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Abstract

:

Agro-environmental measures promoted by the European Union focus mainly on environmental protection by maintaining sustainable levels of productivity that are adequate to the agro-ecological conditions of each region on different Member States. Among these European Union promoted measures the one known as “Extensive Forage Systems” is particularly relevant for the Mediterranean Region. In order to analyze the impact of this measure and to verify if the high expenditure of communitarian funds, with its implementation in Mediterranean soils, is aligned with the predicted benefits, a seven-year study in a southern Portugal region was conducted. In this regard, several soil chemical parameters such as organic matter, pH, electrical conductivity, “available” phosphorus, “available” potassium and heavy metal levels (Cd, Cr, Cu, Zn, Mn, Pb and Ni), were assessed, in 1329 different plots in order to represent some of the existing diversity of the Mediterranean environment, identified by the Portuguese Parcel Identification System, and considering the possibility to evaluate the evolution of these parameters on the main soil types of the region. The obtained results enabled us to verify that the application of the agro-environmental measure “Extensive Forage Systems” did not lead, during the 7 years of the study, to any significant change in terms of organic matter, soil pH and/or heavy metals content. Still it contributed for a small growth on “available” phosphorus and potassium levels and to a significant increase on Soil electrical conductivity (EC). As a final conclusion we can refer that the application of the agro-environmental measure “Extensive Forage Systems”, in soil, clime and cultural conditions prevailing in this study (Typical Mediterranean conditions from the South of Europe), did not reach its main objective, which was to increase the organic matter content in soils.
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1. Introduction


Agricultural and Forestry landscapes occupy a large area of the European territory [1,2]. Approximately one-half of the European Union’s (EU) agricultural area is occupied by land for cultivation, whether for annual crops or pasture for animal feed, which reflects both the impact and importance of agriculture and livestock sectors, not only in the vitality of rural economies [3] but also, in maintaining rural environments [4,5]. Agriculture is much more than crop and animal production aiming to produce goods to feed an increasing population [1,6]. In fact, even if farmers’ activity consists in the production of foodstuffs, in this activity they jointly apply ancestral techniques with the support and use of available scientific and technological measures with the aim to provide quality food products at the lowest possible price [5,7]. For this reason, the level of technical and professional demand, for the agricultural producers is currently very high and complex [8]. Additionally, EU agricultural policies are increasingly oriented towards combating and reducing the risks that agriculture may have in the environment [9], encouraging farmers to environmental conservation and ecological practices through specific rural development measures while, at the same time, assuring the profitability of agriculture [5,10]. These agro-environment measures (i.e., support for organic farming, agricultural conservation practices, protection and maintenance of terraces, safer use of pesticides, integrated crop management, management of less intensive grazing systems, reduction of animal stocking and the utilization of certified compost [11,12]) offer the opportunity to increase soil´s organic matter content and its biodiversity, while helping to reduce its erosion, contamination and compaction.



The Common Agricultural Policy (CAP), in its global agro-environmental strategy, is geared towards enhancing the sustainability of agricultural ecosystems [13,14,15], particularly from a water and soil perspective [16]. Measures established to integrate environmental aspects into the CAP [17] include environmental requirements and incentives such as the removal of set-aside or the specific environmental measures integrated in the rural development programs as the Agro-Environmental Measures (AEM) [8,18,19]. In the Mediterranean region, the AEM are composed by horizontal measures relevant to the entire territory or solely for specific regions, addressing specific agricultural problems and giving support to extensive traditional systems [20].



In order to apply to the “Extensive Forage Systems” measure, which is the farmers most adopted measure in South European Counties [21] and whose efficiency will be tested in this study, the applicant must comply to the following aspects [20]: (i) the beneficiaries need to present a pasture management plan approved by the respective Regional Agriculture Department (RAD) and whose production units meet specific pre-established conditions; (ii) natural pastures should be located in areas that have not been subject to sowing and soil mobilization in the last two years; (iii) in the case of grassland in a natural meadow systems, known as montado, with the maximum density of 40 trees per hectare shall be taken into account, except, in the case of Quercus rotundifolia, Quercus nigra or Quercus suber where there is no maximum density and in the case of olive groves where the density of 60 Olea europea trees per hectare is to be considered. If the farmers meet the above requirements and apply for financial support under this measure, they assume to comply with the pasture management plan; to maintain 90% of the soil covered with grass in the period from November to March; not to make cuts for hay, except if it is a cultural maintenance technique, outside the nesting season; not to plow, except in the case of re-sowing permanent meadows and for good agricultural technique reasons, always after technical opinion of the RAD; to provide compatible management with the level of forage production and the support capacity of the natural environment; to Keep the pasture area free of shrubs and semi-shrub weeds by cleaning it without soil mobilization, unless authorized by the RAD, with the minimal and always localized use of light machinery prioritizing hand cleaning whenever possible or using contact herbicides applied with the appropriate equipment; to maintain the tree layer if present; to Maintain the arboreal and shrub vegetation along riparian zones; to maintain the water points belonging to the production unit with accessible water to wildlife during the period from May to November inclusively [20].



Besides these generic guidelines, which establish several legal requirements farmers need to follow in order to be able to benefit from these measures [20], there is still a requirement for soil chemical analyzes, at least every 2 years, considering specific parameters. The chemical analyzes recommended for the adoption of this agro-environmental measure are the ones presented in this work, namely soil organic matter, pH, electrical conductivity, assimilable phosphorus and potassium, and some heavy metals and metalloids [20]. For the region under study, some of these parameters will be more important than others in order to increase the sustainability of these agro-systems, due to the adoption of these agro-environmental measures. However, this is a measure of great transversality in the Mediterranean basin, covering therefore very diverse regions, hence a set of parameters potentially relevant to all possible situations have been chosen. In fact, if in a predominantly rural area of low population density and low industrialization, as is the case of the region under analysis, the parameters related to heavy metals and metalloids will not be of great importance, since contaminations with these elements are not predictable, in an area closer to a large city or an industrial center, this parameter and its evolution, may represent an important source of information, regarding the implementation of this environmental measure [22,23].



However, even if all the measures are adequately defined, there is still a lack of understanding as to whether these EU policies, aimed to promote the sustainability of agro-systems and in particular of the soil [24], do in fact have some effectiveness, or if, on the contrary, they correspond to a waste of Community funds without any repercussions on environmental preservation. Since the Mediterranean soils are particularly vulnerable [21] with physic-chemical and biological characteristics that lead to their dilapidation it is important to analyze how some of the chemical parameters of the soils subject to EU-funded conservation practices evolve, over a relatively long period of time, so that we can verify and discern the effectiveness of these community policies. Among the most important parameters for analyzing the effectiveness of EU environmental policies regarding soil conservation is organic matter content [25]. As a matter of fact, the Mediterranean climate, due to its peculiarities, such as the concentrated rainfall coinciding with winter months with low temperatures and low luminosity, leads to low yields [1] which, combined with its characteristics suitable for soil biological activity, lead to typically low organic matter [26,27,28] in the soils of this region [22], which according to several authors, [22,29] are generally below 1.5%. This aspect is particularly important since organic matter plays a fundamental role on the chemical, physical and biological fertility of the soil [29]. Among the attributes endorsed to the soil organic matter is the ability to retain water and cation nutrients and the ability to promote the aggregation of soil constituents [26] or the promotion of biological activity [30,31]. Among these functions, we emphasize as particularly important in the Mediterranean conditions the agglutinating effect of soil particles [32] given that a soil with a strong and adequate structure is certainly a soil that is more resistant to erosive phenomena [31] which represents one of the main threats to the sustainability of Mediterranean ecosystems [22]. Moreover, EU policies aiming to increase the sustainability of existing Eco-Agro-Systems promote also the analysis of several other soil parameters [20] considered of great important to guarantee the continuity of these fragile agricultural systems [33], as is the case of pH and the concentration of heavy metals [23,29].



Regarding soil pH, it is of great importance considering the trend to acidity of some Mediterranean soils, particularly in the study region [29,33] (constraining the production in these latitudes [29,30,33]). In this parameter, although a great evolution is not to be expected, we may have some interesting effects to analyze. Thus, if on the one hand the increase in the organic matter content will inevitably lead to a higher soil buffering power [34], on the other hand the biological oxidation process of the organic matter is essentially an acidifying process [29], which could lead to a decrease in soil pH. If we add to this a smaller use of synthetic fertilizers, then we will have a set of processes of antagonistic influence on the pH of the soil, whose final consequence will depend on the specific weight that each of these processes represent. With regard to the EC, extensive forage systems using a smaller quantity of synthetic fertilizers, a gradual decrease of EC from the soil is obviously expected. However, this effect may be contrary to what is expected in the most superficial layer of the soil, since the lack of mobilization inherent to this agro-environment measure may, in a first phase, lead to significant increases in soil EC [35]. On the other hand, drainage improvement expected in a soil with better structure, obtained by a predictable increase of the organic matter content of the soil, will lead to a more efficient washing of the salts with the corresponding decrease of the EC of the soil [36].



In relation to potassium and phosphorus soil content, the analysis of the evolution of these parameters as a consequence of the adoption of this agro-environmental measure are very relevant, given that in most of these agro-systems they present a decreasing tendency [36], being necessary to add it to the soil in an artificial way. In the case of phosphorus, its soil content is even more relevant, as it is directly related to the ease of rooting of meadow species [37,38] playing a fundamental role in the successful implementation of extensive forage systems [30]. In fact, phosphorus is, in most cases, the only nutrient added artificially to the soil in these agro-systems [29].



On the other hand, it is commonly accepted that different soil types behave in diverse ways regarding the evolution of their chemical parameters [39,40]. While there are soils with greater power to oppose changes in their chemical composition, there are others very sensitive to these changes [29,30]. This fact has been clearly demonstrated, for example, in the work carried out on the same region where it has been possible to verify that Vertisols have an ability to mitigate the changes imposed by irrigation practices, which are significantly higher in other soil groups, as is the case of the Luvisols or even the Cambisols [41,42]. Recent researches on different areas, have also demonstrated similar findings regarding other parameters, as is the case of the evolution of organic carbon content in the soil [37], and phosphorus concentration in different types of soil subject to similar agricultural practices [38].



Considering all the aforementioned aspects, we outlined and conducted this study with the objective of analyzing the influence and effectiveness of specific EU policies—aimed at the environmental preservation—considering essentially the measure “Extensive Forage Systems”, and its impact on increasing the sustainability of the rain-fed agricultural ecosystems in the Mediterranean environment.




2. Material and Methods


2.1. Study Area and Experimental Design


This study was developed in Center-East Portugal in a region alongside the Spanish border. The experimental zone was located in the Portuguese region of Alto Alentejo, District of Portalegre. This district extends over an area of 6086 km² (Figure 1).




2.2. Edaphic Characterization


In the study area (Portalegre district) the most frequent types of soils are the Luvisols (2337 km2 and 527 sampling points—38.3%) Cambisols (1993 km2 and 386 sampling points—32.7%) and Podzols (1204 km2 and 290 sampling points—19.7%) and also, with less representability, Leptosols (513 km2 and 114 sampling points—8.4%), in the Northeast part of the district and, in a very small part, Vertisols (40 km2 and 9 sampling points—0.7%), in the center of the district [43] (Figure 2). The soils are generally acidic with the exception of those developed on lands with a carbonate component or predominantly basic granitic rocks [44].




2.3. Climatic Characterization


According to the Koppen classification the climate of the study area is classified as Type C, with incidence in the subtype Cs—seasoned climate with dry summer—and variant Csa—temperate climate with hot and dry summer [45,46]. The average air temperature in the region under study is above 15 °C and only in a small Northeast area are the average temperatures between 10 and 15 °C (Figure 3).



In general, low rainfall is observed in the region under study being always below the 1000 mm (Figure 3). The average annual rainfall is approximately 483 mm coinciding mostly with the coolest temperatures (October to March).




2.4. Soil Sampling


For the purpose of this study the identification of the exact location of each of the agricultural parcels, where the soil samples were collected, was accomplished through the use of the Portuguese Agricultural Parcel Database, also designated as Parcel Identification System (PIS), which is a key component in the management of subsidies not covered by the CAP. PIS purpose is to allocate a single number to each element of the farm (parcel, building and/or plot group) in order to allow the geographical reference of agricultural properties in an unified and coherent way and to identify the graphical elements necessary both for the calculation of Community Subsidy and for control actions. The used methodology was to randomly collect, along the identified PIS plots, at least 10 subsamples, collected at a depth of 0 to 20 cm, using a stainless-steel sampling probe, that would be carefully mixed in order to become a single sample. The selected depth was based on the regular depth used by farmers for their regular analysis, following the recommendations´ from national soil chemistry analysis laboratories. Each sample would then be duly packed in sterile plastic bags and labeled with the PIS reference and the date of collection. Then the samples were sent to the Laboratory where it would be air dried and then sieved by a 2 mm rectangular mesh stainless steel screen. After this phase the sample follows to the analysis process itself.



In this study 1329 plots of land, randomly distributed over the 15 municipalities of Northeast Alentejo (Portugal), were monitored over a 7-year span—between 2003 and 2009. Each parcel corresponded to a single PIS so it was possible to guarantee that the parcel was always the same. The previous agricultural use of these parcels was very diversified. Although we do not have concrete data, our knowledge of the region leads us to report that most of the area would already be under extensive grazing, another part would be exploited in the production of rainfed autumn/winter crops, mainly wheat and oats, and a third part would be fallow without any agricultural use.




2.5. Analysis


In the laboratory, the chemical analysis of the soil was carried out determining the following parameters: organic carbon, pH, electrical conductivity, “available” phosphorus and potassium, aluminum, cadmium, chromium, copper, iron, manganese, nickel, lead and zinc. These were the analysis carried out since they are the ones required by the national control bodies for the payment of Community subsidies.




2.6. Organic Carbon


Organic Carbon was determined by the wet oxidation method, commonly referred to as the Walkley–Black method, [47,48].




2.7. pH


pH was determined by potentiometer in a mixture of soil and water—1:5 (v/v). The potentiometer used was a METROHM 692 pH/Ion Meter. This method is referred to by [49], as method A4.




2.8. Electric Conductivity


Conductivity was determined in a aqueous extract (mixture of soil and water in the proportion 1:5 (v/v)) [49,50].




2.9. “Available” Phosphorus and Potassium


Extractable phosphorus, potassium and sodium, commonly referred to as “available”, were extracted with a solution of ammonium lactate and acetic acid buffered at pH between 3.65 and 3.75 [51]. Phosphorus assay was done by molecular absorption spectrophotometry at 650 nm (UNICAM UV/VIS spectrometer UV2) after color development by addition of an ammonium molybdate and ascorbic acid mixture. The determination of potassium and sodium is done by atomic absorption spectrophotometry on a Perkin Elmer Analyzer A300 apparatus.




2.10. Extractable Microelements (Cadmium, Chromium, Copper, Manganese, Nickel, Lead, Zinc)


These microelements were extracted by an extractive solution composed of ammonium acetate, acetic acid and EDTA, according to the method of Lakanen and Ervio [52]. The determination of these elements was done by atomic absorption spectrophotometry in a Perkin Elmer Analyzer A300 apparatus.




2.11. Statistical Treatment of the Results


Analysis of variance (ANOVA) and the Duncan test (at p < 0.05) for equality of means were used to detect significant differences. The statistical treatment of the obtained results was made using SPSS software version 23 from International Business Machines (IBM), Armonk, New York, United States of America.





3. Results


3.1. Organic Carbon


As it can be seen in Figure 4, the evolution of the organic carbon content of the soil in the study area, during the seven-year period under analysis, does not present a consistent variation trend. However, a similar analysis considering each soil types present on the study area, enable us to verify that while in the Cambisols and the Vertisols the variation of the organic carbon content during seven years is practically zero, in Leptosols, Luvisols and Podzois, Soil with poorer organic carbon, it is possible to observe an increasing trend, which though without statistical significance highlights a tendency that might be of interest (an attempt to establish a linear relationship between time and organic carbon content, was also performed, showing also no statistical significant relations).




3.2. pH


With the exception of soils classified as Podzols, which present pH values that can be classified as acids, the remaining soil types present pH values that might be classified as slightly acid to neutral (Figure 5).




3.3. Electric Conductivity


As observed on the following figure (Figure 6) there is a statistically significant trend towards an increase on the electrical conductivity, in all the considered soil types, over the study period. This trend is particularly evident after four years under the Extensive Forage Systems Community measure.




3.4. "Available" Phosphorus and Potassium


Regarding phosphorus content, the study area present values classified as “medium” (50 to 100 mg kg−1) to “high” (100 to 200 mg kg−1) [51] (Figure 7). In regard to potassium, according to the same classification, the registered contents are classified as “high” [51] (Figure 8).




3.5. Heavy Metals (Cd, Cr, Cu, Zn, Mn, Pd, and Al)


As it is possible to verify on Table 1, heavy metals presented very small variations, during the period in which the study took place, showing no statistical significance and no clear evolution trend.





4. Discussion


4.1. Organic Carbon


The explanation for this result, especially the ones registered for Cambisols and Vertisols, is that the soil organic carbon content is a slow evolution parameter [53] and that the study period, short from a pedological point of view, was not sufficient for its significant evolution. Another possible explanation is that many of these soils, were already under permanent pasture in their natural environment, prior to the implementation of the EU environmental preservation policy [18] because they were not suitable for more demanding crops and, consequently, higher production [54]. As a matter of fact, according to [29], the soils of the Northeast Alentejo are characterized by very low organic carbon contents, rarely reaching 1.5% still, in this study, initial organic carbon contents were already slightly above the 2%, values that indicate that even without the implementation of the addressed EU policies these soils were already submitted to conservation practices for several years, sometimes decades. Another fact that undoubtedly helps to justify these results is that extensive forage systems are of low productivity with low biomass production only allowing for reduced livestock [55] and, thus, leading to a particularly slow process regarding the increase of the soil organic carbon content. If we compare this results with the ones obtained by other authors [53,54,55,56] we verify that when an extensive forage system replaces an annual crop, which did not happen on the majority of the analyzed plots in this study, increases in the organic carbon content in the soil are more prominent and generally significant. However, in the performed study, the explorations starting point were parcels that were already under the extensive forage system of exploitation and the farmers only adhered to these measures given the economic support that would come to them. In this case, and as demonstrated in the study of [57], the organic carbon content changes very slowly and even slower as the system tends to equilibrium.




4.2. pH


The obtained results show that in none of the considered soil types there were significant evolutions of pH values over the period under analysis. This fact might be related to the increase of soil buffering power due to the tendency previously mentioned related to the minor increase in soil organic matter content, which is opposed to more evident pH changes [29].



As matter of fact, in the case of rainfed agricultural systems and soils with reasonable organic matter content for the region, soil buffering capacity lead to no substantial change of this parameter value [26,50] which, coupled with the fact that these soils do not receive relevant amounts of fertilizers, turn clear the inexistence of factors leading to substantial changes in pH values [58]. The results obtained in this study corroborate with the ones obtained on previous research [57,58] which indicate a maintenance of pH values in the extensive forage systems and, in some cases, given the strengthening of the soil exchange complex, in particular due to the increase in organic matter (tendency that was not confirmed on the present study), even indicate a slight inclination for a rise in pH values due to an increase on the concentration of the soil exchange bases.




4.3. Electric Conductivity


Though similar results were found in previous studies [57,58], according to [29,30,53,54,56], with the increase of the organic matter content expected in these agro-systems—impossible to confirm in this study—the soil acquires a stronger and defined structure which allows for a better infiltration rate and, with this phenomenon, to a substantial improvement regarding the superficial washing of the existing salts with the consequent decrease of the soil EC values. One possible explanation for this result, as far as we are concerned, is that the legislation provides for no soil mobilization and thus there is a natural tendency for a lower rate of water infiltration, with the consequent increase of the salt content at the soil surface. The fact that the organic matter content remained practically constant throughout the study period did not allow the expected improvement in the soil structure, which would potentially lead to an increase in the internal drainage of these soils [53,54,56].



Finally, it should be noted that, despite the significant increase in the value of this parameter, the EC values found in these soils are very distant from the ones indicated on the literature as potentially dangerous for meadow species’ germination and growth [59].




4.4. "Available" Phosphorus and Potassium


The levels of assimilable phosphorus over the period under review, albeit in a non-linear fashion, show a statistically significant increasing trend for Cambisols, Luvisols and Vertisols. This result is related to the fact that a significant proportion of these soils were abandoned or with unfertilized natural pasture, before the implementation of the community incentive, situation that is significantly changed after the application of the EFS measure, when pastures are ameliorated and/or fertilized, in most cases exclusively by phosphorus, leading to the aforementioned result. In a more detailed analysis, it is possible to observe that, with the exception of Leptosols and Podzols (where the registered variations have no statistical significance), the other types of soil present a significant increase in the level of “available” phosphorus during the first three years of the study. This result, to the best of our knowledge, had not been presented by other authors assessing similar issues [29,30,60,61], as previously mentioned, due to the fact that pastures sown in this system are subject to phosphate fertilization during installation, operation that will only be repeated 3 or 4 years later. This fact is also evidenced by the results obtained in the following triennium, where the three-year growth cycle of assimilable phosphorus levels, particularly evident in soils classified as Cambisols and Vertisols, is clearly verified. This variation lead us to conclude that these analyzes must, in fact, be carried out in relatively long time series, since the analysis made only in the first three years of the implementation of this community measure would lead us to draw necessarily erroneous conclusions.



Regarding the results obtained for the “assimilable” potassium available in the soils, there is a statistically significant trend in the case of the Cambisols and Luvisols to increase the content of this nutrient over the period under analysis. The explanation for this result can be found in the slight increase verified on the organic matter content of the soil, since this nutrient is not, in the overwhelming majority of cases, applied on the fertilizer form [29,30]. The results obtained for both phosphorus and potassium are similar to those reported by other authors [60,61]. However, the observed changes are smaller than the ones expected and reported previous studies [37,61]. It seems that in this case the implementation of EAM had a positive result in the majority of soil types studied.



This reality might be due to the fact these soils present already medium to high levels of phosphorus and potassium, making that any increments on these elements will necessarily be less evident and more slowly registered. Another aspect to be emphasized, in the scope of this study, was the registered medium to high levels of phosphorus, that are not in line with the generalized data regarding the soils of Northeast Alentejo, which are characterized by very low (0 to 25 mg kg−1) to low (25 to 50 mg kg−1) phosphorus levels [29,37]. The explanation for this result may be related, firstly, to some phosphorus fertilization, carried out when implementing the bio-diverse pasture inherent to the Extensive Forage Systems, as previously mentioned; and secondly, because some of these soils were kept natural, or mainly dedicated to extensive pasture for several years, which lead to fertility levels that would already be logically better than those normally found in the region’s agricultural soils.




4.5. Heavy Metals (Cd, Cr, Cu, Zn, Mn, Pd, and Al)


Although, with no statistical significance, the registered variations on Chromium, Cadmium, Copper, Nickel and Lead demonstrate an increasing tendency during the first three years of the assay, after which they decrease and stabilize. These changes in heavy metals content are in line with the consulted literature [23,40,62,63,64,65]. Furthermore, the obtained results (low levels of heavy metals recorded and non-significant evolution of this parameter over time) were along with the expectations, considering both the characteristics of the study area (a natural landscape free of pollution incidents, with very low levels of industrialization), and the implemented cultural system in which the amount of fertilizers and phytosanitaries applied is very low [29,54].





5. Conclusions


From the results obtained in the present study we conclude that, under typical Mediterranean conditions, the application of the EU AEM known as “Extensive Forage Systems” did not lead, at least during the first 7 years of its application, to significant changes to the soils organic carbon and pH, independently from the soils group under analysis. Regarding Soil EC, there was a significant increase on the registered values during the study period, particularly evident on Cambisols and Vertisols and after the first three years of the application of the EMP under analysis. The “assimilable” phosphorus and potassium contents have a significant tendency in the case of Cambisols and Luvisols to grow during this period, which, especially in the case of phosphorus, is directly related to fertilization. In the case of the “assimilable” phosphorous, the growth observed seems to be in line with the normal cycle of fertilizer application, with increases during the first year followed by a decrease in the next two years and again a growth on the following year. In regard to the content of Cd, Cr, Cu, Zn, Mn, Pb and Ni, independently of the group of soils under analysis, the levels of these elements in the soil don’t change significantly between the beginning and the end of the experimental period.



As a final conclusion of this study, we can say that the application of AEM, under the soil, climatic and agricultural conditions of the study region, allowed a significant increase in assimilable phosphorus and potassium levels, which, although not one of the main objectives of these measures, has to be highlighted given its importance in soil fertility. However, the application of these measures did not lead to significant increases in the organic carbon content of the soil, and this is not according to what is presented as one of the main objectives of this agro-environmental measure.
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Figure 1. Sampling point distribution over the Map of the Portalegre District. 
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Figure 2. Food and Agriculture Organization (FAO) Soil classification map—overlapped to the study area [36]. 
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Figure 3. (Left) Distribution of annual mean air temperature values in the Portalegre District; (Right) Distribution of mean annual rainfall values in the Portalegre District. 
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Figure 4. Annual evolution of organic carbon (2003–2009) in plots subject to European Union (EU) agro-environmental measure “Extensive Forage Systems”. 
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Figure 5. Annual evolution of pH values (2003–2009) in plots subject to EU agro-environmental measure “Extensive Forage Systems”. 
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Figure 6. Annual evolution of the Electric Conductivity values (2003–2009) in plots submitted to the EU agro-environmental measure “Extensive Forage Systems”. 
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Figure 7. Annual evolution of “available” phosphorus (2003–2009) in plots subject to EU agri-environmental measure “Extensive Forage Systems”. 
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Figure 8. Annual evolution of “available” potassium (2003–2009) in plots subject to EU agri-environmental measure “Extensive Forage Systems”. 
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Table 1. Annual evolution of the heavy metals (cadmium, chromium, copper, zinc, manganese, lead and nickel) (2003–2009) in plots subject to EU agro-environmental measure “Extensive Forage Systems”.
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Cambisols

	
Vertisols

	
Leptosols

	
Luvisols

	
Podzols

	
AVERAGE






	
Cadmium

	
2003

	
0.03 a

	
0.26 a

	
0.11 a

	
0.14 a

	
0.09 a

	
0.09 a




	
2004

	
0.07 a

	
0.31 a

	
0.09 a

	
0.22 a

	
0.07 a

	
0.12 a




	
2005

	
0.18 a

	
0.37 a

	
0.27 a

	
0.26 a

	
0.12 a

	
0.20 a




	
2006

	
0.08 a

	
0.33 a

	
0.22 a

	
0.17 a

	
0.08 a

	
0.12 a




	
2007

	
0.20 a

	
0.30 a

	
0.14 a

	
0.19 a

	
0.14 a

	
0.17 a




	
2008

	
0.08 a

	
0.41 a

	
0.15 a

	
0.23 a

	
0.09 a

	
0.14 a




	
2009

	
0.09 a

	
0.32 a

	
0.18 a

	
0.21 a

	
0.07 a

	
0.13 a




	
Chromium

	
2003

	
0.32 a

	
1.07 a

	
0.67 a

	
1.02 ab

	
0.54 a

	
0.76 a




	
2004

	
0.43 a

	
0.93 a

	
0.98 a

	
1.17 ab

	
0.76 ab

	
0.85 a




	
2005

	
1.34 b

	
1.34 a

	
0.99 a

	
1.30 b

	
1.12 b

	
1.28 b




	
2006

	
1.10 b

	
1.11 a

	
1.00 a

	
1.12 ab

	
1.03 ab

	
1.09 ab




	
2007

	
0.36 a

	
1.24 a

	
0.40 a

	
0.48 a

	
0.56 a

	
0.58 a




	
2008

	
0.45 a

	
0.98 a

	
0.62 a

	
0.61 a

	
0.42 a

	
0.63 a




	
2009

	
0.49 a

	
1.15 a

	
0.54 a

	
0.57 a

	
0.53 a

	
0.65 a




	
Copper

	
2003

	
0.71 a

	
1.33 a

	
1.74 a

	
1.45 a

	
0.66 a

	
1.19 a




	
2004

	
0.84 a

	
1.56 a

	
1.63 a

	
1.56 a

	
0.69 a

	
1.31 a




	
2005

	
0.93 a

	
1.77 a

	
1.87 a

	
1.89 a

	
0.67 a

	
1.53 a




	
2006

	
0.65 a

	
1.52 a

	
1.54 a

	
1.78 a

	
0.48 a

	
1.32 a




	
2007

	
0.75 a

	
1.67 a

	
1.34 a

	
1.45 a

	
0.55 a

	
1.24 a




	
2008

	
0.73 a

	
1.88 a

	
1.72 a

	
1.67 a

	
0.68 a

	
1.39 a




	
2009

	
0.78 a

	
1.75 a

	
1.83 a

	
1.98 a

	
0.71 a

	
1.51 a




	
Zinc

	
2003

	
0.41 a

	
0.36 a

	
1.14 a

	
0.85 a

	
1.03 a

	
0.75 a




	
2004

	
0.54 a

	
0.39 a

	
1.03 a

	
0.96 a

	
1.26 a

	
0.87 a




	
2005

	
0.63 a

	
0.37 a

	
1.27 a

	
1.29 a

	
1.47 a

	
1.09 a




	
2006

	
0.35 a

	
0.18 a

	
0.94 a

	
1.18 a

	
1.22 a

	
0.88 a




	
2007

	
0.45 a

	
0.25 a

	
0.74 a

	
0.85 a

	
1.37 a

	
0.80 a




	
2008

	
0.43 a

	
0.38 a

	
1.12 a

	
1.07 a

	
1.58 a

	
0.95 a




	
2009

	
0.48 a

	
0.41 a

	
1.23 a

	
1.38 a

	
1.45 a

	
1.07 a




	
Manganese

	
2003

	
47.0 a

	
22.0 a

	
42.0 a

	
31.0 a

	
53.0 a

	
41.2 a




	
2004

	
39.0 a

	
19.0 a

	
37.0 a

	
45.0 ab

	
59.0 a

	
44.7 a




	
2005

	
49.0 a

	
31.0 ab

	
35.0 a

	
51.0 b

	
65.0 a

	
51.3 a




	
2006

	
41.0 a

	
43.0 b

	
45.0 a

	
36.0 a

	
41.0 a

	
39.1 a




	
2007

	
31.0 a

	
29.0 ab

	
29.0 a

	
33.0 a

	
57.0 a

	
36.5 a




	
2008

	
53.0 a

	
27.0 a

	
41.0 a

	
47.0 ab

	
49.0 a

	
48.5 a




	
2009

	
55.0 a

	
38.0 ab

	
39.0 a

	
33.0 a

	
47.0 a

	
43.2 a




	
Lead

	
2003

	
1.94 a

	
1.11 a

	
2.15 a

	
1.15 a

	
3.15 a

	
2.67 a




	
2004

	
2.11 a

	
1.97 b

	
2.89 a

	
1.79 b

	
3.79 a

	
3.90 b




	
2005

	
2.78 b

	
1.77 ab

	
2.93 a

	
1.67 b

	
4.11 a

	
4.11 b




	
2006

	
2.71 b

	
2.15 b

	
3.17 a

	
2.25 c

	
3.89 a

	
4.48 b




	
2007

	
2.22 a

	
1.63 ab

	
2.77 a

	
1.93 b

	
2.97 a

	
3.93 ab




	
2008

	
1.87 a

	
1.65 ab

	
2.07 a

	
0.87 a

	
2.57 a

	
3.27 a




	
2009

	
2.83 b

	
2.17 b

	
2.59 a

	
1.35 a

	
3.99 a

	
4.42 b




	
Niquel

	
2003

	
1.45 a

	
3.15 a

	
1.15 a

	
1.55 a

	
2.15 a

	
1.50 a




	
2004

	
2.35 b

	
3.95 a

	
1.95 b

	
1.79 a

	
2.30 a

	
2.07 ab




	
2005

	
2.55 b

	
3.27 a

	
2.77 c

	
2.15 a

	
2.87 a

	
2.45 b




	
2006

	
1.74 a

	
2.96 a

	
1.95 b

	
1.45 a

	
1.95 a

	
1.67 a




	
2007

	
1.55 a

	
2.80 a

	
1.37 ab

	
1.85 a

	
2.25 a

	
1.77 a




	
2008

	
1.15 a

	
2.57 a

	
1.18 a

	
1.35 a

	
1.75 a

	
1.33 a




	
2009

	
1.40 a

	
2.74 a

	
1.05 a

	
1.40 a

	
2.45 a

	
1.56 a
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