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Abstract

:

The agricultural soils in the Mediterranean are characterized by low stocks of soil organic matter (SOM) because of the intensive management practices and constraints on litter inputs to the soil imposed by environmental conditions (low precipitation, high evapotranspiration). To date, several studies have provided evidence for a low potential of Mediterranean agroecosystems, especially on its southern part, to store C, even under soil conservation practices (e.g., non-tillage), questioning the capacity of commonly applied practices to restore soil health, mitigate climate change and improve resilience of agroecosystems to climate extremes. Using paired orchards of avocado and olive trees, we show that soils in the South Mediterranean have a high potential for C storage that depends strongly on crop type and soil properties. Soils planted with avocado trees showed higher SOM contents compared to olive trees mainly in the upper soil layer (0–10 cm) which were linked to higher inputs and litter chemistry. Our findings enable us to re-define achievable thresholds of SOC (≈8%) in Southern Mediterranean soils to store C, to quantify the effect of different cropping systems, and the period required to reach this potential and how this potential is affected by soil properties. Thus, the findings have profound implications for the design of soil conservation practices compatible with Mediterranean conditions and developing initiatives describing achievable targets of SOM restoration depending on soil properties and cropping systems.
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1. Introduction


Soil organic matter (SOM) is a strong determinant of soil health status [1], and there has been a growing concern in recent years for the development of effective soil health restoration practices to improve soil productivity, increase crop yield, and enhance the resilience of agroecosystems to climate change [2,3]. Additionally, increasing C sequestration to the soil can also contribute to the mitigation of global warming [4].



Despite recent breakthroughs in the mechanisms regulating SOM formation and loss [5,6,7,8,9,10], our understanding on the controls of SOM in agroecosystems remains incomplete. Climate, soil properties, cropping systems, and agronomical practices and their interactive effects are recognized as important controls of SOM dynamics [11,12,13,14,15].



Crops may affect SOC stocks through litter quantity and chemistry [16,17], which in turn may affect decomposing microbial communities (Yan et al., 2021) and their carbon use efficiency [18]; hence, SOM formation [16,19]. The current paradigm of SOM formation is that microbially-processed plant-derived organic-C is preferentially associated with mineral surfaces to form SOM [8,9]. Complimentarily, plant metabolites can also be directly absorbed on mineral surfaces [20]. Overall, high-quality litters (easily decomposable) have a greater contribution in SOM formation [21] compared to litters with a high proportion of aromatic compounds (e.g., lignin), but notable deviations have been also reported [19,22]. Although some studies have provided support for the strong effect of litter composition on SOM formation and accumulation [23,24,25], a better understanding of litter’s effect on SOM is needed to design best management practices for agroecosystems, to improve the capacity of existing tools [21,26], and to provide more accurate predictions for the different cropping systems and environmental conditions.



In (semi-)arid environments, low precipitation and high evapotranspiration rates constrain primary productivity [15] and stimulate high turnover rates of SOM, which could outweigh the influence of other controls, such as soil properties or differences in litter inputs and chemistry among cropping systems. This assumption is supported by surveys on SOM variation in semi-arid Mediterranean landscapes revealing low SOM content across sites, despite the differences in soil properties, cropping systems, and applied agronomical practices [27]. In line with this, model simulations confirm the slow accumulation rate of SOM in Mediterranean soils, which takes up to several decades to restore soil quality [28]. For example, estimated rates of C accumulation in non-tilled fields to 0.34 t C/ha yr for the first 20 years and less than 0.10 t C/ha yr afterwards [28], that are substantially lower than the average accumulation rates of the “4 per 1000” initiative. This evidence underlines the need for a better understanding of the controls of SOM in such environments to set realistic thresholds of SOM restoration, apply effective agronomical practices, and promote new cropping systems that can contribute to the development of sustainable agroecosystems. Although several works have estimated the effect of litter input on SOM dynamics, it remains unclear whether differences in litter chemistry among crops could reverse, or at least mediate, the climate-imposed constraints in SOM sequestration in (semi)-arid environments.



To improve our understanding on the controls of SOM sequestration in Mediterranean agroecosystems, we performed a field survey at Koiliaris Critical Zone Observatory (CZO), a typical Mediterranean watershed with severely degraded soils [29]. We investigated the effect of crop type on SOM sequestration at fields planted with olive trees, the dominant crop in the South Mediterranean, and in avocado orchards, an increasingly adopted crop in the Mediterranean. The main objectives of this work were to investigate: (i) whether the crop type influences SOM sequestration potential in agroecosystems and to quantify its effect size, (ii) to quantify the control of soil properties in SOM sequestration dynamics, and (iii) to translate these findings to achievable thresholds of SOM restoration in the Mediterranean agroecosystems.




2. Materials and Methods


2.1. Site Description


The selected sampling sites (1 to 5) are located at the central part of the Koiliaris Critical Zone Observatory (CZO) (005-12-489E, 039-22-112N) Chania, Crete, Greece (Supplementary Figure S1). The study area has a semi-arid climate with a mean annual precipitation of 654 mm and temperature of 17.3 °C. The soils in the Koiliaris CZO have been severely degraded by the intensive agricultural practices and overgrazing [29] and have been depleted in SOM [27]. In each sampling site, two paired fields, one planted with avocado, and one planted with olive trees of the same age, were selected to capture the variability of SOM in the soil of different cropping systems at the Koiliaris CZO. The proximity of fields minimized the variation of soil properties and allowed for the accurate estimation of the influence of crop type on C sequestration. The agronomical management practices at the studied sites are summarized in Table 1.




2.2. Field Samplings, Chemical and Mineralogical Analyses


Soil samples (three to six soil cores from each field) were taken from 0 to 10 and 11 to 20 cm soil depths in September 2018 from the five paired fields (avocado trees and olive trees). Samples were passed through a 2 mm mesh immediately after sampling at the field and maintained on ice packs at 4 °C until they were transferred to the laboratory for chemical and physical analyses.



Particle size analysis was carried out by the Bouyoucos hydrometer method in two samples [30] per field (four samples per site) at the 0–10 cm soil depth. The soil bulk density (BD) was determined by sampling two undisturbed soil cores per field of a known volume and drying them at 105 °C to constant weight. The soil organic carbon (SOC) and total (TN) contents were measured in an elemental analyzer (Analytik Jena Multi N/C 2100S) after homogenizing and grinding the samples to a fine powder. Niton XL3t Goldd (Thermo Fischer, Waltham, MA, USA) X-ray fluorescence (XRF) analyses were performed in two soil samples per field at the 0–10 cm soil depth.




2.3. Respiration


Soil CO2 fluxes were assessed in spring (18 April), summer (12 July) and autumn (26 September) of 2019 using a closed soil respiration system (LI-COR 6400 LI-COR Inc., Lincoln NE, Dearborn, MI, USA) connected to a LI-6400 09 soil chamber. The soil chamber was used with collars inserted 2.5 cm in the soil. Four to six measurements were performed randomly in each field per sampling date.




2.4. Litter Decomposition Rate


To estimate differences in litter decomposition rates between crops, we used a modification of the protocol developed by [31]. Specifically, tea bags were filled with leaves from olive and avocado trees and were treated according to the above protocol. Mature leaves were collected from several trees, and they crashed into small pieces before they used to fill in the tea bags. Briefly, litter bags were buried in the soil containers at a depth of approximately 3 cm, maintained at 60% water holding capacity and incubated at a constant temperature of 25 °C. Three bags were removed at each time interval per litter type to estimate decomposition rates. An exponential decay function was fitted to the data to estimate decomposition rate constant k [31] of the labile fraction of the litter. The recalcitrant fraction of litter is assumed to remain constant during the short incubation period (95 days in this case) [31]. The temperature tested allowed us to draw robust conclusions, whether the labile fraction of litter has been decomposed. To fit the exponential decay function, we used the “nls” function of the R-core assuming an asymptote at the late stage of incubation period fit < nls (Y ~ SSasymp(X, Asym, R0, lrc), data = data).




2.5. Statistical Analyses


A mixed-effects model was used for the analysis of variance (ANOVA) with the site as a random effect. More specifically, the following general model, Model ~ Site + Crop + Depth + Site:Crop:Depth, was used and implemented in the “lme4” package in the R environment while the “emmeans” package was used for the pairwise comparisons of the treatments. In the case of respiration rate, bulk chemical analysis and soil properties, the “soil depth” term was not applicable. The assumptions of linearity and normality and the homogeneity of variance in the residuals were tested with the diagnostic plots. Correlations were performed with the Pearson method with the “ggpubr” package. All statistical analyses were performed in the R statistical platform.





3. Results


3.1. Soil Physico-Chemical Properties


Sampling Sites (1 to 5) showed strong differences in their physico-chemical properties (p < 0.01). Based on soil texture, soils in Sites 1 and 5 are classified as Clayey, and in Sites 2, 3, 4 as Clay loamy (Table 2). Soil texture analysis confirmed the affinity between the paired fields (avocado vs olive trees) except in Site 1, where the avocado field had slightly greater clay content (Table 2). Regarding the soil bulk density, a significant effect of crop was found in Sites 1, 2 and 5 in accordance with the higher difference in SOM content between cropping systems (Table 2). Soil pH was circum-neutral and only that of Site 5 differed significantly from the other sampling sites (p < 0.05). The bulk chemical analysis also revealed significant differences between sites (p < 0.05). Soils in Site 4 had the highest content of Al2O3 and soils in Site 5 the lowest (Table 3). Soils in Site 5 also had the lowest contents of SiO2, while the highest content of SiO2 was found in Sites 1, 2 and 3. A similar effect was observed for Fe3O content with soil in Site 1 having the highest content followed by soils in Sites 3, 2 and 4, while the lowest content was measured in Site 5. In contrast, the soil in Site 5 had the highest CaO content compared to the other sites (Table 3).



Overall, SOC content followed the general trend of clay content with the highest values measured in Sites 1 and 5 and the lowest in Site 3 (Figure 1A), but regression analysis revealed a significant relationship only for olive crops providing support that additional affected SOC sequestration (Supplementary Figure S2). The lowest SOC content was found in the youngest avocado plantation in Site 4. Within sampling sites, fields planted with avocado trees had greater content of SOC compared to olive tree fields (p < 0.001). This effect, however, was strongly mediated by site (Figure 1A). SOC content was also significantly affected by soil depth (p < 0.001) with the greatest contents measured in the 0–10 cm range (Figure 1A). When interpreted against data from earlier studies from agricultural fields and sites with natural vegetation (shrubs and forests), SOC content of avocado fields was overly higher at the upper soil layer, but these differences nearly disappeared at the 10–20 cm soil depth (Figure 1A).



There was no consistent effect of crop on soil TN content (Figure 1B). For instance, in Sites 1 and 2, fields planted with avocado showed higher TN content compared to those planted with olive trees. An opposite effect, however, was observed in Site 3, Site 4, and Site 5 (Figure 1B). In line with the SOC, these differences were highest at the top-soil, while in the 10–20 cm soil depth these differences decreased (Site 1 and Site 5) or even disappeared (Site 2, Site 3, Site 4). When interpreted against findings from earlier studies from agricultural fields and sites with natural vegetation (shrubs), TN content of both crops was higher compared to findings from agricultural fields and natural vegetation at both soil depths (Figure 1B).



Differences between sites were also found in the C/N ratio. Soils planted with avocado trees were characterized by greater C/N ratios compared to soils planted with olive trees (Figure 1C). The estimated C/N values were, however, substantially lower that those measured in earlier studies in the same watershed and likely were attributed to the lower TN contents measured in these samples (Figure 1C).



A significant relationship was established between SOC and TN content that was crop specific (Figure 2). This relationship was affected by soil depth with the relationships of SOC and TN of the different crops to tend to converge at the 10–20 cm soil depth (Figure 2). A further investigation of these relationships revealed that they were also site-specific (Supplementary Figure S3) that likely indicates a mediating effect of soil properties on these relationships.




3.2. Soil Respiration and Litter Decomposition Rates


Higher respiration rates were measured in fields planted with avocado compared to olive tree fields (Figure 3A). A seasonal effect was also observed that was more pronounced in fields planted with olive trees; in which a decrease in respiration rates was observed late in the season (September) (Figure 3B). To get further insights on the drivers that caused these divergent patterns of respiration, we interpreted the average SOC content in the 10 cm soil depth with respiration rate. A significant relationship was only set in fields planted with avocado (Figure 4A). Seasonal interpretation of the results revealed strong relationships between SOC and respiration rates in avocado fields in all the samplings and only in July for olive tree fields (Figure 4B).



To obtain better insights into litter decomposition and the influence of litter composition, we used a modification of the Tea Bag Index (MTBI) in which tea was replaced in the bags with avocado and olive tree leaves. The MTBI revealed significant differences in the decomposition of avocado and olive derived litter. Bags with avocado litter showed significantly lower decomposition rates when compared to olive leaves (Figure 5). Fitting exponential decay models in the data revealed significant differences in the decomposable proportion of litter between crops. In avocado trees, the recalcitrant fraction was estimated approximately 60%, while in olive litter, the corresponding fraction was estimated to be 45%.





4. Discussion


The Mediterranean region is a representative case of severely degraded soils [29,33,34] and there is an urgent need to identify compatible agronomical practices for restoring soil health. Water deficits developed in such environments during the growing season constrain primary productivity of rain-fed (or sub-optimum irrigated) agroecosystems and, hence, litter inputs to the soils and SOM formation, a strong determinant of soil health [35]. Field studies and model simulations reveal a low potential for Mediterranean soils to accumulate SOM, even under well-tested soil restoration practices (e.g., non-tillage) [28,36,37]. For instance, simulations with the CAST model have revealed that long times are needed to reach defined SOM thresholds of soil quality improvement. High rates (≈12 t C ha−1 yr−1) of organic amendment application were estimated for the successful restoration of SOM and soil structure in severely degraded soils and their maintenance (7 t C ha−1 yr−1) [38]. In line with this, increases in soil C stocks of olive orchards occurred only when the amount of organic inputs increased to 25 t C ha−1 yr−1, through the incorporation of mulched pruning’s and seed residues [33].



Our findings update those of earlier studies [28,33] and provide support that the potential of Mediterranean soils to sequester C is underestimated (Figure 1A). The crop-specific effect on soil C sequestration found in this work, particularly in the upper soil layer, supports the hypothesis that limitations imposed by climate and/or applied agronomic practices (e.g., residue burning) in the amount of litter inputs appear to constrain C sequestration in Mediterranean soils. Avocado orchards are characterized by significantly higher litter inputs (≈5.6 t/ha) [39] compared to those of olive orchards (≈1.6 t/ha) [33]; however, at avocado orchards, litter inputs remained below those that have been estimated in a previous study for restoring or maintaining soil fertility [38], providing support that litter chemistry may have also stimulated the higher rates of C sequestration in avocado fields. This assumption is consistent with earlier studies that have reported strong effects of litter chemistry on soil C sequestration [22,25,40].



Surprisingly, SOM content in avocado fields exceeded that of sites with natural vegetation (shrubs and forests) which are commonly used to define upper thresholds of SOM restoration [41,42,43], but also that of other cropping systems (arable crops, citrus and olive orchards, vineyards) in the Koiliaris CZO. The overgrazing of sites with natural vegetation [29] and their vulnerability to erosion, as they are located in higher elevation and are characterized by steep gradients [27], are considered responsible.



Differences in the respiration rate between crops disappeared when respiration rate was normalized against SOM content. These relationships, however, can be biased due to the variable contribution of autotrophic respiration or differences in environmental conditions. For instance, the greater canopy of avocado trees likely implies a greater root density and, hence, a larger contribution of autotrophic respiration compared to olive trees [44]. In addition, soils with higher SOM content may store more soil moisture which, in turn, can maintain higher respiration rates during the dry season. This hypothesis is supported by the seasonal pattern of the relationships between SOM and respiration (Figure 2 and Figure 3).



Lab experiments to control for differences in autotrophic respiration between crops and environmental conditions revealed lower decomposition rates for the avocado litter and a higher proportion of recalcitrant compounds in the litter that likely corresponded to lignin (Figure 5). Overall, greater decomposition rates are indicative of better litter quality which favors SOM formation and its stability through the formation of associations with mineral surfaces [21]. However, the effect of litter quality on the formation of mineral-associated SOM is not always consistent [22]. For instance, accumulation of organic-C in mineral surfaces per unit of mineralized C was lower in soils amended with high-quality litters [19]. Litter with a high fraction of recalcitrant compounds may contribute to SOM accumulation directly by affecting litter turnover time or through interactions with environmental factors and microbial community composition [45,46,47]. The higher C:N ratio of avocado litter in the surface soil layer is indicative of less microbially-processed litter and provides support for a strong effect of litter chemistry on SOM accumulation. Differences in SOM persistence among sites have also been linked to litter composition, and these differences were mediated by gradients in environmental conditions and soil biogeochemistry supporting the role of litter chemistry as control of SOM sequestration [48].



Our findings also confirm a strong effect of soil properties on SOM [49,50]. Overall, SOM content increased with the clay and silt content, particularly at the upper soil layer [17,29,51]. However, the lack of a significant relationship between clay content and SOC in fields planted with avocado indicates that additional factors mediated SOM stabilization and accumulation [52]. Such an influence was particularly evident in Sites 1 and 5, which, although had a similar clay content, exhibited a remarkable difference in SOM content. The avocado field at Site 5 has been tilled annually during the last decade, which is expected to result in a significant depletion of SOM [53]; however, the SOM content was the highest, implying that SOM was strongly protected, likely through the formation of associations with the minerals. Considering the bulk chemistry of the soils, the only noted difference between them was the CaO content (Table 2). Al and Fe oxides dominate SOM stabilization in low pH soils in humid environments, but their contribution decreases with increasing pH [54]. Particularly in dry environments and soils with circum-neutral to alkaline pH, as those in the Koiliaris CZO [32], divalent cations have a strong effect on SOM stabilization [55]. In dry climates, as with those in the Mediterranean region, calcium may stimulate SOM stabilization due to its higher availability [56] and greater ionic radius, which facilitates stronger binding energies through the formation of bridges with negatively charged moieties in organic molecules [50]. Divalent cations may also contribute to lignin protection [48].



Despite the common view for a low potential of Mediterranean soils to sequester C [28,32,33,57,58], the findings of this study broaden the upper thresholds of SOC that can be reached at agroecosystems in the Mediterranean basin providing support that SOC contents can approach or even exceed the value of 7.5%. If we assume a typical SOC content for agricultural fields in the Koiliaris CZO of approximately 2% (Figure 1), C accumulation rates from this baseline at the SOC levels measured in Sites 1 and 5 range between 1 to 1.8 t C/ha yr that are among the highest reported in the literature for the Mediterranean and the drylands [28,33,57,59,60,61]. Even though increases of SOC occur mainly in the surface soil, they may stimulate disproportionately positive impacts on the resilience of agroecosystems in the Mediterranean by alleviating the most important constraint of rain-fed agriculture and water availability, both through improvements on soil infiltration rates [62] as well as water holding capacity [63]. In addition, positive feedbacks are expected by maintaining, or even increasing, primary production of agroecosystems and, hence, litter inputs to the soil and SOM formation.




5. Conclusions and Prospects


The findings of our study enable us to make contributions on fundamental questions of land management in the Mediterranean agroecosystems, including achievable thresholds of SOC in soils (≈8%), the effect of cropping systems (Olive vs Avocado trees), and the period required to reach this potential (<30 years). Thus, the findings have profound implications for the design of soil conservation practices (e.g., selection and promotion of cropping systems, estimation of required organic amendments depending on crop type) compatible with Mediterranean conditions and developing initiatives that describe achievable targets of SOC restoration (2–7.5%), depending on soil properties and depth and cropping systems. A more detailed understanding of the processes regulating the cycling of SOC in agroecosystems is, however, required particularly on the effects of litter amount and composition to translate them into successful agronomical practices with proved potential to improve soil health, which is the cornerstone of agricultural production. Furthermore, this information could also be used in model calibration for testing different scenarios of management to identify the best practices for the sustainable use of the soils in the long-term.
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Figure 1. Effect of crop and soil depth on soil organic carbon (SOC) and total nitrogen (TN) content at different sampling Sites (1 to 5). (A) SOC content at the depth of 0–10 and 10–20 cm in Avocado and Olive tree orchards interpreted against averaged values from agricultural fields and sites with natural vegetation at the Koiliaris Critical Zone Observatory (CZO). (B) TN content at the depth of 0–10 and 10–20 cm in Avocado and Olive tree orchards interpreted against averaged values from agricultural fields and sites with natural vegetation from the Koiliaris CZO. (C) Corresponding values of the C/N ratio. Averaged values of SOC, TN and C/N ratio were derived from [32]. The agricultural fields included olive orchards (11), citrus orchards (3) and cereals (1) while sites of natural vegetation included four sites with shrubs and three forest sites. 
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Figure 2. Correlation of the SOC and TN content in the different crops and soil depths. 
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Figure 3. Soil respiration rate at the different sampling fields and crops: (A) cumulative and (B) at the individual sampling dates. 
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Figure 4. Correlation of soil respiration rate with SOC content at the 0–10 cm soil layer for the different crops. (A) Cummulative relationship for all samplings and (B) Relationships in the individual samplings. 
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Figure 5. Decomposition rate of avocado and olive tree leaves at the 25 °C to estimate the labile fraction of crop litter. Lines correspond to an exponential decay function of the form y = ae − kt + (1 − a) with “a” the decomposable fraction of litter (0.381 and 0.545 for Avocado and Olive trees respectively) and “k” the decomposition rate constant (−3.165 and −3.113 for Avocado and Olive trees respectively). Each point represents the average of three replicates. 
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Table 1. Description of sites and the individual fields with regard to the management practices.
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	Site
	Field
	Description





	Site 1
	Avocado
	A 30-year old plantation; not-tilled in the last decade; commercial fertilizer



	
	Olive
	A 25-year old orchard; tilled; commercial fertilizer



	Site 2
	Avocado
	A 20-year old plantation; yearly tilled; commercial fertilizer



	
	Olive
	A 20-year old orchard; yearly tilled; commercial fertilizer



	Site 3
	Avocado
	A 18-year old plantation; yearly tilled; commercial fertilizer



	
	Olive
	A 20-year old orchard; yearly tilled; commercial fertilizer



	Site 4
	Avocado
	A 8-year old plantation; yearly tilled; commercial fertilizer



	
	Olive
	A 12-year old orchard; yearly tilled; commercial fertilizer



	Site 5
	Avocado
	A 30-year old plantation; tilled in the last decade; commercial fertilizer



	
	Olive
	A 30-year old orchard; non-tilled; not fertilized







The average application of N is approximately 10 kg/ha. Fields before the crops were cultivated with cereals except in Site 4 that was planted with olive trees.













[image: Table] 





Table 2. Soil texture of the individual fields of the different sites (1 to 5) at the 0–10 soil depth.
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Site

	
Field

	
Clay (%)

	
Silt (%)

	
Sand (%)

	
Classification

	
Bulk Density






	
Site 1

	
Avocado

	
44.03 (a)

	
28.53 (b)

	
27.44 (c)

	
Clay

	
1.09




	
Olives

	
38.78 (a)

	
30.80 (b)

	
30.49 (c)

	
Clay Loam

	
1.20




	
Site 2

	
Avocado

	
28.83 (c)

	
33.28 (b)

	
37.94 (a)

	
Clay Loam

	
1.14




	
Olives

	
28.06 (c)

	
33.06 (b)

	
38.88 (a)

	
Clay Loam

	
1.22




	
Site 3

	
Avocado

	
32.26 (b)

	
33.41 (b)

	
34.34 (b)

	
Clay Loam

	
1.21




	
Olives

	
33.45 (b)

	
30.92 (b)

	
35.64 (b)

	
Clay Loam

	
1.22




	
Site 4

	
Avocado

	
32.00 (b)

	
33.69 (b)

	
34.34 (b)

	
Clay Loam

	
1.28




	
Olives

	
32.66 (b)

	
33.35 (b)

	
34 (b)

	
Clay Loam

	
1.33




	
Site 5

	
Avocado

	
40.66 (a)

	
37.96 (a)

	
21.38 (d)

	
Clay

	
1.24




	
Olives

	
42.23 (a)

	
38.09 (a)

	
19.68 (d)

	
Clay

	
1.11








Different letters in parentheses denote statistically significant differences among sites.
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Table 3. Soil bulk chemical analysis and pH of the individual fields at the different Sites (1 to 5) at the 0–10 soil depth.
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Site

	
Field

	
MgO (%)

	
Al2O3 (%)

	
SiO2 (%)

	
K2O (%)

	
CaO (%)

	
Fe2O3 (%)

	
pH






	
Site 1

	
Avocado

	
<0.1

	
7.9 (a)

	
60.4 (b)

	
1.6

	
3.4 (b)

	
7.8 (a)

	
7.16 (b)




	
Olives

	
<0.1

	
7.6 (a)

	
57.3 (b)

	
1.5

	
3.8 (b)

	
7.1 (a)

	
7.22 (b)




	
Site 2

	
Avocado

	
<0.1

	
8.4 (a)

	
79.7 (a)

	
1.20

	
1.5 (c)

	
4.5 (b)

	
7.22 (b)




	
Olives

	
0.3

	
7.4 (a)

	
68 (a)

	
1.4

	
1.5 (c)

	
5.0 (b)

	
7.19 (b)




	
Site 3

	
Avocado

	
<0.1

	
7.2 (b)

	
72.9 (a)

	
1.7

	
1.4 (c)

	
5.1 (b)

	
7.21 (b)




	
Olives

	
<0.1

	
6.8 (b)

	
72.8 (a)

	
1.5

	
0.9 (c)

	
5.3 (b)

	
7.20 (b)




	
Site 4

	
Avocado

	
<0.1

	
5.7 (c)

	
71.4 (a)

	
1.7

	
1.4 (c)

	
4.2 (c)

	
7.12 (b)




	
Olives

	
<0.1

	
6.7 (c)

	
72.7 (a)

	
1.5

	
1.3 (c)

	
4.6 (c)

	
7.14 (b)




	
Site 5

	
Avocado

	
0.3

	
4.3 (d)

	
22.7 (c)

	
1.4

	
34.3 (a)

	
3.2 (d)

	
7.36 (a)




	
Olives

	
<0.1

	
4.1 (d)

	
22.5 (c)

	
1.5

	
35.2 (a)

	
3.2 (d)

	
7.43 (a)








Different letters in parentheses denote statistically significant differences among sites.
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