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Abstract

:

Montado is a characteristic ecosystem of the Mediterranean region. The adequate management of this silvo-pastoral ecosystem requires good understanding of the effect of factors such as tree canopy, fertilization and soil amendment on pasture growth. The main objectives of this work were: (1) to evaluate the effect of tree canopy on soil characteristics and pasture productivity and quality; and (2) to test floristic composition assessment as a bio-indicator of soil improvements (amendment and fertilization) in each study area (under and outside tree canopy). Topsoil was characterized at the beginning of the project (October 2015) and at the end of the experiments (spring 2020). Soil parameters obtained by electronic sensors (soil moisture content, soil cone index and surface temperature) were monitored monthly during the 2017/2018 pasture vegetative cycle. Pasture productivity, quality and floristic composition were evaluated every two years (2016, 2018 and 2020) in the spring flowering period. The results of the floristic inventory were submitted to a multilevel pattern analysis (Indicator Species Analysis, ISA). Pasture biodiversity was evaluated based on the calculation of richness indices. This study showed a positive effect of tree canopy on soil fertility and pasture quality (e.g., CP). Pasture productivity, on the other hand, was higher in areas outside tree canopy. The great potential of ISA as a tool for identification of bio-indicator species was also demonstrated. Pasture species were identified as ecological and dynamic attributes characteristic of each study area, before and after soil amendment and fertilization.
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1. Introduction


Montado is a characteristic ecosystem of the Mediterranean region, consisting of trees and biodiverse pastures grazed by animals [1]. Pastures are one of the most important terrestrial ecosystems on earth, currently covering about a quarter of the world’s land area [2]. Evergreen trees, mainly Quercus ilex subsp. rotundifolia Lam. (Holm oak) and Quercus suber L. (Cork oak) are important shelter zones for the animals in days of thunderstorms and intense winter rains, and provide some thermal comfort in the hot summer period [3]. Several studies also show that, in these silvopastoral ecosystems, under tree canopy areas (UTC) have different characteristics from open or outside tree canopy areas (OTC), in terms of fertility, compaction or soil moisture [4,5]. These specific characteristics (microclimate and edaphic) created by the trees, associated with the animal grazing effect, differentially influence pasture productivity, quality and floristic composition [4,6], creating a mosaic of distinct patches of vegetation associated with scattered trees [7].



Pastures constitute the essential food resource for herbivores animals (mainly sheep and cows) in extensive livestock systems and prevent the consumption of supplementary feed (and the consequent economic cost) during the growing season [2,8]. Nonetheless, these dryland pastures have low productivity [6], as they predominantly occupy poor and acid Cambisols and are subject to a marked seasonal and inter-annual variability of temperature and, especially, of the distribution of precipitation along the productive seasons (autumn, winter and spring), followed by summer drought stress [9]. The recommended procedure to adequately manage and to increase the productivity of these extensive production systems is based on soil fertility amendment through chemical fertilizer applications [10], which requires a good understanding of the effect of factors such as tree canopy, fertilization and soil amendment on the pasture growth, allowing managers to make informed decisions [11].



The Montado ecosystem also assumes a fundamental role as a reservoir of biodiversity [2,8], especially important in the face of the challenges resulting from climate changes and fluctuations [12,13]. Species richness declines with increasing site productivity, at least in anthropogenic grasslands [7,14], and thus monitoring the balance between these two dimensions, productivity (agricultural goal) and biodiversity (conservation/ecological goal) [7], represents a holistic approach and can be a tool to support farm manager’s decision-making process from an economic and environmental perspective.



In recent years, Precision Agriculture approach has translated into an exponential incorporation of technology in the agricultural and livestock sector [15]. The expansion in the application of proximal or remote sensing currently provides a more complete knowledge of the complex scenario of the Montado ecosystem, both in terms of the soil spatial variability [16], as well as in terms of the estimation of pasture productivity [17] or pasture quality [18], which allows farmers to improve the grazing management and the animal feed supplementation needs in the critical periods of summer and autumn [19]. Nevertheless, grassland systems frequently exhibit small-scale botanical and structural heterogeneity with pronounced spatio-temporal dynamics, features that present particular challenges for sensor applications [20]. On the other hand, this approach is not optimized since it leaves out the assessment of the intrinsic component related to the botanical species’ diversity. This is required in order to maintain high nutritive value in grasslands [8] and, in essence, constitute the source of animal food, but, at the same time, there are vulnerable hotspots in terms of biodiversity [13]. Biodiversity can be viewed as a dynamic bio-indicator of the long-term evolution and conservation of the capacity of this ecosystem to provide valuable services [11,13], functioning under future environmental scenarios [12]. “Indicator species analysis” (ISA) are good diagnostic tools to simplify and understand observed species patterns [21], to identify potential risk of invasive plants’ expansion [13] or ecological niches of species with relatively narrow habitat and microclimatic requirements [21]. Indicator species could be used in three distinct ways: (i) to reflect the biotic or abiotic state of the environment; (ii) to reveal evidence of the impact of environmental changes; and (iii) to indicate the diversity of other species or communities within an area [22].



In this context, the experimental field used in this case study is intended as a Mediterranean-climate reference laboratory for global change research because of its transitional climate, the high spatiotemporal variability of its environmental conditions, rich and unique biodiversity, and a wide range of socio-economic conditions [13]. Therefore, the main objectives of this work were: (1) to evaluate, over six years, tree canopy effects on soil characteristics and pasture productivity and quality; and (2) to test the floristic composition assessment as a bio-indicator of each study area (under and outside tree canopy, UTC and OTC, respectively), temporally sensitive to soil improvements (amendment and fertilization).




2. Materials and Methods


2.1. Chronological Approach


Figure 1 shows the chronological diagram of the interventions and soil and pasture measurements carried out between October 2015 and May 2020 for monitoring the Montado ecosystem at the Mitra experimental field. The effect of tree canopy, soil amendments and fertilization were evaluated at the level of pasture productivity (GM and DM), quality (CP and NDF) and floristic composition (FC) at the peak of production (April–May) of three pasture vegetative cycles: 2015/2016, 2017/2018 and 2019/2020.



In this period, two soil amendments (superficial application of 2000 kg ha−1 with dolomitic limestone were carried out, the first in November 2017 and the second in June 2019), and one soil fertilization (surface application of 100 kg ha−1 of ammonium phosphate carried out in December 2018). Pasture was permanently grazed by sheep (mean number of 10 animals per hectare).




2.2. Experimental Field Characteristics and Sampling Scheme


This research was conducted at a farm called Mitra (38°32.2′ N, 8°1.1′ W), located in the proximity of Valverde, 10 km southwest of Évora (southern Portugal). In the study area (2.3 ha), six trees were used as reference in the sampling process (for more details please see [1]). For each reference tree four sampling points were geo-referenced, two under tree canopy (UTC) and two outside tree canopy (OTC), half facing North and half facing South (Figure 2). In each of these twenty-four sampling points, a wooden grazing exclusion cage (dimensions 0.5 m × 0.5 m × 0.5 m) was installed.



The predominant soil of this field is classified as a Cambisol derived from granite [23]. Cambisols are characterised by slight or moderate weathering of parent material and absence of appreciable quantities of illuviated clay, OM, aluminum, and/or iron compounds. These soils are not very fertile and are used mainly for mixed arable farming and as forest and grazing land.



The climate of this area is Mediterranean, modified by the interior location and by oceanic influences from the Atlantic. According to the Köppen-Geiger classification, it is a Csa climate type [24]. It is characterized by dry and hot summers, mild winters, and variable intra-annual rainfall. The monthly average temperature is between 8 and 26 °C. Minimum temperatures are close to 0 °C between December and February, and the maximum occasionally reaches more than 40 °C in summer. The annual rainfall is between 400 and 600 mm. However, one of the most important characteristics of the precipitation is its inter-annual variability. There is a dry season, from June to September, and a wet season, from October to May. Figure 3 shows the monthly precipitation and temperature between September 2015 and August 2020. This inter-annual variability is evidenced in the period of this study (2015–2020), with accumulated rainfall between 313 mm in 2018/2019 and more than twice as much (683 mm) in 2017/2018 (Table 1). In this five-year period (2015–2020; Table 1) it was possible to observe the fluctuation of maximum rainfall: October, November or April.




2.3. Soil Sample Collection and Analysis


Soil samples were collected in October 2015 using a gouge auger and a hammer, in a depth range of 0–0.30 m [1]. One composite soil sample was taken in each of the twenty-four geo-referenced sampling points, comprising four subsamples from within 1 m of the center of the exclusion cage.



Based on standard methods of soil analytic determination [25] this soil was characterized in terms of texture (sand, silt, and clay components), pH, organic matter (OM), total nitrogen (Ntotal), phosphorus (P), potassium (K), magnesium (Mg) and manganese (Mn).



Soil samples were kept in plastic bags, air-dried, and analysed for particle-size distribution using a sedimentographer (Sedigraph 5100, manufactured by Micromeritics), after passing the fine components through a 2 mm sieve. The fine components (<2 mm) were analyzed using the following methods [26]: (i) pH in 1:2.5 (soil:water) suspension, using the potentiometric method; (ii) organic matter was measured by combustion and CO2 by infrared detection cell; (iii) Ntotal with the Kjeldahl method; (iv) P and K were extracted by the Egner-Riehm method, P was measured using colorimetric method, and K content was measured with a flame photometer; and (v) Mg and Mn were measured using atomic absorption spectrometry.



Soil samples were collected again in March 2020 using the same procedures to obtain the pH, Mg and Mn [19].



Soil moisture content (SMC, in %) was measured monthly between September 2017 and August 2018. Twenty four plastic tubes were installed in the ground at up to 0.30 m depth, twelve UTC and twelve OTC. These probe access tubes provide rapid, reliable, and non-destructive recording of SMC profiles using portable Time Domain Reflectometry (TDR) probes (TRIME-FM, IMKO—Micromodultechnik, GmbH, Ettlingen, Germany). The measurements were carried out at the following depths: 0.10, 0.20, 0.30 m.



Soil cone index (SCI, in kPa) was measured monthly between December 2017 and March 2018. Measurements were carried out in the twenty-four sampling points with a FieldScout SC 900 (Spectrum Technologies, Aurora, IL, USA) electronic cone penetrometer. In this study, the SCI values between 0 and 0.30 m (at 2.5 cm intervals) were used. In the months of September, October and November 2017 and April, May, June, July and August 2018, the soil was very hard, making it difficult to perform adequate measurements with the probe. The average of four measurements dates was used.



Soil/pasture surface temperature was measured monthly by infrared thermography (Tir, °C) between September 2017 and August 2018. This is a technique that captures the emission of thermal radiation by a body and converts it into a visible colored digital image. Infrared thermography images were obtained from each of the twenty-four sampling points always at the same time of the day (9:00 a.m.) using an infrared camera (ThermaCAMTM FLIR Systems, Wilsonville, OR, USA). Thermography images were analyzed using ResearchIR® 3.0 (FLIR Systems, Wilsonville, OR, USA) and data from each infrared image was exported to a spreadsheet where the information was processed to calculate the mean and standard deviation of soil/pasture surface temperature.




2.4. Pasture Samples Collection and Analysis


During the pasture flowering period of the 2015/2016, 2017/2018 and 2019/2020 vegetative cycles, a floristic inventory of species present in each of the sampling points (floristic composition, FC) was carried out by an expert in conservation biology based on the phytosociological method of Braun-Blanquet [27]. In each sampling area (0.25 m2), the percentage of coverage by each species was recorded. The first assessment (2016) was carried out at the beginning of the study (before any soil amendment), the second assessment (2018) was carried out at the middle of the study, after an application of dolomitic limestone (November 2017) and the third assessment was carried out at the end of study, after two dolomitic limestone applications (November 2017 and June 2019), interspersed (December 2018) by a fertilizer application (Figure 1). Pasture sampling process was carried out every two years (2016, 2018 and 2020) during spring, at the peak of pasture production (May or June). Pasture inside each of the twenty-four exclusion cages (0.5 m × 0.5 m) was cut with a portable grass shears at 1–2 cm above ground level and stored in marked plastic bags. The pasture samples were then taken to the Animal Nutrition Laboratory of the University of Évora, where they were weighed, dried (for 72 h at 65 °C), and then weighed again to establish pasture productivity in terms of green matter (kg GM ha−1) and dry matter (kg DM ha−1) according to standard procedures [28]. The dehydrated samples were subjected to standard analysis of wet chemistry according to the Association of Official Analytical Chemists [25] to obtain pasture crude protein (CP), and neutral detergent fibre (NDF), both in % of DM.




2.5. Statistical Analysis of the Data


Descriptive statistical analysis (mean, standard variation, and range) was performed for soil and pasture parameters. Then, ANOVA of the data was carried out considering a one-factor experiment (influence of tree canopy, UTC vs. OTC), using “MSTAT-C” software with a 95% significance level (p < 0.05). The “Fisher” (“Fisher’s least significant difference, LSD”) test was applied whenever the ANOVA results presented significant differences between factors.



Data of pasture FC were submitted to a multilevel pattern analysis (Indicator Species Analysis—ISA), a specific package for “R” statistic software (St. Louis, MO, USA) [29]. ISA involves the calculation of an indicator value (IV) for species, corresponding to the product of the relative abundance (specificity) and relative frequency (fidelity), expressed as a degree (in percentage) [30]. The indicator value ranges between 0 (species absent in a given group) and 100 (species that occurs in all samples within the group and does not occur in other groups) [31]. In order to identify bio-indicator species, characteristic of each study area throughout the period under evaluation, two approaches were taken in this analysis: (i) tree canopy (UTC and OTC) factor; and (ii) year of evaluation (2016, 2018 and 2020). Pasture biodiversity was evaluated based on the calculation of richness, Simpson’s diversity index (DI; Equation (1)) [14] and Shannon-Wiener diversity index (H’; Equation (2)) [22]. The richness was normalized using the log (x + 1) transformation and was represented by the species matrix for each of the trial treatments. Statistical significance was assessed using α = 0.05. There are two main components that contribute to biodiversity, the species richness (describes the number of different species present in an area) and species evenness (describes the relative abundance of the different species in an area).


  D I = 1 −  ∑  p  i 2   



(1)






   H ′  = −  ∑   [   (  p i  )  × ln  (  p i  )   ]   



(2)




where “DI” is the Simpson’s diversity index; “H′” is the Shannon-Wiener index; and “pi” is the proportion of each “i” species.





3. Results


3.1. Soil Characteristics UTC and OTC


Table 2 shows the clear effect of tree canopy on OM and macro and micronutrients (Nt, P2O5, K2O, Mg and Mn), with OM accumulation and greater fertility (significantly higher contents) in UTC areas, relative to OTC areas, as well as the low pH (5.3–5.4) of the topsoil of the experimental field (Table 2) at the beginning of the project (October 2015). No significant differences were found between these areas in terms of texture (sand, silt and clay) and pH. Six years later (March 2020, near the end of the experiment), two soil amendments, one soil fertilization and permanent sheep grazing, led to a generalized but slight upward trend in pH, significantly more pronounced UTC (pH = 5.8, against 5.6 OTC) accompanied by a clear increase in the ratio Mg/Mn.



Some other parameters that could justify the differentiated growth of the pasture UTC and OTC include soil/pasture surface temperature (Tir; Figure 4), soil moisture content (SMC; Figure 5) and soil cone index (SCI; Figure 6).



Figure 4 shows a clear and statistically significant Tir gradient of 3 to 5 °C between March and September (between Spring and Summer), favouring OTC areas, the opposite of what happened in Winter months (in particular December and February). The lower temperature UTC during spring months may have a positive effect on the pasture by delaying the advance of the vegetative cycle (and the consequent quality degradation), but it may also represent lower pasture productivity, attenuating the catalytic effect of temperature on the physiological processes of biomass production, especially if soil moisture is available. Tree canopy effect was again positive, both for the animals and for the development of the pasture, in winter, preventing the temperature from falling to values close to 0 °C.



Soil moisture had a similar temporal pattern at all depths (0.10, 0.20 and 0.30 m; Figure 5), both UTC and OTC. There was a clear increase in early winter (December) and an abrupt break at the beginning of spring (March), which is a decisive factor in the duration of the vegetative cycle. The most salient and even surprising aspect was the systematic trend, throughout practically the whole year, of significantly higher SMC in OTC areas, which certainly had an impact on differential pasture productivity.



Soil cone index (SCI), shown in average terms in Figure 6, gradually increased to a depth of 0.20 m, decreasing slightly to a depth of 0.30 m. UTC and OTC had a similar profile of this parameter in the 0–0.15 m soil layer but in the 0.15–0.30 m layer UTC showed significantly higher values.




3.2. Pasture Productivity and Quality UTC and OTC


Pasture productivity, evaluated by GM and DM (in kg ha−1; Figure 7a,b, respectively) at peak production, was systematically (2016, 2018 and 2020) and significantly higher for OTC than UTC. Tree canopy areas, nonetheless, presented in the same period, higher levels of CP (in % DM; Figure 7c), i.e., greater pasture quality. This positive aspect conferred by tree canopies on the pasture quality was further reinforced in the spring of 2020, with significantly lower fibre contents (NDF, in % DM; Figure 7d). These results highlight, further, a relatively low pasture productivity (in terms of GM) and relatively high CP contents in spring 2020. This last result is probably related to the earlier production assessment in 2020 (beginning of May) compared to 2016 and 2018 (late May–early June).




3.3. Pasture Floristic Composition UTC and OTC


The results of pasture floristic composition (FC) evaluations, carried out UTC and OTC in spring 2016, 2018 and 2020, are presented in Table 3. The different species in each area (UTC and OTC) and in each year (2016, 2018 and 2020) are indicated by bold font. Over the three evaluation dates (2016, 2018 and 2020) a total of fifty-four botanical species (forty-two UTC and forty nine OTC) were identified, corresponding to seventeen families. It should be noted that three of these families (Asteraceae, Fabaceae and Poaceae) included twenty-seven species, i.e., 50% of the total number of species (Figure 8). In terms of coverage area, and as an average of three evaluation times (2016, 2018 and 2020), species from just two families (Geraniaceae and Poaceae) represented 80.2% of the UTC area, while species from just three families (Geraniaceae, Poaceae and Asteraceae) represented 71.0% of the OTC area (Figure 9).



The temporal evolution showed the presence of thirty-two species in 2016, a significant drop to twenty species in 2018 and a clear recovery to thirty-five species in 2020 (Table 3). Pasture botanical species with mean cover >5% in each evaluation date (2016, 2018 and 2020), UTC and OTC are presented in Figure 10. There was a very dynamic evolution of the predominant species in each area (UTC and OTC) over the years. While in the UTC areas there was a clear predominance of one or two species in each year (Erodium moschatum in 2016, Bromus diandrus and Erodium moschatum in 2018 and Erodium botrys in 2020), in the OTC areas only in 2018 there was a clear predominance of one species (Erodium moschatum), with a more balanced representation of the various species in 2016 and 2020. Figure 11 shows a marked spatial and inter-annual dynamics of the three botanical species with greater ground cover. In 2016 Erodium moschatum, Vulpia geniculata and Chamaemelum mixtum were the predominant species UTC and Chamaemelum mixtum, Erodium moschatum and Leontodon taraxacoides were the predominant species OTC, i.e., Vulpia geniculata and Leontodon taraxacoides were the species that differentiated the UTC and OTC sites. In 2018 Bromus diandrus, Erodium moschatum and Erodium malacoides were the predominant species UTC and Erodium moschatum, Bromus diandrus and Diplotaxis catholica were the predominant species OTC, i.e., Erodium malacoides and Diplotaxis catholica were the species that differentiated the UTC and OTC sites. In 2020 Erodium botrys, Avena barbata and Bromus diandrus were the predominant species UTC and Erodium botrys, Hordeum murinum and Leontodon taraxacoides were the predominant species OTC, i.e., in terms of predominant species only Erodium botrys was common to both areas (UTC and OTC).



The evolution of pasture biodiversity measured through several indices (richness, Simpson’s and Shannon-Wiener) is illustrated in Figure 12. All these indices show the same trend: higher OTC values than UTC and a fall in 2018, compared to 2016 and 2020, which is in line with the aforementioned significant drop of species number in 2018, followed by an important recovery in 2020.



After assessing the trends in terms of biodiversity patterns in the overall study period (2015–2020), two bio-indicator species associated with UTC areas and nine bio-indicator species associated with OTC areas were identified through indicator species analysis (ISA) (Figure 13). Dendogram representing the ISA application by year of evaluation (Figure 14) shows a total of twenty seven different indicator species, that is half of the total species that were present in the experimental field throughout the study, twelve in 2016 (at the beginning of the study), three in 2018 (at the middle of the study, after a correction of the soil pH), eight in 2020 (at the end of the study, after two corrections of the soil pH and one fertilization), two in 2016 and 2018, one in 2018 and 2020, and one in 2016 and 2020. Dendogram representing ISA applied to the pair tree canopy effect-year (tree canopy effect in each evaluation, 2016, 2018 and 2020; Figure 15) shows one indicator species of UTC areas in each year and three (in 2018 and 2020) or four (in 2016) indicator species associated to OTC areas, all different, confirming the great dynamics and inter-annual variability of pasture FC.





4. Discussion


Reliable measures of biomass, composition of plant communities and nutritive value are critical to assessing the ecological health of a landscape and provide important indicators of the status of pastures, allowing managers to make informed decisions [11]. Pasture growth rates vary due to abiotic (soil, climate, elevation, among others) and biotic conditions (pasture genetic potential, soil microbiology, grazing management, among others) which together highlight the need for regular paddock-level pasture cover assessment [32]. This need is especially justified in Mediterranean areas, globally facing a challenge in terms of management and decision-making policies addressing dynamic processes and patterns of biodiversity that ensure long-term ecosystem conservation [13]. Efficient pasture management is one of the key factors governing economic viability of the ruminant meat industry by ensuring accurate and well-planned pasture allocation for optimal grazing [2].



4.1. Soil Variability and Pasture Productivity and Quality UTC and OTC


The spatial variability of soil parameters has been published in several works on agro-forestry systems [33,34,35]. Areas under tree canopy tend to increase soil fertility [4,5,36,37] as a result of the combined effect of trees and animal grazing [4,5], through the input of organic matter in sheep feces (dung and urine), of leaves of the trees and through nutrient redistribution [35,38]. These modified conditions under tree canopies, with changes in certain soil properties, create conditions for differences in pasture productivity, mediated by shifts in plant community composition [12]. Soil parameters, especially texture and fertility, have been considered the main drivers of vegetation characteristics, factors causing structural and floristic variation of vegetation [34] and may even enable the germination and establishment of woody species which otherwise would not succeed in open pasture conditions [38].



This soil spatial variability is the basis of the concept of Precision Agriculture, seeking to identify homogeneous management zones and implement a different management for each one of them according to their productive potential or their limitations [16]. Different management at the level of pastures in the Montado ecosystem may involve, for example, correction of pH or soil fertilization, reseeding of botanical species, stocking rates or grazing intervals in each parcel [39]. In this study, the re-evaluation of pH, Mg and Mn six years after the start of the project (Table 2) and after soil amendments (twice) and fertilization (once), in addition to permanent grazing by sheep, showed significant changes, although slight and positive, in pH and Mg/Mn ratio. It is known that soil acidity restricts agricultural production, mainly due to nutrient deficiency (or unavailability) and toxicity by metals such as Mn [6]. Manganese toxicity is one of the most important limiting factors of crop productivity in the South of Portugal [6], leading to the general practice of applying dolomitic limestone to the extensive pastures of the Alentejo region, acting at the level of the soil reaction but also favouring the Mg/Mn ratio [40]. The results of our study, having led to a slight rise in pH and a clear improvement in the Mg/Mn ratio (practically doubled between the beginning and the end of this study), show that the surface application (not incorporated into the soil through mobilization) of amendments/fertilizers does not result in an immediate and significant increase in the soil pH/fertility, but rather in a gradual increase over time [41]. That is why these studies on the effect of interventions to improve soil fertility should span several years or even decades [10], to allow time for this complex system to readjust itself, visibly improving the productivity of the crops.



Despite the greater fertility normally associated with areas UTC, competition for resources (water, light, and nutrients) between tree and pasture roots is the main reason for decreased crop yields in these areas [4]. It is important to add the potential effect of soil compaction provided by animals, especially in resting areas, preferably under the tree canopy [33]. Soil UTC tends to have higher density and lower porosity as a result of the greater compaction caused by the animals [36]. These factors (tree roots and animal grazing) can explain the significantly higher SCI values measured by the cone penetrometer in UTC areas in the 0.15–0.30 m soil layer (Figure 6).



Among the abiotic factors that, in addition to the soil, influence the development of pasture, climatic factors stand out, especially temperature and precipitation [12]. Despite the tendency in this region for the average temperature to fall by 3–5 °C in autumn and a tendency to rise on average by 2–3 °C in spring [1], the main abiotic factor that will affect the phenological responses and the growth of different botanical species of these biodiverse pastures [12] is the distribution of precipitation [10]. In terms of accumulated rainfall, in the three years in which the pasture assessment was carried out, the first (2015/2016) can be identified as relatively dry (accumulated rainfall of 466 mm), especially in autumn (only 53 mm), but the second and third years (respectively, 2017/2018 and 2019/2020) can be considered normal (accumulated rainfall of 683 mm and 668 mm, respectively), with the precipitation evenly distributed in the autumn, winter and spring seasons. In comparative terms, the reduced rainfall of autumn 2015/2016 may have delayed the emergence of the pasture (which takes place a few days after the first significant rains) and, therefore, it may have shortened the productive cycle of the pasture. These factors (temperature and rainfall) directly affect the pasture in terms of surface temperature and available soil moisture, both with direct impact on dryland productivity [42].



Tree canopy effect is potentially positive for the development of the pasture in winter, preventing the soil/pasture surface temperature from falling to values close to 0 °C. On the other hand, the lower soil/pasture surface temperature UTC during spring months may have a positive effect on the pasture by delaying the conclusion of the vegetative cycle (and the consequent quality degradation) [42], but it may also lead to lower pasture productivity in these areas, reflecting lower light transmission to the understory and, consequently, the reduction of photosynthetic rates in zones with lower sun exposure [43]. Light interception by plant leaves is used in photosynthesis to provide energy for plant maintenance, to grow new leaves and roots, and to produce carbohydrates stored within cells and translocated to energy sinks [44].



Another aspect that can be responsible for the lower pasture productivity UTC is related to the SMC pattern: throughout the vegetative cycle, higher SMC values were systematically observed OTC than UTC at all depths (0.10 m, 0.20 m and 0.30 m). Nonetheless this issue is not consensual. While some studies refer to the tendency for greater accumulation of moisture UTC due to positive effect of tree shade on the reduction of evapotranspiration [4,38], other studies show that the soil beneath trees has lower moisture content than soil beneath open pasture [42]. The latter is based on the reduced rainfall received by the understorey due to the interception by tree canopy and evaporation [42]. The general pattern of SMC (UTC and OTC), with an abrupt break at the beginning of spring, associated with a significant increase in temperature are decisive factors for the evolution of the vegetative cycle of the dryland pastures, with a decrease in their nutritional value during spring [39]. Soil water deficit results in lower forage dry matter yield, primarily due to limited leaf area development, and reduced photosynthesis caused by stomatal closure [4]. Pullanagari et al. [45] also showed a positive tree effect on pasture quality and a negative effect on their productivity.



In summary, the effect of trees on pasture is a direct consequence of the extent to which they modify the microclimate and soil properties [4]. It is known that (i) a reduction in the quantity and quality of light UTC directly affects the physiological processes of plants, decreasing pasture carbohydrate synthesis and net dry matter production [42]; (ii) lack of light, cool temperatures and low SMC under trees reduce the growth rate of pasture species, and consequently delay their life cycle [4].




4.2. Pasture Floristic Composition UTC and OTC: Biodiversity and Indicator Species Analysis


One aspect that increases the complexity of this ecosystem is related to the diversity of botanical species involved in these pastures. Preserving the plant diversity is a prerequisite for maintaining high forage nutritive value in grasslands [8,10]. The evaluation of the pasture FC during the study allowed several spatial and temporal approaches. These approaches showed a marked spatial and inter-annual species dynamics, which seems to indicate the joint involvement of several edapho-climatic factors (pH, fertility, soil compaction, temperature, precipitation, etc.), but also the effect of grazing and factors of competition between trees and pasture, or among the various species/families of the biodiverse pastures.



It is recognized that high number of legume species is an indicator of high quality pastures [46]. According to Avdiu et al. [46] the main indicator regarding the degradation of pasture quality is the very small presence of the legumes functional group. In our study the Fabaceae family (which includes the species known as legumes) covered, as an average of three evaluations (2016, 2018 and 2020), only about 2% of the UTC area and only about 7% of the OTC area (Figure 9), and with a clear tendency to decrease over time. The five species of the genus Trifolium present in experimental field in 2016 covered 3.9% of UTC areas and 14.9% of OTC areas, having disappeared in UTC areas in 2018 and 2020 and showed very low expression in OTC coverage areas (1.1% in 2018 and 2.3% in 2020), which seems to be a clear indicator of pasture quality impoverishment. The negative effect of soil acidity and the presence of high levels of Mn on legume species was also referred by Paço et al. [6]. According to these authors, even among legumes, the tolerance to these soil conditions depends on the plant species, for example, Trifolium repens is considered very sensitive to acidity and Mn toxicity, while the Trifolium subterraneum is considered to be relatively tolerant. In terms of balance, another aspect that can indicate a low pasture quality in this experimental field is a clear preponderance of species from the Poaceae (Gramineae) family, usually with low nutritional value for animal grazing [19]: in average, these covered approximately 22% of OTC area and approximately 40% of UTC area. According to Costa and Mesquita [47] the major feature of the dominance of this family in many degraded pastures is related to the way most of their species grow with dense clumps or the presence of rhizomatous and stoloniferous individuals widely scattered in the weed community.



Land-use change is a major driver of plant species richness [7]. Relative to the 2016 assessment, pasture in spring 2018 showed a significant increase of productivity in terms of DM (in kg ha−1), both UTC (with a relative increase of 20%) and OTC (with a relative increase of 43%). This higher productivity may have resulted from the greater amount of accumulated rainfall (683 mm in 2018 against 466 mm in 2016) but also from the effect of the application of dolomitic limestone (in November 2017). As mentioned above, however, this second evaluation revealed an important drop in the number of botanical species (from thirty-two species in 2016 to twenty species in 2018). According to Socher et al. [14], generally, more intensive land use leads to higher productivity, mostly driven by fertilization/correction, however, species richness declines with increasing site productivity, at least in anthropogenic grassland.



Pasture in spring 2020 showed a significant decrease of productivity in terms of DM (in kg ha−1), both UTC (with a relative decrease of 45%) and OTC (with a relative decrease of 25%) when compared to the 2018 assessment. This drop of productivity was unexpected, as rainfall was similar (668 mm in 2020 against 683 mm in 2018) and land management included a binary fertilizer application (P and N; in December 2018) and a new application of dolomitic limestone (in June 2019). Despite this drop in productivity, there was a good response in terms of biodiversity, with the recovery of the diversity of species present (going from twenty species in 2018 to thirty-five species in 2020), thus confirming the inverse relationship suggested by Socher et al. [14] between species richness and pasture productivity. In this study, however, it is not possible to evaluate synergistic or competitive phenomena between botanical species, and the distribution and coverage in the experimental field may reflect their efficiency in reproduction and dispersion, as well as survival strategies specific to each [48].



The evolution of pasture biodiversity measured through several indices (richness, Simpson’s and Shannon-Wiener) show higher OTC values than UTC and a fall in 2018, compared to 2016 and 2020, which is in line with the aforementioned significant drop of species number in 2018, followed by an important recovery in 2020. The smaller number of species present UTC may, therefore, reveal the reduced capacity of some botanical species to sustain animal grazing, especially with moist soil in autumn and winter, or the effect of tree shade [36]. On the other hand, pasture quality measured by CP content [8] systematically (in the three evaluation moments: Spring 2016, 2018 and 2020) presented values significantly higher UTC than OTC, which is in line with several works [4,39,42,43]. Therefore, it can be concluded that the higher quality resulting from the delay in the conclusion of the pasture vegetative cycle (and the consequent quality degradation) due to the microclimate created under the tree canopy at Spring [43] is superimposed on the loss of quality that may result from the lower diversity of botanical species. However, these diversity indices do not capture whether and how different functional plant groups respond distinctly to different aspects of land use [14].



Thus, after assessing the trends in terms of biodiversity patterns, IV, were obtained through ISA [31]. Based on the criteria proposed by Dufrêne and Legendre [49], only eight of the fifty-four botanical species can be considered strong bio-indicator for each group (IV > 25%). The five botanical species with higher values were: Bromus diandrus (54%), Sherardia arvensis (51%), Vulpia geniculata (49%), Erodium moschatum (45%) and Raphanus raphanistrum (41%). Bio-indicator species associated with UTC areas and OTC areas in the overall study period (2015–2020), in each year of evaluation (2016, 2018 and 2020), and in each pair tree canopy-year (tree canopy effect in each evaluation, 2016, 2018 and 2020) were identified. This study revealed two bio-indicator species associated with UTC areas and nine bio-indicator species associated with OTC areas, which shows greater stability of floristic patterns OTC than UTC and that allows the interpretation of the IV as predictive value [14]. This stability of tree effect reflects the accumulated consequence of several decades in this Montado ecosystem [19]. The ISA by tree effect and year, shows that half of the total species present in the experimental field (twenty-seven species) were identified as indicator species, different at all times of evaluation. The ISA by year shows one indicator species of UTC areas in each year and three (in 2018 and 2020) or four (in 2016) indicator species associated to OTC areas, which are all different. This behaviour confirms the great dynamics and inter-annual variability of pasture FC and reveals the complexity of identifying bio-indicator species of areas where fertilizer or dolomitic limestone was applied, especially because it is a slow and gradual process [28]. In the Montado ecosystem this complexity is even greater because grazing intensity is a major factor influencing grassland plant diversity, in particular the ability of sheep to create high fine-scale sward heterogeneity [14]. All these factors are also affected by the marked seasonality and inter-annual variability of the temperature-precipitation pair, characteristic of the Mediterranean climate [50].




4.3. Perspectives of Application of Grassland Biodiversity Studies


Grassland composition constitutes the basis for various farm decisions at the strategic level (for example, long-term planning decisions), tactical level (for example, medium-term decisions of species for overseeding) or operational level (for example, day-to-day decisions of fertilizer or corrective application, or of grazing intensity) [20]. This type of study, on the effect of trees on vegetation dynamics in pastures, could be a starting point in the design of spatial patterns in the landscape which permit a sustainable exploitation of natural resources in Montado ecosystem [38]. The knowledge of pasture botanical species that are more important for livestock may be achieved by carrying out floristic surveys and phytosociology studies and is a prerequisite for elaborating management programs to recover degraded pastures [47]. Floristic survey is, however, a demanding process, involving the participation of specialists in Conservation Biology, complying with exhaustive procedures and standard protocols. Future studies should incorporate the dynamic processes and patterns of biodiversity that ensure long-term conservation, a critical topic to make accurate predictions that are particularly challenging in the current context of climate change [12,13]. Grassland systems frequently exhibit small-scale botanical and structural heterogeneity with spatio-temporal dynamics, features that present particular challenges for sensor application [20]. It is recognized that plant identification and mapping using sensing technology are incapable of fully replacing field work for comprehensive inventories of species on most landscapes [11]. It is, therefore, expected that in the coming years, within the scope of Precision Agriculture and integrated into the growing incorporation of technology, further research is carried out using systems with complementary proximal and remote sensors, which will help to overcome the limitations of single sensors and provide better information about othe dynamics and evolution patterns of grassland composition [20].





5. Conclusions


The adequate management of the Montado silvo-pastoral ecosystem requires good understanding of the effect of factors such as tree canopy, fertilization and soil amendment on pasture productivity, quality and floristic composition. This study showed a positive effect of tree canopy on soil fertility and pasture quality (in terms of crude protein). Pasture productivity, on the other hand, was higher in areas outside tree canopy. The great potential of Indicator Species Analysis (ISA) as a tool for identification of bio-indicator species characteristic of each study area (under and outside tree canopy) was also demonstrated. The identification of ecological and dynamic attributes (bio-indicator species) constitutes a pre-requisite for management programs to recover degraded pastures and for strategic, tactical and operational farm decisions in the context of the current climate change. In this field, after soil amendment and fertilization, it would now be recommended to re-establish the balance of botanical species present by incorporating seeds of species from the fabaceae family (legumes), enhancing soil fertility through the fixation of atmospheric nitrogen.
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Figure 1. Chronological sequence of the interventions and measurements in the experimental field between October 2015 and May 2020. Annual pasture monitoring (GM—Green matter; DM—Dry matter; CP—Crude protein; NDF—Neutral detergent fibre; FC—Floristic composition) and monthly soil monitoring (SMC—Soil moisture content; SCI—Soil cone index; Tir—Temperature of infrared). 
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Figure 2. Sampling diagram of the experimental field. UTC—Under tree canopy; OTC—Outside tree canopy. 
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Figure 3. Thermo-pluviometric diagram of Meteorological Station of Mitra (Évora, Portugal) between September 2015 and August 2020. 
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Figure 4. Soil/pasture surface temperature (Tir) under tree canopy (UTC) and outside tree canopy (OTC), between September 2017 and August 2018. **—Probability < 0.01; *—Probability < 0.05. 
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Figure 5. Soil moisture content (SMC) at different depths (0.10 m (a); 0.20 m (b); and 0.30 m (c)), between September 2017 and August 2018, under tree canopy (UTC) and outside tree canopy (OTC). **—Probability < 0.01; *—Probability < 0.05. 
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Figure 6. Soil cone index (SCI) at different depths, under tree canopy (UTC) and outside tree canopy (OTC), average of monthly measurements between December 2017 and March 2018. **—Probability < 0.01. 
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Figure 7. Pasture green matter (a), dry matter (b), crude protein (c) and neutral detergent fibre (d) of the experimental field in spring 2016, 2018 and 2020. **—Probability < 0.01; *—Probability < 0.05. 
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Figure 8. Number of species in each family represented in the experimental field. 
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Figure 9. Mean coverage area (%) of each family represented in the experimental field, under tree canopy (UTC) and outside tree canopy (OTC). 
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Figure 10. Pasture botanical species with mean cover >5% in spring 2016, 2018 and 2020, under tree canopy (UTC) and outside tree canopy (OTC). 
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Figure 11. The three predominant botanical species (mean cover, %) present in the pasture of the studied field in each location (under tree canopy, UTC and outside tree canopy, OTC) in spring of 2016, 2018 and 2020. 
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Figure 12. Pasture biodiversity indicators: richness (a), Simpson’s diversity index (DI; (b)) and Shannon-Wiener index (H′; (c) of the experimental field in each location (under tree canopy, UTC and outside tree canopy, OTC) in spring of 2016, 2018 and 2020. **—Probability < 0.01; *—Probability < 0.05. 
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Figure 13. Output of indicator species analysis (ISA): bio-indicator species (with significant probability) under and outside tree canopy areas of the experimental field (UTC and OTC, respectively); **—Probability < 0.01; *—Probability < 0.05. 
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Figure 14. Dendogram representing the results of indicator species analysis (ISA) applied throughout the experimental field (UTC and OTC), by year of evaluation (2016, 2018 and 2020). **—Probability < 0.01; *—Probability < 0.05. 
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Figure 15. Dendogram representing the results of indicator species analysis (ISA) for under and outside tree canopy areas of the experimental field (UTC and OTC, respectively), in spring of 2016, 2018 and 2020. **—Probability < 0.01; *—Probability < 0.05. 






Figure 15. Dendogram representing the results of indicator species analysis (ISA) for under and outside tree canopy areas of the experimental field (UTC and OTC, respectively), in spring of 2016, 2018 and 2020. **—Probability < 0.01; *—Probability < 0.05.
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Table 1. Accumulated rainfall (annual and per season) and maximum monthly rainfall in the five years between 2015 and 2020 and in the thirty-year period between 1981 and 2010.






Table 1. Accumulated rainfall (annual and per season) and maximum monthly rainfall in the five years between 2015 and 2020 and in the thirty-year period between 1981 and 2010.





	
Agricultural Year

(September/August)

	
Accumulated Rainfall

(mm)

	
Maximum Monthly Rainfall






	

	
Autumn

	
Winter

	
Spring

	
Summer

	
Annual

	
(mm)

	
(Month)




	
2015/2016

	
53

	
197

	
203

	
13

	
466

	
118

	
April




	
2016/2017

	
204

	
146

	
53

	
9

	
412

	
109

	
October




	
2017/2018

	
106

	
326

	
225

	
26

	
683

	
207

	
April




	
2018/2019

	
165

	
82

	
66

	
0

	
313

	
98

	
November




	
2019/2020

	
212

	
205

	
208

	
42

	
668

	
161

	
November




	
Period 1981–2010

	
203

	
208

	
145

	
29

	
585

	
95

	
December
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Table 2. Soil parameters in experimental field at 0–0.30 m depth in October 2015 and March 2020, under tree canopy (UTC) and outside tree canopy (OTC).






Table 2. Soil parameters in experimental field at 0–0.30 m depth in October 2015 and March 2020, under tree canopy (UTC) and outside tree canopy (OTC).












	Soil Parameters
	UTC
	OTC
	Probability
	CV (%)





	October 2015
	
	
	
	



	Coarse sand, %
	49.0
	47.8
	ns
	5.3



	Fine sand, %
	31.8
	32.6
	ns
	6.3



	Silt, %
	9.8
	9.5
	ns
	26.2



	Clay, %
	9.4
	10.1
	ns
	27.8



	OM, %
	2.7
	1.3
	0.0000
	17.8



	pH
	5.4
	5.3
	ns
	5.4



	Nt, %
	0.16
	0.09
	0.0001
	22.0



	P2O5, mg kg−1
	117.7
	68.2
	0.0571
	63.0



	K2O, mg kg−1
	359.3
	180.5
	0.0012
	39.9



	Mg, mg kg−1
	115.0
	76.3
	0.0503
	46.3



	Mn, mg kg−1
	100.0
	52.8
	0.0131
	53.2



	March 2020
	
	
	
	



	pH
	5.8
	5.6
	0.0331
	4.9



	Mg, mg kg−1
	102.4
	79.8
	0.0215
	40.1



	Mn, mg kg−1
	47.6
	34.3
	0.0441
	55.2







UTC—Under tree canopy; OTC—Outside tree canopy; CV—Coefficient of variation; OM—Organic matter; Ntotal—Total nitrogen; Mg—Magnesium; Mn—Manganese.
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Table 3. Pasture floristic composition (botanical species mean cover, %) of the experimental field in spring 2016, 2018 and 2020.






Table 3. Pasture floristic composition (botanical species mean cover, %) of the experimental field in spring 2016, 2018 and 2020.





	
Botanical Species

	
FAMILY

	
IV_ISA

	
Spring 2016

	
Spring 2018

	
Spring 2020




	
(Mean Cover, %)

	

	
(%)

	
UTC

	
OTC

	
UTC

	
OTC

	
UTC

	
OTC






	
Anagalis arvensis

	
PRIMULACEAE

	
9

	
1.0

	
0.6

	
0.0

	
0.0

	
0.0

	
0.0




	
Arum italicum

	
ARACEAE

	
12

	
0.0

	
0.0

	
1.1

	
0.0

	
0.5

	
0.0




	
Avena barbata

	
POACEAE

	
18

	
0.0

	
0.0

	
0.0

	
0.0

	
24.9

	
5.8




	
Biserula pelecinus

	
FABACEAE

	
4

	
0.0

	
0.3

	
0.0

	
0.0

	
0.0

	
0.0




	
Bromus diandrus

	
POACEAE

	
54

	
1.7

	
0.4

	
42.8

	
19.4

	
12.0

	
6.2




	
Bromus hordeaceus

	
POACEAE

	
6

	
0.0

	
0.0

	
0.0

	
0.0

	
0.1

	
0.5




	
Calendula arvensis

	
ASTERACEAE

	
9

	
0.1

	
0.1

	
0.0

	
0.0

	
0.0

	
0.0




	
Cerastium glomeratum

	
CARYOPHYLLACEAE

	
36

	
0.1

	
1.8

	
4.6

	
0.0

	
0.5

	
1.6




	
Chamaemelum fuscatum

	
ASTERACEAE

	
5

	
0.0

	
0.0

	
0.4

	
8.1

	
0.0

	
0.0




	
Chamaemelum mixtum

	
ASTERACEAE

	
9

	
6.9

	
17.0

	
0.0

	
0.0

	
0.0

	
0.1




	
Crepis capillaris

	
ASTERACEAE

	
5

	
0.0

	
0.0

	
0.0

	
2.4

	
0.0

	
0.0




	
Daucus carota

	
APIACEAE

	
3

	
0.0

	
0.0

	
0.0

	
0.0

	
6.2

	
0.0




	
Diplotaxis catholica

	
BRASSICACEAE

	
19

	
0.6

	
6.3

	
0.5

	
15.5

	
0.0

	
0.8




	
Echium plantagineum

	
BORAGINACEAE

	
6

	
0.0

	
0.1

	
0.0

	
0.0

	
0.0

	
3.8




	
Erodium botrys

	
GERANIACEAE

	
18

	
0.0

	
0.0

	
0.0

	
0.0

	
34.7

	
24.0




	
Erodium cicutarium

	
GERANIACEAE

	
18

	
0.0

	
0.0

	
0.0

	
0.0

	
1.4

	
3.6




	
Erodium malacoides

	
GERANIACEAE

	
2

	
0.0

	
0.0

	
5.4

	
0.0

	
0.0

	
0.0




	
Erodium moschatum

	
GERANIACEAE

	
45

	
40.2

	
15.6

	
36.2

	
37.9

	
0.0

	
0.0




	
Geranium dissectum

	
GERANIACEAE

	
6

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.6




	
Geranium molle

	
GERANIACEAE

	
11

	
1.0

	
1.4

	
0.0

	
0.0

	
3.6

	
2.9




	
Gynandriris sisyrinchium

	
IRIDACEAE

	
31

	
1.4

	
0.0

	
0.0

	
0.2

	
0.0

	
0.4




	
Holcus lannatus

	
POACEAE

	
18

	
0.0

	
0.0

	
0.0

	
0.0

	
0.1

	
0.1




	
Hordeum murinum

	
POACEAE

	
6

	
0.0

	
0.0

	
5.1

	
0.0

	
3.1

	
22.4




	
Leontodon taraxacoides

	
ASTERACEAE

	
30

	
6.2

	
12.2

	
0.0

	
2.4

	
0.0

	
7.5




	
Lolium multiflorum

	
POACEAE

	
3

	
0.0

	
0.0

	
0.0

	
0.0

	
1.2

	
0.3




	
Lolium rigidum

	
POACEAE

	
18

	
0.0

	
0.0

	
0.0

	
0.0

	
0.3

	
0.2




	
Medicago polymorpha

	
FABACEAE

	
3

	
0.0

	
0.0

	
0.0

	
0.0

	
0.1

	
0.0




	
Ornithopus isthmocarpus

	
FABACEAE

	
4

	
0.0

	
0.3

	
0.0

	
0.0

	
0.0

	
0.0




	
Plantago coronopus

	
PLANTAGINACEAE

	
9

	
1.8

	
8.4

	
0.0

	
0.0

	
0.0

	
0.0




	
Plantago lagopus

	
PLANTAGINACEAE

	
5

	
0.0

	
0.0

	
0.0

	
1.4

	
0.0

	
0.0




	
Plantago lanceolata

	
PLANTAGINACEAE

	
4

	
0.4

	
1.7

	
0.0

	
0.0

	
0.0

	
0.2




	
Poa annua

	
POACEAE

	
9

	
1.2

	
1.1

	
0.0

	
0.0

	
0.1

	
0.0




	
Ranunculus muricatus

	
RANUNCULACEAE

	
6

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.7




	
Raphanus raphanistrum

	
BRASSICACEAE

	
41

	
0.0

	
1.0

	
0.0

	
0.6

	
0.0

	
1.1




	
Rumex bucephalophorus

	
POLYGONACEAE

	
4

	
0.2

	
5.9

	
0.0

	
2.5

	
0.0

	
0.6




	
Rumex conglomeratus

	
POLYGONACEAE

	
1

	
0.6

	
0.0

	
0.0

	
0.0

	
0.0

	
0.2




	
Scandix pecten-veneris

	
APIACEAE

	
3

	
0.0

	
0.0

	
0.0

	
0.0

	
4.8

	
5.0




	
Senecio jacobae

	
ASTERACEAE

	
18

	
0.0

	
0.0

	
0.0

	
0.0

	
1.8

	
5.1




	
Senecio vulgaris

	
ASTERACEAE

	
5

	
0.0

	
0.4

	
1.7

	
4.5

	
0.0

	
0.0




	
Sherardia arvensis

	
RUBIACEAE

	
51

	
0.1

	
0.1

	
0.0

	
0.5

	
0.0

	
0.3




	
Silene gallica

	
CARYOPHYLLACEAE

	
1

	
0.1

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Sonchus oleraceus

	
ASTERACEAE

	
9

	
2.7

	
2.1

	
0.0

	
0.0

	
0.0

	
0.1




	
Spergula arvensis

	
CARYOPHYLLACEAE

	
19

	
0.5

	
1.7

	
0.0

	
2.7

	
0.0

	
0.0




	
Stachys arvensis

	
LAMIACEAE

	
4

	
0.0

	
0.3

	
0.0

	
0.0

	
0.0

	
0.0




	
Stellaria media

	
CARYOPHYLLACEAE

	
9

	
3.5

	
1.0

	
0.0

	
0.8

	
0.0

	
0.0




	
Tolpis barbata

	
ASTERACEAE

	
6

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.8




	
Trifolium glomeratum

	
FABACEAE

	
1

	
2.0

	
0.1

	
0.0

	
0.0

	
0.0

	
0.0




	
Trifolium incarnatum

	
FABACEAE

	
4

	
0.0

	
1.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Trifolium repens

	
FABACEAE

	
20

	
1.4

	
4.2

	
0.0

	
0.0

	
0.0

	
2.3




	
Trifolium resupinatum

	
FABACEAE

	
4

	
0.5

	
9.6

	
0.0

	
0.0

	
0.0

	
0.0




	
Trifolium subterraneum

	
FABACEAE

	
5

	
0.0

	
0.0

	
0.0

	
1.1

	
0.0

	
0.0




	
Urtica urens

	
URTICACEAE

	
22

	
1.9

	
0.1

	
2.2

	
0.0

	
2.7

	
0.0




	
Vicia sativa

	
FABACEAE

	
18

	
0.0

	
0.0

	
0.0

	
0.0

	
0.4

	
0.1




	
Vulpia geniculata

	
POACEAE

	
49

	
24.0

	
5.0

	
0.0

	
0.0

	
1.6

	
2.7








IV_ISA—Indicator value of Indicator Species Analysis; UTC—under tree canopy; OTC—Outside tree canopy.
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