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Leafroll and red blotch are two of themost consequential viral diseases threatening the sustainability of the wine grape industry. To
promote uptake of management practices, there is a critical need to understand the motivating factors for decision makers and
optimize the dissemination and acquisition of knowledge. From 2019 to 2020, we conducted semi-structured interviews with 42
wine grape industry professionals (“decision makers”) in the Western United States, from California (n= 32) and Washington
(n= 10). Te interview questions explored the perceptions and experiences of these decision makers as they learned about disease
ecology, interacted with their immediate and extended community, and adopted management practices. Utilizing qualitative
thematic analysis, we identifed nine economic, knowledge, and social-behavioural factors along with 24 sub-factors.Tese factors
illustrated the interplay between knowledge, communication, economics, labour, government subsidies, regulatory practices, and
collaborative eforts that infuence adoption. Te quality of knowledge dissemination emerged as a critical aspect. Using the
interview data along with a quantitative survey (n= 145), we also explored how growers use 14 educational resources to learn
about grapevine viruses. Using these fndings, extension educators can optimize their activities to disseminate knowledge on
grapevine viral disease management. In total, this study provides context for the agricultural industry, research scientists, ex-
tension educators, and other supporting partners of the fnancial, interpersonal, and technical issues that must be overcome to
successfully manage grapevine viral diseases.

1. Introduction

Grapevines are host to 86 identifed species of virus, of which
Grapevine leafroll-associated virus 3 (GLRaV-3) and
Grapevine red blotch virus (GRBV) are two of the most
signifcant [1]. GLRaV-3 is the predominant virus causing
grapevine leafroll disease (“leafroll”), and GRBV is the causal
agent of grapevine red blotch disease (“red blotch”) [2–4].

Both diseases threaten the economic sustainability of the
wine grape industry as they reduce vine growth, fruit quality,
and yield [5–12]. Leafroll is a disease of worldwide economic
signifcance, colonising grapevines in virtually all com-
mercial growing regions. Occurrence of the etiological
agents and studies of disease management have been re-
ported from the Nearctic, Palearctic, and Australian regions
[2, 3, 5, 10, 13–18]. Conversely, GRBV is a more recently
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recognized threat, occurring extensively in certain regions of
North America, with reports of detections extending into
Europe, Asia, and Australia [7, 12, 19–24].

Evidence-based management practices for leafroll and
red blotch focus on prevention and suppression [13]
(Supplemental Data File: Table 1). Planting (“clean”) virus-
screened plant material reduces the risk of introduction via
infected planting stock [25]. Removal (roguing) of indi-
vidual diseased vines or entire blocks and vector control are
strategies to suppress the spread of leafroll [2, 14–17, 26, 27].
Practices related to these core activities include scouting,
trapping, mapping, diagnostic assays, application of selective
insecticides, mating disruption, and biological control.
Agronomic practices such as residual root removal may be
implemented during the roguing and/or replant process
[28]. Although the ecology of red blotch is not fully un-
derstood, suppression focuses primarily on detecting and
removing infected vines [8, 19, 29] and may include man-
agement of vegetation harbouring insect vectors [30, 31].

Global adoption of management practices for grapevine
viral diseases has been characterized as suboptimal, and
there is a paucity of explanatory studies [1]. When managing
an emerging pest or disease, growers must overcome un-
certainty and risk to increase their capability by adopting
new practices; otherwise, they tend to fall back on standard
practice [32, 33]. Factors afecting adoption are broadly
characterized as economic, knowledge, and social-
behavioural [32, 34, 35]. Economic considerations include
the cost-beneft outcomes of practices in relation to proft,
yields, and product quality. Tey also include the ability to
sell products (“saleability”) and site-specifc aspects such as
existing fnancial resources, cost and availability of labour,
and tools to implement practices [32, 34, 36]. Acquisition of
key knowledge reduces uncertainty and perceived risk, in-
creasing the likelihood of adoption [37–39].Tus, important
knowledge factors facilitating adoption relate to the state of
scientifc knowledge and technology, the development of
appropriate, user-friendly technology, local informational
resources, and economic models [35, 40]. Additionally,
growers should have the opportunity to access and absorb
technical knowledge, typically through applied research and
educational programs [35].

Agricultural knowledge is created and disseminated
collaboratively through formal and informal social networks
of actors including extension educators, research scientists,
industry organizations, and growers [41, 42]. Social-
behavioural factors surrounding these actors as in-
dividuals, in collaboration and in relation to public policy
instruments, have emerged as important considerations for
the adoption of practices [36]. Individual growers difer in
their willingness to try new practices and in the level of
support within their organizations for knowledge acquisi-
tion and implementation [32, 39]. Cooperative action within
the larger community afects knowledge dissemination and
infuences the success of coordinated programs [32, 43]. Te
strength of social networks in terms of the quality of in-
teractions, communication, and connections determines the
speed and level of adoption [44]. For practices to “take of,”
key social processes within these networks must be engaged

and play a larger role than simply broadcasting information
to growers [33, 45]. Efective outreach programs reduce the
uncertainty surrounding disease management by efectively
communicating current knowledge and encouraging the
formation of favourable attitudes, beliefs, and perceived
ability to implement practices [32, 37–39, 46–48]. Finally,
adoption is impacted by public policies such as funding for
extension activities, economic incentives, and certifcation
programs [35].

Previously, we applied this framework to leafroll and red
blotch, using a survey tool to characterize the economic and
knowledge factors infuencing adoption of management
practices among grape growers in California (CA) and
Washington (WA), USA [35]. We documented a neat
convergence of disease prevalence and practice adoption
among this population, suggesting that important lessons
about adoption can be learned from their experiences.
However, that survey constrained the extent of our un-
derstanding as a priori assumptions determined question
selection, social-behavioural factors were not considered,
and the explanatory power of how and why factors infu-
enced adoption was limited.

As a follow-up, we conducted this study, which included
interviews and a survey to broaden our understanding of the
motivating factors afecting adoption of grapevine viral
disease management and evaluate how decision makers use
educational resources to learn about grapevine viruses. By
understanding motivating factors and the infuence of ed-
ucational tools, there is an expectation that we can improve
the adoption of best management practices and mitigate the
damage caused by grapevine viral diseases.

2. Materials and Methods

2.1. Part 1: Decision Making and Viral Disease Management

2.1.1. Interview Method. In-depth semi-structured in-
terviews were conducted employing the qualitative meth-
odology of thematic analysis [49, 50] that has been used to
understand adoption of other farming practices [51, 52].
Tematic analysis is a method for systematically identifying
patterns of meaning (themes) across a dataset [49]. Te
method allows researchers to minimally organize an in-
terview transcript and describe the data in rich detail by
collating chunks of the text under labelled codes repre-
senting salient responses. Te codes are used to develop
descriptive themes capturing patterned responses or
meaning within the dataset [49].Tis allowed us to highlight
factors afecting adoption within the sample population but
does not seek to test hypotheses. Although the interview data
are not generalizable beyond the sample population, the data
may be used subsequently to direct empirical investigations.

2.1.2. Sample. Interviews were conducted in CA and WA.
Teoretical sampling, a nonprobability technique [53], was
used to intentionally capture participants with certain
characteristics. In this case, the sample included the full
range of job roles involved in the decision-making process of
viral disease management (“decision makers”) and covered
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multiple geographical areas of grape production. Forty-two
wine grape industry professionals (13 females) were inter-
viewed between December 2019 and June 2020 from the CA
North Coast region (n� 24), CA Lodi (n� 3), CA Central
Coast (n� 5), and WA (n� 10). Job titles included viticul-
turist (n� 19), vineyard manager (n� 4), vineyard director
(n� 7), owner (n� 4), consultant (n� 6), winemaker (n� 1),
and nursery owner (n� 1). Interviewees worked in vineyard
management companies (41%), combined vineyards and
wineries (45%), consulting companies (12%), and a nursery
(2%). Interviewees were recruited through informal net-
works. Sample size was determined by the concept of sat-
uration, defned as when no new information could be
learned in this region because the data had become
repetitive [54].

2.1.3. Interview Protocol. Interviews of 40 to 80minutes
were conducted in-person or with video conference software
(Zoom Video Communications, San Jose, California), audio
recorded, and transcribed for analysis. Twelve core, open-
ended questions were asked in each interview (Supplemental
Data File: Table 2) to prompt interviewees to talk about their
experiences of leafroll and red blotch disease management
and to keep the conversation on topic. Interviewers asked
follow-up questions as necessary to clarify responses and
explore them in more detail.

2.1.4. Tematic Analysis. Data analysis was conducted by
two authors who developed the themes through a series of
blind analyses followed by joint review. Initial codes were
generated using the R program RQDA [55]. Together, the
two authors reviewed the codes and blindly sorted them
under top-level “economic,” “knowledge,” and “social-
behavioural” categories. Code assignments were then
compared, and discrepancies were discussed and resolved.
Another round of blind sorting, comparison, and discussion
followed to develop sub-themes. Te approach to the data
was partly deductive [50] in that a loose framework based on
prior literature, not necessarily linked to the semantic
content of the interviews, was imposed by assigning codes to
the top-level categories. However, the approach was pri-
marily inductive in that initial coding and the development
of sub-themes were driven by the semantic data without
clear reference to the overarching theoretical framework.

2.2. Part 2:Optimizing InformationalResources andExtension
Programming

2.2.1. Survey Method. Responses were collected from 145
decision makers (49 females) from CA (n� 126) and WA
(n� 18). Job roles included viticulturist (n� 41), vineyard
manager (n� 27), vineyard director (n� 14), owner (n� 9),
consultant (n� 22), winemaker (n� 9), and feld scout
(n� 6). Sample sizes do not total 145 because some par-
ticipants did not provide responses to demographic ques-
tions. Participants reported which of 14 educational
resources (Figure 1) they had accessed to learn about

grapevine viruses and rated their usefulness on a 6-point
Likert scale (0� not at all useful; 5� extremely useful). Data
were collected using polling software (Turning Technologies,
LLC, Youngstown, OH, US) at regional meetings and using
online software (Qualtrics, LLC, Provo, UT, US). Com-
parisons were made between the percentage of decision
makers that had used each resource and rated them as highly
useful (“very” or “extremely useful”).

2.2.2. Interview Method. Participants were the same 42
decision makers interviewed in part one about their expe-
riences with leafroll and red blotch. Short answer, open-
ended questions comprised a distinct section in the same
interview session. Interviewees were asked to (1) describe
their personal process when learning about grapevine vi-
ruses and (2) explain their views of the importance of the 14
educational resources (Figure 1) (a) to their own learning
process and (b) to teach or disseminate knowledge to co-
workers or other decision makers. Te data were analyzed
using content analysis, a method related to thematic analysis,
suited to short answer questions [56]. Transcripts were
coded to characterize how and why decision makers used
each resource. Two researchers blindly generated codes for
each resource and conducted a joint review to decide on fnal
categories. Responses were blindly sorted into each category.
Content analysis allowed us to determine the level of
agreement between the researchers using Cohen’s K cal-
culation for inter-rater reliability [57]. When values were
under 0.80, disagreements were discussed, and the sorting
was repeated until sufcient agreement was reached to
achieve a value of 0.80 or greater. Te primary aim was to
characterize decision-maker views of resources. Te per-
centage of decision makers that mentioned each code was
calculated to provide insight into the level of consensus
within the sample. Te prevalence of views cannot be
generalized beyond this sample population, and some
percentages are low because individual interviewees had not
used a resource or did not articulate a clear opinion.

3. Results

3.1. Part 1: Decision Making and Factors Afecting Viral
Disease Management. Nine economic, knowledge, and
social-behavioural factors (themes) were identifed, along
with 24 sub-factors. Typically, themes’ analysis results are
presented as detailed descriptions with accompanying in-
terview quotes from participants that act as illustrations of
the data [50]. For brevity, we summarize each of the factors
and provide example quotes in the Supplemental Data File
(Supplemental Tables 3 to 11). Tese summaries refect the
views of the participants and not the authors. Instances
where author comments were necessary to clarify or provide
relevant background information were noted.

3.1.1. Economic Factors. As identifed previously [34], the
cost of implementing management practices and product
(fruit or wine) saleability were key economic themes,
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whereas vineyard production demand was newly identifed
as a contributing factor (Table 1).

(1) Teme 1: Costs of Practices. Te capital expense of
redeveloping a vineyard was a universal economic barrier,
and the cost-efectiveness of other management practices
was measured in relation to their ability to delay or avoid
large-scale replanting. Mitigation strategies such as selective
harvesting of fruit from healthy versus diseased vines and
blending leafroll-diseased fruit in the winery were used to
lengthen the time an infected vineyard could stay in pro-
duction. Managing leafroll and red blotch were often viewed
as the necessary “costs of doing business,” even if they
carried a signifcant fnancial burden. Reducing the base
costs of management would encourage adoption, but site-
specifc characteristics of vineyards are also important. For
example, decision makers tended to adopt evidence-based
guidance on roguing [18, 27] in blocks with low infection
rates and in younger plantings where it was considered cost-
efective. However, roguing was frequently abandoned in
mature blocks due to higher costs, including those associated
with farming mixed-age vineyards. In blocks with higher
incidence, as one interviewee noted, they would “keep
farming. . .until it gets to a threshold level where we can’t

make decent wine from it.” Pertinent labour constraints
included a lack of trained staf to scout, rogue, replant, and
tend to young vines. Staf also needed to balance disease
management with other pressing tasks.

(2) Teme 2: Production Demand. Decision makers expe-
riencing reduced yields from leafroll and red blotch disease
frequently adopted practices to maintain production at an
economically viable level and prolong vineyard longevity.
However, adoption may lag when production remains
economically viable without managing diseased vines. Te
capacity of production demand to afect adoption was
infuenced by the price of grapes, industry wide demand, and
risk of disease spread. When grape prices are low, decision
makers are less inclined to rogue because of a lack of f-
nancial resources. Conversely, when grape prices are high, or
the wine can be sold at a premium, resources could be
dedicated to disease management. High demand for fruit
made it easier to sell and lessened the incentive to adopt
management practices. High demand also incentivized some
decision makers to plant noncertifed vines as a shortcut to
get vineyards into production, despite this being contrary to
recommended practice. Risk assessments are also an im-
portant component. For example, decision makers from the
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CA Central Coast viewed red blotch as high risk due to
declines in fruit yield. Conversely, the absence of a vector
and overall lower incidence of red blotch inWA led decision
makers to focus on sourcing virus-screened plant material as
their principal mitigation strategy.

(3) Teme 3: Product Saleability. Fruit quality and wine
quality were important motivating factors for decision
makers and were often linked to risk assessments of yield
and rate of disease spread. Tey were more inclined to
remove vines when fruit and wine quality was poor and
reluctant to do so when fruit met quality standards. White
wine grapes were easier to sell, regardless of infection status,
whereas it was harder to achieve and maintain quality
standards for red wine grapes. Production demand factored
into these decisions: during periods of oversupply, buyers
may demand higher quality fruit, leading to increased
adoption. Ultimately, decisions regarding quality were
heavily infuenced by the perceptions of the winemakers
using the fruit, even if other decision makers had concerns
about disease incidence and spread.

3.1.2. Knowledge Factors. As identifed previously [34],
decision-maker knowledge of the disease system was an
important theme. Additional themes included current sci-
entifc understanding, extension, and outreach (Table 2).

(1) Teme 4: Decision-Maker Knowledge and Experience. Te
acquisition of knowledge of disease ecology is critical for
adoption. Inability to detect mealybug vectors, confusion
surrounding certifed plant material, inappropriate use of
crop protection products, or inefcient roguing could lead to
improper implementation and a loss of confdence in agreed
management responses, thereby resulting in reduced adop-
tion. A critical facet was the ability to distinguish whether
visual symptoms were consistent with leafroll, red blotch, or
another vine health issue, such as a mineral defciency.
Training and retaining experienced staf increased decision
makers’ confdence in visual assessments. Even those conf-
dent in their identifcation skills agreed that asymptomatic
vines, latent symptom expression, and cultivar-specifc dif-
ferences were challenges that could be partially overcome by
diagnostic assays. Te impossibility of testing all vines
inhibited efective roguing programs. Strategies such as
composite sampling—testing multiple vines with a single
assay—were used to overcome these hurdles.

Virus management decisions typically required the
consensus of a group of decision makers who varied in their
understanding of disease ecology and connection to farming
operations. Greater knowledge within the group made it
easier to advocate for adoption, whereas limited knowledge
and erroneous preconceptions can derail the process. Positive
experiences and prior successful outcomes infuenced con-
tinued implementation. Evidence-based guidelines for leafroll
disease management were generally viewed as favourable.
Previous experience managing leafroll was considered ben-
efcial to the red blotch response. In WA, where the risk of
secondary spread of red blotch is low, sourcing virus-screened

vines was viewed as an efective preventative tool. In contrast,
the experience with red blotch in CA varied widely, with some
decision makers reporting positive experiences, while others
struggle despite intensive management eforts.

(2)Teme 5: Current Scientifc Understanding. Scientifc studies
that develop an understanding of disease ecology, and the
creation of practical tools for diseasemanagement, were viewed
as key drivers of adoption. Understanding vector and trans-
mission biology was of critical importance, and contrasts be-
tween leafroll and red blotch were emphasized.Te uncertainty
expressed by CA decision makers created pessimism sur-
rounding red blotch. Subsequent evidence for threecornered
alfalfa hopper (TCAH) as a vector [20] has improved the
situation. However, with respect to red blotch, the remaining
uncertainties of transmission efciency, vector management,
and the potential for other vectors present an ongoing chal-
lenge. In contrast, incontrovertible evidence that mealybugs
transmit GLRaV-3 drove the adoption of vector management,
expanded the number of available management options, and
increased confdence that spread of leafroll can be minimized.

(3) Teme 6: Extension and Outreach. Extension educators
are an important and infuential source of disease man-
agement information. Agricultural knowledge-sharing net-
works that include extension educators, local industry
groups, crop consultants, and growers can be particularly
efective. Extension educators were praised for dissemi-
nating technical knowledge of leafroll and alerting growers
about the emerging threat of red blotch. Tere is continued
demand for user-friendly, practical resources to distil the
volume of information into more accessible formats. Ex-
tension educators could improve their messaging on certain
issues, such as economic models for leafroll, the impact of
red blotch on wine quality, and vectors of red blotch. Tere
were concerns that the number of extension educators (UC
Advisors) in CA is insufcient, leaving them overstretched
or unavailable in some regions. Te authors note that recent
increases to state funding for UC Agriculture and Natural
Resources has improved that situation.

3.1.3. Social-Behavioural Factors. Social-behavioural factors
included organizational variables within vineyard companies,
regional cooperation, and public policy instruments (Table 3).

(1) Teme 7: Organizational Factors. Organizational vari-
ables such as interpersonal working relationships, efective
communication, and trust between individuals within
management teams infuenced knowledge acquisition.
Strong decision making and team processes resulted in ef-
fective implementation of virus management, whereas
dysfunctional processes hindered implementation or led to
the adoption of inappropriate practices. Viticulturists and
consultants viewed themselves as educators and advocates,
responsible for raising awareness of viral disease issues and
management solutions. Once the decision is made to adopt
certain tactics, the responsibility shifts to the farming team
to implement those practices. High value was placed on the
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provision of training for scouts and feld crews. Specifcally,
trained workers who pay careful attention to detail are
needed to scout for and identify vectors and visual disease
symptoms.

(2) Teme 8: Regional Cooperation. Local spread of leafroll
and red blotch was a major concern. Cooperation among
neighbours involved sharing information about disease and
vector incidence, coordinating practices (pesticide applica-
tions, mating disruption, and replanting), and sharing costs.
Coordinating the logistics to align management practices is
challenging. For example, replanting includes internal
scheduling and external coordination with nurseries, further
complicating the additional step of neighbour coordination.
Peer knowledge-sharing groups foster local communication
and cooperation [27], even though voluntary participation
can be challenging to initiate and sustain. Participants
agreed that these groups facilitated conversation, even
though it is a sensitive topic and “a hard thing to go over to
your neighbour and tell them to pull their vineyard up, or
that I think that you should manage your vineyard this way.”
Compounding this is a reluctance to publicly admit virus
problems and a disinclination to share “proprietary in-
formation.” Such conversations were reported as easier
when there were fewer neighbours, they used similar control
strategies, and as community knowledge of disease ecology
increased.

(3) Teme 9: Public Policy Instruments. Discussion of public
policy centred around nursery standards and regulation,
pesticide restrictions, and government assistance programs.

(4) Nursery Standards and Regulations. Decision makers
were sympathetic to the challenges of maintaining and
delivering clean plant material. Many found regulatory
standards adequate given these challenges. However, they
also blamed poor regulatory standards for viral disease
issues and voiced high expectations of certifcation pro-
grams. Failure to meet expectations produced feelings of
anger and powerlessness. Frustrated decision makers
wanted tougher consequences for nurseries that supply
“dirty” material, either through stricter regulation or legal
options in the form of “penalties, fnes, and license revo-
cations.” Others emphasized a more collaborative ap-
proach, building on the transparency and trust that are
essential between nurseries and their customers. Te
nursery owner agreed that a common-sense approach is
needed “that caters towards their pressures” and appro-
priately allocates resources based on risk. Tis includes
continued federal funding for clean plant material through
the Farm Bill and directing much of that to ensuring that
foundation blocks at University of California Davis are
regularly screened for pathogens. One decision maker had
abandoned certifed plant material and returned to prop-
agating their own vines, although the authors note this
strategy is inherently risky as it may increase the chance of
planting infected vines. Controlled studies demonstrating
the value of planting certifed grapevines [25] reinforce the
importance of this practice. Also, structured, transparent

regulatory programs that enforce nursery standards can
improve the confdence in certifed material.

(5) Pesticide Restrictions. Pesticide regulations, particularly
recent trends restricting the use of certain pesticides, were
challenging with the industry slow “to get new chemistries
on the market to supplement the ones that they are taking
out.” As one interviewee mentioned, limiting the timing of
the application or total applied amount means that decision
makers must choose between using them for mealybug or
other insects [58]. At times, these regulations extend beyond
the US borders as decision makers must comply with reg-
ulations in countries targeted for export.

(6) Government Assistance Programs. Assistance or in-
centives from the federal government could support greater
adoption of practices, particularly the costs of vine removal
and replanting. Federal programs such as the United States
Department of Agriculture Tree and Vine Assistance Pro-
gram (TAP) were praised, although others considered TAP
a worthy idea but inaccessible for larger farms and logis-
tically challenging as it “is very difcult to negotiate.” Local
monitoring and management programs were highly valued.
For example, programs in Napa County (CA) are co-
ordinated by the Agricultural Commissioner and funded by
landowner assessments collected through the Winegrape
Pest and Disease Control District (https://www.
countyofnapa.org/1562). Although perceived government
interference or overreach concerned some decision makers,
others suggested local government should mandate or co-
ordinate the use of certain technologies, such as mating
disruption, and use subsidies or incentives to broaden
adoption.

3.2. Part 2:Optimizing InformationalResources andExtension
Programming. A very high proportion of survey re-
spondents (>80%) had accessed each of the educational
resources for learning about grapevine viruses, except for
videos (70%) and social media (66%) (Figure 1). In-person
presentations were considered themost useful resource, with
77% rating these as “highly useful.” Social media ranked the
least useful with only 6% rating it as “highly useful.” Te
other resources were rated between these extremes
(23–61%). For the purposes of discussion, we used the survey
ratings in combination with the interview content analysis to
categorize the resources into high, medium, and low priority
(Table 4) for promoting adoption of virus management
practices. We based these judgments on resources’ actual or
potential audience reach, persuasiveness such as perceived
reliability or trustworthiness, and impact in terms of their
efectiveness in disseminating information further.

3.2.1. High-Priority Resources. Extension educators and
outreach events (presentations and feld days) were judged
high-priority resources because they reach a large audience,
are applicable across grape growing regions, are viewed as
persuasive, and are efective at disseminating information
due to their links with other resources. Factsheets and social
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Table 4: Results of the content analysis characterising decision-maker views of educational resources

Resource and codes Frequency mentioned (%) Cohen’s K
High-priority resources
Extension educators
Highly regarded for knowledge generation and dissemination 74 1.0
Provide support for disease management in multiple ways 67 1.0
Generate valued and trusted educational resources 40 1.0
Well connected to researchers and local industry 26 1.0
Consultants more appropriate for specifc situations 2 1.0

Agricultural social network
Shared experiences of disease management 38 0.89
Trusted and experienced peers 33 0.80
Information can be unreliable 21 0.81
Vit Women (CA) network praised for sharing information 12 1.0

Formal presentations
Source of latest, high-quality information 70 1.0
Useful for teaching viticultural technicians, scouts, interns, and managers 50 1.0
Repetitive or do not like those about unfnished research 31 0.95
Promote informal social networking 19 1.0
Best combined with feld days 10 1.0
Some researchers could be better presenters 5 1.0
Too busy to attend 2 1.0

Field days and interactive workshops
Useful for learning to identify virus symptoms and vectors 36 0.80
Scheduling could be improved 24 0.88
Lack of these events for viruses 17 1.0
Friendly format that promotes informal social network 12 0.88
Not preferred learning style 10 0.88

Factsheets, newsletters, booklets, and pamphlets
Used to train supervised employees and disseminated to other decision makers 50 1.0
Valued when from a reputable source 36 0.90
Valued when well presented 29 0.94
Highly convenient source of information 21 1.0
Information lacking in detail, misleading or quickly outdated 10 0.88

Medium-priority resources
Academic texts
Journal pay walls make access difcult 36 1.0
Need to invest time to read and digest content 33 1.0
Source of latest high quality, relevant information 26 1.0
Identify key fndings and justify decisions to others 24 1.0

Webinars and educational videos
Convenient and efcient format 48 0.86
Source and quality of production important 35 0.87
Not preferred learning style 26 0.82
Lack of awareness (related to virus) 19 0.82
Used for training 17 1.0

Replicated research trials
Reliable information with opportunity to access recent data and researchers 21 1.0
Provides information specifc to own vineyard or region 21 1.0
Hard to get information on own vineyard from researchers 10 1.0
No interest: disruptive of operations or reluctant to share data 5 1.0

Paid consultants
Good knowledge source 38 0.81
Variable in reliability 19 1.0
Good for teaching other staf about viruses 12 1.0
No point in having consultant 14 1.0
Can have conficts of interest 14 1.0

Peer knowledge-sharing groups
Valued for communications about virus management 31 1.0
Uncertain about efectiveness for disseminating knowledge 14 1.0
Promotes informal social network 10 1.0
Limited suitability in areas with polyculture or few neighbours 10 1.0
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networks were judged as high-priority resources for the
same reasons, although their persuasiveness was judged to
be dependent on the source and construction of the fact-
sheet, or the particular individual in the social network.

(1) Extension Educators. Te central role of extension ed-
ucators in agricultural knowledge networks was confrmed,
with 95% of survey respondents having direct contact with
them, either through Washington State University, Uni-
versity of California, or an industry group such as the Lodi
Winegrape Commission. Extension educators helped 67% of
interviewees by responding to questions, sharing resources,
connecting them with experts, and providing in situ support
for disease management. Extension educators are highly
regarded by 74% of interviewees for their reliable, relevant,
and current knowledge, and 61% reported direct contact
with extension advisors as highly useful. Tey were also
valued for generating educational resources (40%) and for
their connections to agricultural knowledge networks (26%).
Reasons for lower ratings include confused messaging of
certain information and insufcient coverage in CA, due to
budget constraints. One interviewee (2%) did not seek
contact with extension educators because they felt their
needs were better served by paid consultants.

(2) Agricultural Social Network. Peer communication with
respected and more experienced colleagues was valued by
survey respondents. Most (93%) interacted with their peers to
learn about viruses, but only 48% reported them as highly
useful. Social networks were used extensively by 38% of re-
spondents to share experiences of virus management and tap
into the “big reservoir” of peer knowledge. Tey understood
that peer information can be unreliable (21%) but put high
confdence in information from more experienced and
respected peers (33%), who were also valued as being readily
accessible. Tese interpersonal, peer-to-peer methods of
communication and social learning are essential for wide-
spread adoption to occur [39, 59, 60]. Efective

communication and persuasion are more likely to occur
among similar and respected peers, and before risking
adoption, most decision makers will require assurance from
trusted peers that a practice can be successfully implemented
and provides benefts [39, 61]. Social learning also reduces the
costs of information gathering to individuals and increases the
speed of adoption through conformity and imitation of
prestigious or more productive members of a social network
[60]. Extension educators can infuence conversations within
social networks by interacting with respected and well-
connected decision makers for knowledge dissemination,
creating situations that promote the development of social
networks, and integrating themselves into their local com-
munity so that they are themselves viewed as trusted peers.
Peer-networking can also be promoted in novel ways among
sub-groups. For example, the Vit Women group (CA) sup-
ports female decision makers and was highly valued as an
informal knowledge network (12%).

(3) Formal Presentations, Field Days, and Workshops. Tese
structured learning opportunities are core methods for the
transfer of the essential knowledge of disease ecology to
decision makers. Nearly all survey respondents (91–99%)
had participated in these events to learn about viruses. Tey
were typically organized by extension educators or industry
groups. Tere was consensus that formal presentations were
highly useful (77%) as a source of the latest, high-quality
information (70%) and for teaching about viruses across all
job roles (50%). Field days and workshops were useful to
learn how to identify virus symptoms and vectors (36%).
Four interviewees (10%) thought formal presentations were
best combined with feld days and workshops. For some
(31%), formal presentations were often repetitive, but this
might be necessary to “get the message across.” Some of
these same interviewees did not like presentations on “in-
process” research because they attended primarily to learn
current guidelines and recommendations and considered
presentations that did not articulate frm conclusions as

Table 4: Continued.

Resource and codes Frequency mentioned (%) Cohen’s K
Could be more welcoming to organic growers 7 1.0

Low-priority resources
Social media
Unsuitable for viruses 69 0.82
Accessibility potentially useful 26 0.88
Information unreliable 19 0.86
Used social media for virus information 7 1.0

Trade journals
Information overly simplifed or outdated 31 0.94
Provide overview of virus problems 31 1.0
Reliability questionable and opinion-based articles 12 0.87

In-house demonstration trials
Vineyards lack expertise and resources for replicated trials 24 0.93
Useful for demonstration and exploration 17 1.0
Not essential or cannot see how applies to viruses 14 1.0

Te ratings and content analysis were used to categorize resources by priority, which was judged by evaluating their reach, persuasiveness, and impact. In the
content analysis, the level of agreement between the researchers was determined using Cohen’s K calculation for inter-rater reliability, with sufcient
agreement represented when a value of 0.80 or more was reached [57].
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a poor use of their time. In some cases (12%), feld days and
workshops provided a friendlier format, highlighting the
wider role of these learning environments as social net-
working opportunities (19%). Suggestions for improvement
included ofering more events dedicated to viruses, and in
multiple languages, including Spanish. Scheduling that
made attendance difcult could be improved through al-
ternative timings and repeated sessions (24%).

(4) Factsheets. Tese were widely used (93%) by survey
respondents but only rated as highly useful by 47%. Te
ambivalent view was attributed to variable quality. Some
(10%) expressed frustration that factsheets quickly become
outdated and do not contain sufcient information and
complained that recent examples contained misleading in-
formation. However, they were valued when well-
constructed (29%) and originating from reputable sources
(36%). Attributes of persuasive factsheets include limited
text with relevant images, concise (1-2 pages), accessible
language, topic specifc, key points in clearly labelled sec-
tions, easily interpretable data, actionable practical in-
formation, and references to other resources. An important
characteristic of factsheets is that they can reach a broad
audience and are often used by decision makers to difuse
information through their networks. Interviewees (50%)
used factsheets as teaching aids with scouts, interns, viti-
cultural technicians, and vineyard labourers, for whom
native language versions were valued. In the Western
United States, Spanish is the most common native language
among vineyard feldworkers. In addition, factsheets and
newsletters were used to justify recommendations to other
decision makers such as owners, winemakers, and clients.

3.2.2. Medium-Priority Resources. Medium-priority re-
sources can be persuasive and efective for disseminating
knowledge but are limited in that they only appeal to select
audiences or regions.

(1) Academic Texts. Most survey respondents (92%) had used
academic texts to learn about viruses but were divided on
their perception of them as highly useful (55%), an ambi-
guity primarily relating to peer-reviewed journal articles
which were almost exclusively discussed in the interviews.
Some (26%) saw journal articles as high-quality sources of
the latest information, but others (33%) found it difcult to
understand the content or did not have time to read them.
Interviewees (24%), typically viticulturists and consultants,
disseminated journal articles to other decision makers, often
summarizing the material into a more user-friendly format
to justify their recommendations or actions. A frequently
cited frustration (36%) was limited access due to pay walls.
Drawing on difusion theory [33], journal articles are likely
to be read by a small number of early adopters, especially
those with relevant educational backgrounds. Later (“ma-
jority”) adopters may not read the articles but want to know
there is scientifc backing for a practice, confrmed by trusted
sources. Extension educators can make efective use of
journal articles by publishing in open-access journals,

distributing them through their networks of early adopters,
and helping with access when requested and where copy-
right is not infringed.

(2) Online Videos and Webinars. Interviewees did not dis-
tinguish between online videos and webinars, which were
combined for the content analysis. In the survey, both had
lower usage than most other resources (70–80%) and were
only rated as highly useful by 34–38%, with 26% of in-
terviewees saying they were not their preferred learning
style. Poor survey feedback obscured the nuance behind
what can be an efective outreach tool when implemented
properly. Te source and quality of videos and webinars was
important (35%). Tose originating from trusted organi-
zations were viewed favourably and when “not too ama-
teurish.” Good videos were considered a convenient and
efcient learning format by 48% of interviewees, and
webinars made presentations accessible to a wider audience.
Data collection overlapped with the COVID-19 pandemic,
and several interviewees hoped webinars would continue
post-pandemic as they are often logistically easier to attend.
Online videos were valued by some (17%) as tools for im-
proving virus symptom and vector identifcation, with al-
ternate (Spanish) language versions appreciated for training
purposes. Tere was an overall lack of awareness of virus-
related videos (17%), and greater promotion will likely in-
crease their use.

(3) Consultants. In the survey, 93% of respondents had used
a paid consultant and 47% reported them as highly useful for
viruses. Consultants included pest control advisers, chemical
company representatives, and (in CA) viticulture consul-
tants. Consultants were considered useful among in-
terviewees (38%) due to their high level of education,
experience across many vineyards, and connections to other
experts within agricultural networks (59). Tey can teach
staf about viruses (12%), including technical aspects such as
visual symptom identifcation or act as third-party support
to persuade other decision makers. Te reliability of con-
sultants’ information on viruses was viewed as variable
(19%), depending on their diligence in keeping updated and
their level of scientifc knowledge. Some also believed in-
formation could be compromised by commercial conficts of
interest (14%). Another view (14%) was that there was no
point in having a consultant because the information is
readily available elsewhere.

(4) Replicated Research Trials. Replicated research trials
conducted by public sector scientists were regarded as highly
useful (85%) by survey respondents, and 82% reported
collaborating on such projects. Fewer interviewees had
participated in research trials, and many did not comment
on this resource. Among those that had, great value was
placed on participation because they received the latest
scientifc data and communicated directly with researchers
(21%) on aspects of relevance to their own vineyard (21%).
Early adopters are the most likely to seek out participation in
research trials because they seek to get ahead of an issue and
gain access to privileged knowledge that they will
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disseminate through their networks. Suggestions for im-
provement (10%) included increased communication and
access to site-specifc data. Two interviewees (5%) had no
interest participating because they viewed them as disruptive
of operations and were reluctant to share data.

(5) Peer Knowledge-Sharing Groups. A broad defnition of
regional grower meetings was used in the survey, of which
92% had attended, and 78% rated as highly useful. Dis-
cussion during the interviews focused solely on growers
from Lodi and Napa who had participated in these groups.
Congruent with their purpose of fostering cooperation, the
groups helped members network with other decisionmakers
(10%), communicate knowledge of virus management
(31%), share experiences, and develop innovative strategies.
Examples of coordinated eforts include replanting, sharing
regional vector trapping data, and timing insecticide ap-
plications. Tese groups are valuable forums for peer-
to-peer communication, and extension educators can pos-
itively infuence the content of their activities by connecting
with these groups where they exist. Care should be taken to
ensure that the knowledge and information shared is ac-
curate and reliable.Tree decisionmakers (7%) felt that their
local groups could make organic growers feel unwelcome,
were overly focused on conventional farming methods, and
wanted more discussion of, or groups dedicated to, organic
practices. Four decision makers (10%) in WA and the CA
Central Coast thought that peer knowledge-sharing groups
were only suitable in regions like Napa, where there is
a monoculture of small vineyards with multiple vineyard
neighbours.

3.2.3. Low-Priority Resources. Low-priority resources, in-
cluding social media, trade journals, and in-house research
trials, are those that decision makers viewed as unreliable or
unsuitable for learning about grapevine viruses.

(1) Social Media. Social media has been suggested as a useful
tool for dissemination of knowledge by extension educators
[62, 63], but in this context, it was viewed as inefective. It
was utilized by the least growers (66%) and only 6% rated the
resource as highly useful. Tree interviewees used social
media for viruses, two for tracking educational resources
and one to discuss virus problems with others. Although the
accessibility of social media platforms is potentially useful,
most do not use it for work (69%), felt the information lacks
detail, and were concerned it would publicize their virus
problems, negatively impact fruit sales, and damage repu-
tations. Tey also voiced concerns about the reliability of
information on social media (19%).

(2) Trade Journals and In-House Research Trials. Trade
journals had high utilization (93%) but low ratings of
usefulness because the articles were not aimed at partici-
pants’ professional demographic, and information on vi-
ruses was too simplifed, outdated (31%), or opinion-based
(12%). Trade journals were considered useful as an in-
troductory overview of viral diseases (31%). In-house

research trials had low ratings of usefulness and relatively
low utilization (81%), compared to the other resources.
Tese trials may be useful to explore new ideas and dem-
onstrate practices to other decision makers, even though
they are not scientifcally rigorous (17%). Other limitations
are that most vineyards lack the training and resources to
conduct replicated trials (24%), past trials have not yielded
essential information, or that the decision maker could not
see how they would apply their own hypotheses to trials on
viral diseases (14%).

4. Discussion

Te motivating factors for viral disease decision making are
broadly categorized into economic, knowledge, and social-
behavioural. However, these factors are complex and inter-
related, encompassing the vineyard production system,
disease ecology, the costs and considerations of manage-
ment, and the community of people involved in knowledge
dissemination, decision making, and implementation.

Te principal economic consideration is removal and
replanting of entire blocks. Other interventions are adopted
to delay this inevitability and are evaluated against the cost of
establishing a new vineyard block, which can range from
15,000 to 50,000 USD per acre (37,050 to 123,500 USD per
hectare) in our study area [64, 65]. Adoption lags when
decision makers cannot justify the expense of implementing
practices, particularly removing vines that are sufciently
productive or in blocks that require recuperation of initial
investment, despite this being contrary to recommended
practice and in confict with the best interests of the wider
industry. Site-specifc considerations weigh heavily in the
decision-making process and are principally related to the
product marketplace. Long-term contracts, fruit and wine
quality, price, and demand factor into these decisions.
Suggested interventions for viral diseases should account for
these factors and consider how the specifc fnancial situa-
tion of each vineyard and winery will impact adoption.
While broad economic trends in viral disease management
can inform the process [5, 11, 66], each decision is unique to
the farm and situation in which it is made. Sustained funding
support through subsidies, certifcation programs, or local
districts can aggregate community resources to defray pri-
vate sector costs. Ongoing, dedicated funding for research
and education is also needed to generate and difuse
evidence-based information through the agricultural
community.

Generation and difusion of knowledge reduce perceived
risk by providing trusted, accessible resources in a positive
learning environment, leading to favourable attitudes, be-
liefs, and perceptions of disease management [32, 37, 39].
Individual decision makers are unique in their training,
experience, approach, and situational factors. Tus, pref-
erence, perceived usefulness, and access to educational re-
sources by decision makers can difer across agricultural
sectors, regions, and demographic variables [59, 67, 68]. Te
efectiveness of diferent educational resources varies be-
tween early and late adopters of innovations [39, 69].
Seminars, workshops, feld days, and factsheets are popular,
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traditional resources for virus education. Fundamentally, the
resources must be well-constructed, accessible, appropriate
for the audience, and promoted extensively to increase
uptake. Leafroll disease has been intensively studied, and
guidelines have been widely disseminated through multiple
pathways [1, 2, 15, 27, 70]. In contrast, the existing
knowledge gaps for red blotch, particularly related to
transmission ecology, have fostered doubts about the via-
bility of management practices. For an emerging pest or
disease, such as red blotch, investing in knowledge gener-
ation and dissemination is paramount to reduce the per-
ceived risk, promote adoption, and mitigate negative
consequences.

Social processes fgure prominently in knowledge
dissemination, acquisition, and decision making. In
general, media (e.g., articles and presentations) are ef-
fective at spreading awareness but widespread adoption
requires peer-to-peer communication through agricul-
tural social networks [39, 59, 60]. Early adopters need
little persuasion to adopt a practice and will be self-
motivated to seek information, either in print or in
person. Tey are often well-connected opinion leaders
who spread knowledge through their own networks
[39, 59, 60]. Extension educators who meaningfully en-
gage early adopters can harness these attributes to expand
their reach and build confdence within the community.
Specifcally, networks can be essential to persuading later
adopters who require clear, accessible scientifc evidence
communicated by trusted sources, principally their
respected peers. Fostering peer interactions is therefore
critical to outreach and can be accomplished in varying
ways. For example, in addition to structured learning,
formal outreach events are opportunities for peers to
develop their social network, discuss timely issues, and
share experiences. Leveraging these human tendencies
and fostering peer interactions in traditional and unique
ways can spread knowledge quickly through a region and
promote widespread adoption.

High-level vineyard farming decisions in CA and WA
are not typically made by individuals in isolation but by
management teams with members who vary in their job
roles, knowledge, experience, and level of risk aversion.
Decisions are enacted by operational vineyard teams who
feed key information back to the management teams.
Working relationships and team dynamics are therefore
integral to decision making. Extension eforts can overcome
knowledge gaps between management team members by
targeting outreach eforts at underserved decision makers
(e.g., winemakers; fnancial ofcers; and vineyard owners) or
by helping viticulturists build their capacity to advocate for
adoption more efectively within their teams and wider
community. In addition to skilled workers with sufcient
resources to complete tasks, interpersonal working re-
lationships, efective communication, capacity-building, and
trust within management and operational teams are nec-
essary to implement management programs. Healthy ex-
ternal relationships must also be fostered, including with
those who maintain, distribute, and regulate certifed plant
material.

Decision makers within these trusted communities can
advocate strongly for evidence-based practices and viral
disease management. As community knowledge increases,
conversations around disease management become more
palatable for all actors in the agricultural network, leading to
widespread adoption of practices. Our results are therefore
relevant across the agricultural industry, to decision makers,
research scientists, extension educators, and policy makers,
who can use them to address the critical issues of viral
disease management in perennial crops. Te successes re-
ported herein should provide confdence to the agricultural
community that given the right tools and resources delivered
in a supportive and collaborative environment, viral diseases
can be efectively managed, and their economic conse-
quences can be mitigated.
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