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Abstract

:

Olive groves are representative of the landscape and culture of Spain. They occupy 2.5 M ha (1.5 M ha in Andalusia) and are characterised by their multifunctionality. In recent years, socio-economic and environmental factors (i.e., erosion) have compromised their sustainability, leading farmers to abandon their farms or intensify their management. The main objective/purpose of this research was to study the drivers and concerns that condition farmers’ choice of a given olive grove management model. Taking the Estepa region as a case study (Andalusia, Spain), surveys were conducted among farmers with integrated and organic managed olive groves. The socio-economic aspects were the main objectives and concerns of the farmers with integrated olive groves. In the case of farmers with organic management, conservation objectives prevailed, and their concerns were oriented to environmental threats. The education level was a key factor in the adoption of given farm management, as it increased the level of environmental awareness. In the context of multifunctional agriculture, it would be desirable to increase this awareness of the environmental threats against olive groves, in order to provide incentives for the implementation of agri-environmental practices that would enhance the sustainability of these systems.
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1. Introduction


The agricultural systems of olive groves form multifunctional socio-ecological landscapes of notable importance in the Mediterranean basin, occupying 5 M ha of the Useful Agricultural Surface (UAS) of Europe [1,2,3]. Spain is the country with the largest olive-growing area in the world, reaching 2.5 M ha, 60% of which is concentrated in the Andalusia Region (southern Spain) [4]. This wide extension of olive growing in Spain gives it a high production of olives and, in particular, of olive oil. It is the first supplier of this product, with an average yield of 1.19 t year−1 throughout the last five collection campaigns (2012/2013–2016/2017) [5]. However, despite their wide representation and continued production, the olive grove agricultural systems present a high degree of uncertainty regarding their sustainability. The main driving factors of this situation are the rural migration and, consequently, the abandonment of agricultural land that has taken place since the 1950s, along with price volatility in agricultural markets [6,7]. In addition, the implementation, in 1957, of the Common Agricultural Policy (CAP), which originally provided incentives for the productive performance of farms, contributed negatively to the sustainability of traditional agricultural systems [8,9,10,11].



In face of the economic vulnerability of olive groves, farmers have had to opt for alternative models of agricultural management that would help ensure the persistence of these crops. In this sense, some farmers have chosen to intensify the management of their farming systems by increasing olive tree density and providing energy inputs such as fertilizers, pesticides, and the application of irrigation to maximize production yield [12,13,14]. However, this intensification led to some negative multidimensional externalities, such as greater soil erosion and diffused pollution derived from the indiscriminate use of agrochemicals [11,15]. In the last few years, other types of environmentally friendly management have been consolidated, such as integrated or organic farming (Table 1). In this type of agricultural system, taking into account the multifunctional agriculture framework, it is highly advisable to consider their economic, social, and environmental dimensions (i.e., Triple Bottom Line approach) in order to assess their sustainability and to promote a stable supply of ecosystem services (ES) to society [16,17,18].



Although both farming models have great similarities, the integrated olive management model allows the implementation of partial plant covers, the use of chemically synthesised pesticides and fertilisers (i.e., NPK fertilisers, glyphosate) in a regulated way by external agencies, and deficit irrigation in water stress situations [14,19]. Differentially, organic olive groves are modern crops, where only the use of organic pesticides and fertilisers is allowed, and the use of irrigation is minimised. Additionally, from a legislative point of view at the Spanish level, the implementation of partial and total plant covers is mandatory in integrated and organic agriculture respectively, in order to minimise the loss of organic matter and soil fertility due to erosive processes [3,20,21,22,23,24].



As farming systems, the contribution of provisioning ES of olive groves is essential and, therefore, must be valued from the political dimension. The CAP, consisting of an income support pillar (Pillar 1) and a rural development support pillar (Pillar 2), with annual subsidies granted to agriculture (37.8% of the general budget of the European Union (EU)) and specific national policies such as the Law on Olive Groves or the General Plan for Olive Groves in Andalusia support farmers at different levels by improving the profitability of crops and olive groves, respectively [22,23,25,26]. Historically there has been a transition from a productivist CAP where the “single payment” was predominant in Pillar 1, to a more environmentally-friendly CAP, where 30% of the budget for direct payments is based on a “greening” regime, referring to the obligations of farmers with arable land to introduce crop rotation and diversification, and to preserve natural grasslands [27]. On the other hand, aid under Pillar 2 of the CAP favours rural development, becoming more important in olive groves [28,29]. This support is aimed at farmers who, in a non-mandatory way, adopt environmentally-friendly agricultural management models such as integrated or organic farming, where the implementation of plant cover that mitigates the consequences of erosion processes on soil degradation and its negative impact on olive productivity stands out [20,26,30]. In the current political and legislative framework, the new post-2020 CAP reforms are geared towards achieving environmental objectives such as fighting climate change and supporting European farmers in achieving a sustainable and competitive agricultural sector [31]. Thus, basic payments will continue to be dependent on the size of farms, giving greater priority to small and medium-sized farms and young farmers [32]. The new challenges proposed for the new CAP focus on promoting an intelligent, resilient, and diversified agricultural sector that guarantees food security; the emphasis on environmental care; and the strengthening of the socio-economic fabric of rural areas in order to ensure the sustainability of agriculture in Europe [33,34]. Assuming that a continuous and stable contribution by ES to society is a guarantee of the sustainability of agricultural systems, olive groves stand out for their multifunctional nature and the multiple functions they contribute to society [35,36]. In this sense, although the most valuable ES provided by olive groves corresponds to productive and supply services of olives and olive oil [14,37], “Agenda 2000” and the 2003 reforms of the CAP led to the recognition of non-productive services for these agricultural systems [38]. The olive groves contribute to regulation ES, helping to mitigate erosion and climate change because of their carbon sequestration capacity [39,40,41]. They also contribute to socio-cultural ES, because of the rural culture associated with these crops and their contribution to employment generation (i.e., 10% of the agricultural sector), and to agricultural income (i.e., 6% of national income in Spain) [4,17]. In addition, as components of agricultural landscapes, they constitute reservoirs of agrobiodiversity and wild biodiversity acting as transversal ES [42].



Although there are numerous comparative studies analysing the different management models applied in olive groves, quantifying their multifunctional character and evaluating their positive and negative externalities [3,11,17,20,21,43], the motivations (drivers) and concerns related to the adoption of a particular type of olive management, and the influence of soil erosion over these perceptions remains little investigated. Specifically, knowing the reasons behind farmers’ choice of a given agricultural management model in olive groves is extremely important from socio-cultural, ecological, and political dimensions. This knowing allows us to understand how the cultural heritage and tradition linked to these crops influence their management and to encourage the implementation of tillage practices and subsidies that contribute to the economic and environmental stabilisation of olive groves [3,8,9,26]. On the other hand, soil erosion is one of the main threats to the sustainability of olive groves [9]; therefore, to know the ecological and economic impact of this threat on the sustainability of olive groves [18,21,43], it is necessary to understand how erosion affects farmers’ perception of agricultural problems. Using a case study, the Protected Designation of Origin (PDO) Estepa, with 70% of its area covered by olive groves and annual benefits close to €225 M [44], the main objectives of this research were: (a) to evaluate the factors (aims/drivers and concerns of farmers) that determine the choice of a given olive management model; and (b) to analyse quantitatively the influence of the soil erosion level of the lands on the priorities of these choices. In this way, the information gathered will provide the basis for further targeted research to help ensure a fair standard of living for farmers and a stable supply of ES to society, reducing uncertainty about the sustainability of olive farming systems.




2. Material and Methods


2.1. Study Area


The olive-growing region of Estepa in Seville (Andalusia, Spain) was chosen as a particular case study (Figure 1), consolidated as a Protected Designation of Origin (PDO) at the European level in 2010 [45].



This region, where the density of olive trees ranges from 100 to 500 trees ha−1 and climate is temperate Mediterranean with an annual rainfall of 400–500 mm, has 39,694 hectares of olive groves [43,46]. Olive groves are located mainly on limestone and silty soils with a depth between 30–150 cm [21]. Of the total olive-growing area in the Estepa region, 95% of the olive groves are managed under integrated rainfed management, with a minimum representation of plantations with deficit irrigation. In this type of management, the agricultural yield ranges between 3500–6000 kg olives ha−1 depending on the addition of water to the crop. It should be noted that the implementation of partial plant cover is required, and the application of chemical phytosanitary products is allowed in a regulated manner, including the possibility of adding maximum water volumes of 1500 cm3 only during periods of water stress [14,44]. The integrated management is subject to the recommendations of the Integrated Production Associations (IPAs) and the Integrated Agricultural Treatment Groups (IATGs), whose main function is to provide technical guidance to farmers on good agricultural management practices in their crops, regulating the production and marketing of the olive oil produced [47]. In the study area, rainfed organic management is still incipient, with isolated plots with young trees covering approximately 500 ha. The agricultural yield of these farms ranges from 3500 to 5000 kg olives ha−1, and it is mandatory to use total live or inert plant covers [44].




2.2. Location of Olive Groves, Erosive Levels, and Sample Design


Using official cartography and cadastral information [48,49], the olive groves belonging to the study area were geo-referenced, enabling the spatial and geographical location of olive groves managed in an integrated and organic way, as well as estimating their erosion levels using the Universal Soil Loss Equation (USLE) (Equation (1)) [50,51].


  A = R   ×   K × L S × C × P  



(1)




where A: annual soil losses (t ha−1 year−1); R: rain erosivity (J ha−1); K: soil erodibility (Mg J−1); LS: length and grade of the slope of the territory (dimensionless); C: ground cover (dimensionless); P: agricultural conservation practices (dimensionless).



Equation (1) was calibrated specifically for the study region following the study of Rodríguez Sousa et al. [21,43,46] and according to the erosive levels proposed by Moreira-Madueño (1991) [52] (Table 2). Rain erosivity (factor R), soil erodibility (factor K), and length and grade of slope (factor LS) were estimated using specific scientific-technical references for the study area and the criteria of Gisbert-Blanquer et al. (2012) [53,54]. The standards of Gómez et al. (2003) [55] were applied for C factor (tree cover) taking a value of 0.16 for integrated olive groves, considering adult olive trees with a 2.5 m canopy radius, corridors between trees of 4 m, and the presence of partial vegetation covers. For organic olive groves, the C factor took a value of 0.06 due to the presence of total vegetation covers. Finally, because all the groves presented tillage practices without mechanical erosion control, a value of 1 was assumed for P factor (agricultural conservation practices) [43].



Based on this classification, while integrated olive plots were found in all erosion levels, for organic olive groves, only farms in the null and moderate erosive states were found. Through the combination of agricultural management and erosion levels, six different treatments were identified: integrated olive groves on soils with null, slight, moderate, and severe erosion; and organic olive groves on soils with null and moderate erosion. Additionally, in each treatment, a random sampling was carried out, selecting nine plots in each erosion level integrated olive groves, obtaining a sample size of n = 9 × 4 = 36 plots. On the other hand, all the organic olive grove plots were selected (n = 19 plots), from which 9 showed null erosion and 10 moderate erosion. Finally, the overall sample size was n = 55 plots (Figure 2).




2.3. Surveys Implementation


In each of the selected plots (i.e., sampling points), a survey was carried out for each owner/farmer, collecting a total of n = 55 surveys of farmers dedicated full time to olive growing (i.e., income coming mainly from agriculture ≥80%). In this way, for each plot, the biological genus, age category, and educational level of each surveyed farmer were collected, and the agricultural management (i.e., integrated or organic) of each olive crops was checked, which verified the correct implementation of the agronomic practices required in each case (i.e., obligatory use of partial and total plant covers in integrated and organic agriculture respectively [22,23]). In addition, qualitative information was collected using a scale from 0 (not important) to 9 (very important) for the main priorities of each owner with respect to their objectives to be achieved through the agricultural management model adopted in their plot, which also evaluated the agricultural perception regarding the main concerns considered as threats to the sustainability of the olive grove over time. The objectives and concerns proposed to farmers were selected based on European criteria based on the Eurobarometer 2016 technical report [56], which combines the analysis of the socio-economic and environmental dimensions of agricultural systems. In this sense, the proposed objectives were related to ensuring good quality of life for farmers, social factors, and environmental variables that would contribute to increasing the supply of ES from olive groves to society. On the other hand, the concerns were related to the main social and environmental threats against the sustainability of olive groves. Table 3 compiles the variables proposed for the qualitative assessment of the surveys carried out by farmers.




2.4. Statistical Analysis


In order to comparatively analyse the priorities/weights obtained for the objectives and the assumed concerns related to the olive grove, these ratings were standardised (i.e., normalised) to a range of 0 to 1 following the feature scaling or MinMax methodology (Equation (2)) as in the study by Rodríguez Sousa et al. (2019) [21]:


  n X =  (  X − X m i n  )    ×   ( X m a x − X m i n )   − 1    



(2)




where nX: standardised/normalised variable (dimensionless, value ranging from 0 to 1); X: original variable; Xmin: minimum value of the original variable; Xmax: maximum value of the original variable.



A non-parametric Kruskal–Wallis test (H-test) was carried out in order to ascertain the existence of significant differences in the standardised priorities of the objectives and concerns expressed by farmers with integrated and organic olive plots, assuming the non-normal and heteroscedastic character of the results from the surveys carried out, due to working with frequency data (i.e., frequency of a given qualitative assessment for each option suggested in the surveys) [57]. In addition, having sampled plots from four different erosion levels (i.e., null, slight, moderate, or severe) to check the possible influence of erosion on the observed differences, a Tukey’s post-hoc test was carried out on the integrated olive grove data. However, for organic olive groves, having only data coming from plots with two possible erosion states (i.e., null, moderate), the possible influence of the erosion processes was tested directly using an H-test without the need to perform any post-hoc test. All statistical analyses were carried out with RStudio and SPSS software, using the “car” library and “pgirmess” package and considering a level of significance of α = 0.05 [58,59,60].





3. Results


3.1. Personal Information and Type of Soil Cover Applied


The farmers surveyed with integrated olive grove plots (n = 36) were males aged 45–54 years with an academic background lower than average university education (i.e., mandatory secondary education or high school). At the same time, of the farmers with organic olive groves (n = 19), 80% (n = 15) were men and 20% were women (n = 4), all of them within an age range of 35–45 years and with higher education. Specifically, 47.37% of the surveyed (n = 9) presented studies corresponding to professional training; 47.37% (n = 9) medium university studies (i.e., degree or bachelor’s degree); and 5.26% (n = 1) higher university studies (i.e., official master’s or PhD).



The checked soil cover conducted on-site during the surveys showed that some plots of olive groves presented inert covers (i.e., remains of pruning), scarce in the study area, or could be live covers. Cruciferous species, grasses, and leguminous were the most representative species: Diplotaxis muralis ((L.) DC., 1821), Festuca indigesta (Boiss., 1838), and Vicia sativa (L., 1753), respectively.




3.2. Assessment of Farmers’ Objectives Related to Agricultural Management and Erosion Levels


Table 4 shows the standardised priorities of farmers with relation to socio-economic objectives corresponding to all erosive states of the olive-growing managements assessed.



Highly significant differences were detected with higher priorities in the integrated management of the olive grove to the objectives related to farm income, stability, and economic security. In the case of the organic olive growing, highly significant differences were detected for the objectives related to respect for the environment, the generation of a quality landscape and preservation of natural heritage, and the contribution to the tourist offer.



Table 5 and Table 6 show the influence of erosive processes on the priorities of the agricultural objectives for the integrated and organic olive groves respectively.



Figure 3 compiles the standardised results of the Tukey’s post-hoc test and the Kruskal–Wallis test carried out to find the existence of significant differences between the erosive states of integrated and organic olive groves, respectively.



In the integrated management of the olive groves, the presence of two statistically differentiated groups was detected in the analysis of a greater personal reputation. In this sense, the plots with null and slight erosion (i.e., group a) showed a significantly higher weighting than plots with moderate and severe erosion (i.e., group b). Similarly, significant differences were also observed for the objective related to the employment generation, where plots with null and slight erosion (i.e., group a) showed significantly lower priorities than those evidenced by farmers with moderate and severe erosion plots (i.e., group b), the farmers of those plots giving greater importance to the achievement of this objective. For the objectives related to respect for the environment and the generation of a quality landscape and preservation of the natural heritage, two statistically differentiated groups were identified. This result showed that the owners of the plots with null, slight, and moderate erosion (i.e., group a) were, in a very significant way, higher than the priorities shown by the farmers with severely eroded plots (i.e., group b). For the organic management, very significant differences were observed according to the erosion level of the plots in relation to the farm income and the employment generation, with higher priorities in those plots with moderate erosion compared to plots with null erosion.




3.3. Assessment of Farmers’ Concerns Related to the Sustainability of the Agricultural Management Evaluated and Erosion Levels


Table 7 shows the standardised priorities for the main concerns that may affect agricultural sustainability in relation to the evaluated olive managements for all erosion levels. It should also be highlighted that an additional concern that was not incorporated in the pre-designed survey was detected for farmers with organic olive groves directed towards the possible threat that the use of glyphosate as a broad-spectrum herbicide may pose to food security (i.e., ninth concern). Because the use of glyphosate and its consequences was only proposed at one level of the study (i.e., organic olive grove), a statistical test comparing this concern with the integrated management model could not be performed.



The results (i.e., standardised priorities) showed the existence of significant and highly significant differences between the integrated and organic management models of olive groves with regard to concerns about rural aging, the abandonment of rural activities, and the low productivity and economic viability of the olive grove, with greater weightings in integrated olive groves. On the other hand, with higher priorities in organic farming, highly significant differences were identified between the two agricultural management models studied with regard to concerns about desertification and soil erosion, climate change, and loss of landscape and biodiversity of the olive grove.



Table 8 and Table 9 show the standardised priorities of the main concerns of farmers, for the integrated and organic management of olive groves, according to the erosion levels of the plots.



Figure 4 compiles the standardised results corresponding to the Kruskal–Wallis test and the Tukey’s post-hoc test carried out to classify the erosive states of each olive management model in statistically differentiated groups for each agricultural concern studied.



In the integrated olive grove, there were significant differences according to the erosion level of the plots with respect to the climate change, originating two statistically differentiated groups, one formed by the plots of null erosion (i.e., group a), and another group formed by plots with slight, moderate, and severe erosion (i.e., group b), this last one showing a higher weighting on this threat. For the concern related to rural aging, two groups with very significant differences were observed. Thus, plots with null and slight erosion (i.e., group a) showed a lower degree of concern for this threat than plots with moderate and severe erosion (i.e., group b). Highly significant differences were found for different concerns of farmers: (a) for the scarcity of infrastructures and public services, two statistically differentiated groups—plots with null and slight erosion and plots with moderate and severe erosion; (b) for desertification and soil erosion, three different groups—plots with null and slight erosion, plots with moderate erosion, and plots with severe erosion; and (c) for the low productivity and economic viability of the olive grove, three groups—plots with null erosion, plots with slight erosion, and plots with moderate and serious erosion. For these last three concerns, greater weightings were observed as the erosion status of the plots increased. Finally, in organic olive groves, highly significant differences in terms of erosion were detected for the concerns related to the scarcity of infrastructures and public services and the abandonment of rural activities, showing higher priorities in the plots with higher erosion levels (i.e., moderate erosion).





4. Discussion


Assessing the sustainability of farming systems in general, and olive growing in particular, is a complex objective that requires the use of the multifunctional framework of agriculture and a joint assessment of the economic, social, and environmental dimensions of these systems [17,43,61,62,63]. In this sense, only an approach based on the Triple Bottom Line that balances these three dimensions can substantially contribute to the analysis of the viability of olive grove agricultural landscapes over time, ensuring the maintenance of the multiple ES that these landscapes generate for society [3,18,64,65,66].



The assertion made by Sgroi et al. (2015) [67] regarding economic benefit as an essential aspect in the maintenance of agricultural and, specifically, olive-growing activity was corroborated in the study carried out, with a satisfactory farm income being the main objective to be achieved by farmers with integrated olive groves. In this sense, it is worth noting that integrated olive growing is an agricultural management model that combines practices that are more respectful of the environment than intensive olive grove management models while maintaining an optimal production level capable of generating an income that provides a fair standard of living for farmers [3,25,68,69]. On the other hand, the organic olive grove is a management model where the environmental impacts derived from the different farming practices are minimised [24,70]. Additionally, the possibility of applying chemically synthesised fertilizers is eliminated [22,23]. Although the economic aspect of the crop was an important factor in the continuity of the rural activity in this type of farming, higher priorities were shown for the objectives related to the environmental dimension of the olive grove. Specifically, the most outstanding objectives were related to the implementation of agronomic practices that contribute to the conservation of the soil environment, and the generation of a quality landscape, thus preserving the natural heritage [20,71]. This last objective takes on special importance in Andalusia, where there is a deep-rooted cultural tradition linked to olive-growing activity, being historical crops and transforming elements of the landscape in the south of Spain [10,17]. The difference detected in terms of the greater relevance (i.e., higher priorities/weightings) of the economic and environmental dimensions of the olive grove between integrated and organic olive-growing managements for the study area was, in fact, closely related to the higher educational level shown by farmers with organic olive groves [72,73]. All farmers with organic olive groves presented a higher educational level (i.e., professional training or university studies), while farmers with integrated olive grove plots presented medium studies (i.e., mandatory secondary education or high school). This different academic formation generated a greater familiarity on the part of the owners of organically managed plots with the agricultural problems related to the biology of the crop and the environment, knowing in greater detail the intrinsic dynamics of olive cultivation [8,43].



Regarding the analysis of the main agricultural concerns perceived as threats to the long-term sustainability of olive growing, differences were also observed between the two agricultural approaches analysed. In this respect, farmers with integrated olive groves were extremely concerned about the social and productive aspects of the olive grove, highlighting rural aging linked to agricultural abandonment and the impact on the economic performance of farms due to insufficient production [74], with the difficulties in the continuity of agricultural activity being the main concern, with farmers having to complement their income with other lucrative activities [75]. On the other hand, environmental concerns such as erosion and climate change dominated in farmers with organic olive groves. As with the agricultural objectives, the difference observed between the highest priorities for socio-economic and environmental concerns shown by farmers with integrated and organic olive groves respectively is intrinsically related to the age and educational level of the farmers. In general terms, farmers with integrated farms showed a higher age and average educational level, engaging in agricultural activity predominantly for reasons of cultural heritage where the main concerns are to obtain a decent standard of living from their agricultural activity and to ensure its economic sustainability [76]. On the other hand, the younger age of the farmers surveyed with organic olive groves and their higher level of education gives them a perception of the agricultural system where not just its socio-economic dimension is relevant, highlighting the environmental dimension of the crop as a key factor to ensure its ecological sustainability [46,56]. Thus, environmental factors are crucial for the long-term sustainability of the crop and, from a multidimensional perspective, are the basis of the main socio-economic threats to the crops from the alteration of biological and ecological factors in the agricultural systems with a direct impact on the viability of the farms [55,77].



In the surveys of farmers applying organic management, a recurrent concern related to food security, which was not raised in the questionnaire formulated, emerged. The farmers surveyed were apprehensive about the indiscriminate use of glyphosate as a broad-spectrum herbicide, in line with the main demands of society towards agriculture in the Eurobarometer technical report published by the European Commission (2016) [56]. In this sense, concern was expressed regarding the use of glyphosate as a broad-spectrum herbicide, a practice widely used in integrated olive groves [78]. This concern deserves special attention due to the repercussions that the use of glyphosate can have on products obtained from olive groves, in addition to the consequences derived from human consumption of these products on health, as it is a product related to the development of multiple diseases [79,80].



Assuming that the education level of farmers can condition their perception about the objectives and agricultural threats to the sustainability of the olive grove, it would be highly desirable, as already proposed by Rodríguez Sousa et al. (2019) [46] and Guzmán et al. (2013) [81], to set up and consolidate active information channels from the administration at different scales to the social actors related to the olive grove on appropriate environmental management practices to ensure the sustainability of these agrosystems over time. Different institutions at different scales and with different perspectives (top-down information arising, for example, by FAO, EU, ministries, and regional governments, environmental agencies) should continuously and affordably inform farmers, and in turn, farmers should raise their demands and concerns (bottom-up information) to these institutions. In this way, fluid and relevant information channels would be established that would result in better management of agricultural systems with a cross-cutting and adaptive objective of sustainability and rural development [82].



From a legislative point of view, the results obtained suggest how the objectives of the farmers belonging to the study area are largely adapted to the structure of the current CAP (i.e., CAP 2014–2020) and to the modifications planned for the post-2020 CAP. Although the CAP seeks to promote the economic stability of agricultural holdings in general, its environmental dimension is becoming increasingly relevant, promoting the sustainability of agriculture through aid aimed at encouraging rural development and the adoption of environmentally friendly practices [26,83,84]. Obtaining an agricultural income that allows a fair standard of living, which is the main objective of farmers with olive groves under integrated management, corresponds essentially to the support provided by Pillar 1 of the CAP, based on direct aid and the “greening” regime [28,33]. The changes planned for the post-2020 CAP have three specific objectives aimed at maintaining appropriate economic stability, namely (a) ensuring fair incomes; (b) increasing the competitiveness of the agricultural sector; and (c) rebalancing equilibrium in the food chain [31]. Furthermore, the predominant environmental priorities of farmers with organic olive groves are addressed in the support provided by Pillar 2 of the CAP. From an environmental perspective, these objectives are shared by the post-2020 CAP, where four objectives are closely linked to environmental conservation and rural development: (a) fight against climate change; (b) protection of the environment; (c) conservation of landscape and biodiversity; and (d) maintenance and promotion of living rural areas [28,31]. Regarding the concerns perceived by farmers as threats to the sustainability of their crops, the results coincide with the interpretation of these threats by the CAP 2014–2020, with the challenges becoming more acute in the post-2020 CAP. Thus, the new CAP already includes measures aimed at promoting agricultural continuity and generational change in order to reduce rural aging, a concern expressed by farmers with integrated olive groves, with aid targeted at young people and small farmers [26,85]. On the other hand, the concerns shown by farmers with organic olive groves are more linked to environmental factors which, as mentioned above, are increasingly considered at the EU level, with progressively larger budget allocation to mitigate the negative effects of agriculture (i.e., diffuse pollution, erosion, greenhouse gas emissions) and to promote environmentally friendly agricultural practices [11,29,32,55,74,86,87].



Taking erosion as one of the main threats to the sustainability of olive-growing systems due to their development in Mediterranean environments and on predominantly silty soils where there are few stabilising aggregates for the soil environment [46,88], it is worth mentioning the important role played by the CAP in promoting agri-environmental practices that minimise its economic-productive and ecological consequences [26,27,28]. In this sense, Pillar 2 of the CAP promotes, through the corresponding subsidies, the voluntary implementation of measures such as the application of plant cover and the minimisation of tillage practices, measures which, according to multiple studies, have proven to be very effective in reducing the loss of nutrients, fertility, and soil weight [20,53,74,89]. Considering soil erosion as a possible conditioning variable of the priorities obtained in terms of the objectives and concerns evaluated, an inverse relationship between the erosion level and the environmental objectives was evident for integrated management. This observation is due to the fact that greater erosion generally requires greater application of chemical inputs to the crop and more labour to maintain an optimal level of agricultural production [8,46]. In this sense, the demand for employment is a key agricultural concern that increases with the level of erosion on agricultural farms, and the presence of labour is essential to provide a stable food supply to society [3,25]. Thus, according to Rodríguez-Pleguezuelo et al. (2018) [20], a change towards the organic management of olive groves in Andalusia would act as a promoter of employment generation, since according to Spanish legislation this model of agricultural management is associated with the implementation and maintenance of soil cover and the use of organic fertilizers, practices that require a greater number of specialised workers [22,23]. In addition, for the integrated management of olive groves, environmental concerns obtained higher priorities as the erosion status of the plots increased, probably due to the harmful effects of erosion on soil fertility and agricultural yield [21,46,74]. Finally, for organic management, the increase in erosive processes showed a greater concern for the scarcity of infrastructure and rural abandonment, as more machinery was needed to obtain olives, and it was more likely that these exploitations would be abandoned, especially those of a marginal nature [8,43].




5. Conclusions


Olive groves form multifunctional socio-ecological systems where the economic, social, and ecological dimensions of the crop interact with each other, leading to the generation of productive and non-productive ecosystem services (ES) to society. Despite the limitations of the study conducted, where the in situ verification of agricultural management was determined through visual observation of the agronomic practices carried out by farmers and the information collected through the questionnaires was qualitative, the results showed relevant information regarding the main conditioning factors for the adoption of a given agricultural model. Thus, while the socio-economic dimension (i.e., job stability and economic benefit) was consolidated as the main axis on which the concerns and the desired objectives of the farmers with integrated olive groves, the owners with organic olive groves showed a higher degree of education level and a greater familiarity with the main biological aspects of the crop, resulting in a higher priority for the environmental dimension of the cultivation. In this sense, the greater environmental awareness of these farmers resulted in a greater weighting of the objectives related to the yield and the farm income and of the main biological and edaphic threats (i.e., soil degradation as a consequence of erosion processes, or climate change and its impact on the sustainability of the olive crop). Additionally, the existence of erosive processes led to greater environmental awareness in plots where high/severe soil loss showed its negative repercussions on agricultural sustainability, evidencing in those plots the use of more intensive farming practices in order to maintain a stable production level of the crop.



Considering that in the present study, the degree of the education level of farmers was a key factor in the adoption of the organic olive system, it would be particularly desirable to carry out several activities (i.e., training workshops) aimed at promoting greater awareness among farmers of the environmental threats that can undermine the sustainability of olive-growing systems, encouraging the implementation of agricultural practices (i.e., minimisation of tillage practices, implementation of soil vegetal covers) that help to guarantee the viability of these systems in the long term, ensuring a stable and sustainable supply of their ES.



Taking into account the political and legislative context of the current CAP and the economic-environmental trends observed for the future post-2020 CAP, it would be highly advisable to carry out research aimed at going deeper into the key factors that influence the adoption of a particular agricultural model in olive growing by farmers. In this sense, future studies should be oriented towards the achievement of the following goals: (a) carry out more generalist works on a wider geographical scale, where the validity of the results obtained is not limited to a particular region or PDO of olive oil; (b) perform experimental designs where the surveys designed and carried out on farmers are not closed or dichotomous, encouraging the participation of rural actors and the proposal of conflicting aspects in olive groves by farmers; and (c) execute more elaborate data processing, using statistical and mathematical methodologies aimed at establishing a hierarchy of the relevance of the factors studied, with emphasis on Multi-Criteria Decision-making Analysis (MCDA), highlighting methodologies as Analytic Hierarchy Process (AHP) or Analytic Network Process (ANP). Thus, through the development of these research lines, a broad knowledge can be provided aimed at evaluating and increasing the relationship between existing agricultural demands and concerns to ensure the continuity of agricultural activity in olive groves and the multidimensional objectives that are pursued through of the subsidies granted by the EU and by the CAP to the agricultural sector, being able to increase the compatibility between rural needs and demands towards agriculture by the socio-political sector.
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Figure 1. The geographical location of the PDO Estepa. Areas without olive groves, with integrated olive groves (a) and with organic olive groves (b) and images of the two types of management are shown. 
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Figure 2. Sample design in the Estepa region, highlighting the sampling points where the surveys were carried out according to the agricultural management (i.e., integrated or organic) and the erosive state of the plots (i.e., null, slight, moderate, or severe). 
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Figure 3. Boxplots showing the results of Tukey’s post-hoc analysis and the Kruskal–Wallis test for each objective evaluated in the integrated and organic olive groves according to their erosion levels. The letters inside each boxplot indicate the classification groups generated to establish similar categories to each objective. 
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Figure 4. Boxplots showing the results of Tukey’s post-hoc analysis and the Kruskal–Wallis test for each concern evaluated in the integrated and organic olive groves according to their erosion levels. The letters inside each boxplot, indicate the classification groups generated to establish similar categories to each objective. 
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Table 1. Main characteristics and agricultural practices carried out in the integrated and organic farming of the olive grove [14]. Desvareto is an agricultural practice related to the removal of stems from the olive tree.
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	Characteristics and Agricultural Practices
	Integrated Farming
	Organic Farming





	Mechanisation
	Allowed on slopes <20%
	Allowed on slopes <20%



	Water regime
	Rainfed or deficit irrigation
	Rainfed or deficit irrigation



	Age of olive trees (years)
	>25
	10–25 (modern crops)



	Plant density (trees ha−1)
	100–500
	100–500



	Pruning
	Biannual
	Biannual



	Waste disposal
	Burning/Grinder
	Grinder



	Desvareto
	Required
	Required



	Plant covers
	Partial
	Total



	Pest management
	Synthetic pesticides (chemical compounds)
	Non-synthetic pesticides (organic compounds)



	Fertilisation
	Synthetic (foliar and soil; fertigation)
	Organic (foliar and soil)



	Harvesting
	Manual vibrator
	Manual vibrator
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Table 2. Estimation of soil loss (A, t ha−1 year−1) and classification of the erosion levels of integrated and organic olive groves in the Estepa region according to the USLE model.
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Management

	
Erosion Level

	
Factors

	
A




	
R

	
K

	
LS

	
C

	
P






	
Integrated

	
Null

	
109.7

	
0.82

	
0.00 (0%)

	
0.16

	
1

	
---




	
Slight

	
109.7

	
0.89

	
0.18 (3%)

	
0.16

	
1

	
2.81




	
Moderate

	
109.7

	
0.56

	
0.70 (7%)

	
0.16

	
1

	
6.88




	
Severe

	
109.7

	
0.95

	
2.20 (15%)

	
0.16

	
1

	
36.68




	
Organic

	
Null

	
109.7

	
0.82

	
0.00 (0%)

	
0.06

	
1

	
---




	
Moderate

	
109.7

	
0.56

	
0.70 (7%)

	
0.06

	
1

	
2.58
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Table 3. List of agricultural objectives and concerns proposed to farmers for assessment. In the “Other” section, farmers were able to suggest options not incorporated in the designed survey.
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	Objectives
	Concerns





	1. Farm income
	1. Rural aging



	2. Stability and economic security
	2. Scarce infrastructure and public services



	3. Personal reputation
	3. Abandonment of rural activities



	4. Respect for environment
	4. Desertification and soil erosion



	5. Get healthy products
	5. Lack of local employment alternatives



	6. Employment generation
	6. Climate change



	7. Generating a quality landscape and preserving the natural heritage
	7. Low productivity and economic viabilit of the olive grove



	8. Contributing to tourist offer
	8. Loss of landscape and biodiversity of the olive grove



	9. Other:
	9. Other:
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Table 4. Standardised priorities for the objectives in the integrated and organic management of the olive groves in the Estepa region in all erosive states assessed. Statistical values of F (Kruskal–Wallis test), and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.






Table 4. Standardised priorities for the objectives in the integrated and organic management of the olive groves in the Estepa region in all erosive states assessed. Statistical values of F (Kruskal–Wallis test), and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.





	
Objectives

	
Standardised Priorities

	
F

	
p-Value




	
Integrated Olive Grove

	
Organic Olive Grove






	
1. Farm income

	
0.96

	
0.88

	
19.23

	
<0.001 ***




	
2. Stability and economic security

	
0.99

	
0.90

	
20.23

	
<0.001 ***




	
3. Personal reputation

	
0.77

	
0.83

	
2.68

	
0.121




	
4. Respect for environment

	
0.58

	
0.93

	
94.97

	
<0.001 ***




	
5. Get healthy products

	
0.74

	
0.79

	
2.10

	
0.166




	
6. Employment generation

	
0.76

	
0.75

	
0.05

	
0.815




	
7. Generating a quality landscape and preserving the natural heritage

	
0.73

	
0.95

	
46.49

	
<0.001 ***




	
8. Contributing to tourist offer

	
0.42

	
0.67

	
33.49

	
<0.001 ***
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Table 5. Standardised priorities for the evaluated objectives of integrated olive groves in the Estepa region within its erosive levels. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.






Table 5. Standardised priorities for the evaluated objectives of integrated olive groves in the Estepa region within its erosive levels. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.





	
Objectives

	
Integrated Olive Grove




	
Erosion Levels

	
F

	
p-Value




	
Standardised Priorities




	
Null

	
Slight

	
Moderate

	
Severe






	
1. Farm income

	
0.94

	
0.95

	
0.96

	
1.00

	
1.96

	
0.139




	
2. Stability and economic security

	
0.96

	
0.99

	
1.00

	
1.00

	
1.45

	
0.245




	
3. Personal reputation

	
0.83

	
0.84

	
0.77

	
0.65

	
4.15

	
0.014 *




	
4. Respect for environment

	
0.67

	
0.68

	
0.62

	
0.35

	
6.97

	
0.001 **




	
5. Get healthy products

	
0.75

	
0.72

	
0.81

	
0.68

	
2.13

	
0.115




	
6. Employment generation

	
0.67

	
0.73

	
0.80

	
0.84

	
4.07

	
0.015 *




	
7. Generating a quality landscape and preserving the natural heritage

	
0.81

	
0.68

	
0.81

	
0.60

	
7.66

	
0.001 **




	
8. Contributing to tourist offer

	
0.47

	
0.43

	
0.41

	
0.37

	
0.55

	
0.648
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Table 6. Standardised priorities for the evaluated objectives of organic olive groves in the Estepa region within their erosive levels. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.
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Objectives

	
Organic Olive Groves




	
Erosion Levels

	
F

	
p-Value




	
Standardised Priorities




	
Null

	
Moderate






	
1. Farm income

	
0.83

	
0.93

	
13.63

	
0.002 **




	
2. Stability and economic security

	
0.88

	
0.93

	
1.60

	
0.224




	
3. Personal reputation

	
0.88

	
0.78

	
4.41

	
0.052




	
4. Respect for environment

	
0.94

	
0.93

	
0.21

	
0.653




	
5. Get healthy products

	
0.78

	
0.80

	
0.26

	
0.616




	
6. Employment generation

	
0.68

	
0.83

	
9.76

	
0.007 **




	
7. Generating a quality landscape and preserving the natural heritage

	
0.96

	
0.94

	
0.43

	
0.520




	
8. Contributing to tourist offer

	
0.70

	
0.64

	
0.80

	
0.382
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Table 7. Standardised priorities for the main concerns as threats to the agricultural sustainability in the integrated and organic management of olive groves in Estepa region in all erosive states. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.
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Concerns

	
Standardised Priorities

	
F

	
p-Value




	
Integrated Olive Grove

	
Organic Olive Grove






	
1. Rural aging

	
0.81

	
0.75

	
4.65

	
0.046 *




	
2. Scarce infrastructure and public services

	
0.70

	
0.72

	
0.56

	
0.464




	
3. Abandonment of rural activities

	
0.97

	
0.64

	
179.06

	
<0.001 ***




	
4. Desertification and soil erosion

	
0.60

	
0.94

	
338.46

	
<0.001 ***




	
5. Lack of local employment alternatives

	
0.63

	
0.59

	
2.54

	
0.130




	
6. Climate change

	
0.50

	
0.90

	
250.24

	
<0.001 ***




	
7. Low productivity and economic viability of the olive grove

	
0.92

	
0.70

	
42.33

	
<0.001 ***




	
8. Loss of landscape and biodiversity of the olive grove

	
0.40

	
0.86

	
207.97

	
<0.001 ***




	
9. Other: Use of glyphosate as a threat to food security

	
---

	
0.85

	
---

	
---
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Table 8. Standardised priorities for the main concerns in the olive groves with integrated management within their erosive levels in Estepa region. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.






Table 8. Standardised priorities for the main concerns in the olive groves with integrated management within their erosive levels in Estepa region. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.





	
Concerns

	
Integrated Olive Grove




	
Erosion Levels

	
F

	
p-Value




	
Standardised Priorities




	
Null

	
Slight

	
Moderate

	
Severe






	
1. Rural aging

	
0.75

	
0.77

	
0.84

	
0.86

	
4.89

	
0.007 **




	
2. Scarce infrastructure and public services

	
0.62

	
0.63

	
0.73

	
0.83

	
7.80

	
<0.001 ***




	
3. Abandonment of rural activities

	
0.94

	
0.96

	
0.98

	
1.00

	
2.66

	
0.064




	
4. Desertification and soil erosion

	
0.47

	
0.48

	
0.64

	
0.80

	
23.30

	
<0.001 ***




	
5. Lack of local employment alternatives

	
0.60

	
0.62

	
0.63

	
0.65

	
0.59

	
0.621




	
6. Climate change

	
0.44

	
0.48

	
0.51

	
0.58

	
3.88

	
0.018 *




	
7. Low productivity and economic viability of the olive grove

	
0.81

	
0.90

	
0.96

	
1.00

	
22.19

	
<0.001 ***




	
8. Loss of landscape and biodiversity of the olive grove

	
0.40

	
0.41

	
0.42

	
0.37

	
0.23

	
0.870




	
9. Other: Use of glyphosate as a threat to food security

	
---

	
---

	
---

	
---

	
---

	
---
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Table 9. Standardised priorities for the main concerns in the olive groves with organic management within their erosive levels in Estepa region. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.






Table 9. Standardised priorities for the main concerns in the olive groves with organic management within their erosive levels in Estepa region. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.





	
Concerns

	
Organic Olive Groves




	
Erosion Levels

	
F

	
p-Value




	
Standardised Priorities




	
Null

	
Moderate






	
1. Rural aging

	
0.72

	
0.78

	
2.17

	
0.160




	
2. Scarce infrastructure and public services

	
0.59

	
0.85

	
39.20

	
<0.001 ***




	
3. Abandonment of rural activities

	
0.56

	
0.73

	
21.18

	
<0.001 ***




	
4. Desertification and soil erosion

	
0.91

	
0.96

	
1.88

	
0.189




	
5. Lack of local employment alternatives

	
0.59

	
0.58

	
0.11

	
0.736




	
6. Climate change

	
0.89

	
0.91

	
0.37

	
0.550




	
7. Low productivity and economic viability of the olive grove

	
0.68

	
0.73

	
0.83

	
0.375




	
8. Loss of landscape and biodiversity of the olive grove

	
0.88

	
0.84

	
0.87

	
0.363




	
9. Other: Use of glyphosate as a threat to food security

	
0.88

	
0.83

	
0.74

	
0.401
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