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Abstract

:

The volume of the food produced across the world should be related to agricultural sustainability and is crucial for natural capital protection. Hence, sustainability assessment on farms and the identification of improvements is relevant. A mixed farm of vineyard and olive trees was chosen for sustainability assessment, based on the Best Management Practices (BMPs) that have been implemented. The aim of this research was to assess sustainability on a mixed vineyard and olive-grove farm and validate the INSPIA model for this kind of typology of a farm, which is very typical in the South of Spain. The sustainability assessment was monitored across 5-agricultural seasons based on the INSPIA methodology. INSPIA is based on the application of a set of BMPs, calculated on 31 basic indicators, providing a final composite index of sustainability. The greater the implementation of sustainable farming practices, the higher the value of the composite index. Enhanced soil, water, and air quality, improvement for biodiversity and for ecosystem services help towards sustainable agricultural productivity. Indicators’ results are shown during that period, depicting their relationship with the BMPs. The highest composite index was reached in the 4th year. This paper confirms the relevance of BMPs, such as groundcover establishment and minimum soil disturbance to upgrade sustainability on the permanent croplands in Southern Spain. The indicator-based sustainability assessment is considered a helpful tool in decision-making, which guides farmers towards BMPs performance.
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1. Introduction


1.1. Agricultural Sustainability Assessment


There is a broad consensus that sustainability, in the agricultural sector, could be based on a set of Best Management Practices (BMPs) that are economically viable, environmentally safe, and socially acceptable. Agricultural sustainability aims to create a system that is capable of meeting the needs of the present without compromising future generations with regard to food, feed and fibre production [1], and preserving the initial characteristics over the time [2].



In this context, there are some successful initiatives to monitor specific issues in agricultural systems, such as soil quality [3] or water quality [4]. However, there are not many holistic approaches, among stakeholders, that take into account a multi-disciplinary aspect for agricultural sustainability assessment [5,6]. Despite the difficulties in assessing agricultural sustainability, since 1987, when the first discussions on sustainable agriculture appeared [7], numerous attempts to measure agricultural sustainability have been raised and developed on a different scale, e.g., the Indicateurs de Durabilité des Exploitations Agricoles-IDEA method [8], the SOSTARE model [9] or the Initiative for Sustainable Productive Agriculture-INSPIA model [10] measuring sustainability at the farm-level. Others are found in the literature, such as the Sustainability Assessment of farming and the Environment-SAFE framework [11], measuring sustainability at the regional and national levels. Some of these initiatives tackle the three main dimensions of sustainability: economic, social and environmental, such as for instance: SAFE, Multicriteria Assessment of the Sustainability of Cropping Systems-MASC 2.0. [12], Sustainable Agri-Food Evaluation methodology-SAEMETH [13], IDEA, Monitoring Tool for Integrated Farm Sustainability-MOTIFS [14], whereas others, pay attention to just one or two of the aforementioned aspects, e.g., INDIGO method [15], which is only based on the environmental dimension, or the SOSTARE models which are lacking in their social dimension.



These tools help farmers monitor their farm sustainability, year by year, helping them with their decision-making, and allowing them to improve their performance in the field, through the implementation of a set of BMPs that improve the farmed environment for biodiversity and protect and enhance the natural capital on which productivity relies [10].



Any cropland should be committed to sustainability these days [16]. It is therefore important, to conduct the work research over different types of farms (annual crops and permanent crops). In this context, the aim of this paper is to evaluate the farming management carried out on a mixed farm (vineyard and olive trees) in the last five agricultural seasons (from 2013/2014 to 2017/2018) and validate the INSPIA methodology for key permanent crops in Southern Spain.




1.2. The Relevance of the Permanent Cropped Land in Spain


The wine and the olive sector are of great relevance to the economy of Spain [17,18]. This importance is not only due to the extended areas dedicated to grapevine cultivation and much more to the olive oil production, but also for their well-recognised worldwide quality. Apart from the economic impact, the olive-oil and wine sector have also a social and cultural impact in Southern Spain. Of the cropped land of Andalusia, 55.2% concerns permanent crops. Andalusia is the leader in the growth of olive oil, which has more than 1.5 million hectares of land distributed among 190,000 holdings. These Andalusian acreages produce 28% of the world’s olive-oil production and nearly 80% of the Spanish production [19]. According to the data from the last agrarian census, about 250,000 families depend on this sector, and this accounts for 40% of the total of Agricultural employment [20]. Despite the less importance of the Andalusian wine sector (3.2% of the total in about 9000 holdings), [19], it ranks eighth in national wine production with 6.1 million tonnes of grapes [21], reflecting the 3.4% of the national wine production [22]. The economic value of wine production, which is marketed and sold in Andalusia, represents 55.5% of the rest of the current quality figures such as olive-oil, hams and fruits among other products [23].




1.3. Conventional Farming Practices and Their Environmental Problems


Nowadays, many of the agrarian ecosystems in Andalusia undergo severe erosion and degradation of soil, due to inappropriate agricultural practices. More than 12.5% of the soils are classified with a high (50–100 t ha−1 yr−1) and very high (> 100 t ha−1 yr−1) erosion rate [24]. In the Mediterranean area, most of the soil dedicated to permanent crops are vulnerable to soil erosion [25]. Inappropriate agricultural practices have accelerated soil degradation and are considered the main cause of soil fertility decreases. Soils of olive groves and vineyards are usually managed by tillage, causing organic matter depletion and soil structure degradation [26]. In this context, and thanks to the agri-environmental schemes of former EU agricultural policies [27], the establishment of groundcovers for permanent crops was introduced into the Andalusia region. Indeed, this practice means a starting point for many authors thinking that sustainability starts from the presence of grass in between the permanents tree lines [2,28]. Certainly, covering the soil surface with grass is a common practice for steep slopes in Northern countries but not everywhere. In Spain, implementing groundcovers in permanent crops is not an extended practice despite their environmental benefits [29]. This farming practice was increasingly gaining popularity due to a large number of benefits it generates because of its implementation. Some of the data to bear in mind are the increase in the establishment of groundcovers in permanent crops had in the last seven years (more than 23%), [21,30], prevailing spontaneous vegetation [31]. Nowadays, 42% and 11.36% of the olive orchards and vineyards respectively are under these kinds of soil management [21]. Ibañez et al. (2011) [32] highlighted the groundcovers as the most suitable management systems for vineyards, due to the manifold benefits.



Agricultural policies progressively address agricultural competitiveness, environmental conservation and social equity. In this context, the next Common Agricultural Policy (CAP) for the members countries in the European Union that will be established beyond 2021, aims to be responsible in order to consider the current challenges, such as climate change and the need to feed the world’s growing population foreseen by 2050 [33], while also continuing to support farmers for farming sustainable. Therefore, policies should reward farmers in implementing effective soil-management practices that take care of natural resources [34], shifting away from conventional production systems to more sustainable ones.



To the best of our knowledge, some traditional soil-management practices which are implemented in the farming sector do not lead on to the best sustainability indexes. e.g., conventional tillage-based practices have largely caused land degradation, water run-off increases and soil erosion, and the vulnerability of agriculture to extreme climatic events [35].



The farmers’ mindset is not likely to easily change and sometimes, making changes is difficult for this population of the rural society [36]. For this purpose, farmers’ decision-making should be facilitated by taking into account the results coming from any of the solid sustainability assessment tools. Obtaining these results and indexes enable improvement of agricultural and environmental policies from the policy-makers’ perspective. The novelty of this research concerns the comparison of different soil managements and other farming practices (BMPs) in permanent crops. These crops sustainability can be assessed based on the indicators, which will serve for the roadmap elaboration for guiding farmers towards more sustainable performance.



The aim of this paper is to show the evolution of sustainability in the typical cropped farms of olive-groves and vineyards in Southern Spain according to different soil-management practices using the INSPIA model. Both crops comprise almost 83% of the Andalusian woody crops [21], and its area, at a national level, shows an upward positive trend of 1.15% within the last two years [37]. Likewise, an important goal of this paper is to identify and propose the BMPs that farmers could implement to enhance farming sustainability, monitoring it from the three significant factors (economic, social and environmental) at farm level.





2. Materials and Methods


2.1. Study Farm


For this study, a typical average farm of vineyard and olive-groves was selected as a role-model farm. The farm selected and assessed in this study is the one so-called ‘Lagar Cañada Navarro’. This is a mixed farm of 20.16 ha of vineyard and olive trees located in Montilla, South of the province of Cordoba (Spain): 37°32´29.09” N, 04°33´24.59” W according to the WGS84 geodesic system (Figure 1a). Montilla is one of the seventeen townships that fully or partially conform to the appellation of origin of wine Montilla-Moriles, regulated in its own regulation [38]. There are 18.01 ha. of rainfed vineyard on trellises with a 2.90 × 1.20 m of plantation frame and 2.11 ha of irrigated olive trees, with a plantation frame of 8 × 8 m (Figure 1b).



The climate in the area is semi-continental Mediterranean, with hot and dry summers, and short and relatively mild winters [39]. The average annual precipitation is between 500 and 566 mm (20 years). Temperature data are shown in Table 1, for the two closest weather stations ‘Doña Mencía’ and ‘Cordoba Aeropuerto’ [40].




2.2. Method of Sustainability Assessment


Among the different methodologies found in the literature to measure sustainability, the selected one was the INSPIA model, due to its wide thematic scope. The INSPIA model takes into account multi-dimensional aspects such as economic, social and environmental aspects. It addresses these three sustainability dimensions and the feasibility of obtaining a well-balanced composite index [10]. Indicator-values derive from what farmers do in their fields. They are mostly based on the level of how the BMPs have been implemented. Indicators are tools which assess the status of sustainability, highlighting what needs to be changed to enhance sustainability. The INSPIA model is a holistic approach to assessing agricultural sustainability at the farm level. In this context, INSPIA measures the direct effects of certain BMPs on the farm, such as ‘soil cover rate’, ‘organic matter content’ or ‘crop diversity’. However, INSPIA also measures indirect effects on the whole farm, stemming from these BMPs, such as ‘biodiversity’ changes, ‘soil erosion risks’, ‘greenhouse gas balance’ or ‘farmers’ satisfaction index’, which should be evaluated within a multidisciplinary approach, that takes into account economic and social aspects.



The performance of these BMPs is monitored through a tailored set of 31 open-source basic indicators, that have been developed, aggregated and weighted by a panel of experts, covering the three main thematic dimensions of sustainable development [41,42]. The correspondent calculation formula and definition of each basic indicator can be found on the website www.inspia-europe.eu [43].



Each basic indicator has a measurement unit, therefore, a normalisation procedure is needed in order to make it operational. Basic indicators are transformed into a non-dimensional value between 0–100. Once indicators are normalised, the weighting and subsequent aggregation operations are conducted to obtain the final composite INSPIA index. Indeed, to understand sustainability giving an aggregate indicator is, by far, much more interesting than providing an isolated value of a basic indicator [44].



In order to address a balance, agreed by many authors [14,45], the INSPIA approach is based on the equality of the three mentioned sustainability dimensions. This equality is intrinsically developed in the methodology with the explicit end-result of unifying an overall integral vision (Figure 2).



The way of showing farm sustainability grade for INSPIA, alike other indicators-based sustainability assessments, is providing a composite index scaled between 0–100. INSPIA methodology is fully described in Triviño-Tarradas et al. (2019) [10].




2.3. Data Collection


The study farm considered was annually monitored from the 2013/2014 agricultural season to 2017/2018. Every year, a technician visited the farm, performed an interview with the farmer and conducted a survey at the end of the season, to collect soil and field-crops’ data ‘operation-related’. The data collected enabled the ability to calculate the set of basic and aggregated indicators, and finally the composite index of sustainability. In the end, the more data that was made available and compiled by the technician, the more accurate the sustainability index extracted from the INSPIA methodology.




2.4. BPMs Implementation Assessment through Sustainability Indicators


The whole farm management e.g., crop and soil management, input management and its application, and some BMPs aimed at environmental improvements and natural capital protection are annually monitored. The resulting INSPIA composite index and the value of the basic indicators are also inter-related to the number of BMPs utilised by each farmer, as it will be justified on the results [10]. Indeed, the sustainable performance of the farm is affected by the number of BMPs implemented. Therefore, the increase of the final INSPIA composite index is due to the greater implementation of some of the BMPs.



The farming practices implementation rate was monitored by asking directly to the farmer in the physical interview, about the level of implementation of each BMP over three agricultural seasons (2013/2014, 2015/2016, and 2016/2017). This ratio ranges from 0 (non-implemented) to 10 (fully implemented).





3. Results


3.1. Basic Indicators Results


Table 2 depicts the 31 INSPIA basic sustainability indicators results for the annual sustainability assessment.



According to the INSPIA model, the three different types of graphical and alphanumeric sustainability results were calculated for each agricultural season, whereas in Figure 3a–c, data have shown to belong to agricultural season 2016/2017, and in Figure 4a–c for agricultural season 2017/2018. Basic indicators could be divided into the three main compartments of sustainability (Figure 3a and Figure 4a) and likewise, into the twelve aggregated indicators (Figure 3b and Figure 4b). Finally, the dendrogram hierarchical structure based was utilised to set the final sustainability index calculation for the five agricultural seasons (Figure 7).



The differences between Figure 3a–c and Figure 4a–c, especially correspond to different soil managements and are due to the different level of implementation of BMPs. This will be explained through the discussion section.



Figure 3c, Figure 4c and Figure 5 show that the year in which the INSPIA sustainability index reached an optimal level of sustainability (≥67), was in the 4’ (agricultural season 2016/2017). However, this composite final index was considered as having a critical level, according to INSPIA methodology, for the rest of the years (>33–≤67).




3.2. BMPs Implementation Data


The set of 15 BMPs considered is shown in Table 3. There are some for in-cropping, such as the ones linked to the soil and crop management, and the ones for guiding the use of crop inputs, and other BMPs, that are those focused on the capital natural (biodiversity, soil and water) (off-cropping). There are some dealing with the basic soil and crop management, while others imply an improvement on the use of crop inputs and their application (in-cropping) or even some BMPs which aim to maintain and enhance habitats, and protect not only the environment of the surroundings but also the farming lands (off-cropping).



There are two BMPs which are not eligible for the study farm, therefore BMP-4 and BMP-5 have not been considered. BMP-4 can be applied only for annual crops. BMP-5 does not make sense in permanent crops.



Figure 6 shows the breakdown of the 13 INSPIA eligible BMPs that are implemented in the studied farm over the three-seasons mentioned in the methodology. According to the results, two BMPs do not vary and 11 BMPs vary their implementation rate over time.



Three of the first INSPIA BMPs are soil management related and were successfully implemented over the first 4 seasons. The use of permanent soil covers over the autumn-winter by seeding barley groundcovers in between the vineyard lines, and the establishment of spontaneous cover in between the olive trees endorse BMP-1 (permanent soil green cover), BMP-2 (minimum soil disturbance) and BMP-3 (groundcovers in permanent crops). According to the SigPac database 2019 [47], the cartography used by the regional government of Andalusia, most of the vineyards were located on steep slopes (around 16% is slope), [32,48]. Therefore, the farmer established barley groundcovers in between the tree lines to mitigate soil erosion from agricultural season 2013/2014 to 2016/2017 (Figure 7a,b). Nevertheless, from the agricultural season 2016/2017 onwards, the owner decided not to continue seeding groundcovers in between the vineyards. The main reason was the lack of improvement signs on organic matter content, besides the existing uncertainty regarding the hydric competition between the main crop and the groundcover, and the handling difficulties that may cause the groundcover. The lower implementation of BMP-2, related to soil tillage, concerns to the slight tillage needed for the ‘aserpiado task’ (Aserpiado task: It consists of making some ridges on the ground to retain rainwater and reduce runoff water.) on the surface of the vineyards before the seeding works (Figure 8). Soil-management in the farm (vineyard and olive orchard plots) was changed over the 5-years’ dataset.



The farmer was increasingly sensitised to other BMPs related to the inputs and the way they were applied. Therefore, there were increases in the implementation level of BMP-6, BMP-7, BMP-8, BMP-10 and BMP-14. Since the farmer was working with BMPs from agriculture season 2013/2014, he was increasingly aware of the higher level of their training on the negative impacts that relate to the environment and society, in general. Likewise, farming practices related to the capacity and capability of the pesticides and other plant protection products of being potential sources of pollution on the farm have a higher level of implementation as the BMPs-14 shows. Carrying on with an adequate waste management system has also been positively conducted by the farmer (BMP-15). Finally, Figure 6 also shows the positive progress, the farmer has achieved because of the improvement for upgrading the establishment of buffer zones and multi-functional margins, along the watercourses and between plots (BMP-11 and BMP-12). The establishment of these areas not only leads to environmental benefits but also to agronomic ones [49,50].





4. Discussion


Figure 3a–c and Figure 4a–c show that sustainability indicators have been monitored over the two last agricultural seasons, and in the same way sustainability indicators have been evaluated over a 5-year period. Therefore, the basic and aggregated indicators, which are additional to the final composite index, are measurable, being variables able to assess the performance of certain farming practices which have been implemented over a 5-years period [44].



4.1. Analyses of the Scores Which Deal with Basic Criteria


4.1.1. Measures about the Economic Aspects of Sustainability


Economic basic indicators’ results endorsed what was stated by Pastor et al. (2001) [48] about the profitability of establishing groundcover in between the tree lines in perennial crops. Likewise, Fraga and Santos [51], stated that the more the soil is covered, the less the loss of potential performance. This is mainly due to soil degradation in the Mediterranean climate regions of Southern Europe. In this regard, DeVetter et al. (2015) [52] highlight that covering the soil by establishing groundcovers in between the vineyards may help to maintain yield levels under adverse climatic conditions. Conversely, others showed that the use of groundcovers in vineyards drives to lower crop yields [53,54].



In our research, soil-cover is calculated through the indicator known as ‘soil-cover rate’, (indicator No. 17) that refers to the number of days per year on which the soil is covered [55], and mainly depends on soil management. Indeed, the findings from the five agricultural seasons show that the more the soil is covered, the higher the crop yield indicator (Table 2). INSPIA yield indicator (indicator No. 4) explains the real crop yield obtained compared to that which is perceived, as a potential one calculated from asking farmers and farm managers who are close proximity to where the study is being conducted. An increase of 1.2% in the value on indicator No. 17 was calculated while monitoring an increase of 27.3% in term of the crop yield factor (indicator No. 4) from agricultural season 2013/2014 to 2016/2017, in which the landowner decided to cease the implementation of BMP-3, for both crops (establishing groundcover in between the tree lines) and started to plough the soil with increased intensity.



Perego et al. (2019) [56], pointed out that crop yields could be higher when the implementation of BMP-1, BMP-2 and BMP-4 was longer than 12 years, however, our research findings provide higher crop yields within only 4 years of implementation of these soil practices (27.3% increases). ‘Soil cover rate’ (indicator No. 17) has shown stability throughout the first 4 seasons, in which groundcover is established both in the vineyard plots and in the olive grove plot. Nevertheless, the situation reverses when these groundcovers are removed from the 4’ to the 5’ agricultural season. Certainly, there is a 54.7% decrease in this indicator (No. 17) and a 20.6% drop in the yield indicator (Table 2).



Likewise, a certain stability is observed amongst the very first four indicators (Nos. 1, 2, 3 and 4), and this is related to the economic dimension, over the first three agricultural seasons before the soil management drastically shifted on the farm from the 4’ to the 5’ season. However, there are sharp fluctuations on these first basic indicators in the 4’ season. For instance, concerning the ‘production costs’ indicator (indicator No. 3), results are aligned with Paustian et al. (2016) [57] insights, who stated that groundcovers implementation on perennial cropped land is a low-cost practice. The value of this indicator was rather balanced over the five seasons (Table 2). Productions costs are related to variable production expenses and include seeds, fertilizers, energy, labour costs, etc. There should have been a larger gap in production costs, between the implementation of groundcovers (up to agricultural season 2016/2017) and the fact of having the bare soil with tillage (season 2017/2018), mainly because of the upward trend in the price of fuel. Nevertheless, production costs (indicator No. 3) have always been on average 2.4% superior to when not having implemented groundcovers (BMP-3). The reason is due to the lack of the farmer possessing a suitable no-till seeder would have made lighter tillage between the tree lines before seeding the barley cover in the vineyards, with the correspondent fuel costs of tillage despite having implemented groundcovers. Therefore, production costs stemming only from groundcover establishment itself have not been calculated in this study. The small variation of the ‘production costs’ indicator (indicator No. 3) examined from the 4’ to the 5’ agricultural season is due to the chemical way of weeding and removing, in the 4’ season versus the tillage in the 5’ one.



The implementation of the mentioned BMPs affects direct or indirectly to indicators’ value such as ‘nitrogen productivity’ (indicator No. 5) increasing by 1.8% from the 1st to the 5’ year, ‘energy productivity’ (indicator No. 11), improving by 3.7% up to the 4’ year, and decreasing by 4.9% from the 4’ to the 5’ one. The ‘energy balance’ (indicator No. 9) and ‘energy efficiency’ (indicator No. 10) drop by 5.1% and 3% respectively from the 4’ to the 5’, when fuel-consumption increases because of the need of tillage and therefore the emission of greenhouse gases GHGs to the atmosphere increases [58].



As Fernandez-Ugalde et al. (2009) [59] indicated, reduction of tillage by establishing the groundcovers leads to better soil structure which ends up with higher productivity and crop yield particularly for semi-arid areas. In this context, the practice of minimum soil disturbance (BMP-2) and the use of soil-covers (BMP-1 for annual crops and BMP-3 for permanent crops) highlight as the best management practices on this farm. No-tillage techniques improve the water retention capacity of the soils during the driest period of the year when there is less water available for the crop.



In general, economic sustainability basic indicators (concerning yield, costs, income, inputs productivity, etc.), and the aggregated ones have been affected by the soil management shift occurred on the farm. This fact is very remarkable from agricultural season 2016/2017 to the 2017/2018.




4.1.2. Measures about the Environmental Aspects of Sustainability


According to the literature, covering the soil also reduces soil erosion [29,35,44,60]. In this context, there is a strong relationship between ‘soil cover rate’ (indicator No. 17) and ‘soil erosion rate’ (indicator No. 18). Results of these two indicators remain virtually unchanged for the first 4 agricultural seasons, whereas there is an increase observed of 64.7% in the soil erosion rate when soil cover rate drops to 54.6%. This is due to the removal of the groundcovers (Table 2). However, there has always been a certain level of soil erosion, especially in the vineyard plots because of the need to plough in order to create a suitable seedbed prior to seeding. The fact of ploughing the soil makes it much more disaggregated and prone to erosion [35,53]. Degraded soils, along with long hill-side lengths in the farm, provide favourable conditions for soil erosion problems when occurring episodes of torrential rainfall [61]. This is so if the barley groundcover has not become fully established in the field.



In our research, the soil-tillage measure monitored by indicator No. 16 (‘Soil tillage index’) amended its value, 41.4% over the first 4-years because the soil tillage was diminishing. However, when the farmer decided not to continue with the barley groundcovers, indicator No. 16 increased by 70.7% because the tillage needs were higher. The action of tillage was always meant to prepare the seedbed since this farmer did not own any adequate no-till seeder. This circumstance, besides the higher need for tillage since the 4’ year (2016/2017) justifies indicator No. 16 had reached higher values than expected, when the groundcovers were established.



Many authors point out that environmental services are derived as a result of improved conditions in the soil volume used by plant roots and enhanced functional agro-biodiversity. Minimisation or avoidance of soil disturbance leads to increases in organic matter content [49,59,62] since crop residue mineralization is reduced. Results found over a period of 5-years endorsed what is found in the literature. Our research findings show 41.4% ‘Soil tillage index’ reductions have been linked to 66.6% organic matter content increases (Table 2). The low values of the organic matter content (indicator No. 19) are justified because of the tillage frequency needed and therefore, the low amount of residue-content incorporated through the groundcover, as was studied by Colnenne-David et al., (2017) [63]. In this sense, and as found in the literature, soil fertility and the ability of the soil to produce food is intrinsically linked to the organic matter content [35,49]. In this context, this research finds a positive correlation between the soil organic matter (indicator No. 19) and the soil cover rate (indicator No. 17). An increase of 1.20% in ‘soil cover rate’ indicator during the first 4-years originates increases by 66.6% in the ‘organic matter content’. Likewise, a decrease of 54.7% in ‘soil cover rate’ indicator due to soil tillage from the 4’ to the 5’ season has resulted in decreases by 3.8% in the ‘organic matter content’. Indeed, the highest values of organic matter content (indicator No. 19) are calculated for the 4’ agricultural (0.8%), coinciding with the highest value for yield indicator (108.7), (Table 2). The accumulation of organic residues from the groundcovers established in the vineyards during the first 4 agricultural seasons have degraded the organic matter less and therefore have provided higher values of indicator No. 19, despite the soil management, was not the optimum one. To the best of our knowledge, increasing the level of soil organic matter can provide environmental and production benefits. Enriched organic matter improves soil aggregation which in turn improves soil aeration, improves infiltration, and generally reduces soil erosion risks. Our results on ‘soil organic matter’ (indicator No. 19) and ‘soil erosion risk’ (indicator No. 18) endorse what is pointed out in the literature [49]. The higher the value of indicator No. 19 coincides with the lowest value of indicator No. 18 in the 4’ agricultural season (Table 2).



Nowadays, requiring a reduced fertiliser content and its efficient use is imperative for the financial and economic viability of farms. Therefore, soil fertility enhancements, via increased organic matter, guarantee efficient nutrient cycling that helps to achieve the objective of optimization of overall nutrient efficiency, leading to minimization of production costs for crop nutrition. Reduced soil disturbance and maintaining the soil cover have shown to require considerably less (up to 50%) mineral fertilizer inputs for the same or even higher yields [29,64]. Our results underpin the literature, since the calculated increases of 66.7% in the organic matter levels’ values over the first 4-years have been able to compensate, to some extent, for some mineral fertilizer inputs of Nitrogen and Phosphorus, reducing their needs for the same period of time, and even obtaining higher yields (increases of 27.3%). Indeed, there is a certain stability in the nitrogen and phosphorus balance (indicator Nos. 22 and 24), conversely to what happens from the 4’ to the 5’ agricultural season, in which groundcovers were eliminated. Negative values on the ‘nitrogen balance’ means that the system consumes all the provided inputs, and therefore, there is no risk of contamination to the water. In addition, indicator No. 23 ‘nitrogen efficiency’ corroborates the results, since it is quite even over the 4-years when it drops to 29% in the last agricultural season (Table 2).



From the stable results on ‘phosphorus balance’ (indicator No. 24), average 7.7%, authors might assume that phosphorus fertilization has been adjusted to the crop needs, which concerns the BMP-6, which means fertilize according to soil and crop needs. In this sense, and although phosphorous is not a severe pollutant in dry conditions with basic pH, it can be a risk factor for the fauna of the watercourses bordering the farm because of its facility of de-stabilising the development of algae and phytoplankton that live in these aquatic habitats [65]. The high imbalanced of nutrients favours eutrophication processes in the farming areas in which phosphorus is dragged by runoff with soil particles. Therefore, again the BMP-3 consisting of groundcover is highlighted, to reduce the potential soil runoff to water streams.



The amount of GHGs emitted into the atmosphere during the whole agriculture season is paramount. In this context, and regarding the mitigation and adaptation capacity to climate change, there are two basic indicators in play: indicator No. 26, ‘GHG balance’ and indicator No. 27, ‘GHG per kg’. Perennial cropped lands, like vineyards and olive orchards, are characterized for their CO2 sequestration capacity from the atmosphere, to be kept in the vegetation structures [66]. It is acknowledged, that soil management improvements, such as the reduction in soil tillage for annual crops and establishment of groundcovers in between the tree lines in permanent crops, enhance carbon soil sequestration [60,67,68]. However, these statements conflict with the findings of some other authors who did not find significant differences in organic carbon sequestration in deeper layers of the Mediterranean area for rainfed land, according to different soil management [69]. Indicator No. 26, ‘GHG Balance’, measures the amount of (GHGs) emitted or sequestered into the atmosphere. These gases emissions are composed of two main factors and mainly depend on the soil management of the farm. First, there are the correspondent CO2 emissions of farming tasks, and, second, there are the GHGs emissions needed for the inputs’ manufacturing processes. Therefore, the close relationship between indicators Nos. 26 and 16, referring to soil tillage. Where increases of 70% on soil tillage when groundcovers were removed, favoured indicator No. 26 increased to 63% (Table 2). These figures could be explained thanks to the average carbon fixation rate of 1.30 Mg ha−1 yr−1, determined by González-Sanchez et al. (2017) [60], in olive and almond orchards and vineyards, managed with groundcovers under climatic Mediterranean conditions. This indicator No. 26 might grow because of two factors. Firstly, to the CO2 emissions into the atmosphere because of the tillage, facilitating the entry of air inside and therefore the mineralization of humus, generating CO2 as the main sub-product. Secondly, to the CO2 generated by the fuel combustion from the farming work tasks.



Overall, groundcovers implementation in perennial crops offers manifold benefits, enhancing soil quality [70], improving organic matter contents [26,48,71], increasing the capacity of soil carbon sequestration and even reducing the development of weeds [51]. Nevertheless, there is a need for doing further research in groundcovers in vineyards, since there is not much insight on how these practices could affect wine quality. Authors like Ibañez et al. (2011) [32] and Trigo-Córdoba et al. (2015) [72] highlight their preferences for wines produced with grapes cultivated under covered soils.



The INSPIA indicators related to biodiversity in a permanent cropped holding are two. The first is ‘biodiversity structures’ (indicator No. 29) and the second is ‘buffers and security areas’ (indicator No. 30). Since ‘natural area’ (indicator No. 28) does not vary over years because of the relationship between the natural vegetation area, either tree, shrub or herbaceous and if the total farm area remains constant. Indicator No. 29 concerns ‘biodiversity structures’ reflects functional agrobiodiversity of the farm. There is a slight upward trend of this indicator No. 29 that quantifies biodiversity in-field, and off-size. Our study shows an increase of 3 points of this indicator when soil tillage and soil disturbance, monitored though indicator No. 16, have been reduced, endorsing what was stated by Basch et al. (2012) [49]. The optimum value of indicator No. 29, in the 4’ agricultural season (4) corresponds to the lowest value for indicator No. 16 in the 3rd and 4’ year (8.2).



The establishment of multi-functional margins or buffer areas alongside a watercourse delivers many environmental and agronomic benefits to the farm [73,74]. Species diversity conforming these to margins favours pollination, increasing pest predators [73] by providing soil shelter areas for these predators [75] and even suitable areas to place hives [76], which enhances crop yield. One of the main goals of these buffers is to filter the possible off-site transport of contaminants, by reducing diffuse source pollution of water [50]. Despite the fact that there are authors that highlight the added value of these multi-functional margins in contributing towards a sustainable production [75], there are others such as Haddaway et al. (2018) [74] that suggest a further investigation of the possible environmental concerns when a higher production is needed. Our results endorse that the optimal value for biodiversity structures (4) corresponds to the agricultural seasons in which the groundcovers were established.



Concerning plant protection products ‘PPP management’ (indicator No. 31), there is an increase of 425% of this indicator over the dataset time. This indicator, as explained in Triviño-Tarradas et al. (2019) [10] refers not only to the manipulation of products, and their application with suitable equipment but also to their prevention as point source pollution. Alike Salvia et al. (2018) [36] pointed out farmers’ adoption of optimal farm management goes hand by hand with their training level, since there is a huge increase from the 3rd to the 4’ year of the indicator No. 31 (425%), whereas the training level indicator (indicator No. 14) augments by 100%.




4.1.3. Measures about the Social Aspects of Sustainability


Concerning the social aspect, indicators such as ‘working hours per hectare’ (indicator No. 12), ‘satisfaction index’ (indicator No. 13), ‘farmers’ training level’ (indicator No. 14) and ‘risk of abandonment of agricultural activity’ (indicator No. 15) are the ones providing information on this sustainability dimension. There is a downward trend monitored by the indicator No. 12, which monitors the number of working hours needed in each hectare. This is mainly because of tillage reduction over the first 4 seasons, which provides farmers allocate more time for their professional life (e.g., for training) or even for their personal life. However, this trend reverses, and indicator No. 12 increases by 27.9% from the 4’ to the 5’ year. This is because the farmer decided not to continue with the groundcover practice and engaged in soil tillage (Table 2). The farmers’ environmental awareness level is, of course, linked to their level of training in courses, congresses, workshops, etc., they have attended. This is calculated by indicator No. 14 ‘farmers’ training level’. This indicator soared by 140% from the 1st to the 4’ year (Table 2). Whereas, from the 4’ to the 5’ agricultural season this indicator related to training level, remains the same (Table 2). This indicator depends on the previous training performed and the current one. The higher level of training is normally linked to an upper degree of management and technical skills.



‘Satisfaction index’ monitored through indicator No. 13 increases in the first 4 agricultural seasons. The farmer relies on the existence of a certain room for improvement on the best management practices taking place, reaching the maximum value on the 4’ year. However, the downward trend calculated through the 52.5% decrease in this indicator, shows a certain degree of pessimism in the satisfaction level.





4.2. Analysis of the Criteria Sustainability Scores


Basic, aggregated and INSPIA composite index results shown in Figure 3a–c, confirm that global farm sustainability depends on the three dimensions (economic, social and environmental). According to INSPIA methodology, one farm is considered sustainable if the average set of basic indicators is uniformly high and the final composite index value is above 67, like other methodologies such as RISE [77].



Improvements performed on the farm and BMPs implementation over the five seasons show a final composite index of 62.8%, 62.2%, 65.6%, 72.7% and 63.3% (Figure 4). These results show that the maximum sustainability composite index was calculated in the 4’ agricultural season (2016/2017), whereas the lowest indexes were reached on the 1st and 2nd year. The final composite sustainability index increase was by 16.4% from the 1st to the 4’ season due to the higher implementation of certain BMPs (Figure 5). This increase is not an optimal one but is certainly a move in the right direction of progress and agricultural sustainability. INSPIA allows the opportunity for farm performance to be assessed over each agricultural season, comparing their performances.




4.3. BMPs Achievements


Potential benefits of soil management practices, such as minimum soil disturbance and permanent soil cover, have already been reported in our results. However, to the best of our knowledge, few studies have shown the true impact of these practices (e.g., covering the soil by establishing groundcovers in permanent crops BMP-1, BMP-2 and BMP-3) under different climate-change scenarios. In this context, González-Sanchez et al. launched in 2017 [60] a major research study explaining how European farmers could make the difference, and revert to the situation of continuously rising of CO2 emissions [51], removing nearly 200 million tonnes of CO2 from the atmosphere by implementing Conservation Agriculture techniques. Making a simple calculation, by utilizing the coefficient of the rate of carbon sequestration and the potential of carbon fixation for permanent crops in the Mediterranean biogeographical area of Southern Spain (1.54 t ha−1 yr−1) [60,67], the potential of ‘Lagar Cañada Navarro’ is 33.63 t yr−1, and it would be 168.17 t, taking into account the 5 agricultural seasons. Since 1 tonne of organic carbon corresponds to 3.7 tonnes of CO2, the fixing potential of this farm is 124.44 t CO2 yr−1, which means 622.22 t CO2 the 5 agricultural seasons.



These first four BMPs concern the principle of Conservation Agriculture (CA): (i) minimum soil disturbance; (ii) permanent soil cover; and (iii) crop rotations [31,49,78,79]. While soil-tillage reductions of 41.4% are measured, economic, social or environmental benefits emerge, such as increases in both organic matter content and in energy productivity of 66.6% and 3.7% respectively, soil erosion risk reductions of 10.5% and 12.7% reductions on the working hours needed to farm, among others. The implementation of CA principles plays a major part in the mitigation and adaptation towards climate change since it implies a reduction of greenhouse gas emissions (GHGs) by fixing CO2 from the atmosphere as soil organic carbon [60]. Moreover, CA systems deliver ecosystem services as a result of improved in the soil volume used by plant roots, and by enhanced functional agro-biodiversity [35,78,80].





5. Conclusions


Although measuring agricultural sustainability is a complex issue, this paper provides farmers, technicians and other stakeholders, with a robust evaluation of a mixed vineyard and olive-grove farm. The results facilitate a better understanding of the BMPs that farmers should consider when they seek to improve their sustainability levels.



INSPIA methodology has been validated as an assessment sustainability tool for permanent cropped land. Since, the higher the implementation of the BMPs infield, the higher the value of the sustainability indicators (basic, aggregated and index). This could be applicable, not only in Southern Spain but in any other country suitable for growing this kind of crops. The assessment study for the BMPs provides an approximate roadmap, which objectively shows the farming practices that should upgrade their implementation level in the field. INSPIA model application and use facilitate the decision-making of farmers, increasing their awareness of the potential opportunities and weaknesses when these farming practices are applied. The agricultural sustainability of the mixed farm (vineyards and olive groves) has improved when the BMPs, soil management-related aspects have been more implemented and, therefore, supported by the final composite index.



The farmer has been sensitive to most BMPs over the period of this study, except in the last agricultural season, where some of the BMPs (soil management-related) were not applied. However, this fact shows that changes can either improve or decrease the INSPIA index value.



Soil management sustainability impact on permanent crops can be measured through assessment tools such as INSPIA. Sudden changes in the behaviours of farmers concerning the implementation of some BMPs should not be expected because of the farmers’ mindset and culture.



The step back found in the last season reflects the need for training to farmers. The process of improving farmer performance should be accompanied by a continuous training period and correct capacity-building actions, as well as the need to create and exchange knowledge-transfer among the groups of farmers that concern their collective achievements.
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Figure 1. Location of the study farm ‘Lagar Cañada Navarro’ (a). Location of the vineyard plots and olive trees plot of the farm. Plots number 1, 2 and 3 (vineyards) and plot number 4 (olive orchard) (b). 
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Figure 2. Dendrogram of basic and aggregated (level 1 and 2) indicators to calculate the final INSPIA composite index [10]. 
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Figure 3. Graphical and numerical outcomes on basic indicators (a), aggregated indicators (level 1) (b), and composite sustainability index of the studied farm (c) for the agricultural season 2016/2017. Basic and aggregated indicators in red correspond to the economic INSPIA indicators, basic and aggregated indicators in blue correspond to the INSPIA social indicators, and basic and aggregated indicators in green correspond to the INSPIA environmental indicators (bar and pie chart graphs). The colour code used in the background in (a,b) reflects the sustainability degree, unacceptable (0–≤33), critical (>33–≤67), and optimal (>67–100). 
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Figure 4. Graphical and numerical outcomes on basic indicators (a), aggregated indicators (level 1) (b), and composite sustainability index of the studied farm (c) for the agricultural season 2017/2018. Basic and aggregated indicators in red correspond to the economic INSPIA indicators, basic and aggregated indicators in blue correspond to the INSPIA social indicators, and basic and aggregated indicators in green correspond to the INSPIA environmental indicators (bar and pie chart graphs). The colour code used in the background in (a,b) reflects the sustainability degree, unacceptable (0–≤33), critical (>33–≤67), and optimal (>67–100). 
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Figure 5. Evolution of the INSPIA sustainability composite index. 
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Figure 6. Evolution of the eligible BMPs implementation rate. 
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Figure 7. Barley groundcovers in between the vineyards. Source: Hermanos Jiménez del Pino (a), Chemical harvest of groundcovers (agricultural season 2015/2016). Source: Compiled by authors (b). 
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Figure 8. Soil management alternation (“aserpiado” tillage and barley groundcovers) in vineyards (agricultural season 2013/2014). Source: Hermanos Jiménez del Pino. 
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Table 1. Temperature and rainfall data of the two nearest weather stations to the study farm: ‘Doña Mencía’ and ‘Córdoba Aeropuerto’.
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	Doña Mencía (25 km)
	Córdoba Aeropuerto (35 km)





	Average annual precipitation (mm) (20 years)
	500
	566



	Maximum temperature (°C)
	41.9 (10/08/2012)
	46.9 (13/07/2017)



	Minimum temperature (°C)
	−9.3 (27/01/2015)
	−8.2 (28/01/2005)



	Average annual precipitation * (2013/2014) (mm)
	393.2
	465.3



	Average annual precipitation * (2014/2015) (mm)
	375.4
	387.1



	Average annual precipitation * (2015/2016) (mm)
	446.0
	514.8



	Average annual precipitation * (2016/2017) (mm)
	364.6
	463.7



	Average annual precipitation * (2017/2018) (mm)
	662.3
	529.9







* Data monitored from October 1st to September 31st of the following year.
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Table 2. INSPIA Basic indicators results of the studied farm for the 5 agricultural seasons dataset.
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	No.
	INSPIA Basic Indicator
	Units
	2013/2014
	2014/2015
	2015/2016
	2016/2017
	2017/2018





	1
	Net income per ha
	€/ha
	2114.00
	1890.00
	1951.00
	2156.00
	1915.00



	2
	Net income per annual work unit (AWU)
	€/AWU
	91,219.00
	83,362.00
	86,236.00
	98,277.00
	95,167.00



	3
	Production cost per ha
	€/ha
	1672.00
	1623.00
	1628.00
	1653.00
	1605.00



	4
	Yield
	-
	85.40
	86.50
	86.80
	108.70
	86.20



	5
	N Productivity
	kg/kg
	111.03
	113.87
	114.35
	113.91
	113.08



	6
	P Productivity
	kg/kg
	95.60
	96.32
	96.56
	95.60
	65.00



	7
	Irrigation water application
	m3/ha
	750.00
	750.00
	750.00
	750.00
	750.00



	8
	Water productivity
	kg/m3
	13.33
	14.00
	14.09
	14.15
	12.00



	9
	Energy balance
	MJ/ha
	3311.00
	3313.00
	3283.00
	3321.00
	3150.00



	10
	Energy efficiency
	MJ/MJ
	3.30
	3.30
	3.40
	3.30
	3.20



	11
	Energy productivity
	kg/MJ
	9.74
	9.83
	9.87
	10.10
	9.60



	12
	Working hours per ha
	h/ha
	15.82
	15.79
	15.78
	13.81
	17.67



	13
	Satisfaction index
	-
	5.50
	5.50
	8.50
	10.00
	4.75



	14
	Farmers’ training levels
	-
	2.50
	2.50
	3.00
	6.00
	6.00



	15
	Risk of abandonment of agricultural activity
	-
	0
	0
	0
	0
	0



	16
	Soil tillage index
	-
	14.00
	10.01
	8.20
	8.20
	14.00



	17
	Soil cover rate
	-
	0.83
	0.84
	0.84
	0.84
	0.38



	18
	Soil erosion risk
	-
	0.19
	0.19
	0.18
	0.17
	0.28



	19
	Organic matter
	%
	0.48
	0.48
	0.52
	0.80
	0.77



	20
	Crop diversity
	-
	0.19
	0.19
	0.19
	0.19
	0.19



	21
	Crop rotations
	-
	0
	0
	0
	0
	0



	22
	N Balance
	kg N/ha
	−7.10
	−6.20
	−6.02
	−6.42
	−3.32



	23
	N Efficiency
	kg/kg
	1.16
	1.20
	1.20
	1.20
	0.85



	24
	P Balance
	kg P/ha
	7.60
	7.75
	7.79
	7.69
	7.60



	25
	P Efficiency
	kg/kg
	1.43
	1.44
	1.45
	1.43
	1.33



	26
	GHGs Balance
	Kg CO2eq/ha
	1677.00
	1677.00
	1671.00
	1678.00
	2735.00



	27
	GHGs per kg
	kg CO2eq/kg
	0.14
	0.14
	0.14
	0.14
	0.23



	28
	Natural area
	%
	1.63
	1.63
	1.63
	1.63
	1.63



	29
	Biodiversity structures
	-
	1.00
	1.00
	1.33
	4.00
	3.33



	30
	Buffers and security areas
	%
	0.36
	0.36
	0.36
	0.36
	0.30



	31
	Plant Protection Product (PPP) management
	-
	4.00
	4.00
	4.00
	21.00
	21.00
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Table 3. List of INSPIA best management practices (BMPs).
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	BMP No.
	Name of the BMP





	1
	Use permanent soil cover (green cover or residue cover)



	2
	Use of minimum soil disturbance practices



	3
	Use of groundcovers (for permanent crops)



	4
	Perform suitable crop rotation/diversification



	5
	Perform farming operations following the contour lines



	6
	Fertilize according to soil deficiencies and crop needs



	7
	Plant Protection Product (PPP, i.e., pesticide) use according to Integrated Pest Management Strategy [46]



	8
	Use of modern technologies for applications (Precision Agriculture)



	9
	Optimise irrigation timing and rate



	10
	Optimised use of pesticides (correct dose and appropriate product)



	11
	Implementation of field margins and buffer strips with diversity of plant species



	12
	Establish and maintain riparian buffers



	13
	Build retention structures across slopes to reduce the length of plots (fascines, vegetative buffers)



	14
	Point source prevention of PPP (pesticide) pollution on the farm



	15
	Perform optimised waste management











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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