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Abstract

:

Pest and disease management in the grapevine sector has become difficult due to several instances (e.g., pathogen resistance, agrochemicals withdrawals). Therefore, viticulture switched to more environmentally friendly practices. On these bases, the most promising tool is the use of a resistant variety of grapes. Luckily, genetic and genomic selection have made great steps in accelerating plant breeding. In recent years, several resistant varieties of grape were created and the wine obtained began to grow. This allowed vine growers and wine makers to drastically reduce the chemical inputs in vineyards. However, this specific wine market faces trouble regarding the consumer attitude towards buying the related crafted wines. In order to make these innovations acceptable, we undertook a literature review of the history and creation methods of the hybrid grapevines. We investigated young wine drinkers across north-east Italy using specific questionaries to better analyse consumer perception of wine from resistant vines and the related environmentally friendly issues to understand if consumers are prone towards this product. Our results clearly indicate that consumer attitude towards this type of beverage pays great attention to the reduction in agrochemicals.
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1. Introduction


Thousands of years ago (±10,000 BC), the production of alcoholic beverages first took place [1]. Today, wine is one of the most popular alcoholic drinks, created through the fermentation of Vitis vinifera grapes [2]. Wine is also considered an important element not only for meals, but for a healthy diet and conviviality [3,4]. In this context, the production of Vitis vinifera sp. wine is the most economically relevant perennial fruit crop around the world, grown on 7.34 mil. ha (84.83 mil. t fresh grapes) for wine and table grapes, dry fruits, juice, and other products [5]. The worldwide value amounts to about EUR 77 billion, while in Italy, second only to France, the production value is around EUR 13.2 billion [6]. While the international trade is rising, exports have always seen a growing trend, especially in terms of the in-demand variety (e.g., in Italy: prosecco wine) [7]. However, EU exports didn’t change in recent years, due to transport disruption in countries in the Southern hemisphere and North America [6]. In Italy, wine production (including grape juice) is equal to 48.2 million hectolitres on a vineyard area of approximately 621.9 thousand hectares [8]. As far as Italy is concerned, there has been a significant rise in volume exports, without the accompanying rise in value, similar to what occurred for France.




2. Vitis Vinifera: The Story of Actual Diseases


V. vinifera ssp. vinifera and its wild relatives are the autochthonous species in Europe and the Near East, part of the Eurasian gene pool largely endemic to the Mediterranean basin [9]. The cultivated compartment of Vitis vinifera is highly sensitive to many pests and diseases, introduced from outside the EU [10]. Therefore, it is propagated vegetatively and it is usually grafted onto resistant rootstocks [11]. These are typically resistant to pests and can be adapted in different soils [12]. Moreover, the serious pathogens afflicting grapevine are 1) powdery mildew (PM, Erysiphe necator) resulting in serious quality deficits and downy mildew (DM, Plasmopara viticola) leading to high yield losses [13] Both leading to important economic losses [14]. Grapevine is also facing a number of other diseases which require chemical treatments, including esca, black rot, Flavescence doree, phytoplasmas, etc. [15,16,17,18]. This results in a challenging defensive chemical management. In viticulture, around 67% of all fungicides are used in the agriculture sector worldwide, despite the area designated for grapevine cultivation only accounts for about 3% of the entire agricultural sector [19]. Recently, a race of DM has arisen that is resistant to many of the active substances of fungicides, worsening and complicating plant defence [20]. Nevertheless, the great range of available agro-defensive-chemicals help to ensure the final yield, but not without an enormous number of plant treatments and related problems, including pollution and the rising cost of phytoiatric management [21]. After a long period, the wine-making sector and wine consumer awareness of fungicides have risen [22]. Agrochemical reduction in the wine sector has, therefore, come to an essential social demand in viticulture (organic or not) [23].




3. Driving towards a New Viticulture


The above-mentioned instances changed viticulture and triggered the beginning of grapevine breeding projects [24] in order to achieve a more environmentally friend viticulture. Varietal and cultivation innovations have long contributed to agricultural progress towards greater sustainability [25]. An excellent example can be found in the first hybrid resistant varieties, both direct producers and rootstock, the phylloxera crisis [26] and several other species [27]. Therefore, innovation in grapevine cultivars played an essential role in the history of this plant. Despite this, varietal creation has been poor since World War II [22] and the major innovation only occurred in the past 15 years when varietal innovation became more blatantly “pulled by technological demand” [22]. Furthermore, the success of the diffusion of new varieties relies on three main tasks: (1) professionals need to agree with their relevance, (2) new varieties’ features proposed for further dissemination, and (3) the new perception of the needs of those professionals or their market, which are broadly different 25 years later along with the diffusion of these innovations [28]. Nowadays, the industry is marked by the presence of various resistant grape varieties.



Genetic and Breeding to Improve Cultivars


Regarding breeding, grapevine was showed to be a recalcitrant crop due to its juvenile phase, translating into a long period of breeding [29,30]. The only way to control mildew without using or with only using a drastic reduction in agrochemicals is through genetic improvement. The use of resistance genes (R genes) given by grape resistant genotypes in breeding are the most practical way. Specifically, the resistance of host plants is called “specific or varietal resistance” and is explained in the gene×gene model by Flor (1955) [31]. R genes are used because they are encoded to a particular and important protein involved in plant defence [29]. To date, the major loci such as QTLs (quantitative trait loci) for DM are clustered in the chromosomes 4, 5, 7, 9, 12, 13, 15, 18 and 19. These chromosomes also contain the majority of the similar resistance genes [32]. Many vines in North America have natural resistances and many loci of resistance have been identified in these vines [33] for DM (Rpv: Resistance to Plasmopara Viticola genes). The Rpv10 locus was the first to be mapped for resistance to DM and was introduced by V. amurensis in the commercial varieties of Western Europe [34]. Another locus donated by V. amurensis is the Rpv12, which was fixed in the genome of some varieties either alone or in combination with an additional locus, the Rpv3. However, the Rpv1 was co localised on chromosome 12 together with Ren1 (a resistance gene to powdery mildew). For the plant’s defence, the main locus responsible is the Rpv3. This locus resides in the lower arm of chromosome 18 [32]. The classical selection requires lot of time and is very expensive. However, the use of DNA-based markers linked to traits of interest considerably reduces the breeding costs and the time for creating new varieties [35]. Molecular marker assisted selection (MAS) precisely facilitates the identification of the seedlings that have inherited a desired gene/s, shortly after germination. Recently, considerable progress was also made to generate tools for the MAS in grapes. In fact, a large number of DNA sequence-based markers were developed which, in turn, allowed for the construction of high-density genetic linkage maps [36]. To date, different markers have been developed for R genes to DM in grapes, especially single sequence repeaters (SSRs), which are possible to identify after the DNA extraction and amplification followed by the sequencing [32,37]. Additionally, combining multiple genes that confer the same phenotype is generally termed gene pyramiding. This approach is essential when breeders want to combine several resistance loci to a disease. The resistance conferred by a combination of various R genes is more difficult to overcome by the pathogen than the resistance conferred by single R gene, making it more stable [38,39].



Despite of the fact that conventional and mutational breeding techniques have undertaken a significant role in the development of the desired varieties due to certain existing limitations, new techniques were developed. Genome editing tools (GETs), including clustered, regularly interspaced short palindromic repeats (CRISPR) systems, are revolutionizing genetics and breeding [40]. The protocol of the CRISPR/Cas9 systems technology and its variants are the most reliable and efficient and have been established in many cultivated plants. New GETs, such as the CRISPR/Cas12 and the base editors, were also applied to plants to improve their traits. Recombinases and prime editing tools have the potential to make the edits more precisely and efficiently [41]. However, whether this technology can be used is still be argued by legislators worldwide. At the moment, its use is not allowed.





4. The Wine Industry and the New Cultivars


In European countries, a number of sustainable practices have already been implemented in recent years. Compared to other agricultural activities, the wine industry as an evolving economic activity is inclined to achieve a rich set of tasks through its specific organizational capacities and resources [22]. In this sense, sustainability is often explained applying three dimensions (society, economy, and environment) [42]. These mentioned realities involve all three dimensions of sustainability and integrate the energy dimension and fuelling into a potential circular economy [43]. On this basis, the wine sector has recently experienced a market growth that is different from other agricultural sectors, increasing its cultivated areas. Due to the strong inclination of the wine sector to adopt sustainable strategies, agro-energy districts may also be future steps for viticulture, which, as a cutting-edge enterprise in modern agriculture, is implementing new strategies and opportunities within the sector. In this context, the acceptance of resistant varieties as the most effective tool for the development of environmentally friendly viticulture in Italy is no easy task. [22,44]. The new and recently developed varieties include Chardonnay, Cabernet, and Sangiovese-like. However, the listings still attract the skepticism of the state administration and, in part, the consumer for the use of the term ‘interspecific hybrid’. In principle, this kind of plant was not meant to be grown for wine production. Essentially, it had to be demonstrated that the content of malvidin 3.5-diglucoside and methyl alcohol were lower than European standards, along with the absence of strawberry flavor (see Italian Ministry of Agriculture-viticulture section-guidelines). Finally, during September 2015, 11 new grapevines entered into the Italian catalog [45].




5. Consumers Attitude Importance in Wine Consumption and Proposed Pilot Study


Given the economic situation and consumer attitudes, the resistant variety is an important tool for increasing income. Consumers buy wine on the basis of various distinguishing features, such as the country and region of origin, grape variety, price, and brand [46,47]. Consumer awareness and interest towards sustainability issues is also well documented [48]. In various countries, there is a considerable segment of consumers who have a positive attitude towards sustainable production methods for wine and are willing to pay a premium for such products [49]. In fact, as previous research demonstrated, the technological advancements applied directly into the food domain could receive several levels of consumer approval [50]. However, it was found that consumers positively evaluated wines that were produced from hybrids but did not support wines that were produced from genome-edited hybrids. This result is probably related to the fact that consumers view horticultural hybrid wines as products that can occur in nature [51] and do not involve genetic modifications [52,53]. Additionally, individuals have negative perceptions towards foods they consider unnatural [54]. On the other hand, consumers with different types of information can affect their preference for these wines, corroborating previous studies that demonstrated that positive messages enhance preferences [55,56] while negative messages decrease them [57]. This is also consistent with other findings that show that detailed information on the wines produced with genetic technologies can improve consumer perception [58], thereby increasing their purchases or keeping them at a same level without resistant wines [59]. Regarding vineyard management, it was found that, on average, using the resistant vines can save an average of EUR 680 to 1100 per hectare every year [60].



While fewer acceptance problems are expected for table grapes, sultanas, or rootstocks, more concerns may arise for wine grapes as wine is a cultural product, especially in Europe [61]. Previous research has shown a trend towards agricultural and food policies that consider both ethical practices (e.g., environmentally friendly) and product quality. Foods that are perceived as “sustainable”, “safe”, and “socially responsible” are attractive to consumers [62]. Nevertheless, consumers generally express their environmental concerns and values by buying food that not only satisfies private benefits such as hunger, but also societal benefits such as a reduced environmental impact or other ethical harm [63]. In this context, the cultivation of resistant vines that can reduce the use of agrochemicals is an increasingly interesting production system. However, commercial acceptance depends on the response of the consumers, i.e., their interests, attitudes, and willingness to buy and pay for this food. Understanding consumer behaviour in relation to consumer goods could be improved through more advanced marketing strategies and communication, for example to increase their willingness to pay [64]. A significant number of consumers in different countries had a positive attitude towards these different production methods and were willing to pay a premium for wine with the characteristics of sustainable production. However, in some European countries and in North America, consumer awareness to the broad concept of sustainability in wine appeared to be low on average. In fact, organic and sustainability labels are often perceived as indicators of quality [49].



To investigate whether polarised information influences the acceptance of innovation in plant genetics, the current research was focused on a specific agricultural sector, namely viticulture, where the novel grapevine varieties resistant to major fungal diseases (e.g., DM and PM) have attracted the interest of many practitioners. Consumer awareness of social and environmentally sustainable labels was quite poor in an Italian study [65]. Therefore, a pilot field study was performed in north-east Italy where a questionnaire-based analysis was carried out on a sample of the representative population, with the methodology already viewed as well-working [46,47,59], testing the consumer’s inclination towards wine that is crafted from resistant hybrids and the importance of paying more to ensure the use of agrochemicals.



5.1. Pilot Study


For the agricultural sector, the European Union has set the goal of significantly reducing the use of chemical pesticides (European Commission, 2019). On this front, the most promising tools available to the wine sector are the fungus-resistant grapes (FRG) [50]. The disease-resistant vines found on the market and grown are hybrids between Vitis vinifera and other species of the Vitis genus [66].



In fact, the European Union believes that disease-resistant vines obtained through genetic crossing are an important tool for the sustainability of the wine sector. It eliminates the constraints imposed by the previous European legislation and leaves the relative decisions on the strategies of the adoption and use of these vines to the producers and the derived communication strategies.



The achievable reduction in pesticides in the vineyard using the FRG vines depends on numerous factors, including the characteristics of the resistant vine, pedoclimatic environment, climatic trend of the production year, cultivation techniques, and others. The reduction in pesticides that are attributable to wine also depends on the percentage of the FRG grapes used. The reduction in pesticides that are attributable to a winery or to the reference territory of a consortium of producers also depends on the percentage of the area cultivated with the FRG vines.



For the communication of the FRG vines and wines, the producers can use the support and logo of PIWI International. Until 2021, the logo of this association was only usable for pure FRG wines (PIWI International, 2021). This rule excluded all wines that derived from Vitis vinifera grapes. In other words, after the regulation (EU) 2021/2117, this rule hindered the spread of the FRG vines, excluding them from AOC wines that could potentially make use of at least part of their grapes. In 2022, PIWI International eliminated the aforementioned rule from its statute, replacing it with the statement that the use of the logo will be governed by a series of regulations (PIWI International, 2022).



The reduction in pesticides in the vineyards is difficult to certify. It is less problematic, for example, to certify the quantity of the grapes and/or the FRG vines used in the production of wine. Despite the communication strategies that will be adopted, consumers will still be able to “translate” the information obtained into an approximate measure of the reduction in pesticides in the vineyards. On this basis, we adopted a pilot study regarding the specific FRG wine consumers. The pilot study was adopted as this was the first approach for attempting to understand the following instances: exploring the possibility of using conjoint analysis (CA) to (1) verify the existence of a causal relationship between the reduction in pesticides in the vineyards and consumer preferences; (2) measure the effect of pesticide reductions in vineyards on consumer preferences for wine; (3) explore the effect of information on the maximum reduction in pesticides achievable with FRG vines; and (4) provide information for future research.



5.1.1. Materials and Methods


Conjoint analysis allows for the simulation of markets offering products that do not yet exist. In these simulations, the consumers interviewed express their preferences for different products described by attributes that were deemed relevant to the purposes of the research. For each test participant, the conjoint analysis allowed us to estimate the contribution that each attribute (called partial preference or partial utility) has in determining the total preference (or total utility) for the products being compared.



The preference for the single product was called the total preference and the contribution of the single level was called the partial preference. If the combination of products compared was formulated with an orthogonal plane, we could estimate the main effects and the partial preferences that are independent from the other variables of the experimental plan but not from the other factors. Similarly, to the other consumer experimental methods, the other factors influencing the test results can be grouped into five categories: (a) the type of market and simulated purchase motivation such as supermarket, bar, restaurant, dinner, or aperitif; (b) the product attributes that influence consumer preferences but are not used to describe test products; (c) the internal stimuli of the consumers questioned such as socio-demographic characteristics, beliefs, attitudes, emotional states, etc. (d) the external stimuli controlled by the researcher such as the methods, the product description, and detection (i.e., face-to-face or remote detection, characters and language of the text, images, etc.); and (e) the uncontrolled external stimuli, for examples coming from the environment in which the tests are carried out if this is not completely controlled by the researcher [67,68,69].



For the estimation of the preferences, market simulations were carried out by asking the participants the following question: “You is in the supermarket, and you want to buy a bottle of wine for a dinner with friends. Compare the following products and then express your preferences with a score from 1 to 100 (100 is the highest preference)”. Five market simulations were carried out with university students in northern Italy (Tests A, B, C, D and E). Table 1 shows the product attributes and the levels used to generate the orthogonal planes and describe the wines that contested the preferences of the test participants.



The first three market simulations (Tests A, B and C) evaluated the reactivity of the respondents to the variation in the reduction in pesticides and whether the existence of an anchoring effect attributable to a high pesticide reduction was known to consumers in the simulated market. For the three tests, the same orthogonal plane was used with the same levels for the “wine name” and “price” variables and five different levels for the “pesticide information” attribute. Level 1 provided the absence of the information on pesticide reduction in all the tests and Level 5 provided the maximum reduction in pesticides present in the market simulated by the test: 80% in Test A, 40% in Test B and 20% in Test C. The three simulations also assumed that consumers in one market neither knew the maximum pesticide reductions present in the other markets nor the absolute maximum possible pesticide reduction. The maximum reduction in pesticides in Test A (80%) simulates the information that could be provided to consumers by a wine made exclusively with FRG vines. The maximum reduction in pesticides foreseen by Tests B and C simulate the information that could be provided by wines obtained only in part with FRG vines or by producers who partly have FRG vines and want to communicate their contribution to the sustainability of the company and/or the territory they manage. The intermediate reduction levels simulate the wines that report a lower pesticide reduction than the maximum known to the consumers in the respective market. The test participants were not provided with any information on how the pesticide reduction was achieved.



The fourth market simulation (Test D) aimed to verify the repeatability of the results. For this reason, it used the orthogonal plane from Test C by modifying only the reduction in pesticides of the two intermediate levels (Table 1). This test used different detectors and a different sample of consumers.



The fifth market simulation (Test E) aimed to verify the effect of adding a variable to the experimental plan. For this reason, the variable “certification” with two levels, absent and DOC, was added to the experimental plan of Test A. This test also used different detectors and a different sample of consumers.



The orthogonal planes were generated with the IBM SPSS Statistics 20 conjoint algorithm, a program that was also used to estimate the individual partial preferences of the test participants. All the orthogonal planes consisted of 16 experimental profiles to which five control profiles were added for the validation of the results. The control profiles were included in the survey form at random and, in all market simulations, the two profiles were the same to verify respondent attention during the test.



For the estimation of the individual preference functions, all the variables were considered categorical [70,71].



To evaluate the variation in the preference for a wine that is attributable to a certain level of pesticide reduction in the vineyards, the individual pesticide differential preferences (PDPni) were defined as follows


PDPni = ppni − ppna



(1)




where PDPni is the pesticide differential preference for the wine of the n-th consumer attributable to the i-th level of pesticide reduction in the vineyards, ppni is the partial preference of the n-th consumer for the i-th level of reduction in pesticides in the vineyards estimated with the CA, and ppna is the partial preference of the n-th consumer for the absence of pesticide reduction in the vineyards estimated with the CA.



To reduce the number of the internal and external non-experimental stimuli, the tests were administered to samples of homogeneous consumers, i.e., to university students while they were studying in the same universities in the same geographical areas, following a survey of their socio-demographic characteristics (gender, age, and per household capita income) and their familiarity with the product (Table 2). Furthermore, the students with courses involving viticulture and oenology were excluded from the sample. The preference tests were carried out from January–April 2022 in the study rooms of the universities of Venice (Test A, B and C), Padua (Test D), and Udine (Test E) using a paper-based survey form and face-to-face interviews (Table S1). The selection of the respondents consisted of the administration of the survey forms to all students present in the study room at the time of the survey. A total of 910 university students were interviewed, mostly male, under the age of 24, who declared their family income as between EUR 1000 and 3000 per capita, with wine consumption frequencies higher than those of purchase (Table 2).



To consider the undetected internal and external stimuli for each test, an analysis of the clusters was conducted according to the partial preferences for the five levels of the “pesticide information” variable. This approach assumed the hypothesis that if different groups of respondents emerged within the same test, these differences could be attributable to the non-experimental variables that contributed to determining the respondents’ responses. The analyses were completed with the IBM SPSS Statistics 20 Cluster TwoStep algorithm, with the likelihood measurement Schwarz Bayesan grouping criterion (BIC) and the automatic determination of the number of clusters.



The causal relationships between the “reduction in pesticides” information and the differential pesticide preferences for wine were estimated with linear, quadratic, and cubic regression analyses. For the estimates, the “absent” level was assigned the value of zero and the other levels are those shown in Table 1. For the sake of brevity, only the graphical representations of the functions that achieved the highest R-square levels are shown in the results. The comparisons between the average pesticide differential preferences were made with the IBM SPSS statics.20, p level: < 0.05.




5.1.2. Results and Discussion of the Pilot Study


Regarding the “pesticide information”, the absence of this information in all the Level 1 tests achieved the lowest average partial preference. With the increased level of pesticide reduction in the vineyards, the partial average preference increased (Table 3). With regard to the validation of the models, it should be noted that the correlation indices were all high and significant for all the tests. The exception was Kendall’s Tau for the Test E controls, which in any case were considered to be sufficient.



From the analysis of the average pesticide differential preferences for the wine achieved in the five simulated markets (Table 4), the preference for wine increased in all the simulated markets as the level of pesticide reduction increased, reaching the highest level with the maximum pesticide reduction of the test. The maximum PDP was also similar in all markets, i.e., it appears independent of the level of an absolute reduction in pesticides. However, this result did not consider non-experimental variables. The comparisons between the averages showed that, in the samples surveyed, the PDPs were independent of age and household per capita income (p < 0.05) and gender-dependent (Table 5), with higher PDPs for women and, in some tests, correlated negatively with purchases and the consumption of wine (Table 6). Considering that purchases and the consumption of wine were only correlated in some tests, that the correlations were modest, and that the survey was for exploratory purposes only. The causal relationships between the pesticide reduction and wine preferences were estimated on a gender basis and their results are shown in Figure 1.



First, the best forms of the equations of Figure 1 and Figure 2 were reported in the Supplementary Material Tables S1 and S2, where the equation and R2 of each test are properly shown.



Figure 1 shows the graphical representations of the results of the regression analyses between the reduction in pesticides in the vineyards and the differential pesticide preferences for wine for the males and females in the five tests. Regarding the forms of the equations, in one case, the linear equation is represented as it has the same R2 of the other two forms (the males of Test C). In five cases, the quadratic form is reported (males of Test B and males and females of Tests D and E) and in four cases the cubic one (the males and females of Test A, the females of Tests B and C). The maximum difference in R2 between one form of the equation and the other was 0.017 points. The higher R2 was 0.733 and the lower was 0.485. In all the tests for both males and females, the greatest differential pesticide preference for wine was obtained from the maximum level of the pesticide reduction predicted by the test and the differences. The PDPs greater than the five tests were not significant for p < 0.05. Comparing Tests A, B and C with the same gender confirmed the existence of an anchoring effect that is attributable to the maximum level of the pesticide reduction present in the simulated market. In particular, that the maximum preference for wine (1) is obtained with the maximum reduction in pesticides in the vineyards known to consumers and (2) that its value is independent of the absolute size of the pesticide reduction (the average PDPs not any different for p < 0.05). Furthermore, it was observed that the males and females in Test C showed different PDP growth dynamics, linear in one case and quadratic in the other. In general, therefore, it cannot be excluded that, in the same market, the different categories of consumers have different growth dynamics for the PDPs. The same category of consumers, for example the males in Figure 1, could change the dynamics of their reactivity to decrease the pesticides when the market conditions change. The figure shows a linear relationship in test C, a quadratic relationship in test B, and a cubic relationship in test A. However, the preference attributed to the same wine decreased when the maximum known reduction in pesticides increased. Ultimately, the comparison between Tests A, B, and C with the same gender showed that wines that can only be partially obtained with the FRG vines and producers who want to communicate their contribution to the sustainability of their company and/or the territory: (1) can obtain the same preferences of wines exclusively with FRG if consumers do not know the maximum potential of these vines, and (2) the preferences for the same wine decrease when consumers become aware of the possibility of further reducing the use of pesticides.



Considering Test D, Figure 1 shows, the average PDPs for the maximum reduction in pesticides for both males and females, which is not statistically different from those of Test C and not close to the other tests (p < 0.05). The repeatability of the test results would, therefore, be confirmed and the anchoring effect would be attributable to the maximum level of pesticide reduction known to the consumers.



Comparing Tests, A and E, both in the case of males and females, adding an attribute with two levels to the experimental plan did not significantly decrease the maximum PDP for wine, contrary to expectations. This result, however, was influenced by the fact that both the experimental plans focused the attention of the respondents on the reduction in pesticides, attributing a number of levels significantly higher than that of the other variables. Ultimately, the comparison between the two tests, on the one hand, highlights that the method proposed in this work is effective with different experimental plans and wine attributes and, on the other hand, reminds us that the estimated preferences for a “privileged” variable from the experimental plan is always greater than those in the real markets.



The analysis of the clusters as a function of the partial preferences for the five levels of the “pesticide information” variable was conducted separately for males and females, but only for the tests with the most numerous samples, i.e., Tests D and E (Figure 2). However, the clusters were identified according to the partial preferences for the five levels of the pesticide reduction. In both tests, two clusters were found for males and three for females. Within the same test and the same genus, the clusters had different mean maximum PDMs (p < 0.05) and different PDP variation dynamics. In particular: (1) no clusters emerged, neither indifferent to nor opposed to the reduction in pesticides; (2) all the clusters expressed the maximum PDP in the presence of the maximum pesticide reduction in their test; and (3) the differences between the maximum PDPs of the clusters of the same test were not only significant but also very large. Both the males and females of Test E showed a cluster that expressed negative PDPs for lower pesticide reductions, i.e., lower preferences for wine than those expressed in the absence of information on pesticide reduction. The PDPs for the maximum pesticide reduction known to respondents were independent of the absolute reduction level. With regard to these results, it should be noted that the number of clusters was modest but that some considerations were also made such as the importance of the anchoring effect due to the maximum level of the pesticide reduction known to the consumers remains confirmed. On the other hand, the question remained open as to whether the maximum known reduction level changes, or the maximum PDP remains the same for the same consumers as hypothesised from the results of Figure 1. To answer the question of Point C, which is perhaps the most interesting result of the work, it is necessary to know and detect all the determinants of the consumer reactions to the pesticide reduction [50,59,72]. It was necessary to understand, for example, that some consumers reward modest reductions in pesticides compared to the maximum ones (Clusters M1, F1 and F3 of Test E) while others punish them by attributing lower scores in the absence of pesticide reduction (Cluster M2 and F2 of Test E).






6. Conclusions


Breeding research towards the FRG changed the wine chain and contributed to the suppression of the main diseases, bringing the global wine sector towards unprecedented levels of productivity and quality. Therefore, the innovation in grape varieties has played an essential role in the history of viticulture. The solutions offered by the new hybrid vines, direct carriers, and rootstocks are being seriously considered by winegrowers and consumers to lead viticulture towards sustainability. For this, research tools in certain areas such as molecular biology, molecular markers, and virological tests made considerable progress due to the authorities who considered this as the future of viticulture. Moreover, farmers faced some problems selling the related wines as the final consumers were not ready to change grapes.



In fact, the new variety brought to the market struggled to connect with the consumers. This could have relied on few factors, including poor communication coupled with a poor marketing strategy, and a lack of consumer knowledge for how they work and the benefits that the resistant variety can bring to the whole chain. Effective innovations may result in poor acceptance rates due to information that may jeopardize their diffusion. This is the case for innovation that generates tension based on ideological positions. One example is the acceptance of genetically modified organisms (GMOs), which have been contrasted, particularly in the EU.



While consumers in developed countries increasingly advocate for more sustainable agri-food systems, these demands are not always accompanied by unconditional acceptance of agricultural biotechnology applications, particularly in wine production. Public opinion has strongly influenced the adoption of agricultural biotechnologies in the recent past. Therefore, understanding the drivers and barriers to public perceptions of these advances is of the utmost importance to inform policymakers who are interested in promoting pest management practices. For this reason, we decided to survey people to gather information, especially regarding pesticide reduction.



The consumers interviewed for this work were not provided with any information on the technique or method used to reduce pesticides in vineyards. The results are, therefore, applicable both to wines obtained from the FRG hybrid vines and to wines possibly obtained in the future using genome editing.



The market simulations with the conjoint analysis method allowed us to estimate the causal functions that measure consumer reactions to the changing levels of pesticide reduction in the vineyards.



In particular, despite the fact that the samples of consumers we investigated were homogeneous in terms of age, gender, level of education and activity, we identified the existence of groups with different dynamics and intensity of reactions. In other words, we highlighted that to predict the reactions of the consumers to the changes in pesticide reductions in vineyards or, more simply, to the spread of the FRG vines, one cannot ignore the involved determinants of consumer behaviour. Of course, this study-case had some limitations regarding a limited area and sample size. However, it can translate, to bigger future experiments using our analysing approach, which was the first important attempt to understand consumer attitude towards the FRG resistant wines and the related pesticide reduction.



The research aimed to test the hypothesis that the maximum level of the pesticide reduction present in the market can influence consumer responses. Considering the exploratory characteristics of the research, the results obtained are not conclusive but are stimulating. From what emerged, we can assume that only partially FRG wines could obtain the same competitive advantages as 100% FRG wines, if the latter were not present on the market. This advantage would decrease with the diffusion of the latter wines. In other words, if these results were confirmed by future research, there would be a prerequisite to separate the market for the pure FRG wines from that of other FRG wines, for example with different certifications. If this were to happen, the incentive to produce suitable FRG wines to replace the wines of V. vinifera, the main European wines and the environmental potential of the new vines should be depleted.
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Figure 1. Preferences for wine as a function of the percentage in the reduction in pesticides in the vineyards (t tests were carried out only among the average PDPs for five levels of pesticide reductions, p < 0.05). Different lowercase letters next to the curves indicate the different means between the PDPs (p < 0.05). 
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Figure 2. Effect of the non-experimental and undetected variables on the PDPs for wine (t-tests done only between the average PDPs for five levels of pesticide reductions, p < 0.05). Different lowercase letters next to the curves indicate the different means between the PDPs (p < 0.05). 
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Table 1. Variables of the orthogonal experimental planes.
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Attributes

	
Levels






	
Wine name

	
Prosecco; Ribolla gialla.




	
Certification *

	
DOC; absent.




	
Price (€/bottle)

	
5; 9.




	
Pesticide information **

	
Level 1; Level 2; Level 3; Level 4; Level 5.




	
Test A: Level 1 = Absent; Level 2 = 20%; Level 3 = 40%; Level 4 = 60%; Level 5 = 80%




	
Test B: Level 1 = Absent; Level 2 = 8%; Level 3 = 20%; Level 4 = 32%; Level 5 = 40%




	
Test C: Level 1 = Absent; Level 2 = 8%; Level 3 = 12%; Level 4 = 16%; Level 5 = 20%




	
Test D: Level = Absent; Level 2 = 3%; Level 3 = 8%; Level 4 = 14%; Level 5 = 20%




	
Test E: Level 1= Absent; Level 2 = 12%; Level 3 = 36%; Level 4 = 60%; Level 5 = 80%








* Only in test E.; ** “In our vineyards we are able to reduce pesticides by …”.
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Table 2. Consumer sample (undergraduate students, %).
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Test

	




	

	

	
A

(n = 119)

	
B

(n = 106)

	
C

(n = 118)

	
D

(n = 299)

	
E

(n = 268)

	
Total

(n = 910)






	
Gender

	
Male

	
52.9

	
59.4

	
40.7

	
54.5

	
65.0

	
56.2




	

	
Female

	
47.1

	
40.6

	
59.3

	
45.5

	
35.0

	
43.8




	

	
Total

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0




	
Age

	
18–23

	
84.6

	
94.2

	
83.8

	
76.9

	
90.8

	
84.9




	

	
24–26

	
12.0

	
3.9

	
12.8

	
20.4

	
8.8

	
13.0




	

	
27–30

	
3.4

	
1.9

	
3.4

	
2.7

	
0.4

	
2.1




	

	
Total

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0




	
Per capita income of the household

	
<1.000

	
6.7

	
2.8

	
4.2

	
7.4

	
4.6

	
5.6




	
1.000–2.000

	
26.1

	
27.4

	
28.8

	
25.8

	
29.5

	
27.4




	
2.000–3.000

	
33.6

	
28.3

	
30.5

	
28.1

	
34.2

	
30.8




	
3.000–4.000

	
16.0

	
19.8

	
16.9

	
16.4

	
18.1

	
17.3




	
4.000–5.000

	
7.6

	
5.7

	
7.6

	
8.7

	
5.1

	
7.1




	
>5.000

	
10.1

	
16.0

	
11.9

	
13.7

	
8.4

	
11.8




	
Total

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0




	
Do you buy wine?

	
1 Never

	
16.8

	
9.4

	
14.4

	
13.0

	
21.6

	
15.8




	

	
2

	
16.8

	
19.8

	
17.8

	
20.1

	
20.5

	
19.5




	

	
3

	
13.4

	
18.9

	
22.0

	
16.7

	
16.8

	
17.3




	

	
4

	
20.2

	
20.8

	
20.3

	
14.7

	
15.7

	
17.1




	

	
5

	
19.3

	
17.0

	
14.4

	
16.4

	
12.7

	
15.5




	

	
6

	
7.6

	
11.3

	
8.5

	
10.7

	
6.7

	
8.9




	

	
7 Always

	
5.9

	
2.8

	
2.5

	
8.4

	
6.0

	
5.9




	

	
Total

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0




	
Do you consume wine?

	
1 Never

	
6.7

	
4.7

	
6.8

	
6.4

	
9.7

	
7.3




	

	
2

	
15.1

	
11.3

	
8.5

	
11.0

	
17.5

	
13.2




	

	
3

	
13.4

	
11.3

	
11.9

	
13.0

	
16.8

	
13.8




	

	
4

	
16.0

	
22.6

	
20.3

	
13.4

	
16.0

	
16.5




	

	
5

	
23.5

	
29.2

	
27.1

	
24.4

	
20.5

	
24.1




	

	
6

	
17.6

	
17.0

	
16.9

	
17.7

	
13.1

	
16.2




	

	
7 Always

	
7.6

	
3.8

	
8.5

	
14.0

	
6.3

	
9.0




	

	
Total

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0
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Table 3. Results of the conjoint analyses (partial preferences). Std.E. = standard error.
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Test




	

	

	
A

(n = 119)

	
B

(n = 106)

	
C

(n = 118)

	
D

(n = 299)

	
E

(n = 268)




	
Attributes

	
Levels

	
Mean

	
Std.E.

	
Mean

	
Std.E.

	
Mean

	
Std.E.

	
Mean

	
Std.E.

	
Mean

	
Std.E.






	
Wine name

	
Prosecco

	
1.26

	
0.43

	
2.85

	
0.46

	
1.09

	
0.47

	
−0.65

	
0.44

	
1.33

	
0.32




	

	
Ribolla gialla

	
−1.26

	
0.43

	
−2.85

	
0.46

	
−1.09

	
0.47

	
0.65

	
0.44

	
−1.33

	
0.32




	
Certification

	
DOC

	

	

	

	

	

	

	

	

	
2.78

	
0.24




	

	
Absent

	

	

	

	

	

	

	

	

	
−2.78

	
0.24




	
Price (€/bott.)

	
5

	
2.80

	
0.43

	
1.82

	
0.46

	
3.18

	
0.47

	
1.48

	
0.44

	
2.25

	
0.39




	

	
9

	
−2.80

	
0.43

	
−1.82

	
0.46

	
-3.18

	
0.47

	
−1.48

	
0.44

	
−2.25

	
0.39




	
Pesticide information

	
Level 1

	
−21.02

	
0.81

	
−18.68

	
0.87

	
−25.03

	
0.89

	
−18.70

	
0.88

	
−14.05

	
0.73




	

	
Level 2

	
−14.56

	
0.81

	
−14.09

	
0.87

	
−10.40

	
0.89

	
−12.25

	
0.69

	
−11.14

	
0.57




	

	
Level 3

	
−1.08

	
0.81

	
−2.77

	
0.87

	
2.28

	
0.89

	
−2.47

	
0.50

	
−3.38

	
0.41




	

	
Level 4

	
12.83

	
1.05

	
12.59

	
1.13

	
11.07

	
1.15

	
10.55

	
0.70

	
8.36

	
0.51




	

	
Level 5

	
23.83

	
1.05

	
22.95

	
1,13

	
22.08

	
1.15

	
22.87

	
1.06

	
20.21

	
0.78




	
Constant

	

	
47.97

	
0.46

	
45.74

	
0.49

	
50.42

	
0.50

	
45.54

	
0.91

	
57.98

	
0.75




	
Correlations between the total observed and the estimated preferences

	

	




	

	

	
Value

	
Sig.

	
Value

	
Sig.

	
Value

	
Sig.

	
Value

	
Sig.

	
Value

	
Sig.




	
R of Pearson

	

	
0.997

	
0.000

	
0.996

	
0.000

	
0.996

	
0.000

	
0.998

	
0.000

	
0.993

	
0.000




	
Tau of Kendall

	

	
0.983

	
0.000

	
0.983

	
0.000

	
0.967

	
0.000

	
0.967

	
0.000

	
0.950

	
0.000




	
Tau of Kendall for checks (controls)

	

	
1.000

	
0.007

	
1.000

	
0.007

	
1.000

	
0.007

	
1.000

	
0.007

	
0.800

	
0.025
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Table 4. The pesticide differential preferences for wine (PDP). Std.E. = standard error.






Table 4. The pesticide differential preferences for wine (PDP). Std.E. = standard error.





	
Information on the Reduction in Pesticides in Vineyards *

	
Test




	
A

(n = 119)

	
B

(n = 106)

	
C

(n= 118)

	
D

(n = 299)

	
E

(n = 268)




	
Mean

	
Std.E.

	
Mean

	
Std.E.

	
Mean

	
Std.E.

	
Mean

	
Std.E.

	
Mean

	
Std.E.






	
Level 1 (Absent)

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Level 2

	
6.45

	
1.49

	
4.59

	
1.37

	
14.64

	
1.34

	
6.45

	
0.82

	
2.92

	
0.83




	
Level 3

	
19.93

	
1.78

	
15.91

	
2.05

	
27.31

	
1.61

	
16.23

	
1.04

	
10.67

	
0.92




	
Level 4

	
33.84

	
2.24

	
31.27

	
2.53

	
36.10

	
1.95

	
29.24

	
1.46

	
22.42

	
1.11




	
Level 5

	
44.85

	
2.59

	
41.63

	
2.94

	
47.11

	
2.67

	
41.56

	
1.77

	
34.27

	
1.33




	
Test A: Level 1 = Absent; Level 2 = 20%; Level by...3 = 40%; Level 4 = 60%; Level 5 = 80%




	
Test B: Level 1 = Absent; Level 2 = 8%; Level 3 = 20%; Level 4 = 32%; Level 5 = 40%




	
Test C: Level 1 = Absent; Level 2 = 8%; Level 3 = 12%; Level 4 = 16%; Level 5 = 20%




	
Test D: Level 1 = Absent; Level 2 = 3%; Level 3 = 8%; Level 4 = 14%; Level 5 = 20%




	
Test E: Level 1 = Absent; Level 2 = 12%; Level 3 = 36%; Level 4 = 60%; Level 5 = 80%








* In our vineyards, we can reduce pesticides.
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Table 5. Effect of gender on the pesticide differential preferences for wine (average PDP for Level 5 levels).






Table 5. Effect of gender on the pesticide differential preferences for wine (average PDP for Level 5 levels).










	
	Male
	Female





	Test A
	37.42
	53.20 *



	Test B
	33.10
	54.14 *



	Test C
	40.79
	51.45 *



	Test D
	37.87
	45.99 *



	Test E
	30.94
	40.44 *







* p < 0.05.
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Table 6. Pearson’s correlations between the PDPs for the five levels and familiarity for wine.






Table 6. Pearson’s correlations between the PDPs for the five levels and familiarity for wine.










	
	Wine Purchases
	Wine Consumption





	Test A
	−0.167
	−0.104



	Test B
	−0.156
	−0.171



	Test C
	0.015
	0.047



	Test D
	−0.063
	−0.180 *



	Test E
	−0.141 *
	−0.174 *







* p < 0.05.
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