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Abstract: In 2019, a national survey of 252 members of the USA grape industry from 20 USA 34 

states assessed knowledge perception of fungicide resistance management, application of that 35 

knowledge to vineyard practices, and knowledge acquisition sources. Overall, respondents 36 

demonstrated clear understanding of resistance management practices. The specific distribution 37 
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of responses was influenced by the respondent's job role, duration of industry experience, and 38 

their farming operation size. Nationally, respondents were moderately familiar with the acronym 39 

FRAC (Fungicide Resistance Action Committee), with nearly 75% indicating they could identify 40 

the FRAC code of a fungicide. They felt moderately competent they could design a fungicide 41 

program that adhered to resistance management principles. Respondents identified fungicide 42 

resistance as a serious problem nationally, and as a moderate problem in their own vineyards. 43 

They ranked practices that include rotating fungicides of different FRAC codes, avoiding 44 

multiple sequential applications of the same trade name or FRAC code, tank mixing with 45 

different FRAC codes, using multisite products in a spray program, routine sprayer maintenance 46 

and calibration, and good canopy management as very to extremely important in managing 47 

fungicide resistance; whereas practices such as rotating between trade names and tank mixing 48 

different trade names ranked slightly important. Respondents identified university-based 49 

Extension programs as the primary information resource for fungicide efficacy and fungicide 50 

stewardship (resistance management). In order to maximize potential impact, these results 51 

suggest that future educational efforts should be aimed at improving practices for fungicide 52 

resistance stewardship and should align with the knowledge base and demographic factors of the 53 

target audience particularly their job role, experience and size of operation. 54 

Key words: disease management, FRAC, grape powdery mildew, grower perceptions, spray 55 

programs, viticulture 56 
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Introduction 58 

The development of pesticide resistance in a target pest can have severe consequences in 59 

any agricultural production system, from both a direct impact on the system (e.g., crop loss, 60 

increased fungicide use) to indirect impacts on the surrounding communities (e.g., social, 61 

economic, environmental impacts) (Gould et al. 2018). Fungicide resistance development, or 62 

reduced sensitivity, in the grape powdery mildew pathogen (Erysiphe necator Schwein.) offers a 63 

compelling timeline demonstrating the introduction, and then loss, of products for disease 64 

management. The first incidence of powdery mildew resistance was documented in the 1980s 65 

with benomyl (benzimidazole; FRAC 1) -resistant isolates of E. necator in New York (Pearson 66 

and Taschenberg 1980). Resistance to demethylase inhibitor (DMI; FRAC 3) was quick to 67 

follow (Gubler et al. 1996, Erickson and Wilcox 1997) and by the 2000s resistance to quinone 68 

outside inhibitor (QoI; FRAC 11) (Baudoin et al. 2008, Miles et al. 2012, Miles et al. 2020), and 69 

field control failures with quinoxyfen (quinolines class; FRAC 13) were reported (Wilcox and 70 

Riegel 2012, Feng et al. 2018). . More recently,  resistance has been reported to succinate 71 

dehydrogenase inhibitors (SDHI; FRAC 7) (Graf 2018) and benzophenone fungicides (FRAC 72 

U8) (Kunova et al. 2016) in Europe. Since 2010, reports of multiple fungicide resistant isolates 73 

have been found in France where E. necator isolates were resistant to both DMI and QoI 74 

fungicides (Dufour et al. 2010). .  75 

Pathogen resistance is not only a problem for commercial disease management but is also 76 

challenging from a product development perspective, Bringing a new chemical class to market is 77 

costly (several hundreds of millions USD) and can take more than 11 years (McDougall 2016). 78 

Additionally, most new chemistries have single-site modes of action, which increases the risk of 79 
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resistance development and shortens the time frame for obtaining a return on their investment 80 

(Mikaberidze et al. 2017). These factors are exacerbated by the limited number of cellular 81 

processes that can be targeted and disrupted using a fungicide, making it difficult to discover 82 

new chemical classes (Hahn 2014). Therefore, the practice of replacing fungicides with new 83 

chemistries once their efficacy declines is no longer practical (Fisher et al. 2018, Holloman 84 

2015). For these reasons, fungicide stewardship principles (e.g., best management practices) that 85 

focus on resistance management can promote the longevity of existing fungicides and provide 86 

the framework for appropriate introduction and suggested use patterns of new fungicides.  87 

Improving our understanding of the process by which users adopt information will aide in 88 

improving outcomes around fungicide stewardship. In agricultural settings in the USA, a 89 

common method of information dissemination is through the Land Grant University system, 90 

where information is shared to a larger community via an expert affiliated with the Cooperative 91 

State Research, Education, and Extension Service (Cofer 2000). However, for this process to be 92 

successful, a distinction needs to be made between delivering information to an audience and 93 

supporting audience learning (Röling and Pretty 1997). This was apparent in a recent survey of 94 

California grape growers, who placed a greater value on experiential, and peer driven social 95 

learning pathways than formal learning experiences (Hoffman et al. 2015). In the case of 96 

fungicide resistance management, learning and application of specific mitigation practices is 97 

very important for the management of fungicide resistance in a population (Brent and Hollomon 98 

2007).  99 

To assess whether traditional fungicide stewardship messaging has made an impact on 100 

decision-making processes with respect to how fungicide programs are used and applied, a 101 
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nation-wide survey of the USA grape industry members was conducted. The survey was 102 

designed to capture industry members’ concerns about fungicide resistance, and awareness of 103 

principles and practices of fungicide stewardship. Specifically, the survey assessed respondents’ 104 

attitude towards various mitigation practices and what resources they use for gathering 105 

information on fungicides. The intent of the survey was to determine if topic-specific messaging 106 

on fungicide resistance management is being understood by this target audience in order to 107 

improve future messaging efforts to optimize the impact of developed content. 108 

Materials and Methods 109 

Survey design and content.  110 

The questionnaire was designed to capture industry members self-reported knowledge of 111 

fungicide resistance, perceived importance of recommended management practices, and 112 

preferred educational resources for fungicide resistance and stewardship. The questionnaire was 113 

pretested by five industry professionals consisting of grape growers, viticulturists, and crop 114 

consultants; they were queried relative to the structured feedback and clarity of the questions, 115 

and with their suggestions, questions were modified to address their concerns. The final 116 

questionnaire consisted of four sections containing a total of 22 questions (Table 1). Non-117 

weighted and discrete (yes or no, “select one response” or “select all that apply”) questions and 118 

Likert Scales were included to avoid response bias. The final format was completed using 119 

Qualtrics XM Online Survey Software (Qualtrics.com LLC, Provo, UT). 120 

  121 
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Participant recruitment and survey distribution. 122 

All survey and contact documents were reviewed by the Washington State University Office of 123 

Research Assurances and deemed exempt from further review by the Institutional Review Board 124 

(IRB #17383, titled “Pre-project Evaluation of Grape Grower Knowledge Base on Fungicide 125 

Resistance”). Participants were recruited by promoting the questionnaire through national outlets 126 

with a focus on viticulture, grape disease, and insect pest management and/or enology, including 127 

websites, social media, newsletters, grape-grower based email listservs, national USDA-IPM 128 

worker groups, and grower meetings. The email listservs were curated by Cooperative State 129 

Research, Education, and Extension Service personnel or through private company contacts (i.e., 130 

larger vineyards, wineries, processing facilities and packing houses). The questionnaire was 131 

delivered to industry members by email or through social media platforms (online survey), mail, 132 

or in-person using an audience response system (Turning Technologies, Youngstown, OH), with 133 

periodic reminders. Mail and in-person survey responses were manually transferred to the 134 

Qualtrics interface. Each survey package included a cover letter, consent form, questionnaire (or 135 

link to questionnaire), and stamped return envelope (mail surveys only). No participation 136 

incentives were offered. The survey was conducted from December 2018 through May 2019. 137 

Data analyses. 138 

Descriptive and statistical tests were performed with R (v4.0.0, "Arbor Day", Vienna, Austria) in 139 

R studio (v1.2.5042, “Double Marigold”, Boston, MA). Responses to knowledge perception and 140 

application questions were assigned a non-weighted numerical score (knowledge perception: 1 = 141 

Not, 2 = Slightly or Minor, 3 = Somewhat or Moderate, 4 = Moderately or Serious, 5 = 142 
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Extremely or Devastating; knowledge application: 1 = Not important, 2 = Slightly important, 3 = 143 

Moderately important, 4 = Very important, 5 = Extremely important; Table 1). The non-144 

weighted numerical scores were analyzed using a non-parametric Kruskal-Wallis one-way 145 

analysis of variance of ranks (Kruskal and Wallis 1952) in agricolae (v1.3-3) with a Holm’s 146 

sequential Bonferroni adjustment (Holm 1979), after the data distribution was confirmed to not 147 

be normal by Shapiro-Wilks test for normality (Shapiro and Wilks 1965) with unequal variances 148 

by Bartlett’s test (Box 1953). If the effect of the factor was found to be significant (P ≤ 0.05), the 149 

responses were compared using a multiple comparisons Dunn’s post-hoc test (rstatix, v0.6.0) 150 

with a Holm’s sequential Bonferroni adjustment (Tables 2, 3, and 4). Graphs were constructed 151 

with ggplot2 (v3.3.2). Data were considered to be significant at a 95% confidence level (α = 152 

0.05). 153 

Results 154 

Survey response rate and respondent demographics. 155 

A total of 304 survey responses from 20 states were returned by 30 May 2019. Seventeen 156 

percent (n = 52) of the responses were either incomplete or the respondents did not provide 157 

consent, therefore, were not included in the final survey count. A survey response was 158 

considered incomplete if demographic information was missing, or when three or more 159 

knowledge perception responses were missing. A final total of 252 survey responses were used 160 

for analyses. Since response rates were low from some states, when we considered vineyard 161 

location, responses were grouped into general production regions based on their proximity to 162 

each other, and relative industry size / age: California, Northwest (Colorado, Idaho, Oregon, 163 

Washington), Northeast (New York, New Jersey, Pennsylvania, Rhode Island), Midwest 164 



 
American Journal of Enology and Viticulture (AJEV). doi: 10.5344/ajev.2021.20062 

AJEV Papers in Press are peer-reviewed, accepted articles that have not yet been published in a print issue of the journal  
or edited or formatted, but may be cited by DOI. The final version may contain substantive or nonsubstantive changes. 

 
 

8 
 

(Illinois, Iowa, Michigan, Montana, Ohio, Wisconsin), Southeast (Georgia, Maryland, North 165 

Carolina), and Southwest (New Mexico, Oklahoma, Texas). Californian participants provided 166 

35% of the responses, followed by participants from the Northwest (33%), Southeast (12%), 167 

Midwest (10%), Northeast (9%), and Southwest (4%). Demographic information, including 168 

primary role of the respondent in the vineyard, number of acres managed and years in grape 169 

production, and certification types, by region, is presented in Table 5. Region was not used for 170 

further analysis but is provided to better understand the composition of survey participants across 171 

these production regions in the USA.  172 

The majority of respondents, 61%, classified themselves as a vineyard manager—defined 173 

as someone who makes management decisions for vineyards owned by themselves or their 174 

employer (Table 5; Supplemental Fig. 1). The next largest response segment, 29% of the 175 

responses, was from viticulturist or crop consultants — defined as someone who provides 176 

recommendations for vineyards owned by another (Table 5; Supplemental Fig. 2). A minority of 177 

responses, 7% and 3%, were collected from vineyard owners (Table 5; Supplemental Fig. 3) and 178 

vineyard laborers (Table 5; Supplemental Fig. 4), respectively. Owners were defined as someone 179 

who owns a vineyard but provides no on-site management activities, and a laborer was defined 180 

as someone who works at a vineyard but provides no management decisions. There was low 181 

response rates in vineyard owners and vineyard laborers demographic categories that needs to be 182 

considered when weighing the importance of the different venues of information. 183 

The length of job experience (Table 5) was well represented across all four categories; 184 

the largest segment (30%) were those who indicated they  had worked in the industry for 20 or 185 

more years. The least represented category (23%) were those who indicated they  have worked in 186 
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the industry for fewer than ten years. Small vineyards were the most represented in this survey 187 

(Table 5), with 48% of the respondents indicating they owned, managed, oversaw, or consulted 188 

for fewer than 50 acres. Large vineyard operations of 500 or more acres, were the next highest 189 

represented category with 29% of the responses. Moderately sized operations (i.e., 50 to fewer 190 

than 200 acres), and moderately large operations (i.e., 200 to fewer than 500 acres) represented 191 

by 15% and 8% of the responses, respectively. 192 

Survey participants were also asked to identify if they held any type of certification or 193 

pesticide applicators license. Overall, 76% of the respondents indicated that they held at least one 194 

type of certification or pesticide applicators license, and 12% (n = 30) indicated they held more 195 

than one license or certification. Forty-six percent (n = 131) indicated they had a local or state 196 

pesticide applicator’s license, 10% (n = 29) indicated they were CCAs, and 20% (n = 56) 197 

indicated they were PCAs. Only 24% (n = 68) of the respondents indicated they did not hold any 198 

type of certification or pesticide applicator’s license.  199 

Self-reported knowledge of fungicide resistance and mitigation.  200 

Familiarity with the acronym FRAC. Respondent’s job role, duration of experience, and 201 

size of farming operation significantly influenced whether they were familiar with the FRAC 202 

acronym (Fig. 1). Overall, viticulturists or crop consultants were more likely to indicate greater 203 

familiarity with the acronym FRAC, compared to vineyard managers and vineyard laborers (Fig. 204 

1). Respondents who were relatively new to the industry (i.e., fewer than five years) were less 205 

familiar with the acronym than those with more than ten years’ experience (Fig. 1). Respondents 206 

working in smaller operations (i.e., fewer than 50 acres) were less familiar with the acronym 207 
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FRAC compared to those who worked at moderate (i.e., 50 to fewer than 200 acres) or large (i.e., 208 

over 500 acres) operations.  209 

Ability to identify fungicide FRAC group. Nationally, 75% (n = 189) of the respondents 210 

indicated they could identify the FRAC group or code of a fungicide. Respondent’s job role, 211 

duration of experience, and the size of farming operation significantly impacted responses. 212 

Vineyard owners were significantly less likely to report the ability to identify a FRAC group 213 

than a viticulturist or crop consultant (Fig. 2). Respondents with fewer than five years of 214 

experience were also less likely to report the ability to identify a FRAC group than those with 215 

more than ten years of experience (Fig. 2). There were fewer respondents who worked at small 216 

vineyards (i.e., 50 acres or fewer) that indicated they could identify a FRAC group of a fungicide 217 

compared to respondents at operations with 50 acres or more (Fig. 2).  218 

How a FRAC group was identified. Those who indicated they could identify a fungicide 219 

FRAC group were then asked what sources they use to identify that FRAC group (Fig. 3). 220 

Respondents were instructed to make multiple selections (252 individual respondents provided 221 

319 responses). Nationally, 42% (n = 135) indicated they look for the code on the fungicide 222 

label, 18% (n = 58) consult with their local fungicide supplier, 14% (n = 44) visit the website 223 

www.frac.org, 14% (n = 44) indicated they consulted with their local Extension agent, and 11% 224 

(n = 36) selected “Other”. For individuals selecting other, common sources of identifying the 225 

FRAC group or classification of a fungicide included farm management software, unaffiliated 226 

online sources, and regional grower meetings. 227 

Vineyard owners (n = 18) were more than 5% above the national average for using 228 

www.frac.org (39%; n = 7). Due to the low response, it is not clear if Vineyard laborers (n = 9) 229 
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used labels (56%; n = 5) and local Extension (22%; n = 2) differ from than the national average. 230 

Viticulturists or crop consultants (n = 92) used labels less than the national average (34%; n = 231 

31) and relied more on “Other” sources (23%; n = 21) than the national average.  232 

Those who have been in the industry for fewer than five years (n = 51), or from ten to 233 

fewer than 20 years (n = 93) were within 5% of the national responses (Fig. 3). Those who have 234 

been in the industry for five to fewer than ten years (n = 71) were above the national average for 235 

consulting with their local Extension agent or farm advisor (20%; n = 14). Those who have been 236 

in the industry for 20 or more years (n = 104) were above the national average for using 237 

fungicide labels (49%; n = 51).  238 

Those who worked at smaller operations (i.e., fewer than 50 acres; n = 131) used 239 

fungicide labels more than the national average (49%; n = 64) (Fig. 3). Individuals at moderately 240 

large operations (200 to fewer than 500 acres; n = 27), used fungicide labels less than the 241 

national average (30%; n = 8) and used their fungicide supplier more than the national average 242 

(19%; n = 8). For respondents working with large operations (500 or more acres; n = 100), they 243 

used fungicide labels less than the national average (35%, n = 35), and relied more on “Other” 244 

sources relative to the national average (20%, n = 20).  245 

Designing a fungicide program that adheres to resistance management principles. 246 

Nationally, 70% (n = 177) of the respondents considered themselves moderately to extremely 247 

competent in designing a fungicide program that adheres to fungicide resistance management 248 

principles (Fig. 4). Only 8% (n = 19) of all the respondents indicated that they did not feel 249 

competent. Job role, duration of experience, and size of farming operation significantly 250 

influenced an individual’s response. Viticulturists or crop consultants reported a higher perceived 251 
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competence at program design than vineyard owners (Fig. 4). Those who have been in the 252 

industry for five years or fewer indicated less competence at this task than those who have been 253 

in the industry for five years or more (Fig. 4). Participants from smaller operations (i.e., fewer 254 

than 50 acres) indicated lower competence at designing a fungicide program compared to those 255 

at moderate (i.e., 50 to fewer than 200 acres) or large (i.e., over 500 acres) operations.  256 

Concerns about fungicide resistance. Participants reported that fungicide resistance was a 257 

serious problem within the USA (Fig. 5) and a moderate problem in their own vineyard (Fig. 6). 258 

Unlike previous responses, job role and size of operation did not influence response, whereas 259 

years of experience did. When considering resistance as a national problem, those who have been 260 

in the industry for ten years to fewer than 20 years felt it was more of a problem than those who 261 

have been in the industry for fewer than five years (Fig. 5).  262 

Knowledge application of resistance management practices.  263 

Nationally, respondents did not place as much importance on rotating brand names or 264 

tank-mixing brand names as they did for rotating FRAC group, not sequentially applying the 265 

same FRAC group, and using multi-site fungicides (Fig. 7). Avoiding sequential applications of 266 

fungicides by brand name, and tanking mixing with different FRAC groups were also considered 267 

more important for mitigating fungicide resistance. Of the cultural practices presented, canopy 268 

management (Fig. 7) was considered extremely important and was not influenced by 269 

demographic factors.  270 

Respondents’ job role influenced how they ranked importance of rotating between brand 271 

names, rotating FRAC groups, using multisite products, and sprayer calibration/maintenance 272 
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(Table 2). Typically, viticulturists or crop consultants placed less importance on rotating between 273 

brand names and more importance on sprayer calibration than vineyard managers. They also 274 

placed more importance on using multi-site products than vineyard owners and placed more 275 

importance of rotating between FRAC groups than vineyard owners, managers, and laborers 276 

(Table 2). 277 

Experience in the industry affected how they rated importance of rotating between FRAC 278 

groups (Table 3). Those who have been in the industry for ten to fewer than 20 years placed 279 

more importance on rotating FRAC groups than those who have been in the industry for fewer 280 

than five years (Table 3). 281 

Size of operation affected how they ranked rotating between brand names, rotating FRAC 282 

groups, avoiding sequential applications of a FRAC group or brand name, tank mixing with 283 

fungicides of different FRAC groups, and sprayer calibration/maintenance (Table 4). Those 284 

individuals who work with or are at small operations (i.e., fewer than 50 acres) placed more 285 

importance on rotating brand, and less importance on rotating FRAC groups, not using the same 286 

brand name back-to-back, not using the same FRAC group back-to-back, the use of multi-site 287 

products, and sprayer calibration than those who are associated with moderate (i.e., 50 to fewer 288 

than 200 acres) and large (i.e., 500 or more acres) operations (Table 4). Additionally, those who 289 

worked at smaller operations placed less importance on tank-mixing with fungicides of different 290 

FRAC groups than those who worked at large operations (Table 4).  291 

  292 
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Educational resources for fungicide mitigation management practices. 293 

Information sources for fungicide use and efficacy. Fungicide use and efficacy 294 

information is considered to be information on product ratings and performance. Nationally, 295 

University Extension Service was the most frequently listed source of fungicide use and efficacy 296 

information (34%; n = 110), followed by colleagues (19%, n = 60), crop consultants (16%; n = 297 

51), product labels or sell sheets (16% n = 50), manufacturers (7%; n = 23), online resources 298 

with no affiliation (8% n = 25), and “Other” (2%, n = 5) (Fig. 8). The common responses for 299 

“Other” was industry conferences.  300 

The responses of vineyard owners (n = 23) were above the national average for using 301 

consultants (22%, n = 5) and colleagues (26%, n = 6), and below the national average for using 302 

University Extension Service (13%; n = 3). Vineyard managers (n = 202) were within 5% of the 303 

national responses. Vineyard laborers (n = 12) primarily relied on colleagues (42%; n = 5) and 304 

University Extension Service (25%; n = 3). Consultants (n = 87) were below the national average 305 

for using other consultants (7%; n = 6), and above the national average for using product labels 306 

(21%; n = 18).  307 

The responses from individuals separated by how long they have been in the industry 308 

were all within 5% of the national average, as well as responses from individuals were worked 309 

with or at small operations (i.e., fewer than 50 acres; n = 160). For moderately sized operations 310 

(i.e., 50 to fewer than 200 acres; n = 51), they used consultants at a higher rate than the national 311 

average (33%; n = 17), and University Extension Service at a lower rate (18%, n = 9). 312 

Moderately large operations (i.e., 200 to fewer than 500 acres; n = 32), used University 313 

Extension Service at a lower rate than the national average (28%; n = 9), and online resources at 314 



 
American Journal of Enology and Viticulture (AJEV). doi: 10.5344/ajev.2021.20062 

AJEV Papers in Press are peer-reviewed, accepted articles that have not yet been published in a print issue of the journal  
or edited or formatted, but may be cited by DOI. The final version may contain substantive or nonsubstantive changes. 

 
 

15 
 

a higher rate (13%; n = 4). Large operations (i.e., 500 or more acres; n = 81) used University 315 

Extension Service at a higher rate than the national average (41%, n = 33).  316 

Information sources for fungicide stewardship. Fungicide stewardship information would 317 

be considered information on best use practices that promote product performance and longevity. 318 

Nationally, University Extension Service was the most frequently listed source for information 319 

on fungicide stewardship (38%; n = 152), followed by crop consultants (19%; n = 77), 320 

colleagues (19%; n = 76), product labels or sell sheets (11%; n = 45), manufacturers (8%; n = 321 

30), online resources with no affiliation (4%; n = 17), and “Other” (1%; n = 3) (Fig. 9). A 322 

common response for “Other” was trade magazines.  323 

Vineyard managers (n = 220), and viticulturists or crop consultants (n = 143) did not 324 

have responses that differed widely from the national responses. Vineyard owners (n = 24) did 325 

not select manufacturers or provide other potential sources to obtain information on fungicide 326 

stewardship, and most commonly selected University Extension Services (42%; n = 10) followed 327 

by consultants or colleagues (25% each; n = 6 each). Vineyard laborers (n = 13) also did not use 328 

“Other” sources or product labels, and more commonly selected University Extension services 329 

(39%, n = 5) or online resources (15%; n = 2). The responses from individuals separated by how 330 

long they have been in the industry were all within 5% of the national average, as well as 331 

responses from individuals were worked with or at small operations (i.e., fewer than 50 acres; n 332 

= 170) or those at large operations (i.e., 500 acres or more; n = 124). Those who worked with or 333 

at moderately sized operations (i.e., 50 to fewer than 200 acres; n = 55) more often selected 334 

consultants (27%; n = 15), and were less likely to select University Extension Service (31%; n = 335 

17) as their source of information for fungicide stewardship. Those at moderately large 336 
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operations (i.e., 200 to fewer than 500 acres; n = 51), also selected University Extension Service 337 

less often than the national average (31%; n = 16). 338 

Discussion 339 

The USA grape industry members who responded to this survey recognized fungicide 340 

resistance as a serious to devasting problem within the country (68%, Fig. 5), and indicated that 341 

it was a moderate to devastating problem within their own operations (55%, Fig. 6). This 342 

provides a baseline indication that fungicide resistance, toward the mitigation of long-term 343 

impacts of widespread resistance and ensuing crop losses, is a potentially growing area of 344 

educational need within the grape industry in the USA.  345 

A critical player in developing information and resources on fungicide resistance 346 

management is the international Fungicide Resistance Action Committee (FRAC) (FRAC, 347 

2020). In our survey, over 67% of respondents were either moderately to extremely familiar with 348 

the acronym FRAC (Fig. 1), and its importance for fungicide resistance management. The FRAC 349 

best practices define fungicides broadly, based on their biochemical mode of action, resistance 350 

development risk, and cross resistance pattern, rather than as individual active ingredients. A 351 

result of this process is the grouping of chemistries by a code, which creates a quick and easy 352 

reference for comparing chemistries. In our survey, 75% of respondents could identify the FRAC 353 

group of a fungicide, and primarily sourced that information from the product label (42%) (Fig. 354 

2). While it is impressive that the respondents can identify a product’s FRAC group, only 42% of 355 

survey respondents source that information from the label. For those who do not use the 356 

fungicide label to identify a FRAC group, it would be worth learning if they do not refer to the 357 
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label at all, if they do not know that the FRAC group is listed on the label, or if they do not spend 358 

sufficient time reading through the label to find this information.  359 

Respondents to this survey indicated they felt “moderately competent” designing 360 

fungicide programs that adhere to resistance management principles, and using the principles 361 

described by FRAC (Fig. 3). This indicates that education efforts can be further advanced to 362 

focus on more complex topics such as how to incorporate integrated disease and resistance 363 

management into a practical fungicide program. This was re-emphasized in their responses to 364 

further questions on the importance of different mitigation practices, where they demonstrated a 365 

more advanced understanding of fungicide stewardship principles. This included the ability to 366 

recognize the distinction in importance of rotating between fungicides brand names and rotating 367 

between FRAC group(s) (Fig. 7). A different brand name may or may not indicate that two 368 

products have unique active ingredients or that they belong to different FRAC groups. Survey 369 

respondents categorized rotating FRAC groups in a fungicide program as extremely important, 370 

but rotating brand names as only slightly important. This likely indicates that they have an 371 

understanding that product rotation recommendations focus on rotating FRAC groups, and that 372 

rotating based on brand names may not achieve the desired outcome. While they also recognized 373 

that not using the same brand name of fungicide back-to-back is very important, they ranked the 374 

similarly phrased statement of not using sequential applications of the same FRAC group as 375 

extremely important (Fig. 7). The same pattern of response was seen when asked to rank the 376 

importance of mixing products – tank mixing brand names as a strategy for fungicide resistance 377 

mitigation was seen as being slightly important, but tanking mixing different FRAC groups was 378 

seen as very important. Additionally, respondents ranked practices such as using multisite 379 
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products, canopy management, sprayer calibration and maintenance as extremely important (Fig. 380 

7).  381 

These responses demonstrate a sophisticated level of understanding of the nuances of 382 

avoiding sequentially using fungicides with the same mechanism. However, knowing that a 383 

practice is important is not necessarily indicative that those practices would be subsequently 384 

applied (Hillis et al. 2017). Additional studies are needed to confirm whether these activities to 385 

mitigate fungicide resistance are routinely adopted or used in vineyards.  386 

The survey further indicates that basic educational efforts on fungicide program design 387 

that adhere to resistance management principles should be targeted toward those who have been 388 

in the industry for fewer than five years, and those who classify themselves as laborers (who do 389 

not make on-farm decision) because both groups felt less competent at this task than the national 390 

average (Fig. 4). Targeting these groups will provide educational backgrounds for individuals 391 

who will continue on in the industry (i.e., those with five or fewer years of experience), and for 392 

those who are typically involved in the final stage of fungicide program delivery (i.e., laborers) 393 

who might be better able to identify a mistake before a product is applied to the vineyard.  394 

Additional demographic targets for educational efforts could be owners (e.g., no onsite 395 

management activities), and those who own or manage fewer than 50 acres since both groups 396 

ranked lower in their fungicide spray program design competency (Fig. 4). Although it is likely 397 

that owners in this study may not make on-site management decisions, they likely do provide 398 

general direction for their operations. If owners had a better understanding of how fungicide 399 

resistance impacts their operation (both socially and economically), it could result in a trickle-400 

down effect of policies or procedures that emphasize resistance mitigation practices. Finally, 401 
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over 48% of our respondents nation-wide were from smaller vineyard operations (i.e., fewer than 402 

50 acres; Table 5), which have different production constraints than larger operations. This 403 

survey indicates that would be value in developing educational material that is targeted 404 

specifically to each group as opposed to the current one size fits all approach. Many regional 405 

educational programs likely design materials targeting their regional demographics, for example, 406 

California and the Northwest focusing on materials for larger operations (Table 5). If smaller 407 

operations are accessing these resources, they may not find them appropriate for their operation. 408 

Specific to the wine grape industry, developing national materials that specifically focus on the 409 

challenges faced by smaller operations could have significant national reach. This could also 410 

improve consistent national messaging that would reinforce key resistance mitigation strategies 411 

across multiple resource venues, which is an important consideration for managing across-region 412 

pest management challenges (Wyenandt and Maxwell 2011). 413 

Across all demographics, University Extension Service was the single most common 414 

source of information for fungicide efficacy and use (34%; Fig. 8) as well as fungicide 415 

stewardship (38%; Fig. 9) information. This was foreseeable, as the USA agricultural community 416 

tends to classify the University Extension Service as a resource they can access for unbiased 417 

information and support for interpretation of research findings (Franz et al. 2010). However, the 418 

role of industry members’ peer network, and interactions with consultants should not be ignored. 419 

Combined, peers and consultants constitute 35% of the information sources on fungicide use and 420 

efficacy and 38% for fungicide stewardship. This provides an opportunity for Extension 421 

personnel to capitalize on the strength of the informal colleague network as a community-based 422 

learning tool to promote practice adoption among industry member groups (Prell et al. 2009, 423 
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Franz et al. 2010, Rustagi et al. 2010, Hoffman et al. 2015). Developing and improving 424 

approaches to combine these two major forms of information delivery, would help ensure that 425 

messaging on key concepts remains consistent across various industry outlets (Franz et al. 2010). 426 

One way to combine these activities would be to increase industry members participation in 427 

Extension demonstration practices, as “seeing is believing” (Leach et al. 2019) In more 428 

traditional educational settings, this could be done through hands-on group work at educational 429 

events to support peer problem solving or using recently acquired knowledge to “case-study” 430 

scenarios that are designed to emphasize key concepts and provide a practical context. By 431 

focusing on how an individual learns, and what is of practical use for their operation, educators 432 

can also increase engagement with adult learners in the farming community (Franz et al. 2010, 433 

Hoffman et al. 2015). 434 

An additional opportunity to enhance education and engagement could be a focus on 435 

increasing the number of licensed or certified professionals in the industry. Nationally, 27% of 436 

respondents indicated they did not possess a formal certification or license that is typically 437 

associated with pest management (Table 5). This lack of licensing or certification was common 438 

in vineyard owners (Supplemental Fig. 3), and vineyard laborers (Supplemental Fig. 4), whereas 439 

vineyard managers (Supplemental Fig. 1) and viticulturists or crop consultants (Supplemental 440 

Fig. 2) held these certifications and also felt more competent in spray program design. Generally, 441 

most licenses or certifications in pest management require continuing education credits and are 442 

often managed by durably structured state or professional organizations. Encouraging industry 443 

members to seek out a license or certification program that is appropriate for their region may 444 

directly help them improve practices on their farm (e.g., vineyard managers, vineyard owners), 445 
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expand their businesses in the case of viticulturists or crop consultants, or improve their 446 

employment options (e.g., vineyard laborers), and would also become a consistent forum to 447 

deliver educational materials on fungicide resistance management.  448 

There are always challenges associated with interpreting survey data due to sampling and 449 

response biases. In order to maximize our response rate (n = 252) and minimize sampling bias 450 

the survey was distributed through multiple methods and across multiple states. The multiple 451 

modes of delivery allowed for better tailoring of delivery style to meet local needs and 452 

considered state/regional differences in industry scale. Extension and industry winter (or off-453 

season) meetings and workshops are one of the best ways to reach a large number of specialty 454 

crop stakeholders in a short period of time. However, these types of activities are typically 455 

attended by those in decision-making roles, or by those who need continuing education credits 456 

for licensing, which can introduce sampling bias. In an attempt to reduce the impact of sampling 457 

bias, we reached out to under representative stakeholders, including crop consultants (outside of 458 

the western region), laborers, and fungicide representatives via social media, personal 459 

communication, regional newsletters, and industry listservs. While in the end most respondents 460 

where vineyard managers and viticulturists or crop consultants who have some form of licensing 461 

credentials, rather than vineyard owners or laborers, the former demographics were also the 462 

respondent’s defined as those making key management decisions in their operations. Arguably, 463 

this emphasizes the need to target educational programs to those respondents who were less 464 

likely to respond to the survey (i.e., laborers and owners) in an effort to increase knowledge and 465 

adoption of fungicide stewardship. 466 

  467 
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Conclusion 468 

This survey captured information from the USA grape producers on their perceptions, 469 

understanding, and knowledge of fungicide resistance and its management. While the majority of 470 

the respondents indicated they felt fungicide resistance was a serious to devastating problem 471 

across the USA, they indicated a moderately familiarity with key concepts related to fungicide 472 

resistance messaging. More importantly, they were able to accurately identify important 473 

practices for managing fungicide resistance and to distinguish important concepts, such as the 474 

difference between brand name and FRAC group, and how that might influence fungicide 475 

resistance management practices. University Extension Service was the most commonly 476 

indicated source of fungicide use, efficacy, and stewardship information on a national scale, but 477 

was closely followed by informal peer networks and crop consultants. Several key demographics 478 

were identified as potential targets for increased messaging, including vineyard owners and 479 

laborers, small operations, and those who are relatively new to the industry. These networks 480 

should be considered when developing extension and educational programming on fungicide 481 

resistance management, to help promote recommended practice adoption and improve general 482 

understanding of key concepts across the industry. 483 
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Table 1  Questions and associated response categories used for the questionnaire.  
Demographic questions 

1. In what state(s) do you grow, manage, oversee, or consult for grapes? (Select all that apply.) 
2. What is your primary role in the vineyard? (Select the option that best describes you.) 

Vineyard owner (but no on-site management activities), Vineyard manager (makes vineyard management decisions 
for vineyards owned by you or the company you work for), Vineyard laborer (does not make vineyard management 
decisions), Viticulturist or Crop consultant (provides recommendations for vineyards owned by others) 

3. What [pesticide applicator] certifications do you have? (Select all that apply.)  
State or local pesticide applicator’s license, Pest Control Advisor (PCA), Certified Crop Advisor (CCA), I do not 
have any of the above certification types 

4. How long have you been in your field of employment?  
Fewer than five years, 5 years to fewer than 10 years, 10 years to fewer than 20 years, 20 years or more 

5. How many acres do you own, manage, oversee and / or consult for? 
Fewer than 50 acres, 50 to fewer than 200 acres, 200 to fewer than 500 acres, 500 or more acres 

Knowledge perception questions 
1. How familiar are you with the acronym FRAC, as it relates to fungicide classifications? (Circle your answer.) 

Not at all familiar, Slightly familiar, Somewhat familiar, Moderately familiar, Extremely familiar 
2. Do you know how to identify the potential FRAC group or classification of a fungicide? 

Yes, No 
3. How competent do you feel at developing a vineyard fungicide program that adheres to fungicide resistance management 

principles? 
Not competent, Slightly competent, Somewhat competent, Moderately competent, Extremely competent 

At what level do you believe fungicide resistance is a problem? 
4. In vineyards across the United States (Check your response associated with each statement.) 

1-Not a problem, 2-Minor problem, 3-Moderate problem, 4-Serious problem, 5-Devastating problem 
5. In your vineyard(s) (Check your response associated with each statement.) 

1-Not a problem, 2-Minor problem, 3-Moderate problem, 4-Serious problem, 5-Devastating problem 
Knowledge application questions 

How important do you believe each of the following practices are in managing fungicide resistance development?  
(1-Not important, 2-Slightly important, 3-Moderately important, 4-Very important, 5-Extremely important) 

1. Rotating between different product brand or trade names 
2. Rotating between different FRAC groups 
3. Never using the same brand name back-to-back in a spray program 
4. Never using more than two sequential applications of the same FRAC group in a spray program 
5. Tank mixing different fungicide trade names 
6. Tank mixing different FRAC groups 
7. Using multi-site products (such as sulfur, oil, or potassium bicarbonate) in a program 
8. Routine sprayer calibration and maintenance 
9. Good canopy management practices 

Knowledge acquisition sources 
1. How do you identify the potential FRAC group of a fungicide? (Select all that apply.) 

Look for group code on the fungicide label, Consult with my local fungicide supplier, Consult with my local 
Extension agent or Farm Advisor, Visit www.frac.org and search for the active ingredient, Other 

2. Where / from whom do you get most of your information on fungicide use and effectiveness? (Select 1 response.) 
Manufacturers, Crop consultants, Colleagues (informal networks), Product labels or sell sheets, University Extension 
Service, Online resources with no official affiliation, Other 

3. Where / from whom do you get most of your information on fungicide stewardship? (Select 1 response.) 
Manufacturers, Crop consultants, Colleagues (informal networks), Product labels or sell sheets, University Extension 
Service, Online resources with no official affiliation, Other 

 

  



 
American Journal of Enology and Viticulture (AJEV). doi: 10.5344/ajev.2021.20062 

AJEV Papers in Press are peer-reviewed, accepted articles that have not yet been published in a print issue of the journal  
or edited or formatted, but may be cited by DOI. The final version may contain substantive or nonsubstantive changes. 

 
 

26 
 

Table 2  Responses to questions on knowledge application by role in industry. 
Selection Categories [numerical values] 

Not Important 
[1] 

Slightly important 
[2] 

Moderately important 
[3] 

Very important 
[4] 

Extremely important 
[5] 

 Median Responsea 

Knowledge Application 
National 
Median 

Vineyard 
Owner 

Vineyard 
Manager 

Vineyard 
laborer 

Viticulturist or 
Crop Consultant P-valueb 

Importance of brand (trade) name rotation 2.0 2.5  ab 2.0  a 2.5  ab 1.0  b < 0.01 
Importance of FRAC code rotation 5.0 4.5  b 5.0  b 4.0  b 5.0  a < 0.001 
Importance of no back to back applications of brand (trade) name 4.0 3.0  4.0  3.5  4.0  0.30 
Importance of no more than two sequential applications of FRAC 
codes 5.0 4.0  5.0  4.0  5.0  0.21 

Importance of tank-mixing brand (trade) names 2.0 2.0  2.0  1.5  2.0  0.24 
Importance of tank mixing FRAC codes 4.0 3.5  4.0  3.0  4.0  0.06 
Importance of use of multi-site products 5.0 4.0  b 5.0  ab 4.0  ab 5.0  a < 0.01 
Importance of sprayer calibration and maintenance 5.0 5.0  ab 5.0  b 5.0  ab 5.0  a < 0.01 
Importance of canopy management 5.0 5.0  5.0  4.5  5.0  0.14 

a Different letters across a row indicate significant differences between median response based on Dunn’s post hoc comparison of Kruskal–
Wallis one-way analysis of variance. National median displayed for reference only and was not used in the analysis.  

b P-value of Kruskal–Wallis one-way analysis of variance.  

 

 

Table 3  Responses to questions on knowledge application by years in industry. 
Selection Categories [numerical values] 

Not Important 
[1] 

Slightly important 
[2] 

Moderately important 
[3] 

Very important 
[4] 

Extremely important 
[5] 

 Median Responsea 

Knowledge Application 
National 
Median 

Fewer than 
5 years 

5 to fewer 
than 10 years 

10 to fewer 
than 20 years 

20 or more 
years P-valueb 

Importance of brand (trade) name rotation 2.0 3.0  1.0  1.0  2.0  0.34 
Importance of FRAC code rotation 5.0 5.0  b 5.0   ab 5.0  a 5.0  ab 0.01 
Importance of no back to back applications of brand 
(trade) name 4.0 4.0  4.0  4.0  4.0  0.89 

Importance of no more than two sequential 
applications of FRAC codes 5.0 4.0  5.0  5.0  5.0  0.44 

Importance of tank-mixing brand (trade) names 2.0 3.0  2.0  2.0  2.0  0.70 
Importance of tank mixing FRAC codes 4.0 4.0  4.0  4.0  4.0  0.46 
Importance of use of multi-site products 5.0 4.0  5.0  5.0  5.0  0.32 
Importance of sprayer calibration and maintenance 5.0 5.0  5.0  5.0  5.0  0.70 
Importance of canopy management 5.0 5.0  5.0  5.0  5.0  0.46 

a Different letters across a row indicate significant differences between median response based on Dunn’s post hoc 
comparison of Kruskal–Wallis one-way analysis of variance. National median displayed for reference only and was not used 
in the analysis.  

b P -value of Kruskal–Wallis one-way analysis of variance.  
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Table 4  Responses to questions on knowledge application by acreage owned, managed, or overseen. 
Selection Categories [numerical values] 

Not Important 
[1] 

Slightly important 
[2] 

Moderately important 
[3] 

Very important 
[4] 

Extremely important 
[5] 

 Median Responsea 

Knowledge Application 
National 
Median 

Fewer than 
50 acres  

50 to fewer 
than 200 acres 

200 to fewer 
than 500 acres 

500 or more 
acres P-valueb 

Importance of brand (trade) name rotation 2.0 3.0  a 1.5  b 2.0  ab 1.0  b < 0.001 
Importance of FRAC code rotation 5.0 5.0  b 5.0  a 5.0  ab 5.0  a < 0.001 
Importance of no back to back applications of brand 
(trade) name 4.0 3.0  b 4.0  a 4.0  ab 4.0  a < 0.001 
Importance of no more than two sequential 
applications of FRAC codes 5.0 4.0  b 5.0  a 5.0  ab 5.0  a < 0.01 
Importance of tank-mixing brand (trade) names 2.0 2.0  2.0  3.0  2.0  0.09 
Importance of tank mixing FRAC codes 4.0 3.0  b 4.0  ab 3.0  ab 4.0  a < 0.01 
Importance of use of multi-site products 5.0 4.0  b 5.0  a 5.0  ab 5.0  a < 0.001 
Importance of sprayer calibration and maintenance 5.0 4.0  b 5.0  a 5.0  ab 5.0  a < 0.001 
Importance of canopy management 5.0 5.0  5.0  5.0  5.0  0.24 

a Different letters across a row indicate significant differences between median response based on Dunn’s post hoc 
comparison of Kruskal–Wallis one-way analysis of variance. National median displayed for reference only and was not used 
in the analysis.  

b P -value of Kruskal–Wallis one-way analysis of variance.  

 
Table 5  Summary of respondent (n = 252) demographics nationally and by regiona.  
  Responses (%) 

Demographic Description National 
(n=252) 

California 
(n=88)b 

Northwest 
(n=83) 

Northeast 
(n=23) 

Midwest 
(n=25) 

Southeast 
(n=30) 

Southwest 
(n=9) 

         

Primary 
vineyard role 

Vineyard owner 7.1 1.1 9.6 13.0 0.0 20.0 0.0 
Vineyard manager 60.7 45.5 50.6 87.0 88.0 70.0 100.0 
Vineyard laborer 3.2 2.3 6.0 0.0 0.0 3.3 0.0 
Viticulturist or Crop consultant 29.0 51.1 33.7 0.0 12.0 6.7 0.0 

         

Years in 
industry 

Fewer than 5 years 23.0 20.5 21.7 13.0 12.0 43.3 33.3 
5 years to fewer than 10 years 22.6 26.5 22.9 17.4 16.0 20.0 33.3 
10 years to fewer than 20 years 24.6 30.7 21.7 17.4 28.0 16.7 11.1 
20 or more years 29.8 22.7 33.7 52.2 44.0 20.0 22.2 

         

Acreage 
managed 

Fewer than 50 acres 48.0 23.9 34.9 69.6 76.0 93.3 100.0 
50 to fewer than 200 acres 15.1 11.4 19.3 30.4 12.0 6.7 0.0 
200 to fewer than 500 acres 8.3 17.0 7.2 0.0 0.0 0.0 0.0 
500 or more acres 28.6 47.7 38.6 0.0 12.0 0.0 0.0 

         

Certifications 

State or local pesticide 
applicator’s license 45.9 22.7 52.7 82.6 59.3 70 44.4 

Pest Control Advisor (PCA) 10.6 20.0 7.5 0.0 7.4 0.0 0.0 
Certified Crop Advisor (CCA) 19.9 41.8 11.8 0.0 3.7 0.0 0.0 
No listed certifications 23.6 15.5 28.0 17.4 29.6 30 55.6 

a Northwest - Colorado, Idaho, Oregon, Washington; Northeast - New York, New Jersey, Pennsylvania, Rhode Island; Midwest - Illinois, 
Iowa, Michigan, Montana, Ohio, Wisconsin; Southeast - Maryland, North Carolina, Georgia and; Southwest - New Mexico, 
Oklahoma, Texas. 

b Number of responses from that state or region. 
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Figure 1  Familiarity with the acronym FRAC as reported nationally and by role in industry, by years in 
industry, and by size of operation (percent of total responses collected across the nation). Numbers within 
each bar correspond to the percent of the responses in that category (bottom axis). The vertical white line 
corresponds to the median of the non-weighted numerical score assigned to the familiarity categories [1-
Not at all, 2-Slightly, 3-Somewhat, 4-Moderately, 5-Extremely] (top axis). The P-values are the results of 
Kruskal-Wallis one-way analysis of variance of ranks with a Holm’s sequential Bonferroni adjustment. 
Significant separations between factors from Dunn’s post-hoc test is represented by lowercase lettering in 
the left of the figure. 
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Figure 2  Ability to identify the FRAC group or classification of a fungicide as reported nationally and by 
role in industry, by years in industry, and by size of operation (percent of total responses collected across 
the nation). Numbers within each bar correspond to the percent of the responses in that category. The P-
values are the results of Kruskal-Wallis one-way analysis of variance of ranks with a Holm’s sequential 
Bonferroni adjustment. Significant separations between factors from Dunn’s post-hoc test is represented 
by lowercase lettering in the left of the figure. 
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Figure 3  Resources respondents use to identify the FRAC code of a fungicide as reported nationally and 
by role in industry, by years in industry, and by size of operation (percent of total responses collected 
across the nation). Numbers within each bar correspond to the percent of the responses in that category. 
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Figure 4  Percent of total responses nationally for respondent’s perceived competence in ability to design 
a fungicide program that adheres to fungicide resistance management principles as reported nationally 
and by role in industry, by years in industry, and by size of operation (percent of total responses collected 
across the nation). Numbers within each bar correspond to the percent of the responses in that category 
(bottom axis). The vertical white lines correspond to the median of the non-weighted numerical score 
assigned to the response categories [1-Not at all, 2-Slightly, 3-Somewhat, 4-Moderately, 5-Extremely] 
(top axis). The P-values are the results of Kruskal-Wallis one-way analysis of variance of ranks with a 
Holm’s sequential Bonferroni adjustment. Significant separations between factors from Dunn’s post-hoc 
test is represented by lowercase lettering in the left of the figure. 
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Figure 5  Respondent’s perception of the problem of fungicide resistance as reported nationally across 
the US and by role in industry, by years in industry, and by size of operation (percent of total responses 
collected across the nation). Numbers within each bar correspond to the percent of the responses in that 
category (bottom axis). The vertical white lines correspond to the mean of the non-weighted numerical 
score assigned to the response categories [1-Not at all, 2-Slightly, 3-Somewhat, 4-Moderately, 5-
Extremely] (top axis). The P-values are the results of Kruskal-Wallis one-way analysis of variance of 
ranks with a Holm’s sequential Bonferroni adjustment. Significant separations between factors from 
Dunn’s post-hoc test is represented by lowercase lettering in the left of the figure. 
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Figure 6  Respondent’s perception of the problem of fungicide resistance within the respondent’s 
vineyard as reported nationally and by role in industry, by years in industry, and by size of operation 
(percent of total responses collected across the nation). Numbers within each bar correspond to the 
percent of the responses in that category (bottom axis). The vertical white lines correspond to the mean of 
the non-weighted numerical score assigned to the response categories [1-Not at all, 2-Slightly, 3-
Somewhat, 4-Moderately, 5-Extremely] (top axis). The P-values are the results of Kruskal-Wallis one-
way analysis of variance of ranks with a Holm’s sequential Bonferroni adjustment. Significant separations 
between factors from Dunn’s post-hoc test is represented by lowercase lettering in the left of the figure. 
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Figure 7  National responses (median values) to how important respondents felt different vineyard 
approaches and disease management practices were for mitigating fungicide resistance development. 
Medians were calculated using a non-weighted numerical score. 
  



 
American Journal of Enology and Viticulture (AJEV). doi: 10.5344/ajev.2021.20062 

AJEV Papers in Press are peer-reviewed, accepted articles that have not yet been published in a print issue of the journal  
or edited or formatted, but may be cited by DOI. The final version may contain substantive or nonsubstantive changes. 

 
 

35 
 

 

Figure 8  Where respondents are likely to acquire information on fungicide use and efficacy, broken 
down by national response, their role in industry, their years in industry, and the size of their operation. 
Numbers within each bar correspond to the percent of the responses in that category. 
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Figure 9  Where respondents are likely to acquire information on fungicide stewardship, broken down by 
national response, their role in industry, their years in industry, and the size of their operation . Numbers 
within the color segments correspond to the percent of the responses in that category. 
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Supplemental Figure 1  Key demographics (years in industry, size of operation, region of location, and 
licenses held) of respondents who classified themselves as a vineyard manager. Vineyard managers were 
defined as someone who makes vineyard management decisions for vineyards owned by themselves or 
someone they work for.  
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Supplemental Figure 2  Key demographics (years in industry, size of operation, region of location, and 
licenses held) of respondents who classified themselves a viticulturist or a crop consultant. A viticulturist 
or a crop consultant were defined as someone who provides recommendations for a vineyard owned by 
others. 
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Supplemental Figure 3  Key demographics (years in industry, size of operation, region of location, and 
licenses held) by respondents who classified themselves as a vineyard owner. Vineyard owners were 
defined as those who own a vineyard but have no on-site management activities. 
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Supplemental Figure 4  Key demographics (years in industry, size of operation, region of location, and 
licenses held) of respondents who classified themselves as a vineyard laborer. Vineyard laborers were 
defined as someone who works at a vineyard but does not make vineyard management decisions. 


