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Introduction 
Soil microbiota forms complex and dynamic associations with the grapevine that range from 
symbiosis to commensalism or to pathogenesis. The vineyard management and a number of 
biotic (such as nearby plants, nematodes, arthropods or macrofauna) and abiotic (rain, 
temperature, etc.) factors shape the vineyard soil microbiota. Currently it is agreed upon that 
high biodiversity of the soil microbiota is beneficial for productive soils in that it is responsible 
for organic matter decomposition and carbon dioxide production, nutrient cycling and buffering, 
soil structure, redox balance and degradation of soil pollutants (Hendgen et al. 2018).  
 
Regarding the grapevine-associated microbiota, it performs pivotal functions for the grapevine 
as it can stimulate its growth and yield through mobilization and transport of nutrients (Berg et 
al. 2014), and in addition, the associated microbiota occupies space that could otherwise be 
occupied by pathogens, and thus it can prevent plant infections. A number of studies (Barka 
et al. 2006, Fernandez et al. 2012, Theocheris et al. 2012) demonstrated that some beneficial 
bacteria could protect grapevines from Botrytis cinerea infection and from chilling, both through 
scavenging activity against cold stress molecules and affecting the grapevine carbohydrate 
metabolism.  
 
A recent review on the mechanisms of beneficial bacteria against plant pathogens (Shafi et al. 
2017) indicated that besides competition for nutrients and space, beneficial bacteria can 
produce toxic biomolecules against the pathogen, such as lipopeptides and other antimicrobial 
peptides, or lytic enzymes, such as chitinase or beta-1,3-glucanase, which possess very strong 
degrading activities of the fungal cell walls of pathogens. A third strategy of beneficial bacteria 
to protect the host plant is to activate the plant own defence mechanisms by triggering its 
growth and nutrient uptake, and inducing the plant systemic resistance against infectious 
diseases (Shafi et al. 2017).  
 
The vineyard conventional management procedures in Southern European countries include 
tillage, as it prevents weed competition with the grapevine for water and nutrients. Tillage also 
enhances soil aeration, microbial respiration and, therefore, it accelerates decomposition of 
the soil organic matter (Hydbom et al. 2017). Tillage is traditionally accompanied by chemical 
fertilization and weed and pest control to increase grape production.  
 
The objective of this study was to investigate the influence of different vineyard management 
and land use systems, which included: a) conventional management with tillage, b) plant cover 
between grapevine rows, and c) grapevines planted in rows running down the slope, on the 
culture-dependent microbiota associated with the vineyard soils and some edaphic parameters 
of the studied soils. 
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Material and methods 
 
1. Experimental site 
The sampling site was a rain-fed vineyard located in Northern Spain (La Rioja), where red Vitis 
vinifera L. cv. Tempranillo was the cultivar. It was subjected to conventional management with 
a medium-low pesticide input. The vineyard surface was 6.2 ha and its coordinates were 42º 
26” 25’ N, 2º 30” 58’ W. It was established on ancient fluvial terraces and grapevines were 
planted between 1985 and 1992 on rootstock R-110, having east-west row orientation. At the 
study site, the average rainfall per year between 2014 and 2017 was 448 mm and the average 
soil temperature was 14.2 ºC. Three vineyard plots were selected at this conventionally-
managed vineyard: 1) plot with inter row tillage (SIN plot), 2) plot with grass cover (CON plot) 
of spontaneous vegetation, 3) plot on a slope (13.5% grade) with grapevine planted in rows 
running down the slope and inter row tillage (PEN plot). Each studied vineyard plot included at 
least five rows of 30 vines. Only the inner inter-rows of each plot were used for data collection. 
 
2. Soil sampling 
Sampling was performed in February 2017. Five soil samples randomly distributed were taken 
in each of the studied plots. Soil samples were taken 50 cm away from the trunk of the vines. 
Each sample consisted of four soil top-layer cores (10 - 20 cm depth) scattered in a range of 
15 m and pooled together in sterile plastic bags. On the whole, a total of 15 soil samples were 
analysed. Samples were stored at -80ºC until microbiological analysis in the laboratory.  
 
3. Microbial culture conditions and colony counting 
Ten gram samples (dry weight equivalent) were taken from each soil sample; they were 
dispersed in 100 mL of sterile saline solution (0.9 % NaCl, Sigma-Aldrich SL, Madrid, Spain) 
and subjected to orbital shaking (130 rpm) at RT for 1 h. Serial decimal dilutions of the obtained 
suspension samples were used for culture-dependent analyses. Soil microbial communities of 
yeast, decomposers of organic matter, nitrogen fixing bacteria and total aerobes, were 
analysed by plating on selective media. All samples were analysed in triplicates. YPD agar [10 
g/L yeast extract (Oxoid Ltd., Basingstoke, UK), 20 g/L peptone (Becton, Dickinson Co., 
LePont de Claix, France), 20 g/L glucose (Panreac Química S.A., Barcelona, Spain), 20 g/L 
agar (Becton, Dickinson Co.)] with penicillin and streptomycin to inhibit bacterial growth was 
used to analyse yeast population. Bacto Actinomycete Isolation Agar (Becton, Dickinson Co.) 
with nistatin to inhibit yeast growth was used for organic matter decomposers. Burk's N-free 
medium (Stella and Suhaimi, 2010) with nistatin, was used to analyse nitrogen fixing bacteria 
(Azotobacter and Azomonas genus). Plate Count Agar (Becton, Dickinson Co.) was used to 
analyse the population of total aerobes. Samples were incubated from 48 h to 72 h at 25-30 
ºC under aerobic conditions. Viable counts were obtained as the number of CFU per gram of 
dry soil, and mean values and standard deviations of triplicates were calculated for each 
sample. 
 
4. Soil edaphic analyses 
Soil physicochemical analyses were carried out for each sampling plot. These data included a 
set of soil laboratory measurements: particle size analysis (sand, silt and clay content [%], 
laser diffraction method (ISO 13320-2009), total N [‰] (EN 16168:2012), oxidizable organic 
matter (OM) (Walkley-Black, 1934), C-to-N ratio [(OM/1,724)/N], moisture content [% dry soil] 
(gravimetric method). Environmental information was obtained from a weather station of the 
Agricultural Climatic Information System (Government of La Rioja) located at the sampling site. 
 
5. Statistical Analysis 
Mean values and standard deviations of the repeats were calculated for each studied 
parameter and each vineyard plot. Analysis of variance (ANOVA) was applied as data showed 
normal distribution and homogeneous variances, as well as principal component analysis 
(PCA). Tukey’s range test was used as mean comparison method at a significance level of p 
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= 0.05. The IBM-SPSS Statistics 22.0 for Windows (IBM-SPSS Inc., Chicago, IL, USA) 
statistical package was used for data processing. 
 
 
Results and Discussion  
 
1. Soil edaphic parameters 
Initial edaphic conditions of the studied plots showed that soil pH values were similar in the 
three assessed areas (between 8.1-8.3) and their N content provided the required level for 
grapevine growth. Therefore, the three areas were considered suitable for the microbiological 
study. Particle size analysis of the sloped plot soil showed higher proportion of clay (27,4%) 
and lower content of sand (13.7%) than the rest of the plots (Table 1).  
 
Table 1: Soil texture (particle size analysis).  

Sand (2-0.05 
mm) [%] 

Silt (0.05-0.02 
mm) [%] 

Silt (fine) (0.02-
0.002 mm) [%] 

Clay (< 0.002 
mm) [%] 

SIN (tillage) 49.3 36.5 23.7 14.1 

CON (grass cover) 42.1 44.1 29.4 13.9 

PEN (slope) 13.7 59.0 44.0 27.4 

SIN: plot with traditional tillage; CON: plot with spontaneous grass cover; PEN: sloped plot (13.5 %) with 
traditional tillage. 

 
Table 2 shows that the sloped plot presented the statistically significant lowest C-to-N value 
(p<0.05), as well as lower contents of organic matter and nitrogen than the other plots. This 
was probably due to an effect of lixiviation of organic and inorganic matter as well as erosion. 
On the opposite, the grass cover plot showed the highest values (p<0.05) of C-to-N ratio, 
nitrogen content and % of organic matter, which could be due to nutrient capture and further 
degradation processes, as well as to lesser lixiviation of organic matter and N-compounds on 
the grass covered plot.  
 
Table 2: Agronomic parameters.  

C-to-N ratio Organic matter [%] N [‰] 
Moisture [% 

dry soil] 
SIN (tillage) 6.9±0.5 a 0.98±0.36 a 1.06±0.31 a 14.4±1.3 a 

CON (grass cover) 8.1±0.6 b 1.90±0.15 b 1.76±0.13 b 16.9±0.4 b 

PEN (slope) 4.6±0.7 c 0.61±0.13 a 1.00±0.10 a 15.6±1.1 ab 

Figures indicate mean + standard deviation values of five repeats. SIN: plot with traditional tillage; CON: 
plot with spontaneous grass cover; PEN: sloped plot (13.5 %) with traditional tillage. Different letters 
indicate statistically significant differences (p < 0.05) among data. 

 
 
2. Soil microbiota 
Figure 1 shows that microbial populations of yeast, decomposers of organic matter, nitrogen 
fixing bacteria and total aerobes were abundant in all soil samples (>104 CFU per g of soil dry 
weight) and yeast showed the lowest populations in all soil samples. This could be expected 
as the size of yeast is larger than that of bacteria and figures indicate microbial population per 
gram of soil. It should be noted that soil samples were taken five months after the last grape 
harvest, when fall en grapes remain on the ground and their yeast populations contribute to 
the soil microbiota, and still yeast populations after those winter months reached remarkable 
values in all cases. This result indicates that the vineyard soil is an important reservoir of 
yeasts, which are microorganisms of crucial importance for the entire wine making process, 
either for the correct development of fermentations, or for wine spoilage. 
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Figure 1: Microbial soil populations of each of the studied vineyard plots: a) Yeasts populations; b) 
Actinomycetes: populations of organic matter decomposers; c) Nitrogen fixing bacterial populations; d) 
Aerobes: populations of total aerobes. SIN: plot with traditional tillage; CON: plot with spontaneous grass 
cover; PEN: sloped plot (13.5 %) with traditional tillage. Different letters indicate statistically significant 
differences (p < 0.05) among data. 

 
The sloped plot soil (PEN) showed the lowest yeast population with a statistically significant 
difference, as well as lower bacterial populations than the other plots. These results could be 
expected as the sloped plot was submitted to higher erosion and lixiviation, shown as lower C-
to-N value and lower contents of organic matter and nitrogen than the other plots (Table 2). 
On the other side, the grass covered plot showed the highest population of soil aerobes. This 
result could be explained by the fact that the grass root system increases soil porosity and 
aeration, it contributes to the soil microbiota with its own rhizosphere microbial population, and 
it was reported to enhance soil organic carbon content (Hydbom et al., 2017).  
 
3. Interactions among soil management, edaphic factors and soil microbiota 
Figure 2 shows the outcome of the principal component analysis. 

 
Figure 2: PCA results. SIN: plot with traditional tillage; CON: plot with spontaneous grass cover; PEN: 
sloped plot (13.5 %) with traditional tillage. 
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This analysis revealed that 86.8 % of the variance (PC1) was related to the population of 
aerobes, organic matter content and C-to-N ratio, and the remaining 13.2 % (PC2) was related 
to organic matter content and C-to-N ratio. The soil of the vineyard plot with grass cover 
showed the highest values of these three parameters. Similarly, a previous study of the 
vineyard soil content (Peregrina et al., 2010) demonstrated that vineyard soils without tillage 
and with grass cover increased their organic matter content.  
 
Our PCA results (Figure 2) showed as well that in contrast to the grass covered plot, on the 
opposite side of the X-axis was situated the plot on slope submitted to tillage, which showed 
the lowest soil microbial populations. This sloped plot also differentiated from the tilled plot 
without inclination, which was situated on the positive Y-axis. The sloped plot was associated 
with lower C-to-N ratio and lower organic matter content than the plot without inclination. Other 
studies reported as well significant differences between vineyards located on the top of slope 
and vineyards on the foot of slope (Popescu and Ursu, 2017), which showed the lowest grape 
production and vigour for those grapevines located on the top of slope. 
 
In summary, from the overall results of this study it can be concluded that the vineyard soil is 
a yeast reservoir that contains yeast populations above 104 CFU per g of dry soil, and that 
given a geographic location and a Vitis vinifera cultivar, the vineyard management strategy 
plays a pivotal role in the soil microbial composition. 
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Abstract 

Vineyard management and a number of biotic and abiotic factors shape vineyard soil microbiota. The 
objective of this study was to investigate the influence of different vineyard management and land use 
systems, which included: a) conventional management with tillage, b) grass cover between grapevine 
rows, and c) grapevines planted in rows running down the slope with inter row tillage, on the culture-
dependent microbiota associated with the vineyard soils and some edaphic parameters of the studied 
soils.  

Five soil samples randomly distributed were taken in each of the studied areas and each sample 
consisted of four soil top-layer cores scattered in a range of 12 m and pooled together. Soil microbial 
communities of yeast, nitrogen fixing bacteria, decomposers of organic matter, and total aerobes were 
analysed and quantified. Results showed that the grass covered soil presented the highest population 
of total aerobes, as well as the highest C-to-N ratio and organic matter content, whereas the plot on 
slope and with tillage showed the lowest C-to-N ratio and the lowest microbial populations. Total aerobe 
population, C-to-N ratio and the organic matter content were the variables that statistically explained the 
variance of the results. From this study it can be concluded that the vineyard soil is a yeast reservoir 
that contains yeast populations above 104 CFU per g of dry soil, and that given a geographic location 
and a Vitis vinifera cultivar, the vineyard management strategy plays a pivotal role in the soil microbial 
composition. 


