovations. 3rd ed. New York: Free Press.

. 1995. Diffusion of Innovations. 4th ed. New York: Free Press.

. 2003. Diffusion of Innovations. 5th ed. New York: Free Press.

. 2004. “A Prospective and Retrospective Look at the Diffusion Model.” Journal of

Health Communication 9:13-19.
Ryan, Bryce and Neal C. Gross. 1943. “The Diffusion of Hybrid Seed Corn in Two Iowa
Communities.” Rural Sociology 8(1):15-24.



http://ext100.wsu.edu/skagit/wp-content/uploads/sites/5/2014/02/WSU-Skagit-County-Agricultural-Statistics-2014-Draft.pdf
http://ext100.wsu.edu/skagit/wp-content/uploads/sites/5/2014/02/WSU-Skagit-County-Agricultural-Statistics-2014-Draft.pdf
http://ext100.wsu.edu/skagit/wp-content/uploads/sites/5/2014/02/WSU-Skagit-County-Agricultural-Statistics-2014-Draft.pdf
http://usda.mannlib.cornell.edu/usda/current/Pota/Pota-09-17-2015.pdf
http://usda.mannlib.cornell.edu/usda/current/Pota/Pota-09-17-2015.pdf
https://www.cals.uidaho.edu/edcomm/pdf/CIS/CIS1165.pdf
https://www.cals.uidaho.edu/edcomm/pdf/CIS/CIS1165.pdf
http://potatoassociation.org/wp-content/uploads/2016/03/PAA-CS-Gen-Agency-Survey-current-12.30.2015.pdf
http://potatoassociation.org/wp-content/uploads/2016/03/PAA-CS-Gen-Agency-Survey-current-12.30.2015.pdf

Nonadoption of an Agricultural Innovation — Beissinger et al. 629

Sather, Kent, Alan Westra, Ellis B. Additon, Nina Zidack, Willem Schrage, Jeff McMorran,
and John L. Wraspir. 2014. “State Seed Potato Reports.” Retrieved May 2, 2015
(http://www.potatogrower.com/2014/01/where-it-all-begins).

Scholthof, Karen-Beth G., Scott Adkins, Henryk Czosnek, Peter Palukaitis, Emmanuel
Jacquot, Thomas Hohn, Barbara Hohn, Keith Saunders, Thierry Candresse, Paul
Ahlquist, Cynthia Hemenway, and Gary D. Foster. 2011. “Top 10 Plant Viruses in
Molecular Plant Pathology.” Molecular Plant Pathology 12(9):938-54.

Schubert, Jorg, Victoria Fomitcheva, and Joana Sztangret-Wisniewska. 2007.
“Differentiation of Potato Virus Y Strains Using Improved Sets of Diagnostic PCR-Pri-
mers.” Journal of Virological Methods 140 (1 — 2):66-74.

Shah, M. M. L., Will J. Grant, and Sue J. Stocklmayer. 2014. “Underlying Reasons for Non-
adoption, Disadoption and Continuing Adoption of Hybrid Rice in Bangladesh.”
Rural Extension and Innovation Systems Journal 10(1):11-21.

Shukla, Dharma D., Colin W. Ward, and Alan A. Brunt. 1994. The Potyviridae. Wallingford,
England: CAB International.

Singh, Rudra P., Debra L. McLaren, Xianzhou Nie, and Mathuresh Singh. 2003. “Possible
Escape of a Recombinant Isolate of Potato Virus Y by Serological Indexing and Meth-
ods of Its Detection.” Plant Disease 87(6):679-85.

Slovic, Paul, Melissa L. Finucane, Ellen Peters, and Donald G. MacGregor. 2004. “Risk as
Analysis and Risk as Feelings: Some Thoughts about Affect, Reason, Risk, and Ration-
ality.” Risk Analysis 24(2):311-22.

Sommers, David G. and Ted L. Napier. 1993. “Comparison of Amish and Non-Amish
Farmers: A Diffusion/Farm-Structure Perspective.” Rural Sociology 58(1):130—45.
Strang, David and Sarah A. Soule. 1998. “Diffusion in Organizations and Social Move-

ments: From Hybrid Corn to Poison Pills.” Annual Review of Sociology 24:265-90.

Vanclay, Frank. 1992. “Barriers to Adoption: A General Overview of the Issues.” Rural
Society 2(2):10-12.

Weidemann, Hans L. 1988. “Importance and Control of Potato Virus YW (PVYY) in Seed
Potato Production.” Potato Research 31(1):85-94.

Wheeler, Sarah Ann. 2008. “The Barriers to Further Adoption of Organic Farming and
Genetic Engineering in Australia: Views of Agricultural Professionals and Their Infor-
mation Sources.” Renewable Agriculture and Food Systems 23(2):161-70.

Whitworth, Jonathan L. and Robert D. Davidson. 2008. “Quality Seed: Seed Improvement,
Cultivar and Seed Lot Selection, and Certification.” Pp. 3—41 in Potato Health Manage-
ment, edited by D. A. Johnson. St. Paul, MN: APS Press.

Wilkinson, Katy, Wyn P. Grant, Laura E. Green, Stephen Hunter, Michael ]. Jeger, Philip
Lowe, Graham F. Medley, Peter Mills, Jeremy Phillipson, Guy M. Poppy, and Jeff
Waage. 2011. “Infectious Diseases of Animals and Plants: An Interdisciplinary
Approach.” Philosophical Transactions of the Royal Society B 366:1933—42.

WSDA (Washington State Department of Agriculture). 2008. “16-324 WAC: Certification
of Seed Potatoes.” Retrieved May 4, 2016 (http://apps.leg.wa.gov/wac/default.
aspx?cite=16-324&full=true).

WSPC (Washington State Potato Commission). 2007. “The Spud Syllabus: All about Fresh
Washington Potatoes.” Retrieved May 4, 2016 (http://potatoes.com/files/7413/
4885/1808/Spud_Syllabus_English.pdf).

WSSPC (Washington State Seed Potato Commission). 2015. “Crop Directory 2015-2016.”
Retrieved April 18, 2016 (http://www.waseedpotato.com/facts.php).

Yapa, Lakshman S. and Robert C. Mayfield. 1978. “Non-adoption of Innovations: Evidence
from Discriminant Analysis.” Economic Geography 54(2):145-56.



http://www.potatogrower.com/2014/01/where-it-all-begins
http://apps.leg.wa.gov/wac/default.aspx?cite=16-324&amp;full=true
http://apps.leg.wa.gov/wac/default.aspx?cite=16-324&amp;full=true
http://apps.leg.wa.gov/wac/default.aspx?cite=16-324&amp;full=true
http://apps.leg.wa.gov/wac/default.aspx?cite=16-324&amp;full=true
http://apps.leg.wa.gov/wac/default.aspx?cite=16-324&amp;full=true
http://potatoes.com/files/7413/4885/1808/Spud_Syllabus_English.pdf
http://potatoes.com/files/7413/4885/1808/Spud_Syllabus_English.pdf
http://www.waseedpotato.com/facts.php

Copyright of Rural Sociology is the property of Wiley-Blackwell and its content may not be
copied or emailed to multiple sites or posted to alistserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.

www.manharaa.com




