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Abstract 10 

Mediterranean vineyards are usually managed with continuous tillage to maintain bare 11 

soils leading to low organic matter stocks and soil degradation processes. Vineyards 12 

are part of the Mediterranean culture and in order to make sustainable vineyards land 13 

use we propose the set up of two types of groundcovers. A field trial was performed to 14 

compare the effects of a seeded (Brachypodium distachyon) and spontaneous 15 

groundcovers, on a set of soil parameters, in comparison with the traditional tillage in 16 

four vineyards located in the center of Spain. Three years after the groundcovers 17 

establishment soil organic carbon stocks increased up to 1.62 and 3.18 Mg ha-1 for the 18 

seeded and the spontaneous groundcovers, respectively compared to conventional 19 

tillage. Both labile and stable fractions improved their soil organic carbon content with 20 

the use of groundcovers, particularly the labile fraction. Moreover, soil structure and 21 

functional soil properties improved through better aggregate stability, pore connectivity 22 

and infiltration rates. The higher root biomass input of the spontaneous groundcovers 23 

derived in higher soil organic carbon increases and soil quality improvement. 24 

Keywords 25 

Groundcovers; Soil organic carbon; aggregate stability; soil porosity; soil quality. 26 

1. INTRODUCTION27 

Soil conservation is essential to supply goods, services and resources for the 28 

humankind (Keesstra et al., 2016). Agriculture causes several environmental impacts 29 

and particularly soil degradation processes (Bruun et al., 2015; Colazo and 30 

Buschiazzo, 2015). Among other factors, the severity and intensity of soil degradation 31 

is determined by the methods and techniques of managing soil systems (Lorenz and 32 

Lal, 2016; Kabiri et al., 2016; Zhang and Ni, 2017). In the context of agricultural land 33 

*
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uses, Mediterranean vineyards undergo a series of soil degradation processes: soil 34 

erosion, organic matter loss, nutrient loss and, thus, a decreasing fertility trend. Soil 35 

erosion rates are especially high in Mediterranean vineyards reaching figures up to 100 36 

Mg ha-1 (Prosdocimi et al., 2016; Rodrigo Comino et al., 2016; García-Ruiz, 2010). This 37 

can be explained by the scarcity of soil cover throughout the year (Lasanta and 38 

Sobrón, 1988). In addition, other circumstances are triggering high erosion rates:  (1) 39 

vineyards are frequently planted on slopes (Arnaez et al., 2007), (2) rainfall intensities 40 

in this region can be high (Panagos et al., 2015), (3) soils used for growing vineyards 41 

have low organic matter content and therefore weak structure and (4) soil management 42 

usually consists in continuous tillage (Novara et al., 2011). Soil degradation results in 43 

particle detachment and organic matter and nutrient loss (Bienes et al., 2010), which 44 

makes soil aggregates progressively more sensitive to the impact of rain drops and 45 

causes soil crusts (Issa et al., 2006). The crust creates an impermeable layer that 46 

slows down water infiltration (Bu et al., 2014). When infiltration rate is slower than rain 47 

intensity, water runs off over the soil surface causing nutrient loss and soil particle 48 

detachment                                         -Casasnovas, 2004). Farmers 49 

usually remove these crusts by tilling as soon as possible after rains. Moreover each 50 

time that the farmer ploughs a fraction of soil organic matter is mineralized, soil 51 

aggregates became more easily destroyed and the crust formation will happen earlier 52 

during the forthcoming rainfalls. This way, Mediterranean vineyards experience 53 

continuous negative feedbacks caused by soil management practices.  54 

The importance of soil degradation and erosion processes is usually underestimated. 55 

Not only because it causes on site and off site effects, but because decreases soil 56 

fertility, reducing crop yields (Bakker et al., 2004), and promoting land use changes 57 

(Bakker et al., 2005). At the beginning, soil damages mean costs for the farmers but in 58 

the end they turn into limitations and concerns for the socio-economic maintenance of 59 

the regions. Thus, it is critical to explore and encourage alternative soil managements 60 

to reduce soil degradation processes. 61 

Soil organic matter (SOM) is one of the most important soil parameters because it 62 

enhances the global soil quality by improving physical, chemical and biological soil 63 

characteristics (Virto et al., 2012a; Ramos et al., 2010; Fernández-Ugalde et al., 2009). 64 

SOM is related to aggregate stability, water infiltration and soil fertility (Balesdent et al., 65 

2000; Reeves, 1997). In this regard, climate change models agree that in the next 66 

decade the temperatures will raise in Mediterranean Basin, and this will increase 67 

organic matter mineralization rates (Pachauri et al., 2014). Taking into account that 68 

soils in Mediterranean vineyards have low organic matter content (Panagos et al., 69 
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2013), shifting conventional soil management practices to other more sustainable 70 

alternatives will counterbalance mineralization and will increase or maintain SOM.  71 

When a fresh plant residue falls on the soil, it becomes a particulate organic matter 72 

(POM) for a while, before humification processes (Gregorich and Janzen, 1996) that 73 

will take place with different speed depending on environmental and residue 74 

characteristics to be transformed in SOM. Because of that, soil is enriched in SOM and 75 

nutrients and POM is considered as a good indicator of soil quality (Haynes, 2005). 76 

Besides, POM acts as a binding agent stabilizing macroaggregates (Six et al., 2002) 77 

which makes it an important variable to be considered to study soil management 78 

strategies in Mediterranean soils. 79 

The soil structure concept reflects how soil particles are aggregated. As a physical soil 80 

characteristic, soil structure is a key factor to explain soil functioning (Bronick and Lal, 81 

2005) and aggregate stability is commonly used as its indicator (Six et al., 2000a). 82 

SOM, microorganisms, clay, bivalent cations and ionic bridging are the main factors 83 

controlling soil aggregation.  Soil aggregation is affected by the different organic matter 84 

inputs, amendments, soil management and tillage methods (Wei et al., 2006; García-85 

Orenes et al., 2005). Consequently, different soil management strategies will affect 86 

aggregate stability differently.  87 

Pore volume and pore size distribution are important factors in the soil-water 88 

relationships and soil aeration. Moreover, the biochemical processes take place in the 89 

soil pores  Jigău    1 ). Different soil management strategies can have an influence on 90 

the pore volume (Mulumba and Lal, 2008; Pituello et al., 2016) and distribution (Ruiz-91 

Colmenero et al., 2013). Tillage breaks natural porosity and destroys the biological 92 

macropores made by the macro and mesofauna (Léonard et al., 2004) and by roots 93 

(Gao et al., 2017). Additionally, the roots of the vegetation cover create continuous 94 

pores enhancing infiltration (Glinski and Lipiec, 1990).  95 

In this study, we use the term groundcovers (GC) for perennial crops instead of cover 96 

crops as is recommended by Gonzalez-Sanchez et al. (2015). The use of GC in 97 

Mediterranean vineyards is well known for reducing erosion rates (Prosdocimi et al., 98 

2016; Duran Zuazo and Rodriguez Pleguezuelo, 2009), increasing soil organic carbon 99 

(SOC) (Virto et al., 2012b) or infiltration rates (Ruiz-Colmenero et al., 2013; Six et al., 100 

2004). Temporal GC have proved to be a very effective tool for erosion control (Novara 101 

et al., 2011), but tillage, even if it is minimum, reduces the SOC threshold (García-Díaz 102 

et al., 2016). Consequently, the use of permanent GC is advisable in order to get 103 

significant and long term SOM increases.  104 



In Europe, each country and region have the autonomy to develop their own agri-105 

payments in the context of the Common Agricultural Policy to encourage sustainable 106 

soil management and, in this context, seeded and spontaneous GC use to have 107 

different considerations Some Mediterranean regions have developed successful 108 

policies to promote the use of GC in vineyards. In Sicily, where the most of the rainfall 109 

is recorded in autumn and winter, the farmers are paid for using winter cover crops. 110 

This management consists in seeded GC with leguminous species from October to 111 

April. In April, GC are mowed and tilled. This soil management practice is very effective 112 

controlling soil erosion and decreasing N loss (Novara et al., 2011; Novara et al., 113 

2013). Similarly, in the Rioja Qualified Denomination of Origin’    gi    farmers receive 114 

different payments for using seeded or spontaneous GC (BOR, 2015). However, the 115 

majority of farmers in other regions, like the study area of this paper, even having 116 

problems of soil degradation, decline using GC in vineyards because of social 117 

stigmatization, culture (Marqués et al., 2015) and grape harvest reduction (Ruiz-118 

Colmenero et al., 2011). Only the 3.1 % of the Madrid Region farmers use GC in 119 

vineyards (MAGRAMA, 2015a) which is one of the lowest percentages in Spain 120 

(MAGRAMA, 2015b). Moreover, in this region, the Common Agricultural Policy´s agri-121 

payments do not consider the use of GC in vineyards in any case (BOCM, 2009). 122 

Thus, we argue that more knowledge of the advantages and disadvantages of different 123 

GC and their effect on soil properties is needed to develop an efficient soil protection 124 

policy in European viticulture areas in different environmental conditions. Soil 125 

protection is also recognized as a long term strategy to sequester carbon and help to 126 

mitigate climate change (Poeplau and Don, 2015; Yagioka et al., 2015). Recently, the 4 127 

per mille initiative has emerged to promote better soil management with the goal to 128 

increase global SOM stocks by 0.4% per year in order to compensate anthropogenic 129 

sources of global emissions of greenhouse gases (Minasny et al., 2017).  130 

Frequently C sequestration rates are based on soil legacy data (Minasny et al., 2011; 131 

Akpa et al., 2016). Th   f      g  b    ff          i   i g   i  c  b   “i   i u” w u   b  132 

beneficial in obtaining the local soil conditions and SOC sequestration potential for 133 

particular environments as there is a critical limit to C sequestration which depends on 134 

soil texture and climatic conditions (Stockmann et al., 2015).  In this regard, the SOC in 135 

0.1 m depth in the vineyards of this study is going to be addressed as well. 136 

With the main goal of studying the effect of two permanent GC (seeded and 137 

spontaneous) on soil properties and C sequestration in comparison with conventional 138 

tillage, we performed a trial including four different vineyards in the south of Madrid, 139 
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with different soil characteristics which are representative of a large area of central 140 

Spain. We studied a set of soil parameters three years after the GC establishment: soil 141 

organic carbon (SOC) and the carbon of two fractions of the organic matter (particulate 142 

and associated to the mineral fraction); changes in other important soil characteristics 143 

were also monitored like aggregate stability; root stock, porosity, penetration resistance 144 

and infiltration rates. By including four different vineyards with different soils, slopes, 145 

orientations, vine varieties, prune systems, cultivation methods and microclimates we 146 

want to provide data on the effects of soil management strategy in different 147 

environmental conditions. 148 

2. MATERIALS AND METHODS 149 

2.1. Study area 150 

The trial was performed in vi  y       c     i   h  D    i   i    f O igi  “Wi     f 151 

    i ” (center of Spain). The annual rainfall is approximately 400 mm and the 152 

average temperature is 14.8 ºC. Four vineyards located on sloping terrain were 153 

selected in the municipalities of Campo Real, Belmonte de Tajo (two vineyards) and 154 

Navalcarnero. With the selection of these vineyards, we tried to represent the main soil 155 

types of the study area. The vineyards and the rows of the trials were also selected for 156 

having at least 9 consecutives inter-rows with the same soil and terrain characteristics. 157 

The Belmonte de Tajo vineyards are planted on a plateau on Miocene limestone parent 158 

material. Campo Real vineyard is located on ancient alluvial deposits with quartzite 159 

stones and clayey matrix. Navalcarnero vines are growing on soils over arkoses 160 

deposits resulted from the erosion processes of the Central Spanish Mountain Range. 161 

The altitude of the region is ranging from 586 to 783 meters above the sea level (Table 162 

1), the slopes of vineyards of study are moderate (from 7 to 13.5 %). 163 

Pits for soil classification and analyses were performed before the GC establishment in 164 

each vineyard. All soils were classified as Haploxeralfs (Soil Survey Staff, 2015). SOC 165 

contents and electric conductivity values were low (below 8.1 g kg-1 and less than 200 166 

µS/cm). On the one hand, soils of Belmonte de Tajo and Campo Real vineyards are 167 

carbonated, which pH ranges from 8.5 to 8.6 and have active lime presence. On the 168 

other hand, Navalcarnero vineyard does not have carbonates nor active lime and its pH 169 

is 7.7. The cation exchange capacity is medium to low and textures were similar with 170 

the exception of the high sand percentage in Navalcarnero vineyard (Table 1). 171 



Table 1. Soil Classification (Soil Survey Staff, 2015) and main soil characteristics of the 172 

vineyards. The trial had vineyards located in Belmonte de Tajo municipality (Bel-1 and 173 

Bel-2), Campo Real (CR) and Navalcarnero (Naval). The soil organic carbon (SOC), 174 

pH, electrical conductivity (EC), carbonates, active lime, texture class and cation 175 

exchange capacity (CEC) correspond to the Ap horizon. uS 1000mS 100 cS 10 dS  cm 176 

0.01 m 177 

Site 

Soil 

Classification 
Altitude Slope SOC pH EC 

 

Carbonates 

Active 

lime 
Clay Silt Sand CEC 

(USDA) (m) (%) 
(g 

kg
-1

) 
(1:2.5) 

(µS 

cm
-1

) 
(%) (%) (%) (%)  (%) 

(cmol (+) 

Kg
-1

) 

Bel-1 
Calcic 

Haploxeralf 
754 7.2 8.1 8.5 162 27.8 8.7 24.0 31.5 44.5 14.9 

Bel-2 
Typic 

Haploxeralf 
743 7.0 5.2 8.6 144 20.0 4.4 27.5 38.5 34.0 18.8 

CR 
Calcic 

Haploxeralf 
783 13.4 7.2 8.6 160 16.1 6.2 31.5 18 50.5 12.2 

Naval 
Typic 

Haploxeralf 
586 13.5 7.0 7.7 145 0.1 <0.1 24.5 8.5 67.0 14.0 

 178 

2.2. Experimental design 179 

The trial started at the end of 2012 with the selection of the four studied vineyards. The 180 

treatments were: i) conventional tillage (T) consisted in 2-3 tillage operations per year 181 

with chisel (15 cm depth) following the typical soil management practice of this area; ii) 182 

Brachypodium distachyon groundcover (hereafter CB), seeded in the central 2 m of the 183 

inter-rows in December 2012, being the seeding rate 20 kg ha-1; and, iii) spontaneous 184 

vegetation cover (hereafter CS). Both vegetation cover treatments (CB and CS) were 185 

mowed every spring once or twice a year, depending on the rainfall regime, at the 186 

height of 10 cm. The resulted straw residue or litter was left on the soil surface. This cut 187 

height allowed the CB treatment to auto-seed. The 3 treatments were performed in all 4 188 

sites with 3 repetitions according to (García-Díaz et al., 2017). 189 

2.3. Soil sampling and laboratory methods 190 

Three years after the beginning of the trial, in the summer of 2015, 9 soil samples per 191 

treatment were collected from the 4 vineyards at 0 to 5 cm and 5 to 10 cm depth. Soil 192 

samples were air-dried and sieved to obtain various sized fractions to carry out soil 193 

tests as described below. Texture was determined with Robinson pipette method.  194 
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Soil organic carbon can be found in different forms and potentials to be stable or 195 

recycled, thus the need to identify stable and labile fractions. The organic matter 196 

content associated to soil mineral fraction is considered as the stable fraction of 197 

organic carbon. This mineral associated organic fraction was separated from the total 198 

organic matter by dispersing 10 g of the 2 mm sieved fraction in 30 mL of sodium 199 

hexamethaphosfate (5 g L-1) and further shaking for 15 h. Then, the dispersed soils 200 

were wet sieved at 50 µm mesh size and the different fractions were oven-dried at 201 

50ºC (Cambardella and Elliott, 1992). SOC and mineral-associated organic carbon 202 

(MOC) were determined by (Walkley and Black, 1934) method. Soil organic carbon of 203 

the particulate organic matter (POC) was obtained as the difference between SOC and 204 

MOC. 205 

SOC, MOC and POC stocks were obtained based in Equation 1.  206 

C Stock (Mg ha-1) = [SOC, MOC or POC] x BD x D x 10        (Eq. 1) 207 

where: SOC is soil organic carbon (fraction < 2 mm) (g kg-1); MOC is the mineral-208 

associated organic carbon (g kg-1); POC is particulate organic carbon (g kg-1); BD is the 209 

bulk density (Mg m-3); and D is the sampling depth (m).  210 

Plant roots content in percentage was determined in undisturbed soil samples obtained 211 

by drill sampling (Ø=2.18 cm) at 0-5 and 5-10 cm depth taking 9 samples per 212 

treatment. Samples were air dried, weighed and wet sieved at 0.2 mm mesh size. 213 

Then, water and roots were vacuum filtered with a Büchner funnel and Kitasato flask 214 

over a tared paper filter. The obtained filters with roots were oven-dried at 105ºC for 24 215 

h and weighed. The root stock was calculated similarly to Eq. 1 but C stock and content 216 

were substituted by the root stock and content. 217 

There are several methodologies to assess aggregate stability (Hernanz et al., 2002; 218 

Imeson and Vis, 1984) and a number of researches have addressed the increase in 219 

aggregate stability with organic amendments (Hontoria et al., 2016; Peng et al., 2016; 220 

Rahman et al., 2017) or the use of cover crops (Ruiz-Colmenero et al., 2011; Salomé 221 

et al., 2016). Most of them include only one aggregate stability test. Knowing that the 222 

results can be different by using different methodologies, we propose including two 223 

widely used aggregate stability tests to assess their efficiency to show the effects of 224 

different soil management strategies on aggregate stability and, thus, soil structure.  225 

The first method was performed on macroaggregates by counting the number of drops 226 

(CND) needed to break aggregates. An aliquot of soil samples was dry sieved to obtain 227 

macro-aggregates with diameter size between 4 to 4.75 mm (Boix-Fayos et al., 2001) 228 



to perform the CND test. Thirty macro-aggregates of each soil sample (9 samples per 229 

treatment) were used to perform resistance to drop impact test (Imeson and Vis, 1984) 230 

by this CND test. The second method was the water stable microaggregates (WSA) 231 

test, that was expressed as the percentage of the <2 mm aggregates resistant to wet 232 

sieving (Kemper and Rosenau, 1986). Aggregate samples were submerged and 233 

emerged over a 0.25 mm sieve at 30 oscillations per minute during 3 minutes. These 234 

calculations were corrected for sand content. Three subsamples of 5 g were evaluated 235 

from each of the soil samples (9 samples per treatment). 236 

2.4. Soil cores: macro, meso, microporosity, available water holding 237 

capacity and bulk density 238 

To determine the macro, meso and microporosity, total porosity, available water 239 

holding capacity (WHC) and bulk density, 9 undisturbed soil cores per treatment were 240 

taken in the 4 vineyards. The cores have 5 cm of diameter and are 5.1 cm high (100 241 

cm3). These cores were taken with the objective of sampling the first 5 cm of depth, 242 

however, to ensure that 100 cm3 were exactly sampled, the first 2 to 3 cm of the 243 

surface soil were removed to avoid irregularities mainly caused by the vegetation. 244 

Consequently, the final sampled depth was between 2-3 and 7-8 cm deep. 245 

The cores were water saturated by capillarity in a sandbox. Then, increasing suctions 246 

from pF 0 to pF 4.2 were applied. In the sandbox pF ranged from 0 to 2, and in the 247 

pressure plates system (Richards, 1941; Richards, 1965) pF ranged from 2.54 to 4.2. 248 

As the last step, samples were completely oven dried (24 h at 105ºC) to calculate the 249 

bulk density. We define the different pore size groups following the classification 250 

suggested by Taboada et al., (2004) which separates macropores (those pores with 251 

diameter > 60 µm; pF from 0 to 1.8), mesopores (those pores between 60 and 10 µm; 252 

pF f    1 8      54)      ic  p       h    p     ≤ 1  µ   pF>  54)  WHC w   253 

calculated as the difference between the moisture held in soil microporosity and that of 254 

the permanent wilting point (pF = 4.2). Not available water (NAW) was calculated as 255 

water content below the permanent wilting point. pF data were also used to determine 256 

water retention curves. We used RETC software (van Genuchten et al., 1991) to 257 

calculate the parameters of the empirical equation Eq. 2 modified by van Genuchten 258 

and Nielsen (1985).  259 

θh=θr+ θs-θr)[1+ αh)
n]-m                                       (Eq. 2) 260 
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Wh    θh is the water content at suction pressure h (m3 water m-3   i )  θr is the residual 261 

water content (m3 water m-3   i )  θs is the saturated water content (m3 water m-3   i )  α 262 

is the inverse of the air entry suction (m-3); n is a dimensionless value related with the 263 

pore size distribution; m is 1-(1/n); and h is the suction pressure.  264 

Intrapedal porosity was assessed using the petroleum method (Mursec, 2011). 265 

Macroggregates (4-4.75 mm diameter) were weighed, submerged in petroleum oil 266 

during 24 h to allow pores to infill. The mass difference was used to calculate the 267 

intrapedal porosity.  268 

2.5. Field tests and determinations 269 

Infiltration rates were obtained with a simple-ring infiltrometer of 12.5 cm of diameter 270 

(USDA, 1998) by recording the time necessary to infiltrate 25 mm of water and 271 

repeating it for 10 times. Nine infiltration tests were performed on each treatment of 272 

each vineyard (3 treatments x 4 vineyards x 9 infiltration test).  273 

Penetration resistance was assessed using an Eijkelkmamp® penetrometer. It was 274 

carried out 27 times per treatment for the four vineyards at depths of 2.5, 5, 10, 15, 20, 275 

25, 30, 35, 40 and 45 cm.  276 

The vegetation cover percentage was determined in three random areas along each 277 

row of each treatment (3 spots x 3 rows x 3 treatments x 4 vineyards) at the beginning 278 

of the summer using 25 x 25 cm2 quadrats. At each spot, the average of 6 observations 279 

from 6 trained observers was used to determine the percentage of vegetation cover. 280 

This methodology results in similar values than those obtained employing digital image 281 

analysis (García-Estríngana et al., 2005). 282 

2.6. Data analysis 283 

Before data analyses, variables were checked and transformed to ensure normal 284 

distribution of data if needed. Homocedasticity was also checked. The analyses were 285 

developed in different stages using Statistica 10 software (StatSoft Inc., 2011). First, 286 

we conducted a variance analysis (Factorial ANOVA). Factors were the soil treatment 287 

(CB, CS and T), site (the four studied vineyards) and depth (0-5 cm and 5-10 cm). The 288 

dependent variables were SOC, MOC, POC, CND, WSA, root stock, BD, intrapedal 289 

porosity and vegetation cover. After that, the variables were analyzed by separating 290 

depths, except BD and intrapedal porosity as they have been studied for the same 291 

depth. Considering that penetration resistance was measured for many depths we 292 



performed simple ANOVA at each depth with soil treatment as the only factor. Further, 293 

macro, meso, microporosity, WHC, NAW and infiltrations were analyzed with simple 294 

ANOVA with soil treatment as a factor. Canonical analyses were used to assess the 295 

relationships between soil treatments (CB, CS and T) and dependent variables. Soil 296 

treatments were previously codified as dummy variables to include them in canonical 297 

analysis.  298 

 299 

3. RESULTS 300 

3.1. Soil organic carbon and fractions 301 

The factorial ANOVA showed that SOC, MOC and POC were strongly affected by soil 302 

treatment and site (Table 2). Depth had influence in SOC and MOC but not in POC. 303 

The interaction [Treat x Site] was strongly significant to SOC and lower to MOC. [Treat 304 

x Depth] and [Site x Depth] had overall low signification and only POC was highly 305 

influenced by [Site x Depth]. Again, POC was the only organic carbon fraction with a 306 

big influence of the interaction [Treat x Site x Depth].  307 

 308 

Table 2.  Results from the analysis of variance for soil organic carbon (SOC), mineral-309 

associated organic carbon (MOC), soil carbon of the particulate organic matter (POC) 310 

fraction. The treatments were CB (Brachypodium distachyon), CS (Spontaneous 311 

Vegetation) and T (Conventional Tillage). Sites were vineyards in Belmonte de Tajo 312 

(two vineyards), Campo Real and Navalcarnero. Depth were 0-5 and 5-10 cm. Terms 313 

with p value >0.1 were not reported (NR). N=36. 314 

   

  

 

Treat Site Depth 

Treat* 

Site 

Treat* 

Depth 

Site* 

Depth 

Treat* 

Site*Depth 

SOC  

 

<0.001 <0.001 <0.001 0.001 0.091 0.014 0.051 

MOC  

 

<0.001 <0.001 <0.001 0.011 NR NR 0.040 

POC 

 

0.004 <0.001 0.083 NR 0.047 0.003 0.001 

 315 

For both studied depths the differences between treatments were the same for SOC, 316 

MOC and POC: CS showed significantly higher carbon values than T, while CB did not 317 

differ from CS and T (Fig. 1). MOC stocks for the different treatments were 8.85, 9.72 318 

and 8.03 Mg ha-1 for CB, CS and T, respectively, which means a relative increase of 10 319 
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% for CB and 21 % for CS compared to T. POC contents were 4.06, 4.75 and 3.25 Mg 320 

ha-1 for CB, CS and T, respectively. Three years after introducing groundcovers CB 321 

increased SOC in 1.62 Mg ha-1 year-1 and CS did it in 3.18 Mg ha-1 year-1 regarding T. 322 

 323 

Figure 1. Mean of soil organic carbon (SOC), mineral-associated organic carbon 324 

(MOC) and soil organic carbon of the particulate organic matter fraction (POC) for the 325 

different treatments at 0-10 cm depth. CB (Brachypodium distachyon), CS 326 

(Spontaneous Vegetation) and T (Conventional Tillage). Different letters mean 327 

significant differences between treatments at p<0.05. Surrounded letters refer just to 328 

SOC statistical differences. N=36. 329 

3.2. Soil parameters and its relations to management strategies 330 

After three years of GC establishment all variables were significantly affected by the 331 

soil treatments at p<0.05 and strongly affected by the site at p<0.001 (Table 3). Soil 332 

depth had influence in WSA and root stocks. The interaction [Treat x Site] was strongly 333 

significant on CND but had lower signification on WSA and root stocks. [Site x Depth] 334 

was significant for the roots while [Treat x Site x Depth] did not influence any variable. 335 

CS increased strongly the CND doubling the average of T while CB scored similar 336 

values than T. However, both GC treatments increased the WSA significantly. The root 337 

stocks was increased in CS by more than 3 Mg ha-1 while CB also showed higher 338 

values than T but not statistically significant. CB showed the higher values of bulk 339 

density and CS did not differ from T. CB increased significantly intrapedal porosity in 340 

soil while CS did not.  341 



Table 3.  Mean and standard deviation of soil parameters for the different treatments 342 

and results from the analysis of variance for counting number drops aggregate stability 343 

(CND) test, water stable aggregates (WSA) test, root stock and bulk density. The 344 

treatments were CB (Brachypodium distachyon), CS (Spontaneous Vegetation) and T 345 

(Conventional Tillage). Sites were vineyards in Belmonte de Tajo, Campo Real and 346 

Navalcarnero. Depths were 0-5 and 5-10 cm. Different letters mean significant 347 

differences between treatments for the 0-10 cm depth at p<0.05. Terms with p value 348 

>0.1 were not reported (NR). 349 

 

Treatment 

 

Effect 

  CB CS T 

 

Treat Site Depth 

Treat* 

Site 

Treat* 

Depth 

Site* 

Depth 

Treat* 

Site*Depth 

CND 

10.41 ± 0.76 

a 

20.14 ± 2.67 

b 
9.14 ± 0.85 a 

 

<0.001 <0.001 NR 0.001 NR NR NR 

WSA (%) 

41.63 ± 1.56 

b 

43.01 ± 1.81 

b 

37.11 ± 1.46 

a 

 

<0.001 <0.001 <0.001 0.023 NR NR NR 

Root Stock 

(Mg ha
-1

) 

7.39 ± 8.04 

ab 

9.55 ± 11.58 

b 
6.04 ± 6.02 a 

 

<0.001 <0.001 <0.001 0.019 NR <0.001 0.036 

Bulk 

density  

(Mg m
-3

) 

1.42 ± 0.02 b 
1.37 ± 0.03 

ab 
1.34 ± 0.02 a 

 
0.049 <0.001 - NR - - - 

Intrapedal 

porosity 

(%) 

36.61 ± 0.76 

b 

34.61 ± 0.90 

a 

34.14 ± 0.84 

a  
0.011 <0.001 - 0.096 - - - 

 350 

3.3. Depth and soil management 351 

Both GC showed higher SOC values at 0-5 cm depth than at 5-10 cm (Fig. 2) meaning 352 

that a stratification of SOC is taking place. Regarding MOC only CS showed 353 

statistically different values between depths. POC values did not differ between depths. 354 

SOC, MOC and POC showed the same trend of differences between treatments at the 355 

studied depths: CS had significantly higher values than T with CB showing no 356 

differences with any treatment at 0-5 cm depth. The aggregate stability tests did not 357 

show differences between depths for any treatment with the exception of WSA in T. No 358 

statistical differences were found for WSA when separating between depths. The CND 359 

test had significantly higher values for CS than CB and T in the two selected depths. At 360 

5-10 cm depth, no statistical differences between treatments were recorded for any 361 

variable. Regarding root content, only CB showed statistically significant higher values 362 

at 0-5 cm depth than at 5-10 cm depth. Again, at 0-5 cm depth only CS differs from T.  363 
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 364 

Figure 2. Mean and standard error of soil organic carbon (SOC), mineral-associated 365 

organic carbon (MOC), soil organic carbon of the particulate organic matter fraction 366 

(POC), counting number drops aggregate stability test (CND), water stable aggregates 367 

test (WSA) and root stock for the different treatments and depths after three agronomy 368 

seasons. CB (Brachypodium distachyon), CS (Spontaneous Vegetation) and T 369 

(Conventional Tillage). Different uppercase letters mean differences between 370 

treatments at the same depth at p<0.05. Different lowercase letters mean differences 371 

between depths at the same treatment at p<0.05. N=36. 372 



3.4. Penetration resistance 373 

Results were separated in two sections (Fig.  3): the first section from 0 to 20 cm depth, 374 

with significant differences in penetration resistance, and the second section from more 375 

than 25 to 45 cm depth where no statistical differences were observed. Section 1 376 

showed that T scored the lower penetration resistance than both GC treatments. From 377 

0 to 15 cm depth, the penetration resistance of groundcovers doubled the values of the 378 

tilled soils. At the depth of 20 cm T and CS had no differences. In section 2, the values 379 

were erratic along different depths and had very high variability which resulted in a lack 380 

of statistical differences.   381 

382 
  383 

Figure 3. Mean and standard error of penetration resistance for the different treatments 384 

after three agronomy seasons at different depths. CB (Brachypodium distachyon), CS 385 

(Spontaneous Vegetation) and T (Conventional Tillage). Different letters mean 386 

significant differences between treatments at p<0.05. Section 1: with statistically 387 

significant differences. Section 2: without statistically significant differences.  388 

3.5. Porosity and infiltration 389 



15 
 

Total porosity of sampled cores after three years of soil treatments did not change 390 

significantly (Fig. 4) between treatments. CS scored the highest average with 47.3 % 391 

followed by CB (46.2%) and T (45.8%). CS and T had significantly higher 392 

macroporosity than CB. However, CB had higher micro-porosity than CS and T, which 393 

was reflected in a higher WHC. The analysis of Fig. 4 shows that three years of GC 394 

development have been enough to reorganize the soil pore structure, although total 395 

porosity does not change.  396 

 397 

Figure 4. Upper part: water retention curve for the three treatments three years after 398 

 h         f  h    i    θ= v  u    ic w     c        L w   p   :      v  u   of volumetric 399 

water content for the three treatments. Total porosity is divided in macroporosity, 400 

mesoporosity and microporosity. Microporosity was divided in available water holding 401 

capacity (WHC) and not available water (NAW). CB (Brachypodium distachyon), CS 402 

(spontaneous vegetation) and T (conventional tillage). Different letters mean significant 403 

differences between treatments at p<0.05. Letters surrounded by a square refer to 404 

microporosity differences. Letters surrounded by a circle refer to total porosity 405 

differences. N=36. 406 

With regard to infiltration rates, during the first minutes of the experiments all the 407 

treatments showed similar rates starting with 80 cm h-1. However, CS and CB 408 



maintained higher values for 0.15 hours after the beginning (Fig. 5). The steady state 409 

values of CS and CB were 28.1 and 23.3 cm h-1, respectively, which were statistically 410 

higher than T, with 13.1 cm h-1. Thus, in three years, groundcovers improved infiltration 411 

rates by increasing them ca. 2 times.  412 

 413 

Figure 5. Infiltration curves for the three treatments three years after the start of the trial 414 

fitted to potential equations. CB (Brachypodium distachyon), CS (spontaneous 415 

vegetation) and T (conventional tillage).  Different letters mean significant differences 416 

between steady states of the treatments at p<0.05. N=36. 417 

3.6. Relationships between parameters 418 

The relationship between SOC and aggregate stability is especially important in 419 

Mediterranean vineyards as explained in the Introduction section and deserves further 420 

analysis. A first exploration of the variables correlation matrix (supplementary material) 421 

showed that the aggregate stability tests scored the highest correlation indexes with 422 

SOC instead of POC and MOC. Thus, correlation analyses were performed with SOC 423 

and aggregate stability tests.  424 

CND and WSA showed a positive and significant correlation with SOC (p<0.05) (Fig. 6) 425 

with and adjusted R2 of 19.5 and 38.6 %, respectively. These figures indicated that with 426 

low SOC values, a small increase strongly improves the aggregate stability. On the 427 
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contrary, with higher SOC, a bigger increase is needed to promote aggregate stability. 428 

This is remarkable in the correlation established between WSA and SOC (Fig. 6b), in 429 

which an asymptotic equation could be observed. On the contrary CND showed an 430 

almost lineal relationship with SOC.  431 

 432 

Figure 6. Relationships between soil organic carbon (SOC) at 0-10 cm depth and (a) 433 

counting number drops (CND); and (b) water stable aggregates (WSA) with the best 434 

fitting equations, which are statistically significant at p<0.05. 435 

Due to the multiple correlations found between variables, a multivariate canonical 436 

analysis was performed with selected variables that minimize co-variation, site-437 

dependence relationship and redundancy. The model included: the treatments CB, CS 438 

and T, and the variables: POC, MOC, CND, WSA, root stocks, PR, Infiltration, 439 

intrapedal porosity, total porosity, macroporosity, mesoporosity, WHC, bulk density and 440 



vegetation cover. The canonical analysis extracted 61 and 38 % (roots 1 and 2, 441 

respectively) of the variability of the independent variables and 14 and 10 % (roots 1 442 

and 2, respectively) of the dependent variables. This relatively low explained variability 443 

is due to the large number of variables that were included in the canonical analysis. To 444 

facilitate interpretations, two graphs were made with the ordination resulted from 445 

canonical analysis (Fig. 7a and b). The first one was focused on organic matter and 446 

aggregate stability and the second one on variables related to the water in the soil. 447 

Roots and vegetation cover were included in both graphs because they had big 448 

influence in the two sets of variables.  449 

Vegetation cover scored positive in Root 1 as well as both GC treatments. Fig. 7a 450 

showed similar scores for the organic matter fractions, aggregate stability and roots in 451 

Root 1, which explains the most of the variability and is linked to the GC. All dependent 452 

variables but particularly CND scored positives values in Root 2, which positioned them 453 

closer to CS than to CB. Figure 7b showed that soil treatments had very low influence 454 

on mesoporosity. The macroporosity was negatively correlated with CB. Total porosity 455 

was slightly affected by soil treatments but scored more similar to groundcovers than to 456 

T. WHC and intrapedal porosity were highly related and scored close to BD. These 457 

variables scored positive in Root 1 as well as groundcovers but negative in Root 2. 458 

Vegetation cover was related to penetration resistance, infiltration rates and roots 459 

content in the soil. Higher vegetation cover meant higher penetration resistance or 460 

compaction. However, contrary to expectations, this did not lead to infiltration 461 

problems, instead, the infiltration rates were higher as the vegetation cover and 462 

penetration resistance values went higher. Taking into account that groundcover did 463 

not increase the pore volume (Figs 4 and 7b) we can conclude that pore connection is 464 

more important than pore volume to explain infiltration rates and that soil compaction is 465 

not directly related to water infiltration in this study. GC, and especially CS, increase 466 

the vegetation cover percentage, which increases the soil roots content. This higher 467 

root biomass input increases the organic carbon (both fractions) and improves the 468 

aggregate stability.  469 
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 470 

Figure 7. Spatial ordination resulted from canonical analysis. Brachypodium distachyon 471 

groundcover (CB), spontaneous vegetation groundcover (CS), conventional tillage (T), 472 

soil organic carbon of the particulate organic matter fraction (POC), mineral-associated 473 

organic carbon (MOC), counting number drops macroaggregate stability test (CND), 474 

water stable microaggregates test (WSA), root stocks (Roots), penetration resistance 475 

(PR), infiltration (Infil), intrapedal porosity (P-Intra), total porosity (P-Total), 476 



macroporosity (P-Macro), mesoporosity (P-Meso), available water holding capacity 477 

(WHC), bulk density (BD) and vegetation cover (Cover). 478 

 479 

4. DISCUSSION 480 

The site of vineyards had the strongest influence on the studied variables as expected. 481 

However, this study aimed at including soil and location variability in order to contrast 482 

them with the different soil management practices to prove whether a soil management 483 

strategy can improve soil quality, no matter the type of soil. Three years after the 484 

beginning of the GC establishment the studied soil properties experienced some 485 

changes. Soils with CS had significantly more SOC, MOC and POC than T, with CB 486 

scoring intermediate values. The most important increase corresponds to 0 to 5 cm soil 487 

depth. At 5 to 10 cm depth there were just tendencies but not statistically significant 488 

changes. Usually, at deeper layers there were no significant differences between 489 

conventional tillage and other sustainable soil management practices (Piccoli et al., 490 

2016; Powlson et al., 2011).  491 

Our results showed that CS increased soil carbon in both stable and labile fractions. 492 

The importance of this result is that GC promote atmospheric CO2 sequestration in the 493 

soil via increasing MOC stocks (Stockmann et al., 2013). At the same time soil quality 494 

and fertility are improved (Gregorich et al., 1997) and erodibility is reduced (Parras-495 

Alcántara et al., 2016) via increasing POC stocks. 496 

CS and CB had 1.06 and 0.54 Mg SOC ha-1 year-1 sequestration rates, respectively. 497 

These results are consistent with those published by Vicente-Vicente et al., (2016) who 498 

performed a meta-analysis including 16 publications on vineyards and found an 499 

average of 0.78 Mg SOC ha-1 year-1 while for olive orchards the rates were 1.1 Mg 500 

SOC ha-1 year-1. Peregrina et al., (2010 and 2014) observed SOC sequestration rates 501 

of 0.47 and 1.19, and 1.34, 1.52, Mg SOC ha-1 year-1 in different trials for different types 502 

of permanent GC in vineyards. More importantly, these stocks demonstrate that the 4 503 

per mille objective can be accomplished. The relatively low values found for CB could 504 

be attributed to the lower biomass inputs that were scored in the case of the root 505 

stocks. Moreover, it is difficult to compare SOC sequestration rates because 506 

sometimes the soil management strategy is called cover crops or groundcovers but 507 

these strategies include an annual tillage for seeding operations or to limit water 508 

competition obviating that tillage is one of the major driving forces of carbon 509 

mineralization (Kabiri et al., 2016). Additionally, there is not a standard of soil sampling 510 
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depth to calculate SOC stocks or sequestration rates. CB increased POC stocks in 0.8 511 

Mg ha-1 and CS did in 1.5 Mg ha-1 in relation to T. The increase in POC and its 512 

relationship with higher soil quality has been widely addressed in the literature (Duval 513 

et al., 2013). Moreover, though most of the SOC belongs to the stable fraction (MOC), 514 

GC increased relatively more POC stocks than MOC. 515 

The aggregate stability tests showed different results. Regarding the CND, only CS 516 

averaged significantly higher than T while both GC had higher values of WSA. T 517 

showed the lower values of any soil treatment in both test. As tillage destroys the 518 

natural structure of soil, it produces more unstable macroaggregates because of lower 519 

SOC contents (Six et al., 2000b). Therefore, any increase in aggregate stability is 520 

related to higher SOC contents (Blavet et al., 2009) and especially to the POC content 521 

(Imaz et al., 2010). This labile organic matter content is more sensitive to land 522 

management changes than SOC (Bayer et al., 2004). In this study, the WSA test was 523 

similarly influenced by MOC and POC in the canonical analyses, while the CND was 524 

closer to MOC. Higher POC is related to a continuous replacement of fresh organic 525 

matter that can be incorporated into the soil (Sá and Lal, 2009). Besides, POC acts as 526 

a binding agent to stabilize macroaggregates (Denef et al., 2004; Six et al., 2002). This 527 

could suggest that stable organic carbon increases the resistance of aggregates to 528 

raindrop impacts and thus, decreases soil erodibility. 529 

Both aggregate stability tests were positively correlated with SOC, which was observed 530 

by several researchers (Bronick and Lal, 2005; Six et al., 2004), but the correlations 531 

were different. CND followed a nearly linear distribution while the one of WSA was 532 

asymptotic. This could be explained by the fact that the WSA had higher sensitivity to a 533 

SOC increase when the initial SOC content was low. In fact, Minasny et al., (2017) 534 

have established in more than 20 countries that there is a tendency of a higher C 535 

sequestration potential on croplands with low initial SOC stock. In this study with soils 536 

having low SOC, WSA is more suitable to assess soil quality changes, hence its use is 537 

recommended for the assessment of soil status of Mediterranean vineyards.   538 

The cessation of tillage and mowing operations are often related to soil compaction 539 

(Lagacherie et al., 2006). Accordingly, our data showed that GC had significantly 540 

higher penetration resistance than T in the tilling depth. Nevertheless, this compaction 541 

had no consequences on the soil-water and soil-air relationships. As soil water 542 

retention curves and multivariate analysis showed, GC did not have a strong impact on 543 

soil porosity. Total porosity was statistically the same for all treatments, in fact CS 544 

tended to be even higher. GC developed a new pore distribution with similar pore 545 



volume but a higher connectivity. BD was higher in the GC than in T showing higher 546 

soil compaction that was also proved by higher values of penetration resistance field 547 

tests. Nevertheless, even with higher soil compaction and similar porosity, GC doubled 548 

the infiltration rates of T. Vegetation cover, penetration resistance and infiltration 549 

scored similarly in the canonical analysis, this indicates that soil compaction itself is no 550 

enough to explain the water movement in the soil. Our results agree with those from 551 

Pires et al., (2017) and Gao et al., (2017) who observed small differences in 552 

macroporosity, but better pore connectivity under no tillage treatment. Thus, despite 553 

soil compaction, GC improves the water movement without threatening soil aeration.  554 

In this regard, CB had behaved slightly different than CS: macroporosity was lower and 555 

microporosity and WHC were higher in CB. The intrapedal porosity was also higher in 556 

CB which explained the higher proportion of small pores and the enhancement of 557 

WHC. It is well known that different patterns in soil roots result in different soil structure 558 

and pore size distribution (Krebs et al., 1993) and that traditionally tilled plots usually 559 

show less intrapedal porosity (Aguilar et al., 1990). 560 

The most of the studied variables were not affected by soil treatments at 5 to 10 cm 561 

depth, which can be mainly due to the slow evolution of soil parameters in semiarid 562 

Mediterranean soils (Bienes et al., 2016). Nevertheless, changes in the 0 to 5 cm depth 563 

have been enough for improving hydrologic characteristics like infiltration and runoff 564 

(García-Díaz et al., 2017). Our results showed that the GC promotes an increase in soil 565 

quality and, as a result, in the soil functioning (Salomé et al., 2014). Permanent covers 566 

have increased the organic inputs in the soil system, increasing the SOC stock which 567 

has improved the aggregate stability and soil structure. The two GC had a different 568 

development. The spontaneous vegetation GC produced higher carbon input through 569 

the roots than CB (González-Sánchez et al., 2012), and this produced larger increases 570 

of SOC and, as a consequence, bigger improvements in aggregate stability and 571 

infiltration rates. 572 

A seeded GC requires an investment in seeds and the use of machinery for soil 573 

conditioning. The spontaneous GC does not require this kind of outlays as it can be 574 

established directly by stop tilling operations. Moreover, along the trial we noticed 575 

herbivory problems with rabbits that showed much higher predilection for the 576 

Brachypodium distachyon GC. There are researches who have addressed water 577 

competition between the plants of GC and the vines in rainfed Mediterranean vineyards 578 

producing grape production decreases (Ruiz-Colmenero et al., 2011; Guerra and 579 
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Steenwerth, 2012; Muscas et al., 2017). Nevertheless, these studies tend to ignore the 580 

value of increasing SOC and erosion reductions on degraded soils.  581 

 582 

5. CONCLUSIONS 583 

Alternative soil management strategies such as the use of GC on degraded soils of 584 

Mediterranean vineyards improve soil quality in comparison with conventional tillage. 585 

Compared to tillage, GC increase soil organic carbon as a consequence of higher 586 

carbon inputs. This increase in organic carbon stocks take place in both stable and 587 

labile fractions, but is particularly higher in the labile fraction which immediately 588 

improves soil fertility. Besides, this indicates that a pool of partially humidified organic 589 

matter will be further humified, increasing the stable fractions and contributing to 590 

atmospheric CO2 fixation. SOC stocks increase promotes an improvement of 591 

aggregate stability and soil structure making soil more resistant to water erosion. The 592 

pore volume and pore size distribution remains similar while the pore connectivity 593 

increases dramatically.   594 

WSA was probed more efficient than CND to assess the influence of soil management 595 

on soil structure. An increase of soil compaction was confirmed for GC soil 596 

management. Higher BD and penetration resistance were recorded for GC compared 597 

to T. Nevertheless, this does not necessarily mean a decrease in available water 598 

holding capacity or infiltration rates. GC creates a new pore system with microporosity 599 

and intrapedal porosity changes which are responsible of these differences. The pace 600 

of these changes is different between GC. In this study higher microporosity and more 601 

WHC have been measured for CB compared to T.  This is particularly remarkable 602 

because it can be used as an argument to convince farmers to perform GC. 603 

Nevertheless, this observation must be monitored for longer periods of time and for 604 

different edaphological and environmental circumstances. This is an important topic to 605 

address in future research. Vine age, soil texture or soil depth can have a key role on 606 

this. More knowledge is necessary to demonstrate that GC can improve soils without 607 

impacts in long term grape production, hence to maintain agrosystem sustainability in 608 

Mediterranean areas.  609 

REFERENCES 610 

Aguilar, J., Fernáandez, J., Ortega, E., de Haro, S., Rodríguez, T. 1990. 611 

Micromorphological Characteristics of Soils Producing Olives under Nonploughing 612 



Compared with Traditional Tillage Methods. Dev. Soil Sci. 19:25-32. doi: 613 

http://dx.doi.org/10.1016/S0166-2481(08)70312-X. 614 

Akpa, S.I.C., Odeh, I.O.A., Bishop, T.F.A., Hartemink, A.E., Amapu, I.Y. 2016. Total 615 

soil organic carbon and carbon sequestration potential in Nigeria. Geoderma 271:202-616 

215. doi: http://dx.doi.org/10.1016/j.geoderma.2016.02.021. 617 

Arnaez, J., Lasanta, T., Ruiz-Flaño, P., Ortigosa, L. 2007. Factors affecting runoff and 618 

erosion under simulated rainfall in Mediterranean vineyards. Soil Tillage Res. 93:324-619 

334. doi: http://dx.doi.org/10.1016/j.still.2006.05.013. 620 

Bakker, M.M., Govers, G., Kosmas, C., Vanacker, V., Oost, K.v., Rounsevell, M. 2005. 621 

Soil erosion as a driver of land-use change. Agric. , Ecosyst. Environ. 105:467-481. 622 

doi: http://dx.doi.org/10.1016/j.agee.2004.07.009. 623 

Bakker, M.M., Govers, G., Rounsevell, M.D.A. 2004. The crop productivity–erosion 624 

relationship: an analysis based on experimental work. Catena 57:55-76. doi: 625 

http://dx.doi.org/10.1016/j.catena.2003.07.002. 626 

Bayer, C., Martín-Nieto, L., Mielniczuk, J., Pavinato, A. 2004. Armazenamento de 627 

carbono em frações lábeis da matéria orgânica de um Latossolo Vermelho sob plantio 628 

direto. Pesquisa Agropecuária Brasileira 39:677-683. doi: 629 

http://dx.doi.org/10.1590/S0100-204X2004000700009. 630 

Bienes, R., Marques, M.J., Sastre, B., García-Díaz, A., Ruiz-Colmenero, M. 2016. 631 

Eleven years after shrub revegetation in semiarid eroded soils. Influence in soil 632 

properties. Geoderma 273:106-114. doi: 633 

http://dx.doi.org/10.1016/j.geoderma.2016.03.023. 634 

Bienes, R., Ruiz, M., Marques, M.J. 2010. Pérdida de suelo, fósforo y materia orgánica 635 

por erosión hídrica en parcelas revegetadas con matorral autóctono bajo clima 636 

semiárido. Revista de Ciências Agrárias 33:58-69. 637 

Blavet, D., De Noni, G., Le Bissonnais, Y., Leonard, M., Maillo, L., Laurent, J.Y., 638 

Asseline, J., Leprun, J.C., Arshad, M.A., Roose, E. 2009. Effect of land use and 639 

management on the early stages of soil water erosion in French Mediterranean 640 

vineyards. Soil Tillage Res. 106:124-136. doi: 641 

http://dx.doi.org/10.1016/j.still.2009.04.010. 642 

http://dx.doi.org/10.1016/S0166-2481(08)70312-X
http://dx.doi.org/10.1016/j.geoderma.2016.02.021
http://dx.doi.org/10.1016/j.still.2006.05.013
http://dx.doi.org/10.1016/j.agee.2004.07.009
http://dx.doi.org/10.1016/j.catena.2003.07.002
http://dx.doi.org/10.1590/S0100-204X2004000700009
http://dx.doi.org/10.1016/j.geoderma.2016.03.023
http://dx.doi.org/10.1016/j.still.2009.04.010


25 
 

BOC         B       Ofici         C  u i           i     17             Ju i     643 

2009. 644 

Boix-Fayos, C., Calvo-Cases, A., Imeson, A.C., Soriano-Soto, M.D. 2001. Influence of 645 

soil properties on the aggregation of some Mediterranean soils and the use of 646 

aggregate size and stability as land degradation indicators. Catena 44:47-67. doi: 647 

http://dx.doi.org/10.1016/S0341-8162(00)00176-4. 648 

BOR,.2015. Boletín Oficial de La Rioja no 74 del 8 de junio de 2015. 649 

Bronick, C.J., Lal, R. 2005. Soil structure and management: a review. Geoderma 650 

124:3-22. doi: http://dx.doi.org/10.1016/j.geoderma.2004.03.005. 651 

Bruun, T.B., Elberling, B., de Neergaard, A., Magid, J. 2015. Organic Carbon Dynamics 652 

in Different Soil Types After Conversion of Forest to Agriculture. Land Degrad. Dev. 653 

26:272-283. doi: http://dx.doi.org/10.1002/ldr.2205. 654 

Bu, C., Wu, S., Yang, K. 2014. Effects of physical soil crusts on infiltration and splash 655 

erosion in three typical Chinese soils. International Journal of Sediment Research 656 

29:491-501. doi: http://dx.doi.org/10.1016/S1001-6279(14)60062-7. 657 

Cambardella, C.A., Elliott, E.T. 1992. Particulate Soil Organic-Matter Changes across a 658 

Grassland Cultivation Sequence 56:777-783. doi: 659 

http://dx.doi.org/10.2136/sssaj1992.03615995005600030017x. 660 

Colazo, J.C., Buschiazzo, D. 2015. The Impact of Agriculture on Soil Texture Due to 661 

Wind Erosion. Land Degrad. Dev. 26:62-70. doi: http://dx.doi.org/10.1002/ldr.2297. 662 

Denef, K., Six, J., Merckx, R., Paustian, K. 2004. Carbon Sequestration in 663 

Microaggregates of No-Tillage Soils with Different Clay Mineralogy 68:1935-1944. doi: 664 

http://dx.doi.org/10.2136/sssaj2004.1935. 665 

Duran Zuazo VH, Rodriguez Pleguezuelo CR (2009) Soil-Erosion and Runoff 666 

Prevention by Plant Covers: A Review. In: Lichtfouse, E Navarrete, M Debaeke, P 667 

Souchere, V Alberola,C. (ed) Springer-Verlag Berlin,Heidelberger Platz 3, D-14197, 668 

Berlin, Germany, pp 785-811. 669 

http://dx.doi.org/10.1016/S0341-8162(00)00176-4
http://dx.doi.org/10.1016/j.geoderma.2004.03.005
doi:%20http://dx.doi.org/10.1002/ldr.2205
http://dx.doi.org/10.1016/S1001-6279(14)60062-7
http://dx.doi.org/10.2136/sssaj1992.03615995005600030017x
http://dx.doi.org/10.1002/ldr.2297
http://dx.doi.org/10.2136/sssaj2004.1935


Duval, M.E., Galantini, J.A., Iglesias, J.O., Canelo, S., Martinez, J.M., Wall, L. 2013. 670 

Analysis of organic fractions as indicators of soil quality under natural and cultivated 671 

systems. Soil Tillage Res. 131:11-19. doi: http://dx.doi.org/10.1016/j.still.2013.03.001. 672 

Fernández-Ugalde, O., Virto, I., Bescansa, P., Imaz, M.J., Enrique, A., Karlen, D.L. 673 

2009. No-tillage improvement of soil physical quality in calcareous, degradation-prone, 674 

semiarid soils. Soil Tillage Res. 106:29-35. doi: 675 

http://dx.doi.org/10.1016/j.still.2009.09.012. 676 

Gao, L., Becker, E., Liang, G., Houssou, A.A., Wu, H., Wu, X., Cai, D., Degré, A. 2017. 677 

Effect of different tillage systems on aggregate structure and inner distribution of 678 

organic carbon. Geoderma 288:97-104. doi: 679 

http://dx.doi.org/10.1016/j.geoderma.2016.11.005. 680 

García-Díaz, A., Allas, R.B., Gristina, L., Cerdà, A., Pereira, P., Novara, A. 2016. 681 

Carbon input threshold for soil carbon budget optimization in eroding vineyards. 682 

Geoderma 271:144-149. doi: http://dx.doi.org/10.1016/j.geoderma.2016.02.020. 683 

García-Díaz, A., Bienes, R., Sastre, B., Novara, A., Gristina, L., Cerdà, A. 2017. 684 

Nitrogen losses in vineyards under different types of soil groundcover. A field runoff 685 

simulator approach in central Spain. Agric. , Ecosyst. Environ. 236:256-267. doi: 686 

http://dx.doi.org/10.1016/j.agee.2016.12.013. 687 

García-Estríngana P, Alegre Álvaro AB, N., Guerrero E (2005) Determinación de la 688 

cobertura del suelo en ensayos de pequeña parcela: una comparación de métodos. In: 689 

Control de la degradación de suelos, Madrid. (ed), pp 275-279. 690 

García-Orenes, F., Guerrero, C., Mataix-Solera, J., Navarro-Pedreño, J., Gómez, I., 691 

Mataix-Beneyto, J. 2005. Factors controlling the aggregate stability and bulk density in 692 

two different degraded soils amended with biosolids. Soil Tillage Res. 82:65-76. doi: 693 

http://dx.doi.org/10.1016/j.still.2004.06.004. 694 

García-Ruiz, J.M. 2010. The effects of land uses on soil erosion in Spain: A review. 695 

Catena 81:1-11. doi: http://dx.doi.org/10.1016/j.catena.2010.01.001. 696 

Glinski J, Lipiec J (1990) Soil physical conditions and plant roots. CRC Press. 697 

Gómez, J.A., Guzmán, M.G., Giráldez, J.V., Fereres, E. 2009. The influence of cover 698 

crops and tillage on water and sediment yield, and on nutrient, and organic matter 699 

http://dx.doi.org/10.1016/j.still.2013.03.001
http://dx.doi.org/10.1016/j.still.2009.09.012
http://dx.doi.org/10.1016/j.geoderma.2016.11.005
http://dx.doi.org/10.1016/j.geoderma.2016.02.020
http://dx.doi.org/10.1016/j.agee.2016.12.013
http://dx.doi.org/10.1016/j.still.2004.06.004
http://dx.doi.org/10.1016/j.catena.2010.01.001


27 
 

losses in an olive orchard on a sandy loam soil. Soil Tillage Res. 106:137-144. doi: 700 

http://dx.doi.org/10.1016/j.still.2009.04.008. 701 

González-Sánchez, E.J., Ordóñez-Fernández, R., Carbonell-Bojollo, R., Veroz-702 

González, O., Gil-Ribes, J.A. 2012. Meta-analysis on atmospheric carbon capture in 703 

Spain through the use of conservation agriculture. Soil Tillage Res. 122:52-60. doi: 704 

http://dx.doi.org/10.1016/j.still.2012.03.001. 705 

Gonzalez-Sanchez, E.J., Veroz-Gonzalez, O., Blanco-Roldan, G.L., Marquez-Garcia, 706 

F., Carbonell-Bojollo, R. 2015. A renewed view of conservation agriculture and its 707 

evolution over the last decade in Spain. Soil Tillage Res. 146, Part B: 204-212. doi: 708 

http://dx.doi.org/10.1016/j.still.2014.10.016. 709 

Gregorich, E.G., Carter, M.R., Doran, J.W., Pankhurst, C.E., Dwyer, L.M. 1997. 710 

Chapter 4 Biological attributes of soil quality. Dev. Soil Sci. 25:81-113. doi: 711 

http://dx.doi.org/10.1016/S0166-2481(97)80031-1. 712 

Gregorich, E.G., Janzen, H.H. 1996. Storage of soil carbon in the light fraction and 713 

macro-  g  ic         I  ‘‘S  uc u       S i  O g  ic        S    g  i  Ag icu  u    714 

S i  ’’        C          B  A  S  w     E   ):167-193-CRC Press, Boca Raton, FL. 715 

Guerra, B., Steenwerth, K. 2012. Influence of Floor Management Technique on 716 

Grapevine Growth, Disease Pressure, and Juice and Wine Composition: A Review. 717 

Am. J. Enol. Vitic. 63:149-164. doi: http://dx.doi.org/10.5344/ajev.2011.10001. 718 

Haynes, R.J. 2005. Labile Organic Matter Fractions as Central Components of the 719 

Quality of Agricultural Soils: An Overview. Adv. Agron. 85:221-268. doi: 720 

http://dx.doi.org/10.1016/S0065-2113(04)85005-3. 721 

Hernanz, J.L., López, R., Navarrete, L., Sánchez-Girón, V. 2002. Long-term effects of 722 

tillage systems and rotations on soil structural stability and organic carbon stratification 723 

in semiarid central Spain. Soil Tillage Res. 66:129-141. doi: 724 

http://dx.doi.org/10.1016/S0167-1987(02)00021-1. 725 

Hontoria, C., Gómez-Paccard, C., Mariscal-Sancho, I., Benito, M., Pérez, J., Espejo, R. 726 

2016. Aggregate size distribution and associated organic C and N under different 727 

tillage systems and Ca-amendment in a degraded Ultisol. Soil Tillage Res. 160:42-52. 728 

doi: http://dx.doi.org/10.1016/j.still.2016.01.003. 729 

http://dx.doi.org/10.1016/j.still.2009.04.008
http://dx.doi.org/10.1016/j.still.2012.03.001
http://dx.doi.org/10.1016/j.still.2014.10.016
http://dx.doi.org/10.1016/S0166-2481(97)80031-1
http://dx.doi.org/10.5344/ajev.2011.10001
http://dx.doi.org/10.1016/S0065-2113(04)85005-3
http://dx.doi.org/10.1016/S0167-1987(02)00021-1
http://dx.doi.org/10.1016/j.still.2016.01.003


Imaz, M.J., Virto, I., Bescansa, P., Enrique, A., Fernandez-Ugalde, O., Karlen, D.L. 730 

2010. Soil quality indicator response to tillage and residue management on semi-arid 731 

Mediterranean cropland. Soil Tillage Res. 107:17-25. doi: 732 

http://dx.doi.org/10.1016/j.still.2010.02.003. 733 

Imeson,A. C., Vis M,.1984. Assessing soil aggregate stability by water-drop impact and 734 

ultrasonic dispersion. Geoderma 34:185-200. doi: http://dx.doi.org/10.1016/0016-735 

7061(84)90038-7. 736 

Issa, O.M., Le Bissonnais, Y., Planchon, O., Favis-Mortlock, D., Silvera, N., 737 

Wainwright, J. 2006. Soil detachment and transport on field- and laboratory-scale 738 

interrill areas: erosion processes and the size-selectivity of eroded sediment. Earth 739 

Surf. Process. Landforms 31:929-939. doi: http://dx.doi.org/10.1002/esp.1303. 740 

Jigău       1   P OCESSES AND FACTO S OF PO OSITY EVOLUTION  S i  741 

Forming Factors and Processes from the Temperate Zone 9 doi: 742 

http://dx.doi.org/10.15551/fppzt.v9i1.146. 743 

Kabiri, V., Raiesi, F., Ghazavi, M.A. 2016. Tillage effects on soil microbial biomass, 744 

SOM mineralization and enzyme activity in a semi-arid Calcixerepts. Agric. , Ecosyst. 745 

Environ. 232:73-84. doi: http://dx.doi.org/10.1016/j.agee.2016.07.022. 746 

Keesstra, S.D., Bouma, J., Wallinga, J., Tittonell, P., Smith, P., Cerdà, A., 747 

Montanarella, L., Quinton, J.N., Pachepsky, Y., van der Putten, W.H., Bardgett, R.D., 748 

Moolenaar, S., Mol, G., Jansen, B., Fresco, L.O. 2016. The significance of soils and 749 

soil science towards realization of the United Nations Sustainable Development Goals. 750 

SOIL 2:111-128. doi: http://dx.doi.org/10.5194/soil-2-111-2016, 2016. 751 

Krebs, M., kretzschmar, A., Chadoeuf, J., Goulard, M. 1993. Investigations on 752 

distribution patterns in soil: basic and relative distributions of roots, channels and 753 

cracks. Dev. Soil Sci. 22:437-449. doi: http://dx.doi.org/10.1016/S0166-2481(08)70432-754 

X. 755 

Lagacherie, P., Coulouma, G., Ariagno, P., Virat, P., Boizard, H., Richard, G. 2006. 756 

Spatial variability of soil compaction over a vineyard region in relation with soils and 757 

cultivation operations. Geoderma 134:207-216. doi: 758 

http://dx.doi.org/10.1016/j.geoderma.2005.10.006. 759 

http://dx.doi.org/10.1016/j.still.2010.02.003
http://dx.doi.org/10.1016/0016-7061(84)90038-7
http://dx.doi.org/10.1016/0016-7061(84)90038-7
http://dx.doi.org/10.1002/esp.1303
http://dx.doi.org/10.15551/fppzt.v9i1.146
http://dx.doi.org/10.1016/j.agee.2016.07.022
http://dx.doi.org/10.5194/soil-2-111-2016,%202016
file:///E:/Artículos/Articulo%20prop%20suelo/Único/AgroSusDev/:%20http:/dx.doi.org/10.1016/S0166-2481(08)70432-X
file:///E:/Artículos/Articulo%20prop%20suelo/Único/AgroSusDev/:%20http:/dx.doi.org/10.1016/S0166-2481(08)70432-X
http://dx.doi.org/10.1016/j.geoderma.2005.10.006


29 
 

Lasanta, T., Sobrón, L. 1988. Influencia de las prácticas de laboreo en la evolución 760 

hidromorfológica de suelos cultivados con viñedo. Cuadernos de Investigación 761 

Geográfica 14:81–97. 762 

Léonard, J., Perrier, E., Rajot, J.L. 2004. Biological macropores effect on runoff and 763 

infiltration: a combined experimental and modelling approach. Agric. , Ecosyst. Environ. 764 

104:277-285. doi: http://dx.doi.org/10.1016/j.agee.2003.11.015. 765 

Lorenz, K., Lal, R. 2016. Chapter Three - Environmental Impact of Organic Agriculture. 766 

Adv. Agron. 139:99-152. doi: http://dx.doi.org/10.1016/bs.agron.2016.05.003. 767 

MAGRAMA,.2015a. Encuesta sobre superficies y rendimiento de cultivos (ESYRCE). 768 

Resultados Nacionales y Autonómicos. 769 

MAGRAMA,.2015b. Encuesta sobre superficies y rendimientos (ESYRCE). Análisis de 770 

las Técnicas de Mantenimiento de los Suelos y de los Métodos de Siembra de España. 771 

Subdirección General de Estadística MAGRAMA . 772 

Marqués, M.J., Bienes, R., Cuadrado, J., Ruiz-Colmenero, M., Barbero-Sierra, C., 773 

Velasco, A. 2015. Analysing Perceptions Attitudes and Responses of Winegrowers 774 

about Sustainable Land Management in Central Spain. Land Degrad. Dev. 26:458-467. 775 

doi: http://dx.doi.org/10.1002/ldr.2355. 776 

Minasny, B., Malone, B.P., McBratney, A.B., Angers, D.A., Arrouays, D., Chambers, A., 777 

Chaplot, V., Chen, Z., Cheng, K., Das, B.S., Field, D.J., Gimona, A., Hedley, C.B., 778 

Hong, S.Y., Mandal, B., Marchant, B.P., Martin, M., McConkey, B.G., Mulder, V.L., 779 

O'Rourke, S., Richer-de-Forges, A.C., Odeh, I., Padarian, J., Paustian, K., Pan, G., 780 

Poggio, L., Savin, I., Stolbovoy, V., Stockmann, U., Sulaeman, Y., Tsui, C., Vågen, T., 781 

van Wesemael, B., Winowiecki, L. 2017. Soil carbon 4 per mille. Geoderma 292:59-86. 782 

doi: http://dx.doi.org/10.1016/j.geoderma.2017.01.002. 783 

Minasny, B., Sulaeman, Y., Tney, A.B. 2011. Is soil carbon disappearing? The 784 

dynamics of soil organic carbon in Java. Global Change Biol. 17:1917-1924. doi: 785 

http://dx.doi.org/10.1111/j.1365-2486.2010.02324.x. 786 

Mulumba, L.N., Lal, R. 2008. Mulching effects on selected soil physical properties. Soil 787 

Tillage Res. 98:106-111. doi: http://dx.doi.org/10.1016/j.still.2007.10.011. 788 

http://dx.doi.org/10.1016/j.agee.2003.11.015
http://dx.doi.org/10.1016/bs.agron.2016.05.003
http://dx.doi.org/10.1002/ldr.2355
http://dx.doi.org/10.1016/j.geoderma.2017.01.002
http://dx.doi.org/10.1111/j.1365-2486.2010.02324.x
http://dx.doi.org/10.1016/j.still.2007.10.011


M Mursec (2011) Agricultural practices impact on soil quality and health. Case studies 789 

of Slovenian irrigated or organic orchards. Dissertation, Université de Bourgogne; 790 

University of Maribor-SLOVENIA. 791 

Muscas, E., Cocco, A., Mercenaro, L., Cabras, M., Lentini, A., Porqueddu, C., Nieddu, 792 

G. 2017. Effects of vineyard floor cover crops on grapevine vigor, yield, and fruit 793 

quality, and the development of the vine mealybug under a Mediterranean climate. 794 

Agric., Ecosyst. Environ. 237:203-212. doi: 795 

http://dx.doi.org/10.1016/j.agee.2016.12.035. 796 

Novara, A., Gristina, L., Guaitoli, F., Santoro, A., Cerda, A. 2013. Managing soil nitrate 797 

with cover crops and buffer strips in Sicilian vineyards. Solid Earth 4:255-262. doi: 798 

http://dx.doi.org/10.5194/se-4-255-2013. 799 

Novara, A., Gristina, L., Saladino, S.S., Santoro, A., Cerdà, A. 2011. Soil erosion 800 

assessment on tillage and alternative soil managements in a Sicilian vineyard. Soil 801 

Tillage Res. 117:140-147. doi: http://dx.doi.org/10.1016/j.still.2011.09.007. 802 

Pachauri RK, Allen MR, Barros VR, Broome J, Cramer W, Christ R, Church JA, Clarke 803 

L, Dahe Q, Dasgupta P, Dubash NK, Edenhofer O, Elgizouli I, Field CB, Forster P, 804 

Friedlingstein P, Fuglestvedt J, Gomez-Echeverri L, Hallegatte S, Hegerl G, Howden 805 

M, Jiang K, Cisneroz BJ, Kattsov V, Lee H, Mach KJ, Marotzke J, Mastrandrea MD, 806 

Meyer L, Minx J, Mulugetta Y, O'Brien K, Oppenheimer M, Pereira JJ, Pichs-Madruga 807 

R, Plattner G-, P\ortner H, Power SB, Preston B, Ravindranath NH, Reisinger A, Riahi 808 

K, Rusticucci M, Scholes R, Seyboth K, Sokona Y, Stavins R, Stocker TF, Tschakert P, 809 

Vuuren Dv, Ypserle J-v (2014) Climate Change 2014: Synthesis Report. Contribution of 810 

Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental 811 

Panel on Climate Change. IPCC, Geneva, Switzerland. 812 

P   g    P   B    bi   C   B      i  P     u bu g    K   K ik  A     u   v   S   T  ić  813 

M.P., Michaelides, S., Hrabalíková, M., Olsen, P., Aalto, J., Lakatos, M., Rymszewicz, 814 

A., Dumitrescu, A., Beguería, S., Alewell, C. 2015. Rainfall erosivity in Europe. Sci. 815 

Total Environ. 511:801-814. doi: http://dx.doi.org/10.1016/j.scitotenv.2015.01.008. 816 

Panagos, P., Ballabio, C., Yigini, Y., Dunbar, M.B. 2013. Estimating the soil organic 817 

carbon content for European NUTS2 regions based on LUCAS data collection. Sci. 818 

Total Environ. 442:235-246. doi: http://dx.doi.org/10.1016/j.scitotenv.2012.10.017. 819 

http://dx.doi.org/10.1016/j.agee.2016.12.035
http://dx.doi.org/10.5194/se-4-255-2013
http://dx.doi.org/10.1016/j.still.2011.09.007
http://dx.doi.org/10.1016/j.scitotenv.2015.01.008
http://dx.doi.org/10.1016/j.scitotenv.2012.10.017


31 
 

Parras-Alcántara, L., Lozano-García, B., Keesstra, S., Cerdà, A., Brevik, E.C. 2016. 820 

Long-term effects of soil management on ecosystem services and soil loss estimation 821 

in olive grove top soils. Sci. Total Environ. doi: 822 

http://dx.doi.org/10.1016/j.scitotenv.2016.07.016. 823 

Peng, X., Zhu, Q.H., Xie, Z.B., Darboux, F., Holden, N.M. 2016. The impact of manure, 824 

straw and biochar amendments on aggregation and erosion in a hillslope Ultisol. 825 

Catena 138:30-37. doi: http://dx.doi.org/10.1016/j.catena.2015.11.008. 826 

Peregrina, F., Pérez-Álvarez, E., García-Escudero, E. 2014. The short term influence 827 

of aboveground biomass cover crops on C sequestration and β–glucosidase in a 828 

vineyard ground under semiarid conditions. Spanish Journal of Agricultural Research 829 

12 doi: http://dx.doi.org/10.5424/sjar/2014124-5818. 830 

Peregrina, F., Larrieta, C., Ibanez, S., Garcia-Escudero, E. 2010. Labile Organic 831 

Matter, Aggregates, and Stratification Ratios in a Semiarid Vineyard with Cover Crops. 832 

Soil Sci. Soc. Am. J. 74:2120-2130. doi: http://dx.doi.org/10.2136/sssaj2010.0081. 833 

Piccoli, I., Chiarini, F., Carletti, P., Furlan, L., Lazzaro, B., Nardi, S., Berti, A., Sartori, 834 

L., Dalconi, M.C., Morari, F. 2016. Disentangling the effects of conservation agriculture 835 

practices on the vertical distribution of soil organic carbon. Evidence of poor carbon 836 

sequestration in North- Eastern Italy. Agric. , Ecosyst. Environ. 230:68-78. doi: 837 

http://dx.doi.org/10.1016/j.agee.2016.05.035. 838 

Pires, L.F., Borges, J.A.R., Rosa, J.A., Cooper, M., Heck, R.J., Passoni, S., Roque, 839 

W.L. 2017. Soil structure changes induced by tillage systems. Soil Tillage Res. 165:66-840 

79. doi: http://dx.doi.org/10.1016/j.still.2016.07.010. 841 

Pituello, C., Dal Ferro, N., Simonetti, G., Berti, A., Morari, F. 2016. Nano to macro pore 842 

structure changes induced by long-term residue management in three different soils. 843 

Agric. , Ecosyst. Environ. 217:49-58. doi: http://dx.doi.org/10.1016/j.agee.2015.10.029. 844 

Poeplau, C., Don, A. 2015. Carbon sequestration in agricultural soils via cultivation of 845 

cover crops – A meta-analysis. Agric. , Ecosyst. Environ. 200:33-41. doi: 846 

http://dx.doi.org/10.1016/j.agee.2014.10.024. 847 

Powlson, D.S., Whitmore, A.P., Goulding, K.W.T. 2011. Soil carbon sequestration to 848 

mitigate climate change: a critical re-examination to identify the true and the false. Eur. 849 

J. Soil Sci. 62:42-55. doi: http://dx.doi.org/10.1111/j.1365-2389.2010.01342.x. 850 

http://dx.doi.org/10.1016/j.scitotenv.2016.07.016
http://dx.doi.org/10.1016/j.catena.2015.11.008
http://dx.doi.org/10.5424/sjar/2014124-5818
http://dx.doi.org/10.2136/sssaj2010.0081
http://dx.doi.org/10.1016/j.agee.2016.05.035
http://dx.doi.org/10.1016/j.still.2016.07.010
http://dx.doi.org/10.1016/j.agee.2015.10.029
http://dx.doi.org/10.1016/j.agee.2014.10.024
http://dx.doi.org/10.1111/j.1365-2389.2010.01342.x


Prosdocimi, M., Cerdà, A., Tarolli, P. 2016. Soil water erosion on Mediterranean 851 

vineyards: A review. Catena 141:1-21. doi: 852 

http://dx.doi.org/10.1016/j.catena.2016.02.010. 853 

Rahman, M.T., Zhu, Q.H., Zhang, Z.B., Zhou, H., Peng, X. 2017. The roles of organic 854 

amendments and microbial community in the improvement of soil structure of a 855 

Vertisol. Applied Soil Ecology 111:84-93. doi: 856 

http://dx.doi.org/10.1016/j.apsoil.2016.11.018. 857 

         C            -Casasnovas, J.A. 2004. Nutrient losses from a vineyard soil in 858 

Northeastern Spain caused by an extraordinary rainfall event. Catena 55:79-90. doi: 859 

http://dx.doi.org/10.1016/S0341-8162(03)00074-2. 860 

Ramos, M.E., Benítez, E., García, P.A., Robles, A.B. 2010. Cover crops under different 861 

managements vs. frequent tillage in almond orchards in semiarid conditions: Effects on 862 

soil quality. Applied Soil Ecology 44:6-14. doi: 863 

http://dx.doi.org/10.1016/j.apsoil.2009.08.005. 864 

Richards, L.A. 1965. Physical condition of water in soil. Methods of soil analysis. Part 865 

1. Agronomy Monogr. 9. ASA and SSSA, Madison, WI. :128-152. 866 

Richards, L.A. 1941. A pressure-membrana extraction apparatus for soil solution. Soil 867 

Science 51:377-386. 868 

Rodrigo Comino, J., Quiquerez, A., Follain, S., Raclot, D., Le Bissonnais, Y., Casalí, J., 869 

Giménez, R., Cerdà, A., Keesstra, S.D., Brevik, E.C., Pereira, P., Senciales, J.M., 870 

Seeger, M., Ruiz Sinoga, J.D., Ries, J.B. 2016. Soil erosion in sloping vineyards 871 

assessed by using botanical indicators and sediment collectors in the Ruwer-Mosel 872 

valley. Agric. , Ecosyst. Environ. 233:158-170. doi: 873 

http://dx.doi.org/10.1016/j.agee.2016.09.009. 874 

Ruiz-Colmenero, M., Bienes, R., Eldridge, D.J., Marques, M.J. 2013. Vegetation cover 875 

reduces erosion and enhances soil organic carbon in a vineyard in the central Spain. 876 

Catena 104:153-160. doi: http://dx.doi.org/10.1016/j.catena.2012.11.007. 877 

Ruiz-Colmenero, M., Bienes, R., Marques, M.J. 2011. Soil and water conservation 878 

dilemmas associated with the use of green cover in steep vineyards. Soil Tillage Res. 879 

117:211-223. doi: http://dx.doi.org/10.1016/j.still.2011.10.004. 880 

http://dx.doi.org/10.1016/j.catena.2016.02.010
http://dx.doi.org/10.1016/j.apsoil.2016.11.018
http://dx.doi.org/10.1016/S0341-8162(03)00074-2
http://dx.doi.org/10.1016/j.apsoil.2009.08.005
http://dx.doi.org/10.1016/j.agee.2016.09.009
http://dx.doi.org/10.1016/j.catena.2012.11.007
http://dx.doi.org/10.1016/j.still.2011.10.004


33 
 

Sá, J.C.d.M., Lal, R. 2009. Stratification ratio of soil organic matter pools as an 881 

indicator of carbon sequestration in a tillage chronosequence on a Brazilian Oxisol. Soil 882 

Tillage Res. 103:46-56. doi: http://dx.doi.org/10.1016/j.still.2008.09.003. 883 

Salomé, C., Coll, P., Lardo, E., Metay, A., Villenave, C., Marsden, C., Blanchart, E., 884 

Hinsinger, P., Le Cadre, E. 2016. The soil quality concept as a framework to assess 885 

management practices in vulnerable agroecosystems: A case study in Mediterranean 886 

vineyards. Ecol. Ind. 61, Part 2:456-465. doi: 887 

http://dx.doi.org/10.1016/j.ecolind.2015.09.047. 888 

Salomé, C., Coll, P., Lardo, E., Villenave, C., Blanchart, E., Hinsinger, P., Marsden, C., 889 

Le Cadre, E. 2014. Relevance of use-invariant soil properties to assess soil quality of 890 

vulnerable ecosystems: The case of Mediterranean vineyards. Ecol. Ind. 43:83-93. doi: 891 

http://dx.doi.org/10.1016/j.ecolind.2014.02.016. 892 

Six, J., Bossuyt, H., Degryze, S., Denef, K. 2004. A history of research on the link 893 

between (micro)aggregates, soil biota, and soil organic matter dynamics. Soil Tillage 894 

Res. 79:7-31. doi: http://dx.doi.org/10.1016/j.still.2004.03.008. 895 

Six, J., Elliott, E.T., Paustian, K. 2000a. Soil macroaggregate turnover and 896 

microaggregate formation: a mechanism for C sequestration under no-tillage 897 

agriculture. Soil Biol. Biochem. 32:2099-2103. doi: http://dx.doi.org/10.1016/S0038-898 

0717(00)00179-6. 899 

Six, J., Feller, C., Denef, K., Ogle, S., Sa, J., Albrecht, A. 2002. Soil organic matter, 900 

biota and aggregation in temperate and tropical soils - Effects of no-tillage. Agronomie 901 

22:755-775. doi: http://dx.doi.org/10.1051/agro:2002043. 902 

Six, J., Paustian, K., Elliott, E., Combrink, C. 2000b. Soil structure and organic matter: 903 

I. Distribution of aggregate-size classes and aggregate-associated carbon. Soil Sci. 904 

Soc. Am. J. 64:681-689. 905 

StatSoft Inc.,.2011. STATISTICA (data analysis software system) version 10. 906 

Stockmann, U., Adams, M.A., Crawford, J.W., Field, D.J., Henakaarchchi, N., Jenkins, 907 

M., Minasny, B., McBratney, A.B., Courcelles, V.d.R.d., Singh, K., Wheeler, I., Abbott, 908 

L., Angers, D.A., Baldock, J., Bird, M., Brookes, P.C., Chenu, C., Jastrow, J.D., Lal, R., 909 

L h      J   O’D        A     P       W J   Whi  h     D   Zi               13  910 

http://dx.doi.org/10.1016/j.still.2008.09.003
http://dx.doi.org/10.1016/j.ecolind.2015.09.047
http://dx.doi.org/10.1016/j.ecolind.2014.02.016
http://dx.doi.org/10.1016/j.still.2004.03.008
http://dx.doi.org/10.1016/S0038-0717(00)00179-6
http://dx.doi.org/10.1016/S0038-0717(00)00179-6
http://dx.doi.org/10.1051/agro:2002043


The knowns, known unknowns and unknowns of sequestration of soil organic carbon. 911 

Agric. , Ecosyst. Environ. 164:80-99. doi: http://dx.doi.org/10.1016/j.agee.2012.10.001. 912 

Stockmann, U., Padarian, J., McBratney, A., Minasny, B., de Brogniez, D., 913 

Montanarella, L., Hong, S.Y., Rawlins, B.G., Field, D.J. 2015. Global soil organic 914 

carbon assessment. Global Food Security 6:9-16. doi: 915 

http://dx.doi.org/10.1016/j.gfs.2015.07.001. 916 

T b        A   B  b     O A         gu  , M.B., Cosentino, D.J. 2004. Mechanisms of 917 

aggregation in a silty loam under different simulated management regimes. Geoderma 918 

123:233-244. doi: http://dx.doi.org/10.1016/j.geoderma.2004.02.009. 919 

van Genuchten MT, Leij FJ, Yates SR (1991) The RETC code for quantifying the 920 

hydraulic functions of unsaturated soils. EPA/600/2-91/065. 85pp, USA. 921 

Vicente-Vicente, J.L., García-Ruiz, R., Francaviglia, R., Aguilera, E., Smith, P. 2016. 922 

Soil carbon sequestration rates under Mediterranean woody crops using recommended 923 

management practices: A meta-analysis. Agric. , Ecosyst. Environ. 235:204-214. doi: 924 

http://dx.doi.org/10.1016/j.agee.2016.10.024. 925 

Virto, I., Imaz, M.J., Fernandez-Ugalde, O., Urrutia, I., Enrique, A., Bescansa, P. 926 

2012a. Soil quality evaluation following the implementation of permanent cover crops in 927 

semi-arid vineyards. Organic matter, physical and biological soil properties. Span. J. 928 

Agric. Res. 10:1121-1132. doi: http://dx.doi.org/10.5424/sjar/2012104-613-11. 929 

Virto, I., Imaz, M.J., Fernandez-Ugalde, O., Urrutia, I., Enrique, A., Bescansa, P. 930 

2012b. Soil quality evaluation following the implementation of permanent cover crops in 931 

semi-arid vineyards. Organic matter, physical and biological soil properties. Span. J. 932 

Agric. Res. 10:1121-1132. doi: http://dx.doi.org/10.5424/sjar/2012104-613-11. 933 

Walkley, A., I.A.Black. 1934. An examination of the Degtjareff method for determining 934 

soil organic matter and a proposed modification of the chromic acid titration method. 935 

Soil Science 37:29-38. 936 

Wei, C., Gao, M., Shao, J., Xie, D., Pan, G. 2006. Soil aggregate and its response to 937 

land management practices. China Particuology 4:211-219. doi: 938 

http://dx.doi.org/10.1016/S1672-2515(07)60263-2. 939 

http://dx.doi.org/10.1016/j.agee.2012.10.001
http://dx.doi.org/10.1016/j.gfs.2015.07.001
http://dx.doi.org/10.1016/j.geoderma.2004.02.009
http://dx.doi.org/10.1016/j.agee.2016.10.024
http://dx.doi.org/10.5424/sjar/2012104-613-11
http://dx.doi.org/10.5424/sjar/2012104-613-11
http://dx.doi.org/10.1016/S1672-2515(07)60263-2


35 
 

Yagioka, A., Komatsuzaki, M., Kaneko, N., Ueno, H. 2015. Effect of no-tillage with 940 

weed cover mulching versus conventional tillage on global warming potential and 941 

nitrate leaching. Agric. , Ecosyst. Environ. 200:42-53. doi: 942 

http://dx.doi.org/10.1016/j.agee.2014.09.011. 943 

Zhang, G.S., Ni, Z.W. 2017. Winter tillage impacts on soil organic carbon, aggregation 944 

and CO2 emission in a rainfed vegetable cropping system of the mid–Yunnan plateau, 945 

China. Soil Tillage Res. 165:294-301. doi: http://dx.doi.org/10.1016/j.still.2016.09.008. 946 

  947 

http://dx.doi.org/10.1016/j.agee.2014.09.011
http://dx.doi.org/10.1016/j.still.2016.09.008


 

Table 1. Soil Classification (Soil Survey Staff, 2015) and main soil characteristics of the vineyards. The trial had two vineyards in Belmonte de 

Tajo municipality (Bel-1 and Bel-2). The soil organic carbon (SOC), pH, electrical conductivity (EC), carbonates, active lime, texture class and 

cation exchange capacity (CEC) correspond to the Ap horizon. 

Site 

Soil 
Classification 

Altitude Slope SOC pH EC 
 

Carbonates 
Active 
lime 

Clay Silt Sand CEC 

(USDA) (m) (%) (gr kg-1) (1:2.5) (µS cm-1) (%) (%) (%) (%)  (%) (meq 100g-1) 

Bel-1 
Calcic 

Haploxeralf 
754 7.2 8.1 8.5 162 27.8 8.7 24.0 31.5 44.5 14.9 

Bel-2 
Typic 

Haploxeralf 
743 7.0 5.2 8.6 144 20.0 4.4 27.5 38.5 34.0 18.8 

Campo Real 
Calcic 

Haploxeralf 
783 13.4 7.2 8.6 160 16.1 6.2 31.5 18 50.5 12.2 

Navalcarnero 
Typic 

Haploxeralf 
586 13.5 7.0 7.7 145 0.1 <0.1 24.5 8.5 67.0 14.0 
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Table 2.  Results from the analysis of variance for soil organic carbon (SOC), mineral-associated organic carbon (MOC), soil carbon of the 

particulate organic matter fraction (POC). The treatments were CB (Brachypodium distachyon), CS (Spontaneous Vegetation) and T 

(Conventional Tillage). Sites were vineyards in Belmonte de Tajo (two vineyards), Campo Real and Navalcarnero. Depth were 0-5 and 5-10 cm. 

Different letters mean differences between treatments for the 0-10 depth at p<0.05. Terms with p value >0.1 were not reported (NR). 

   

  
 

Treat Site Depth 
Treat* 
Site 

Treat* 
Depth 

Site* 
Depth 

Treat* 
Site*Depth 

SOC  
 

<0.001 <0.001 <0.001 0.001 0.091 0.014 0.051 

MOC  
 

<0.001 <0.001 <0.001 0.011 NR NR 0.040 

POC 
 

0.004 <0.001 0.083 NR 0.047 0.003 0.001 
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Table 3.  Mean and standard deviation for the different treatments and results from the analysis of variance for counting number drops 

aggregate stability test (CND), water stable aggregates test (WSA), roots stock and bulk density for the different treatments. The treatments 

were CB (Brachypodium distachyon), CS (Spontaneous Vegetation) and T (Conventional Tillage). Sites were vineyards in Belmonte de Tajo, 

Campo Real and Navalcarnero. Depths were 0-5 and 5-10 cm. Different letters mean differences between treatments for the 0-10 cm depth at 

p<0.05. Terms with p value >0.1 were not reported (NR). 

 
Treatment 

 
Effect 

  CB CS T 
 

Treat Site Depth 
Treat* 
Site 

Treat* 
Depth 

Site* 
Depth 

Treat* 
Site*Depth 

CND 10.41 ± 0.76 a 20.14 ± 2.67 b 9.14 ± 0.85 a 
 

<0.001 <0.001 NR 0.001 NR NR NR 

WSA (%) 41.63 ± 1.56 b 43.01 ± 1.81 b 37.11 ± 1.46 a 
 

<0.001 <0.001 <0.001 0.023 NR NR NR 

Roots (Mg ha
-1

) 7.39 ± 8.04 ab 9.55 ± 11.58 b 6.04 ± 6.02 a 
 

<0.001 <0.001 <0.001 0.019 NR <0.001 0.036 

Bulk density  (Mg m
-3

) 1.42 ± 0.02 b 1.37 ± 0.03 ab 1.34 ± 0.02 a 
 0.049 <0.001 - NR - - - 

Intrapedal porosity (%) 36.61 ± 0.76 b 34.61 ± 0.90 a 34.14 ± 0.84 a 
 0.011 <0.001 - 0.096 - - - 
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