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FOREWORD 

In 2018, a representative of the project Innovine&wine1, submitted to CERVIM the proposal 
to hold the 7th International Congress on Mountain Viticulture at UTAD, in 2020. We were 
convinced that the congress, to be held in Vila Real and in the Douro, would be an important 
opportunity to disseminate and update the scientific and technical innovations of viticulture 
and oenology in mountain regions. The pandemic postponed it until 2022, as we were also 
convinced that the on- site approach was the most suitable for the second objective we 
wanted to achieve: promoting the excellence of the Demarcated Douro Region (RDD), its 
people, culture, viticultural landscapes, wines and gastronomy.  

The DDR is one of the oldest regulated wine regions in the world, known for its famous Port 
Wine and other high-quality wines. Given its unique characteristics, the Alto Douro Wine 
Region, a part of the DDR, has been classified as a UNESCO World Heritage Site, as a living, 
evolving cultural landscape. The DDR is a valley extending over an area of 250,000 ha along 
the River Douro, of which 18% is covered by terraced vineyards on steep slopes, with more 
than 58% of the vineyards having a gradient of more than 30%. It is the largest mountain wine 
region with around 44,000 hectares of vines, with an average yield of 3,500 kg/ha, producing 
around 153 million kg of grapes. However, viticulture in the Douro presents very difficult 
production conditions, resulting from the orography, climate, difficulty in mechanisation and 
growing scarcity of labor, factors that contribute to raising production costs, which hinders 
the competitiveness of the wines produced in the region in the global market. Climate change 
tends to aggravate the challenge of economic, environmental and social sustainability and, 
on the other hand, it is essential to increase the value of the product in order to pay better 
prices to producers. Given the characteristics of the DDR, it made perfect sense for the 
congress on mountain viticulture to be held in this region.  

This congress was held as part of CERVIM - Centre for Research, Environmental Sustainability 
and the Advancement of Mountain Viticulture, under the sponsorship of the OIV - 
International Organisation of Vine and Wine. It was organized by UTAD, which led, the 
Association for the Development of Douro Viticulture (ADVID) and the Faculty of Sciences of 
the University of Porto, with the support of the Association of Oenology and Viticulture 
Students (ANEEV). The event also enjoyed the support of a wide range of institutional and 
business partners from the region, as expressed throughout the programme.  

The Congress includes an extensive scientific programme, technical visits to Douro farms, 
round table discussions with regional institutional representatives, demonstration events on 
technological innovations and equipment, presentation of cases of viticulture under extreme 
conditions (Andorra and Cyprus), and an interesting social programme. It is also an 
opportunity to celebrate 20 years of the Douro Valley as a UNESCO World Heritage site.  

A total of 74 papers were presented and published in the congress proceedings, involving 377 
authors from 10 countries (Portugal, France, Italy, Spain, Germany, Serbia, Romania, South 

 
1 Vineyard and Wine Innovation Platform, operation Norte-01-0145-FEDER-000038/Innovine&wine.  
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Africa, Slovenia and Brazil). The authors of these papers have different profiles, including a 
large number of academics, professionals, researchers and PhD students. The themes 
presented are very varied, with a strong focus on maintaining the sustainability and landscape 
of vineyards on steep slopes and on agronomic practices through the use of new technologies. 
Additionally, we have papers, with subjects relating to quality factors for wines and people, 
history, economy and culture. In all themes, various papers were presented, covering the 10 
countries indicated, with different approaches and methodologies, enabling a wide-ranging 
discussion and critical vision of the future of vines in steep-slope regions throughout the 
world.  

The document is structured in two main parts: in the first we present all the communications 
selected for oral presentation; in the second part we present the communications selected 
for posters. All communications are presented in short paper format and are organized 
according to the 4 thematic areas of the congress, namely: Theme 1. Maintaining 
sustainability and landscape in steep slope Vineyards; Theme 2. Mountain and steep slope 
Vineyards: improving agronomic practices thru new technologies; Theme 3. Quality-
enhancing factors for "wines". Theme 4. Mountain and steep slope Vineyards: people, history, 
economics and culture.   
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SPEAKERS 

 Sam SCHROCK - FRANCE 

Winegrower surveys in terroir studies: utilizing 
empirical knowledge of grape growers to link soil type 
and microclimate with wine style and adapted 
vineyard practices 
Ifv services – cartographie des terroirs viticoles 
Institut français de la vigne et du vin - pôle centre val 
de loire 

Originally from Sonoma Valley California, I have been 
working in the wine industry for over 10 years. I 
started working in sales and wine tourism then went 
into winemaking in 2014. In 2016 I moved to France to 
pursue a Master’s degree in viticulture, enology and 

soil science at the University of Burgundy. I am currently part of the Terroir Cartography team 
at the French Institute of Vines and Wine in Angers, France. I am passionate about plants, 
fungi, travel and, of course, wine and viticulture.  

Paolo Tarolli - ITALY 

Steep-Slope Viticulture and Climate Change: Threats, 

Monitoring, Sustainable Management. 

Paolo Tarolli is Professor in Integrated Watershed 

Management and Water Resources Management at 

University of Padova (Italy). He is Vice President of the 

"Land and Water Use" Division of Italian Society of 

Agricultural Engineering (AIIA), Chief Executive Editor of 

the journal Natural Hazards and Earth System Sciences, 

and Associate Editor of Remote Sensing and Land 

Degradation & Development. He is expert in digital 

terrain analysis and earth surface processes analysis, 

through the use of high-resolution remote sensing data; the research he conducted in the last 

decade provided a significant advance in understanding landscapes in the face of changing 

climate and growing anthropogenic pressures. He is author of more than 140 papers 

published in international peer reviewed journals and books. He is ranked in the list of 

100,000 top world’s most cited scientists (source Scopus by Elsevier BV). 
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Olivier Viret – Switzerland 

Diploma of winegrower and winemaker, Master of 

agronomy in plant production (Swiss federal Institute of 

Technology, ETH, Zürich): 2001-2007 

President of the technical commission of Vitiswiss (Swiss 

Head organisation for integrated production of grape). 

Since 2007 

National expert OIV (Organisation Internationale de la 

vigne et du vin), Paris, Expert in the groups Genetics, and 

Diseases and pests protection.  

2008 – 2010 

Agroscope, head of viticulture and oenology. 

Since 2016 

Member of the scientific committee of CERVIM 

Since 2017 

Head of the Division Special crops and plant pathology at the General Direction of Agriculture, 

Viticulture and Veterinary Affairs, canton Vaud. 

 

 

António José Tavares Magalhães - PORTUGAL 
 

From the pre-phylloxera socalcos to the narrow modern 

terraces. 

Agricultural Engineering / University of Trás-os-Montes 

and Alto-Douro (UTAD) — 1983. 

Director of Fladgate Partnership Vinhos SA (holding 

company of Port Wine producers and traders: Taylor's, 

Fonseca Guimaraens, Croft and Wiese & Krohn) and 

member of its Executive Board. 

Member of the board of ProDouro, Association of 

Professional Winegrowers of the Douro 

Area of excellence: Vineyard Models in Mountain 

Viticulture, with emphasis on land architecture and sustainability of the wine-growing activity. 

Highlight: 2009 Fladgate Partnership won the prestigious BES Biodiversity Award with “A New 

Vineyard Model for the Douro”. 
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David Fonseca Guimaraens - PORTUGAL 
From the pre-phylloxera socalcos to the narrow modern 

terraces. 

 

Date of Birth: 13th October 1965, Porto, Portugal. BSC 

(Oen): Director and Winemaker / The Faldgate 

Partnersip. 

David Guimaraens is sixth generation descendant of the 

founder of Fonseca Guimaraens. David formalized his 

education in oenology at Roseworthy Agricultural 

College in South Australia. Both during his academic 

training and at the start of his career he worked at 

several wineries in Australia and America before 

returning to Portugal in 1990. 

David oversees viticulture, winemaking and the ageing of the Ports in Vila Nova de Gaia. 

Supported by his viticulture team, David has focused his efforts on the evolution of 

sustainable mountain viticulture models, by combining traditional, empirical practices with 

modern viticultural techniques. 

In the winemaking arena, David was a pioneer in the modernization of fermentation 

technology for Port Wine in the 1990’s, practices which now sit side by side with the 

traditional methods of making Vintage Port. He is particularly focused on the quality of the 

spirit used to fortify the wines and in the use of a broad range of traditional grape varieties. 
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Do UAVs help in the detection of grapevine yellows in vineyards that are difficult to 
reach? Zottele. F, Gelmetti. A, Mattè. B, Crocetta. P 
 

F. Zottele1, A. Gelmetti1, B. Mattè1, P. Crocetta2  

1 Fondazione Edmund Mach, Centre for Technology Transfer, Italy. fabio.zottele@fmach.it 

2 Green Fly di Paolo Crocetta, Italy 
 

Keywords: grapevine yellows, symptoms detection, unmanned aerial vehicles 

Abstract. The symptoms of the flavescence dorée and bois noir are grouped into the so-called 

Grapevine Yellows (GY). These diseases are affecting viticultural regions worldwide and all varieties 

and rootstocks seem susceptible but with varying degrees of severity. Typical symptoms include 

discolouration and necrosis of leaf veins and leaf blades, downward curling of leaves, lack of or 

incomplete lignification of shoots, stunting and necrosis of shoots, abortion of inflorescences and 

shriveling of berries. The compulsory control plan for the fight of these diseases includes both the use 

of insecticides and the eradication of the vines. This latter is part of a monitoring plan of the grapevine 

yellows that aims to identify outbreaks of the disease and its progression and limit the compulsory 

phytosanitary control only in the truly affected areas. The identification of the GY is very time-consuming 

technical work because each vineyard must be visually inspected plant by plant. This type of monitoring 

is made even more difficult in cases of steeply sloping vineyards and where the vineyard landscape is 

fragmented. So we raised the following question: is it possible to use UAVs (drones) to remotely monitor 

the vines that are difficult to reach and identify the grapevine yellows? We present here the results of 

our field tests made in Trentino (IT) with different drone models (prosumer and professional) and with 

different types of image acquisition sensors (RGB and multi-spectral). 

Introduction 

Flavescence dorée is considered to be a quarantine 

disease in Europe because of its epidemic potential 

(Directive 77/1993 amended 92/103) and is therefore 

subject to mandatory procedures for the control of its 

spread by using pesticides to contain the population 

of its main insect vector, Scaphoideus titanus Ball. 

(Hemiptera: Cicadellidae) and with the uprooting of 

every infected vine (Vitis vinifera L., Vitaceae). 
The symptoms are similar to those of the bois noir, but 

also to the effects of the sting of the Stictocephala 

bisonia Kopp & Yonke (Hemiptera: Membracidae, 

Buffalo treehopper) which is not related to the two. 

The visible symptoms of flavescence doreé and bois 

noir are described as "grapevine yellows" (GY) and 

appear as early as spring (usually in summer) and are 

visible until mid-autumn as discolouration and 

necrosis of leaf veins and leaf blades, downward 

curling of leaves, lack or incomplete lignification of 

shoots, stunting and necrosis of shoots, abortion of 

inflorescences and shriveling of berries (Bovey, 

1980). The identification of the GY is a very time-

consuming technical work because each vineyard 

must be visually inspected plant by plant. This type of 

monitoring is made even more difficult in cases of 

steeply sloping vineyards and where the vineyard 

landscape is fragmented. In Trentino (IT) a large part 

of the wine-growing area is cultivated on steep slopes: 

the elevation, with a cooler climate, elicits the 

organoleptic properties of the Chardonnay grapes for 

bottle-fermented sparkling wine (Champenoise 

method). However, the areas with the highest altitude 

are generally also the most difficult to access.  
Remote sensing has proven to be effective for 

determining the health of crops, as stress and 

deficiencies induce changes in the biophysical and 

biochemical characteristics of plants that change the 

optical properties of the plant tissues (Martinelli et al., 

2015). Spectral indices are often used in remote 

sensing, but classic indices (for example, NDVI) are 

imprecise and alternatives must be found (Albetis et 

al., 2019). For this reason, we would like to develop a 

system for remotely sensing the grapevine yellows in 

real-time without having to first acquire images, 

process them and interpret them. This system could 

alleviate the work of the field technicians.  
Remote sensing has been successfully applied for 

detecting Phylloxera, and Esca (Gennaro et al., 2016) 

using Unmanned Aerial Vehicles (UAVs) rather than 

satellites because of their practicality in image 

acquisition (adaptable resolution, no interference with 

the clouds, rapid deployment...).  
A study has recently been proposed for Flavescence 

dorée (Albetis et al., 2019) but our aim is different: we 

are not interested in identifying the spectral index 
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that discriminates a disease, but to build the first 

element of an operative, real-time tool for the rapid 

identification of the Chardonnay vines that exhibit the 

grapevine yellows for both “pergola trentina” and 

guyot, the two trellis methods used. In the first case, 

the leaves cover a large part of the vineyard surface, 

while in the second the vine occupies the surface 

linearly (Figure 1). 
Figure 1. The Unmanned Aerial Vehicle acquiring 

images over the Chardonnay vineyard. On the left the 

vines are cultivated with the guyot trellis system, on 

the right with the pergola trentina. The UAV in the 

image is DJI Matrice 210 RTK V2, equipped with the 

RGB camera (black) and the MicaSense RedEdge® 

sensor. 

Methods and sources 

We selected to operate on a cultivated area in the 

municipality of Telve Valsugana (46.0400N, 

11.5593E). The vineyard, planted with Chardonnay 

cultivar, is made up of two distinct units by trellis 

method: guyot (4440 m2) and pergola (2200 m2). 

On  September 5th, 2018, we performed a flight with a 

DJI Mavic PRO, a prosumer UAV, for the acquisition 

of RGB images (CMOS ½.3”, 12.7 Mpx) and to 

evaluate, through the use of a virtual reality viewer 

(DJI Goggles RE, resolution 3840 × 1080 px2, 70 ms 

latency), if a senior field technician could remotely 

inspect the vineyard for detecting the presence of the 

grapevine yellows in real-time while a certified UAV 

pilot was managing the flight.  

The RGB images collected with a dedicated flight 

(26.5 m above the take-off point, 8 cm px-1 GSD) were 

ortho-rectified and blended into an orthophoto using 

the photogrammetric software Pix4dmapper 

(available at: https://pix4d.com/). 
On September 24th, 2019 we conducted another data 

acquisition campaign: 8 high visibility targets were 

positioned and planimetric and altimetric coordinates 

- ground control points - were acquired with a GPS 

(Leica Geosystems, Leica Zeno 20) with RTK 

correction provided by the geodetic network of the 

Province of Trento. Similarly, 21 symptomatic vines 

(10 guyot, 11 pergola) were identified by the authors 

and marked on the ground with bright pink spray. 

Unlike what we did in 2018, we flew with a 

professional UAV (DJI Matrice 210 RTK V2) with the 

ability to carry a double payload (two independent 

image acquisitors), but it also requires a suitable flight 

license because of the weight (4.91 kg). 

The RGB images were collected using a DJI X5s 

camera (CMOS 4/3”, 20.8 Mpx) and the multispectral 

images have been acquired using a MicaSense 

RedEdge® sensor in five different wavelengths: Blue 

(455-495 nm), Green (540-580 nm), Red (658-678 

nm), Red-Edge (707-727 nm), and Near Infrared (800 

- 880 nm). Pictures of a calibrated reflectance panel 

(Micasense RP) were captured before and after the 

two consequent flights on the pergola and on guyot. 

The elevation of 30 m above the take-off point was 

fixed for both the flights with both 80% horizontal and 

vertical overlap among the images. 

RGB and multispectral images have been imported in 

Pix4dmapper to be processed. The RGB image 

analysis procedure led to the creation of the point 

cloud and its subsequent densification. Firstly, we 

generated the orthophoto on which we drew the area 

covered by 6 randomly chosen vines among all those 

marked by the surveyors (symptomatic) divided 

equally between the two trellis systems: pergola and 

guyot (Figure 2). Similarly, we also selected 6 random 

asymptomatic vines. 

 

 

Figure 2. The selected symptomatic vines in the guyot 

vineyard (left), and in the pergola (right). The soil is 

partially covered by green grass. The mark (bright pink 

spray) is partially visible on the third image of the first 

group. 

Theoretical framework and operational 
concepts 

Since we are interested in the reflectance values 

measured by the multispectral camera on the vine 

leaves (and not in the values of the soil or the grass) 

we classified the points that belonged to the ground 

and the points that belonged to the vegetation (Zahng 

et al., 2016). The point cloud was further manually 

pruned outside the study areas. We further decimated 

https://pix4d.com/
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the point cloud to obtain a homogeneous density of 

significant points over the area of interest comparable 

to the point cloud obtained with the multispectral 

maps. Lastly, we extracted only the points that fell 

within the area of competence of the randomly chosen 

symptomatic and asymptomatic vines and we 

appended to these points the values read from the 5 

band multispectral map. With the measures, we 

calculated the Chlorophyll Index (CI, Steel et al., 

2008)  and the Normalized Difference Red-edge Index 

(NDRE, Gitelson et al., 2002) - shown in Equation 1 -  

that proved effective in detecting Flavescence dorée 

in the work of Albetis et al. (2019) in case of vines of 

Chardonnay cultivar that show yellowish 

discolouration and not reddish colouration. 

  
Eq. 1 

 

We expect a different behaviour of the values 

recorded by the multispectral camera between 

symptomatic and asymptomatic vines, but not 

between pergola and guyot, we decided to plot the 

density of the spectral index values of each band in 

search of signals difference.  

We treated each value measured for each band as a 

realization of a random variable Y, and so we looked 

at the difference in its moments and to limit our 

research to the first and second-order momentum. 

Since we expect possible multimodality in the 

distribution of Y, we treated the random variable like a 

finite mixture model and the identity of each 

distribution is controlled by a latent categorical 

variable indicating which mixture component is 

responsible for the outcome. The model  considers K 

normal distributions with first momentum μk ∈ R and 

second momentum 𝜎k ∈ R+, and each distribution is 

mixed in proportion λ that lies in the unit K-simplex. 

For each outcome yn there is a latent variable zn that 

is distributed according to the prevalence parameter 

λk. With these assumptions, the probability distribution 

p of the random variable Y becomes:  

 

 

Eq. 2 

We used Eq. 2 to infer the parameters of this model 

using the probabilistic language Stan (Carpenter et 

al., 2017), a probabilistic programming language that 

facilitates expression of generative models and full 

Bayesian inference on parameters therein, using 

state-of-the-art Hamiltonian sampling procedures with 

clear failure diagnostics. To complete the model 

formalization we imposed a generic weakly 

informative prior on λk , μk and 𝜎k, then we run 4 

Markow chains, with 1000 iterations for the warm-up 

and 1000 sampling iterations.  

Results 

The flight of September 5th, 2018 showed that VR is a 

promising experimental technology in agriculture, but 

it is still not enough mature to carry out a real-time 

service for surveying the emergence of the grapevine 

yellows. The flight height must be adapted very 

quickly to capture leaf-scale details and so, 

maintaining flight altitude of 2 m above the individual 

vineyards, the inspection execution times were 

comparable with those of the inspection carried out by 

a single person on foot. The remote vision is 

complicated by blurring effects and, at the beginning, 

by virtual reality sickness. The average resolution of 

the orthophoto obtained from RGB image processing 

is 0.008 m. The quality of the final product did not 

allow the evaluation of the grapevine yellows due to a 

blur effect in the final raster. Furthermore, although 

the flight height remained on an average constant, the 

upper part of the vineyard had a higher Ground 

Sampling Distance (GSD) than the lower part due to 

the slope of the vineyard (13.5%). 

With a total of 28 minutes of flight (9 min for the 

pergola, 19 min for the guyot) and with a cloud cover 

of 7 otka, we collected 139 images for the pergola and 

178 for the guyot with a  GSD of 1.3 cm px-1. Similarly 

462 + 684 multispectral images were acquired with a 

GSD of 2.5 cm px-1. 

The densified point cloud counted 26.336 Mpts 

(average density 9035.62 pts m-2) on guyot and  

20.251 Mpts (average density 8772.11  pts m-2) on 

pergola. After filtering out the points belonging to the 

ground, the cloud reduced to 8.812 Mpts (-67%) and 

10.114 Mpts (-50%), respectively. The further pruning 

of the point cloud that focused only on the study area 

reduced the number of significative points to 4.693 

Mpts (-44%) and to 4.413 Mpts (- 56%). The 

processing of the point cloud led to 1058.25 pts m-2 for 

the guyot and to 2032 pts m-2 for the pergola (Figure 

3).  

The higher density of points over the pergola vineyard 

is justified by a wider vineleaf coverage masking the 

ground. 
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Figure 3. Result of the process for the extraction of 

the significant points for the RGB cloud. The original 

point cloud for both guyot and pergola (a), ground-

filtered point cloud (b), the leaf coverage of pergola 

(c). 

The distribution of the values of reflectance indices 

shows us marked multimodality in the non-visible 

bands (Near infrared and Red Edge), and the derived 

CI index only (Figure 4). 

  

 

Figure 4. Distributions of the reflectance index for 3 

visible (Red, Green, Blue) and 2 non- visible bands 

(Red Edge and Near Infrared). Green lines represent 

asymptomatic vines, red lines represent the 

symptomatics. Vertical lines shown the position of the 

expected value of the first momentum. 

 

Unlike what is reported in Albetis et al. (2019) , the 

NDRE index does not show differences between 

symptomatic and asymptomatic vines (Figure 5). 

Moreover, the invisible bands show a second peak in 

the case of diseased vines in the higher values, 

coherent between pergola and guyot, accentuated in 

the Near Infrared band. The Hamiltonian Monte Carlo 

algorithm ran without problems, the metrics for the 

evaluation of the sampling efficiency, R-hat, and the 

effective sample size per iteration, gave reasonable 

results and all the  iterations of the Markov chain 

ended without divergences.  

We found that the three indices work differently. The 

Red Edge band discriminates based on mixing ratios 

(λ1), while the NIR band is effective in discrimination 

using the expected values of the first moment, E [μ2]. 

Similarly, in the case of CI, the expected value of the 

first moment seems to be an effective parameter in 

discrimination, but the mixing ratios are not 

concordant between pergola and guyot. NDRE 

showed no particular ability to discriminate 

symptomatic and asymptomatic vines. Probably, the 

combination of the two colour bands dilutes the 

discriminatory capacity rather than enhancing it. This 

effect merits further investigations. 

 

Figure 5. Distribution of the derived indexes 

(Chlorophyll Index, CI and Normalized Difference Red 

Edge Index, NDRE). Green lines represent 

asymptomatic vines, red lines represent the 

symptomatics. Vertical lines shown the position of the 

expected value of the first momentum. 

 

To build an automatic and real-time system for the 

identification of Grapevine Yellows, it is, therefore, 

possible to work with just only one colour band (in the 

not visible spectrum) thus avoiding the use of 

compound indices and post-processing. 

The expected values of the first and second 

momentum (μ2,,𝜎2) of the second peak and the mixing 

values (λk) of the gaussian mixtures are shown in 

Table 1. 
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Table 1. Expected values of the second location 

parameter and mixing ratio of the two non-visible 

colour (RE stands for Red edge) bands and of the 

Clorophill Index (CI) for symptomatic (+) and 

asymptomatic (-) vines, over pergola and over guyot. 

index  

guyot pergola 

μ2 λ1 λ2 μ2 λ1 λ2 

RE - 0.22 0.44 0.56 0.22 0.58 0.42 

+ 0.22 0.37 0.63 0.24 0.54 0.46 

NIR - 0.49 0.57 0.43 0.52 0.56 0.44 

+ 0.48 0.41 0.59 0.59 0.55 0.45 

CI - 1.33 0.84 0.16 1.46 0.54 0.46 

+ 1.18 0.60 0.40 1.53 0.34 0.66 

Conclusions 

With our tests, we have shown how a professional 

drone equipped with an RGB camera and a 

multispectral camera can, in perspective, become an 

effective tool to identify the GY for both pergola and 

guyot. However, some aspects remain to be explored 

for future improvements.  

In our opinion, the service to detect GY must be a real-

time analysis (i.e. without post-processing) of images 

that just runs as the data are collected (on-line 

streaming during the flight).  

So, what we have shown with this work is promising: 

the discrimination criteria can be delegated to a single 

colour band in the spectrum of the non-visible (Red 

Edge or NIR).  

Nevertheless, the response in terms of reflectance of 

symptomatic plants needs to be further investigated. 

For this reason, if the project proceeds, it would be 

appropriate to focus on newly acquired images and 

evaluate, through a model similar to the one used, but 

hierarchical, the inter-vines variability of the 

reflectance indices. In this way, we expect to 

assemble an information library to support the 

analysis of the data acquired while the UAV is flying. 

This perspective is plausible as drones mount 

increasingly powerful GPU-based Inertial 

Measurement Units (IMU) that could be used for the 

analysis of the values acquired in real-time (Lee et al., 

2017).  

On the other hand, we are witnessing a constant 

development of new optical sensors at higher 

resolutions and lower costs. Reducing the number of 

bands to be acquired would certainly simplify the 

machinery and would reduce the total weight. Lastly, 

multispectral sensors with higher resolution would 

allow flying at higher altitudes, allowing faster flight 

and an increase in the surveyed area, and a richer 

point cloud. 

Based on our experience, an important step to set up 

a real-time service with on-line analysis of the 

steamed images is the real-time identification of the 

single vines. The algorithms we tested (only in the 

post-processing of the images) cannot effectively 

identify the individual vines neither in the case of the 

guyot, whose configuration of the leaf cover assumes 

the characteristics of a continuous wall of leaves nor 

in the case of the pergola. This is due to two main 

reasons: the spacing of the vines is very narrow 

(especially in guyot) and the soil is almost uniformly 

covered by grass: the herbaceous canopy shows 

colours similar to those of the vine both in the visible 

and in the invisible spectrum. Techniques for 

identifying plants based on artificial intelligence have 

recently been proposed (Ampatzidis and Partel, 

2019). 

We should then understand why the composite 

indices (for example, the NDRE) have not shown an 

efficacy equal to that in our expectations in identifying 

the Grapevine Yellows. Differently from (Albetis et al., 

2019), our case deals with just a white-berry 

grapevine cultivar (Chardonnay) whose symptoms are 

the yellowish and not the reddish of the leaves, and 

because we focused on discriminating the symptoms 

not by Cultivars, but for two different trellis methods. It 

is then conceivable to try further compound indices 

such as the Red-Edge Green Index (REGI), the Green 

Normalized Difference Vegetation Index (GRVI, 

Gitelson et al., 2002) and the Normalized Pigment 

Chlorophyll Index (NPCI, Zarco-Tejada et al., 2001). 

The analysis of these indices would help to further 

strengthen the choice of just one colour band - or a 

very narrow band- in the spectrum of the non-visible. 

However, a word of caution should be spent regarding 

the costs of the monitoring system: the cost of the 

drone (~10 kEUR) and the multispectral camera (~10 

kEUR) and the training of the pilot enabled to fly with 

professional drones is still high compared to the 

economic benefit. Nevertheless, given that we are still 

in the early stages of the investigation and that 

obtaining an effective and efficient service could still 

entail a few years of development, we expect a 

significant reduction in costs over time to obtain the 

necessary capital. 
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From the pre-phylloxera socalcos to the narrow modern terraces Magalhães. A, 

Guimaraens. D 

 

A. Magalhães (1), D. Guimaraens (2), 
(1) (2) The Fladgate Partnership Vinhos, R. do Choupelo, 250 – Vila Nova de Gaia 4400 – Portugal 

 (1) antonio.magalhaes@taylor.pt (2)david.guimaraens@fonseca.pt  
 
 

 43,708 hectares of vines are planted on 250 thousand hectares of land in the Demarcated Douro Region 

(DDR) (IVDP, 2020). In 2001, UNESCO included the Alto Douro winemaking region on its list of World Heritage 

Properties, with the fortunate caveat that it is considered a living, evolving landscape. Hence, we are more 

accountable when considering any changes to the classified landscape 

 The demarcation of the winemaking region dates back to 1756 with the official recognition that this 

represented the happy conjugation of a land with a Mediterranean climate served by a direct access to a harbour 

connected to the North Atlantic, the navigable River Douro linking the winemaking region to the open sea. In 1848, 

Joseph J. Forrester, in his map The Portuguese Douro and the Adjacent Country, estimated that the distance by 

boat between Regua – the pre-phylloxera geographic centre of the region – and the mouth of the river was sixteen 

leagues. 

Another fortunate feature that completed the setting was that downstream, at the mouth of the River 

Douro, the left bank of the river facing the city of Porto, consisted of land available for building warehouses whose 

exposure to the north favoured the storage and ageing of the wine before it was shipped. 

 
1. Brief description of the climate 

 

The DDR is divided in three sub-regions, 

along two rainfall meridians from west to east: the 

Lower Corgo (annual rainfall 800 to 1000 mm; 13204 

Ha under vines); the Upper Corgo (600 to 800 mm; 

20427 Ha) and the Upper Douro (less than 600mm; 

10077 Ha). Thus, it is not surprising that the first key 

factor affecting viticulture is the location of the 

vineyards and the respective impact of the rainfall in 

each sub-region. 

There are two other key features: altitude, as between 

560 metres and 600-700 metres above sea level, one 

expects a temperature difference of 0.65ºC every 100 

metres, as well as the vineyard’s exposure to the sun. 

As regards the influence of exposure to the sun on the 

variations in daily temperatures in the summer,  

(Álvaro Moreira da Fonseca, 1949), concluded on the 

influence of exposure on the diurnal temperature 

variation during the summer, that, «between north and 

south there is a difference of about 2ºC, with the west 

being intermediate between the two extremes and the 

east representing the arithmetic mean between north 

and west».  

The irregular rainfall from year to year is characteristic 

of the Douro climate. The Aridity Index (AI) developed 

by Spanish climatologists J.D. Cereda and A.R. 

Carbonnell, best describes the winemaking region 

and Port wine. It is calculated according to the 

following formula: AI = (T x 100)/P, where T is the 

average temperature and P is the rainfall over a given 
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period. It was applied for the first time and defended 

by A. Guerra Tenreiro in his paper: “Ligeiro Ensaio sobre 

a Climatologia da Região do Douro”, 1948 -1949 (“Brief Essay 

on the Climatology of the Douro Region”). Guerra 

Tenreiro calculated that the AI should vary between 

1.8 and 2.8, which is typical of a non-arid climate than 

tends towards being semi-arid  (2 <IA <3). The 

irregular rainfall from one year to another for the same 

location, also alters the AI of that location from year to 

year, thus the art of blending that is intrinsic to Port 

Wine.  

 The complex balancing of the Location of the 

vineyard, Altitude and Exposure, as well as Port Wine, 

safeguards the Douro from the climate changes 

caused by human behaviour. It is a “pluvial” (dryland 

farming) viticulture as it is exclusively sustained by the 

rain that falls directly from the sky. 

 

In brief, our calling card therefore bears the 

descriptor “Mountain viticulture in a hot climate.” 

 

At the beginning of the 21st century, a new 

form of viticulture was developed for the production of 

a different wine that would bear the Douro 

Denomination of Origin designation. As opposed to 

the fortified wines that bear the Port Denomination of 

Origin, DDO wines focus on the grape variety and 

advocate irrigating the vineyards. We are, however, 

still waiting for this difference to be accepted and for 

vineyards to be classed separately according to their 

root vocation: DO Porto or DO Douro. 

 

2.  Constructing the landscape 

 

The steep nature of the hillsides requires that 

the soil be protected from the erosion that results from 

torrential rains. On the other hand, the natural 

orographic model difficult to make use of the land for 

the vineyards. 

There are two timeframes that convey how 

the architecture of the land has been fashioned by the 

vineyards: 

-  Phylloxera. Appeared in 1862-1863, but 

the resulting changes in viticulture were 

only felt at the end of that century and the 

beginning of the 20th. Until then, the pre-

phylloxera socalcos predominated in the 

type of construction that was used on the 

hillsides. This was followed by the post-

phylloxera type of terraces. 

- After 1965. The post-phylloxera terraces 

gave way to various vineyard models that 

were directed at their mechanization. On 

steeper hillsides (slopes greater than 30-

35%), earth embankments replaced the 

earlier dry-stone retaining walls. After 

1965, the advantages of a single vineyard 

model were dismissed. 

 

 

2.1 Pre-phylloxera terraces  

The architecture consisted of socalcos, 

narrow terraces shored up with dry stone walls. As a 

rule, the socalcos usually bore a single row of vines 

down the middle of the terrace. On steep slopes, the 

distance between the vines (the compasso) 

established in 1844 by Francisco Rubião stipulated 

that the vines should be planted between 0.80 and 

0.90 metres apart from each other and that rows of 

vines should be planted between 3.75 and 4.2 metres 

apart and that the supporting wall should be taken into 

consideration when measuring this distance. 

The vines were staked, had a low trunk and 

the pruning system is «spur and cane». This made it 

possible to prune the vines and ensure their 

continuous rejuvenation. It was a means to overcome 

the problems of a harsh climate and poor soil. 

 

2.2 Post-phylloxera terraces 

 

The manner by which the socalcos were built 

was revolutionized following the phylloxera. These 

terraces were dramatically widened and given a 

certain slope between walls, or supported with even 

higher drystone walls. Availability of stone, the 

viticulturists taste and financial means dictated the 

degree of the slope and the width of the socalco. The 

quality of the construction of the drystone walls was 

improved, as compared to those built for the pre-

phylloxera socalcos. 

The vines were planted along wired rows so 

the resulting vertical hedgerows made it possible for 

mules to be used to work the soil. The «spur and 

cane» system of pruning the vines was. Excess 

vegetation was rolled around the top longitudinal wire. 

The use of wires to train the vines made it 

possible to reduce the distance separating the vines, 

the compasso, most usually to between 1.45 and 1.74 

square metres per vine, as measured in 1949 by 

Álvaro Moreira da Fonseca for the DDR Registry of 

Vines (Cadastro Vitícola da RDD). The planting 

density in the vineyard was increased to 5.5 to 6.5 

thousand vines per hectare, as compared to the pre-

phylloxera socalcos and the drystone wall was no 

longer taken into consideration when measuring the 

compasso. 

Of the American vines used as rootstock, 

Vitis rupestris was the most popular, especially the 

Monticola and “du Lot” varieties. The fortitude of vines 

grafted onto rupestris was notable, perhaps also 

because the exact production per hectare was based 

on the per hectare planting. In other words,  when 

more vines were planted per hectare, each fine was 

required to produce fewer grapes. This was a clever 

idea considering our actual edaphoclimatic reality, but 

it begs the question: can the Monticola/du Lot 

rupestris rootstock be totally separated (from an 

economic viewpoint) from the high planting density? 

At the same time that the use of rootstock 

was introduced, there were changes to the principle 

varieties of vines that were planted. Bastardo was no 



VII International Congress of Mountain and Steep Slopes Viticulture 
 
 

25 
 

longer planted because it was inappropriate for a 

hot, dry climate – the grapes ripened early, well 

before the other varieties, and it did not keep well. 

It was replaced by Touriga Francesa, the product 

of crossing the ancient Mourisco Tinto with the 

Touriga (Nacional). The former was chosen as the 

parent vine because it proved to be more resistant 

to the phylloxera. In 1860, Joseph James Forrester 

stated that he believed that Mourisco was the 

original Port vine and that it was responsible for the 

“burgundy” character of the wine. Touriga 

(Nacional), he said,  was best for the wine – “the 

finest” as Forrester himself described it. 

It was during the phylloxera epidemic that 

Aragonez stopped being considered a foreign vine 

variety, and renamed Tinta Roriz, recognized as a 

traditional Douro vine and described as such in 

1895. 

Tinto Cão also is an ancient native variety 

and the one that best withstands the harsh, arid 

climate, as we saw in the recent 2020 vintage. As 

Francisco Rebello da Fonseca declared in 1791: “it 

ripens well, doesn’t dry out, nor does it rot or produce 

excessive quantities of fruit.” 

 

The post-phylloxera socalco is an exemplary 

model of a vineyard best adapted to safeguarding the 

soil from erosion, to blanketing the land with vines and 

to enhancing the beauty of the man-made landscape. 

The wealth of vine varieties is a prized treasure 

beyond esteem. 

 

2.3 After 1965 

 

The desire to mechanize the vineyards led to 

the introduction of new vineyard models and, on steep 

hillsides (greater than 30-35%), earth embankments 

proper to the “terraced” vineyard model replaced the 

drystone walls. 

The so-called PDRITM wide terrace, was 

presented under the Project for the Integrated Rural 

Development of the Trás-os-Montes and Upper Douro 

program. Initially with a proposed width of 4.0 metres, 

it ended up between 3.2 and 3.6 metres wide. Two 

parallel rows of vines are placed on each terrace, 

separated by 2.2 metres, thereby creating a path for 

people and machines to circulate. The outer line of 

vines runs along the embankment, whilst the inner line 

runs along the inside wall where the land was 

escavated, thus making it almost impossible to slope 

the terrace. This impediment encourages the 

winegrower to weed the embankment with herbicides. 

Designers of new vineyard models have apparently 

lacked any concern for the ecological aspect. 

Another flagrant example of a lack of 

scruples has been the unfettered construction of 

terraces, with little care for providing a controlled flow 

of torrential rain by creating some downward sloping 

along the length of the terrace. 

The placing of embankments between each 

vinecovered terrace results in fewer vines being 

planted.  A rushed calculation of the resulting drop in 

production because of fewer vines, led to rupetris 

been abandoned in favour of new types of rootstock. 

The number of recommended varieties of 

vines was also drastically reduced and little care was 

taken when these were planted, according to the 

needs of each variety. 

The wide PDRITM terrace failed in terms of 

the ecological and landscaping evaluations of the 

model, despite the fact that the issue of fewer vine 

varieties and the manner by which they were 

distributed for planting was later corrected. 

 

2.3.1 The vineyard models adopted by 
the Fladgate Partnership School 
of Viticulture 

 
The various vineyard models created or 

improved by the Fladgate Partnership School of 
Viticulture are subject to the architecture of the pre-
existing land (should this be the case), to the slope 
and orography of the hillside.  Directed at creating a 
sustainable viticulture, they are a tribute to the Alto 
Douro Winemaking Region’s classification as a 
UNESCO World Heritage. 

 
Therefore, when the architecture of a hillside 

is of existing socalcos shored with drystone walls, the 
so-called post-phylloxera socalcos, the model that is 
adopted is considered a “Second-Generation post-
phylloxera socalco”. 

 
However, when a hillside lacks this post-

phylloxera architecture, the vineyard model that is 
chosen is based on the slope of the land.  Up to 30-
35%, the firm gives precedence to the “vertical 
vineyard” model; when the slope is greater, the vines 
are planted on a “narrow, 1.5 metre-wide terrace”. 

With the vertical vineyard model, the rows of 
vines are placed according to the greatest slope of the 
hillside.  This model ensures the best planting density 
on the land and the most efficient methods for working 
them, by both manual and mechanical means. Thus, 
in addition to the lack of any form of construction to 
shore the terrace (drystone walls or earthen 
embankments), the vines are planted along a straight 
line.  It is, however, accepted that embankments may 
have to be created in order to break up parcels of 
vineyard, to correct the slope, to ensure rainfall 
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drainage, thereby controlling soil erosion. When 
planting, different varieties of vines are distributed 
according to the features of the land: depth of soil, 
aeration, exposure to the sun, and so forth. 

 
The School is known for two vineyard models 

that it has developed: 
 
- 2nd Generation Post-phylloxera Socalcos 
- 1.5 metres-wide Narrow Terraces. 
 
2.3.1.1 2nd Generation Post-pylloxera 

Socalcos 
 
In 2008, on the occasion of the 2nd 

International Congress of Mountain and/or Steep 
Slope Viticulture held 13-15 March at Monforte de 
Lemos, Ribeira Sacra, Spain, the Fladgate 
Partnership Viticultural team presented its five-year 
experience with the model it had created to replant 
vineyards on the socalcos, old terraces held up by 
drystone walls. 

 
We were totally satisfied with the results we 

obtained, both as regards the viticultural evaluation 
and the demanding oenological assessment. We were 
especially pleased that we had contributed to a 
vineyard model that, without damaging their identity, 
could recuperate the ex-libris Douro vineyards that 
had deserved the UNESCO classification.  In our 
opinion, the post-phylloxera socalco is an open book 
for the study of the impact of climate changes on 
viticulture. 

 
When one visits vineyards planted according 

to the 2nd generation post-phylloxera socalco 
method, one is struck by this model’s  notable 
qualities: 

One.  Safeguarding the architecture of land 
featuring socalcos shored by drystone walls, is a 
means to protect the soil from the erosion caused by 
torrential rainfalls. The first concern of a mountain 
winemaker is to safeguard the soil. In other words, the 
architecture of the mountain hillsides must necessarily 
live considerably longer than the vines that are 
planted there. 

The new model also ensures the easy 
access of machines used for continuously maintaining 
the supporting walls after new vineyards are planted 
on age-old socalcos. 

Two. A high plantation density is maintained 
in order to obtain the desired production per hectare 
from a greater number of vines. In other words, 
although each vine produces less, because each is 
more vigorous, the desired per hectare production is 
satisfied. 

Three.  The diversity of the characteristic 
varieties of the 1st generation of post-phylloxera 
socalcos is maintained, but they now are distributed in 
small portions according to the needs of each variety. 
Tinta Roriz, for example, will be planted on relatively 
poorer soil and well aerated, therby controlling its 
tendency to produce excessive quantities of grapes 
and its notable vulnerability to downy and powdery 
mildiou. 

Four. The more valuable genetic heritage is 
transported to the new vineyard. The best 
preservation of varieties is obtaining by grafting 
selected scions, collected from the greatest possible 
number of vines in vineyards that have been dug up. 

Five. The amount of manual work that was 
so common in the old vineyards has been reduced 
and simplified.  Although mules are still occasionall 
used to work the soil, workers are no longer asked to 
spray the vines with chemicals.  

Six. Lastly, we have been able to create a 
vineyard model that is especially attractive from the 
viewpoint of the landscape, especially dedicated to 
the winemakers by providing them with “vineyards on 
a human scale.” 

 
The earlier post-phyllixera socalco model did 

not anticipate that machinery would be used to work 
the vineyard and that it would require access and 
enable it to circulate among the vines. Work on the 
vines was essentially manual and mules were only 
employed to work the soil.  Because of this, once the 
planting distance, or compasso, was defined, the 
vines were planted in such a manner as to make best 
use of each socalco. 

One key to the modernization of the socalcos 
is that the new model provides each socalco with a 
path at the base of each wall for machines to circulate 
(“A” in the photograph). A minimum 2.0 metres wide, 
it is this path that ensures the connection from one 
socalco under vines to the next, along a “Z” shaped 
line linking one socalco to another, all the way down 
the hillside. 

 
Another key feature of the new model 

vineyard is that the most outward row of vines is kept 
at a distance of at least 1.5 metres from the edge of 
the wall (“B” in the photograph). Should this space be 
reduced, the vigour of the vines woud be irretrievably 
damaged.  Furthermore, this also ensures that the  
vines are better protected in case a supporting wall 
collapses.  The outer row on each scalco is the first 
one to be designed. 

 
2.3.1.2.  The Narrow Terraces 
 
In 2009, the Fladgate Partnership was 

awarded the prestigious BES – Biodiversity prize for 
its proposal of a vineyard model called the “Narrow 2.3 
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metres-wide terrace”. We designed this model in 2002 
and presented it in 2006 at the 1st International 
Congress of Mountain and/or Steep Slope Viticulture 
held 17-18 March in Saint-Vincent (Vale d’Aosta), 
Italy. 

Twenty years later, the basic principle for 
which this model was awarded the prize - 
environmental and social sustainability - continues 
unchallenged. The model is noteworthy for the 
manner by which the bulldozers used in the 
construction of each terrace are guided by laser, in 
order to fashion a 3% slope lengthwise that favours 
the controlled drainage of torrential rains. 
Furthermore, it offers a drastic reduction in the amount 
of herbicides that are applied, most especially to the 
soil under the vines. The wild grasses on the 
embankments are solely controlled by machine, a 
additional feature we also described in 2012 at the 4th 
International Congress of Mountain and/or Steep 
Slope Viticulture held 7- 9 November in Lyon, France.  

 
The relatively low planting density obtained 

on the narrow, 2.3 metres-wide terraces can, 
nonetheless, be considered a weakpoint as it lowers 
the planting density  as compared to the wider 
reference terrace (the PDRITM 3.2-3.6 metres-wide 
terrace) that it intended to replace.  A plus feature, 
however, is that all the vines on our narrow terraces 
should be more favourably planted in the available 
area of the terrace , as compared to the wider 
PDRITM terraces in which the vines are planted half 
between the embankments and half in the area 
escavated.  Furthermore, the lesser distance between 
one vine and another would be less obvious. 

Nonetheless, from the very beginning we 
have had a single aim: to increase the planting density 
of the vines whilst still maintaining all the other 
benefits of the narrow terraces for which we were 
awarded the BES-Biodiversity prize.  We did this 
successfully in 2014 obtained with our model of a 1.5 
metre-wide narrow terrace. 

 
The new 1.5 metre-wide terrace, contains all 

the excellent features of the 2.3 metres-wide terrace, 
whilst boasting two improvements: 

a.  Greater planting density: 36.5% more 
vines for an equal distance from one 
vine to another.  On very steep slopes 
(above 30 to 35%), where the orography 
is unfavourable as regards the best use 
of the land, we obtain an average of 2.8 
km of terrace per hectare, as compared 
to 2.1 km per terrace on 2.3 metre-wide 
terraces. 

b. Decrease height of the earthen 
embankment for each terrace. 

 
Only the 1.5-wide narrow terrace allows for 

at the least rows of vines of  the same length per 
hectare, as compared to the wider (3.2 to 3.6 metres) 
PDRITM terrace which is planted with 2 parallel rows 
of vines. 

The minimum planting density in the DDR 
after the pylloxera was determined by the PDRITM 
wide terrace and the narrow 2.3 meter-wide narrow 
terrace falls short of this.  However, the results 
regarding the best use of the land for vines lead us to 

state that: “when one refers to planting density, only 
the narrow 1.5 metre-wide terrace can substitute the 
so-called wide – PDRITM terrace”. (Table 1).  The 
density is measured by the total length of the rows of 
vines, always taking into account the same planting 
distance between each vine. 
 

Table 1. Real density by Vineyard Model. Only the 
narrow 1.5 metre-wide terrace is able to ensure this 
as compared to the  wider PDRITM terrace without 
any loss in planting density. 
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A – PDRITM wide 
terrace 2 

2,7

94 

35,

7% 

36,

5% 

0,6

% 

B - Narrow 2,3 m-
wide terrace 1 

2,0

59 
C- Narrow 1,5m-
wide terrace 1 

2,8

11 
Note: “Kms of rows” is the unit that best compares 
the different vineyard models 

 
When seeking a narrow terrace to affirm the 

environmental and social sustainability of DDR 
viticulture, constructing it with a width reduced to 1.5 
metres is decisive to the economic sustainability of the 
vineyard, an aim that is compromised in the relatively 
wider (up to 2.5 metres) terrace where the rows of 
vines are lacking in length.   

 
The construction of a narrow 1.5 metre-wise 

terrace is based on four key principles: 
a. Protection of the soil from the erosion caused 

by torrential rain and safeguarding the 
beauty of the built landscape (Laser-guided 
construction). 

b. Best use of the soil for vines. 
c. Greater manual and mechanical efficiency. 
d. Safer mechanical work. 
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The rows of vines feature an inner path, 
separated by 1.2 metres from the base of the 
embankment above it,  which is perfect for a 90cm-
wide tractor to circulate.  These are available on the 
market. In 2022, we recommend the CAMISA TR 
635/50 (TR 635/50 - Fratelli Camisa R. e M. & C. snc) 
and the VIROC/VITRAC 80 ( VIROC) tractor for 
carrying farm implements.. 

 
The narrow 1.5-wide terrace, built with a 

Laser-guided system, represents a new type of land 
architecture that restores the exact planting geometry 
and consequently, the planting density of the pre-
phylloxera terraces. 

With the narrow 1.5-wide terrace we have 
achieved Vicount Villa Maior’s visionary advice in 
1875: “When you lack stone to build the walls you 
make the best use of land that is sustained by earthen 
embankments, albeit at some cost and under 
inteligent direction. In all cases, it is essential that the 
water that runs after torrential rains is properly drained 
in order to ensure that there are no landslides on the 
terraces and that these are not destroyed.  
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MOVING, an EU project for the future of mountain value chains Kleshcheva.E, 

Micheloni. C 
 

Ekaterina Kleshcheva2, Cristina Micheloni. Vinidea 

 

The H2020 project MOVING (Mountain valorization through interconnectness and green growth) aims at building 

capacities and co-develop relevant policy frameworks across Europe for the establishment of new or 

upgraded/upscaled value chains that contribute to the resilience and sustainability of mountain areas to climate 

change. The heart of the project is the group of 23 real value-chains in different regions (EU, UK, Turkey, Serbia 

and North-Macedonia) that offer partners the opportunity to survey and understand the dynamics beyond each of 

them and propose strategies and policies for their strengthening, development and multiplication. 

Out the 23 cases, 3 pertain viticulture and the related wine value-chains and are located in Trento (Eastern Italian 

Alps), Ayerbe (Spanish Pyrenees) and Foz Côa (Portuguese Maçico Noroeste).  

The project is now in the middle of its 4 year implementation and all the regions/value chains have been analized 

for their vulnerability and potential tools to enhance resilience. 

The main features of the 3 wine value chains can be summarized as follows: 

 
1. Trento value chian main features 
Historic and well consolidated value chain. 
Focal product: still and sparkling wine from local and international varieties. 
Diversity of business models: cooperative (80%), large private wineries (i.e. Ferrari), small family wineries, small 
family grape growers. 
Favourable infrastructure: roads, water supply for irrigation, energy and digital. 
AKIS(Agricultural Knowledge and Information System): high availability of training and advisory services. 
Focus on sustainability issues, advanced cooperation with other economic sectors (i.e. tourism). 
«Mountain» origin is one of the key assets for wine marketing. 
Up to 90% of activities take place in the area and a major share of value generated by wine production stays in the 
territory and the local community. 
 
1.1 Main climate change factors affecting the future of the value chain 
Extreme events (hail, heavy rainstorms) and their increasing frequency are the most relevant threat, while 
temperatures increase do not lead to high level of concern and, for certain aspects, can even open up to options 
for viticulture in higher areas. The change in  
pests, diseases (both as new species becoming problematic and as usual species whose biological cycle leads to 
higher risks) and invasive species coaue a moderate concern. Lower degree of concern for rainfall pattern changes 
and increasing pollution. 
 
2. Ayerbe value chain main features 
Relatively young value chain based on a strong historical backgound: recovery of old abandoned vineyards and 
planting new ones in an area where viticulture used to be common but went through abandonement. 
Main actors: small and medium wineries, important role of «Vignerons» association 
Focal product: still wines from local and international varieties 
Biodiversity: viticulture coexists with other crops such as cereals and almonds. 
AKIS: peer-to-peer learning and exchange within the value chain, professional agronomic and oenological adivise 
comes from other regions (Rioja, Zaragoza, etc.). 
Strong demographic change: abandonment due to migration in the 60-80’s. 
Infrastructure: limited attractiveness for young people and families as schools and other services are not available. 
Up to 50% of activities take place in the area and good part of value generated by wine production stays in the 
territory and the local community. 
 
2.1 Main climate change factors affecting the future of the value chain 
The main risks for viticulture in coming decades are linked to temperatures increase and drought. Physical soil 
degradation, due to climate change but also to mismanagement, is another risk factor, while extreme events, pests 
and diseases or invasive species seems not to be a primary concern. The main factor affecting the future of the 
area is demography. 
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3. Vila Nova da Foz Côa value chain main features 
Characterized by a mosaic landscape (almonds, olive grooves, woods, viticulture) with a potential for combined 
promotion. High touristic potential also due to the Paleolithic engravings and leasure activities. 
Soil and climatic conditions are quite peculiar, elements that impact grapes/wines characteristics. 
Focal product: Barca velha is the most typical but other wines, mainly white. 
Main actors: several small producers, a cooperative, increasing role of large wine companies from other areas. 
Biodiversity: high level of biodiversity, 2 UNESCO sites in the same area (Alto Douro Vinhateiro and Vale do Côa). 
AKIS: linked to university and research activities in western area. 
Infrastructures: good road infrastructure but lacking schools, hospitals and other services that facilitate residents 
life. 
 
3.1 Main change factors affecting the future of the value chain 
Demography, meaning depopulation, especially of qualified young people who move elsewhere due to the lack of 

qualified ob opportunities, is the factor that, by far, impacts of the value chain. On the other hand, climate change 

is causing a change in the precipitation pattern, as well as higher temperatures in Spring and Summer   

 

The increasing area dedicated to viticulture, in case of soil mismanagement, may increase the risk of erosion and  

landslides. Besides it will increase water demand and reduce biodiversity. 

Peculiar feature: grape production thakes place in the area, but processing and following phases are progressively 

moving elsewhere (with the added value). 

 

4. what next 

In the following 2 years, within each value chain the analysis will be followed by the development of specific 

recommendations for policies. At orizontal level, cross contamination and exchange among regions and vaue 

chains will be enhanced and facilitated both on-line and through visits.  
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Abstract. Despite heroic viticulture appellation resembles bold and noble connotations, associated 
territories and wine communities are extremely vulnerable to climate change impacts. Considering OIV 
recommendations on the process of planning for sustainable activities based on sustainability and risk 
assessment, a three-step research was developed. The goal was to identify significant orientations to 
implement such activities and assess their effectiveness. After the scrutiny of 105 sustainability 
assessment tools, a structured critical review over 42 instruments allowed to assort seven of the most 
suited tools for decision-making and to evaluate mountain viticulture: EIOVI; FESLM; IDEA; INDIGO; 
INSPIA; ISAP; and SAFE. Afterwards, major strengths, weaknesses and opportunities were analysed in 
accordance with mountain areas inherent needs to delineate a resilience action plan based on short-to-
long term strategies for steep slopes viticulture. Findings showed that the majority of these tools not only 
neglected or overlooked social and economic dimensions, but were mostly designed to contribute with 
analysis interpretation, rather with education or knowledge transference. Thus, it was concluded that 
further research of this nature is still necessary at mountain wine-growing context as methodologies 
available to holistically assess sustainability are not sufficient suitable yet. It is also proposed that any 
sustainability strategy and initiative designed for heroic viticulture, in particular mountain areas with 
geographically highly valued landscapes or cultural assets such as the UNESCO world heritage sites 
classification, should transcend traditional technical evaluations and integrate local socio-economic and 
cultural aspects. Such consideration is beneficial to sustainability due to their strong connection with the 
surrounding communities, culture and history of the region. This work is the foundation for further and 
deeper research to ensure continuous control and improvement regarding sustainable decision-making 
and resilience building on such heroic scenarios. 

 

Introduction 

From recognising that fragile ecosystems are currently 

being affected by extreme climatic events, Food and 

Agriculture Organization (FAO) have already included 

mountain and deep slopes agricultural ecosystems 

into the list of the most vulnerable and liable places to 

climate change effects. As for heroic viticulture, 

despite associated to a bold and noble appellation 

such is also extremely vulnerable to contemporary 

challenges due to its inherent remoteness, lack of 

population, topography and reduced profitability. Thus, 

mountain and steep slopes wine regions are doomed 

to obsolescence if the right measures and initiatives 

are not held for protection in proper time (Cichelli, 

Pattara, & Petrella, 2016; Dibari et al., 2019).  

Mountain wine regions to become resilient, as the 

process of knowing how to well adapt in the face of 

stress and threats, demand for the development and 

implementation of initiatives consistent with 

sustainability principles. Promoting strategies 

environmentally sound, socially equitable and 

economically viable are therefore utterly needed 

(Graça, Simões, Freitas, Pessanha, & Sandeman, 

2017). 

The incremental sustainability awareness that has 

characterised the global wine systems has also 

engaged institutional organisations such as the 

International Organisation of Vine and Wine (OIV). Not 

only sustainability principles are in accordance with its 

current mission, but today OIV is fully committed to 

support of the 2030 Sustainable Development Goals 

(SDGs) by taking timely action to share definitions, 

concepts and operating practices within the wine 

sector (OIV, 2021). 

This research work was developed in view of OIV 

recommendations on the process of planning for 

sustainable activities based on sustainability and risk 

assessment. Thus, through a structured and critical 

review this paper aims to provide insights regarding 

the most notable sustainability assessment tools 

mailto:anatrigo@utad.pt
mailto:amarta@utad.pt
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currently available for agricultural systems and point 

the ones that could be more capable to assess heroic 

viticulture. Taking into account mountain wine regions 

particularities and inherent needs to sustain and thrive, 

leading methodologies were also benchmarked. The 

goal is to identify significant orientations and 

application methods supporting initiatives of this 

nature to be implemented by the wine sector or local 

governments when delineating strategic plans for 

sustainable regional development.  

Hence, this work provides several contributions to the 

literature. First, it contributes to uncover further 

insights regarding the most notable sustainability 

assessment tools currently available for agricultural 

systems. Second, it offers a better understanding of 

their strengths, weaknesses and opportunities when 

aiming to identify and target appropriate sustainability 

initiatives for resilience building of heroic viticulture. 

Methods and sources 

This work was structured in three phases. The first 

step was the establishment of analytical criteria for 

assessment. A structured literature review was 

primarily performed to identify not only relevant 

lacunas and conceptualisations regarding 

sustainability assessment, but also to collect 

information of 105 different sustainability assessment 

methods proposed all over the world by a plethora of 

sectors. For such, major databases were used to 

conduct a structured keyword search: Science Direct; 

Scopus; ISI Web of Knowledge and Google Scholar. 

The keywords included “viticultur*”, “wine*”, ‘sustain*’, 

‘assess*’, and ‘agri*, and all articles from peer-

reviewed scientific journals, written in English, French 

and Portuguese were considered.  

The second step was the selection of assessment 

tools for benchmark, involving initially statistical and 

clustering results. Then, the third step involved an 

overview of common and differentiating features 

regarding major strengths, weaknesses and 

opportunities. Results allowed to elect the most suited 

tools for decision-making and to evaluate mountain 

viticulture sustainability. For content analysis, Excel 

and SPSS software were used for statistical and 

clustering exploration, and to identify how main 

evidences and features of sustainability assessment 

tools are combined in the scientific debate.  

In order to proceed to the tools´ benchmarking, after 

considering all gathered information, a set of items 

was established in regard 5 different categories: i) 

sector; ii) target group; iii) stated purpose; iv) spatial 

scale; and v) assessment methodology. Their scope, 

typology, content and structure was also characterised 

and coded. The criteria of assortment was perceived 

as relevant to the aim of this study, while also 

supported by the literature review. Also, the fact that 

most of the information was provided by main data 

sources used to gather relevant evidences, reinforces 

the final categorisation summary of all the analysed 

tools.  

Developing sustainability initiatives to target 

SDGs: resilience and efficiency are key 

Along with mountain areas´ susceptibility for climate 

change adverse impacts, associated regular wine 

market volatilities and sober-challenging conditions for 

profitable businesses have drove the main actors of 

the wine industry to question what can be done to 

overcome and mitigate such threats (Graça et al., 

2017; Thiollet-Scholtus & Bockstaller, 2015). 

Also, being the winegrowing system heavily 

dependent on natural resources, and shaped by the 

local socio-economic environment in which they 

belong, the development of sustainability initiatives to 

preserve and improve the local conditions in order to 

enhance a better and careful use for such resources is 

considered vital (OIV, 2021). A voluntary character of 

such initiatives is defended by OIV, as its 

implementation and success rate may differ and take 

on different dimensions depending on the conditions 

specific to each region, company or product. A certain 

degree of flexibility should therefore be given to 

companies that implement such initiatives in order for 

them to apply procedures that are optimal for their 

environment. 

It is also endorsed that any sustainable practice 

requires proper planning and assessment, so the 

company takes into account the three aspects of 

sustainability and undertakes to follow the established 

sustainability principles. According to OIV (2021), the 

fundamental principles for sustainable vitiviniculture 

are the respect of the environment and natural 

resources; being sensitive to social and cultural 

aspects as the needs and desires of stakeholders and 

of the entire community itself; and the seek to maintain 

economic viability in order to fulfil the goal of reaching 

sustainable development. To target such goal the wine 

company should develop resilience and efficiency. 

However, the adoption of such initiatives must not only 

be seen as a communication apparatus. But rather as 

an essentiality which if supported through the adoption 

of common guidelines or policies that satisfy the 

principles of sustainability. Such approach may then 

contribute to build resilience and to enhance systems´ 

capacity to well adapt in the face of stress or threats. 

Otherwise, it is starting to be accepted that 

sustainability is a dynamic concept, and for that matter 

it is continuously seeking to achieve a balance in 
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space and time. Several authors defend that it is in 

such moments, when attempting to choose the best 

option in order to thrive in all sustainability 

components, that the sustainability assessment 

methodology being used can play a key role 

(Kirchmann, Kätterer, Bergström, Börjesson, & 

Bolinder, 2016; Marta-Costa & Silva, 2013; Schrama, 

Haan, Kroonen, Verstegen, & Van Der Putten, 2018).  

This statement rises the recognition of assessment 

indicators and frameworks as a powerful performance 

evaluation tool (Ramos, 2019). In addition, the fact that 

sustainable agriculture is considered a time-specific 

and location-specific concept, may imply that any 

assessment of sustainability must be linked to the 

context in which the farming system operates (Hayati, 

2017). It is for that matter comprehensible why in order 

to evaluate complex and dynamic systems like 

winegrowing production systems, adequate 

assessment tools must undertake certain criteria and 

specifications.  

Another predominant problem is the fact that until 

present moment there is not a clear definition for the 

Sustainability concept. Such ambiguity and 

inconsistent meanings resulted into inadequate 

assessment tools characterised by biased design, 

erroneous interpretations and flawed conclusions 

(Hayati, 2017; Hayati, Ranjbar, & Kamari, 2010). 

Nevertheless, as nicely voiced by many leaders and 

decision-makers “what you don’t measure you can’t 

manage”. Sustainability assessments are therefore 

considered today a vital instrument and a powerful aid 

to support our transition towards sustainable farming. 

It is also well established how such instruments have 

the capacity to guide and support countries to take 

informed decisions towards sustainable development 

(Ramos, 2019).  

Thus, sustainability measurement and monitoring 

instruments are essentially considered a structured 

scheme, or a complex appraisal technique able to 

support decision-making and global policies. It is as 

well assumed that to assess sustainability of farming 

systems represents in some way a process of making 

operational the concept of sustainability (Abdul Murad, 

Hashim, Jusoh, & Zakaria, 2019). Such statement 

justify the main purpose of this work, to develop a 

guiding study capable to support sustainability 

assessments at mountain winegrowing context in 

order to guide such wine regions towards sustainable 

development. 

Sustainability assessment tools: Background 

Despite all the potentialities of available tools being 

used nowadays to assess sustainability of agricultural 

systems, the majority is still tagged by considerable 

disadvantages or limitations (Dantsis, Douma, 

Giourga, Loumou, & Polychronaki, 2010). Such 

account is pertinent particularly regarding winegrowing 

systems for the grand majority of sustainability 

assessments when context-specific being developed 

deliberately for arable crops or livestock production 

(Hayati, 2017; Thiollet-Scholtus & Bockstaller, 2015). 

Also, such assessments tend to focus predominantly 

on environmental concerns or specifically on 

assessing certain impact categories. The evaluation of 

greenhouse gases emissions (GHG), carbon footprint 

or water footprint based on Life Cycle Assessment 

(LCA) are pointed as the most commonly and often 

found evaluations among research of this nature 

(Binder, Feola, & Steinberger, 2010; Bockstaller et al., 

2008; Rosnoblet, Girardin, Weinzaepflen, & 

Bockstaller, 2006; Thiollet-Scholtus & Bockstaller, 

2015; United Nations, 2007).  

Notwithstanding, even though LCA is the most 

commonly used assessment methodology among 

sustainability-based research, its application to 

winegrowing systems is still in a developing phase 

(Ferrara & Feo, 2018). In fact, it is reported that 

sustainability issues of wine industry have been largely 

unexplored for a long time (Ferrara & Feo, 2018). One 

of the reasons for such is for an old-fashioned but 

deluded wine industry’s reputation as being 

environmentally safe (Christ & Burritt, 2013; Cichelli et 

al., 2016; Flores, 2018; Lamastra, Balderacchi, Di 

Guardo, Monchiero, & Trevisan, 2016; Martins, Araújo, 

Graça, Caetano, & Mata, 2018).  

To close this section, such disregard has deeply 

contributed for a notable shortage of proper and 

suitable assessment methods designed specifically for 

perennial crops such as viticulture (Christ & Burritt, 

2013; Thiollet-Scholtus & Bockstaller, 2015). This 

acquaintance gap together with the realisation of the 

complexity of wine value chain is perceived as one of 

the main strains for this sector´s resilience and long 

term sustainability (Santiago-Brown, Metcalfe, Jerram, 

& Collins, 2014). It is therefore endorsed the necessity 

to allocate different areas of expertise in order to 

understand at its whole how to holistically evaluate 

winegrowing sustainability, with legit and impartial 

assessment tools being developed. 

Results 

By performing an extended and structured literature 

review on sustainability assessment of agricultural 

systems, allowed not only to categorize a list of several 

different assessment tools, but the amount of 

instruments, from individual indicators, to indicators-

set, composite index and frameworks, confirms the 
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incremental interest in developing numerous tools until 

this date. 

From here, the two-leg selection process was 

conducted according to the purpose of this study. In 

order to empower results´ relevancy, the selection 

phase started with only considering tools reviewed by 

peers. Subsequently, one of the following three criteria 

had also to be secured: i) the tool was originally 

designed to assess vitiviniculture or permanent crop 

sectors; ii) the tool even if not originally developed to 

comprehend vitiviniculture or permanent crops, was 

already tested or adapted to assess such; and finally 

iii) the tool is able to cover all three fundamental 

sustainability dimensions (environmental, social and 

economic). From this initial step, 42 sustainability 

assessment tools were assorted for further analysis 

and deeper understanding. 

Results showed that the majority of the 42 selected 

tools only assured the last criteria (the three 

fundamental sustainability dimensions being covered), 

confirming the lack of context-comprehensiveness 

mentioned before. In fact, only two of the 42 tools were 

developed specifically to assess viticulture (EIOVI for 

organic viticulture, and the SOECO indicators).  

Following this initial step, all tools were categorised 

and coded in 11 different categories for further 

statistical and cluster analysis using SPSS software: i) 

geographical coverage; ii) holistic assessment; iii) 

main sector; iv) objective; v) target; vi) evaluation 

approach; vii) stakeholders involvement; viii) 

measurement methodology; ix) knowledge transfer; x) 

results aggregation; and finally xi) if implementation 

was top-down or bottom-up. Results showed four 

clusters being generated.  

Several different tests and techniques were used to 

confirm the number of major clusters, such as an 

agglomerative hierarchical cluster analysis using 

Squared Euclidean distance measures and Between-

groups linkage method of agglomeration, and another 

using K-means algorithm. For results´ statistical 

significance we applied one-way ANOVA. 

As shown in Figure 1, while cluster 4 gathered most of 

the sustainability tools (26), cluster 1, 2 and 3 were 

represented solely by seven, three and six tools 

respectively. When exploring the cluster membership 

table and the distances between Final Cluster Centres, 

it was concluded that cluster 1 and cluster 4 shared the 

smallest distance, translating into higher similarities 

between both.   

Lastly, we compute F- ratios through ANOVA in order 

to identify the strongest categories to determine major 

differences between the four clusters. Results showed 

that geographical coverage (spatial level) and 

assessment methodology were the ones with higher 

weights when clustering, followed by the sectorial 

comprehensiveness, the targeted groups and the 

stated aim or goal for assessment. 

 

Figure 1. Tree diagram showing hierarchical 

clustering and assessment tools. 

In order to advance towards the benchmarking step, 

information collected from the Final Cluster Centres 

obtained through the K-mean algorithm was used. A 

comparison panel was designed where clusters were 

placed side by side and the five strongest categories 

given by the F- ratios through ANOVA were 

considered: i) sector; ii) target group; iii) stated 

purpose; iv) spatial scale; and v) assessment 

methodology. Socio-economic particularities and 

needs of mountain viticulture were also contemplated, 

as it is clear that any sustainability tool designed for 

such heroic context requires not only complex 

approaches, but must also be able to integrate 

composite information (Binder et al., 2010; Parent, 

Bélanger, Vanasse, Allard, & Pellerin, 2013).  

Taking all criteria into account, benchmarking results 

elected cluster 1 as the class gathering most tools 

capable to properly evaluate mountain wine regions. 

Such tools are: Environmental Impact of an Organic 

Viticulture Indicator (EIOVI); Framework for the 

Evaluation of Sustainable Land Management 

(FESLM); Indicateur de Durabilité des Exploitations 

Agricoles (IDEA); Indicateurs de Diagnostic Global à 

la Parcelle (INDIGO); Initiative for Sustainable 

Productive Agriculture (INSPIA); Indicator of 

Sustainable Agricultural Practice (ISAP); and 

Sustainability Assessment of Farming and the 

Environment (SAFE).  

In summary, this group of seven sustainability 

assessment tools was considered more adequate to 

evaluate heroic viticulture for: gathering the higher 

amount of instruments originally developed or adapted 

to evaluate viticulture; for sharing a higher level of 

complexity regarding their assessment methodology; 
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for being developed for strategic purposes; for 

assessing at farm-level; and finally for their ability to 

support both farmers, researchers and policymakers.  

Nevertheless, some gaps were also spotted among 

such, as the fact that the only two instruments of the 

group developed specifically for viticulture (EIOVI and 

INDIGO) do not cover either social or economic 

components, thus not supporting a holistic TBL 

perspective. Furthermore, besides IDEA, the other 

tools are mostly quantitative tools and only a few admit 

stakeholders´ participation. Finally, findings also show 

that the majority of these seven instruments identified 

were designed to contribute mostly with analysis 

interpretation, rather with education or knowledge 

transference. 

From these results, a strategic guideline for mountain 

and steep slope viticulture businesses was also 

crafted after scrutinising Cluster 1 strengths, 

weaknesses and opportunities. Short-to-long term 

recommendations are presented in Figure 2. 

 

Figure 2. Strategic recommendations for mountain 

wine regions considering strengths and weaknesses of 

identified assessment tools. 

Conclusions 

This work was developed to advance understandings 

of mountain viticulture from a strategic perspective 

over inherent vulnerabilities and challenges. By taking 

into account OIV recommendations on the need to 

properly plan and assess winegrowing systems while 

implementing sustainability initiatives, a critical review 

and benchmarking was constructed over available 

sustainability assessment tools. 

Aiming also to identify significant orientations when 

planning to assess mountain viticulture sustainability, 

from an initial selection of 42 assessment instruments 

we elected the seven most suited sustainability tools 

able to support decision-making and enhance 

initiatives of this nature amongst heroic wine regions: 

EIOVI; FESLM; IDEA; INDIGO; INSPIA; ISAP; and 

SAFE. This set of tools was considered adequate to 

evaluate mountain viticulture for being originally 

developed to assess viticulture or other permanent 

crops, able to measure at farm-level, capable to 

support both farmers, researchers and policymakers, 

with for having a higher level of complexity regarding 

their assessment methodology and a stated strategic 

purpose.  

After their scrutiny, and taking into account mountain 

areas inherent challenges and needs, it was possible 

to craft strategic guidelines for mountain and steep 

slope viticulture businesses. Regarding short-term and 

long-term recommendations, despite the delineation of 

a resilience action plan supported by elected tools, 

further research is also encouraged due to a 

considerable low number of available tools capable to 

cover social and economic components. If taking into 

account steep slopes viticulture correlated 

vulnerabilities, it is perceived how both components 

are indeed critical to achieve long-term sustainability 

and business resilience. Any management strategy 

designed for heroic viticulture should therefore not only 

support a suitable landscape management and 

environment conservation, but also be associated to 

socioeconomic dogmas.  

Thus, it is proposed that in order to obtain 

sustainability assessment tools adequate to evaluate 

heroic viticulture and mountain winegrowing systems, 

we must transcend traditional technical and scientific 

evaluations, and integrate relevant qualitative or socio-

territorial based sustainability variables for their 

recognised potential to reflect complex and composite 

information. Further action plans must also be 

designed and implemented, where stakeholders are 

asked to participate and their opinions are taken into 

account. Mixed methods research is therefore 

encouraged to be adopted in order to gather relevant 

information often difficult to access when solely using 

quantitative tools. 

By acknowledging the limitations of studies of this 

nature, and in order to validate the evidences and 

support the results, the data sets were captured 

through different sources in literature. 

Notwithstanding, in order to minimise subjectivity and 

validate results supplementary research should be 

developed. Lastly, this study has the potential to 

support deeper research over wine industry impacts 

and to increase the efficacy of winegrowing 

sustainability assessment research. By dissecting 

major assessment tools adequate to plan and evaluate 

sustainability initiatives within mountain viticulture 

needs, at heart it is aspired in future lines to support 

sustainable decision-making and resilience building 

over such heroic scenarios. 



 
VII International Congress of Mountain and Steep Slopes Viticulture 

 

 

38 
 

 

Acknowledgements: This work was supported by FCT 

- Fundação para a Ciência e Tecnologia [grant number 

UI/BD/151305/2021]; under the projects 

UIDB/04011/2020; UIDB/04007/2020; and by the 

2019 I&D Research Award from Fundação Maria 

Rosa. 

References 

Abdul Murad, S. M., Hashim, H., Jusoh, M., & Zakaria, 

Z. Y. (2019). Sustainability Assessment Framework : A 

Mini Review of Assessment Concept. Chemical 

Engineering Transactions, 7, 379–384. 

https://doi.org/10.3303/CET1972064 

Binder, C. R., Feola, G., & Steinberger, J. K. (2010). 

Considering the normative , systemic and procedural 

dimensions in indicator-based sustainability 

assessments in agriculture. Environmental Impact 

Assessment Review, 30(2), 71–81. 

https://doi.org/10.1016/j.eiar.2009.06.002 

Bockstaller, C., Guichard, L., Makowski, D., Aveline, 

A., Girardin, P., Plantureux, S., … Philippe, G. (2008). 

Agri-environmental indicators to assess cropping and 

farming systems . A review. Agronomy for Sustainable 

Development, 28(1), 139–149. 

Christ, K. L., & Burritt, R. L. (2013). Critical 

environmental concerns in wine production : an 

integrative review. Journal of Cleaner Production, 53, 

232–242. 

https://doi.org/10.1016/j.jclepro.2013.04.007 

Cichelli, A., Pattara, C., & Petrella, A. (2016). 

Sustainability in mountain viticulture . The case of the 

Valle Peligna. Agriculture and Agricultural Science 

Procedia, 8, 65–72. 

https://doi.org/10.1016/j.aaspro.2016.02.009 

Dantsis, T., Douma, C., Giourga, C., Loumou, A., & 

Polychronaki, E. A. (2010). A methodological 

approach to assess and compare the sustainability 

level of agricultural plant production systems. 

Ecological Indicators, 10, 256–263. 

https://doi.org/10.1016/j.ecolind.2009.05.007 

Dibari, C., Padovan, G., Merante, P., Leolini, L., 

Santos, J. C. A., Bindi, M., & Moriondo, M. (2019). 

Transferring scientific knowledge of climate change 

impact on European viticulture: the Clim4Vitis project. 

In ADAPT2CLIMA 2nd international conference, 

Heraklion, Crete (pp. 3–4). 

Ferrara, C., & Feo, G. De. (2018). Life Cycle 

Assessment Application to the Wine Sector: A Critical 

Review. Sustainability (Switzerland), 10(395). 

https://doi.org/10.3390/su10020395 

Flores, S. S. (2018). What is sustainability in the wine 

world? A cross-country analysis of wine sustainability 

frameworks. Journal of Cleaner Production, 172, 

2301–2312. 

https://doi.org/10.1016/j.jclepro.2017.11.181 

Graça, A. R., Simões, L., Freitas, R., Pessanha, M., & 

Sandeman, G. (2017). Using sustainable development 

actions to promote the relevance of mountain wines in 

export markets. Open Agriculture, 2, 571–579. 

Hayati, D. (2017). A Literature review on frameworks 

and methods for measuring and monitoring 

sustainable agriculture. Rome: Global Strategy 

Technical Report. 

Hayati, D., Ranjbar, Z., & Kamari, E. (2010). 

Measuring Agricultural Sustainability. In E. Lichtfouse 

(Ed.), Biodiversity, Biofuels, Agroforestry and 

Conservation Agriculture (pp. 73–100). Dordrecht 

Heidelberg London New York: Springer. 

https://doi.org/10.1007/978-90-481-9513-8 

Kirchmann, H., Kätterer, T., Bergström, L., Börjesson, 

G., & Bolinder, M. A. (2016). Flaws and criteria for 

design and evaluation of comparative organic and 

conventional cropping systems. Field Crops 

Research, 186, 99–106. 

Lamastra, L., Balderacchi, M., Di Guardo, A., 

Monchiero, M., & Trevisan, M. (2016). A novel fuzzy 

expert system to assess the sustainability of the 

viticulture at the wine-estate scale. Science of the 

Total Environment, 572, 724–733. 

https://doi.org/10.1016/j.scitotenv.2016.07.043 

Marta-Costa, A. A., & Silva, E. (2013). Methods and 

Procedures for Building Sustainable Farming 

Systems: Application in the European Context. (A. A. 

Marta-Costa & E. Silva, Eds.) (Springer S). Dordrecht: 

Springer, Dordrecht. 

Martins, A. A., Araújo, A. R., Graça, A., Caetano, N. 

S., & Mata, T. M. (2018). Towards sustainable wine : 

Comparison of two Portuguese wines. Journal of 

Cleaner Production, 183, 662–676. 

https://doi.org/10.1016/j.jclepro.2018.02.057 

OIV. (2021). OIV GUIDELINES FOR THE 

SUSTAINABLE PRODUCTION OF GRAPE JUICE, 

CONCENTRATED JUICE AND FOR PROCESSING 

(Resolution OIV-VITI 654-2021 OIV). Paris, France. 

Parent, D., Bélanger, V., Vanasse, A., Allard, G., & 

Pellerin, D. (2013). Method for the Evaluation of Farm 

Sustainability in Quebec, Canada: The Social Aspect. 

In A. A. Marta-Costa & E. Silva (Eds.), Methods and 

Procedures for Building Sustainable Farming Systems 

(pp. 239–250). Springer Netherlands. 

Ramos, T. B. (2019). Sustainability Assessment: 

Exploring the Frontiers and Paradigms of Indicator 

Approaches. Sustainability (Switzerland), 11(824). 

https://doi.org/10.3390/su11030824 



 
VII International Congress of Mountain and Steep Slopes Viticulture 

 

 

39 
 

 

Rosnoblet, J., Girardin, P., Weinzaepflen, E., & 

Bockstaller, C. (2006). Analysis of 15 years of 

agricultural sustainability evaluation methods. In IX 

ESA Congress. Warsaw, Poland. 

Santiago-Brown, I., Metcalfe, A., Jerram, C., & Collins, 

C. (2014). What Does Sustainability Mean? 

Knowledge Gleaned From Applying Mixed Methods 

Research to Wine Grape Growing. Journal of Mixed 

Methods Research, 1(20), 232–251. 

https://doi.org/10.1177/1558689814534919 

Schrama, M., Haan, J. J. De, Kroonen, M., Verstegen, 

H., & Van Der Putten, W. H. (2018). Crop yield gap and 

stability in organic and conventional farming systems. 

Agriculture, Ecosystems and Environment, 256, 123–

130. https://doi.org/10.1016/j.agee.2017.12.023 

Thiollet-Scholtus, M., & Bockstaller, C. (2015). Using 

indicators to assess the environmental impacts of wine 

growing activity: The INDIGO ® method. European 

Journal of Agronomy, 62, 13–25. 

https://doi.org/10.1016/j.eja.2014.09.001 

United Nations. (2007). Indicators of Sustainable 

Development: Guidelines and Methodologies (Third 

Edit). New York: United Nations publications. 

  



 
VII International Congress of Mountain and Steep Slopes Viticulture 

 

 

40 
 

 

Shoot removal applied just before bloom for vegetative-productive adjustment: 

agronomic and qualitative effects on cv. Verdejo in the D.O. Rueda (Spain) Yuste. 

J, Martínez-Porro. D 
 

J. Yuste, D. Martínez-Porro 

Instituto Tecnológico Agrario de Castilla y León. Ctra. Burgos km 119, 47071 Valladolid, Spain 

yusbomje@itacyl.es 

 

Keywords: acidity, grape yield, pruning weight, shoot, sugars. 

 

Abstract. The relationship between vegetative development and grape production can be a critical 

aspect to approach the balance of the vineyard and improve the quality of the grape in white varieties, 

depending, among other factors, on the water conditions of cultivation. The Verdejo variety is 

intensely spreading its vineyard in various zones, so it is important to know its response to the 

reduction of its vegetative expression in order to favor the quality of grapes. Throughout the 2015-

2018 period, the application of shoot removal (D) was studied, pulling out 6 of 16 shoots (to keep 10 

per vine) of each vine, compared to a control treatment (T). The trial, located in Medina del Campo 

(Valladolid), within the D.O. Rueda, was carried out with cv. Verdejo on rootstock 110R, planted in 

2006 and trellis trained as bilateral Royat cordon, with vine distances of 2.60 m x 1.25 m (3,077 

vines/ha). The water management was through deficit irrigation: 30% of ETo applied by dripping 

weekly from the beginning of veraison to harvest. The vines subjected to shoot removal reduced the 

weight of pruning wood by 15%, despite the increase in the weight of shoot. Likewise, the shoot 

removal reduced grape production by 31%, as a consequence of the decrease in the number of 

bunches. The shoot removal favored the concentration of sugars, as well as, to a lesser extent, the 

pH and the concentration of potassium, while the total acidity and tartaric acid did not show a definite 

or constant interannual trend, and the malic acid showed annual values with an inverse tendency 

between treatments with respect to tartaric acid, without remarkable differences between treatments. 

These results correspond to a certain intensification of the grape ripening process, conditioned by the 

increase in the leaf/fruit ratio due to shoot removal. Definitely, it can be deduced the possible 

usefulness of shoot removal in seasons where there may be a delay in the ripening process, in order 

to optimize the grape harvest date and quality, according to the objectives pursued. 

Introduction 

The level of grape yield is considered a critical 

aspect for the quality of grapes, especially in 

cultivation conditions with strong water limitations, 

such as those that characterize most regions in 

Spain, and it has been observed in Tempranillo 

red variety in various situations (Albuquerque et 

al., 2010). The incidence of the productive level in 

the grape quality has been less studied in white 

varieties, although some works related to the 

control of yield in Verdejo variety point out certain 

effects in different water situations (Yuste and 

Vicente, 2015; Yuste et al., 2018). 

The first basic technique to approach the 

vegetative-productive balance required for the 

grape quality is the winter pruning, through which 

a load of count buds is established depending on 

the variety and the environment, taking into 

account the productive and qualitative objectives 

pursued in each vineyard (Yuste et al., 2015). 

However, the annual environmental 

circumstances can cause an excessive number of 

shoots with respect to the buds left in pruning or a 

real fertility greater than expected (Yuste et al., 

2018). In such situations, the technique of cluster 

thinning is usually used to exert immediate control 

of the yield, since it is known that the initial 

increase in production from a low level is 

accompanied by an increase in the quality of the 

grapes, showing the regression between these 

two parameters a normal distribution curve, to a 

mailto:yusbomje@itacyl.es


 
VII International Congress of Mountain and Steep Slopes Viticulture 

 

 

41 
 

 

point from which the quality become reduced due 

to excess of harvest load (Bravdo, 2004). This 

equilibrium point will depend on the productive 

capacity of the vineyard, which will be a function 

of climate, soil, variety and crop management 

(Hidalgo, 2002). 

The reduction of crop load modifies the source-

sink relationship and may affect the ripening 

process of the grape according to the variety 

(Palliotti and Cartechini, 2000). Thus, Intrigliolo 

and Castell (2011) stated that cluster thinning 

increased uniformity in soluble solids content. On 

the contrary, Calderón-Orellana et al. (2014) wrote 

that cluster thinning did not maintain the uniformity 

of soluble solids content until harvest with respect 

to the control. However, both publications agree 

that the changes due to the thinning of clusters, in 

the composition of the grape and the 

characteristics of the resulting wine, can be 

modified to varying degrees depending on the 

climatic characteristics of the year. 

The source-sink relationship can be achieved 

with a different level of vegetative expression, 

which will be conditioned by the pruning load. The 

maximum grape quality that can be achieved 

decreases with increasing vegetative expression, 

although as the level of vegetative expression 

increases, the maximum quality within it 

corresponds to a larger crop (Hidalgo, 2002). 

Various winter pruning strategies have been 

tested, in mature vineyards, to try to reduce the 

vegetative expression of the vineyard 

(Albuquerque et al., 2005; Yuste et al., 2006), but 

its capacity of growth retention depends greatly on 

the environment. For this reason, the adjustment 

of shoots at the beginning of the development of 

inflorescences is seen as an effective method to 

reduce excess of vigor and limit the level of 

vegetative expression (Yuste et al., 2006). 

The ability that shoot removal can have to modify 

the vegetative-productive development and the 

grape quality will depend on the various factors 

that condition the cultivation of the vineyard, such 

as soil, climate and variety (Ramos et al., 2015). 

This raises interest in experimentation in each 

area with that or those varieties that may be 

susceptible to the control of production to improve 

the quality of the grapes. 

The aim of this work is the study of possible 

effects of the application of shoot removal at the 

beginning of bloom stage, in the vegetative 

development and in the grape production, as well 

as in its quality, of the Verdejo variety, grafted onto 

110R, and trellis trained, over a period of four 

years, in an experimental trial located in the Rueda 

Designation of Origin (Spain), therefore, in the 

typical climatic conditions of the center of the 

Duero river valley. 

Materials and methods 

The trial was conducted over the period 2015-2018 in 

Medina del Campo (Valladolid, Spain), in a vineyard 

belonging to the Grupo Yllera S.L. winery, located 

within the D.O. Rueda, in the center of Castilla y León 

region. The geographical coordinates of the vineyard 

are 41º21'02''N and 4º56'16''O. The vines, planted in 

2006, are from cv. Verdejo, grafted onto 110R. 

The vine distances are 2.60 m x 1.25 m (plant density 

of 3,077 vines/ha). The vines were trellis trained, with 

bilateral Royat cordon and vertical positioning of the 

vegetation (VSP). Row orientation is NNO (N-25º). The 

pruning load was 16 buds per vine, with spurs of 2 

buds. A green pruning operation was applied every 

year, after the period of risk of spring frost, for the 

adjustment of the shoot load per vine. 

The experimental treatments consisted of the 

application of shoot removal (D) at the beginning of 

bloom stage, pulling out 6 of 16 shoots (to keep 10 per 

vine) of each vine, and the control treatment (T). So the 

reduction of shoots was 37,5% in each vine. The 

experimental design of the trial was in random blocks, 

with 4 repetitions of 20 control vines per elementary 

plot. 

The soil of the trial is deep, with a clay upper horizon, 

and has a slight slope in direction East to West and 

good drainage in general. 

The water regime of the vineyard consisted of the 

application of déficit irrigation, by 30% ETo, from the 

beginning of veraison stage until harvest, which 

resulted in 66, 73, 74 and 68 mm in 2015, 2016, 2017 

and 2018 respectively. 

Measurements of vegetative development, grape 

production and chemical composition of berry, were 

carried out, as shown in the Results section. 

The statistical analysis was carried out by means of 

simple ANOVA through the program SPSS 16.0. 

The monthly average data of temperature and rainfall, 

for the period 2015-2018, are detailed in tables 1 to 5. 
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Table 1. Monthly average data of 2015 (oct-2014 / 

sep-2015), registered in Medina del Campo 

(Valladolid). T: temperature (ºC), Tm: mean, Tmax: 

mean of maximum, Tmin: mean of minimum;            

P: rainfall (mm); for all tables. 

 

Table 2. Monthly average data of 2016 (oct-2015 / 

sep-2016), registered in Medina del Campo. 

 Oct Nov Dec Jan Feb Mar  

Tm 13.1 8.0 5.8 6.3 5.8 6.3  

Tmax 19.0 13.1 10.9 10.0 10.6 12.4  

Tmin 7.8 3.9 1.8 3.0 1.7 1.0  

P 50.9 48.0 20.3 33.9 36.3 34.9  

 Apr May Jun Jul Aug Sep Year 

Tm 9.3 13.7 19.7 23.5 22.9 19.1 12.8 

Tmax 15.1 19.9 27.3 32.0 31.5 27.2 19.1 

Tmin 4.2 7.8 11.6 14.9 14.2 11.2 6.9 

P 44.5 48.7 0.1 0.1 0.0 0.0 317.6 

 

Table 3. Monthly average data of 2017 (oct-2016 / 

sep-2017), registered in Medina del Campo. 

 Oct Nov Dec Jan Feb Mar  

Tm 13.7 7.2 3.9 2.7 7.0 9.1   

Tmax 21.1 12.2 7.8 9.2 12.7 16.4   

Tmin 7.6 2.6 1.0 -2.4 2.0 2.4   

P 18.1 33.0 11.5 3.1 12.1 0.6   

 Apr May Jun Jul Aug Sep Year 

Tm 12.9 17.0 22.7 22.6 22.1 17.6 13.2 

Tmax 21.2 24.3 30.7 30.7 30.7 26.0 20.3 

Tmin 4.1 9.2 14.4 14.0 13.3 9.3 6.5 

P 0.7 39.8 5.5 31.3 11.7 0.0 167.4 

 

Table 4. Monthly average data of 2018 (oct-2017 / 

sep-2018), registered in Medina del Campo. 

 Oct Nov Dec Jan Feb Mar  

Tm 14.9 6.05 3.63 4.2 3.5 6.6   

Tmax 24.4 13.9 8.9 9.1 9.4 11.1   

Tmin 6.1 -0.5 -0.7 0.1 -1.9 2.7   

P 5.0 8.5 11.7 44.4 37.2 78.1   

 Apr May Jun Jul Aug Sep Year 

Tm 11.2 14.2 18.5 21.9 23.0 20.6 12.4 

Tmax 17.1 20.6 25.4 29.8 32.1 29.4 19.3 

Tmin 5.7 8.1 12.4 13.7 13.8 12.1 6.0 

P 47.9 27.1 60.1 2.7 0.0 0.8 323.5 

 

Table 5. Rainfall (mm): annual (1-oct. to 30-sep), Pa; 
vegetative cycle (1-apr to 30-sep), Pc; ETo (mm) 1-apr 
to 30-sep; irrigation (mm), start and end of irrigation, 

over the period 2015-2018. 

 Pa Pc ETo Irrig. Start  End  

2015 240 122 947 66 10-aug 15-sep 

2016 318 93 830 73 16-aug 4-oct 

2017 167 89 970 74 7-aug 18-sep 

2018 324 139 843 68 20-aug 1-oct 

Mean 262 111 898 70 13-aug 24-sep 

 

Results 

1. Grape production 

Grape yield of treatment of shoot removal (D) showed 

a remarkable reduction with respect to control 

treatment (T), resulting in an average value of that 

treatment approximately 31% lower than that of the 

control. The percentage of reduction was very 

constant over the years despite the clear variation in 

the level of production from one year to another, 

resulting in statistically significant differences each 

year (table 6). Cluster weight did not show any effect 

caused by the shoot removal, so the results did not 

show statistically significant differences between 

treatments (table 7). The number of clusters per vine 

would fully explain the reduction in the production of 

grapes caused by shoot removal, since this number 

was directly reduced by the elimination of shoots at 

the beginning of flowering, by 30% year-on-year 

average with respect to the control (table 8). 

In relation to the cluster weight, the number of berries 

per cluster showed a light tendency, although not 

constant, of the leaf removal treatment to present 

slightly lower values than the control, with an average 

decrease of 5% (table 9), not having found 

statistically significant differences between 

treatments. As regards the berry weight, there was 

hardly a tendency of leaf removal treatment to 

produce slightly larger berries, with an average value 

of 1.40 g versus 1.37 g of weight corresponding to 

the control treatment, not being the annual 

differences statistically significant (table 10). 

The real fertility, expressed as number of clusters per 

shoot, did not show a definite trend between 

treatments, resulting in a similar year-on-year 

average in both, without the small annual differences 

observed being statistically significant (table 11). 

Table 6. Grape yield (t/ha). Statistical significance:     

* = p<5% (for all following tables). 

Treat. 2015 2016 2017 2018 Mean 

T 11.16 13.58 7.64 13.51 11.47 

D 7.97 9.04 4.84 9.66 7.88 

Sig. * *  * *   

 

 Oct Nov Dec Jan Feb Mar  

Tm 15.7 9.4 3.7 1.6 4.1 8.6  

Tmax 22.7 13.4 7.8 6.5 9.2 15.7  

Tmin 10.2 5.9 0.2 -2.3 -0.2 1.7  

P 14.1 47.4 15.9 25.7 10.3 4.6  

 Apr May Jun Jul Aug Sep Year 

Tm 11.9 16.4 20.7 24.4 21.7 16.6 12.9 

Tmax 18.4 24.0 28.5 32.9 29.8 24.4 19.4 

Tmin 5.8 8.3 13.2 15.8 13.9 9.5 6.8 

P 43.5 10.1 46.9 3.9 6.8 11.1 240.3 
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Table 7. Cluster weight (g). 

Treat. 2015 2016 2017  2018 Mean 

T 144 162 96  190 148 

D 144 158 90  190 146 

Sig.          

Table 8. Clusters / vine. 

Treat. 2015 2016 2017 2018 Mean 

T 25.1 26.9 25.8 23.1 25.2 

D 17.9 18.5 17.6 16.6 17.7 

Sig. * * * *   

Table 9. Berries / cluster. 

Treat. 2015 2016 2017 2018 Mean 

T 110 132 76 113 108 

D 105 117 75 113 103 

Sig.          

Table 10. Berry weight (g). 

Trat. 2015 2016 2017 2018 Media 

T 1.31 1.22 1.27 1.68 1.37 

D 1.37 1.34 1.19 1.68 1.40 

Sig.          

Table 11. Clusters / shoot. 

Treat. 2015 2016 2017 2018 Media 

T 1.53 1.72 1.72 1.52 1.62 

D 1.54 1.80 1.66 1.64 1.66 

Sig.       

2. Vegetative growth 

The weight of pruning wood per vine, and 

consequently per unit of soil area, was clearly 

modified by the reduction in the number of shoots, 

showing an average value, throughout the study 

period, clearly lower (around 15%) in the shoot 

removal treatment than in the control. The reduction 

observed in the weight of pruning wood of the shoot 

removal treatment varied depending on the year, 

between 10% and 24%, although the differences 

were not statistically significant in general (table 12). 

The number of shoots per vine was significantly 

reduced in the leaf removal treatment, around 32% 

year-on-year average, logically as a result of the 

direct elimination of shoots, since only 10 shoots 

were maintained in each vine, compared to 16 

theoretical shoots of the control treatment, every year 

at the beginning of flowering (table 13). This 

reduction in the number of shoots was the 

fundamental cause of the reduction of pruning wood 

in the shoot removal treatment compared to the 

control one. 

The shoot weight was favored by the application of 

the shoot removal, with an approximate average 

value of 41 g for the control treatment and 51 g for 

the shoot removal treatment (table 14), which 

represents an increase of 25%. This increase 

partially offset, but notoriously, the reduction in the 

number of shoots in terms of the final weight of 

pruning wood, with statistically significant differences 

observed every year except in 2017. 

The Ravaz index showed a reduction derived from 

the greater decrease in grape production than in the 

weight of pruning wood in the treatment of shoot 

removal, with statistically significant differences 

observed in most seasons (table 15). 

 

Table 12. Weight of pruning wood (t/ha). Statistical 

significance:     * = p<5% (for all following tables). 

Treat. 2015 2016 2017 2018 Mean 

T 1.85 2.17 1.32 2.51 1.96 

D 1.67 1.79 1.01 2.17 1.66 

Sig.  *       

Table 13. Shoots / vine. 

Treat. 2015 2016 2017 2018 Mean 

T 16.4 15.6 15.0 15.2 15.6 

D 11.6 10.3 10.6 10.1 10.6 

Sig. *  *  *  *   

 

Table 14. Shoot weight (g). 

Treat. 2015 2016 2017 2018 Mean 

T 36.6 45.1 28.6 53.9 41.1 

D 46.6 56.5 31.6 70.3 51.2 

Sig. *  *    *   

Table 15. Index of Ravaz. 

Treat. 2015 2016 2017 2018 Mean 

T 6.08 6.25 5.86 5.45 5.91 

D 4.82 5.02 5.26 4.46 4.89 

Sig.  * *  *   

3. Grape composition 

The concentration of soluble solids (ºbrix) increased 

in favor of the shoot removal treatment every year, 

resulting in an average increase of 0.6 ºbrix with 

respect to the control one, having found statistically 

significant differences in most of the years (table 16). 

This response of the vineyard is related to the Ravaz 

index observed, since the shoot removal treatment 

had a more favorable leaf-to-fruit ratio than the 

control throughout the summer cycle, regardless of 

the productive level reached each year. 

The pH values increased slightly in the shoot removal 

treatment in the first two years, with statistically 

significant differences with respect to the control in 

those years (table 17). 

Total acidity (g/L TH2) did not show a constant or 

notable trend between treatments, with higher values 

of the shoot removal treatment in the first and third 
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years, and lower values in the second and fourth 

years, than the control treatment. The annual 

differences between treatments were not statistically 

significant (table 18). 

 Tartaric acid (g/L) presented an interannual trend 

between treatments similar to total acidity, with a 

slight increase in values of the shoot removal in the 

first and third years and a clear reduction in the 

second year, compared to the control treatment. The 

annual differences were statistically significant in the 

second and third years, but in the opposite direction 

between both treatments each year (table 19). 

Malic acid (g/L) showed a trend between treatments 

inverse to tartaric acid each year, slightly decreasing 

with the shoot removal in the first and third years and 

increasing, more clearly, in the second year, with 

respect to the control, although the differences 

between treatments were not statistically significant 

in any case (table 20). 

The concentration of potassium (mg/L) was slightly 

higher every year, especially in the first one, in the 

shoot removal treatment than in the control one, but 

the differences were only statistically significant in the 

first year (table 21). This result corresponds to some 

intensification of the grape ripening process, as 

reflected in the sugars and the pH, probably caused 

by the modification of the leaf/fruit ratio derived from 

the shoot removal. 

Table 16. Soluble solids (ºbrix). Statistical 

significance: * = p<5% (for all following tables). 

Treat. 2015 2016 2017 2018 Mean 

T 22.7 21.7 22.5 22.6 22.4 

D 23.4 22.4 23.3 23.0 23.0 

Sig. * *  *    

Table 17. Value of pH. 

Treat. 2015 2016 2017 2018 Mean 

T 3.36 3.30 3.37 3.41 3.36 

D 3.39 3.38 3.37 3.41 3.39 

Sig. *   *      

Table 18. Titratable acidity (g/L TH2). 

Treat. 2015 2016 2017 2018 Mean 

T 5.08 5.87 5.82 5.38 5.54 

D 5.14 5.51 6.02 5.33 5.50 

Sig.       

Table 19. Tartaric acid (g/L). 

Treat. 2015 2016 2017 2018 Mean 

T 8.28 10.12 9.73 8.15 9.07 

D 8.48 9.26 10.30 8.27 9.08 

Sig.   * *     

 

 

Table 20. Malic acid (g/L). 

Treat. 2015 2016 2017 2018 Mean 

T 0.85 0.97 1.16 1.45 1.11 

D 0.76 1.22 1.07 1.40 1.11 

Sig.          

Table 21. Potassium (mg/L). 

Treat. 2015 2016 2017 2018 Mean 

T 1820 1956 1585 1340 1675 

D 2005 1983 1598 1365 1738 

Sig.  *      

 

Conclusions 

The application of shoot removal at the beginning of 

flowering caused a notable reduction in grape 

production, approximately 31% year-on-year 

average, compared to the control. This yield 

reduction was entirely due to the lower number of 

clusters per vine, 30% lower, derived from the shoot 

removal, since the cluster weight did not show any 

definite effect that could partially compensate for the 

crop loss. The slight annual variations observed in 

the number of berries per cluster and in the berry 

weight, in the opposite direction between them, did 

not allow to significantly change the cluster weight. 

The weight of pruning wood was clearly reduced due 

to the shoot removal, by 15% on average, as a direct 

consequence of the suppression of 32% of the 

shoots. The increase in the shoot weight caused by 

the shoot removal, 25% on average, partially offset 

the reduction in the number of shoots in terms of the 

final weight of pruning wood. The Ravaz index was 

reduced by the greater decrease in the production of 

grapes than in the weight of pruning wood in the 

treatment subjected to shoot removal. 

The concentration of soluble solids showed a 

constant increase due to the shoot removal, of 0.6 

ºbrix of interannual average, since it favored the 

relation leaves/fruits with respect to the control 

treatment. The pH varied slightly, increasing in the 

shoot removal treatment in the first two years, but 

without showing differences in the other two years. 

Total acidity and tartaric acid did not show a definite 

or constant interannual trend, while malic acid 

showed annual values with an inverse trend between 

treatments with respect to total acidity and tartaric 

acid, with no notable differences between treatments. 

The concentration of potassium was slightly higher in 

the shoot removal treatment than in the control one. 

The results related to sugars, pH and potassium 

correspond to some intensification of the grape 

ripening process, conditioned by the modification of 

the leaf/fruit ratio caused by the shoot removal. 

The intensification of the ripening process observed 

shows the possible usefulness of shoot removal to be 
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applied in seasons in which there may be a delay in 

the ripening process, in order to optimize the grape 

harvest date and quality. However, the oenological 

and productive implications that can entail the 

execution of shoot removal should be considered 

jointly, depending on the annual productive and 

economic objectives. 
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Abstract. Vineyards on steep slopes are most often the result of ancestral know-how, recognised as a 

UNESCO World Heritage Site for their dry stone construction know-how, and are sometimes threatened 
by the additional costs of producing grapes, the lack of manpower and the tightening of regulations. This 
type of viticulture has a high qualitative value, and many externalities, notably heritage and ecological. 
The abandonment of these vineyards contributes to a loss of local biodiversity, an abandonment of these 
rural areas, an increase in the risk of fire and sometimes of run-off and erosion, in addition to the loss 
of heritage value, which supports wine tourism. With regard to climate change, it is important to stress 
that these areas contribute to a generally higher carbon storage than natural areas. Finally, the increase 
in the world's population and the decrease in agricultural yields will probably result in the next few 
decades in a challenge to ensure food security at the global level, hence the importance for the wine 
sector of conserving these production areas that are not very valuable for food production.  

 

Introduction 
 
The feminine name "terrace" comes from the old 
Provençal terrassa, from terra, in the 12th century of 
the Christian era. According to the Robert dictionary, 
it corresponds to "a rise in the ground forming a 
platform", while terraced cultivation is "in sloping 
terrain, cultivation in tiers, supported by small walls". 
Terraced vineyards and, more generally, those on 
steep slopes, demonstrate the ability of winegrowers 
to adapt to extreme conditions. Jeronimo Garcia 
defines terraces as "man's modification of the 
topography of sloping land in order to improve the use 
of resources: soil, water, climate". Very often the plain 
areas favoured agricultural and food production and 
the sloping areas allowed the winegrower to develop 
vineyards with more accessible land, which more 
often than not benefited from favourable sunshine 
conditions. This microclimatic particularity, as well as 
the access to less expensive land than that of the 
plains, has historically oriented the winegrower 
towards the hillside areas to produce quality wines. 
 
History 
 
Natural stone, a durable and solid material, a link 
between the earth and the sky, has passed on the way 
of life, beliefs, knowledge and know-how of 
successive civilisations over time. As André Beuret 
points out, "Since man first appeared on earth and up 
to the present day, stone has been part of his 
immediate environment. It was first used as is for 
thousands of years and then transformed to give it 
particular and sought-after forms.  They are works 
intended to perpetuate the memory of someone, a 

belief, an event. These megaliths can be found in all 
parts of the world. In our regions, the oldest are the 
menhirs and the dolmens, the latter being classified 
as funerary monuments. (...) Stone also shapes our 
landscapes through its colours, grain and forms and 
contributes to the identity of a region and its 
architecture". (Beuret A 2022.) 
 
 

 

Figure 1: Vineyard terrace in the Lunahuana Valley, 

Peru. 

We can imagine that man, who has mastered the use 

of stone, has been able to use it since the emergence 

of agriculture, around 10,000 years ago, to delimit 

agricultural plots and progressively create and 

stabilise slope areas, when local conditions allowed a 

simple superposition of blocks from rivers or 

mountains, sometimes cut, before developing the 

know-how of dry stone walls. As Maxence ANTONINI 

explains: "The evolution of dry stone masonry has 

gone hand in hand with the evolution of human beings, 

since they decided to live in a solid building. This 

mailto:rochard.joel@gmail.com
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technique has not ceased to evolve over nearly 5,800 

years, improving, regressing, stagnating, 

disappearing in favour of new techniques or being 

rediscovered according to the different regions where 

it has existed. The first traces of dry stone masonry in 

France are found in the eastern Languedoc region 

around 3,800 BC. (...) Nowadays, restanques (dry 

stone retaining walls) are appearing everywhere on 

the hillsides, allowing the cultivation of previously 

unexploited slopes and improving living conditions. 

Terraced farming has been used for hundreds of 

years in mountainous areas around the world. In 

South America, they are known by the Spanish term: 

andenes. (Gleyze T. 2021) Of all the terraces in the 

world, those in the Peruvian Andes are the most 

extensive and were built on the steepest slopes. 

Moseley states that "the andenes are the greatest 

archaeological phenomenon in the Western 

Hemisphere (of the American continent)". The Caral 

civilisation, the oldest known civilisation in the 

Americas, from 3000 BC to 1600 BC, built temples in 

the form of truncated pyramids or superimposed 

terraces. Archaeologist R. Shady believes that the first 

cultivation terraces may date back to 2000 BC. In 

China, the construction of rice terraces dates back to 

ancient times, and this method of cultivating rice 

enabled Chinese farmers to cultivate sloping, hilly and 

mountainous land. The Honghe Hani Rice Terraces in 

the south-eastern part of Yunnan Province, a 

UNESCO World Heritage Site, are a masterpiece of 

the Hani minorities, who have lived in these 

remarkable landscapes for over 1300 years. In 

Europe it seems that it was the Chasserans (3800 BC 

to 2500 BC) who began to use an archaic form of dry-

stone construction for a permanent habitat, laying 

large stones to create the bases (or underpinnings) 

and laying large slabs on the ground for their huts. The 

Ferrarians (-2,750 to -2,200 BC) and the Fonbuxians 

(-2,200 to -1,800 BC) perfected this process by 

erecting the walls of their dwellings in dry stone, 

without any binding material, on which a roof made of 

branches or thatch was placed and covered with a dry 

stone ridge. (Provansal M.1990) 

Various writings highlight the creation of terrace walls 
in the ancient period. 
+ In Palestine, authors mention agricultural terraces 
dating from the time of the "First Temple", i.e. 700-800 
BC. (4). 
+ In Greece, certain texts, by Herodotus in particular, 
suggest that terraces were known in the 4th century 
BC.  
Observing the similarity of the irrigated terrace 
systems in Mallorca with those found in South Arabia, 
particularly in Yemen, medieval archaeologists have 
put forward the hypothesis of technical knowledge 
imported into the island during the Muslim period, due 
to the insertion of the Balearic archipelago into the 
area of Islamic civilisation in the Middle Ages. The 
medieval Muslim world carried out a real "agricultural 
revolution", the principles of which have been found in 
Andalusian agronomy treatises from the 11th and 12th 
centuries. M. Antonini 2010) 

In addition to the low walls, many small buildings have 
been constructed using this technique, in particular 
the vineyard huts which are part of the small heritage 
of many vineyards. 
 
At the end of the 19th century, the phylloxera crisis, in 
parallel with the development of animal traction, 
profoundly modified the management of wine-growing 
land, with the abandonment of crowded vineyards. In 
the middle of the 20th century, viticulture, like 
agriculture, integrated the contributions of modernity 
in the conduct of its technical itineraries.   

 

 
Figure 2: Terraces made of stone blocks, most often 
recovered locally (top Laroque des Albères in 
Roussillon, Photo J. Rochard) and possibly cut 
(bottom archaeological site of Sacsayhuaman in 
Cusco, Peru. Photo Thomas Gleyze) 
 
Then, gradually, the introduction of tractors and 
straddle carriers, imposed by the imperatives of 
productivity, sometimes led to a trivialisation or even 
a degradation of the landscape. 
Several phenomena have occurred: 
- Simplification of the landscape by enlarging the plots 
(reparcelling), 
- Restructuring of the hillsides,  
- Elimination of unitary landscape components 
(isolated or aligned trees, hedges, embankments, 
copses) or architectural components (crosses, 
vineyard huts etc.). 
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Figure 3: Monorail system in the Swiss vineyard of 
Lavaux in Switzerland. The terraces with steep slopes 
often require manual and arduous management of the 
plots. 
 

 
 
Figure 4: Transporting the harvest by cable on a 
steep terrace in Ampuis in the northern Côtes-du-
Rhône, www.domaine-burgaud.com, photo 
www.groupem6.fr 
 
An ancestral know-how listed as a Unesco World 
Heritage Site 

 
Figure 5. Intangible cultural heritage logo 

 
Figure 6. Work and tools for the construction of dry 

stone walls in the 19th century. Illustration Museum of 

Ethnology of Valencia, wikipedia diagram. 

 
The art of dry stone construction inscribed as a 
Unesco intangible cultural heritage since 28 
November 2018. (Cornu 2018)This transnational 
nomination, led by Cyprus, is the result of joint work 
with seven other countries: Croatia, Cyprus, Greece, 
Italy, Slovenia, Spain and Switzerland. It corresponds 
to the know-how associated with the construction of 
stone structures, which consists of piling stones on top 

of each other without using any other material, except 
sometimes dry earth. Dry stone structures have 
shaped many different landscapes, allowing the 
development of different types of habitat, agriculture 
and livestock. These structures bear witness to the 
methods and practices used by populations from 
prehistoric times to modern times to organise their 
living and working spaces by optimising local natural 
and human resources. The construction of the dry 
stone wall anchored to the rock obeyed a few 
intangible principles intended to offer the best 
resistance to the thrust of the earth: construction in 
headers (the long face of the block is placed in the 
thickness of the wall, its end in the facing), careful 
wedging so that the forces of friction fight against the 
thrust, inclination of the wall towards the upstream 
(fruit). (Lasssure C. 2008) The holders and 
practitioners are the rural communities in which the 
element is deeply rooted, as well as professionals in 
the construction sector. 
 
 

 
 
Figure 7. Schematic section of a retaining wall, 
construction elements. Diagram "La pierre sèche, 
mode d'emploi" by Christian Lassure, ed. Eyrolles, 
2014 
 
Roles of terraces 
Terraced farming, especially on steep slopes, has 
many advantages:  
+ Morphological 
The installation of the terrace results first of all in a 
reduction of the slope, which changes the water 
regime and can also facilitate agricultural work. 
 
+ Thermal 
The thermal role of the terrace is related to the 
modification of the sun exposure, the modification of 
the wind exposure and above all to the accumulation 
of heat in the walls that is retransmitted by radiation, 
especially during the night.  
 
+ Hydraulics 
 
The terraces provide hydraulic control, which is 
particularly useful in regions with distinct climates, 
with dry summers and heavy rainfall. 

http://www.groupem6.fr/
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Figure 8. Collection systems for intense rainfall in 
Banyuls. This vineyard is located on very steep 
slopes. The vines are terraced and interspersed with 
a network of canals designed to efficiently evacuate 
water during heavy rainfall. (Pitte J. R. 2002) 
 
 
+ Pedological 
One of the benefits of reworking the soil is that it 
increases the useful reserve, i.e. the volume from 
which the roots draw their water and minerals. 
Although limited, this water storage reduces the 
effects of a temporary drought, while it makes tilling 
the soil with traditional tools much easier. 
 
+ Anti-erosion 
 
By reducing the slope of the ground and by creating a 
multitude of obstacles that break the energy of the 
water that runs off, the terrace can have an anti-
erosion role.  

 
Figure 9. Anti-erosion role of terraces. A wooded 
slope, B vineyard plantation without terraces, followed 
by erosion and disappearance of the soil at the top of 
the slope and deposition at the bottom of the slope (= 
anthropogenic soil), C development with terraces, with 
disbursement of the soil and rock at the top of the 
slope, reversed as soil at the level of the low walls 
Diagram: Terroirs viticoles, Paysages et géologie en 
Languedoc, Jean-Claude Bousquet, Editions 
Ecologistes de l'Euzière, 2011. 
 
 

+ Patrimonial 
 
More than any other agricultural landscape, the 

terraced areas are living witnesses of local history. 

They illustrate the practices, uses, know-how and 

social relations of the societies and people who have 

successively built and used these areas. (Rochard J. 

2015) 

+ Landscape and ecological 

Steeply sloping and terraced vineyards not only have 

a high landscape value, which contributes to the most 

beautiful wine-growing landscapes in the world, some 

of which are recognised as world heritage by 

UNESCO. In these rugged reliefs there are often 

interesting biotopes, copses, bushes, shrubs, 

streams, slopes and walls, which support biodiversity. 

(Rochard et al., 2001) 

 
 
 
Figure 10. Ecological role of a low wall based on the 
Guide Illustré de l'Écologie, B. Fischesser, M.F. 
Dupuis-Tate, Editions de la Martinière, 2007. 
 
+ Fire protection 
Maintaining terraced vineyards limits the spread of 
fires, particularly around houses, and facilitates 
access for firefighters. Once the vines are abandoned, 
natural vegetation is created that is conducive to fires. 
Some regions, such as Banyuls in Roussillon, have 
developed aids to create fire belts close to urbanised 
areas. This aspect is all the more important as climate 
change is expected to increase the risk of fire in the 
coming decades. 
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Figure 11. Abandoned burnt terraces (in the Catalan 
region of Port Bou, Spain) 
 

 
Figure 12. Preservation of the terraces facilitates 

access for the fire brigade to limit the spread of fires 

in Banyuls-sur-Mer, photo www.sdis66.fr 

+ Eco-environmental attractiveness 
The terraced landscapes, often of great beauty, as 
well as the ecological aspects contribute to an eco-
winetouristic activity that benefits the image and the 
frequentation of the winegrowers, but also the whole 
territory. 
 
Terraces face the food challenge 
 
Historically, in Mediterranean regions, terraces were 
often an agronomic response to overpopulation in hilly 
areas, far from the trading areas. Jean François Blanc 
rightly points out that "the development of terraced 
slopes seems to us to be an interesting example of the 
millennial and universal effort of farmers to increase 
their production areas and thereby increase their food 
resources, at the cost of terrible physical efforts and 
constantly renewed emulation, using original 
construction techniques". Over the next few decades, 
the increase in the world's population, as well as the 
limitation of agricultural productivity, in particular in 
relation to climate change and possible international 
conflicts, could accentuate the global food challenge.  
 
According to the Food and Agriculture Organisation of 
the United Nations (FAO), hunger continues to grow 
in the world. According to UN projections, the world 

will have 9.1 billion inhabitants in 2050, compared to 
6.8 billion today. That is 34% more mouths to feed. 
Obviously, changes in eating habits will have an 
impact on future needs for agricultural raw materials. 
It is also important to consider the decrease in 
agricultural land used for food, linked in particular to 
the development of energy production (agrofuels, 
biogas, etc.) and the loss of productive areas, which 
are being used for housing, commercial, industrial and 
other uses. For example, a study by the Ministry of 
Agriculture underlines that agricultural land has been 
losing 65,900 ha per year since 1982, i.e. 
approximately 7.7% less agricultural land.  

 
Figure 13.  Abandoned terraces in Sicily. Production 
costs, the technical constraints of soil management 
and the difficulty of finding personnel sometimes lead 
to the abandonment of terraced vineyards. Only a 
dynamic of wine tourism associated with a proactive 
policy of local and national authorities can maintain 
this endangered heritage value. 
 
The FAO estimates that the planet's agricultural 
production will have to increase by 70% to meet the 
food needs of all its inhabitants by 2050. Although 
agricultural production yields have increased 
significantly since the middle of the 20th century, they 
are tending to stabilise or even decrease due to 
environmental constraints, the progressive limits of 
plant breeding and probably climate change, which 
could, depending on the region, increase the risk of 
water stress. 
 
The vine, apart from the production of table grapes, is 
the source of a cultural product, wine, which is not 
directly involved in the challenge of food self-
sufficiency. It is conceivable that, as has already been 
the case historically at the local level, the priority of 
potentially agricultural surfaces could be directed 
towards food crops, by integrating in addition, in public 
strategies, the consumption of water and inputs and 
the sustainable impacts of the wine industry. In this 
way, the historical logic of establishing vineyards on 
hillsides and terraces, which prevailed until the end of 
the 19th century, could well reappear in the 21st 
century. 

http://www.sdis66.fr/
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Figure 14. Evolution of soft wheat yield in the French 
region of Centre Val de Loire Source ORACLE 
DRAAF scheme www.centre-val-de-
loire.developpement-durable.gouv.fr 
 

 
 
Figure 15. Evolution of the world population since 
3000 BC and projection into the 21st century 2. 
Source: Atlas de l'anthropocene , F Gemenne and A 
Rankovic, Ed Sciences-Po 2019 
 
Conclusion 
Steep slope vineyards, most often the result of 

ancestral know-how, are sometimes under threat due 

to the additional costs of producing grapes, the lack of 

manpower and the tightening of regulatory aspects. 

Nevertheless, this type of viticulture has a high 

qualitative value and numerous externalities, 

particularly in terms of heritage and ecology.  (Blanc 

J. F. 1984) The abandonment of these vineyards 

contributes to a loss of local biodiversity, to the 

desertification of these rural areas, to an increase in 

the risks of fire, runoff and erosion, as well as to a loss 

of heritage value, which supports wine tourism. It is 

important that these heroic, fragile vineyards can 

integrate the challenges of tomorrow within the 

professional world, but also at the level of regional, 

state and European community decision-makers, who 

intervene in the regulations and financial tools. With 

regard to climate change, if the system of terraces 

makes it possible to optimise sunlight, traditional agro-

forestry approaches as well as the adaptation of grape 

varieties and management methods could be 

envisaged. With regard to mitigation, it is important to 

emphasise that these territories contribute to a carbon 

storage generally superior to that observed in natural 

areas, an aspect that should be quantified and 

defended in a perspective of strengthening this issue.  

 

Figure 16. introduction of digital and robotic 

technology in vineyards and wineries. Diagram A. 

Dixon et al. 

The gradual introduction of digital technology and 

robotisation, given the difficulty of finding a workforce 

in these areas with a certain amount of hard work, will 

probably make it possible to respond to the 

particularities of technical itineraries, provided that 

technological advances take into account the 

specificities of steep slopes. Finally, the increase in 

the world's population and the decrease in agricultural 

yields will probably result in the next few decades in a 

challenge to ensure global food security, hence the 

importance for the wine sector of preserving wine 

production areas on slopes, without prejudicing the 

areas intended for food production. 
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Abstract. Brda/Collio/Cuei is known as the landscape of thousands of terraces, and despite the 

common agricultural and social history, a same region divided into Slovenian (Brda) and Italian (Collio; 

Furlan as Cuei) part. After the first settlements in Brda (dates back B.C.) the food production was 

focused to the fertile plains which become insufficient. Soon after Romans arrival, the inhabitants were 

forced to find new suitable areas, this time on the slopes of the steep hills with unfertile soil, which they 

had to transform into usable land. The topography of Brda comprises several NE to SW oriented ridges 

peaking 200-450 m above sea level, with quite steep slopes (up to 70%), which were formed during the 

Alpine orogeny (20-5 Mio years ago). Brda is characterised by the unfertile flysch soil and a sub-

Mediterranean climate, while the vicinity of the Julian Alps causes an unusually abundant precipitation 

of 1.600 mm/year and consequent intense soil erosion and landslides, which is the reason why the 

terraces become indispensable in Brda. Supported by archaeological findings and reports, the main 

landscape transformations date back to 3rd-4th century A.D. Moreover, the first technical plan for the 

construction of the terraces in Brda dates back to the studies of the Franciscan cadastre of 1824. The 

Brda terrace is characterised by a tread (bed) and scarp (riser) constructed merely from the soil, with a 

scarp w:h = 1:1, and 2.5-3.5 m of tread width, traditionally flat, relatively short around 80-100 m and 

partly surrounded by ecological niches in order to preserve biodiversity. The scarps are initially bare, 

only after a few years endemic plants cover the scarps reducing the erosion potential. Moreover, on the 

scarps usually different fruit trees are planted, mostly sweet cherries, olive trees, figs, apricots etc. Due 

to climate change and more EU restrictive agriculture policy, the costs of food production constantly 

increase causing less interests for agriculture what affects the land use and architecture.

Introduction 

Brda/Collio/Cuei is a part of the hilly and cultural 

landscapes of the northern Mediterranean. It is one of 

the most extreme area where the Adriatic 

(Mediterranean) Sea penetrates the European 

continent (45°45' north latitude). On the East, Brda is 

bordered by the Soča river (Isonzo), on the West by 

the Idrija river (Judrio), on north it is protected from the 

intrusion of cold winds thanks to the ridge of Korada 

mount, while on the south the hills are widely and 

descend to the plain influenced by the nearby Adriatic 

Sea.  

 

Figure 1. Land of thousands of terraces 

Brda/Collio/Cuei (Simčič, 2021). 

Settlements: The oldest traces of settlements in 

Brda/Collio date back to the Bronze Age, or the culture 

of the Castellieri, around 1600-1000 BC. From the 2nd 

century BC onwards the impact of Roman civilization 

reached this area, which became part of the Roman 

Empire around 35 BC. In the presence of the Romans, 

witnessed by numerous finds, followed by the 
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Lombards and the Avars, in the sixth century the 

Slavs. After the victory of Carlo Magno, Brda/Collio 

became part of the Duchy of Friuli. 

A rich donation by Countess Hadwig to the Abbey of 

San Paolo in Lavanttal, made between 1096 and 1107 

in Mossa, testifies that a castle already existed in that 

place (MGH, Scriptores, XV/2, 1057-1060). Ancient 

sales and cadastral documents from the 12th and 13th 

centuries mention some localities in the 

Brda/Collio/Cuei territory: Kojsko (1135), Vipolže 

(1170), San Floriano/Števerjan (1181), Biljana (1205), 

Dolnje Cerovo (1252). On the hills around Dobrovo, 

Biljana and Vedrijan the author often wrote the term 

ronchi, testifying below that terracing prevailed in the 

17th century hilly areas of Goriška brda. After World 

War II, the Paris Peace Treaties of 1947 determined 

the division of Brda/Collio between the Italian 

Republic (Collio) and the Slovenia Federal Republic of 

Yugoslavia (Brda or Goriška brda). After a thousand 

years of history, the territory, unitary in terms of 

history, traditions and multilingual culture, found itself 

divided between two sovereign states (Gomiršek, 

2022). 

Climate and Soil conditions 

Climate - weather conditions: The climate of 

Brda/Collio/Cuei is sub-Mediterranean and 

characterized by hot summers with drought and mild 

winters. The climate of Brda is influenced by two 

natural phenomena, namely the Ligurian depression 

(or depression of the Gulf of Genoa) and partly by the 

bora that brings cold air from the Central Europe 

Vipava Valley from the east. The average annual 

temperature is around 13 °C.  

 

Figure 2. Strong soil erasion in Brda/Collio/Cuei. 

The Ligurian depression pushes a mass of humid air 

that extends towards the north-east until it reaches the 

Alps that interrupt its path, subsequently creating an 

enormous mass of precipitation in the pre-Alpine 

world that largely also reaches the Brda area. The 

annual rainfall level can reach 1600 mm. The majority 

manifests itself in the form of strong showers (even up 

to 150 mm/day) which causes further washout and 

landslides on the soil composed of flysch causing an 

annual erosion up to 15 tons of earth/ha. 

On the other hand, the pre-Alpine ridges of the Korada 

and Sabotin Mountains retain the warm air current 

from the south which, thanks to the layers of the 

“opoka, ponca” (Eocene flysch of 50 to 30 million 

years), accumulates in the terraces favoring the 

development of roots even in the cold months. On 

sunny slopes it is therefore possible to plant and 

fertilize vines and fruit trees even up to 500 m above 

sea level. 

 

Figure 3. Brda/Collio/Cuei – Weather conditions 

(ARSO, 2022). 

Soil - geological basis: the flysch - over 90 million 

years ago the large area of Brda/Collio/Cuei was 

covered by the so-called calcitic sea on the bottom of 

which various sediments accumulated. The turbid 

currents formed by this mighty sea crashed against 

the shores and slopes causing landslides and 

collapses of the walls on the seabed. In the course of 

millions of years and due to strong pressures, 

alternating strata of arenaceous and marly nature 

formed on the seabed. These sediments make up the 

flysch, locally called ponca / ponka or opoca. 

 

Figure 4. Flysch – soil formation in Brda/Collio/Cuei. 

In the geological processes of 20-5 million years ago 

the Eurasian plate collided with the Adriatic (African) 

one giving rise to the Alps (Alpine orogeny). This 

strong lateral collision pushed the marine sediments 

to the surface creating mountains and hills in the 

Prealps. With the raising of the sedimentary layers of 

the sea floor (flysch) numerous ridges were formed in 

the present area of Brda/Collio/Cuei in the direction 

from the northeast (NE) to the southwest (SO). Over 

the course of millions of years the ridges have been 

further altered, mainly due to the heavy rainfall that 

caused the erosion of the flysch made up of the less 

resistant flyschoid layers. The climatic and 

meteorological forces together with the characteristics 

of the soil have formed steep slopes with an average 

gradient of 29% and the maximum gradient of 70% 

and more. 
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The average altitude of the ridges reaches an altitude 

of 233 m. Between the ridges there are few flat valleys 

that have been formed by small rivers. Instead, there 

are numerous torrential basins with small streams or 

torrential waters that flow into the four major rivers, 

namely the Iudrio/Idrija, the Recca/Reka, the 

Versa/Birša and the Oblino/Oblanč. 

 

Figure 5. Terraced landscape in Brda/Collio/Cuei.  

Terracing construction technique 

The fertile soils located along the narrow plain valleys 

did not guarantee to the inhabitants of 

Brda/Collio/Cuei an adequate quantity of crops and 

food in order to survive. Frequent low temperatures, 

fog and spring frosts have also made the flat areas 

unsuitable for growing fruit, vegetable and grapes. 

These unfavourable conditions led the inhabitants to 

look for new arable land on the hilly slopes forcing 

them to the terrain remodelling of the surface. 

The documents on the cultural terraces of Brda/Collio 

can be traced back to the 2nd century BC, when the 

Roman civilization reached this area. Viticulture and 

olive growing have been further confirmed by the 

archaeological site dating back to the 1st century BC. 

of Borg near Neblo. It is a brick production plant aimed 

at local sales in which tiles and amphorae were 

produced for storing wine and perhaps even oil 

(Vidrih-Perko and Žbona Trkam, 2003). 

Archaeological excavations carried out on Mount 

Mejnik in Gonjače have proven the presence of 

cultural terraces already in the period between the 3rd 

and 4th centuries BC (Osmuk, 1993). In 238 the 

Roman writer Herodian described the hills of our 

province as follows: the trees are arranged in equal 

distances and the vines coupled with them and thus 

represent a joyful theatre so that the whole region 

seems to be adorned with leafy crowns (Bidasio, 

1977). 

A reliable source for the history of the construction 

technique and the importance of terracing is 

represented by the documents of the French Austrian 

Cadastre, created in 1824. They, in fact, provide a 

detailed description of the methods of working the 

individual lands defined in the cadastral surveys. The 

elaborate of the cadastral municipality of San Floriano 

del Collio / Števerjan (State Archives of Gorizia, San 

Floriano del Collio, reg. 66) includes in annex the 

drawings of the individual phases of the construction 

of the terraces. The procedure, on the other hand, is 

described in detail in the initial part of the paper. This 

written source emphasizes the importance of the 

correct construction procedure and the knowledge 

that throughout history was passed down from 

generation to generation among the inhabitants of 

Goriška brda. From the documents it can be seen that 

in the sources, written in the Italian language of the 

time and strongly influenced by Friulian, the local term 

of brajda was ronco. Ronco is therefore the term that 

in the sources represents a mixed cultivation of vines 

and fruit trees on terraces (Comp. Also: Du Cange, 

Charles du Fresne, Glossarium ad scriptores mediae 

et infimae Latinitatis: Paris, Sub oliva Caroli Osmont, 

1733- 36, 6 v .: V, 1548: roncare, ronchare, runcare 

(v.); Pirona, Jacopo, Friulian vocabulary, Venice, 

Antonelli, 1871: 338: ronc (m.) (Gomiršek, 2022). 

Initially this type of arrangement of the terraced 

hillsides were subject, in the case of abundant rainfall, 

to superficial landslides of the fertile soil. To remedy 

this phenomenon, work has been done gradually to 

intervene in the underlying rocky strata, which are of 

an arenaceous and marly nature. 

  

Figure 6. Manual arrangement of terraces in 

Brda/Collio/Cuei (Goriški muzej, 2022). 

The compact rock layers were progressively broken 

up and crushed and mixed with the fine surface soil 

layers. In this way, the granulometric and geotechnical 

characteristics of the soils have changed, increasing 

the specific weight and cohesion as well as the friction 

angle. In this way the stability of the ground is 

increased and the risk of soil erosion on steep slopes 

is reduced. To increase the stability of the land and 

gain additional arable land, the hillsides were 

arranged with the terraced system, or rather the 

terracing of the slopes. The construction of the 

terraces always begins on the top of the hill and 

continues towards the bottom. 

Nowadays, just as in the past, the Brda/Collio 

terracing includes a horizontal or slightly uphill 

terraced surface and an escarpment located between 

two terraces. Construction begins with cutting a 

horizontal terraced surface of an adequate width and 

length into the compact flysch layers and continues 

with the modelling of the escarpments between the 

terraces. Given the varied slope of the slopes and the 

other limiting natural and environmental conditions, 
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the terraces are relatively short (80-150 m) and 

usually with slight slopes towards the external sides 

(humpback). The layers of marl and sandstone are 

broken up to a depth of 1.0-2.5 m - crushed and 

mixed, facilitating the decomposition of the rock under 

atmospheric agents. In this way a fertile soil is formed 

and capable of accumulating hot air, favouring the 

plants to develop deep roots even in the cold months. 

The layers of the earth retain rainwater so they do not 

require artificial irrigation (the annual rainfall level can 

reach 1600 mm). The short terraces make it possible 

for the natural drainage of superfluous rainwater, 

which flows slowly on both parts of the terrace, 

avoiding the sliding on the slopes which would cause 

erosion and landslides. 

The crushed soil remaining after excavation is used 

for modelling a short, steep escarpment between two 

terraced surfaces. The terracing includes a slope 

height / width ratio of around 1: 1 to achieve 

sustainable soil stability. A greater slope of the 

escarpment would increase the manifestation of 

landslides, unless the escarpment is made up of 

outcropping flyschoid rock. Within the escarpments 

the roots of spontaneous and cultivated plants 

intertwine which in some years strengthen the 

escarpments to the point of not requiring any other 

type of support structure. The escarpment in a single 

vegetative season become grassed naturally, 

increasing the degree of stability of the same and of 

the slope as a whole.  

 

Figure 7. Tipical Brda/Collio terraces (Simčič, 2021). 

The width of the terraced area is 2.5-3.5 m, while of 

the escarpments around 1.0-1.5 m, therefore overall 

terraces width reaches 3.5 to 5.0 m. Wider terraces 

would not be suitable due to the excessive carryover, 

since heavy rainfall (showers) would decrease the 

stability of the ground, that is, they would increase the 

risk of landslides. Narrower terracing, on the other 

hand, would reduce the surface area and make 

cultivation difficult. There are some exceptions due to 

the stratigraphic and slope conditions.  

The lively topography of the Brda/Collio, especially its 

rapid alternation of relief and slopes, made it possible 

to model the terraces only within small plots with 

approximately the same slope. Over the centuries, the 

Brda/Collio area has therefore seen the formation of 

thousands of small terraced land (0.3-1.0 ha) which, 

thanks to their size, do not require the presence of any 

building of service (e.g. for storage etc.). 

 

Cultivation on terraces 

Two rows of vine or fruit trees are planted on the 

horizontal terrace. The outer row (downstream) is 

positioned about 0.5 m from the embankment of the 

lower escarpment, while the inner row (upstream) is 

located on the lower embankment of the upper 

escarpment. The improvements in the planting 

method can be traced back to the eighteenth century 

with the efforts of the Agricultural Society, promoted 

by the enlightened sovereign Maria Theresa of 

Austria. At the beginning of the 19th Century (1824) 

one of its members Giacomo Fabricio managed to 

perfect the terraced vine cultivation system with a 

technique that is still followed today. 

 

Figure 8. Brda/Collio in 18th Century (First Military 

Survey 1784-1785). 

 

Figure 9. Land classification in Brda/Collio dates back 

to period of Maria Theresa of Austria.  

Cultivation and growth of various plants was always 

present in the area between the rows and 

escarpments of terraces in Brda/Collio. In fact, in the 

long periods of heat and summer drought, it interrupts 

the capillary rise of water from the soil (evaporation) 

and subsequently reduces the loss of harvest (food) 

caused by thermal stress or drought. Cherry trees, 

figs, olive trees, etc. are traditionally grown on the 

escarpments between the vines. In this way, greater 

stability of terraces and slopes is achieved, as the 

branched root systems of fruit trees intertwine with the 

soil of the slopes. The winemakers immediately began 

to use natural materials readily available for growing 

grapes: the acacia was used for the support poles 

(stake), the willow branches to tie the vine canes and 
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trunks to the wires or stakes, forming knots with 

technique traditional of the place. 

  

Figure 10. Use of willow branches to tie the canes and 

trunk of vine (Rusjan, 2017). 

In that conditions and cultivation techniques many 

autochthonous and local, domestic varieties were 

preserved, as grapevine varieties rebula/ribolla 

gialla/ribuele, pika, cencukna, briska glera, 

schioppettino/pokalca, dolga petlja, or apricot floker, 

cherries etc.  

The production of grapes and wine in the Brda area 

probably dates back to pre-Roman times. It is even 

more probable, however, that the intensive cultivation 

of the vine began with the arrival of the Roman 

colonies. Titus Livius wrote in Chapter 34 of Book 4 of 

the Annals that the Roman Senate in 181 BC. decided 

to establish a Latin colony in the area of Aquileia with 

the aim of subjugating the people there and expanding 

viticulture. 

In his thirteen-book work "De re Rustica", written 

between 60 and 65 AD, Lucius Janius Moderatus 

Colomella listed all the vine or grape varieties that 

were growing in Italy, nearby the river Pad. In his 

extremely detailed descriptions we find, among 

others, the varieties rubellana alubelis and rabuncula 

or rabucula, which are similar to Rebula in etymology 

of expression and description. In 1549, the governor 

of Udine banned the cutting of vines, as it again gave 

an important source of income to the inhabitants of our 

places. Rebula (rebolla, ribuelle, rabuelle, ribuelle 

zale, ribolla di Rosazzo, raibola, rabola) was first 

mentioned as a grape variety in 1299 in what is 

nowadays Friuli. Notary Ermano Joppi mentions it in 

"Notariorum Joppi" as a means of payment. 

In Brda/Collio, Rebula was considered a means of 

payment, as it was mentioned in 1376 as part of a 

contract of sale in Barbana, where the colony paid for 

the lease of land with Rebula. Matija Vertovec in 1844 

published a book entitled Vinoreja za Slovence. In the 

book, he describes Rebula as a very fertile variety that 

produces grapes with the most sugar in the entire 

area. Vertovec lists even six biotypes of Rebula / 

Ribolla gialla grapevine variety (Vertovec, 1844). 

 

Figure 11. Share (%) of grapevine varieties cultivated 

in Brda (Rusjan, 2019). 

 

Figure 12. Vitiviniculture characteristic in Brda in 

comperison to worldwine known areas (Rusjan, 

2019). 

  

Figure 13. Rebula / Ribolla gialla / Ribuele grapevine 

variety in Brda/Collio (Rusjan, 2019). 

Conclusions 

The Brda/Collio/Cuei inhabitants has adapted to the 

topographic, pedological and climatic characteristics 

of the land. In order to survive, he has always 

arranged terraces in a rational, skillful and technically 

exceptional way, composed exclusively of earth 

(ponca), or rather of a marly-arenaceous mixture, 

without the support of stone walls. This has allowed 

the area to develop the optimal form of land use which 
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in contemporary societies is used only in the 

Brda/Collio/Cuei area. 
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Abstract. Literature on the relationship of economic with environmental and social factors of grape production is 

very scarce. The analysis through the 'Carbon Footprint' has been corresponding to the environmental dimension, 

while the economic and social pillars have emerged in a market-oriented logic and strategies potentially influencing 

consumer behavior, making it necessary to analyze their interactions from a perspective of balancing the 

dimensions that integrate the sustainability of production systems. This is the objective of this work, applied to a 

wine-growing farm in Douro Demarcated Region (RDD), measuring the economic and environmental inputs and 

outputs in the viticulture phase, from 'Pruning to the Harvest', in a period of 5 campaigns (2015-16 to 2019-20). 

Operational activity was analyzed and recorded, field notebooks and operational accounting data of the holding 

were consulted to determine production volumes, costs and profit of the campaigns. The environmental impact was 

calculated from the AgriBalyse database, available at OpenLCA, using the functional unit 'kg of grapes'. The 

economic impact was calculated using the actual market values paid by inputs and received each year for the 

harvested grapes. The results are expressed in the functional units 'kg of grapes' and 'hectare'. The main results 

point to i) 'manual work' as the highest cost factor, weighing 52.7% of the total, followed by 'mechanical traction' 

(without fuel) with 17.8% and 'phytopharmaceutical products' with 9.3%; ii) the factor with the greatest 

environmental impact (CO2-Eq) is 'fuel', representing more than 65% of the total. In the years under evaluation, 

there is a low positive average profitability but very influenced by agricultural subsidies. The conclusions obtained 

suggest the need for environmental assessment of 'manual work' to be able to understand the true relationship of 

forces of its impacts with other factors of production.

Introduction 

There is still scarce literature on adressing Viticulture 

from the perspective of its economic and 

environmental implications and interactions (Marras et 

al. , 2015; Ferrara et De Feo, 2018; Nistor et al., 2018; 

Ploeg et al., 2019), as an autonomous phase of the 

framework of the Wine LCA analyses, with some not 

even considering it in their assessment (Martins et al., 

2018).  

All the previoius cited works point to the need of more 

studies regrading the Wine LCA in general and, in 

particular, the Viticulture (Rouault et al., 2016; Ferrara 

et De Feo, 2018) four phases - Terrain, Viticulture, 

Winemaking and Distribution (Niccolucci et al., 2008; 

Meneses et al., 2016; Martins et al., 2017; Ponstein et 

al., 2018).  

The aim of this work was to estimate the economic 

and environmental balances associated with the 

production of wine grapes from 'Pruning to Harvest' on 

a RDD viticultural farm, so it can be used as a 

reference basis for other similar holdings, both in the 

RDD and in other wine-growing regions. All 

operational data (accounting and field notebooks) of 5 

viticultural campaigns (2015-16 to 2019-20) were 

collected, recorded and treated in line with the finding 

of the importance of these types of analyses being 

done on a multi-year basis of more than 3 consecutive 

years (Renaud-Gentié et al., 2019).  

The data obtained were recorded on an information 

grid created specifically for this purpose. 

All data were consolidated and then analysed in order 

to establish results (economic and environmental), 

aiming the following objectives: i) economic 

importance that each operation and cultural 

intervention had on each campaign; ii) environmental 

impacts on the carbon footprint and the factors with 

more influence; iii) interplay both factors (economic 

and environmental) and relative importance that they 

present individually. 

Methods and sources 

The study is limited to the Viticulture phase of Wine 

Grape production from 'Pruning to Harvest', with a 

time delimitation in each campaign from November to 

October of the following year, covering a series of 5 

viticultural campaigns (2015-16 to 2019-20). 

The farm is located (Figure 1), in the extreme west of 

the sub-region of Baixo-Corgo in the RDD, Mesão 

Frio, Vila Real, Portugal. 
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The vineyard area has 3.1 hectare about twice the 

average area of the sub-region (1,612ha) and about 

48% larger than the average area of the RDD 

(2,226ha) -, is not irrigated, has an East/South solar 

exposure, is a crop managed under Integrated 

Production (IP) and the main characteristics are the 

dominance of average slope of 30%, soil texture 

'franco' and 'franco-arenoso', average annual rainfall 

of 850mm (IPMA, 2020), with average annual sum of 

active temperatures (>10ºC, from 1/January to 

15/October), since 2007, of 2300ºC (ADVID, 2020), 

and produces exclusively wine grapes of the DOC 

Porto and Douro categories. 

 

 Figure 1. The Douro Demarcated Region (RDD) 

SOURCE: ADAPTED FROM IVDP (2020) 

The vineyards were installed over a century, and 

modernized some 30 years ago, with no significant 

soil mobilization in the years of the series or in 

previous years. 

Based on technical-scientific information (Magalhães, 

2008; D'Aygalliers, 2007; Reynier, 2004; Brickell, 

2000; Bretaudeau, 1985) and the Instituto do Vinho do 

Douro e Porto (IVDP, 2020), a Systematic Recording 

Grid (GRS) was established in Excel spreadsheet 

where all the data collected from the accounting 

records and the Field Notebooks regarding all the 

'interventions' and 'operations' of each viticultural 

campaign were recorded. 

 In 'interventions', the following were considered: 

Slope cleaning; Digging; Pruning; Replanting; 

Irrigation; Fertilization, Herbicide; Grafting; Bards 

Repair; Plowing; Support; Buds Cleaning; Weeding; 

Phytopharmaceuticals Application; Ends Cut; Raze; 

Technical Controls; Weeding/Pre-harvest; 

Harvesting; Land Improvements (steep slopes 

support walls and paths). 

In 'operations', the following were considered: manual 

[RH] and mechanical [RM] traction resources; manual 

[EH], mechanical [EM] and electric [EE] equipment. All 

uses of materials (metal, plastic, wood, stone, among 

others), products (chemical, natural, minerals), water 

and the various categories of waste produced 

because of the management activity were also 

recorded. 

Two Functional Units (FU) were considered to obtain 

the results: 'FUkg' - 1 kg of grapes produced; 'FUha' - 

1 hectare of vineyard. The costs, values and annual 

quantities recorded in the GRS, were transformed into 

the two FUs. The FUkg was used to calculate the 

basic economic and environmental balances for each 

campaign.  

The FUha was used from the results obtained in the 

FUkg to allow a better comparison of the real impacts, 

both economic and environmental throughout the 

series under analysis. This procedure was 

implemented (Gilinsky et al., 2016; Ferrara et De Feo, 

2018) due to the great variability of factors - soil and 

climate, cultural practices, production methods, grape 

varieties, among others - that influence it in each year 

(Santiago-Brown et al, 2015). Consequently, report 

very disparate production values in each campaign 

which hinders comparability namely in terms of 

environmental impact (Beauchet et al., 2018).  

Economic calculations were performed with the 

EXCEL spreadsheet and Carbon Footprint 

calculations were calculated using the Agribalyse Life 

Cycle Inventory (LCI) Database (v.3) made available 

on OpenLCA (Litskas et al., 2020). The extraction of 

the Carbon Footprint results (expressed in 'kg CO2-

Eq') was carried out using the IPCC 2013 IPCC 100-

year environmental impact assessment (LCIA) 

method (GWP 100a), as it is one of the most widely 

used (Ferrara et De Feo, 2018) and, to allow some 

term of comparability with other previous work 

(Bonamente et al., 2016; Ponstein et al., 2018). 

The economic values recorded were expressed in 

Euros (€) at 'current prices' and subsequently 

standardized for 2021 according to data made 

available by INE (2021). 

As far as 'expenses' are concerned, they correspond 

to real market costs, effectively invoiced and paid, and 

those legally defined, such as the Minimum Wage for 

Agricultural Workers. 

The imputation of costs included took into account the 

different production factors used, as follows: Human 

Labour, Mechanical Traction (rental), 

Phytopharmaceuticals (herbicides, fungicides, 

insecticides) and Fertilizers, Fuel (diesel and petrol), 

Insurance (harvest and Labour) and Taxes (property), 

Administrative and Technical (technical assistance, IP 

certification, association fees, soil, foliar and ripening 

analyses), Depreciation (mechanical and manual 

tools and plants, allocated on the basis of the 

depreciation and amortization percentages legally 

defined in Portugal), Others (piped water) and 

Opportunity Costs (with a 1% underlying rate). 

Regarding 'revenues', it was calculated according to 

the price paid for the grapes by the local Cooperative 

Winery in each campaign and the market value of the 

woody material removed from the Vineyard for 

burning. 
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The value of the 'subsidies' received was attributed by 

the Portuguese administrative entity that grants 

support to agriculture (IFAP - Instituto Financiamento 

da Agricultura e Pescas). 

Theoretical framework and operational 

concepts 

Allied to the reduced number of studies on the LCA of 

Wine production in general, there is an added deficit 

of specific attention given to the 'Viticulture' phase 

(Marras et al., 2015). The production of wine grapes 

is addressed only as another phase of the 'LCA' 

assessment of wine activity (Niccolucci et al., 2008; 

Venkat, 2012; Rugani et al., 2013; Marras et al., 2015; 

Navarro et al., 2016; Ponstein et al., 2018; Jradi et al., 

2018; Borsato et al., 2019). 

 Ferrara et De Feo (2018), in a critical review 

conducted on 34 papers published between 2009 and 

2017, point out that only about 23% (7 studies) focus 

on 'Viticulture'. Mostly with references to the fact that 

the results are not amenable to extracting 

comparisons (Rugani et al., 2013; Venkat, 2012; Neto 

et al., 2013; Navarro et al., 2016; Navarro et al., 2017; 

Ponstein et al., 2018) with those of other studies, 

essentially for reasons of the wide variety of factors 

that impact agricultural production and the use of 

assessment methodologies that are also not 

comparable (Santiago-Brown et al., 2015). 

Only four of the studies (Vásquez-Rowe et al., 2012; 

Falcone et al., 2016; Borsato et al., 2019; Zhang and 

Rosentrater, 2019) combine environmental and 

economic impact. The first one (Vásquez-Rowe et al., 

2012) combines LCA with DEA (Data Envelopment 

Analysis), comparing 40 farms in Galicia, Spain, in 

order to ascertain environmental and economic 

efficiency. The second (Falcone et al., 2016) makes 

an environmental and economic sustainability 

analysis comparing four farms, two in conventional 

production and two in organic production. The third 

(Borsato et al., 2019) with comparability criteria of the 

variability factors noted above, namely location, size 

and time series (5 years) of primary data of the 

farming operations, in line with the literature (Renaud-

Gentié et al., 2019) and with what we think are the 

most adjusted to a research that allows conclusions to 

be drawn with an acceptable level of reliability. The 

fourth (Zhang and Rosentrater, 2019) from a 

profitability perspective for three scales of wine 

production. 

In the set of potential environmental impacts related 

with 'Viticulture' phase, most of those studies highlight 

three as the main ones ('hotpoints'): a) diesel; b) 

fertilisers and pesticides; c) soil mobilisation (Ferrara 

et De Feo, 2018). 

In addition, in the vast majority of estimates of 

Greenhouse Gas (GHG) emissions, made so far, the 

indicator of the 'Carbon Footprint' or CF (Carbon 

Footprint) stands out (Weidema et al., 2008; Rugani 

et al, 2013; Venkat, 2012; Vasquez-Rowe et al., 2013; 

Marras et al., 2015), which uses the unit of 

measurement 'kg CO2-Eq' and which is essentially 

calculated via the environmental equivalents defined 

in EcoInvent (Frischknecht et al., 2004). It is the unit 

that has been assumed to be a convenient metric 

(Rugani et al., 2013; Wright et al., 2014; Marras et al., 

2015; Navarro et al., 2017; Jradi et al., 2018) for 

estimating the 'ecological footprint' implicated in LCAs 

in general and where the Wine LCA is included. The 

assiduous use of that indicator (CF), linked to the 

measurement unit (kg CO2-Eq), meets a curious 

assumption, more linked to mass marketing, made by 

Weidema et al. (2008), who points out that "The 

carbon footprint, more than any other concept, has 

been able to capture the attention of the public".  

Since then, in fact, being CO2 just one more among 

other gases included in the different LCA, it is the 

parameter that has been gaining more public 

exposure and, therefore, being used as a tool to 

increase consumer interest in environmental issues 

involving the products they consume (Weidema et al., 

2008). 

 However, in general, the evaluations made of the 

different phases of viticultural activities point to CF 

impact percentages, by phase, with considerable 

differences (Rugani et al., 2013; Navarro et al., 2016; 

Martins et.al, 2017; Navarro et al., 2017; Jradi et al, 

2018) in particular due to the uncertainty of 

agricultural factors (Gilinsky et al., 2016; Ferrara et De 

Feo, 2018) that can condition the final result of each 

production, with natural reflections on the grapes 

produced and the wine obtained from there (Rugani et 

al., 2013; Vasquez-Rowe et al., 2013).  

On the other hand, it is noted that the 'Carbon 

Footprint' of the 'viticulture' phase appears with 

relative values of its importance in the 'LCA of Wine' 

that vary between 16% and 40% of the total impact 

(Vasquez-Rowe et al., 2012; Marras et al., 2015; 

Chiriacò et al., 2019;) and, in Portugal, two studies 

report values of 9% (Martins et al, 2017) and 50% 

(Neto et al., 2013). These differences, reinforce the 

researchers, indicate the uncertainty associated with 

the agricultural crop factors already mentioned above 

and that may be determinants for the evaluation of the 

phase under study (Ferrara et De Feo, 2018; 

Beauchet et al., 2018; Renaud-Gentié et al., 2019). 

However, the analysis through 'CF' (Rugani et al., 

2013; Wright et al., 2014), of course, is only intended 

to determine the environmental dimension. 

 Another limitation noted, points out that in the 

approaches to the economic dimension, the cost and 

income of grape production still do not appear 

contemplated in order to confront the environmental 

impact (Rugani et al., 2013; Valero et al., 2019).  
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It is assumed that the heterogeneity of the basic 

criteria for the collection of the data obtained, 

particularly in the Viticulture phase, does not allow an 

evident comparability regarding geographies, years of 

production, weather conditions, areas and types of 

exploitation, soils, grape varieties, among other 

factors (Rugani et al., 2013; Vasquez-Rowe et al., 

2013; Recchia et al. , 2018; Beauchet et al., 2018; 

Renaud-Gentié et al., 2019) which prevents a more in-

depth analysis of the real impacts that, for example, 

the same or different production methods have in 

each evaluated area and the statistical regularities 

that may reveal between them (Ponstein et al., 2019). 

Therefore, before considering them it is necessary to 

ascertain the results of the factors that can be 

objectively measured and only then should they be 

subjected to comparisons with those to draw any 

justifications for the potential differences found. 

 Another important aspect that was considered to set 

out for this work, is related to the fact that, as a rule, 

each study points to different objectives, limits and 

perspectives which, not being coincident, make their 

compatibility and evaluation difficult to which is added 

the scarce number of systematized primary data 

available, or the practical difficulty to obtain them 

and/or the little openness of the operators to provide 

them (Ferrara et De Feo, 2018; Martins et al., 2018, 

Meier et.al., 2018). In this study, access to primary 

data was not a problem and the objectives are linear 

and extendable to all wine farms, as the defined 

boundaries are common and measurable (revenues, 

expenses, interventions, operations and products 

used) to all of them in any wine-growing region. 

Results 

In the economic area, the results obtained are 

significant in identifying the main factors that 

contribute to the balance of each campaign and the 

series under study (Figure 2).  

 

 

Figure 2. 

The highlight goes to the 'Human Labour' factor, which 

consistently represents more than half of the 

expenses incurred (52.73%), followed by 'Mechanical 

Traction' (17.8%), which if added to 'Fuel' (6th place, 

with 2.68%) represent around 3/4 of the expenses of 

each campaign.  

Also, the items 'phytopharmaceutical products and 

fertilizers', which represent more than 9% of the 

expenses, and 'insurance and taxes' and 

'administrative and technical', which represent more 

than 15% of the total. 

Regarding the direct environmental impact (excluding 

the recovery of CO2 that the farm achieves), 

measured in 'kg CO2-Eq' through IPCC 2013 (GWP 

100a) (Bonamente et al., 2016) the results per 'kg 

grape produced' (Figure 3) and per 'hectare' (Figure 

4) show that the annual deviations make to the series 

average are blurred when the impact per hectare is 

considered (Niccoluci et al., 2008).  
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Figure 3. 

 

Figure 4. 

In fact, the variability of annual production significantly 

impacts the amount of 'CO2 -Eq' attributed to FUkg 

compared to the impact attributed to FUha, when in 

terms of global final result for the environment is 

exactly the same. In terms of communication, it is 

important to point out this perception, in order to 

prevent distortions on the real impact on the 

environment that each farm promotes in each 

campaign.  

A succinct comparison of these results with those of 

other papers reviewed (Beauchet et al., 2018; Ferrara 

et De Feo, 2018; Triviño-Tarradas et al., 2020; 

Gierling et Blanke, 2020), points to a lower 'CO2 -Eq' 

impact than those ascertained by those studies. 

One aspect that may have an influence on the 

environmental impacts ascertained may be the 

reduced or almost zero 'mobilisation of the land' that 

occurred in the exploitation studied, both in the period 

analysed and in previous years, which eliminates one 

of the 'hot-points' referred to as relevant in this type of 

assessment (Ferrara et De Feo, 2018) and which will 

contribute to a significant reduction in the respective 

environmental impact.  

The factors with the most relevant contribution to the 

environmental impact outcome are in line with the 

literature (Ferrara et De Feo, 2018; Litskas et al., 

2020), with fuels and chemicals taking pride of place 

but without 'land mobilisation’, which in the case under 

study was not carried out in any campaign (Figure 5). 

However, there is a percentage of impact attributed to 

the 'production process' as a whole that is not 

previously mentioned in the literature and which it is 

estimated could be the impact of human activity on the 

whole process. 

 

 

Figure 5 

The overview of the economic and environmental 

interactions of this series of results in FUkg (Figure 6) 

and FUha (Figure 7) shows that it is not clear to draw 

inferences of correspondence between those two 

components of the definition of sustainability. 
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Figure 6. 

 

Figure 7. 

On the other hand, in economic terms, it is noted that 

the average profitability ratio is negative and is only 

compensated and becomes positive but not very 

expressive due to the contribution of the agricultural 

aids received. The low average yields of the region 

and the price paid for grapes are factors that 

potentially contribute to the effect. 

Conclusions 

The farm under study presents negative average 

profitability ratios that are only compensated and 

become positive due to the contribution of the 

agricultural aids received. The low average yields of 

the region and the price paid for grapes are factors 

that potentially contribute to the effect . 

There is a heavy reliance on 'Human Labour' due to 

the difficulty of applying more mechanised operations 

due to the field conditions traditionally found on 

Mountain Viticulture.  

On the other hand, in environmental terms, fuel 

appears as the main contributor so that an increase in 

mechanisation, if on the economic side can reduce the 

costs of "Human Labour", will consume more fuel 

which will aggravate environmental emissions. 

The variability of the annual productions significantly 

impacts the amount of 'CO2 -Eq' attributed to the FUkg 

in comparison to the impact attributed to the FUha, 

when in terms of global final result for the environment 

is exactly the same. Consequently, it is suggested as 

more convenient and assertive, the use of FUha when 

we are measuring the environmental impact of the 

Viticulture phase in the Wine LCA.  

The relationship between the differences observed in 

economic terms and those observed in environmental 

terms is not clear. The inclusion of other variables, 

namely edapho-climatic, may help to clarify it. 

The study presented was the first step for an 

exhaustive economic and environmental assessment, 

using an approach that can be replicated in other 

vineyards.  

Comparability between holdings and between 

production methods are two other important aspects 

to consider, to understand the sustainability potential 

associated with each holding as well as, from a 

broader perspective, as input to the whole 

assessment cycle of the wine sector, in line with what 

the literature suggests (Merli et al., 2017; Ponstein et 

al., 2019). 

It is therefore our view that an extended study on 

viticulture, to which others of equal intensity and on a 

larger scale on the other phases of the Wine LCA 

should be added, is important to establish standards 

that can lead to comparability between the results 

obtained and the consequent promotion of initiatives 

to improve the ratios found. 

It will also be important to study and quantify the real 

impact that the 'Human Labour factor has in 

environmental terms so that the results of similar 
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studies increase their degree of comparability (Rugani 

et al., 2012; Martins et al., 2015). 
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Abstract. Many European winegrowing regions are located in mountain areas that are characterized 

by unique environmental conditions. These mountain viticultural areas (MVA) are particularly 

threatened by climate change, but their climate change vulnerability to climate change is largely 

heterogeneous because each region has different characteristics that influence their sensitivity and 

ability to adapt to new climatic conditions. This includes legal as well as socioeconomic factors that 

must be considered in addition to projected changes in climatic conditions to accurately quantify climate 

change vulnerability and develop tailored adaptation strategies. However, most existing studies 

exclusively focus on future projections of climate and neglect important interactions with legal and 

socioeconomic factors. Here, we combine multiple indicators related to climate exposure, sensitivity, 

and adaptive capacity on the level of single winegrowing regions to analyse the climate change 

vulnerability of MVA in Europe. We found that MVA are characterized by increased exposure to climate 

change compared to winegrowing regions outside mountain regions, but they also have a higher 

adaptive capacity which leads to a lower climate change vulnerability. Because of their heterogeneous 

topographic conditions and wide elevation ranges, MVA have unique possibilities for climate change 

adaptation which allows them to better adapt to climate change. However, they also face challenges, 

including limited access to transport infrastructure and negative demographic trends. The climate 

change vulnerability of MVA thus depends on complex interactions between physical, legal and 

socioeconomic factors and neglecting these interactions may lead to biased conclusions. Our results 

will support decision makers at all levels to find hot spots of climate change vulnerability among 

winegrowing areas, identify the critical factors for adaptation and efficiently plan and direct adaptation 

strategies.

Introduction 

Viticulture not only plays an important role for the 

worldwide economy but also provides multiple 

environmental, cultural and social benefits (Winkler et 

al., 2017). Winemaking is particularly important in 

Europe where about 1200 high-quality winegrowing 

regions under the protected designation of origin 

(PDO) label are located (Candiago et al., in review), 

and where 53% of the global wine is produced (OIV, 

2021). Most winemaking regions, especially those 

producing high-quality PDO wines, are highly 

susceptible to the impacts of climate change because 

their products are tied to specific environmental 

conditions and cultivation techniques (C. V. Leeuwen 

& Seguin, 2006). Climate change therefore not only 

threatens economic benefits, but also multiple socio-

cultural values associated with winegrowing regions. 

Changing climatic conditions impact the phenological 

development of the vines, grape ripening, and 

eventually the wine style and quality (J. A. Santos et 

al., 2020). Temperature and moisture conditions are 

hereby amongst the most important factors (White et 

al., 2009), and both are strongly influenced by climate 

change. Many regions already observed altered wine 

characteristics caused by changes in climatic 

conditions (C. van Leeuwen et al., 2019). To maintain 

their traditional wine products, winegrowing regions 

therefore must develop specific adaptation strategies, 

which includes the adoption of new cultivation 
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techniques, changes in plant material or relocation of 

vineyards (C. van Leeuwen et al., 2019). 

To identify the most vulnerable regions and develop 

efficient adaptation strategies, not only the changes in 

climatic conditions, but also the legal, natural and 

socioeconomic characteristics of an area need to be 

considered. For instance, mountain viticultural areas 

(MVA), i.e., winegrowing regions located in mountain 

areas, are often associated with fast changes in 

climatic conditions (Pepin et al., 2015), sparse 

physical infrastructure, steep topography, and 

negative demographic trends (Greiving et al., 2011), 

which makes climate change adaptation more 

challenging compared to lowland production areas. 

However, their wide elevation ranges and climatic 

heterogeneity also give them unique possibilities for 

adaptation, such as expansion of vineyards to higher 

elevations (Tscholl et al., 2019; Egarter Vigl et al., 

2018). Although multiple studies examined the direct 

impacts of climate change on phenology and wine 

quality (C. van Leeuwen et al., 2019; J. A. Santos et 

al., 2020), the importance of natural, legal and 

socioeconomic factors, that can significantly influence 

the capacity for adaptation, remains largely unknown. 

To identify hotspots of climate change vulnerability 

and compare MVA to other winemaking regions, a 

comprehensive approach that combines the physical 

impacts of climate change and the capacity for 

adaptation is therefore needed. 

To address this research gap, we analysed the 

climate change vulnerability of European wine PDO 

regions by combining future projections of climate 

change with legal and socioeconomic indicators 

related to their adaptive capacity. Our aims were to: 

(1) develop a high-resolution assessment of climate 

change vulnerability for European wine PDO areas, 

considering also their adaptive capacity based on 

legal, human, social, natural, and financial indicators, 

and (2) compare MVA to viticultural areas outside 

mountain regions, highlighting potential strenghts and 

weaknesses of these regions in the context of climate 

change. 

Methods and sources 

Winegrowing Regions 

We used the geospatial inventory of 1177 European 

PDO regions by Candiago et al. (in review) to identify 

the winemaking regions considered in our study. Each 

of these PDO regions was classified either as 

mountain viticultural area (MVA) or other viticultural 

area by overlaying the PDO regions with the 

boundaries of global mountain regions from Körner et 

al. (2017). PDO regions for which at least 50% of the 

area falls within one of these mountain regions were 

classified as MVA. 

Climate data and impact indicators 

Pan-european, downscaled temperature and 

precipitation grids at 1km horizontal resolution were 

retrieved from the CHELSA database (Karger et al., 

2017, 2021). To calculate present and future climatic 

conditions, we considered the period 1981-2010 and 

2070–2100, respectively. For the future period, we 

relied on the ssp585 scenario and used the average 

of a 5 model ensemble (GDFL-ESM4, IPSL-CM6A-

LR, MPI-ESM1-2-HR, MRI-ESM2-0, UKESM1-0-LL). 

For both present and future periods, different climatic 

indices were calculated including mean annual 

temperature and annual precipitation sum, as well as 

viticulture related indices, such as Huglin Index, 

Dryness Index or Cool Night Index. 

Adaptive Capacity Indicators 

To calculate the adaptive capacity of the PDO regions, 

we collected and homogenized several indicators 

from six dimensions of sustainable development (Ellis, 

2000) (Table 1). This includes financial characteristics 

of the regions, such as the amount of subsidies, legal 

characteristics, such as the number of varieties 

allowed for cultivation, natural characteristics, such as 

the climatic diversity within the region, as well as 

social and human characteristics, such as population 

density and access to education. The indicators were 

collected from different sources. For the social and 

human indicators, official statistical data from Eurostat 

on LAU2 and NUTS2 level was used, respectively. 

The financial indicators were extracted from the farm 

accountancy data network (FADN) and the legal 

characteristics were available from Candiago et al. (in 

review) for each PDO. The physical indicator 

regarding the road length was calculated using Open 

Street Map data and the natural indicators were 

calculated using data from Corine Landcover as well 

as the climate data from the CHELSA database. 
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Table 1. Indicators used for calculation of the adaptive capacity. OSM = Open Street Map (OpenStreetMap 

contributors, 2021), CHELSA = Climate data from the CHELSA database (Karger et al., 2017, 2021), CLC = Corine 

Land-Cover 2018, FADN = Farm accountancy data network (European Commision, 2022), Census Hub = Census 

data from Eurostat (Eurostat, 2011) 

Dimension Description Indicator Source 

Social Characteristics of the population that are related to 

adaptive actions, such as age distribution or 

population density 

Aging Index Census Hub 

Total Dependency Census Hub 

Population Density per agricultural area Census Hub 

Physical The physical resources that may assist 

winegrowing, such as machines, tools or roads 

Road Length OSM 

Natural The natural, biological and physical characteristics 

that help to sustain grape production 

Potential new cultivation area CLC; CHELSA 

Climate Moisture Index CHELSA 

Topoclimatic diversity CHELSA 

Legal The legal specifications that regulate viticulture and 

may enhance or limit the potential for adaptation 

Nr of cultivated Varieties Candiago et 

al., in review 

Human The education, potential for innovation and human 

capital that can support the adoption of new 

solutions 

Annual working units from regularly employed people Eurostat 

Human resources in Science & Technology Eurostat 

Training of Farm Mangers Eurostat 

Financial The access of farmers to financial resources and the 

financial characteristics of farms 

Farm solvency FADN 

Return on assets FADN 

Subsidy Dependency FADN 

Theoretical framework and operational concepts 

The present analysis is based on the framework 

developed in the IPCC AR4 report to assess 

vulnerability to climate change (Haines, 2003). In this 

framework, the climate change vulnerability consists 

of three distinct components: Exposure, Sensitivity 

and Adaptive Capacity (Figure 1). The combination of 

exposure and sensitivity describes the climate 

impacts without any adaptation, while the adaptive 

capacity refers to the ability to adapt to changing 

climatic conditions and includes biophysical as well as 

socioeconomic aspects (Haines, 2003).  

 

Figure 1. Climate change vulnerability framework 

used in the present analysis. Adopted from IPCC AR4 

report (Haines, 2003). 

In the first step, we calculated the climate impacts for 

each PDO region by combining exposure and 

sensitivity indicators. Exposure refers to the degree of 

climate change to which a region is exposed, e.g., the 

change in air temperature or precipitation between a 

past and a future reference period. Two indices were 

considered for the exposure: the change in annual 

mean temperature and the change in annual 

precipitation sum between the present and future 

reference period. The sensitivity describes how strong 

a PDO region is affected by a change in climatic 

conditions. For instance, winegrowing regions with 

very warm or dry climatic conditions have a higher 

sensitivity than cool and moist winegrowing regions, 

as only a small increase in air temperature or a small 

decrease in precipitation might push these areas 

outside the suitable range of climatic conditions. We 

used three bioclimatic indices that are commonly used 

to analyse viticultural suitability to estimate the 

sensitivity of each PDO region: the Huglin Index, the 

Cool Night Index and the Dryness Index (Fraga et al., 

2014; D. Santillán et al., 2020; M. Santos et al., 2019; 

Tonietto & Carbonneau, 2004). 

Exposure and Sensitivity indicators were first 

standardized into a 0-1 range using linear min-max 

normalisation, with 1 representing the highest 

exposure or sensitivity of all PDO regions and 0 the 

lowest. To calculate the climate impacts, the related 

indicators of exposure and sensitivity were then 

multiplied, similar as in (Greiving et al., 2011). The 

Huglin and Cool Night Indices were both multiplied 

with the change in annual mean temperature. The 

Dryness Index is related to both temperature as well 

as precipitation and was therefore multiplied with the 

average of change in annual mean temperature and 

annual precipitation sum. The overall climate impacts 

were then calculated by averaging the results of the 

three multiplications (eqn 1): 

𝐶𝐼 =  
∑ (𝐸𝑖 ∗ 𝑆𝑖)𝑛

𝑖

𝑛
 eqn 1 

with E as Exposure, S as Sensitivity, i as the related 

exposure and sensitivity indicator and CI as climate 
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impacts. The climate impacts were calculated based 

on the original climate grids at 1km resolution. To get 

a representative value for each PDO, the mean of all 

grid cells within the PDO boundary was used. 

To calculate the adaptive capacity, all the indicators 

from table 1 were scaled to values between 0 and 1 

using linear min-max normalisation. Next, the 

indicators within each dimension were averaged to 

calculate a single score per dimension after which the 

scores were again normalised. Finally, the adaptive 

capacity was calculated as mean of the scores of the 

single dimensions. 

Climate impacts and adaptive capacity are then 

combined to estimate the climate change vulnerability 

of each PDO region (eqn 2): 

𝑉 =  𝐶𝐼 ∗ (1 − 𝐴𝐶) eqn 2 
with AC as adaptive capacity and V as vulnerability. 

Results & Discussion 

Out of a total of 1177 PDO regions in Europe, we only 

considered those with reliable data for all the adaptive 

capacity indicators. Our analysis therefore included 

941 PDO areas, of which 277 (28%) were classified 

as MVA and 664 (72%) as other viticultural areas 

(Figure 2). 

 

Figure 2. Location of European PDO regions. Red 

polygons indicate mountain viticultural areas (MVA) 

and grey polygons other viticultural areas. 

Figure 3 compares the distribution of exposure, 

sensitivity, adaptive capacity, and climate change 

vulnerability between the two groups of viticultural 

areas. MVA are characterized by a significantly higher 

exposure (p < 0.05) because of the larger projected 

changes in temperature and precipitation. This trend 

was also observed in many other studies that report 

faster changes in climatic conditions in mountain 

environments (Pepin et al., 2015). However, most 

MVA are characterized by comparatively cool and 

moist climatic conditions and thus have a significantly 

lower sensitivity (p < 0.05). Moreover, MVA have a 

significantly higher adaptive capacity (p < 0.05), 

caused by differences in natural as well as 

socioeconomic factors between the two groups.  Due 

to the decreased sensitivity and increased adaptive 

capacity, the climate change vulnerability of MVA is 

significantly lower compared to other viticultural areas 

(p < 0.05). Both physical and socio-ecological factors 

thus play a critical role for the climate change 

vulnerability of viticultural areas and our results 

indicate that regions with high exposure are not 

necessarily the most vulnerable regions. However, 

most previous studies exclusively focus on the direct 

impacts of climate change on viticultural parameters 

such as vine phenology or grape composition (Fraga 

et al., 2013; Koufos et al., 2020; David Santillán et al., 

2019) and neglect important interactions with social, 

human, financial and legal factors, which is critical to 

accurately identify hotspots of climate change 

vulnerability. 

 

Figure 3. Distribution of Exposure, Sensitivity, 

Adaptive Capacity and Vulnerability among European 

winegrowing regions classified into mountain 

viticultural areas (MVA) and other winegrowing 

regions. P-values smaller than 0.05 indicate 

significant differences between two groups. 

There are also strong differences between the two 

groups of viticultural areas regarding the different 

dimensions of adaptive capacity (Figure 4). MVA tend 

to have higher scores in all dimensions, except for the 

human and physical dimension. The strongest 

differences between the two groups were found for the 

natural dimension and are mostly related to the high 

topoclimatic variability in MVA (Tscholl et al., 2021), 

and the potential for vineyard expansion to higher 

elevations (Egarter Vigl et al., 2018). This provides 

MVA with unique possibilities to avoid the impacts of 

climate change on viticultural systems, such as 

relocating vineyards to areas with cooler climatic 

conditions. However, this also includes challenges, 

such as land-use conflicts, biodiversity loss and 

modification of landscape aesthetics and must 

therefore be considered with care (Hannah et al., 

2013). MVA tend to cultivate a higher number of 

varieties which leads to an increased legal capacity. 

Maintaining a diverse set of cultivated varieties is a 

critical factor for climate change adaptation in all 

winegrowing regions (Morales-Castilla et al., 2020), 

but particularly interesting for MVA, as it allows to 

exploit different climatic niches and elevation ranges 

for wine cultivation. Moreover, MVA have higher 

values for the financial capacity, mostly because of 

higher scores regarding the farm solvency, and for the 

social capacity. However, MVA tend to have lower 

scores for the physical capacity, due to the decreased 

availability of physical infrastructures. 
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Figure 4. Distribution of adaptive capacity dimensions 

among European winegrowing regions classified into 

mountain viticultural areas (MVA) and other 

winegrowing regions. P-values smaller than 0.05 

indicate significant differences between two groups. 

Conclusions 

Around 30% of the viticultural areas in Europe are 

classified as MVA. These agricultural systems are 

particularly threatened by climate change (Wang et 

al., 2022). Information about their strengths and 

weaknesses in the context of climate change 

adaptation is therefore critical to assess future 

impacts. We showed that MVA have unique potentials 

and challenges that distinguish them from viticultural 

areas outside mountain regions. Our study highlights 

the need for sustainable actions in MVA to maintain 

their high adaptive capacity and thereby also their 

importance for regional income generation, socio-

cultural values and other ecosystem services. 
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Abstract. Mountain viticultural areas (MVA) shape important economic, environmental and cultural values and are 

often tied to distinctive climatic and topographic conditions. Over recent decades, these landscapes have been 

increasingly studied for their vulnerability to a set of drivers such as socio-economic dynamics and climate change. 

However, a systematic mapping of MVA in Europe has never been carried out, and the quantification of existing 

MVA in Europe is mostly based on statistics provided by local and regional authorities that are often aggregated at 

different spatial scales. In this study, we aim at identifying and analysing MVA in Europe using a geographical 

information systems approach. To map European MVA, we used the geo-topographic criteria defined by the Centre 

for Research, Environmental Sustainability and Advancement of Mountain Viticulture (CERVIM) and extracted the 

relevant viticultural areas from Pan-European land cover datasets. The output consists of a geographical dataset 

that classifies MVA based on specific characteristics: an elevation greater than 500 meters and/or slope greater 

than 30% and the localization on small islands. The inventory will allow further studies on MVA, supporting land 

managers, planners and regional authorities, and will constitute a primary reference for the development of spatially 

explicit decision making. This includes the support in processes regarding planting rights and funding in the context 

of climate change, the evaluation of vineyard management and adaptation strategies that can be used by farmers, 

or the assistance in possible issues related to landscape planning.

Introduction 

Mountain viticultural areas (MVA) are present in 

many regions across Europe and shape important 

economic, environmental, and cultural values. These 

areas, characterized by a complex and fragile agro-

system, are increasingly pressured by multiple 

drivers of change such as climate change or socio-

economic dynamics (Delay et al., 2015; Wang et al., 

2022). To promote and protect MVA, in 1987 the 

Centre for Research, Environmental Sustainability 

and Advancement of Mountain Viticulture (CERVIM) 

was founded. This center promotes the study of MVA 

and defined the criteria for their identification, based 

on structural difficulties such as steep slopes, 

orographic conditions, or localization on small island 

(CERVIM, 2020). Despite the presence of many 

studies that analyze the suitability of specific 

mountain areas for viticulture (Ferretti, 2020; Stanchi 

et al., 2013; Egarter Vigl et al., 2017), no studies 

have attempted to develop an inventory of MVA at 

the pan-European scale applying the criteria defined 

by the CERVIM. In this work, we used a 

Geographical Information System (GIS) approach to 

study the distribution and characteristics of heroic 

viticulture throughout Europe. Our objectives were: 

(1) to build a European inventory of mountain 

viticultural areas based on the criteria defined by 

CERVIM; and (2) to compare the obtained dataset 

with a second inventory that identifies mountain 

areas for biogeographical applications. 

Methods and sources 

We built the inventory of MVA for the countries 

included in the European Union as of January 2020 

(EU 27), with the addition of Switzerland. We 

identified the vineyard areas to be included in our 

study based on the land use classification from the 

Corine Land Cover (CLC), (EEA, 2019). We selected 

all the vineyard areas (CLC code: 221) in the 

countries of interest and topographically 

characterized them based on the European digital 

elevation model (EU-DEM v 1.0) and its derived 

slope provided by the European Environmental 

Agency (EEA, 2016). We then analyzed the 

consistency of the obtained dataset with the 

classification of mountain areas proposed by (Körner 

et al., 2016). For the analysis we used the ArcGIS 

software. 
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Theoretical framework and operational concepts 

Mapping MVA areas using the CERVIM criteria 

We applied the CERVIM classification to 

characterize the viticultural areas retrieved from the 

CLC. The scientific and technical committee of 

CERVIM defined heroic viticulture areas as areas 

where vines are cultivated on slopes with at least a 

30% slope and/or an altitude above 500 meters 

excluding winegrowing areas on upland plains. In 

addition, it includes vineyards grown on terraces and 

winegrowing regions located on small islands 

characterized by structural difficulties. We 

characterized the vineyard areas retrieved from the 

CLC based on their slope, elevation, and localization 

on small islands. Due to the lack of specific geo-data 

at the EU level regarding the presence of terraces or 

embankments, we were not able to use this criterion 

in the definition of the MVA. For slope and elevation, 

we considered the mean values of each CLC 

viticultural area (100x100m). For excluding the 

upland plains, we referred to the classification of 

mountain areas developed by (Meybeck et al., 2011) 

and excluded the class “high altitude plains”, using 

the data provided by the European Soil Data Centre 

(ESDAC, 2020). For characterizing viticulture in 

small islands to be included in our inventory, as there 

is not a specified threshold to define them in the 

official documentation, we took the area of Crete 

(GR) as a reference. We classified as MVA all the 

vineyards located in islands smaller than Crete 

(8.269 km2). This enabled to exclude viticulture in 

bigger islands if they did not comply with the slope 

and elevation criteria. 

Comparison using the definition of mountain areas 

by Körner et al., 2016  

We compared the MVA geo-dataset obtained from 

our analysis with an inventory of global mountain 

areas for biogeographical applications (Körner et al., 

2016). In this study, mountain areas are defined as 

areas that: have a certain ruggedness (where 

ruggedness is defined as the difference in elevation 

between two adjacent pixels in a DEM following 

specific rules), are listed in a set of selected 

resources (e.g., atlases), and do not consist of 

scattered entities separated by extensive areas of 

lowland terrain (see Körner et al., 2016 for more 

specifications on the criteria). We identified all the 

vineyards from the CLC located inside the 

boundaries of this inventory and compared them with 

those identified using the CERVIM criteria. 

Results 

Mapping MVA using the CERVIM criteria 

The distribution of MVA for the selected countries 

following the CERVIM criteria are represented in 

Figure 1. This picture shows a cartogram in which 

the area of the countries under analysis is increased 

or decreased based on the hectares of vineyards 

classified as MVA. Spain is the country with the 

greatest extension of MVA (229.024 ha) followed by 

Portugal (63.142 ha), Italy (28.395 ha), Greece 

(26.314 ha) and France (12.348 ha). The following 

countries include only smaller extensions of MVA: 

Bulgaria (1.986 ha), Romania (1.724 ha), Slovenia 

(1.716 ha) and Austria (1.194 ha). The norther 

countries (e.g., GB, FI, SE) do not include MVA as in 

most of the cases the CLC does not locate any 

vineyard areas there. 

 

Figure 1. Distribution of the mountain viticultural 

areas over europe using the CERVIM criteria. 

We analysed the distribution of MVA at a finer 

resolution over Europe by calculating the density of 

vineyards classified as MVA (Figure 2). 

 

Figure 2. Density of the mountain viticultural areas 

over europe using the CERVIM criteria. 

The Iberian Peninsula includes several hotspots with 

a high density of MVA. In Spain they are located in 

the south-east among the regions of Castilla-La 

Mancha, Comunidad Valenciana and Region de 

Murcia (e.g., La Mancha, Manchuela, Almansa, 

Jumilla, Bullas wine regions). In the north-east in the 

regions of Aragón, País Vasco, La Rioja, Navarra 

(e.g., Rioja, Navarra wine regions), with some areas 

also in Cataluña. In the center-north in the region of 

Castilla y Leon (e.g., Bierzo and Ribera del Duero 

wine regions). In Portugal, a relevant hotspot was 

found in the northern part of the country, adjacent to 
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the border between the Norte and Centro regions 

(e.g., Tras-os-Montes, Douro, Beira Interior wine 

regions). Other important hotspots were found in 

Greece, in the northern part of Peloponnese region 

and in Cyprus. Regions with very high density of 

MVA were also observed in the Island of Pantelleria 

and in the Piemonte and Trentino-Alto Adige Region 

in Italy, in the Région Lémanique in Switzerland and 

in the Poitou-Charentes region in France. Beyond 

these areas with a very high MVA density, there were 

also other MVA scattered over the other EU 

countries. The presence of these MVA was justified 

by the local geo-topographical characteristics of 

many viticultural areas that comply with at least one 

of the three criteria defined by CERVIM. It is to be 

noted that a classification that takes in consideration 

more than one criterion (e.g., elevation and slope 

together), or that gives more importance to one of the 

criteria defined by CERVIM (e.g., slope), could 

dramatically change the number of hectares 

classified as MVA. This is the case of Spain, where 

out of a total of 229.024 ha of MVA that complied at 

least with one of the CERVIM criteria, 228.630 ha 

complied with the criteria of elevation, 3.295 ha with 

that of slope and 11.345 ha were located on small 

islands. In this case there was a huge number of 

MVA that were included based only on a single 

criterion. If we looked for vineyard areas in Spain that 

comply with both criteria of slope and elevation 

defined by CERVIM we would find only 927 ha. 

 

Comparison using the definition of mountain areas 

by Körner et al., 2016 

Figure 3 shows the density of MVA over EU applying 

the definition of mountain areas by (Körner et al., 

2016) to the vineyard areas retrieved from the CLC. 

 

Figure 3. Density of the MVA over Europe using the 

definition of mountain areas by Körner et al., 2016 

(represented by the white textured area). To enable 

the comparison with the inventory developed on the 

basis of the CERVIM definition we used the same 

classes in the legend. 

The areas displayed using this definition of mountain 

regions present a similar pattern than those of Figure 

2. Even if the distribution of MVA over Europe is less 

scattered, there are still hotspots of MVA in many 

zones of Europe. Some of the hotspots in Figure 3 

correspond to those retrieved using the CERVIM 

criteria, e.g., in the cases of Peloponnese in Greece 

or north-east of Spain. However, there are areas that 

were included in Figure 2 that are not displayed using 

the second classification method, such as large 

areas of Castilla y Leon in Spain. In Figure 3 there 

are also high-density hotspots that in Figure 2 were 

represented as medium or low-density MVA areas. 

Some of them are in the Sicily, Veneto, Tuscany, and 

Trentino Alto Adige regions in Italy, in the island of 

Crete in Greece and in many areas in the regions of 

Provence-Alpes-Côte d'Azur, Languedoc-Roussillon 

and Rhône-Alpes in France. 

Figure 2 and Figure 3 show how two approaches for 

the mapping of MVA can give different results. In 

fact, even if the distribution of MVA using the two 

approaches have some areas of high densities in 

common, also new high density MVA areas appear 

when applying the Körner classification. In general, 

by using the geo-topographical definition of MVA 

proposed by CERVIM, more areas can be included 

in a potential inventory of mountain viticulture, as in 

the case of large areas in the south of Spain and 

many scattered areas in the eastern and central part 

of Europe. However, applying the classification of 

Figure 3, allows to focus only on a set of regions that 

are individuated not only based on their geo-

topographical characteristics (e.g., slope) but also 

based on their spatial continuity. 

Conclusions 

Our analyses show that it is possible to build an 

inventory of mountain viticulture based on pan-

European geo-topographical and land use data. The 

application of the CERVIM criteria to build this 

inventory enabled to find different hotspots of MVA 

over Europe. The comparison between our inventory 

and that developed following the criteria of Körner et 

al., 2016 illustrates the importance of the criteria 

used in the definition of MVA, that could cause the 

inclusion or exclusion of large viticultural areas and 

strongly influences the delineation of different 

hotspots of MVA. This is very important since a 

precise delineation of MVA can improve our capacity 

to study possible effects from multiple drivers, e.g., 

climate change, and thus support decision makers to 

develop strategies for their management. Therefore, 

a more in-depth study on the possible influences of 

the single criteria on the proposed inventory should 

be carried out, to find a common method that takes 

into consideration the specificities of different MVA 

over Europe. 

The authors would like to express their gratitude to 

Thomas Marsoner for the assistance in the 

preparation and elaboration of the geographical 

data. 
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Abstract. The influence of environmental factors, including climate, physiographic features (altitude, 

slope, exposure, etc.), and soil on grapevine accomplished by geographical data can be used to divide 

territories into homogeneous zones. It is important for viticulture zoning to establish if these areas have 

unique and homogeneous characteristics. In this study case, a zoning approach is adopted to 

differentiate viticulture areas and to recognize homogeneous sub-areas. Previous research has 

underlined the environmental potential for producing quality wines on the small island of Sardinia (Italy). 

A preliminary photo-interpretation using satellite images, obtained from Sardinia Geoportal, developed 

by the Autonomous Region of Sardinia (RAS), supported the zoning division phase. The zoning divided 

the study case into three macro-areas: the first in the north-west, the second in the north, and the third 

in the south-east; each of the areas was separated to obtain 20 overall sub-areas, where the vineyards 

have been identified during this study. The geographical and environmental data were added to a geo-

database (GDB) in GIS software jointly with the GPS survey records collected, the latter was used as 

a proof grid to confirm the photo-interpretation results. In addition, a set of observations regarding plant 

density, trellis system, yield, and must quality is added to (GDB) to generate viticulture suitability maps, 

useful to distinguish areas for wine production; these results underline the applicability of this approach 

also in land-use planning and management. The geographical data have been included in the Web GIS 

platform of LAORE, Agency of RAS.  

Introduction 

The Sardinia viticulture patrimony covers an area of 

27,293 ha, 62% of the vineyards are older than twenty 

years. The winegrowers are 41,721, but the vineyards 

are characterized by a vast fragmentation,  indeed, 

74.5% of these are less than 0.5 hectares. The 

vineyards that are present in the hill altitude range - 

from 300 to 600 m. - that occupy 7,157 ha  (26% of 

the total grapevine area) while above 600 m. of 

altitude include 1,858 ha (7%)  (LAORE Agency 

Sardinia, 2018). Among the action measures allowed 

by the RDP (Rural Development Program 2014-

2020), the Autonomous Sardinia Region has allocated 

resources mainly to the reorganization and conversion 

vineyards measures, for an amount of about 3 million 

euros in 2009 and 2010. Residual sums have been 

dedicated to the so-called “market measures”, such 

for example the different forms of distillation, for a total 

of 500 thousand euros (INEA Report. Agriculture in 

figures, 2013, available at www.inea.it/pubbl/). 

One of the most common viticulture forms In Sardinia 

is the sapling (39%), linked to limited but quality 

productions. Today the varietal consistency of vine in 

Sardinia is described by 64 types some also globally 

well-known and present in a widespread way, quite 

the reverse, the lesser varieties, directed 

unfortunately to assume an increasingly negligible 

role until it almost disappeared. It belongs to the first 

category: Nuragus, Monica, Carignano, Vernaccia, 

Bovale di Spagna, Bovale Sardo, Cannonau, Pascale 

di Cagliari, Cagnulari and Vermentino; in the second 

category: Malvasia di Bosa, Semidano and Torbato 

(Biondo E., 1994; Vodret A., 1999; Nuvoli F., 2003). 

About Sardinia, the Carignano is cultivated almost 

exclusively on sandy soils on 1,998 ha (2,447 ha in 

1990) - the fourth variety after Cannonau, Vermentino, 

and Monica, its production area is the subregion of 

Sulcis and the Cagliari province (Tuberoso C.I., 2017). 

This variety is characterized by the low production per 

vine, and it is recognized as DOC since 1977 

(Carignano del Sulcis). 

The morphology and geology of a territory can 

represent an adaptable approach at a low scale (until 

to  1: 50,000) that can only indirectly interpret the 

varietal behavior (van Leeuwen C., 2018). The 

geological and geomorphological maps are often used 
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as a support to first approximate zoning since different 

soils can also be included in the same map unit, thus 

it becomes basic to proceed to the determination of 

soil types (van Leeuwen C. et al., 2012).  

The study area is located in the southwest of Sardinia 

Island, in the center of the Western Mediterranean 

region. In this area, there are the main islands of an 

archipelago named Sulcis: Sant’Antioco with 108,9 

Km2 is the greatest, and San Pietro with 51Km2 is the 

second one, followed by six islets almost all 

uninhabited. 

The presence and diffusion of the viticulture sector 

have been evaluated both in Sant'Antioch and in the 

San Pietro islands, based on bibliographical research, 

acquiring useful information about the distribution and 

consistency of the vineyards in the two islands.  

Methods and sources 
 
The information layers were provided by the LAORE 
Agency’s Agricultural Activities Sustainability Service, 
including the polygons of the vineyard cadastral (.shp) 
updated by the technicians of the Agency, which were 
used as a baseline for comparison with the data 
collected in the field in a second phase. 
It was planned and built a (GDB) in ESRI Arc GIS 
(v.10.6) called GEOCARIG. Employing a photo-
interpretation process, the study area, which concerns 
the vineyard-covered areas recognised, was 
perimeter marked.  
All the aerial images (updated in 2016) used for the 
photo interpretation come from the  Autonomous 
Region of Sardinia Geoportal 
(HTTP://WWW.SARDEGNAGEOPORTALE.IT/WEBGIS2/SARDE

GNAFOTOAEREE/). They are used to verify the vineyard 
Register data based on the winegrowers’ 
declarations, which are not sufficient for the 
identification and characterization. The perimeter of 
the study area was carried out based on the reference 
conditions of the CERVIM criteria and using specific 
field maps, drawn up before the site inspections, on a 
topographic basis. 
Then, a campaign of targeted inspections was carried 
out in the previously recognised areas. Thus, to 
identify more precisely the polygons, it was realized 
GPS surveys storing the vineyards’ vertices as 
landmarks to corroborate the data derived by photo-
interpretation. In addition, it was tracked by-lines the 
vineyards units accepted as a reference model for the 
(GDB); these units have set up the polygons grid for 
the (GDB) optimization. As a result of this step, the 
information obtained from the photo-interpretation 
process it was linked with the GPS surveys data. 
Twenty vineyards units it was recognised as the 
reference model; these have been studied to identify 
the cultivation model adopted, through the following 
data: a) the age of the vineyard, b) the nature of the 
propagation material, c) the farming system, d) the 
pruning strategy, e) the sixth of planting, f) the number 
of failures, and g) the degree of mechanization. 
Theoretical framework and operational concepts 
In the literature, the climate influence on viticulture is 
usually separated between macro- meso- and 
microclimate linked to the reference study scale. The 

first term usually refers to a region and represents the 
major limiting factor for vine cultivation (Gómez-
Miguel V., 2011), the second is characteristic of a 
specific topographical site and simultaneously affects 
the vegetation sets within a specific geomorphological 
unit; the third term is attributable to the vineyard, 
affects the analytical component of the leaves and 
bunches, it shows a significant influence on the 
biological cycle, which can be modified with the 
cultivation management of the vineyard. 
The main problem is related to the abandonment of 
vineyards due to both economic factors, and the 
ageing of the farming population and, frequently, 
these factors cannot be detected from the source of 
the vineyard register, due to the failure to update the 
data. 
The presence of viticulture represents a 
characterizing cornerstone for a territory, capable of 
giving added value to the local economy. 
This study aims to offer support for estimating the 
degree of sustainability of the local viticulture system 
and to formulate suggestions, policies, and strategies 
that prevent degradation processes at different 
landscape scales. 
 

Results 
 
The photo-interpretation process achieved during this 
study, combined with GPS surveys, gave back a real-
time situation more precisely and added further data 
about the local viticulture. 
With GEOCARIG it is possible to spatially identify the 
cultivation models used on the Island of Sant’Antioch. 
The data obtained via photo-interpretation have 
allowed the creation of a vineyard geographic atlas of 
the study area. With this tool, it was possible to offer, 
within a single platform, different layers of information 
on the individual vineyards. 
As a final result of the project, it was implemented the 
integration of data carried by GEOCARIG inside the 
Web GIS platform of LAORE Agency. Is a web 
platform that combines cartographic information and 
spatialised data of the rural areas of Sardinia. It is also 
a tool that supports the Agency’s activities, such as 
precision farming, the traceability of productions, 
pests management, livestock maps’, and the 
estimation of yields. Recently, a tool derived from the 
platform is used by the Agency to estimate the 
damages caused by disaster climatic events. 
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Figure 1. Map of the research project areas, the 

Sant’Antioch island is in the southwest of Sardinia 

 

Figure 2. The Sulcis Archipelago islands in the 

southwest of Sardinia, and in particular Sant’Antioch 

island is the study area. With a burgundy color are 

identified, the vineyards detected during the research 

 

 

 

 

 

 

 

 

Figure 3. GEOCARIG Atlas with an example of the 

Detail Map of one vineyard in the Sant’Antioch island 

Conclusions 
 
This study can provide opening information about the 
zoning at the vineyards level, starting from a particular 
location that is characterised by small parcels and a 
significant abandonment of cultivation that it’s difficult 
to investigate using larger scale methodologies. 
The GEOCARIG Atlas is a useful tool for wine 
planning, allowing us to get a current and more 
accurate state of the art about the viticulture inside the 
small islands of the Sulcis archipelago, identifying and 
quantifying more precisely not only the abandonment 
grade but also the cultivation models used. 
The Atlas, combined with Web GIS LAORE Agency, 
will be a tool for all the stakeholders oriented to the 
planning of actions for the development and 
conservation of heroic viticulture on the small island. 
This system can be implemented also for the second 
step of the project that will regard mountain viticulture 
in Sardinia.  
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Abstract. Grapevine diseases caused by fungi agents are a growing and worrisome challenge to viticulture. Since 

the phenological stage of visible inflorescences, grapevines are susceptible to downy mildew infections, followed 

by powdery mildew infections from bunch closure. In the Douro Demarcated Region (DDR), this reality has a 

significant impact, especially, under a climate change scenario. Therefore, the adaptation of vineyards’ 

phytosanitary state management has become crucial to the viticultural ecosystem sustainability. In Portugal, the 

research about the influence of climate change on the incidence of grapevine diseases is still very scarce. Building 

up this information, the present work aimed to correlate the incidence of the main grapevine diseases of DDR – 

downy mildew and powdery mildew – with climatic conditions in five seasons (from 2017 to 2021). The incidence 

of grapevine diseases was measured at the phenological stages in which grapevines were more susceptible to 

pathogenic infections: flowering, bunch closure, veraison and at harvest. The disease incidence was estimated 

through visual observations of leaves and bunches of 20 plants of the viticultural observatory of ADVID (Associação 

para o Desenvolvimento da Viticultura Duriense). This observatory consists of a network of vineyard reference 

plots, distributed throughout with three sub-regions of the DDR (Baixo Corgo, Cima Corgo and Douro Superior), 

where edaphoclimatic, viticultural, and biological information was continuously collected by automatic weather 

stations. The current study confirmed that accumulated precipitation and relative humidity have increased, leading 

to early infections by fungi pathogens, especially during the period between flowering to bunch closure (to downy 

mildew) and between veraison to harvest (to powdery mildew). Moreover, the instability of the climatic conditions 

caused by global warming will allow a quick spreading of grapevine diseases through the DDR, as observed for 

downy mildew, which has appeared earlier due to high precipitation and relative humidity, particularly in the Baixo 

Corgo sub-region.

Introduction 

Climate change has been a serious threat to the 

incidence of principal grapevine diseases, such as 

downy mildew and powdery mildew. The Douro 

Demarcated Region (DDR), one of the biggest and 

oldest steep slope viticulture regions, has shown an 

increase in extreme weather events (heatwaves, 

precipitation, hail, and storms), favoured the increase 

of grapevine diseases incidence and spread. Building 

up this information, the present article aims to 

correlate the incidence of the main grapevine 

diseases of DDR – downy mildew and powdery 

mildew – with climatic conditions in five seasons (from 

2017 to 2021). 

 

Methods and sources 

This study was carried out in five subsequent years 

(from 2017 to 2021), in the DDR, starting at budburst 

stage until harvest time, in grapevine cvs. “Touriga 

Nacional” (TN), “Touriga Franca” (TF), “Tinta Roriz” 

(TR) and “Moscatel Galego” (MG). The incidence of 

grapevine diseases – downy mildew and powdery 

mildew – was measured at the phenological stages in 

which grapevines were more susceptible to 

pathogenic infections: flowering, bunch closure, 

veraison and at harvest. The disease incidence was 

estimated through visual observations of leaves and 

bunches of 20 plants of the viticultural observatory of 

mailto:manuel.oliveira@advid.pt
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ADVID (Associação para o Desenvolvimento da 

Viticultura Duriense) (Figure 1). 

Figure 1. Distribution of experimental plots throughout 

the Douro Demarcated Region. 

In this study grapevines cvs. “Touriga Nacional” (TN), 

“Tinta Roriz” (TR), “Touriga Franca” (TF) and 

“Moscatel Galego” (MG) were measured since they 

are the most representative and emblematic of Douro 

vineyard plantation. The incidence is the most 

common quantitative method of measuring disease 

presence, obtained by counting diseased organs 

through the number of leaves or bunches, as the 

following formula: 

I =
number of organs affected

total number of organs observed
 

Meteorological data, such as diary precipitation and 

temperature (minimum, maximum and average), were 

collected from seven weather stations belonging to 

ADVID (Associação para o Desenvolvimento da 

Viticultura Duriense, Vila Real, Portugal). Weather 

stations are distributed throughout the three sub-

regions of DDR, located near the experimental plots. 

Data gaps never represented more than 5% of the 

time series length. 

Data analysis was performed using GrafPad Prism 

software (version 6.0). The results correspond to the 

mean ± standard error of the mean (SEM). Differences 

between treatments were tested with two-way ANOVA 

followed by Tukey’s post-hoc test. Statistical 

differences of means were indicated by different 

letters. 

The principal characteristics of vineyard plots are 

summarised in 

Table 1. Characterization of experimental vineyard plots. 

Plot 

Code 
County 

Sub-

region 

Height 

(m) 

Grape 

variety 
Rootstock 

Year of 

plantation 

Plantation 

compass (m) 

Training 

system 

Production 

mode 

A Tabuaço CC 232 TN R-110 1995 2.00 x 1.00 Single cordon IP 

C Armamar CC 94 TR R-99 1991 2.00 x 1.20 Single cordon OP 

D Alijó CC 280 TN 1103-P 1998 2.60 x 1.15 Double cordon BIO 

F V. N. Foz Côa DS 500 TN 1103-P 2007 2.10 x 0.90 Single cordon IP 

H S. J. Pesqueira CC 145 TN 196-17C 1997 2.20 x 1.00 Double cordon IP 

I Alijó CC 580 MG 196-17C 2006 2.20 x 1.00 Double cordon IP 

J S. J. Pesqueira CC 288 TR 1103-P 2006 3.40 x 0.80 Single cordon IP 

L Tabuaço CC 201 TN 1103-P 2004 2.20 x 0.90 Single cordon IP 

M Tabuaço CC 231 TF R-99 1985 3.00 x 1.10 Double cordon IP 

N Tabuaço CC 130 TF 1103-P 1980 1.80 x 1.10 Double Guyot IP 

O V. N. Foz Côa DS 130 TF R-110 1989 2.25 x 1.10 Single cordon IP 

P Vila Flôr DS 160 TF 196-17C 2013 2.20 x 0.90 Single cordon OP 

Q Carrazeda de 

Ansiães 

CC 150 TF 196-17C 2009 2.00 x 1.00 Single cordon IP 

R Alijó CC 110 TF R-99 1988 2.00 x 1.10 Single cordon IP 

S V. N. Foz Côa DS 250 TN 196-17C 2000 2.20 x 1.10 Single cordon IP 

T Peso da Régua BC 105 TF R-99 1994 2.50 x 1.00 Double cordon IP 

U Sta. Marta 

Penaguião 

BC 265 TN 1103-P 2009 4.00 x 0.80 Single cordon IP 

V Lamego BC 67 TN 1103-P 2003 2.00 x 1.00 Double cordon IP 

X V. N. Foz Côa DS 390 TR  2004 3.00 x 1.00 Double cordon IP 

Z Freixo de 

Espada à Cinta 

DS 175 TN 1103-P 2007 2.00 x 1.00 Single cordon IP 

Legend: IP – Integrated Production Mode; OP – 

Organic Production Mode.

Theoretical framework and operational concepts 

Nowadays, the wine industry is an important 

economic driver since it has a high turnover and 

added value. Recent data show Portugal as the 11th 

largest wine producer in the world, with an annual 

production of around 6.5 million hl. The year 2018 
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registered a positive balance of wine exports, 

representing around 804 million hl, where the wine 

sector has grown 58% since 2000. In terms of 

economic value, 2018 also brooks records for wine 

exports to both the EU and non-EU countries, with 

around EUR 458 million and EUR 346 million, 

respectively, with growth in exports of around 21% to 

EU countries and about 145% to non-EU countries 

(IVV.IP, 2019), showing the vitality of this agricultural 

sector. Portugal is the world leader in percentage of 

vineyard area, comparing to the total area of the 

country. In other words, 2.59% of the national territory 

is occupied by vineyards. Italy is the only country 

approaching, with 2.55%, followed by Spain with 

2.01% and France even less, 1.45%. According to the 

Portuguese Institute of Vine and Wine (IVV), in 2021, 

Portugal had an area of 192,028.84 ha of vineyards, 

being the fourth country in the world with the largest 

area of planted grapevines, divided by 14 different 

regions. The Douro Demarcated Region (DDR) is the 

most representative viticulture region in terms of area, 

with 44,180.26 ha which corresponds to 23% of the 

national viticultural area (IVV.IP, 2021).  

DDR is located in the north-east of Portugal, between 

Marão and Montemuro mountains, in the Douro 

hydrographic basin, surrounded by mountains that 

give it particular mesological and climatic 

characteristics, the region extends over a total area of 

around 250 000 ha, and is divided into three sub-

regions that are naturally distinct not only by climatic 

but also by socio-economic factors: Baixo Corco (BC), 

Cima Corgo (CC) and Douro Superior (DS). Soils of 

most of the Region, particularly throughout the Douro 

valley and its tributaries, belong to the geological 

formation of the schist-gravelly complex, with some 

inclusions of a surrounding geological formation of a 

granitic nature. The particular location of the DDR in 

deep valleys, protected by mountains, means that the 

weather is characterized by very cold winters and very 

hot, dry summers. Therefore, annual precipitation, 

distributed asymmetrically, varies regularly throughout 

the year, ranging between 380 mm (in DS) to 1,200 

mm (in BC) (IVDP.IP, 2022a). 

The DDR native and most representative grapevine 

varieties, which are well adapted to this region and 

according to their specific characteristics are: “Tinta 

Amarela”, “Tinta Barroca”, “Tinta Roriz”, “Touriga 

Franca”, “Touriga Nacional”, “Tinto Cão” (red 

varieties), “Malvasia Fina”, “Viosinho”, “Donzelinho” 

and “Gouveio” (white varieties) (IVDP, 2022b). 

According to the IPCC (Intergovernmental Panel on 

Climate Change) Working Group I, the emissions of 

greenhouse gases belonging to human activities are 

responsible for approximately 1.1 °C of warming since 

1850-1900, and averaged over the next 20 years, 

global temperature is expected to reach or exceed 1.5 

°C of warming. Furthermore, it refers that also climate 

change is affecting the precipitation patterns (IPCC, 

2021). 

Studies with impacts of climate change on the 

occurrence and geographic and temporal distribution 

of pathogens have been carried out through 

experiments in controlled conditions as well as 

through projections using climate models that allow to 

predict the climate and the occurrence of diseases 

(Pugliese et al., 2012; Francislene et al., 2017). The 

experimental results obtained allow the development 

and greater efficiency of plant-pathogen coupled 

models, contributing to the development Decision 

Support System (DSS) tools/models/platforms as well 

as to the assessment of the effects of future climate 

scenarios on the incidence of pathogens and also 

allowing the elaboration of adaptation strategies 

(Francislene et al., 2017). 

Powdery mildew – Erysiphe necator Schw. (syn. 

Uncinula necator (Schw.) Burr.) – is one of the major 

diseases in the grapevine. It affects leaves, shoots, 

and bunches and reduces the yield of grapes and the 

quality of the wine. The severity of this disease is 

related to the number of disease cycles per season, 

by precipitation and air humidity. On the other hand, 

rate of the epidemic development and asexual 

reproduction are controlled by temperature. 

Simulations based on the models for powdery mildew 

highlighted a decrease in disease severity, particularly 

in years with a later onset of the disease symptoms 

and in the climate scenario with higher temperature 

increases (Caffarra et al., 2012).  

Downy mildew (Plasmopara viticola) is another 

concerning pathogen in viticulture. According to 

Fröbel & Zyprian (2019), it colonizes shoots, leaf 

petioles, berries, and seeds. In the future scenario, 

changes in temperature and precipitation patterns 

may directly affect the development, reproduction, 

and survival of the pathogen (Manning & Tiedemann, 

1995; Salinari et al., 2007). Salinari et al. (2007), 

leading to an advance of the time of the first seasonal 

outbreak of downy mildew. 

The ADVID’s viticultural observatory consists of a 

network of vineyard reference plots, distributed 

throughout three sub-regions of the DDR (Baixo 

Corgo, Cima Corgo and Douro Superior), where 

edaphoclimatic, viticultural, and biological information 

was continuously collected by automatic weather 

stations. The information collected on this network of 

reference plots, after being duly processed, should 

serve as support for decision making by the 

winegrowers, aiming at better management of their 

viticultural exploitation, as well as a basis for the 

elaboration of several technical documents to support 

decision making. Moreover, the data collected over 

several years have constituted a database to support 

the development of models (e.g., grapevine 

phenology, diseases, pests), enabling greater 

adaptation to adverse factors in a scenario of climate 

change and contributing to the sustainability of the 

vineyard. 
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Climate change may impact patterns of plant 

diseases. Although the crop pathogens are affected 

by climatic variables, they may also be influenced by 

different combinations of driving factors and respond 

to their changes at different rates (Caffarra et al., 

2012). Building up this information, the present study 

aimed to understand the main grapevine diseases of 

DDR – downy mildew and powdery mildew – in five 

seasons (from 2017 to 2021), correlating diseases’ 

incidence with climatic conditions in a climate change 

scenario. 

Results 

During the present study, downy mildew (DM) 

registered the higher incidence in 2018 and 2020, in 

both leaves and bunches (Figure 2). Nonetheless, in 

2020 the higher incidence of the disease was 

registered in the first two observations (done in 

flowering and bunch closure phenological stages), 

while in 2018 DM incidence was significantly higher at 

veraison and harvest. Particularly, in 2018, DM 

incidence registered up to 10.7% in the CC sub-

region, at harvest, significantly higher (p < 0.05) when 

compared with the other studied years and 8% and 

4.7% higher when compared with the same timepoint 

in BC and DS, respectively. Instead of it has been 

reported that the DS sub-region usually presents 

lower humidity and less precipitation than BC and CC 

sub-regions, in 2018 DS registered 10.3% of DM 

incidence on grapevine leaves at veraison (4.3% and 

5.8% higher when compared with BC and CC sub-

regions, respectively) (Figure 2 A-C). 

Concerning DM incidence on bunches, only the years 

2018 and 2020 registered significant incidence of the 

disease, more prevalent in the BC sub-region, 

followed by the CC sub-region and then the DS sub-

region (Figure 2 D-F). In fact, 2018 showed a 

significantly higher incidence of DM between 7% and 

34%, at veraison and harvest time (Figure 2 D-F). On 

the other hand, the year 2020 registered a disease 

incidence up to 5.3%, at flowering time in the BC sub-

region, although it was residual. 

Figure 2. Incidence of downy mildew (%) measured 

in leaves (A-C) and bunches (D-F), in the sub-regions 

“Baixo Corgo” (A and D), “Cima Corgo” (B and E) and 

“Douro Superior” (C and F). 

During this 5-year work, it was possible to observe that 

the incidence of powdery mildew (PM) was not regular 

as well as the incidence of DM (Figure 3). Indeed, 

disease incidence was higher in 2019 and 2020 in 

grapevine leaves (Figure 3A-C), revealing disease 

incidences by 14% (especially in 2019, at the 

phenological stage of bunch closure) and up to 10.7% 

(11% in bunch closure, 9% at veraison and 11% at 

harvest) in 2020, in BC sub-region (Figure 3A). It 

should also be noted that in the DS sub-region, PM 

incidence was only up to 10% at veraison (Figure 3C). 

The incidence of PM in the bunches was only 

significantly higher (15%), when compared with the 

other years, in the BC sub-region at the phenological 

stage of bunch closure (Figure 3D). 
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Figure 3. Incidence of powdery mildew (%) measured 

in leaves (A-C) and bunches (D-F), in the sub-regions 

“Baixo Corgo” (A and D), “Cima Corgo” (B and E) and 

“Douro Superior” (C and F). 

Since disease incidence was more evident in 2018 

and 2020, we only present the evolution of weather 

conditions of those years (Figures 4 and 5). In fact, 

the 2018 viticultural year was characterised to be an 

unusual year from the climatic point of view, in 

comparison with the evolution of the last 5 years (data 

not shown). The winter was cold and dry, the spring 

cold and extremely rainy and the summer, in a first 

phase, cold and rainy and in a second phase, hot and 

extremely dry (Figure 4).  

Figure 4 - Evolution of weather conditions throughout 

the 2018 viticultural year, from 1st April to 15th October. 

Orange bars show the precipitation registered; lines 

represent the evolution of the minimum (yellow line), 

average temperatures (grey line) and relative humidity 

(RH, blue line). 

The 2020 viticultural year was characterised by some 

oscillations in the annual temperature and rainfall 

values when compared to the historical data (data not 

shown), considering it to be a hot and dry year. As a 

result of the rainfall in spring, there was a high 

pressure of diseases (Figure 5).  

Figure 5. Evolution of weather conditions throughout 

the 2020 viticultural year, from 1st April to 15th October. 

Orange bars show the precipitation registered; lines 

represent the evolution of the minimum (yellow line), 

average temperatures (grey line) and relative humidity 

(RH, blue line). 

Wet and rainy weather conditions, especially at the 

beginning of the vegetative cycle of grapevines, 

caused a greater pressure of diseases (mainly downy 

mildew). This fact was of most concern when the 

weather conditions (especially precipitation) do not 

favour phytosanitary treatments, which happened 

especially in 2018 and from April to the middle of May 

in 2020. These weather conditions led to a precocious 

infection by downy mildew, in a period of high 

sensitivity, decreasing drastically the production. It 

should be noted that in 2018, after a later budburst, 

the occurrence of rainfall throughout much of the cycle 

allowed a good vegetative development. However, 

although the production potential was particularly high 

in 2018, the climatic instability had a significant impact 

on reducing this potential, both by the high pressure 

of downy mildew, especially throughout June and 

July, as can be seen by the incidence of the disease 

in the bunches, which recorded a value higher than 

20%. On the other hand, a spring characterized by 

high relative humidity and with average of 

temperatures of 25ºC-30ºC led to an increase of 

powdery mildew, which remained present until 

veraison, requiring a greater number of treatments 

until the end of the cycle. 

Notwithstanding the main objective of this study was 

the impact of climate (change) on the impact of 

grapevine diseases, downy mildew and powdery 

mildew, further studies are being performed and 

carried out aiming at a more deep understanding the 

impact of climate on those diseases in each grapevine 

variety. 

Conclusions 

Regarding the evolution of weather conditions during 

this 5-year study, it can be concluded that (i) the 

periods of rainfall have been more concentrated and 

in phases of high disease susceptibility and (ii) that 

accumulated precipitation and relative humidity have 

been increasing. These findings have led to early 

infections by fungi pathogens, especially during the 

period between flowering to bunch closure (to downy 

mildew) and between veraison to harvest (to powdery 

mildew). Moreover, the instability of the climatic 

conditions caused by global warming will allow a quick 
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spreading of grapevine diseases through the DDR, as 

observed for downy mildew, which has appeared 

earlier due to high precipitation and relative humidity, 

particularly in the Baixo Corgo sub-region. Moreover, 

this climatic instability could lead to the appearance of 

new diseases, new resistant strains, and new 

concerns in a changing world. So, it is urgent to 

develop new strategies towards climate transitions 

and neutrality and new phytosanitary treatments that 

allow becoming viticulture practices more sustainable. 
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Abstract. Vineyards cultivated using traditional techniques are often part of cultural landscapes where 

man and nature coexist in a balance that has survived for centuries. Among the most serious threats to 

these landscapes are heavy rainfall, which causes soil erosion. One of the key challenges for the 

environmental sustainability of traditional vineyard landscapes is the mitigation of such process. Steep-

slope vineyards are commonly prone to land degradation ranging from subtle processes (e.g. sheet 

erosion) to large-scale slope failure events (e.g. terrace collapses or landslides). In Italy, there is a long-

standing tradition of diverse Soil and Water Conservation (SWC) techniques aiming to limit erosive 

processes, such as different types of terraces. This study offers a comparison of three commonly used 

steep-slope cultivation patterns: (i) dry-stone walls terraces (Italian: muri a secco); (ii) non-terraced 

slope-wise cultivations (Italian: rittochino); and (iii) earth bank terraces (Italian: ciglioni). In addition to 

the three hillslope practices, a set of sediment traps and drainage ditches were analysed in order to 

evaluate the potential mitigation of erosion and runoff. Spatial patterns of water flow and soil erosion 

were simulated in high-resolution using the physical model SIMWE for novel process 

visualisation/quantification. Results show that terraces can effectively safeguard large areas from soil 

loss (compared to rittochino); however, under severe rainstorm conditions, even terraces can cause 

runoff concentration and subsequent large-scale damages (e.g. landslides). This emphasises the 

importance of appropriate terrace designs, aiming to prevent concentration and promote controlled 

drainage. Conservation structures such as sediment traps or ditches may help reducing erosion on 

hillslopes (-15.3% in our study) and downslope water excess (-42.9%). This research illustrates how 

high-resolution flow simulations can and should be incorporated in the design of SWC practices as 

mitigation strategies in high-value traditional landscapes.

Introduction 

Soil erosion is considered the most significant threat 

to global soils, as highlighted in the Status of the 

World’s Soil Resources report (FAO and ITPS, 

2015). It is also responsible for some of the most 

serious impacts to cultural landscapes related to 

climate change (Cuca and Agapiou, 2018). 
Particularly on cultivated hillslopes such as steep-

slope vineyards, soil loss is a well-studied and 

widely-acknowledged challenge with regards to 

environmental sustainability (Tarolli et al., 2014; 

Tarolli et al,. 2021). Soil and Water Conservation 

(SWC) techniques aim to mitigate erosion through 

hillslope design and management, including the 

construction of contour terraces or drainage 

systems. Although a broad variety of such practices 

are widely promoted as principal guidelines for 

sustainable soil management (FAO, 2017), 

quantitative comparisons of different structural SWC 

practices under comparable conditions are not 

common in scientific literature. Previous research 

has analysed the impact of terracing or drainage 

systems on erosion control, but these were limited to 

a single practice, analysed as virtual scenarios 

(Panagos et al., 2015; Pijl et al., 2019), before-after 

analysis (Martínez-Casasnovas and Ramos, 2009), 

or focussing on the maintenance state (Bazzoffi and 

Gardin, 2011; Brandolini et al., 2018; Lesschen, 

2008). In the context of steep-slope viticulture in 

Mediterranean Europe – with a rich tradition of 

terraced and non-terraced cultivations – other 

research investigates erosion patterns under 

different practices (Pijl et al., 2022). However, it is 

relevant to address scientific efforts on steep slope 

agriculture landscapes, as they will be critically 

mailto:*eugenio.straffelini@unipd.it
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affected by future climate change globally (Wang et 

al., 2022). 

The aim of this study is to provide such comparison 

based on three distinct case studies in some of the 

most valuable cultural landscapes of northern Italy: 

(i) a terraced vineyard consisting of dry-stone walls; 

(ii) a non-terraced vineyard cultivated along the slope 

(Italian: rittochino); and (iii) a terraced vineyard using 

earth banks. Overland water flow and erosion 

patterns were analysed and quantified based on 

simulations by a physical erosion model, using high-

resolution topography data by UAV for suitable 

representation of the terrain. Additionally, the impact 

of separate smalls-scale conservation structures 

(drainage ditches, sediment traps) is analysed here. 

For a more detailed research overview referred to Pijl 

et al. (2020). 

Methods and sources 

Study areas 

The study areas are located in two cultural 

landscapes in the North East of Italy. An important 

condition in the selection of all study sites was their 

positioning close to the hilltop, thus securing closed 

watersheds. All three are mechanised vineyards 

covered by permanent grass or seasonal cover 

crops. Predominant USDA soil texture classes are 

loam and silty clay loam (based on the LUCAS 

TOPSOIL v1 database; Toth et al., 2013). In the 

period of 1994 to 2018, mean annual precipitation 

was 1065 mm, with a standard deviation of 390 mm 

(Regione Veneto, 2018).  

The study sites contain different steep slope 

cultivation practices. The first site (S1, Figure 1) has 

an area of 0.39 ha and an average inclination of 

21.8%. It is characterised by a traditional form of 

cultivation using dry-stone wall terraces. These are 

vertical terraces about 10 m apart, creating 

horizontal surfaces on which vines are grown. 

Traditionally, these walls are constructed without 

mortar, but sealing them with concrete is becoming 

popular. This leads to a loss of permeability and can 

cause issues such as wall piping or collapses. The 

second study site (S2, Figure 1) has an area of 3.62 

ha and an average inclination of 39.5%. It contains a 

cultivation practice without terraces where vines are 

cultivated vertically down-slope, known as rittochino. 

The site consists of two relatively steep slopes 

interrupted by an earth embankment for the transport 

of machinery. Vines are planted mostly parallel to the 

slope, but with a converging pattern in the centre. 

Where these rows come together in the lower slope, 

four sediment traps are constructed. In addition, a 

drainage ditch is located in the downslope area of the 

study site.  These were removed in the first analysis 

of this study (with local terrain smoothing) to allow for 

comparability among study sites, after which a 

particular analysis is dedicated to evaluate their 

impact on surface flow patterns (Section 4.3). The 

third study site (S3, Figure 1) has an area of 2.47 ha 

and an average inclination of 40.9%. It consists of 

earth bank terraces, which are commonly used in the 

surrounding wine production zone due to the 

possibility of construction with machinery. They 

typically have an inclination of 45 degrees and create 

narrower horizontal surfaces than stone wall terraces 

(~5 m). When designed poorly, issues can arise that 

lead to terrace failures in the form of small landslides.  

In all three-study sites, damages caused by soil 

erosion were observed during field visits. In site S1, 

wall piping was observed at a downslope terrace wall 

(yellow circle in S1, Figure 1). In site S2, rill erosion 

was observed on the earth embankment dividing the 

two slopes in the centre of the study site (yellow 

circle in S2, Figure 1). In site S3, field observations 

in 2015 have shown the occurrence of a small 

landslide in the north-west of the site (yellow circle in 

S3, Figure 1). This has since been restored and 

recent field observations did not show evidence of 

soil erosion. These observed damages (both recent 

and historical) are compared to model simulations of 

surface water flow and soil erosion to explore their 

possible causes and development paths. 

Topographic data 

A UAV-based SfM photogrammetry workflow was 

used to produce all topographic data for this study in 

a similar manner. At study site S1, a UAV survey was 

carried out in March 2018, with a DJI Mavic Pro 

mounted with an optical camera (12.3 MP, 4.7 mm 

focal length). This same UAV was used for a survey 

of the S2 study site, in November 2018. At study site 

S3, a UAV survey was performed in October 2017, 

with a DJI Phantom 4 Pro mounted with an optical 

camera (20 MP, 8.8 mm focal length). Photographs 

were taken from a maximum altitude of 50 m and 

from both nadir and oblique perspectives, while 

maintaining a >75% overlap (resulting in 91 pictures 

for S1, 447 for S2, and 319 for S3). With Agisoft 

PhotoScan v1.2.4 software the images were 

processed, resulting in 3D point clouds. With a 

TopCon HyperV DGPS device reference terrain 

elevation points were collected for photogrammetric 

calibration and for an estimation of vertical accuracy 

(<10 cm). From the Digital Surface Models, Digital 

Terrain Models (DTMs) were automatically obtained 

using the TERRA algorithm (Pijl et al., 2020). These 

DTMs were exported with a final resolution of 20 cm.  

SIMWE model input data 

To prepare input data other than topographic data, 

high-resolution orthophotos (<5 cm) of the study 

sites were manually digitised to determine different 

land use classes present in high detail. A distinction 

was made between stone walls sealed with concrete 

(CW), regular stone walls (SW), vines (VI), grass 

(GR), cover crops (CC), bare soil (BS), path (PA) and 

wheel tracks (WT). For each of these classes, unique 

values for input data were provided.  For both 
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components of SIMWE, the DTM, its first-order x and 

y derivatives (computed by GRASS GIS tool 

r.slope.aspect; Hofierka et al., 2009) and Manning’s 

roughness coefficient n (obtained published values 

by Bunya et al., 2010; Chow, 1959) were required. 

Additionally, for the first component r.sim.water, a 

rainfall excess rate was required. This was obtained 

by subtracting the infiltration rate (different for each 

land use class) from a fixed rainfall rate. This rainfall 

rate was based on a high-intensity storm recorded at 

a nearby meteorological station on the 1st of 

September 2018 (Regione Veneto, 2019). The one-

hour simulated storm of 82.4 mm.h-1 was based on 

the recorded peak intensity. Infiltration rates were 

determined by measuring saturated hydraulic 

conductivity with a double-ring infiltrometer (with a 

diameter of 80 cm and according to the methodology 

of Lai and Ren, 2007) on the principal land use 

classes (in terms of soil compaction related to use of 

machinery). Infiltration rates are assumed to be 

infinite for the land use class SW and zero for CW. 

Furthermore, the second SIMWE component, 

r.sim.sediment, required the water depth raster 

computed in the previous component. Model 

parameter values for the detachment capacity 

coefficient, transport capacity coefficient and critical 

shear stress were set to be 0.001 s.m-1, 0.001 s and 

0.5 Pa respectively. These values were based on a 

prior SIMWE application in terraced vineyards 

(Fernandes et al., 2017), in line with model developer 

applications (Neteler and Mitasova, 2008). 

Considering the diagnostic goal of this study of 

comparing different vineyard cultivation techniques 

under similar conditions, the assumed parameters 

could be justified. In addition, simulated spatial 

patterns of surface flow (the primary objective here) 

are not sensitive to parameters choice (Mitas and 

Mitasova, 1998). 

Theoretical framework and operational concepts 

A wide choice of erosion models exists in the erosion 

modelling domain (Mitasova and Mitas, 2001), 

varying in terms of complexity (e.g. empirical, 

conceptual or physical), spatial scale (e.g. plot, 

hillslope or river basin), and spatial distribution (e.g. 

lumped, clustered or grid-based). A fully distributed 

model is required for the present study in order to 

capture the spatial heterogeneity of terrain 

morphology and properties. Many such models rely 

on a Geographic Information System (GIS) for the 

preparation and analysis of spatial data (Mitasova et 

al., 2013). Arguably the most commonly used grid-

based erosion models belong to the empirical 

Universal Soil Loss Equation (USLE) model family 

(Karydas et al., 2014). However, for the presented 

study, a physical model is more suitable for its ability 

to precisely simulate the particular hydrogeologic 

processes occurring in vineyards with complex 

geomorphology. The Simulated Water Erosion 

model (SIMWE) was specifically designed for 

modelling spatial erosion patterns in complex 

landscapes (Mitas and Mitasova, 1998), and was 

used here. 

The development of SIMWE was based on the Water 

Erosion Prediction Project model (WEPP; Flanagan 

and Nearing, 1995), while introducing an 

improvement of spatial scale by fully distributed grid-

based modelling rather than based on uniform 

hillslopes. Still, its physical basis remains ensured by 

relying on continuity equations for overland water 

flow and transported sediment mass (Mitas and 

Mitasova, 1998). The model is fully integrated in 

Figure 1. Digital Terrain Model (DTM) of study sites S1-S3, with a semi-transparent overlay of hillshade 

accentuating the hillslope and terrace morphology, and the location of field-observed damages indicated by 

yellow circles. 
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GRASS GIS, split into two components (Neteler and 

Mitasova, 2008). The former, available as tool 

r.sim.water, computes water flow based on input 

geomorphology, climate, and soil-specific data. The 

latter, r.sim.sediment, computes soil particle 

detachment and transport based on geomorphology, 

soil-specific data, and water flow depth simulated by 

the first component. SIMWE is an event-based 

model and was used to simulate spatial erosion 

patterns under severe rainstorm conditions. 

Results 

Simulated surface water flow 

Figures 2-4 show simulated surface water flow 

(water depth) after a high-intensity storm of one hour. 

In addition, the figures show a close-up 3-D view of 

the simulated water flows at the locations where 

damages were observed in the field. Pictures of 

those damages are provided as well. Figure 2a 

shows the simulated depth of surface water flow in 

the S1 study site occurring under conditions of 

intense rainfall. Water flows across the length of the 

horizontal surfaces of the terraces, concentrating in 

southwards direction, where it continues downslope 

in the southeast direction. The yellow circle indicates 

the location where most flow concentrates, and 

water depth is high due to a small depression 

(approximately 10 cm) behind the terrace wall. This 

strong accumulation is the result of the orientation of 

the terraces, which are slightly sloping towards the 

south, as clearly visible in the close-up 3-D Figure 

2b. The concentration of these water flows leads to 

Figure 2. (a) Water depth throughout the dry-stone wall study site (S1) after a 1-h rainstorm simulation by 

SIMWE, with the location of observed terrace wall piping indicated by a yellow circle; (b) a 3-D close-up view 

clearly showing an accumulation of upstream surface water flow at this point; (c) a field photograph of the terrace 

wall piping (taken by E. Quarella). 
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terrace piping due to excessive drainage in a single 

point. This can be seen in the field picture in Figure 

2c, where a hole in the ground behind the sealed 

terrace wall is visible, located at the lowest point of 

this depression.  

Figure 3a shows the simulated depth of surface 

water flow in the S2 study site occurring under 

conditions of intense rainfall. Water flows downslope 

in the northern direction parallel to the vine rows. 

Once the water reaches the earth embankment 

(perpendicular to the hillslope), it accumulates on the 

horizontal path and flows towards the middle. Due to 

the concave orientation of the vines, water 

concentrates strongly in the centre of the study site 

and across the earth embankment, indicated by the 

yellow circle. This situation is represented in more 

detail in Figure 3b. This concentration of water leads 

to the formation of a rill, which is clearly present in 

the field observation (Figure 3c). Figure 3a also 

shows the accumulation of large quantities of water 

at the downslope end of the study site (north). 

Figure 3. (a) Water depth throughout the rittochino study site (S2) after a 1-h rainstorm simulation by SIMWE, 

with the location of observed rill erosion patterns indicated by a yellow circle; (b) a 3-D close-up view clearly 

showing the surface flow concentration from upstream vertical vine rows leading to this point; (c) an aerial 

photograph of the rill erosion pattern (by T.A. Vogel). 

Figure 4. (a) Water depth throughout the earth bank terraces study site (S3) after a 1-h rainstorm simulation 

by SIMWE, with the location of landslides observed in 2015 indicated by a yellow circle; (b) a 3-D close-up 

view showing the surface flow concentration from upstream terrace banks leading to this point (yellow 

arrows); (c) a field photograph of the damaged terraces (by P. Tarolli). 



VII International Congress of Mountain and Steep Slopes Viticulture 
 

92 
 

Figure 4a shows the simulated depth of surface 

water flow in the S3 study site occurring under 

conditions of intense rainfall. Similarly to stone wall 

terraces (S1), flow paths occur on the near-

horizontal terrace banks following their subtle 

downhill orientation, generally in westward direction. 

However, overtopping of terrace risers is more 

frequent than in site S1, which can cause earth bank 

instability. In the lowest section of the hillslope 

(indicated by the yellow circle), overtopping is the 

most severe, as shown in Figure 4b in more detail. 

The yellow arrows show how water concentrates and 

flows in the downslope direction. Indeed, this 

corresponds to the location where a series of small 

landslides occured in 2015 (Figure 4c). 

Simulated soil loss and comparison practices 

Figure 5 shows simulated soil erosion rates (ER), 

after a high-intensity storm of one hour, based on the 

water depth provided by r.sim.water. The locations 

with field observed damages are highlighted with 

white circles. Among some other areas, these 

locations show the highest rates of soil erosion in the 

study sites, confirming both the SIMWE model 

simulations as well as the fact that indeed surface 

flows can be largely held responsible for these 

damages. 

Study site S1 with dry-stone wall terraces 

experiences overall the lowest erosion rates, with a 

mean erosion rate of 0.02 kg.m-2.s-1. High rates 

(>0.85 kg.m-2.s-1) are only found in a few areas of the 

study site, where concentration of water flows is most 

prominent (Figure 5a). Additionally, these high rates 

are relatively low as compared to the highest rates 

found in the other study sites. Study site S2 with the 

rittochino practice experiences the highest overall 

erosion rates of all three study sites, with a mean 

value of 0.21 kg.m-2.s-1. High erosion rates (>1.13 

kg.m-2.s-1) can be seen in several locations. It is 

clearly illustrated that with the rittochino practice, 

widespread erosion patterns occur fairly distributed 

across the site, increasing with hillslope length, and 

regardless of the concave orientation of vines. In 

addition, due to the concentration of water flows, high 

erosion rates can be seen in the centre of both parts 

of the slope and at the bottom of the slope (Figure 

5b). In study site S3 with the earth bank terraces, 

erosion rates are overall relatively low, with a mean 

value of 0.06 kg.m-2.s-1. In this study site, erosion 

occurs nearly everywhere in between the earth 

banks, with high rates found on those locations 

where water concentrates most (Figure 5c). The high 

erosion rates (>6.56 kg.m-2.s-1) are relatively high as 

compared to those of the other two study sites. 

However, the areas on which these highest rates can 

be found are limited as compared to the S2 study 

sites, where high erosion rates occur on a larger 

portion of the study site. 

The obtained results above clearly show a relation 

between terrace design (in sites S1 and S3) and the 

occurrence and development patterns of erosion. In 

the case of rittochino erosion occurs regardless of 

the design of the vines, so other techniques can be 

used to interrupt the slope and subsequently 

concentrate and collect surface runoff (as discussed 

in the following section).  

Figure 5. Erosion rate (ER) in kg.m-2.s-1 throughout study sites S1-S3 (a-c) as simulated by SIMWE, showing 

high ER values at the locations of observed terrace piping, rill erosion, and terrace landslides (white circles). 
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Impact analysis of separate SWC structures   

In this scenario analysis, study site S2 with the 

rittochino practice was elaborated with a set of 

sediment traps and a drainage ditch in the 

downslope half of the study site. Sediment traps 

interrupt the slope and serve as sinks that collect 

water and runoff material and transport it to an 

underground drainage network. The drain collects 

water and diverts it to a natural stream to the left, and 

to the drainage network to the right. This was 

constructed in order to protect the road located 

downslope of the study site from excess 

sedimentation. In the scenario analysis of the SWC 

measures, the original morphology was used for 

model simulations, including the sediment traps and 

drainage ditch. In addition, a high infiltration rate was 

assigned to the grids in the sediment traps and at the 

bottom of the drain, to mimic the infiltration to the 

underground drainage network.  

Figure 6 shows the simulated surface water flows in 

the original situation without the SWC measures 

(Figure 6a) and with these measures (Figure 6b). 

The figure shows that the water depth on the hillslope 

is reduced by the implementation of the SWC 

measures, from a mean value of 2.95 mm to a mean 

value of 2.59 mm (a reduction of 12.1%, not taking 

into account the water present in the drainage ditch). 

This is only a limited reduction, due to the downslope 

placement of the drainage ditch, not affecting surface 

flow above. In addition, due to the orientation of the 

vine rows, the sediment traps only capture a limited 

amount of water flowing downslope. Besides the 

water present on the hillslope, water depth on the 

road downslope of the study site is significantly 

reduced (-42.9%). This is mainly because of the 

diversion of water in the drainage ditch. 

Similarly, the reduction in water depth due to the 

implementation of these SWC measures results in 

differences in erosion rates. Mean erosion rate on 

the hillslope in the original situation was 0.080 kg.m-

2.s-1. However, with the implementation of the SWC 

measures, this rate is reduced to 0.068 kg.m-2.s-1 (a 

reduction of 15.3%). The results above show that 

SWC measures could be effective in reducing 

damage in steep-slope cultivated hillslopes, if 

appropriately designed and located. Nonetheless, in 

the overall design of a hillslope it would be preferable 

to prevent the use of an erosion-prone practice such 

as rittochino to prevent such problems in the first 

place. 

Conclusions 

The simulations of water flow and soil erosion by the 

physical model SIMWE showed good 

correspondence with the field-observed erosion 

damages, underlining model performance. A 

comparison of three hillslope cultivation practices 

(dry-stone wall terraces, non-terraced rittochino, and 

earth bank terraces) showed distinctive patterns of 

water flow and related erosion. The two terraced 

hillslopes showed similar runoff accumulation on the 

horizontal platforms, which can cause erosive 

patterns when large upstream areas are 

concentrating in small zones. The rittochino practice 

shows a very widespread runoff formation, with an 

additional risk of harmful water concentration in 

critical zones. Simulated erosion rates are thus the 

highest for the rittochino practice, with the majority of 

the surface exposed to soil loss. The two terraced 

vineyards have lower average soil loss rates (dry-

stone wall terraces the lowest) and a higher 

proportion of the vineyards are safeguarded from 

erosion. 

Results also highlight that under severe rainstorm 

conditions, all three steep-slope vineyard practices 

showed major damages (albeit in different forms). 

Conservation structures such as sediment traps or 

ditches may help reducing erosion on hillslopes 

(15.3%) and downslope water excess (42.9%), as 

simulated here in one of the vineyards. However, it 

is evident that effective erosion control strongly 

depends on the design and orientation of any SWC 

technique shown here (terraces, traps, or ditches). 

Surface flow simulations greatly help to guide soil 

conservation plans in order to not resolve existing 

erosion, but also to prevent the occurrence of new 

Figure 6. Comparison of different SWC scenarios in the rittochino study site (S2) after a 1-h rainstorm 

simulation by SIMWE: (a) water depth throughout the lower half of S2 without any SWC structures; (b) water 

depth after digital implementation of 4 sediment traps (left) and a drainage ditch (centre-right). 
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degradation problems resulting from unsuitably 

designed steep vineyard hillslopes.  

The study aims to apply modern remote sensing 

technologies as an innovative tool for quantifying the 

impacts of heavy rainfall events on cultural 

landscapes. This topic is of fundamental importance 

in the research of sustainable solutions to protect 

traditional landscapes, which will be threatened by 

global environmental changes in terms of climate 

and anthropogenic impacts. 
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Abstract. Sustainability affects many sectors due to environmental, economic, social, or political 

reasons. Measuring, analyzing, and evaluating the sustainability of wine production can be a complex 

process, due to the multiple variables, production stages, and processes that are associated with it. 

However, sustainability methodologies are a powerful performance assessment instrument, a reliable 

communication tool, and a vital aid in the transition to more sustainable production models.  The 

purpose of this study is to present a functional and adequate methodology, capable of facilitating the 

identification, selection, and aggregation of the set of indicators, in a balanced triple bottom line 

perspective, defined and adapted to the context under analysis, that allows the evaluation of the 

sustainability in the winegrowing sector.  To achieve this goal, based on the Framework for the 

Evaluation of Natural Resources Management Systems, the following steps were put in place (1) 

construction of matrix sustainability indicators based on literature review; (2) identification of critical 

points and determination of diagnostic criteria; (3) participation of the company's internal collaborators 

in the sustainability discussion; (4) verification and validation of indicators; and (5) proposal of final 

sustainability indicators integrated on the sustainability attributes. The methodology developed in this 

study corresponds to a flexible, participatory, and well-adapted tool for sustainability assessment in the 

winegrowing sector. The findings allow us to identify that a careful identification of critical points (e.g., 

water and energy consumption, soil and biodiversity conservation, distancing from the surrounding 

community) in a system is the key to achieving the consideration, through diagnostic criteria (e.g. 

Productivity, efficiency, diversity, conservation, and protection of natural resources, and social 

participation and integration), of all sensitive areas in sustainability assessments.  Annual corporate 

sustainability evaluations would allow outlining their strategies to adapt to the context of the wine sector, 

become more competitive and improve their business performance. 

Introduction 

In recent years, society, in general, has increased its 

concern or shown a growing interest in different 

environmental and social issues, both at a global level 

and at the level of organizations and companies. 

Wine companies today face threats to survival from 

the natural world, such as rising energy prices, water 

scarcity, growing concerns about chemical exposure, 

and climate change (Guthey & Whiteman, 2009; 

Hertsgaard, 2010).  

The discussion about sustainability in the wine 

industry raises many apprehensions due to the issues 

and processes involved in winemaking. Starting with 

the agricultural activities, namely, viticulture, followed 

by the industrial operations and management 

processes in the winery and the distribution of the 

product. 

In this sense, and according to the International 

Organization of Vine and Wine (OIV, 2004:2), 

sustainable viticulture can be defined as a "global 

strategy at the scale of grape production and 

transformation systems, incorporating at the same 

time the economic sustainability of structures and 

territories, producing quality products, considering 

precision requirements in sustainable viticulture, risks 

to the environment, product safety and consumer 

health, and appreciation of heritage, historical, 

cultural, ecological, and aesthetic aspects”. 

In the 21st century, the wine industry has had to face 

several problems, specifically the environmental 

impacts resulting from wine production. For the wine 



VII International Congress of Mountain and Steep Slopes Viticulture 
 

97 
  

industry, environmental issues have not been very 

relevant (Marshall, Cordano, & Silverman, 2005), 

since wine production is traditionally considered an 

environmentally friendly process (Barber, Taylor, & 

Strick, 2009). However, the industry is far from being 

environmentally friendly (Gabzdylova, Raffensperger, 

& Catska, 2009) benefiting from public goods such as 

natural resources, ecosystems, water resources and 

generating costs and negative externalities 

transferred to society and the environment (Christ & 

Burritt, 2013; Penco, 2012). 

In fact, the fourth largest contribution to global 

greenhouse gas (GHG) emissions comes from 

agriculture (14%) (Metz et al., 2008), with the wine 

industry being one of the most important and 

representative economic sectors in terms of 

production of these gases (Murray, 2019). 

The analysis, measurement, and evaluation of the 

sustainability of wine production can be a complex 

process, due to the multiple variables, production 

stages, and processes that are associated with it. With 

the purpose to overcome the operational challenges 

inherent in the assessment process, a sustainability 

assessment method was selected to facilitate the 

selection of indicators. Depending on the different 

procedures used in wine production at each stage of 

the process, the waste produced can vary (Maicas & 

Mateo, 2020). For vineyards, the biggest concerns are 

related to the consumption of products such as 

pesticides, herbicides, fertilizers, water, and energy 

(Murray, 2019). At the winery level, energy use, 

chemicals, water, and packaging materials are the 

most significant issues (Murray, 2019). All of these 

elements generate waste that has potentially adverse 

effects on surrounding habitats and biodiversity 

(Marshall et al., 2005). 

At a national level, according to the latest data from 

the National Institute of Statistics (INE, 2021), during 

the year 2020, in Portugal, the declared wine 

production was 6,418,030 hectoliters (hl), and 

consumption, although slightly down compared to the 

previous year, was 4,626 thousand hl.  

In this sense, the wine industry is under increasing 

pressure to adopt environmental assessment 

methodologies and disclose the emissions related to 

their production. 

This study aimed to Identify and select sustainability 

indicators to evaluate the business performance at 

Aveleda S.A. Finally, 36 indicators were identified 

according to the Triple Bottom Line (TBL) perspective, 

in a balanced proportion of 12 indicators for each of 

the dimensions. To facilitate the indicator selection 

process was to apply the Marco para la Evaluación de 

Sistemas de Manejo de Recursos Naturales 

incorporando Indicadores de Sustentabilidad 

(MESMIS) methodology. 

 

Context of the case study 

Aveleda S.A. is a family company founded in 1870, 

based on concepts of tradition and innovation 

supported by innovative production techniques. 

Currently, Aveleda is present in four regions in 

Portugal (Vinhos Verdes, Douro, Bairrada and 

Algarve). It has about 565 hectares of vineyards 

distributed in different regions, but Vinho Verde 

Region represents 76% of this area with about 430 

hectares. The business volume of Aveleda S.A. is 

about 40 million euros, with an estimated production 

of around 20 million bottles/year. 

Despite being a company with 150 years of history, 

the techniques adopted are modern and effective, 

never forgetting biodiversity and the compliance with 

legal requirements and others applicable in the 

various activities. 

Methods and sources 

The empirical part of this work began with the 

research and analysis of several aspects of 

sustainability, namely the indicators that are 

commonly used in this type of evaluation. 

To initiate a rigorous and well-adapted selection of 

indicators, critical points and/or sensitive areas of the 

system were identified. The analysis of these critical 

points is essential as it allows the subsequent 

identification of diagnostic criteria, which in turn will be 

used for the selection of indicators. 

Due to the high number of indicators collected, which 

would make their operationalization and analysis 

infeasible, it was necessary to identify the 

sustainability assessment methodology that would 

facilitate the selection of indicators and promote their 

systematization. This resulted in the first matrix of 

sustainability indicators.  

Subsequently, and based on this first matrix, we 

started with a stage of verification and validation of the 

different indicators collected by applying the criteria 

proposed by Sarandón (2002), which define the 

characteristics of a good sustainability indicator. 

Additionally, and facing a participative methodological 

proposal with Aveleda S.A., interviews and surveys of 

the different elements of the organization were carried 

out. 

Selection of the sustainability assessment 

methodology 

The research had a strong emphasis on the analysis 

of the sustainability methodologies INSPIA (Triviño-

Tarradas et al., 2019) and MESMIS (Masera et al., 

2000) because both present a multidimensional 

character and have been applied in the context of 

viticulture. However, in the first case, the structure 

used is rigid as to the possibility of adding, changing, 

or eliminating any of the indicators that make up the 

overall methodological proposal. As for the MESMIS 
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method, we can highlight its wide applicability in 

agricultural exploitations, its flexible character, and its 

participative approach that allows its adequacy to the 

case of study (Table 1).  

Table 1. Comparison of methodologies 

 Advantages Limitations 

INSPIA - Evaluation of 

the sustainability 

of farms 

- Application to 

farms/ranches 

- Rigid structure 

- Top-down 

indicator selection  

- Results depend 

on the 

implementation of 

a previously 

defined set of best 

practices 

MESMIS - Cyclical and 

flexible structure 

- Bottom-up 

indicator 

selection 

- Qualitative and 

quantitative 

information to 

elaborate 

indicators 

- Indicators based 

on primary data 

sources 

- Does not 

consider 

integration 

between scales 

and/or overtime 

 

Indicator selection 

As a result of a first and extensive review, 44 

indicators were gathered from a total of 821 indicators 

from the different sources consulted, taking into 

account their belonging to sustainability assessments 

in agricultural systems (e.g. viticulture and wine 

production). In this step leading to the indicator 

selection process, it should be noted that the 

indicators were re-evaluated according to the criteria 

e.g. ability to be measured, ease of obtaining them, 

sensitivity to changes over time, relevance to the 

study, and pertinence in assessing sustainability. 

Verification and validation of indicators 

Since indicators provide information about 

sustainability attributes, they must be logical, relevant 

to the study, and easily accessible, so the proposal 

should only include those that are considered vital to 

show the characteristics that have a critical influence 

on the organization. Once the stage of selecting and 

organizing the indicators was concluded and, 

according to the recommendations exposed by 

Sarandón, (2002), the proposal composed of 44 

indicators was subjected to a verification procedure 

(Table 2) that supposes the fulfillment of 14 desirable 

characteristics in a good indicator. 

 

 

 

 

Table 2. Indicator verification criteria (Sarandón) 

1 Closely related to the sustainability 

requirements 

2 Suitable to the objective pursued 

3 Sensitive to a wide range of conditions 

4 Sensitive to changes over time 

5 Low natural variability 

6 Be predictive 

7 Correlational 

8 Expressed in equivalent units 

9 Easy to collect and use, trustworthy 

10 Not be biased 

11 Simple to interpret (unambiguous) 

12 Able to determine threshold values 

13 Robust and integrative 

14 Have global characteristics, but adapted to 

each particular condition 

Additionally, to obtain validation of the proposal of 

selected indicators, a survey was applied at the 

organization level to understand the degree of 

knowledge and familiarity of employees with the 

concept and operationalization of sustainability. 

The survey used for the Perception of Sustainability at 

Aveleda S.A. was applied to 74 employees and had 

the objective of validating the pre-selection of the 

indicators through the perception, opinion, and 

knowledge at the different levels of the organizational 

structure (Directors, Managers, Foremen, and 

Workers). 

Finally, as a result of the participatory process with the 

organization, it was possible to identify issues of 

interest to workers which were considered in the final 

proposal of indicators. 

Theoretical framework and operational 

concepts 

The methodology for evaluating management 

systems incorporating sustainability indicators 

(MESMIS) was developed in Mexico (Masera et al.; 

2000; López-Ridaura et al., 2002). It is oriented 

toward the development and/or investigation of 

collectively or individually managed agricultural, 

forestry, and livestock projects.  

The MESMIS methodology (Figure 1) defines seven 

basic attributes for an agroecosystem to be 

considered sustainable (López-Ridaura et al., 2002). 
From these attributes emerge the diagnostic criteria 

and, subsequently, the sustainability indicators. By 

resorting to its available concept of sustainability, 

economic, social, and environmental indicators were 

found that integrate the sustainability attributes of 

productivity; stability; resilience; reliability; 

adaptability; equity, and self-reliance.  

The MESMIS has been validated due to its application 

in more than 120 diverse case studies, mainly in 

Mexico, other Latin American countries, Spain, and 

Portugal (Acosta-Alba & van der Werf, 2011; Astier et 
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al., 2012; Marta-Costa & Santos, 2021; Speelman et 

al., 2007). 

 

 

Figure 1. Structure of the MESMIS model (Masera et 

al., 2000) 

Moreover, an indicator is a selected and quantified 

variable that allows us to see a trend that is not easily 

detected otherwise (Sarandón, 2002). They are 

concise information systems that provide quantitative 

and qualitative information about the condition and 

trajectory of a system and why certain trends occur in 

specific contexts (Bell & Morse, 2008). In this way, 

when applied to the context of sustainability, 

indicators, either simple or combined (indexes), are 

important evaluation tools that, based on their 

interpretation, allow us to define the condition of a 

system as sustainable or not. 

Results  

As a result of the different approaches previously 

described, as part of the methodology, namely the 

verification of the characteristics defined by Sarandón 

and the employee surveys, it is possible to highlight 

the following changes that evidenced the first indicator 

matrix.  

Following the verification matrix, indicators that do not 

fit the context of the study were eliminated, examples 

such as the indicator of "water requirement by 

irrigation" does not meet the criterion of consistency 

due to sufficient rainfall conditions to supply the 

plantation with water. As well as, cases such as the 

indicator of "vineyard management, loading, and 

orientation" would not meet the criterion of validating 

sensitivity over time. 

On the other hand, with regard to the results obtained 

from the application of the survey to the organization, 

it was decided to merge the indicators into a more 

comprehensive/integrating version (e.g. 

efficiency/nutrient balance). In addition, proposals for 

indicators that emerged through the different sections 

of the survey (e.g. professional growth in the 

organization) were considered. 

At last, the final matrix indicator was reorganized and 

structured. Their connection to the attributes, 

diagnostic criteria, and dimension of sustainability, 

obtaining a total of 36 sustainability indicators which 

corresponds to the uniform distribution of 12 indicators 

for each dimension (social, economic, and 

environmental) (Table 3). 

Table 3. Final Proposal of 36 sustainability indicators. 

Economic Dimension 

Yield of production 

Productivity of work 

Production efficiency 

Energy efficiency  

Water efficiency  

Economic diversity 

Financial autonomy 

Dependence on external inputs 

Innovation and new technologies 

Circular economy 

Market presence 

Wage competitiveness 

Environmental Dimension 

Natural and safety area 

Biodiversity protection 

Soil erosion risk 

Nutrient balance 

Adoption of renewable energies 

Reused water 

Pest and disease control efficiency 

GHG-balance 

Materials efficiency 

Eco-friendly production 

Adoption of integrated production 

Environmental and process quality 

 

Social Dimension 

Inclusion and diversity index 

Continuous professional training 

Work performance 

Satisfaction index 

Women participation 

Equal conditions to Womens and mens 

Professional Growth in the organization 

Social benefits for employees 

Working conditions 

Employment creation 

Linking with the surroundings 

Supplier relations management 

 

Conclusions 

For the sustainability assessment, the MESMIS 

methodology procedure was followed (Masera et al., 

2000). All data collected in the different departments 

of the company were grouped on a proposal of 36 

sustainability indicators, which represented, in an 

equitable manner, the three dimensions 

(environmental, economic and social) underlying the 
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concept from a TBL perspective, which responds to 

the necessary balance between the dimensions that 

make up sustainability. 

Firstly, we conclude that Aveleda S.A. is a company 

with a non-negligible interest in the continuous 

improvement of its productive systems and that 

perceives sustainability as a tool to achieve corporate 

objectives contributing simultaneously to the global 

objectives of sustainable development. 

In terms of the expected objectives, it is concluded 

that the MESMIS methodology allowed for an analysis 

adapted to the context of the organization based on 

the sensitive areas of the company, through a 

hierarchical structure that facilitated the process of 

understanding and analysis. 

To obtain better results in the sensitive areas and, 

capacity building/training on sustainability issues in 

the different departments of the organization is 

fundamental training all collaborators, from workers to 

directors, and the promotion of synergies between the 

different employees may constitute a good strategy in 

line with continuous improvement in all processes and 

at all scales. 
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Abstract. Tillage is a common vineyard floor management strategy that reduces the competition for 

water and nutrients between grapevines and other plants. However, in vineyards located in steep slopes 

and humid regions, using cover crops and/or mulching might reduce soil erosion risk caused by rainfall, 

improve soil water retention and decrease direct evaporation, while reducing management costs. The 

current study was conducted in 2019 to assess the effects of three soil management strategies (tillage, 

mulching and native vegetation) on soil erosion, grapevine water relations, yield and must composition. 

The experiment was performed in a vineyard of the red cultivar ‘Mencía’ (Vitis vinifera L.) located in 

Ribeira Sacra (Lugo, NW Spain) where experimental treatments were replicated three times. Soil 

depletion occurred in all treatments: 0.84, 0.42 and 0.36 Mg ha-1 for tillage, native vegetation and 

mulching, respectively. Midday stem water potential was more negative in the native vegetation 

treatment, whereas no differences were detected between tillage and mulching treatments. Vine leaf 

area was similar for all treatments, although slightly greater (6%) under tillage. A trend to a reduction in 

yield was observed under native vegetation when compared to tillage (up to 20%), but this difference 

was not significant due to the high vine-to-vine variability. This yield reduction occurred through a 

combination of less clusters per vine and a lower cluster weight, which was significantly higher for the 

tillage treatment. Juice composition was not affected by the treatments. These results suggest that 

mulching and native vegetation can be alternative soil management strategies in sub-humid climates 

for reducing soil erosion risk without drastically compromising yield and must composition.

Introduction 

Water erosion causes substantial environmental and 

economic losses in agricultural lands (Verheijen et al., 

2009). In the case of Europe, the current soil loss rates 

in cultivated lands are unsustainable, especially in 

vineyards, which are highly susceptible to erosion 

(Verheijen et al., 2009; Prodoscimi et al., 2016; 

Rodrigo-Comino, 2018). In this context, soil 

management strategies are crucial for ensuring 

sustainability in viticulture by reducing erosion risks, 

while providing additional ecosystem services 

(Ripoche et al., 2010; Guerra and Steenwerth, 2012). 

Moreover, soil management is important to vine 

performance and has implications for wine quality 

(Wheeler et al., 2005; Trigo-Córdoba et al., 2015). In 

this sense, the best soil management practice for 

each vineyard depends on a number of factors 

including vine age, vineyard design, soil type and 

climatic conditions (Ripoche et al., 2010).  

In sloping vineyards located in Atlantic regions, such 

as the Ribeira Sacra Designation of Origin (DO) in NW 

Spain, soil management is extremely relevant due to 

the high risk of erosion caused by the annual rainfall 

regime and the slope of the terrain. However, few 

studies have addressed this issue in NW spain (Mirás-

Avalos et al., 2020). In this context, the current study 

aims at assessing the effects of three soil 

management systems (tillage, mulching and native 

vegetation) on erosion rates, grapevine water status, 
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vegetative growth, yield and must composition in a 

sloping vineyard during 2019. 

Methods and sources 

This research was conducted in a vineyard located in 

Doade, a municipality in the South of the Lugo 

Province (42º 24’ 36.9’’ N, 7º 28’ 26.38’’ W, 500 m 

above sea level in average, and slope greater than 

35%), within the Ribeira Sacra DO. The vines (Vitis 

vinifera L. cv. Mencía) are, approximately, 7 years old 

and are established in terraces, with two vine rows per 

terrace, spaced 2 m between rows and 1 m between 

vines. In general, this area presents an average 

annual rainfall around 800 mm and the soil at this site 

is an Inceptisol (Soil Survey Staff, 2014). Three 

treatments were established in the inter-rows: a) No 

tillage (native vegetation), b) Tillage and c) Mulching 

(a mixture of straw and residues from Ulex europaeus 

L.). Each treatment had three replications, each at a 

different altitude (one replicate per terrace). 

At the beginning of the experiment, three soil samples 

from the surface layer (0-40 cm depth) per 

experimental unit were collected to characterize the 

soil in the vineyard. Physical and chemical properties 

were determined following standard procedures 

(Carter and Gregorich, 2008). 

Weather data were collected from the nearest station 

managed by MeteoGalicia (www.meteogalicia.gal) 

(‘Ponte da Boga’). Apart from the description of the 

main weather variables, reference evapotranspiration 

(ETo), according to Hargreaves, and bioclimatic 

indices with relevance to viticulture were computed, 

including Huglin, cool night and dryness indices 

(Tonietto and Carbonneau, 2004). Long-term (2003-

2017) data for this station reflected an annual mean 

temperature of 13.0 ºC. Annual rainfall and ETo 

amount 786 and 1055 mm, respectively. If referred to 

the growing season (April to September), mean 

temperature, total rainfall and ETo are 17.1 ºC, 239 

mm and 806 mm, respectively. The months of July 

and August show aridity conditions. Huglin and cool 

night indices are, respectively, 2028 ºC and 11.9 ºC. 

The dryness index is -20.96 mm. This site is classified 

as temperate warm, moderately dry and with very cool 

nights (Tonietto and Carbonneau, 2004). 

Soil losses were quantified using seven erosion pins 

(300 mm length, 7 mm diameter) per experimental 

unit, installed as recommended by Haigh (1977). 

These pins were installed in May 2018, at regular 

intervals (5 m) on the vineyard row. After installation, 

the initial height of the erosion pins was recorded 

using a flex measurement tape. For each erosion pin, 

the difference between the over-ground height at a 

given time and the initial value indicated the 

topographical change since pin installation, which is 

the soil erosion or deposition. The soil erosion volume 

was equal to the area multiplied by plot length. Soil 

bulk density was measured at 10 cm depth in one spot 

per experimental unit using the core method (Carter 

and Gregorich, 2008) in order to transform the 

calculated volume into weight (Mg ha-1). Due to soil 

redistribution, patches of eroded and accumulated 

material were found. 

Stem water potential (Ψstem) was measured monthly 

on one mature and healthy leaf of three vines per 

replication (namely, 9 plants per treatment), using a 

pressure chamber (PMS Instruments, USA). These 

determinations were performed at midday on non-

transpiring leaves that had been bagged with both 

plastic sheet and aluminum foil for 1 hour before 

readings (Choné et al., 2001). Stomatal conductance 

was measured on one leaf per plant and two vines per 

replication (6 plants per treatment) using a porometer 

(SC1 Decagon Devices, WA, USA). Leaves were 

healthy, mature and fully exposed to sunlight. These 

determinations were carried out on the same dates as 

those of Ψstem. Chlorophyll content index (CCI) was 

estimated non-destructively using a hand-held 

chlorophyll meter (CCM-200, Opti-Sciences, 

Tyngsboro, MA, USA), which calculates a unit-less 

CCI value from the ratio of optical absorbance at 655 

nm to that at 940 nm. These measurements were 

performed on three leaves per plant and nine vines 

per treatment (3 plants per replication). Major veins 

and areas of obvious visual damage or disease were 

avoided. This index correlates with total foliar 

extractable chlorophyll (Steele et al., 2008). 

Grapevine vegetative vigor was assessed by means 

of leaf surface and pruning weight. Surface area (SA) 

was estimated in three vines per replication (9 vines 

per treatment), after veraison, when shoot growth had 

ceased, following the method proposed by Sánchez 

de Miguel et al. (2010), in which the width and height 

of the canopy are collected at five different spots along 

the vine using a measurement tape. Pruning weight 

was determined in winter on five vines per replicate. 

Yield was assessed at harvest on five vines per 

replicate. The number of clusters per vine was 

recorded. Average cluster weight was computed by 

dividing yield per plant by the number of clusters.  

One sample of clusters (approximately, 1 kg) was 

collected from each replication to determine the main 

attributes (total soluble solids content, pH and total 

acidity) of the musts following standard procedures 

(OIV, 2009). Samples were destemmed and crushed 

to obtain the must using a Thermomix (Worwerk, 

Germany) at speed 4 during 20 seconds to ensure the 

same pressing conditions on all samples. Then, 

soluble solids content (SSC) was measured using a 

refractometer; juice pH with a pH-meter and total 

acidity (TA, expressed in tartaric acid equivalents) 

with an automatic titrator. 

An ANOVA was used for assessing the differences 

among management practices for all the variables 

measured. When necessary, means were separated 

using the Tukey Honest Significant Difference test. 
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Statistical analyses were conducted using R v.3.6.1 

environment (R Core Team, 2019). 

Results and discussion 

During the 2019 growing season (April to September), 

temperatures were lower than those average for the 

area, as shown by Huglin and cool night indices (1931 

ºC and 11.1 ºC, respectively). The low rainfall amount 

registered during this season (237 mm) led to a 

dryness index of –15.2 mm; therefore, this year is 

moderately dry. Reference evapotranspiration (789 

mm) was slightly lower than the long-term average. 

The temporal evolution of rainfall and ETo over the 

2019 growing season (Figure 1) shows that rainfall 

events concentrated at the beginning of the season, 

although some rainy events (amounting up to 15 mm 

per day) occurred in May, June and July. However, 

rainfall was almost non-existent in August (5.7 mm) 

and September (22.9 mm, despite an event of 

approximately 10 mm occurred by mid-September). 

The ETo varied greatly over the season and high 

peaks were observed as early as mid-May and June 

(Figure 1). 

 

Figure 1. Daily rainfall and reference 

evapotranspiration (ETo) for the Ponte da Boga 

weather station over the 2019 growing season. 

The soil from the vineyard is loamy, acid, with a 

medium organic matter content and low salinity and 

cation exchange capacity (Table 1). 

Table 1. Main physical and chemical properties from 

the surface layer of the soils from the experimental 

vineyard studied. 

Property Units Average 
Standard 

error 

Bulk density g cm-3 1.23 0.08 

Fine fraction % 58.3 1.8 

Coarse fraction 41.7 1.8 

Sand 41.3 2.9 

Silt 32.9 2.0 

Clay 25.8 1.7 

Organic matter 2.94 0.27 

pH (H2O)  5.19 0.19 

Effective cation 

exchange capacity 

cmol(+) 

kg-1 

4.97 0.72 

Electrical 

conductivity 

mS cm-1 75.8 12.0 

A total of 847 mm rainfall were received by the 

vineyard since erosion pin installation until the last 

date of measurements. Pin height variation showed a 

great variability depending on the treatment (Figure 

2). Soil erosion occurred in all treatments, which 

ranked as expected: tillage (0.84 Mg ha-1), native 

vegetation (0.42 Mg ha-1) and mulching (0.36 Mg ha-

1). However, due to the high variability among 

replications, no significant differences were detected 

among treatments. These erosion rates are lower than 

those reported for vineyards located in Mediterranean 

regions (Marques et al., 2010; Prodoscimi et al., 2016; 

Novara et al., 2018), likely due to the higher rainfall 

erosivity in these regions and the existence of terraces 

in the studied vineyard. 

 

Figure 2. Pin height variation over a year (May 2018 

to April 2019) timespan for the treatments imposed in 

the vineyard. Error bars refer to standard errors. 

Furthermore, the estimated soil loss rates never 

surpassed the threshold of tolerable soil erosion, 

estimated at 1.4 Mg ha-1 per year (Verheijen et al., 

2009), despite the management treatment 

considered. Nevertheless, under the current 

prevailing management practices, vineyards are not 

sustainable from the point of view of soil erosion 

(Novara et al., 2018). In this context, the use of 

alternative practices, such as cover crops and 

mulching should be recommended for preventing 

erosion (Durán-Zuazo and Rodríguez-Pleguezuelo, 

2008; Ruiz-Colmenero et al., 2011). The results from 

the current study showed that both alternatives are 

useful in reducing soil losses when compared to 

conventional management under tillage. 

Regarding vegetative growth, no significant 

differences among treatments were detected for SA, 

which was, respectively, 1.24, 1.17 and 1.21 m2 m-2 

for tillage, mulching and native vegetation. These 

results are in agreement with those obtained for the 

same variety in a three-year study carried out in the 

Ribeiro DO (Trigo-Córdoba et al., 2015). 

Experimental treatments had a significant influence on 

grapevine functioning over the growing season, 

especially from mid-season until harvest. Vines under 

the soil tillage treatment showed less negative Ψstem 

than those from the other treatments (Figure 3). 

Grapevines under the native vegetation treatment 
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reached the lowest Ψstem, whereas those from the 

mulching treatment showed an intermediate behavior 

and did not improve grapevine water status as 

reported in other studies (Montoro et al., 2016). 

According to the thresholds presented by van 

Leeuwen et al. (2009), from veraison until harvest, 

vines from the native vegetation treatment suffered 

from a weak level of water stress around véraison, 

whereas those from mulching and tillage treatments 

showed Ψstem values within the range of absence of 

water stress (Figure 3). Stomatal conductance values 

did not differ among treatments, being on average 

149.4, 134.2 and 127.9 mmol m⁻² s⁻¹ for tillage, 

mulching and native vegetation, respectively.  

 

Figure 3. Stem water potential at midday over the 

growing season for the different treatments imposed 

during 2019. Bars indicate standard errors. Different 

letters on a given date indicate significant differences 

among treatments at p < 0.05. 

The CCI varied over the growing season depending 

on the phenological stage and the age of the leaves. 

The treatments did not exert a significant influence on 

CCI values except for the last date of measurements, 

when vines from the tillage treatment showed a higher 

CCI value than those from mulching. On average, 

these values were 21.1, 20.3 and 20.5 CCI units for 

tillage, mulching and native vegetation, respectively. 

Table 2. Yield components and pruning weight for 

each treatment during the 2019 vintage (mean from 

three replications). p-values are shown. Different 

letters in the row indicate significant differences 

among treatments for a given parameter. 

Parameter 

Treatments 
p-

value Tillage Mulching 
Native 

vegetation 

Clusters 

per vine 

24.1 22.4 19.1 0.99 

Yield 

(kg vine-1) 

6.35 5.35 4.09 0.25 

Cluster 

weight (g) 

275.9 a 227.8 b 231.8 b 0.02 

Pruning 

weight 

(kg vine-1) 

0.81 0.64 0.65 0.13 

 

No differences among treatments were detected for 

the number of clusters per vine, yield and pruning 

weight (Table 2). However, a trend to higher yields 

and pruning weights under the tillage treatment was 

observed. In contrast, cluster weight was significantly 

greater in vines managed under tillage than in those 

from the other treatments (Table 2). This is in 

agreement with previous results on the same variety 

(Trigo-Córdoba et al., 2015), reporting that the 

absence of significant effects of the cover crops on 

grapevine yield may be attributed to high water supply 

by rainfall. Moreover, the effects of cover crops on 

grapevine yield components have been reported to 

occur in the mid-term and not in the first years of the 

establishment of the cover crops (Guerra and 

Steenwerth, 2012). 

Regarding must composition, no significant 

differences among treatments were detected for any 

of the main parameters (Table 3). 

Table 3. Must soluble solids content (SSC), pH and 

total acidity for each treatment during the 2019 vintage 

(mean from three replications). p-values are shown. 

Parameter 

Treatments 
p-

value Tillage Mulching 
Native 

vegetation 

SSC 

(º Brix) 

24.2 22.0 21.2 0.64 

pH 3.45 3.58 3.49 0.39 

Total 

acidity 

(g L-1 as 

tartaric 

acid) 

5.5 4.8 4.9 0.64 

The results on yield, vegetative growth and must 

composition from the current study seem to indicate 

an excess of leaf source compared to sink demand, 

as reported previously (Trigo-Córdoba et al., 2015), 

and differ from those observed in vineyards under 

semi-arid conditions, where sink demands were not 

covered by source availability (Lopes et al., 2008; 

Marques et al., 2010), suggesting that Galician 

climate conditions might favor the use of cover crops 

for soil management in vineyards without 

compromising berry quality. 

Conclusions 

The erosion rates observed in the current study were 

lower than those estimated for Mediterranean 

vineyards. Nevertheless, soil management strategies 

including cover crops or mulching in the inter-row 

proved to be effective for reducing erosion risks and 

should be implemented. In the short term, native 

vegetation and mulching in the inter-row did not 

compromise vine vigor and yield, although a trend to 

lower yields and pruning weights was observed under 

the native vegetation treatment. The treatments 

imposed did not affect must composition. Although 
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further research is needed for assessing the long-term 

effects of these practices on vineyard performance, 

the current study suggests that the use of soil 

management strategies alternative to tillage (native 

vegetation, mulching) in the inter-row may reduce soil 

loss rates in Atlantic vineyards without drastically 

compromising yield and must composition. 
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Abstract. The Douro Region (Portugal), with an extension of ca. 43 000 ha of vineyards, is one of the most 

important wine regions in Europe and listed as a World Heritage site (UNESCO 2001). This is a 

supplementary reason for actions to preserve its natural resources such as soil and water. The regional 

topography exposes soils to severe erosion risk. In order to mitigate these risks, vineyards are installed in 

conservation structures typical of this area, called Terraços or Socalcos (Terraces). These structures 

require important earth movement to secure them properly which results in strong disturbance of soil 

structure and soil water movement. The aim of this study is to compare soil water content of a terraced 

vineyard in the wet season (January) with that in the dry season (July), using Electrical Resistivity 

Tomography (ERT). ERT has been broadly used to assess soil water moisture, also in vineyards. However, 

in this case it is necessary to take into account the complex topography of the terraces in order to obtain 

a reliable soil profile model. The study was carried out in a terraced vineyard at Peso da Régua. ERT 

transects were measured in three neighbouring areas of the vineyard: Terrace, Inter-terrace and Terrace. 

Transects in the Terrace areas were parallel to the slope while transects in the Inter-terrace area were 

perpendicular to the slope. Six transects were carried out (three in January and three in July in the same 

positions). Electrode spacing along the 20 m transects was 0.5 m. Also, soil samples were taken at 4 

depths (0.0 - 0.5 m; 0.5 - 0.10 m; 0.10 - 0.20 m; >0.20 m) for gravimetric water content determination. ERT 

data obtained were inverted taking into account the topography, to obtain soil electrical resistivity profiles. 

For this case study, ERT results provided an adequate representation of soil moisture profiles, offering 

possibilities of fast and detailed appraisal of soil water content and distribution in terraced vineyards. 

Introduction 

The Douro Region covers 250000 ha, of which 46000 

ha are vineyards, producing several wine types 

including the Port, which is mainly exported (near 1 

million liters annually in the last decade), with a very 

significant contribution to the Portuguese wine 

production, the wine export and the Gross Agricultural 

Product (Damásio et al., 2010. This Region Region 

became UNESCO World Heritage (UNESCO World 

Heritage Site 2001), a status that fostered socio-

economic and cultural activities in the region but it also 

highly increases responsibilities in terms of 

conservation and sustainable use of regional 

resources, as it is the case of soil and water. The high 

potential erosion risk prevailing in such topographic 

conditions has been tackled for long time with 

traditional soil conservation structures, namely dry-

stone walled terraces, which depended on the 

availability of cheap labor for constructing and 
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maintaining those structures. The old terraces were 

supported by vertical stone walls that have been 

replaced by patamares, benches of land with slopes of 

100 - 175%. This change responds to the need of 

adapt new technologies to the automation of the 

vineyard (Fernandes et al, 2017). The construction of 

embankments and risers to support the terraces cause 

alterations both in the internal structure of the soil and 

in the circulation of water, which may lead to raise a 

set of problems related to soil hydrological processes 

(Fernandez et al, 2017). 

The aim of this study is to compare soil water content 

of a terraced vineyard in the wet season (January) to 

that same vineyard in the dry season (July), using 

Electrical Resistivity Tomography (ERT). ERT has 

been broadly used to assess soil water content (SWC) 

in many soil types, including vineyard soils (Beff et al., 

2013; Samouëlian et al., 2005). Friedman (2005) 

considers that soil properties affecting electrical 

resistivity (ER) are: water content, porosity, CEC, 

temperature…Many authors have used this 

geophisical method in soil vineyards (Courjault-Rade 

et al., 2010; Dafonte et al., 2013, Brillante et al., 2015). 

Dafonte et al. 2013 concluded that this method is 

useful to evaluate water distribution in soil.  

However, in this case, it is necessary to take into 

account the complex topography of the terrace in order 

to obtain a reliable soil profile model due to the fact 

that, in this uneven terrain, the topography effects may 

lead to misleading anomalies (Fox et al., 1980). 

Therefore, it is important to assess the topographical 

effect, trying to erase it for a better understanding of 

the (ER) soil profile. The method to avoid the 

topographical influence is to incorporate the 

topography as a variable to calculate ER (Lu et al. 

2015). 

Methods and sources 

The study was carried out in the Douro Region in the 

Vinícola Quinta do Vallado´s terraced vineyards (41º 

09,5 N, 7º 45,9 O) in Peso da Régua, (Portugal), 

Figure1.  

 

Figure 1. Location site 

In order to assess soil water content status using ERT, 

ERT transects were measured in three neighboring 

areas of the vineyard: Terrace, Inter-terrace and 

Terrace. Transects in the Terrace areas were parallel 

to the slope while transects in the Inter-terrace area 

were perpendicular to the slope. Six transects were 

carried out (three in January and three in July, in the 

same positions). Electrode spacing along the 20 m 

transects was 0.5 m (Figure 2). ERT survey was 

carried out using a Terrameter SAS 1000 device 

(ABEM) using the Wenner array for the 

measurements, because it is the appropriate to detect 

RE variations in horizontal structures (Loke, 2011; 

Samouëlian et al., 2005). The data obtained during 

ERT field measurements presented a classical pattern 

of apparent resistivity pseudo-sections. The resistivity 

data obtained from the field were then inverted using 

RES2DINV 3.59 software (Loke 2010), which is based 

on the regularized least-squares optimization method 

(Loke and Barker 1996). The apparent resistivity data 

from the 2D survey were inverted using a least-square 

method to obtain a pseudo-resistivity 2D- including 

topographic variations, with a finite-element method 

that incorporates the topography into the modelling 

mesh used. The type of topography modelling used 

was distorted with a finite-element grid with damped 

distortion. The soil resistivity profile expected in this 

type of terraces presents high water content in the toe 

of the slope. Soil samples were taken at 4 depths (0.0 

- 0.5 m; 0.5 - 0.10 m; 0.10 - 0.20 m; >0.20 m) for 

gravimetric water content determination, Figure 2. Soil 

moisture was assessed gravimetrically (oven-dry soil 

at 105º C for 48 h), bulk density being determined with 

the oven-dry soil mass and the cylinder volume. 

Porosity was calculated assuming 2.65•103 kg•m-3 as 

particle density. Oven-dried samples were sieved (2 

mm) and coarse fragments mass determined.  

 

 

 

Figure 2. Sampling Scheme. 

Results 

Figure 3 shows, for the transects parallel to the slope, 

SWC in the different sub-areas of the terrace (upper 

bench, upper riser, etc.) in winter and summer (1-2 and 
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3-6). As expected, SWC is higher in winter than in 

summer for all sub-areas and depths; and these 

differences are more evident in the first 5 cm of the soil 

(28% - 12% upper bench, 15%-9% upper riser, 19%-

9% intermediate bench, 16-9% lower riser and 17%-

11 % lowerbench). On the other hand, at 5-10 cm, 10-

20 cm and >20 cm these differences between winter 

and summer are less appreciable. 

In January, soil samples taken below 5 cm presented 

lower SWC values as it would be expected for a humid 

winter condition, hence soil was far from saturation 

and the subsurface and underground flows were 

slow.The values (all depths) ranged from 28% to 12%. 

Moreover, it was observed that the risers at >5 cm 

depth had a higher SWC than the adjoining benches. 

The decrease of SWC by depth suggested that the 

soil, despite the fact that the winter season was 

already advanced, was not wet from the surface, nor it 

was able to be wetted from deeper areas by 

underground flows. SWC decrease was also observed 

between the upper and lower bench, which may imply 

a slow water flow and preferably vertical flow (not 

parallel to the slope). This may explain the reduction 

of SWC by depth and along the risers. 

In the summer sampling, SWC was lower than in 

winter, as expected, presenting the terraces a great 

uniformity by depth and by the position on the slope. 

Therefore, the range of values for all depths was 

tighter than in winter (13% to 8%). However, SWC 

distribution was different from winter; with higher SWC 

values in some of the deeper areas of the soil profile 

(e.g., intermediate bench- 10-20cm; >20 cm). 

 

Figure 3. Soil water content in difference locations of 

the terraces (upper bench, upper riser, intermediate 

bench, lower riser and lower bench). 

In the Figure 4 the ERT inverted profiles of winter and 

summer transects are shown. The ER differences in 

the winter transects between the top soil (0.05 cm) and 

the rest of the depths can be noticed, meanwhile the 

ER summer transects showed more uniformity. Due to 

the fact that the transects were performed in the same 

locations in January and July, similar ER can be 

appreciated. There were areas of high resistivity in the 

same locations that may be rests of the materials used 

in the construction of the terraces. The distribution of 

the ER in winter and summer seemed to be similar 

(except for the top soil, as mentioned above) because 

ER measurements are not only affected by SWC but 

also by other factors such as soil physical and 

chemical properties, soil structure, etc. 

 

 

 

Figure 4. Electrical Resistivity profiles in the transects 

(using inverted RES2DINV), Terraced area (A), Inter-

Terraced area (B) and Terraced area (C) in January 

and July. 

In winter, it can be observed that the risers had higher 

SWC values than the contiguous benches, which is 
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consistent with the soil sampling. The high slope of the 

vineyard and the lack of vegetation along it caused a 

very low infiltration rates in these areas, explaining the 

high uniformity of the SWC by depth in the benches. 

SWC reduction or increase were not obvious when 

comparing the upper and lower points of the transects, 

both on the benches and on the risers, in winter and in 

summer. 

In summary, ERT measurements/soil inverted profiles 

were useful to appreciate the reduction of SWC along 

the terrace and by depth in both seasons, although 

ERT measurements are easier to understand when 

there are severe changes in ER (dry areas, rocks, etc) 

than when the ER is uniform. 

Conclusions 

ERT inverted profiles obtained taking into account the 

topographic variable were useful to obtain more 

reliable/realistic soil map profiles of the terraces, and 

they can be helpful to understand the distribution of 

SWC. Likewise, similar (ER) patterns can be observed 

between winter and summer, with high resistivity areas 

which can be rests of the construction materials used 

to build the terraces. 

The general state of SWC in summer and especially in 

winter (lower than expected for that time) suggested 

that the predominant flows are slow and preferably 

vertical and not parallel to the slope. That may explain 

the reduction of humidity in depth and along the slope. 
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Abstract. Copper-derived plant protection products have been intensively used in vineyards since the 19th century. 

Due to its low mobility, Cu tends to accumulate in the upper soil layers, after spray applications, rainfall removal 

from the vines, and deposition of the senescent leaves. According to EU reports, vines are among the crops that 

concentrate the highest amount of Cu in soils, which may pose serious environmental risks, affecting non-target 

biota with key role in soil functions. However, when assessing its impacts, not only total Cu concentrations in soils 

should be considered, but also its bioavailability, which is strongly affected by the soil properties and aging 

processes. Therefore, to assess the potential impacts of Cu accumulation for terrestrial organisms, ten vineyard 

soils with different properties were spiked in the laboratory with different Cu concentrations (from 0 to 1000 mg kg-

1) using Bordeaux mixture. After one month of incubation, reproduction assays with the earthworm Eisenia fetida 

and the collembola species Folsomia candida (OECD 222 and 232, respectively) were performed, as well as a 

seedling emergence and growth test with the cover crop species Medicago sativa (OECD 208). In order to assess 

the potential for bioaccumulation of Cu residues in these soils, the levels of this element in the earthworms and in 

plant tissues were also determined. At the end, it will be possible to understand which are the soil properties that 

account for a great availability of Cu and for subsequent effects to terrestrial organisms.

Introduction 

Since the 19th century, copper-based fungicides have 

been used in viticulture to protect vines from 

Plasmopara viticola, a oomycete that provokes 

quantitative and qualitative yield losses (Massi et al., 

2021). With the constant application of these 

products, environmental concerns have arisen as Cu 

accumulates in soils over the years. Indeed, in a study 

conducted by Patinha et al., (2017)  with the purpose 

of investigating the fate of organic and inorganic (Cu-

based) pesticides in vineyards soils under 

conventional management, it was found that total Cu 

content reached 211 mg kg-1 in the oldest vineyard 

soils (>50 years) which is much higher than the mean 

concentration reported for European vineyard soils 

(49.26 ± 61.52 mg kg-1 Cu) (Ballabio et al., 2018). 

Actually, vineyards were identified as the agricultural 

land use with highest Cu concentrations in Europe 

(Ballabio et al., 2018). As a result of the enrichment of 

Cu in the soils, serious environmental risks appear as 

it can lead to unwanted residues in plants and water, 

reduced quality of soils, as well as to negative effects 

in non-target biota with a key role in soil functions 

(Lamichhane et al., 2018). However, the extent of 

these outcomes is dependent on soil physical and 

chemical properties (e.g.: pH, clay and organic matter 

content), and processes such as erosion and tillage, 

in addition to the regional climate conditions, that will 

define the inputs of Cu. Soil properties have an 

important role on the regulation of Cu availability and 

mobility in soils, contributing to the vulnerability of soils 

to Cu contamination (Komárek et al., 2010). In the 

specific case of organic matter, it is known that Cu 

tends to form strong complexes with this soil 

component, playing a great role in its availability 
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(Dhaliwal et al., 2019). However, in terms of pH, Cu 

solubility increases at lower values, releasing it from 

the solid fraction into the soil solution more easily. On 

the other hand, loss of Cu associated with organic 

matter complexes can occur at higher pH values, 

through processes like leaching and runoff 

(Fernández-Calviño et al., 2008). Therefore, 

developing strategies to mitigate the impact that Cu 

applications has on soils while considering its physical 

and chemical properties is very important. Taking this 

into account, the main goal of this project was to 

assess the potential impacts of Cu on the habitat 

function of vineyard soils to its biota, considering the 

role of different physical and chemical properties.  

Methods and sources 

For this project, ten soils from Portuguese and 

Spanish vineyards were collected taking into 

consideration their physical and chemical properties. 

This allowed to obtained soils with different pH and 

organic matter content. In laboratory, these soils were 

air dried and sieved to the <2mm fraction and a 

physical and chemical determination was made, 

following whenever as possible standard protocols. 

Parameters such as pH, organic matter (OM) content, 

maximum water holding capacity (WHC), texture, total 

organic carbon (TOC), carbonate content (CaCO3) 

and total content of Cu were evaluated. Soil’s pH was 

measured on a soil: water suspension with a ratio of 

1:5 m/v. Soil organic matter (OM) was measured by 

calcination, after igniting samples at 450°C for 4 

hours. The maximum water holding capacity (WHC) 

was determined following the ISO protocol 17512-1. 

Particle-size distribution (texture) was determined by 

wet sieving, using the international pipette method. 

Total organic carbon (TOC) was calculated as the 

difference between total carbon and total inorganic 

carbon (TIC), both determined using a CHN elemental 

analyzer. For the determination of TIC soil samples 

were previously calcinated at 450ºC for 3h. 

Carbonates content was calculated as CaCO3 = TIC x 

100/12. Finally, the total content of Cu was obtained 

by soil digesting with HNO3, HF and HCl in a 

microwave and measured using atomic absorption 

spectroscopy. For the ecotoxicological assays, the ten 

soils were sieved at 4mm and contaminated with 

Bordeaux mixture (20% m/m of copper in the form of 

copper sulphate) at different concentrations obtained 

with a dilution factor of 1.55 (46, 72, 111, 173, 268, 

416, 645 and 1000 mg Cu kg-1 soil (dry weight)). The 

soils were then kept for a month at room temperature 

and natural photoperiod, being the humidity monitored 

and restored weekly at 30-50% of their WHC. After 

this period, reproduction assays with Eisenia fetida 

(OECD, 2016) and Folsomia candida (OECD, 2009) 

were performed, as well as a seedling emergence and 

growth test with Medicago sativa (OECD, 2006).  For 

the reproduction assay with E. fetida, 10 adult 

organisms with visible clitellum were exposed to 500gr 

of soil per replicate, for 28 days. After this period, the 

adults were removed, washed, left to depurate for 

24h, after which they were weighted and stored at -

20°C for Cu bioaccumulation analyses. The cocoons 

were left for another 28 days after which the juveniles 

were counted and recorded. In the F. candida 

reproduction assay and for each replicate, ten 

synchronized individuals with 9-12 days were added 

to 30 gr of soil and, after 28 days, the number of adults 

and juveniles were registered. Finally, the seedling 

emergence and growth test of M. sativa consists in 

adding per replicate 20 seeds of the species selected 

to a pot with 200g of soil, of which, 10 seedlings were 

left to grow for 21 days after germination. After this 

period, the seedlings were removed, washed, dried, 

and weighted for copper bioaccumulation. Copper 

bioaccumulation in the earthworm and in plant tissues 

were determined following the methodology described 

by Rodríguez-Seijo et al,. (2022). The statistical 

analysis was made using software GraphPad Prism 8. 

For the ecotoxicological assays with terrestrial 

organisms, a one-way ANOVA was performed, 

followed by a Dunnett's multiple comparison test, to 

verify if there were significant statistical differences 

between Cu concentrations and the control sample, 

for an 𝛼 ≤ 0.05. 

Theoretical framework and operational concepts 

To assess the impacts that Cu accumulation might 

have on soil biota, and subsequently on soil functions, 

physical and chemical properties were evaluated as 

they are responsible for the behaviour of this element 

in the soil. The ecotoxicological assays were 

conducted with model species with key roles in the 

ecosystem. 

Results 

Since the vineyard soils of this study were intentionally 

selected considering their physical and chemical 

characteristics, it was possible to obtain five soils that 

had a gradient of pH values, with similar organic 

matter content (soil 1 through 5), and the other five 

soils had a gradient of organic matter, while having 

similar pH values (soil 6 to 10). As Cu 

accumulation/availability in soils is dependent of its 

physical and chemical characteristics, some 

parameters were evaluated, namely texture, pH, OM, 

TOC, CaCO3 and total content of Cu. Table 1 shows 

the particle size distribution for the soils studied. From 

the three particle types, the percentage of clay-size 

particles is the most important as high clay content 

may decrease Cu availability (Ballabio et al., 2018). 

Clay percentage was very similar in all samples, with 

the highest value found in soil 10. 
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Table 1. Percentages of sand, silt, and clay of the 

studied soils. Lines filled in gray correspond to soils 

with a pH gradient, the remaining lines correspond to 

soils with an organic matter gradient. 

 

Soil 

 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

1 72.3 15.5 12.2 

2 67.7 20.2 12.1 

3 39.4 44.3 16.4 

4 69.1 17.8 13.1 

5 46.7 40.1 13.2 

6 67.4 19.2 13.4 

7 42.8 43.2 14.0 

8 47.4 38.1 14.5 

9 39.5 44.3 16.2 

10 30.0 51.0 19.0 

 

In Table 2 it is possible to see that the soils had 

different pH and organic matter values that ranged 

from 4.60 and 9.10 for pH and 2.11 and 9.61 % for the 

organic matter. Total organic carbon had a range of 

values between 0.73 and 3.99%. In fact, the highest 

TOC of 3.99% was recorded in the soil sample (soil 

10) that had the highest OM content (9.61%).  

Carbonate content was, in general, low except in soil 

5 that reached 32.14% which is expected since that 

soil had the highest pH value of 9.1. As for the 

background concentration of Cu in the soils, the levels 

varied between 46 and 500 mg kg-1 being the highest 

content found in soil 7. It is important to mention that 

contrary to what would be expected the lowest Cu 

content was recorded in the soil that had the highest 

organic matter percentage. However, other factors 

such as the vineyards age, geological background, 

number, and intensity of treatments will also 

contribute to the Cu content in soils. 

Table 2. Results obtained for some physical and 

chemical properties of the selected soils, namely, pH, 

organic matter (OM), total organic carbon (TOC), 

carbonate content (CaCO3) and total content of 

copper (Cu).  Lines filled in gray correspond to soils 

with a pH gradient, the remaining lines correspond to 

soils with a organic matter gradient. 

Soil pH 
OM 

(%) 

TOC 

(%) 

CaCO3 

(%) 

Cu (mg 

kg-1) 

1 4.6 4.65 2.08 0.35 310 

2 5.6 4.42 1.80 0.04 104 

3 6.4 5.42 1.13 0.25 143 

4 7.0 4.33 1.86 0.32 76 

5 9.1 3.75 1.14 32.14 77 

6 5.9 2.11 0.73 0.23 75 

7 5.3 4.93 2.27 0.37 500 

8 5.7 5.47 2.41 0.27 386 

9 5.1 8.86 2.90 0.64 401 

10 5.6 9.61 3.99 0.45 46 

 

To understand how Cu application affects the edaphic 

organisms, ecotoxicological assays with terrestrial 

organisms were performed. Table 3 presents the 

results for the reproduction assay with E. fetida. 

Table 3. No observed effect concentration (NOEC) 

and lowest observed effect concentration (LOEC) in 

mg Cu kg-1 obtained in the reproduction assay with E. 

fetida regarding the number of juveniles. Lines filled in 

gray correspond to soils with a pH gradient, the 

remaining lines correspond to soils with an organic 

matter gradient.  

Soil NOEC LOEC 

1 <46 ≤46 

2 111 173 

3 46 72 

4 <46 ≤46 

5 173 268 

6 72 111 

7 46 72 

8 <46 ≤46 

9 173 268 

10 111 173 

 

Table 3 demonstrates the results obtained for the E. 

fetida reproduction assay in terms of NOEC (no 

observed effect concentration) and LOEC (lowest 

observed effect concentration). Soils 1, 4 and 8 were 

the ones that showed more toxicity towards this 

organism as a statistical significant effect was visible 

at the very first Cu concentration tested. However, 

there seems to be no relationship between the pH 

gradient and toxicity as one of the most toxic soils (soil 

1) had the lowest pH and a high initial Cu level, while 

soil 4 has a high pH and low Cu, showing the same 

level of toxicity. On the other hand, OM gradient 

seems to affect the toxicity towards this organisms as 

the two soils with higher OM content were the ones 

that showed lower toxicty to earthworms. In 

agreement, soil 9 which had a very high background 

Cu concentration  (similar to 7 and 8)  was the less 

toxic to the test organisms. 

Results of the M. sativa seedling emergence and 

growth tests are described in Table 4. When roots are 

concerned, soils 4 and 5 were the ones where plants 

were the least affected by Cu application, being these 

soils the ones with the highest pH values (7.0 and 9.1 

respectively). On the contrary, it seems that soils 1 

and 8 were the ones where plants were most affected 

as roots’ growth inhibition was significant at the lowest 

Cu concentration tested. Indeed, soil 1 had high levels 

of Cu (310 mg kg-1) and the lowest pH (4.6) but, there 

seems to be no relation between OM and Cu levels in 

the case of soil 8. As for shoot dry weight, the results 

are diffenrent from the ones obtained for root growth 

as the most affected plants were the ones that grew in 

soils 2 and 8 whereas plants that grew in soils 4, 5 and 

6 showed no negative effects in all of the tested Cu 

concentrations. Even though Cu is involved in many 
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physiological processes such as photosynthesis, 

mitochondrial respiration, carbon and nitrogen 

metabolism and oxidative stress protection in plant 

species, excessive amounts of this element in soil can 

lead to plant toxicity (Minkina et al., 2020; Seneviratne 

et al., 2019). However, plant root and shoots will be 

affected differently due to the fact that the 

translocation of metals to the shoot is tipically 

efficiently restricted by the roots (Minkina et al., 2020). 

Table 4. No observed effect concentration (NOEC) 

and lowest observed effect concentration (LOEC) in 

mg Cu kg-1 for root and shoot dry weight of the plant 

species M. sativa. Lines filled in gray correspond to 

soils with a pH gradient, the remaining lines 

correspond to soils with an organic matter gradient.  

 

Soil 

M. sativa 

Root dry weight  Shoot dry weight  

NOEC LOEC NOEC LOEC 

1 <46 ≤46 111 173 

2 111 173 <46 ≤46 

3 173 268 173 268 

4 ≥1000 >1000 ≥1000 >1000 

5 ≥1000 >1000 ≥1000 >1000 

6 111 173 ≥1000 >1000 

7 645 1000 268 416 

8 <46 ≤46 <46 ≤46 

9 173 268 111 173 

10 72 111 72 111 

 

In general, it seems that the plants from soils with 

higher pH values (soil 4 – 7.0; soil 5 – 9.1) are capable 

of supporting higher doses of Cu since no signficant 

effects were visible even at 1000 mg kg-1, the highest 

concentration tested, for both parameters. 

Conclusions 

With this work, it was possible to understand if the 

contamination of vineyard soils with Cu negatively 

affects soil organisms and how soil properties may 

influence these effects. For this, some physical and 

chemical parameters were measured in the collected 

soils and ecotoxicological assays with terrestrial 

organisms were conducted. In general, a relation 

between organic matter and copper toxicity was 

observed for the earthworm E. fetida, however, in the 

case of the plant species M. sativa, the main 

parameter that appears to be affecting the 

bioavailability of Cu is the pH of soils since smallest 

concentrations of copper are needed to obtain 

significant reduction in the biomass production with 

lower pH. F. candida reproduction assay and the 

bioaccumulation analyses of E. fetida and M. sativa 

tissues, that are still ongoing, will help to understand 

the results obtained so far.  
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Abstract. The use of Cu-based fungicides to prevent diseases in organic, integrated, and conventional viticulture 

may cause serious environmental problems, resulting in negative impacts on soils-organism functions and diversity, 

and on vineyards surrounding ecosystems. Levels of Cu found in European vineyard soils may affect not only non-

target soil organisms, but also aquatic organisms. Indeed, despite its low mobility in soils, there is a risk of surface 

and groundwater contamination, depending on soil properties (e.g.: pH, organic matter content and texture) and 

levels reached. Thus, the objective of this work was to evaluate Cu mobility and bioavailability for aquatic 

organisms, in soils with different physical and chemical properties. For this purpose, ten vineyard soils with variable 

soil properties were collected from different wine regions from Portugal and Spain and were later contaminated in 

the laboratory with a range of Cu concentrations (0, 46, 72, 112, 173, 268, 416, 645 and 1000 mg kg-1) using 

Bordeaux mixture. After one month of incubation, ecotoxicological tests were carried out with aquatic organisms 

(Aliivibrio fischeri, Raphidocelis subcapitata and Lemna minor), following standard guidelines. In parallel, the 

mobility and availability of Cu was assessed through leaching experiments in soil columns and water batch 

experiments. Results allowed to understand which soils may increase the vulnerability of aquatic resources to 

contamination by Cu, through its transference to these systems (especially when the pH of soils is low), at 

concentrations capable of causing negative effects on aquatic organisms. 

Introduction 

The secular but still relevant use of Cu-based 

fungicides in viticulture has raised environmental 

concerns, which are reflected in recent restrictions to 

its use by European regulation. Negative impacts on 

soil organisms’ function and diversity, and on 

vineyard’s surrounding ecosystems, whilst expected, 

can’t be evaluated based solely on Cu applications. 

Such outcomes are highly correlated and dependent 

on soil properties, which will ultimately modulate Cu 

toxicity and mobility in soils. Thus, this work had the 

goal of assessing Cu mobility and bioavailability for 

aquatic organisms, to further understand the 

influence of vineyard soils pH and organic matter 

(OM) content on Cu toxicity. The estimation of safer 

levels of Cu application accordingly to soil properties 

of each viticultural site was the guiding line for the 

experimental design, and so it is expected that 

obtained results and conclusions will allow the 

implementation of tailored management practices 

targeting the protection of vineyard soils.  

Methods and sources 

Ten different soils collected from different wine 

regions of Portugal and Spain were selected based 

on their properties, allowing the construction of a set 

of five different soils that composed a gradient of pH 

values, with similar OM contents, and the 

composition of another set of five soils that followed 
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a gradient of OM, whilst keeping similar pH values. 

These soils were then spiked with a range of Cu 

concentrations in the form of Bordeaux mixture (0, 

46, 72, 112, 173, 268, 416, 645 and 1000 mg kg-1), 

and were left to age for one month. The assessment 

of Cu mobility and bioavailability, and effects on 

aquatic organisms was achieved by testing elutriates 

obtained with the spiked soils, following an approach 

based on ISO 21268-1:2019 and ISO 21268-2:2019 

(International Organization for Standardization, 

2019). These elutriates were then assessed through 

ecotoxicological assays with aquatic species: 

bioluminescence inhibition assays with the bacteria 

Aliivibrio fischeri (Johnson, 2005), and growth 

inhibition assays with the freshwater microalgae 

Raphidocelis subcapitata and the aquatic plant 

Lemna minor, following adaptations of the standard 

protocols OECD 201 (OECD, 2011) and OECD 221 

(OECD, 2006), respectively. When data allowed the 

construction of non-linear regressions, EC50 values 

(the median effect concentration, which represents 

the estimated concentration of Cu where 50% of its 

maximal effect is observed, for each each test 

endpoint) was calculated. The lowest the EC50 value, 

higher the toxicity of Cu was observed since a lower 

level of Cu contamination was needed to induce 50% 

of the maximal effect on each test endpoint. 

In parallel, the mobility and chemical availability of 

Cu was also assessed through the quantification of 

extractable Cu with water, and through leaching 

experiments using soil columns. Batch experiments 

for the quantification of extractable Cu were 

performed using the same experimental design as of 

ecotoxicological assays and Cu concentrations were 

determined by flame atomic spectrometry in the soil 

extractants obtained with water. For soil columns 

experiments, the same set of soils were spiked with 

Bordeaux mixture (0, 50, 100, 200, 400, 800 and 

1600 mg kg-1) and were immediately used, without 

an incubation period. Experiments consisted in 

passing distilled water through soil columns with a 

peristaltic pump, which was then collected for a total 

period of 16 hours, and Cu was then quantified by 

flame absorption spectrometry. This methodology 

allowed the assessment of the consequences of Cu 

contamination to aquatic resources in “the worst-

case scenario” since the immobilization of Cu 

through ageing processes was strictly limited by the 

absence of an incubation period.  

Theoretical framework and operational concepts 

In the unflagging search for more sustainable 

agricultural practices, across all sectors of 

production, it has become evident that the path relies 

on precision agriculture, where crop protection 

management is based on context-specific evidence 

(German et al., 2017). Regarding viticulture and 

acknowledging the significant use of Cu-based 

fungicides in both organic, integrated, and 

conventional viticulture, Cu application and its 

restriction, due to environmental concerns, must be 

planned and targeted accordingly to soil attributes. 

Thus, not only total Cu concentrations in vineyard 

soils must be taken into consideration when 

environmental consequences are being weighted, 

but also the factors that modulate Cu bioavailability 

and mobility by runoff or through the soil profile, 

which will ultimately result in toxicity towards 

contiguous aquatic compartments and non-target 

organisms (Komárec et al., 2010). Notably relevant, 

soil pH and OM are attributes that outline the 

outcome of Cu contamination of soils: it is 

hypothesized that acidic soils will promote the 

bioavailability and mobilization of Cu, whilst higher 

pH and higher levels of complexation of Cu with OM 

will provide some level of protection to Cu 

contamination (Komárec et al., 2010; Navel & 

Martins, 2014).  

Results 

Previously obtained values of pH, OM (%) and total 

Cu content of the ten soils are presented in Table 1 

for further comprehension and discussion of 

experimental results. 

Table 1: Values of pH, OM, and total Cu content of 

soils. 

Soil pH OM (%) Cu (mg kg -1) 

1 4.6 4.65 310 

2 5.6 4.42 104 

3 6.4 5.42 143 

4 7.0 4.33 76 

5 9.1 1.50 77 

6 5.9 2.11 75 

7 5.7 5.66 500 

8 5.3 5.70 386 

9 5.1 8.05 401 

10 5.6 9.61 46 

 

Bioluminescence inhibition assays consisted in 

exposing the bioluminescence bacteria A. fischeri to 

the elutriates prepared for all soils and Cu 

concentrations. After 30 minutes of exposure, the 

reduction of the bioluminescence of this aquatic 

bacteria was the output used for assessing the 

toxicity of samples. For this aquatic organism, results 

are presented in figure 1 as EC50 values for soils that 

follow the pH gradient (left) and OM gradient (right), 

i.e., the Cu concentration in soils (mg kg-1) that will 

give rise to elutriates able to inhibit in 50% the 

bioluminescence of A. fischeri after 30min of 

exposure. 



VII International Congress of Mountain and Steep Slopes Viticulture 
   

118 
  

 

Figure 1. Results of the bioluminescence inhibition 

assays with A. fischeri, presented as EC50 values for 

30 minutes of exposure.  

The analysis of EC50 values (figure 1) shows that, to 

induce the same reduction on the basal levels of the 

bioluminescence of A. fischeri, higher concentrations 

of Cu are needed as pH increases, while for the five 

soils that compose the OM gradient the EC50 values 

give evidence to a high toxicity of Cu contamination 

across all OM range. These results denote a 

tendency of more pronounced toxicity towards A. 

fischeri in more acidic soils, and suggest that the OM 

content, as it was evaluated, doesn’t seem to have a 

clear effect on the bioavailability of Cu in the 

produced elutriates. 

Growth inhibition assays performed with R. 

subcapitata were performed by exposing the 

freshwater algae to the elutriates obtained for all soils 

and concentrations for 72h. At the end of the assay, 

algal biomass was assessed through 

spectrophotometer readings and results are 

presented in figure 2 as EC50 values, for soils that 

follow the pH gradient (left) and OM gradient (right). 

EC50 values give information about the Cu 

concentration in soils (mg kg-1) that will give rise to 

elutriates able to inhibit in 50% the growth rate of the 

green microalgae R. subcapitata. Due to the high 

variance of results, for some of the soils the 

estimation of EC50 values wasn’t possible, which 

justifies the absence of some soils representative of 

several pH and OM values (figure 2). 

 

 

 

 

 

 

 

 

 

Figure 2. Results of R. subcapitata growth inhibition 

assays, expressed as EC50 values. 

Produced data for R. subcapitata reports that for 

soils with higher pH, high amounts of Cu were 

needed for a significant reduction of algae growth, as 

well as a probability that increasing OM contents 

reduces Cu toxicity to the freshwater microalgae. 

This foments the theory that, at least for low to 

intermediate doses (46-268 mg kg-1) of Cu in soils, 

Cu levels interchangeable to the aqueous phase 

aren’t able to produce a significant reduction in algal 

growth. This seems to be due to an increased buffer 

capacity of soils promoted by higher pH and OM 

values. 

Growth inhibition assays with L. minor, assays were 

held by exposing the aquatic plant to soil elutriates 

for a total of seven days. The dry weight was 

selected as the measurement variable to quantify 

biomass production, and the produced EC50 values 

are plotted in figure 3, for soils that follow the pH 

gradient (left) and OM gradient (right). EC50 values 

refer to the Cu concentration in soils (mg kg-1) that 

will give rise to elutriates able to inhibit in 50% the 

growth rate of the aquatic plant L. minor. 

 

Figure 3. Results of L. minor growth inhibition 

assays, expressed as EC50 values. 
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Obtained results of L. minor growth rate evidence the 

crescent capability of this aquatic plant to grow in soil 

elutriates as the pH of soils gets higher, even at high 

levels of Cu contamination. EC50 values demonstrate 

that estimated levels of Cu needed to induce a 

reduction by half in the growth rate of L. minor are 

even higher than the concentrations tested, for the 

soils with the highest pH. For OM, EC50 values got 

higher with increasing OM contents of soils, except 

for the soil with the highest pH. Nevertheless, even 

though a fully linear tendency isn’t shown, higher OM 

contents seem to have held higher growth rates than 

the soil with the least OM percentage.  

Regarding soil batch experiments, water extractable 

Cu is considered to give an estimation of soluble Cu, 

the most labile Cu fraction in the soil. As expected, 

water extractable Cu increased with the Cu dose of 

the contamination of soils (figure 4 and 5). For all 

soils, Cu increments in the water extractant were 

quite similar across all ranges of contamination, 

apart from soil 1, the soil with the lowest pH (4.59) 

(figure 4), where water soluble Cu reached much 

higher values than in other soils. Regarding OM, 

quantified extracted Cu remained somewhat similar 

across all the range of OM content of soils (figure 5). 

 

Figure 4. Water extractable Cu (mg kg-1) (soluble 

Cu) in response to soil spiking with different Cu 

concentrations, for the soils that compose the pH 

gradient. 

 

Figure 5. Water extractable Cu (mg kg-1) (soluble 

Cu) in response to soil spiking with different Cu 

concentrations, for the soils that compose the OM 

gradient. 

Results originated from Cu leaching experiments 

with soil columns are discussed as the stabilized Cu 

concentration found in the liquid column output at the 

end of the experiment. For soils that make up the pH 

gradient, stabilized Cu concentrations in the output 

for soils with the highest pH values (>7) were lower 

than 0.4 mg L-1 for all added Cu doses. However, for 

the soil with the lowest pH, stabilized Cu 

concentrations in the output reached 4.23 mg L-1 for 

1600 mg kg-1 of added Cu. Concerning the remaining 

soils, the Cu concentration quantified in the column 

output was always lower than 2 mg L-1 for soil 

contamination levels ≤ 800 mg kg-1. A clear effect of 

the OM content of soils on the leaching of Cu was 

not clear, since Cu leaching in response to spiking of 

soils seemed to be similar across all values of the 

OM range.  

The assessment of Cu mobility and availability 

through soil batch experiments and soil columns has 

unveiled important considerations for interpretation 

of results from ecotoxicological assays. Both 

experiments made evident that added Cu was more 

readily available and more mobile for its leaching to 

the aqueous phase in the soil with the lowest pH. 

Regarding OM, Cu lability didn’t seem to be 

significantly responsive to increasing OM contents. 

These findings are in accordance with 

ecotoxicological results, where aquatic organisms 

were more pronouncedly target of Cu toxicity when 

exposed to elutriates of soils with lower pH, which 

can now be linked to higher levels of leached Cu. 

Whilst some aquatic organisms were able to surpass 

Cu contamination thanks to higher OM contents of 

soils, more sensitive organisms to metal 

contamination, like A. fischeri, still held high levels of 

toxicity across the entire range of OM. Thus, such 

outcomes seem to be a reflection of the subtle 

reduction in leached and available Cu provided by 

increased levels of OM. 

Conclusions 

Ecotoxicological assays with aquatic organisms 

allowed the realization that pH seems to be the main 

factor influencing Cu mobility in soils and its 

interchangeability to the aqueous phase, and higher 

pH levels brought bioavailability and toxicity of Cu to 

levels that are comparable with non-spiked soils. 

Similarly, the extraction of the most labile Cu fraction 

with water unveiled a pronounced influence of the pH 

of soils on the leaching of added Cu to the aqueous 

phase, with contiguous aquatic compartments of 

acidic soils being highly vulnerable to Cu 

contamination. Soil-columns experiments reinforced 

the same conclusions, highlighting the ability of lower 

pH of soils to promote the loss of Cu to the aqueous 

phase, mainly for higher levels of contamination.  

The influence of OM seems to be dependent of the 

sensitivity of the tested species, since OM didn’t 

seem to have influenced Cu toxicity to the most 

vulnerable tested organism to metal contamination 

(A. fischeri), where toxicity was verified for all tested 

soil elutriates across the entire gradient of OM. For 

other aquatic organisms, an increase in the OM 
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content of soils seems to have held some level of 

protection and buffer activity to Cu toxicity, at least to 

some extent. The influence of OM on this lability of 

Cu, however, wasn’t clear since Cu quantified in the 

extractants remained similar across all levels of 

contamination and range of OM.  
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Abstract. Despite having a very long history, terracing farming and the overall effects of this technique are poorly 

studied, mainly regarding biodiversity and ecosystem services. In the SCREENBIO project, two different Italian 

geo-climatic terraced agroecosystems were selected: 1) Cinque Terre National Park (CTNP), with six coastal 

conventional/biological vineyards; 2) Maiella National Park (MNP), in mountainous environment with one 

agropastoral site and 2 biodynamic vineyards. Soil assessment included three kinds of evaluation: chemical 

analysis, soil enzymatic analyses and arthropod survey. Soil samples were characterized for organic carbon (SOC) 

as well as for biochemical properties (16 enzyme activities) as indicators of the intensity of C, N, P, S 

biogeochemical cycles. In addition, soil microbial biomass was estimated using double-strand DNA (dsDNA) 

content in soil. The soil arthropod biodiversity was evaluated by the main ecological indexes and Biological Soil 

Quality (QBSar). In vineyards, arthropods’ density was evaluated on leaves too. Microbial biomass showed a good 

correlation to Corg content; the intensity of biogeochemical processes was different according to different areas and 

related agronomic managements with high values of phosphatase enzymes in CTNP and butirric enzyme in MNP. 

The soil mites recorded in terraced vineyards represent 85-90% of edaphic arthropods. The QBSar index was very 

high in old biodynamic vineyard in Maiella Park. On vine leaves, in all sites, phytophagous mites were rare while 

predator mites were more represented, regardless of the prey density. The highest density of predator mites was 

registered on Albarola cultivar, in Liguria. These findings may implement knowledge in steep environment at micro- 

and meso-scale to provide supporting information for a comprehensive, well-balanced soil-plant systems. 

Introduction 

Functional Agro-Biodiversity (FAB) can optimize 
provisioning ecosystem services including biodiversity 
in an agricultural landscape, regardless of the type of 
farming systems applied. The contribution to the 
productive function of agriculture is based on: (1) the 
improvement of soil quality; (2) crop pollination; (3) 
biological pest control; (4) influence on microclimate; 
and (5) the availability of genetic diversity. A healthy 
soil ecosystem ensures the release of nutrients and 
higher disease resistance, both essential to preserve 
soil as resource. An evaluation of biological forms is 
required to correctly assess soil degradation and 
correlated risks (Parisi et al., 2005). The Biological 
Soil Quality (QBSar) index has been introduced to 

express the quality of soil according to degree of 
specialization of the edaphic arthropods: the most 
specialized forms, as Operational Taxonomic Units 
(OTUs), are particularly sensitive to soil disturbances 
and, maybe, not able to cope with alterations (for 
example, some agricultural practices or environmental 
changes). Microorganisms and arthropods are 
synergic in assessing the quality and functionality of 
soil ecosystem. The incorporation rate into the 
biomass is a crucial factor. As food source, 
microorganisms exploit soil organic carbon (SOC) and 
vegetation debris. By tracing metabolic components, 
it is possible to investigate regulation mechanisms of 
biological-environmental interactions and soil 
functionality (Adingo et al., 2021). Indeed, the 
continuous physical and chemical action of soil fauna 

mailto:sauro.simoni@crea.gov.it
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significantly affects SOC levels (Sofo et al., 2020). 
Despite a very long history, mechanisms involved in 
terracing scenario and the overall effects of this 
technique are not fully understood. Effectively, soil 
status after changes of land use by humans and a set 
of soil management practices was investigated with a 
multi-disciplinary approach. This study aimed at 
assessing potential indicators of environmental quality 
and soil functionality in steep landscapes, in different 
geoclimatic contexts. All the above acquisitions may 
allow applications in smart agriculture and in 
conservative policies for agro-ecosystems n protected 
areas. 

Methods and sources 

In the SCREENBIO project, two different Italian geo-

climatic terraced agroecosystems were selected 

(Figure 1, Table 1). The Cinque Terre National Park 

(CTNP) (Liguria, Nord-Western of Italy) is a coastal 

zone known for its terraced landscapes as well as for 

its natural heritage (National Park and World heritage 

site-UNESCO). By altitudinal gradient and distance 

from sea, different vineyards were selected in the 

areas of Manarola (MN)(45m ASL), Corniolo (CR)(155 

m ASL), Fossola (FS) (178m ASL), Mesco (ME)(189 

m ASL), Groppo (GR)(253m ASL) and Porciana 

(PR)(391m ASL).  

The Maiella National Park (MNP) has an area of 

74,095 hectares and includes Maiella massif; the Park  

is in the Central Appennines characterized by at least 

thirty peaks over 2,000 metres. Monte Amaro is the 

highest peak, 2,793m ASL, with typical steep and 

compact lands.The harsh  and changeable climate 

makes this  mountainous area, unique and important 

for biological diversity in Europe. In MNP, 3 steep sites 

(2 plots/site) were selected: an old wide vineyard (SM) 

(615m ASL), a high mountain terraced pasture (PC) 

(899m ASL) and a small new vineyard (SZ) (923m 

ASL). 

 

Figure 1. Study areas: a) CTNP - Cinque Terre 

Nationa Park; b) MNP- Maiella National Park. 

Soil assessment comprised 3 elements: chemical 

parameters, soil biochemical analyses and ecological 

surveys of microarthropods. Soil samples were 

characterized for organic matter (OM) content and 

carbonate by LOI (Loss On Ignition) and for 

biochemical properties (16 enzyme activities) which 

were quantified by fluorometric assay in microplates 

using a desorption-based procedure (Bardelli et al., 

2017). Soil microbial biomass was estimated using 

double-strand DNA (dsDNA) content in soil (Fornasier 

et al., 2014).  

Table 1. Description of study areas  

 CTNP MNP 

Region Liguria Abruzzo 

Climate1 Csa Cfc 

Geology 

Cretaceous – 
Oligocene 
flysch 
deposits 

Pleistocene marine 
and continental 
deposits 

land use 
Conventional 
vineyards 

Meadows/biodynamic 
vineyards 

vine 
cultivar 

Albarola, 
Bosco, 
Vermentino 

Nero Antico, 
Vedovella, mixed 
(Chardonnay, 
Viogner, Pecorino) 

vine row Linear Linear/ “a trespolo” 

soil cover no natural grass cover 

slope high 
Low (wide terraced 
area) 

1Koppen’s classification: Cfc: subpolar oceanic 
climate; Csa: hot-summer Mediterranean climate 

In each site, three soil cores (7cm x 5cm x 10cm/core) 

were dug in an intra-terraced area for animal 
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biodiversity and three soil cores for chemical soil 

parameters and enzymatic activity and microbial 

communities. The extraction of mesofauna was 

performed using Berlese-Tullgren funnels. In 

vineyards, furthermore, leaf epigeic acarofauna was 

evaluated. All soil microarthropods collected were 

counted and identified in OTU (order level) at the 

stereomicroscope. The abundance and biodiversity 

were evaluated by the main ecological indexes 

(Richness, Shannon-Wiener, Simpson). Biological 

Soil Quality was calculated by QBSar index (Parisi et 

al., 2005): its concept is that high soil quality is 

associated with the number of microarthropod groups 

adapted to the soil habitat. In vineyards, furthermore, 

epigeic arthropods were evaluated on 50 leaves. The 

phytoseiids, predator mites, collected on leaves were 

identified to specific level. 

Statistical analysis was performed separately for each 

area. Chemical soil parameters and data on 

enzymatic activity were analysed, after the 

ransformation of data, to meet homoscedasticity 

(Yamamura, 1999), by a multivariate approach (GLM 

analysis) to evidence soil functionality differences in 

the two terraced areas. Then,  an analysis of similarity 

percentages (SIMPER), by Bray Curtis similarity 

index, was performed to determine the relative weight 

of each variable and its contribution to the whole 

variability. Concerning microarthropods, the 

biodiversity indices of  Shannon-Wiener (H’) and 

Simpson (1-D) were calculated and compared in 

different sites for each area by random permutations’ 

tests. The differences of epigeic mites’ densities were 

evaluated considering the effect of site and vine 

cultivar by Two-Way Anova, All the statistical 

procedures were performed by Past v. 4.03 software 

(Hammer et al., 2001). 

Theoretical framework and operational concepts 

Similar habitats in different regions may have different 

organisms’ communities due to their different 

agronomic heritage.  The biodiversity is correlated to 

ecosystem services: complexity in organisms 

communities result in high environmental resilience 

which is essential to protect and maintain the terraced 

agro-ecosystems. 

Results 

Chemical and bio-chemical analyses evidenced 

strong characterizations that could be ascribed to both 

geopedological origin and agronomic history of 

different locations in both National Parks. 

Soils of the CTNP exhibited a high content of OM at 

all sites, being in the range 53,6-72,2 g OM kg-1 soil, 

except for Corniolo, where it was as much as 108 g 

kg-1. At the same time microbial biomass was very 

high, being in the range 60-123 g dsDNA g-1 soil. 

Interestingly, Fossola was the site having the highest 

content of dsDNA when expressed on organic matter 

content basis. Enzyme activities displayed high 

values, indicating that intensity of corresponding 

biogeochemical cycles of C, N, P, S where very high 

too. Dissimilarity analysis revealed that enzymes 

linked to P cycle contributed for about 50% to the 

distances, indicating the crucial role of this element in 

soil of CTNP area. In MNP sites, OM was 57 g OM kg-

1 soil in biodynamic old vineyard (Serra Monacesca), 

but was more than 120 g OM kg-1 in the other two 

sites. At the same time absolute content of microbial 

biomass was higher than in CTNP sites. When dsDNA 

was expressed as percentage of OM, the largest 

value was found in Serra Monacesca, the only site 

having a good content of carbonates, although alkP 

contributed much more to dissimilarity then in CTNP 

sites, the other P-cycle related enzymes contributed 

much less. Instead, dsDNA content and butir were the 

other two main contributors to dissimilarity. This 

indicates that most probably the contribution of 

microbial community to P cycle was higher in Majella 

sites than in CTPN ones. In general, microbial 

biomass showed a good correlation to OM content, 

but the intensity of biogeochemical processes was 

different according to different managements. 

Considering edaphic arthropods, the maximum values 

were registered in Maiella sites Autumn 2021) and  

Manarola vineyard (Spring 2021) (Figure 2, Table 2).  

 

 

Figure 2. Box plot showing the total abundance (N) of 

the edaphic arthropods shared by all samples on the 

X-axis. On the whole, the most representative were 

Arachnida and Entognatha of soil-living arthropods. In 

CTNP vineyards, the arthropod community was 

composed by 86% Acari; 8% Collembola; 2% 

Formicidae and Hemiptera, 1% Protura and 

Coleoptera larvae and other arthropods. In all MNP 

vineyards, the arthropod community was very 

complex: 66% Acari; 30% Collembola; 1% 

Formicidae, Symphyla, Diptera larvae and 13 other 

OTUs groups. Eu-edaphic arthropods as 

Pseudoscorpionida and Symphyla, usually rare in soil, 

were particularly abundant I Serra Monacesca. In 

Spring 2021, in CTNP, the soil fauna biodiversity was 

quite high despite the conventional agronomic 

management, absence of cover crop and treatments 

with herbicides for weed control. In Fossola vineyard, 

the Shannon-Weiner (H’) and Simpson (1-D) Indices 

were lower, in each season; in MNP, the pasture soils 

(PC) showed the highest biodiversity (Table 2).  
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Table 2. Biodiversity indices of soil microarthropods in 

three different situations. 

Nov_20 site n.OTU H’ 1-D 

CTNP FS 6 0.36a 0.16a 

GR 6 0.67b 0.28b 

PR 3 0.89bc 0.52bc 

CR 9 0.84bd 0.40bd 

MN 9 0.57be 0.25be 

June_21 
    

CTNP FS 13 0.53a 0.23a 

 GR 8 0.41b 0.15b 

 PR 10 0.88c 0.39c 

 CR 14 0.64d 0.24a 

 MN 11 0.37bd 0.16bd 

 ME 14 0.88cf 0.39ce 

Nov_21 
    

MNP SM 19 0.82a 0.36a 

 PC 18 0.88b 0.48b 

 SZ 16 0.81a 0.44c 

Different letters showed statistically 
significant differences between 
variables (sites) (p<0.05). 

The QBSar value 93.7 can be considered a threshold 

separating high quality soils from poor soils (Menta et 

al.. 2018). In CTNP, in Autumn, sampled soils showed 

low biological quality excluding Corniolo (Figure 3). 

The higher vineyards, Groppo and Porciana, showed 

a severe loss of soil biological quality in 10 years 

(Gagnarli et al.., 2017). The decrease in taxonomic 

diversity and species abundance of the edaphic 

arthropods, registered after a dry summer, can be 

affected by low species’ tolerance to environmental 

and climatic conditions. Several  groups  of soil fauna 

(i.e. oribatid mites) sensibly respond to warming 

temperature and moisture by deepening in the soil. 

Climate changes affect the quality of plant litter stratus 

and soil microarthropod taxa, with cascading effects 

on decomposition rate (Neher and Barbecheck, 

2019). The risks of soil degradation can be mitigated 

through adoption of land use and management 

systems which improve soil biological processes. 

 

Figure 3. Biological Soil Quality QBSar index  

In MNP, also in the new vineyard (SZ), the soil quality 

was elevated, similarly to well-preserved natural land 

(Figure 3). The high biodiversity registered in both 

vineyards is due to the soil biodynamic management 

including maintaining of natural grass cover and no 

tillage, favoring both the pattern of enzymatic activities 

and conservation soil structure.  

 

 
Figure 4. Predator mite densities on vine leaf in 

different steep vineyards and cutivar. 

On vine leaves, predatory mites were used as 

bioindicators. The phytoseiids were the most 

abundant predators. Kampimodromus aberrans was 

the dominant species. In CTMP, the collected  species 

were K. aberrans, Typhlodromus pyri, T. exhilaratus, 

Phytoseius finitimus, Euseius stipulatus. In MNP, the 

collected phytoseiids were E. finlandicus, T. pyri, K. 

aberrans, T. criptus. In CTNP, the site (F5,517=51.98; 

p<0.001) and the cultivar (F3,521=18.12, p<0.001) 

affected phytoseiids densities on vineyard leaves: 

phytoseiid densities were higher in Groppo vineyards, 

on Albarola cultivar (Figure 4). On the contrary, the 

mite phytophagous groups, such as the Tetranychids 

and Eriophyids, were sporadic or absent; some 

phytophagous insects (i.e. aphids) were recorded in 

Manarola and Fossola and grape scale in Porciana. 

The distribution of tydeid mites is wide in the autumn 

period with values, in Manarola and Groppo, 

exceeding one specimen/leaf. Tydeiids, mites with 

less specialized feeding habits, represented about 6% 

in CTNP but they were the most abundant group in 

MNP (66% of acarofauna) especially in Vedovella 

cultivar. To adopt a sustainable agriculture model, 

based on the maintenance of natural fertility and 

reduction of chemical products, an integrated 

approach of physical, chemical, biological and human 

interactions is needed and focused on punctual 

strategy to preserve ecosystem services in terraced 

landscape. 

To preserve ecosystem services in terraced 

landscape, an integrated approach of physical, 

chemical, biological and human interactions may fullfill 

and promote a sustainable agriculture model. 

Conclusions 

Simplified ecosystems cause the loss of genetic and 

functional biodiversity and of structural landscape. 

Sustainable land use could be assessed by a holistic 

approach that integrates data on physical, chemical 

and biological characteristics of the soil and 
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management. Such approach should take into 

account the complexity of ecological interactions and 

the importance of ecosystemic processes. 
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Abstract. On the perspective of applying more sustainable strategies in the Douro Demarcated Region (DDR), 

one of the oldest and biggest steep slope viticulture regions of the world, in 2014, ADVID implemented a Vineyard 

Observatory (VO). It consists in a network of 25 reference vineyard plots distributed along the three sub-regions 

of DDR (Baixo Corgo, Cima Corgo and Douro Superior), in order to obtain a greater representation according to 

their climatic differences, namely temperature and precipitation, altitude, exposure and some of the most 

representative varieties of the region such as cv. Touriga Franca, Touriga Nacional, Tinta Roriz, and Moscatel 

Galego. In these plots, data related with vineyard (vegetation, production and quality parameters of grapes), pest, 

diseases and climate evolution are collected throughout the year in a close collaboration between ADVID team and 

the technicians of ADVID associates. The goal of the VO is to build a strong viticulture database that can be used 

either by researchers to develop and calibrate several models (grapevine phenology and pest and disease 

prevision), as by service providers in order to calibrate several available tools. The final goal is that DDR growers 

use the information produced in decision support management tools, for more precise application of inputs and 

tasks, contributing for a higher sustainability of their vineyards. From the collected data throughout these last eight 

years (2014-2021), a grapevine phenological model is being developed and serving as a  tool to support the wine 

sector in predicting some phenological events (budburst, flowering and “veraison”), indicating whether the 

vegetative cycle is more delayed or advanced, in relation to the average.  The use of these tools contributes for a 

more precise management of the crop production operations done on the vineyards, as these show us with some 

antecedence the possibility of intervening opportunely. To support this model or others that can be developed, we 

will continue to collect this data with precision in order to ensure a better reliability and coherence of the results 

obtained.

Introduction 

The vineyard observatory (VO) was created by ADVID 

with the main goal of assisting the viticultural sector of 

the Douro Demarcated Region (DDR), on different 

outcomes (e.g. grapevine phenology prediction, 

decision support to phytosanitary treatments). DDR is 

divided into 3 sub-regions: Baixo Corgo, Cima Corgo 

and Douro Superior. The 4 grapevine varieties 

Touriga Francesa, Tinta Roriz, Tinta Barroca and 

Touriga Nacional represent approximately 50% of the 

vineyards in DDR and are studied in the VO. The main 

purpose of this observatory is to aid the winegrowers, 

and the sector in general, on their tasks during each 

year, regarding phenology predictions using Sigmoid 

models, and assess whether the vegetative cycle is 

advanced, delayed or on average. Besides 

phenological predictions, an evaluation of the main 

pests’ flights and its economic threshold level is also 

done, using the number of male catches in sex 

pheromone traps, for grapevine moth Lobesia botrana 

(Dennis and Schiffermüler) (Lepidoptera: Tortricidae) 

and chromotropic traps for green leafhopper 

Empoasca vitis (Göthe) (Homoptera: Cicadellidae). 

For diseases, visual observations are done in the field 

resulting in an economic threshold level calculation, 

and in the laboratory, a more profound evaluation is 

done for the presence of pests and diseases as well 

as the bunches’ characteristics such as dimensions, 

weight and number of berries. A forecast of the year’s 

production potential is estimated in flowering, as well 

as the expression of the vegetative wall as a vigour 

indicator of the vines, and at harvest, the productivity 

of the vineyard plots is also calculated and used to 

compare with the latter years. During the vegetative 

cycle, the leaf water potential is measured to assess 

the water availability for the vines and provide useful 
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data for the winegrowers regarding the necessity or 

not to artificially water the plants. This information is 

collected by ADVID’s associates and ADVID’s 

technical team. 

Methods and sources 

This work was carried out in the Douro Demarcated 

Region between 2014 and 2021, since the 

establishment of a network of reference plots, 

Viticultural Observatory. Despite this network 

started with a set of 21 plots in 2014, the number was 

increased to 25 in order to cover a larger area. The 

plots were strategically selected and located in each 

of the three sub-regions of the DDR, namely 6 in Baixo 

Corgo, 13 in Cima Corgo and 6 in Douro Superior, as 

shown in Figure 1.  

 

Figure 1. Distribution of experimental plots throughout 

the DDR. 

These plots are strategically located where viticultural, 

climatic, biological and soil information is 

systematically collected over several years. Each plot 

is constituted by homogeneous zones of 20 

grapevines of the same variety, which were selected 

taking into account the importance of the plot to each 

company, its maintenance over time (minimum 15 

years), the availability of an automatic weather station 

on the plot or close to it, the availability of human and 

technical resources to support the tasks and its 

representativeness in the sub-region as well as the 

altitude at which it is located.  

During each year, 5 observations were carried out in 

the plots for data collection, according to the main 

phenological stages (flowering, bunch closure, 

veraison, harvest and pruning). Thus, the following 

measurements were carried out: 

- Monitoring of phenology; 

- Weekly monitoring of the flight curve of pests 

(grapevine moth and green leafhopper) by monitoring 

sexual and chromotropic traps, from March (grapevine 

moth) and April (green leafhopper) to the end of 

September; 

- Measurement of the vegetative wall; 

- Pests and diseases economic threshold level 

evaluation; 

- Prediction of production at flowering; 

- Productivity evaluation at harvest; 

- Monitoring the leaf water potential of the grapevines. 

For the measurements of the leaf water potential (Ψf) 

it was used a Schölander pressure chamber, model 

PMS 600. On 6 of the 25 reference vineyards (2 per 

sub-region) 20 leaves were tested for water potential, 

on flowering, bunch closure, veraison, 30 days after 

veraison and harvest; 

- Monitoring the evolution of grape maturation. 

At the end of each observation, the results are 

analysed and regularly disseminated to the 

collaborators of the reference plots through bulletins 

and two technical meetings of the viticultural year. 

Theoretical framework and operational concepts 

In spring, average temperature increases and 

promotes the start of grapevines’ vegetative cycle with 

budburst, occurring on average during March. In May, 

flowering occurs and after this, berries start to grow 

and change colour to red or golden, depending on the 

variety, red or white respectively. Veraison occurs 

when at least 50% of the vineyards’ bunches change 

colour. This phenological stage marks the start of 

maturation which lasts until harvest, with an average 

period of 40 to 50 days. The vegetative cycle ends 

with the fall of the leaves and a new dormancy period 

begins, in line with lower temperatures, lower levels of 

radiation and a smaller photoperiod (Góis, 2015). 

The length of each phenological stage not only 

depends on the variety, but also of the climate 

conditions of each region and year (Mandelli et al., 

2005; Alikadic et al., 2019). The duration of the 

vegetative cycle is directly related with the average 
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temperature, as well as the soil humidity and cultural 

practices (Jones, 2006; Webb et al., 2012).  

As the climate conditions strongly affect the grapevine 

phenology, the prediction of phenological stages is of 

utmost importance for the viticulture and wine sector 

(Lopes et al., 2008). With these models, grapevine 

varieties can be classified as early, intermediate, and 

late according to a phenological stage and 

accumulation of heat units of each variety. Models are 

used to predict budburst, flowering and veraison, with 

the objective of being used as a decision support tool 

such as generalized sigmoid models (GSM) (Reis et 

al., 2020). 

All the metabolic processes are dependent of the 

water availability in the soil, and it is one of the main 

factors that affect productivity and yield (Cunha and 

Richter, 2019). Water deficit has different effects on 

the development of the grapevines according to the 

phenological stage. Before budburst, soil water 

content is important for a good development of the 

flower buds. Cultural practices between budburst and 

flowering have a strong impact on the productivity and 

sustainability of the vineyard in the long run. 

Immediately before and during flowering, high to 

severe water deficit can reduce the number of berries 

per bunch, due to a decreased photosynthesis rate, 

limiting the quantity of carbohydrates available for the 

flowers’ development (Guilpart et al., 2014). 

The hydric status of the grapevines is usually 

determined by the leaf water potential (Ψf), expressed 

in pressure units, which physically represents the 

water energetic state in the plant, which will be the 

more negative the greater the deficit (Hsiao, 1973). 

The water availability also influences the vegetative 

expression of the grapevines. A higher level of soil 

humidity during the leaves and flowers development 

is of great importance for the grapevine growth, 

especially in Mediterranean climate conditions (Hardie 

and Martin, 2000; Paranychianakis et al., 2004). 

Deficit irrigation strategies are particularly crucial on a 

climate change scenario. The high variability of 

precipitation in Mediterranean climate regions, with 

very low records during the vegetative cycle and 

combined with high temperatures, average and 

maximum, high rates of evapotranspiration during 

summer, are normally factors that limit the normal 

metabolic processes of the grapevine, with a strong 

impact on the production potential, particularly in Cima 

Corgo and Douro Superior.  Deficit irrigation strategies 

had positive effects on grapevine physiology, 

vegetative and reproductive development, 

productivity, and quality. These strategies, which 

provide an optimal water availability throughout the 

vegetative cycle, favoured growth and vigour of the 

plants, enabled the maintenance of a higher area of 

photosynthetically active leaves, higher 

photosynthetic rate, higher transpiration rate and a 

higher capacity for the plants to cool down its leaves. 

Water deficit strategies resulted on a higher 

productivity and mitigation of negative impacts of 

particularly dry years with higher water demand 

(Gonçalves, 2021). 

Two pests are the most important in DDR, namely 

Lobesia botrana (Dennis and Schiffermüler) 

(Lepidoptera: Tortricidae) and green leafhopper 

Empoasca vitis (Göthe) (Homoptera: Cicadellidae). 

Lobesia botrana causes important damages to the 

vineyards, due to the activity of the larvae and the rots 

that happen on a latter phase. The impact of green 

leafhopper has been increased due to the damages 

caused by this pest, especially in the Douro Superior 

Sub-region (ADVID, 2007). 

Results 

At the end of each observation carried out and based 

on the data collected in the field and in the laboratory, 

reports are prepared for each plot. Based on the data 

collected over these eight years, 2014-2021, a 

phenological model of the vineyard is being developed 

to serve as a support tool for the wine sector in 

predicting certain phenological events (budburst, 

flowering and veraison), indicating whether the 

vegetative cycle is delayed or more advanced than 

average (Figure 2). 

Figure 2. Budburst, flowering and veraison 

predicitons for Touriga Nacional and Touriga 

Francesa in Baixo Corgo, Cima Corgo and Douro 

Superior. 
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Based on the monitoring of the main pests of the 

region (grapevine moth and green leafhopper), the 

risk is also estimated to assist in decision making 

(Figure 3 and 4). 

 

Figure 3. Flight curve of Lobesia botrana in one of the 

reference vineyards of VO. 

 

Figure 4. Flight curve of green leafhopper in one of 

the reference vineyards of VO. 

Throughout the year, in the observations done on the 

main phenological stages (flowering, bunch closure, 

veraison and maturation) several factors are 

evaluated, namely the productivity of each plot, 

through the counting and weight of bunches per vine 

(Figure 5 and 6). These data are statistically analysed 

using the JMP programme. The results correspond to 

the mean ± standard error of the mean (SEM). 

Differences between treatments were tested with t-

student test with a confidence level of 95% (p - value 

< 0.05). 

 

Figure 5. Number of bunches per grapevine from 

2014-2021. Orange line represents data mean. 

 

 

Figure 6. Productivity (kg/grapevine) from 2014-2021. 

Orange line represents data mean. 

Since 2014, leaf water potential is monitored in some 

of the reference vineyard plots, comparing 

grapevines’ water availability in each year. One of the 

driest years was 2017 in all 4 reference plots (Figure 

7). This monitoring enables farmers to adapt their 

watering strategies and prevent damages by lack of 

water availability. 

However, an excess of soil humidity on latter 

development stages can stimulate the grapevines’ 

vigour, resulting in dense vegetative walls with higher 

risks for diseases such as downy and powdery 

mildew, as well as a declining of productivity. 

 

Figure 7. Curves of leaf water potential in 4 different 

reference vineyards in DDR. 

Conclusions 

This study provides important insights according to 

the grapevine phenology evolution in DDR. The 

results of the GSM reveal a greater predictive capacity 

for flowering and veraison than for budburst. 

This work also allowed us to verify that, along the 

three sub-regions, the same grape varieties have 

different behaviour in the different parameters 

assessed (number of bunches, weight of bunches, 

productivity). 

This work will continue to support the viticultural sector 

of DDR, strengthening the decision support tools and 

provide more reliability to the already existing data. 
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Abstract. The climate scenarios for the upcoming decades point to shifts in the agricultural production 

patterns worldwide, which may impair natural grapevine mechanisms due to the combined effects of 

abiotic stresses. In this study, we applied kaolin (5%) in two commercial vineyards in the Douro and 

Alentejo regions, aiming to understand its effects on the leaf physiological performance, pigments 

content, and fruit hormonal levels in the variety Touriga-Franca, throughout the summer season of 2017 

and 2018. The calculation of several bioclimatic indexes, namely Huglin index, cool night and dryness 

index, indicated that 2017 was the warmest year of study. Overall, treated grapevines showed higher 

water use efficiency and net photosynthesis, particularly in 2017, suggesting that climate plays a 

primary role in triggering grapevine summer stress responses and kaolin efficiency. Treated grapevines 

showed lower leaf temperature and an opposite response regarding chlorophyll accumulation 

throughout the 2017 summer season. While treated grapevines from ‘Alentejo’ showed higher 

chlorophyll content compared to untreated vines, kaolin application in the Douro region promoted 

features of high light acclimated plants, such as higher Chla/Chlb and lower Chl/Car ratios. Nevertheless, 

the accumulation of carotenoids, particularly the xanthophyll cycle pool pigments, increased in kaolin 

treated plants, whereas the non-photochemical quenching (NPQ) decreased, revealing the multiple 

functions of carotenoids in the photoprotection mechanisms. Our results suggest that kaolin application 

boosted a defensive response to increased summer stress, improved anthocyanins levels, and 

modulated the levels of abscisic and salicylic acids throughout ripening. Despite the climate 

dependence and all the possible sources of variability under field conditions, kaolin application improved 

grapevines’ ability to deal with prolonged periods of summer stress, optimising their ability to control 

light absorption and use efficiency.

Introduction 

Viticulture sustainability is expected to be seriously 

challenged by climate change in the coming years due 

to the predicted increase of extreme weather events 

(e.g., heat waves and prolonged drought), along with 

the incidence of high luminosity, high temperatures 

and water scarcity during the summer season 

(Bernardo et al., 2018; Santos et al., 2020). These 

impacts can impair the photosynthetic productivity, 

hormonal regulation and cell homeostasis of vines, 

thus hampering growth, crop yield and berry quality 

potential (Moutinho‐Pereira et al., 2004; Jones et al., 

2005; Ollat et al., 2016). Light acclimation under field 

conditions demands a flexible photoprotective 

response that involves the activation of the 

xanthophyll cycle through the de-epoxidation of 

violaxanthin (Vx) to zeaxanthin (Zx), which can 

influence the activation of non-photochemical 

quenching to dissipate excessive energy (Demmig et 

al., 1987). 

Grape ripening onset is also coordinated by 

environmental cues and plant growth regulators, such 

as salicylic acid (SA) and abscisic acid (ABA), known 

by their potential role on plant growth and defence 

signalling (Kuhn et al., 2019; Pérez-Llorca et al., 

2019). Several studies have reported a synchronised 

ABA accumulation and activation of complex 

hormonal signalling under stressful conditions at 

veraison, influencing anthocyanin content, berry size, 

colour development, sugar levels, and ripening timing 
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(Niculcea et al., 2013; Parada et al., 2017). Though 

grapevines present various defence mechanisms to 

sustain growth and development, the implementation 

of adaptation strategies seems vital to improving 

vines’ acclimation under a changing climate (Bernardo 

et al., 2018; Hasanuzzaman et al., 2020). Within those 

strategies, the foliar application of kaolin 

(Al2Si2O5(OH)4), a white clay mineral, is a well-known 

short-term strategy applied in many fruit crops that 

increases the reflection of ultraviolet, 

photosynthetically active (PAR) and infrared radiation 

(Glenn and Puterka, 2010). Kaolin-based particle film 

application has already shown beneficial effects on 

leaf cooling, gas exchange and water use efficiency, 

boosting the primary metabolome of leaves, the 

phenylpropanoid and flavonoid pathways in berries 

(Conde et al., 2016, 2018; Dinis et al., 2016) and the 

acidity of some white varieties (Dinis et al., 2020). 

Besides, most of the research regarding kaolin 

application reports general positive effects on 

photosynthetic pigments accumulation, improving the 

photochemical and excess energy dissipation 

processes, and thus acclimating to harsh 

environmental conditions (Dinis et al., 2015, 2017; 

Frioni et al., 2020). However, the underlying energy 

absorption and dissipation mechanisms associated 

with kaolin photoprotective function in adult 

grapevines remain poorly explored, as well as its 

putative benefit for berry growth and quality potential 

considering the weather variability over the growing 

season at a local and regional level. In this sense, the 

present study aims to evaluate kaolin efficiency 

throughout the summer season of consecutive years 

(2017 and 2018) on several leaf and berry quality 

traits, namely leaf temperature, gas exchange, 

chlorophyll fluorescence, xanthophyll cycle dynamics, 

berry hormonal content and anthocyanins 

concentration in two commercial vineyards located in 

distinct Portuguese winegrowing regions (Douro and 

Alentejo), both known by their fitness for wine 

production and quality excellence.  

Methods and sources 

Site and plant material: The experiments were carried 

out under field conditions during the 2017 and 2018 

growing seasons in two different winegrowing regions: 

i) Douro Demarcated Region (“Quinta do Orgal” 

commercial vineyard: 41º 04’ N, 7º 04’ W, 169 m), in 

Northeast Portugal, hereafter referred to as ‘Douro’, 

and ii) Alentejo Demarcated Region (“Herdade do 

Esporão”, 38º 23’ N, 7º 33’ W, 220 m), in the southeast 

part of the country, hereafter referred to as ‘Alentejo’. 

These regions have a warm-temperate climate with 

hot, dry summers (Kottek et al., 2006), with most 

rainfall occurring mainly during the winter months. An 

automatic weather station was set up on each site to 

record standard meteorological variables. According 

to the world reference base for soil resources (FAO, 

2015), the soil mapping of both regions is classified as 

luvisols, characterised by a uniform clay-enriched 

subsoil. The ‘Douro’ site has a steep slope (30 º N) 

and E-W orientation, is composed of 6-year‐old vines 

(Touriga-Franca cv. – TF) grafted onto 110R rootstock 

and trained to a unilateral cordon. The ‘Alentejo’ 

vineyard displays a slight slope (5 º N) and N-S 

orientation, is composed of 8-year-old TF vines 

grafted onto 1103P rootstock and trained to a bilateral 

cordon. At the vineyard site, soil composition is 

derived from granodiorite, with a very similar texture 

that varies between sandy loam and sandy loam-clay, 

well-drained, and with some water holding capacity 

without limitation due to the appearance of the original 

rock up to 1.50 m deep. Vineyard management 

reflected local commercial organic production 

practices, with deficit irrigation (30% of the reference 

crop evapotranspi-ration). In both vineyards, spacing 

is 2.20 x 1.0 m between vines. The experimental set-

up was adapted to the commercial vineyards existing 

features to ensure similar edaphoclimatic conditions 

and solar exposure among treatments. At ‘Douro’, The 

experimental set-up comprised 120 vines per variety, 

distributed across six rows with 20 vines each. At 

‘Alentejo’, in each extended row, 120 TF vines were 

selected, considering half row as the control group, 

and the other half as the treated group. Within each 

group, vines were also distributed in three blocks with 

20 plants each. 

Treatments and monitoring: Two treatments were 

then established: an experimental control (without 

kaolin application), and a kaolin treated group. Kaolin 

suspension (Surround® WP, Engelhard Corporation, 

Iselin, New Jersey) was prepared in an aqueous 

solution following the manufacturer’s recommended 

dosage of 5 % (w/v), supplemented with 0.1 % (v/v) 

Tween 20 to improve adherence, and applied on the 

whole canopy with a machine operated air blast 

sprayer at a rate of 300 L/ha. In 2017 and 2018, kaolin 

was applied in the ‘Douro’ experiment on the windless 

mornings of DOY 177 (Day-Of-Year) and DOY 205, 

respectively, and in ‘Alentejo’ trial on DOY 198 in both 

growing seasons. A plastic film carefully protected the 

adjacent control plants during the kaolin application. 

The field measurements and sampling were also 

undertaken during two developmental stages: i) at 

veraison, corresponding to DOY 199 and DOY 212 in 

the ‘Douro’ and DOY 208 and DOY 209 in ‘Alentejo’ in 

2017 and 2018 respectively, and ii) at ripening, 

corresponding to DOY 234 and DOY 254 in ‘Douro’ 

and DOY 237 and DOY 243 in ‘Alentejo’ in 2017 and 

2018 respectively. For all the physiological and 

biochemical measurements, six healthy and mature 

leaves in a similar position were collected per 

treatment at the midday period. Leaf samples were 

immediately frozen in liquid nitrogen, delivered to the 

University of Trá-os-Montes and Alto Douro plant 

physiology laboratory, and stored at -80ºC until 

analysis. Regarding fruits, 300 berries were collected 

within each vineyard, treatment, and developmental 

stage. Berries were frozen in liquid nitrogen and then 

divided into three groups of 100 berries each, 

lyophilised (SCANVAC 55-4 Pro, LaboGene, 
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Denmark) for 120 h, ground to a fine powder, and 

stored at room temperature. 

Weather conditions and characterisation of the study 

areas: The daily mean air temperature from April 

(DOY 91) to October (DOY 304) in 2017 and 2018 in 

the Douro trial was 22.6 °C and 21.3 °C respectively, 

with total precipitation of 92.2 mm in 2017 and 256.2 

mm in 2018 (Figure 1). In ‘Alentejo’, the daily mean air 

temperature registered for the equivalent period in 

2017 was 22.5 °C, with a total precipitation of 47.0 

mm, while in 2018, the mean air temperature recorded 

from April to October was 21.0 ºC with 228.8 mm of 

total rainfall (Figure 2). 
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Figure 1. Daily mean air temperature (°C) and 

precipitation (mm) of 2017 and 2018 growing seasons 

in the Douro vineyard. Vertical filled bars represent the 

heatwave events occurred during the experiment (red 

bars – 2017; yellow bar – 2018). 
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Figure 2. Daily mean air temperature (°C) and 

precipitation (mm) of 2017 and 2018 growing seasons 

in the Alentejo vineyard. Vertical filled bars represent 

the heatwave events occurred during the experiment 

(red bars – 2017; yellow bar – 2018). 

Based on the Multicriteria Climatic Classification 

System (MCC System), three bioclimatic indices were 

chosen (Tonietto and Carbonneau, 2004): (i) the 

Huglin Heliothermal Index (HI), which includes mean 

and maximum temperatures and a day-length factor 

for a proxy for radiation; (ii) the Cool Night Index (CI), 

a strictly thermal index, which accounts for mean 

minimum temperature during maturation (September 

in the northern hemisphere); (iii) and the Dryness 

Index (DI), consisting of an adaptation of the potential 

soil water balance. Regarding thermal conditions, the 

HI indicated a very warm viticultural climate structure 

during the experiments (Table 1), excepting the 2018 

growing season in Alentejo, which was classified as 

warm. Complementary to HI and thermal regime, the 

CI indicated that night temperature conditions in both 

regions mainly were considered as temperate. 

Related to the potential soil water availability level, the 

DI mainly was rated as very dry in both regions under 

study. 

Table 1. Huglin Heliothermal Index (HI), Cool Night 

Index (CI, °C), and Dryness index (DI, mm) for 2017 

and 2018 growing seasons in the Douro and Alentejo 

sites, according to Tonietto and Carbonneau, 2004. 

Leaf temperature: In 2017 and 2018 growing seasons, 

leaf temperature was measured with an infrared 

thermometer (Infratrace KM800S, Welwyn Garden 

City, Hertfordshire, UK) with a 15° field view at 

veraison and ripening, during the midday period. 

Measurements were performed on 10 sun-exposed 

and fully expanded leaves at the middle of the shoots.  

Leaf gas exchange: Leaf gas exchange was 

evaluated using a portable infrared gas analyser 

(LCpro+, ADC, Hoddesdon, UK), operated in the open 

mode. The measurements were performed on 

cloudless days under natural light conditions at 

midday (14:00 GTM +1). Net photosynthetic rate (PN, 

μmol m-2 s-1), stomatal conductance (gs, mmol m-2 s-

1), transpiration rate (E, mmol m-2 s-1), and the ratio of 

intercellular to atmospheric CO2 concentration (Ci/Ca) 

were estimated according to von Caemmerer and 

Farquhar (1981). The intrinsic water use efficiency 

(iWUE) was calculated as the ratio of PN/gs to 

eliminate the possible effects of air humidity and 

temperature on transpiration (Iacono et al., 1998). 

Chlorophyll and carotenoid extraction and 

quantification: Photosynthetic pigments were 

extracted as described in Rodrigo et al. (2003). Briefly, 

0.175 g of fresh frozen ground leaves were extracted 

with a solution containing MeOH and Tris-HCl (50 mM, 

pH 7.5 containing NaCl 1 M) for 30 min. Chloroform 

  

Year 

Bioclimatic indexes 

Site HI CI DI 

Douro 2017 Very 

warm 

3283 

Temperate 

nights 

14.2 

Very  

Dry  

-147.1 

2018 Very 

warm 

3022 

Temperate 

nights 

16.5 

Moderately 

dry 

-47.0 

Alentejo 2017 Very 

warm 

3148 

Cool 

nights 

13.5 

Very 

Dry 

-207.6 

2018 Warm 

2887 

Temperate 

16.4  

Very Dry 

-119.5 

Douro 

Alentejo 
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was then added to the mixture vortex during 30 s and 

centrifuged at 3500 g at 4 °C. The aqueous phase was 

re-extracted with chloroform until it was colourless. 

The combined chloroform extracts were dried on a 

rotary evaporator at 35 °C and re-dissolved with 

acetone:petroleum ether:diethyl ether (0.7:9:1, v/v/v). 

An aliquot was used for determination of the 

chlorophyll (a+b) content by measuring the 

absorbance at 644 and 662 nm and calculated as 

described by Smith and Benitez (1955). After 

chlorophyll measurements, the ethereal pigment 

solution was dried and saponified using a 10 % 

methanolic KOH solution. The carotenoids were 

subsequently re-extracted with diethyl ether until the 

hypophase was colourless. An aliquot of the ether 

extract was used for quantification of total carotenoid 

content, and this was calculated by measuring the 

absorbance of the saponified extract at 450 nm 

(Davies, 1976). The samples were dried under an N2 

stream and kept at -20°C until analysis. 

Determinations were carried out at least in triplicates, 

and all procedures were performed on ice under dim 

light to prevent photodegradation, isomerisations and 

structural changes of carotenoids. The carotenoid 

composition of each sample was analysed by HPLC 

with a Waters liquid chromatography system equipped 

with a 600E pump and a 2998 photodiode array 

detector, and Empower software (Waters, Barcelona, 

Spain). Carotenoids were identified by their retention 

time, absorption and fine spectra (Britton et al., 1998; 

Rodrigo et al., 2003, 2004). The xanthophylls peaks 

were integrated at their individual maxima 

wavelength, and their contents were calculated using 

calibration curves of zeaxanthin, anteraxanthin, and 

violaxanthin. Results are given as μg g-1 fresh weight 

(FW). The de-epoxidation state (DPS) of the 

xanthophyll cycle was calculated as DPS = (Zx + 

0.5Ax)/(Vx + Zx + Ax), where Vx, Ax, and Zx are 

violaxanthin, antheraxanthin and zeaxanthin, 

respectively. Chlorophyll and carotenoid data regards 

to the 2017 growing season, due to logistical issues. 

Non-photochemical quenching (NPQ): This parameter 

estimates the rate constant for heat loss from 

photosystem II (PSII) and was derived from the 

chlorophyll a fluorescence emission measured with a 

Pulse Amplitude Modulation Fluoremter (mini-PAM, 

Photosynthesis Yield Analyser, Walz, Effeltrich, 

Germany) at midday in six fully expanded leaves by 

two-step readings. According to Bilger and Schreiber 

1986, heat loss was calculated as NPQ = (Fm – 

Fm’)/Fm’, where Fm is the maximal fluorescence in 

the dark-adapted state, and Fm’ corresponds to the 

maximal fluorescence in the light-adapted state. 

Berry phytohormones: ABA and SA content were 

determined by high-performance liquid 

chromatography coupled to a triple quadrupole mass 

spectrometer (Micromass, Manchester, UK) 

(Durgbanshi et al., 2005). Briefly, 100 mg lyophilised 

fruit samples were extracted in 2.0 mL distilled water 

using a mill ball apparatus (MillMix20; Domel, 

Železniki, Slovenia). Extracts were partitioned twice 

with diethyl ether, and the supernatants were 

evaporated under vacuum in a centrifuge concentrator 

(Speed Vac; Jouan, Saint Herblain, France) at room 

temperature. The dry residue was then resuspended 

in water:methanol (9:1), filtered and injected into an 

ultra-performance liquid chromatography system 

(Waters Acquity SDS;Waters Corp., Milford, MA, 

USA). [2H6]-ABA and [13C6]-SA were used as internal 

standards. The results were processed using the 

Masslynx v4.1 software, and the phytohormone 

contents were determined by the interpolation of the 

response obtained from the phytohormone and 

internal standard areas by a calibration curve 

prepared with commercial standards. 

Anthocyanins determination: Analysis of total 

monomeric anthocyanins was performed using a pH 

differential method (Lee et al., 2005). The total 

anthocyanin content is expressed as equivalents of 

malvidin-3-O-glucoside, based on its molar extinction 

coefficient (28 000 L cm−1 mol−1). 

Statistical analyses: Leaf and berry data were 

performed using Sigma-Plot 14.0 (SPSS Inc., San 

Jose, CA, USA). After testing for analysis of variance 

(ANOVA) assumptions, statistical differences among 

treatments and developmental stages within each 

growing season were evaluated by two-way factorial 

ANOVA, followed by the post hoc Tukey test. Different 

lowercase letters represent significant differences (P 

< 0.05) between treatments (control vs. kaolin) within 

each developmental stage, vineyard site and growing 

season. The asterisks represent significant 

differences (*P < 0.05) between developmental 

stages (veraison vs ripening) within each treatment, 

growing season, and vineyard site. The absence of 

letters and asterisks indicate no significant difference. 

Results 

Kaolin effects on leaf temperature are shown in Table 

2. Though there wasn’t a consistent effect throughout 

the experiment in both sites, leaf temperature of 

kaolin-treated vines at veraison decreased about 5% 

in 2017, in the Douro site, and approximately 9% at 

Alentejo in the following season. Despite 2017 have 

being generally warmer and drier than 2018, the 

weather characterisation of each region, particularly 

the cool night index, shows more temperate nights at 

Alentejo in 2018 compared to 2017,  which might 

explain the differences in kaolin efficiency between 

regions. Nevertheless, several studies have reported 

a leaf cooling effect by particle films application in 

grapevines and other crops upon critical 

environmental conditions. 
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Table 2. Leaf temperature (°C) of control and kaolin-

treated Touriga-Franca grapevines at veraison and 

ripening in the Douro and Alentejo experiment. Data 

are mean of ten replicates. Different lowercase letters 

represent significant differences between treatments 

and varieties within each site, stage, and growing 

season. * indicate significant differences (P<0.05) 

between developmental stages within each sampling 

group and growing season. 

 

In agreement with previous studies in Mediterranean 

crops (Brito et al., 2019; Glenn 2012), particle film 

effectiveness in improving plant physiological 

performance was greater under adverse and enduring 

environmental conditions, as shown by the relative 

increase of PN and iWUE in 2017 (Figure 3A  and 3B), 

the warmest and driest year of study in both locations. 

Moreover, the relative decrease of gas exchange 

parameters in kaolin-treated leaves at Alentejo in 

2018, particularly at veraison, also highlights the 

importance of weather conditions in shaping kaolin 

effectiveness and grapevine summer stress 

responses in Mediterranean-type climate regions. 
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Figure 3. Average change (%) of leaf gas exchange 

parameters (net CO2 assimilation rate – PN; stomatal 

conductance – gs; transpiration rate – E; intrinsic 

water use efficiency – iWUE) in kaolin-treated leaves 

relative to control vines at veraison (A) and ripening 

(B). 

Chlorophyll content (Chl a and Chl b) in 2017 

increased in kaolin-treated vines throughout the 

experiment (Table 3), except for the ripening period in 

the Douro site, underlining the use of particle films on 

preventing chlorophyll degradation (Bernardo et al., 

2022). From veraison to ripening, chlorophyll content 

decreased in treated vine from ‘Douro’, suggesting a 

long-term response to summer stress, while the 

higher ratio of Chla/Chlb and a lower ratio of Chl/Car, 

which are indicators of high light acclimation (Walters 

2005), suggests that kaolin treatment improved the 

ability of vines to withstand adverse summer stress 

conditions. 

Table 3. Leaf chlorophylls (Chla, Chlb, µg g-1 FW) and 

related ratios (Chla/Chlb, Chl/Car) of control and 

kaolin-treated vines in the Douro and Alentejo 

experiment during 2017. Data are mean of three 

replicates. Lowercase letters represent significant 

differences between treatments and varieties within 

each site, stage, and growing season. * indicate 

significant differences (P<0.05) between 

developmental stages within each sampling group 

and growing season. 

 

It is known that xanthophylls play an essential role in 

light stress responses, depending on the 

interconversion of Vx and Zx under high and non-

limiting light conditions. Under high light, Vx is de-

epoxidised to Zx to relieve excitation pressure on PSII 

through thermal dissipation processes (NPQ). In 

accordance with the findings of Frioni et al. (2020), 

kaolin-treated leaves showed 28.7% higher Zx 

accumulation than the control ones at veraison in the 

Douro vineyard (Figure 4), indicating an improved 

photosynthetic function of xanthophylls as quenchers 

of excess energy without restraining the 

photosynthetic performance of vines, through a fine-

tuning of the light acclimation responses. At ripening, 

treated vines from ‘Douro’ showed 13.7% lower Vx 

content related to control plants at ripening, along with 

reduced NPQ levels, suggesting increased light 

collection and improved tolerance to prolonged high 

light exposure by efficient regulation of the xanthophyll 

cycle (Bernardo et al., 2021). At ‘Alentejo’, xanthophyll 

data were slightly different, with increased Vx and Zx 

levels in kaolin-treated vines, particularly at ripening. 

Since kaolin application improved the levels of the 

epoxidase free zeaxanthin, one would expect an 

  

Stage 

Douro Alentejo 

 Control Kaolin Control Kaolin 

V
e
ra

is
o
n
 

Chl a 897.7 1024.1 1093.4 1120.4 

Chl b 264.6 304.6 325.5 352.2 

Chla/b 3.39 3.37 3.36 3.24 

Chl/Car 4.83 5.18 5.26 5.17 

R
ip

e
n
in

g
 

Chl a 947.9a 733.9b* 734.8* 1004.8 

Chl b 263.1a 201.7b* 233.6* 310.3 

Chla/b 3.49a 3.64b* 3.15* 3.24 

Chl/Car 5.06a 4.44b* 4.52 5.12 

  

Stage 

Douro Alentejo 

 Control Kaolin Control Kaolin 

2
0
1
7
 

Ver. 41.8 a 39.9 b 33.2 31.9 

Rip. 39.4 * 38.7 36.2* 34.7* 

2
0
1
8
 

Ver. 31.2 30.9 35.9 a 32.8 b 

Rip. 36.6 * 35.9 * 39.6 * 37.06 * 
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increase in thermal energy dissipation, which was not 

observed in this study.  
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Figure 4. Midday content of zeaxanthin (Zx) and 

violaxanthin (Vx) of control and kaolin-treated leaves 

throughout the 2017 growing season. Data are mean 

and SD of three replicates. Different lowercase letters 

indicate significant differences (P<0.05) between 

treatments within each developmental stage and 

location. 

Contrariwise, NPQ was lower in treated plants at 

ripening in both sites (Table 4), suggesting a lower 

need to activate thermal dissipation processes and 

that there might be other components influencing 

NPQ processes, such as gs, PN, and pigments 

accumulation (Demmig-Adams et al., 2014).  

Table 4. Midday de-epoxidation state (DPS, %) and 

non-photochemical quenching (NPQ) of control and 

kaolin treated vines throughout the 2017 growing 

season. Data are mean of three replicates. Different 

lowercase letters represent significant differences 

between treatments within each developmental stage 

and location. 

At ‘Douro’, other components of the xanthophyll cycle 

dynamics, namely DPS, also increased in treated 

leaves at both developmental stages. At veraison, Zx 

content was also higher in kaolin-treated leaves, 

which could explain the initial rise of NPQ, suggesting 

a safe down-regulation of PSII efficiency (Bernardo et 

al., 2021). Moreover, this outcome indicates that 

kaolin treatment boosted the plasticity of grapevine 

summer stress responses and energy-cost saving by 

managing xanthophylls accumulation and limiting the 

down-regulation of photochemistry. At ‘Alentejo’, the 

DPS of treated vines was lower than the control, 

contrasting with the results of Frioni et al., (2020) in 

Sangiovese potted grapevines under water shortage 

and with the ones obtained in the ‘Douro’ experiment. 

Managing berry ripening with environmental 

fluctuations under field conditions can be a 

challenging task. Still, particle film technology has 

beneficial effects on fruit quality traits, improving the 

accumulation of several secondary metabolites 

throughout ripening (Conde et al., 2016; Coniberti et 

al., 2013; Dinis et al., 2016). In this study, total 

monomeric anthocyanins content (Table 5) was 

generally higher in the berries from kaolin-treated 

vines at ‘Douro’ as previously reported by Dinis et al. 

(2016) and Luzio et al. (2021). However, at ‘Alentejo’, 

this effect was only observed in the less hot season of 

2018, showing that weather conditions are the 

paramount factor in shaping ripening related 

processes such as the accumulation of secondary 

metabolites. 

Phytohormones play a central role in several 

physiological processes during grapevine 

development and fruit ripening through interactions 

with biotic and abiotic stress factors (Fortes et al., 

2015). Grape ripening onset is usually characterised 

by ABA accumulation. While ABA is considered a 

ripening promoter, SA can delay this process (Khun et 

al., 2013; Pérez-Llorca et al., 2019). At veraison, ABA 

accumulation in the Douro vineyard decreased around 

10 % in treated berries in both growing seasons 

(Figure 5). Meanwhile, SA accumulation in kaolin 

treated berries varied depending on the growing 

season. In 2017, treated berries showed 26.6% lower 

SA content than control at veraison and 28.8% higher 

at ripening. In the following growing season, berries 

from treated vines showed an opposite trend, with 

95% higher SA accumulation at veraison and less 

34.6% SA content at ripening. Because summer 

stress was more prominent in 2017, it seems plausible 

that, under severe conditions, kaolin might have a 

ripening delaying effect due to lower SA and ABA 

accumulation at veraison. 

 

 

 

 

  

 

Douro Alentejo 

 Control Kaolin Control Kaolin 

V
e
ra
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o
n
 

DPS 63.3 a 67.2 b 78.6 a 73.0 b 

NPQ 0.449a 1.96 b 3.53 a 1.68 b 

R
ip

e
n
in

g
 DPS 68.6 a 75.9 b 64.7 a 60.0 b 

NPQ 1.35 1.07 3.24 a 2.36 b 
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Table 5. Total monomeric anthocyanins in the berries 

from kaolin-treated and control vines throughout the 

experiment. Data are mean of six replicates. Different 

lowercase letters indicate significant differences 

(P<0.05) between treatments within each 

developmental stage and site. The absence of letters 

indicates no significant difference between 

treatments.  
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Figure 5. Heatmap representation of the average 

change (%) relative to control berries of ABA and SA 

content in the berries of Touriga-Franca grown at 

‘Douro’ and ‘Alentejo’ throughout the experiment. 

Dark and white colours represent high and low relative 

changes, respectively. The asterisks indicate 

significant differences between treatments within each 

developmental stage. 

During the hot summer season of 2017, 

phytohormonal results of ‘Alentejo’ berries (Figure 5) 

showed that kaolin effects were mainly observed at 

ripening, with 211.2 % and 51.4 % higher SA and ABA 

content, respectively, suggesting an improved stress 

response and hormonal modulation under adverse 

environmental conditions (Parada et al., 2017), such 

as those recorded during the first year of the study 

(low rainfall with several days with maximum 

temperatures above 40°C). Conversely, SA levels 

decreased around 47% in both developmental stages 

in the 2018 growing season. SA signalling and 

crosstalk regulation are associated with thermo- 

tolerance and biotic stress responses during plant 

growth and development (Klessig et al., 2018), which 

were also investigated through controlled SA 

application in several crops exposed to heat and water 

stress conditions (Brito et al., 2019; Orei et al., 2019; 

Wang et al., 2010). Nonetheless, Khan et al. (2015) 

reported that SA application seems beneficial for 

plants even under optimal conditions, highlighting the 

challenge of characterising hormonal responses and 

dynamics in field-grown plants (Abreu and Munné-

Bosch, 2008). 

Conclusions 

The foliar application of kaolin to Touriga-Franca over 

two consecutive growing seasons highlighted its role 

in modulating the extent to which grapevine can 

promote abiotic stress responses and acclimation in 

two commercial vineyards with similar mesoclimates. 

Even when considering the inter-annual variability of 

the environmental conditions in both sites, the foliar 

application of kaolin improved the water use efficiency 

and carbon assimilation rates of grapevines, thus 

preventing water restraint and leading to sustainable 

plant growth and development. Moreover, by fine-

tuning xanthophylls cycle dynamics under 

Mediterranean summer stress conditions, kaolin 

treatment prevented the thermal dissipation of excess 

energy, which may optimise the plasticity of grapevine 

stress responses and energy cost-saving. Despite the 

complexity of studying adult plants in commercial 

vineyards, our results demonstrate that climate 

conditions are the primary trigger for ripening onset, 

along with simultaneous changes in the hormonal 

content and accumulation of secondary metabolites. 

From a climate change perspective, comparative 

studies should be further explored under controlled 

and field conditions to elucidate the advantages of 

particle film application on improving berry quality and 

winemaking performance. 
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Abstract. The use of drones in vineyard areas with a steep slope and difficult access allows obtaining 

information on the vineyard vegetative state at any time of the year in which the climatic conditions are 

favourable, facilitating the differential management. The manual performance in the vineyard of the 

most tasks creates the necessity to reduce the use of inputs to improve its sustainability, reducing costs. 

The objective of this study was to assess the vegetative differences between two white varieties 

(Godello and Blanco Lexitimo) to facilitate the vineyard differential management zones and improve the 

yields. The study was performed in a commercial vineyard with 4.6 hectares and located in the Ribeira 

Sacra Denomination of Origin (Galicia-Spain). During 2018 and 2019 seasons, seven plants per 

vineyard line in two and four terraces, Godello and Blanco Lexítimo, respectively, were set for 

monitoring. The average production per plant and the must physico-chemical characteristics obtained 

at each terrazes have been determined. In 2019, two drone flights with multirotor were made, coinciding 

with the dates of flowering and veraison, using a thermal and multispectral camera. Vegetation index 

(NDVI and NDRE) have been determined to define differential management zones correlated with 

productive parameters measured during the harvest. The results shown the greater production in 

Godello variety for 2019 season (1.73 kg/plant) compared Blanco Lexitimo (0.85 kg/plant). In 2018 

season a slightly higher production was obtained for the Blanco Lexitimo (3.46 kg/plant) compared to 

Godello (2.93 kg/plant). Differences in climate conditions between seasons have conditioned the 

response of these cultivars at the productive level. The use of drone images allows to obtain the spatial 

variability in the field, being therefore a crucial management tool to improve the profitability of mountain 

vineyards.

Introduction 

 Precision Agriculture (PA) as an efficiently technique, 

leads to talk about Precision Viticulture (PV) that 

depends on the adoption of emerging technologies to 

acquire data that allow the assessment of field 

variability to support the PV decision making process 

(Zarco-Tejada et al., 2014).  

Grapevine (Vitis vinifera L.) yield has both spatial and 

temporal variability (Bramley et al., 2004) and several 

field and crop-related factors can influence yield, such 

as the soil, terrain topography and microclimate 

conditions.  
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Therefore, it is important to have information allowing 

specific and proper operations for each identified 

management zone within vineyards.  

Canopy management is critical for improving 

grapevine yield and wine quality by influencing canopy 

size and vigour and reducing phytosanitary problems 

(Vance et al., 2013). As such it is important to estimate 

above-ground biomass, which helps with the 

monitoring of plant status and can potentially provide 

a yield forecast (Bending et al., 2014).                                                                                                                                                                                    

Remote sensing is an effective solution, allowing the 

acquisition of several types of data with various spatial 

and temporal resolutions. Specifically, unmanned 

aerial systems (UAS) are considered to be cost-

effective, able to acquire the needed data at the 

needed time and place, and able to provide greater 

spatial resolution compared with other remote sensing 

platforms, such as satellites and manned aircrafts 

(Pauda et al., 2017).  

Several research studies successfully applied UAS-

based remote sensing in distinct vineyard monitoring 

contexts by coupling different sensors such as 

red/green/blue (RGB), multispectral, thermal, 

hyperspectral sensors to unmanned aerial vehicles 

(UAVs), for the estimation of potential phytosanitary 

problems, water status assessment, leaf area index 

and grapevine biophysical parameters (Matese et al., 

2016). 

For this reason, this study aimed to evaluate vineyard 

vigour maps (NDVI) created using UAV-based 

multispectral in different grapevines phenological 

stages (flowering and veraison). The main goal was to 

study the vigor of the vegetation during the growing 

season up until harvesting. Two approaches were 

used: (i) vineyard production and zonification, and (ii) 

effects of vigor maps on basic parameters of musts. 

Methods and sources 

The experimental trial was conducted during the 

2018-2019 period in a commercial vineyard (Vitis 

vinifera) in Riberas de Miño (DOP Ribeira Sacra). 

Godello and Blanco Lexítimo cultivars, were trained 

as a vertical trellis and vine distance of 1.20 x 2.30 m, 

pruned in simple guyot (Figure 1). 

 

Figure 1. Plot under study. 

Two flights of UAV were made for the 2019 season, 

corresponding with approximate dates to the flowering 

and ripening of the vineyard, on clear days (June 17 

and August 10).  

For flights, a multi-rotor hexacopter platform equipped 

with a multispectral camera was used, the images 

were processed with the geographic information 

system QGIS where a filter has been applied to 

eliminate the interferences of the soil and the NDVI 

index has been calculated. 

The productive parameters have been determined, 

weighing individual production (kg/plant), in the rows 

and varieties under study. Representative samples of 

grapes in each row for cultivar grape varieties were 

collected. The basic parameters of the musts have 

been analyzed on the harvest date (20/09/2018 and 

20/09/2019), based on the methodology described by 

Vilanova et al., (2012). 

Theoretical framework and operational concepts 

The normalized difference vegetation index (NDVI) is 

defined as the ratio of the terms (NIR-Red) and 

(NIR+Red). NDVI was shown to be sensitive to 

changes in vegetation conditions since it is directly 

influenced by the chlorophyll’s absorption of the sun 

radiation (Rouse et al., 1974, ec.1). 

NDVI = 
NIR−Red

NIR+Red
  (ec.1) 

Background  

Technological advances in remote sensing have 

provided non-invasive, time and cost-effective 

techniques that can detect the spatial variability of 

plant water status at a wider range of temporal scales 

compared to any manual method. Over the last 30 

years, spectral reflectance data have been used more 

and more in the studies of vegetation, due to the 

connection between the spectral proprieties and their 

biochemical and biophysical attributes, for example, 

biomass, leaf pigment, canopy, water content… 

(Rodríguez-Pérez et al., 2007). Spectral data are 

commonly used as mathematical combinations of two 

or more spectral bands, which are named as spectral 

index. The rising availability of sensors with the ability 

to provide reflectance information over a spectral 

range, has contributed to increase the interest in using 

vegetation index (VI) based on the visible, red-edge 

and near infrared (NIR) regions of the electromagnetic 

light spectrum. The VIs based on the visible and red-

edge regions have been reported to be able to detect 

crop water status at the canopy level (Rosini et al., 

2013). 

Results 

In 2019 season, it has been possible to analyze the 

vigor maps obtained from the UAV flights on flowering 

and veraison dates. We could observe how the vigor 

of the vineyard varies between both dates, registering 

a greater vigor in global terms on the veraison date.  
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Difference between the cultivars studied can be 

observed in both vigor maps, A greater vigor in the 

Godello cultivar was observed, when it was compared 

to the Blanco Lexítimo. By rows, it could be observed 

a lower vigor in Blanco Lexítimo variety in the first 

rows, as well as a greater vigor in the Godello cultivar 

in the beginning and middle zone of the rows studied 

(Figures 2 and 3). 

 

Figure 2. NDVI vegetation index map at flowering 

date (17/06/2019). 

 

Figure 3. NDVI vegetation index map at veraison date 

(10/08/2019). 

The vigor analysis of the vineyard from maps 

generated with the NDVI vegetation index and the 

production data at harvest in the 2019 season, show 

in a generalized way, areas with the highest NDVI 

values (0.3 – 0.6) and productions slightly higher than 

the average value (2.5 kg/plant). In the production and 

vigor studied for both cultivars, it can be determined 

how the Godello variety shows a range of vigor more 

stable and also a stable production (2 – 3 kg/plant). 

On the other hand, Blanco Lexítimo variety is more 

influenced at the location of the plants, presenting 

areas where the vigor is low and, therefore, low 

productions have been obtained (Figure 4). 

These results were differents in 2018 season, where 

a slightly higher production was obtained for Blanco 

Lexítimo (3.46 kg/plant) compared to Godello (2.93 

kg/plant). It is not necesary analyze vegetation index 

to justify this behavior, which could be influenced by a 

bad health status of the plants or low vigor index, so 

an analysis of vegetation index in future seasons is 

necessary to confirm the behavior in terms of zoning 

and vegetation in both varieties. 

 

 

Figure 4. Production map (2019). 

Table 1 shows the physico-chemical parameters of 

musts analyzed in the two seasons under study (2018 

and 2019). More stable parameters in the Godello 

variety compared to Blanco Lexítimo between 

seasons.  

Although, in more detail, it can be observed in Table 

2, the average values obtained in the top rows (A), 

compared to the lower rows (B) in the 2019 season in 

which the Godello variety, the values of the 

parameters analyzed in both areas, are very similar 

and stable, with a slightly higher Brix content in both 

seasons. Although, in Blanco Lexítimo variety, a 

greater acidity and tartaric acid can be observed in the 

top rows and that they have shown a slightly lower 

vigor. 

Table 1. Basic must parameters in the 2108 and 2019 

seasons. 

BL p

H 

 

Brix 

Total A. Tartaric A. Citric A. IPT 

2018 2.

9 

 

21.5 

7.8 3.9 0.4 7.8 

2019 3.

1 

 

22 

7.2 2.6 0.3 10.9 

Go p

H 

 

Brix 

Total A. Tartaric A. Citric A. IPT 

2018 3.

0 

 

22.5 

4.7 4.0 0.2 8.9 

2019 3.

0 

 

23 

5.9 2.9 0.2 11.8 

Total A. Total Acidity (g/L), Tartaric A. Tartaric Acid 

(g/L), Citric A. Citric Acid (g/L), IPT Index of Total 

Polyphenols, BL: Blanco Lexítimo, Go: Godello. 
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Table 2. Basic must parameters in the 2019 season 

(A: top rows, B: lower rows). 

B

L 

p

H 

 

Bri

x 

Total 

A. 

Tartaric 

A. 

Citric 

A. 

IP

T 

A 2.

9 

 

20.

5 

10.0 3.5 0.3 9.6 

B 3.

1 

 

21.

5 

7.2 2.6 0.3 10.

9 

G

o 

p

H 

 

Bri

x 

Total 

A.  

Tartaric 

A. 

Citric 

A. 

IP

T 

A 3.

0 

 

22 

6.0 2.6 0.2 11.

6 

B 3.

1 

 

22 

5.7 3.0 0.2 12.

5 

Total A. Total Acidity (g/L), Tartaric A. Tartaric Acid 

(g/L), Citric A. Citric Acid (g/L), IPT Index of Total 

Polyphenols, BL: Blanco Lexítimo, Go: Godello. 

Conclusions 

Images from UAVs have already shown to be a cost-

effective and flexible alternative for remote sensing, 

within a Precision Viticulture context. This technology 

presents an improved decision-making process to the 

vinegrower. Although, it should be noted that the 

analysis of vegetation index is a tool that must be 

analyzed in the next seasons, necessary to confirm 

the behavior in terms of zoning and vegetation in both 

varieties. 
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Abstract. The hydric status of vineyards is currently a very important concept that directly affects the 

production and quality of the grapes. The use of thermal images, is the answer to an efficient system 

that allows to control these variables and improve production, obtaining higher quality wines, as well as 

making better use of resources such as water. The present study shows an analysis methodology for 

the water status of 10-hectares vineyard planted with Vitis vinífera cv variety. Albariño, using thermal 

images of high spatial resolution for the 2019 season, with an unmanned aerial vehicle (UAVs), in 

flowering and veraison. In this way, the analysis of the thermography allows us to know the hydric status 

of the vineyard, in order to face the evapotranspiration demand of the vine in its most critical moment, 

between flowering and the veraison of the cluster. The most used method to know the water status of 

the plants is the stem water potential, which is determined by measuring with a pressure chamber at 

sampling points throughout the plot, at solar noon. For this reason, it is interesting to analyse the 

temperature of the vegetation and the Crop Water Stress Index (CWSI) a more effective method of 

determining the vineyard's water status in big areas at a reasonable cost and without damaging plant 

material. Therefore, stem water potential data, have been taken at 16 points spread over a 30x30m 

mesh throughout the plot, to evaluate the response of thermal images obtained with the UAV. According 

to the results obtained, the use of thermal images is a good index of the hydric status of the vegetation 

and a useful tool when planning the irrigation of it in large areas, establishing different irrigation 

strategies depending on the areas of the vineyard that they have a higher demand for water. 

Introduction 

The water status of the vineyard is a very important 

factor for the development of the crop throughout the 

campaign. 

Precision viticulture is a tool that is revealing new 

ways of approaching viticulture, since the information 

and amount of data, help to interpret what is 

happening in a specific area and in a specific moment, 

becoming a source of space-time information (Poirier-

Pocovi et al., 2020). This data, can give useful 

information for the winegrowers.  

The hydric status in the vineyard is actually an 

important aspect that affects the final production and 

quality of the grapes. As well as the optimal water 

management, according to the needs of the plant at 

each moment of the season, allowing the 

establishment of efficient irrigation systems 

(Santesteban et al., 2016).  

In this context, the use of thermal images has an 

important potential to estimate the spatial variability of 

the vineyard in relation to the water status, allowing to 

know the canopy temperature that is directly related to 

the transpiration of the plant and.  

Two critical moments of the water status in the 

vineyard are flowering and ripening. As well as, the 

regulation of the water stress of the plant at this time 

of the campaign has shown a better-quality harvest. 

With the knowledge of this water content, they allow 

to establish efficient irrigation systems that, according 

to the climate factors of the campaign, allow us to 

contribute the water needs of the plant at each 

moment of the campaign that it needs. 
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Several studies have shown that high-resolution 

thermal images acquired by unmanned aerial 

platforms have allowed he detection of water stress 

through the thermal cameras of these UAVs (Berni et 

al., 2009; Zarco tejada et al., 2012; García et al., 

2016). 

The main objective established in this study is to 

assess the acquisition of high-resolution thermal 

images, obtained with an unmanned aerial vehicle 

(UAVs), allows analysing the variability in the water 

status of a vineyard. 

The use of high-resolution thermal images obtained 

through UAVs has been combined with a work scale 

that analyses the evolution of stem water potential, 

which allows establishing relationships between both 

parameters and analysing their influence on 

production and quality (Barbedo, 2019). 

Methods and sources 

Description of the vineyard 

For the present study the vineyard is located in 

Vilagarcía de Arousa (Pontevedra – Spain) at 

42º34’7.47’’ North, 8º45’17.37’’ West, height of 119 m 

above the level of the sea and with an approximate 

extension of 5 ha. This plot is planted with the variety 

‘Albariño’, with an age of 14 years, the plantation 

frame is 2,5 x 3,0 m, vineyard on trellis and pruning 

with the thumb-rod system (Figure 1). 

 

Figure 1. Sector A and B of the plot under study. 

Image processing 

Two flights of UAVs were made for the 2019 

campaign, corresponding with approximate dates to 

the flowering and ripening of the vineyard, on clear 

days (June 25 and August 12). 

For flights, a multi-rotor hexacopter platform was 

used, equipped with a Flir Vue Pro R 640 thermal 

camera, with a 19 mm focal length, correctly 

geotagging each thermal image obtained. 

The images were processed with the geographic 

information system QGIS 3.10 A Coruña, which has 

allowed an IDW interpolation of the thermal images, 

with which temperature maps have been obtained that 

provide information on the vineyard’s water status for 

the two dates analysed, allowing a classification of 

subzones in the vineyard. 

Analysis of data 

In the vineyard under study, a sampling mesh of 

30x30 m was established, with a total of 16 points on 

which stem water potential data have been taken, 

using a Scholander pressure chamber model PMS 

600, measured in healthy leaves, well exposed and at 

noon solar, on June 25 and September 9, to evaluate 

the response of thermal images obtained with the 

UAV. Subsequently, the crop water stress index 

(CWSI – Crop Water Stress Index) was calculated, as 

an indicator of the water status derived from the 

images obtained, calculated using reference surfaces 

of the thermal images, which have allowed the 

detection of the cold pixel and hot in the images. 

Theoretical framework and operational 

concepts 

Crop Water Stress Index (CWSI), is the most 

established index to evaluate the water stress of the 

vineyard, derived from remote sensing images that is 

calculated from thermal infrared data. At the same 

time of the flights, the leaf water potential was 

measured at solar noon in each of the 16 sampling 

points distributed by the vineyard under study and in 

the manner described above. 

Measurements of the water potential were linearly 

related to the CWSI in this study. 

To determine the degree of correlation between the 

canopy temperature in the two images obtained, the 

hot and cold pixels of the orthophotos were 

determined (Table 1). 

Table 1. Hot and cold pixel values of UAVs images 

from June and August 2019. 

 June August 

Cold Pixel 25 º C 33 º C 

Hot Pixel 87 º C 96 º C 

 

The calculation of the Crop Water Stress Index 

(CWSI) was made from the following equation: 

 

CWSI =  
Tc − Twet

Tdry − Twet
 

Tc, is the measure difference between crop canopy 

and air temperature. 

Twet, is the upper limit of canopy minus air 

temperature (non-transpiring crop). 

Tdry, is the lower limit of canopy minus air 

temperature (well-watered crop). 
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Background 

Over the last few years, the interest of remote sensing 

has increased as a set of techniques and tools that 

provide useful information in the shortest time for 

make a decision, proving to be of great help in many 

different fields of agriculture. 

The use of precision agriculture, such as taking 

measures to effectively treat each part of the vineyard, 

is the key to applying what is necessary, where it is 

needed and in a timely manner, so that there is the 

greatest possible efficiency for don’t waste resources, 

improve efficiency and create a more sustainable 

agriculture. 

Recent advances in the improvement of the quality of 

sensors, have meant a significant increase in the 

availability of high-resolution images, which have 

allowed the development of image treatment 

techniques in the continuous monitoring of the water 

status of the vineyard. 

The UAVs data allow to analyse the variations in the 

water status of the vineyard, as well as an advantage 

for the farmer to have technical information during the 

campaign. 

Results 

The mosaic of the images acquired and treated, has 

allowed verifying that there are temperature 

differences throughout the plot, also presenting a 

certain spatial structure related to the differences in 

the water status of the vineyard. 

The comparison of the thermal images obtained 

between the flowering and ripening dates, has shown 

a clear trend of subareas, in which the plant’s water 

status shows a similar behavior reflected in the two 

flights carried out, determining areas with greater 

water stress and, therefore, a higher temperature of 

the vegetable canopy, as well as other areas with 

opposite temperatures between dates that could be 

due to the application of irrigation on the plots. 

In the analyzed thermal image of June 25, we can see 

how the general thermal presents a higher 

temperature than in the image analyzed in the month 

of August. 

It can be seen how the outermost areas of both 

sectors present the same behavior on both dates and 

intermediate zones can be determined in the two 

sectors that stand out from the entire vineyard (Figure 

2, Figure 3). 

 

 

 

Figure 2. Thermal image of June 25, 2019 (expressed 

in temperatures). 

 

Figure 3. Thermal image of August 12, 2019 

(expressed in temperatures). 

With the calculation of the CWSI index and the 

measures of water potential, it has been observed that 

there is a linear correlation between the measured 

data of stem water potential and the water stress index 

of the crop in flowering and veraison (r2 = 0,70, r2 = 

0,51 respectively), which relapses to a later trend in 

lower production harvest, for those plants that have 

presented a higher rate of water stress in the crop 

during the campaign (Figure 4, Figure 5). 

Regarding the quality parameters, it has been 

possible to observe a good balance of classic 

parameters in the grape harvest of those plants that 

have not shown very high-water stress in dates close 

to ripening. 
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Figure 4. Linear relation between water potential and 

CWSI of June 25, 2019. 

 

 

Figure 5. Linear relation between water potential and 

CWSI of August 12, 2019. 

Therefore, in the same way as other studies (Bellvert 

et al., 2012; Ríos, 2014; Ríos, 2016), the water 

potential measured in the vineyard has been related 

to the CWSI index, so that the use of thermal images 

can be considered from UAVs flights as a useful tool 

in the zoning of the vineyard (Candiago et al., 2015; 

Cancela et al., 2019) which allows the grower 

differentiated management within the vineyard. 

Conclusions 

The use of thermal images can be considered a tool 

of great interest to deepen the knowledge of the 

variability in the water state of a vineyard. 

It has also allowed the characterization of the different 

zones of the plot, being able to apply a differential 

treatment according to the water needs of the plant in 

each areas of the plot under study. 
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Abstract. The wine sector is evolving in an increasingly competitive international scenario 

characterized by the emergence of new producing countries with innovative strategies in production 

and trade, allowing them to occupy growing shares in the global wine market. Douro Wine Region, a 

UNESCO World Heritage Centre, with its terraced vineyards set in steep-slopes and labour-intensive 

viticulture, where manual data sampling is insufficient due to high costs, is seeking cost-efficient 

strategies for higher precision field monitoring to obtain representative statistical significance. Several 

approaches of in-field monitoring systems have recently been developed, such as plant-based, proximal 

robot-mounted and remote, drone, airborne and satellite sensors for vineyard applications. In this work, 

we present a project that aims to develop a fully integrated, small, low-cost, standalone smart system 

used for grape maturation monitoring, the i-GRAPE sensor. Conventional grape maturation assessment 

methodologies rely on wet-chemistry analysis of grape composition in the laboratory. These reliable 

methods are hampered by limitations in sample numbers, the distance to field and time gap between 

sample collection and analytical results. Furthermore, they are time-consuming, labour-intensive, and 

generate significant amounts of chemical waste, besides reporting discrete time points, usually at 

weekly intervals. Over the last decade, commercial solutions became available for portable, non-

destructive grape analysis and semi-portable, destructive devices providing in-field measurements. 

Those instruments offer a measure of chlorophyll and polyphenols through reflectance and 

fluorescence spectrometry, however, require human operation for data acquisition and are not stand 

alone. Project i-GRAPE proposes to bring the “lab to the grapevine”, by continuously monitoring grape 

maturation through a novel autonomous optical sensor, allowing for more precise grape maturation 

sampling and better management of quality potential. The project aims at reducing workload and 

providing better representation of grape ripening in highly heterogeneous steep-slope mountain 

vineyards, while minimizing chemical waste («green chemistry»). This project has a long-term view to 

support sustainability for grape growers and provide winemakers with better knowledge on the grapes 

they use to make wine.

Introduction 

In a global scenario of increasing environmental and 

economic pressure, agriculture is facing many 

challenges. There is an urgent need to implement 

sustainable farming practices, based on efficiency, 

substitution, and redesign of current cropping 

practices. 

Grape maturation control is complex and critical to 

producing high-quality grapes (and high-quality 

wines). The conventional grape maturation 

assessment methodologies rely on wet-chemistry 
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analysis of grape composition in the laboratory. 

These methods are very reliable but suffer from the 

limited number of samples that can be realistically 

analyzed, the distance to field and time gap between 

sample collection and results. Furthermore, they are 

time-consuming, labor-intensive, and generate 

significant amounts of chemical waste.  

The study of non-destructive methods and the 

design of new devices for monitoring a large number 

of samples in short time and allowing for a more 

comprehensive overview of ripening is still an 

ongoing research subject (El-Masry et al., 2008 and 

Nicolai et al., 2007).  

Current monitoring tools (benchtop / portable 

instruments) have a cost barrier and need technical 

skills in operation, while not being neither deployable 

nor up-scalable. Data complexity arising from 

spectral measurements requires specific statistical 

analysis and qualified operators.  

A real-time and stand-alone monitoring system of the 

key parameters of maturation is therefore desirable 

to control the maturation process and schedule 

optimal harvesting time (grapes with maximum 

quality potential), with critical impact in the 

winemaking managing system, while lowering wet-

chem analysis costs, reducing the use of chemicals 

for lab analysis, and overcome lack of manpower, 

one of main challenges agriculture systems are 

facing, even more critical in highly heterogeneous 

steep-slope mountain vineyards, where 

mechanization is very hard to implement. At the 

same time, it contributes for reducing carbon 

footprint as samples transportation from vineyard to 

the laboratory will be drastically reduced. Moreover, 

this tool provides an opportunity to better face 

climate change impact in grape and wine quality as 

it will provide information on grape quality 

parameters in a real-time basis allowing for the 

implementation of time-effective viticultural 

managing practices 

Methods and sources 

The experimental work took place at Quinta do Seixo 

(Sogrape, Tabuaço, Portugal) a vineyard set in 

steep-slopes, covering 65 hectares, located in the 

Douro Wine Region, Cima-Corgo sub-region. A total 

of 20 i-GRAPE sensors were instaled in a pilot-

vineyard of 1 ha (Figure 1). Activities began from 

veraison until harvest, during the grape maturation 

period, over three consecutive campaings (2019-

2021). Each sensor was placed inside the grape 

bunch at veraison (Figure 2) and was collected, to be 

reused, at harvest. In addition, a total of 350 grape 

samples (composed by 200 berries each), were 

randomly collected and analysed on a weekly basis, 

from  cv. Touriga Nacional, PRT52206 (TN), from the 

pilot-vineyard, and Touriga Francesa, PRT52205 

(TF), the latter from 18 parcels placed in different 

vineyards across the Douro Wine Region in order to 

be representative at best. 

A set of 30 berries was randomly selected from each 

sample of 200 berries, and analysed optically by the 

i-GRAPE sensor. The entire 200 berries (with the 30 

included) were then analysed using the classic 

protocol based on wet chemistry assays, using 

reference methods. Application of chemometric 

(Machine Learning) models was used to predict the 

parameters of interest (Total Soluble Solids - TSS, 

°Brix; pH and Total Acidity). This multivariate data 

analysis was performed in Matlab® environment, 

version 2019b (The MathWorks, Inc., Natick, MA, 

USA) using both the PLS-Toolbox package 

(Eigenvector Research, Inc. Manson, Washington) 

and in-house functions.  

Different pre-processing techniques were 

considered to remove any irrelevant optical 

information which could negatively affect the 

regression models.  

 

Figure 1. i-GRAPE IoT network installed at the pilot-

vineyard. 

 

 

Figure 2. I-GRAPE sensor installed inside a grape 

bunch – cv. Touriga Nacional.  
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Theoretical framework and operational concepts 

i-Grape aims to be a grape maturation monitoring 

cloud-based service that will provide winegrowers 

with a cost-effective unique way to control the grape 

maturation process using a within-vineyard network 

of Internet of Things (IoT) sensors. The optical 

sensors are installed inside the grape bunch at the 

onset of ripening and collected, for reuse, after the 

grape harvest. The sensor network is coupled with 

advanced Machine Learning models, making i-

Grape a unique tool for real-time grape monitoring 

through proximal sensing. It will provide continuous 

information about grape maturation quality 

parameters through an end-user dashboard with 

autonomous, non-destructive, and chemical-free 

optical acquisition. The i-Grape technology allows in-

field, real-time, sustainable, and low-cost maturation 

monitoring to maximize grape and wine value. 

Results 

In figure 3 are summarized the descriptive statistics 

(for each sampling time) related to the grape 

reference analysis (TSS) carried out on the two 

varieties taken into consideration (TN and TF). 

A 

 

B 

 

Figure 3. Descriptive statistics of the reference 

analysis for TSS obtained from cv. Touriga Nacional 

(A) and Touriga Franca (B) samples at each 

sampling time. 

The mean, median, interquartile range, and the data 

range were represented in the charts. Moreover, the 

potential outliers (observations beyond the data 

range whisker length) were also reported. By default, 

a potential outlier is a value that is more than 1.5 

times the interquartile range away from the bottom or 

top of the box. However, no reference sample was 

considered a true outlier to be discarded from the 

data set. Concerning TF variety (Figure 3B), the 

sampling campaign was performed each time in a 

different vineyard producing, in general, a wider 

standard deviation compared to the results coming 

from TN, performed in the same block – pilot-

vineyard. 

Regression models for the prediction of the 

technological parameters, TSS, starting from the 

optical readouts were implemented, by means of the 

PLS method (Figure 4). The results are very 

encouraging, as given by the R2 and RMSE, it is 

interesting to underline the minimal differences 

between the performance of the models in calibration 

and in cross-validation suggesting a good 

robustness of the models using an internal 

validation. 

 

Figure 4. Analytical performance of PLS model vs 

classical wet-chem analysis. 

A live demo have been perfomed in the 2021 

campaign. In this real field application with stand-

alone sensors, several issues have been identified 

and further experiments must be carried out and 

different operational strategies to obtain reliable 

optical data need to be fine-tuned. Nevertheless, 

preliminary results are very encouraging. For 

example, with 4 sensors, we have been able to 

obtain a value of TSS (Brixº) similar to the average 

value of the wet chem samples collected in the same 

area where sensors were placed in the TN pilot-

vineyard. These sensors collected at the target area 

informed on variability; the harvest decision being 

made based on the average value and confirmed by 

wet chem as a good decision. Last week before 

harvest a higher variability in the results were 

observed and this could be related with observed 

weather instability– the occurence of precicipitation. 
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Figure 5. Example of part of the live demo performed 

during 2021 campaign. Sensors from both Box 1 and 

2, total of 4 sensors, in-field acquired signal was 

translated into TSS value, through machine learning, 

and similar values of wet chem TSS Brix were 

obtained during the maturation period. 

Conclusions 

The main drivers for the potential users of the i-

Grape concept are the possibility of maximizing 

grape and wine quality, improving profitability while 

reducing production costs through better 

management strategies. Moreover, this solution 

addresses main challenges agriculture is facing, 

namely lack of manpower, and more sustainable 

requirements to reduce waste and increase 

profitability, towards more resilient systems in a 

changing environment. 

Although further experiments must be carried out 

and different operational strategies to obtain reliable 

optical data need to be fine-tuned, preliminary results 

suggested a good degree of agreement between 

model’s predicted and wet-chem parameteres. This 

has been corroborated by a live demo, carried out in 

the last year of this 3-years study, where TSS was 

correctly predicted and managers were able to 

decide harvest of the pilot-vineyard based on this 

tool. 

 

We are very confident that i-Grape will be part of a 

precision / smart agriculture movement, pioneering 

fully-automated unsupervised grape maturation 

monitoring at a large scale, a great step for the grape 

and wine value chain digital transformation. By 

bringing the "lab" to the vineyard, i-Grape will disrupt 

current methods of grape maturation evaluation in 

real-time and non-destructive way that will boost the 

efficiency of work. By reducing the use of chemical 

reagents, it will contribute for the reduction of the 

environmental footprint of the analysis. This tool can 

also help winegrowers implement viticultural 

practices towards a better adaptation to climate 

change impact, namely higher growing season 

average temperature. I-Grape is, therefore, aligned 

with the United Nations Sustainable Development 

Goals (SDGs). 
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Abstract. In steep slope viticulture, the existence of vegetation cover is of utmost importance in order to 

reduce the risk of erosion. However, under Mediterranean conditions, there is a need for applying cost-

effective control strategies in areas where vegetation cover may compete with vineyards for soil and/or 

water resources during the growing season. In Douro Wine Region (DWR) due to the application of long-

term chemical and/or mechanical strategies, combined with herbicide resistance phenomena, 

spontaneous vegetation has evolved and adapted to current environmental conditions (lack of water, poor 

soils) and, therefore, its management represents nowadays a big challenge for farmers. In steep slope 

vineyards, mechanisation rely on very specific equipment’s and technical options for weed management 

are limited, hence herbicides are still used in a significant vineyard area. Considering the growing concerns 

on the impacts of pesticide application and the specificities of the DWR, the Association for the 

Development of Douro Viticulture (ADVID) has been promoting an environmentally sustainable control 

strategy for the region. Trying to find alternatives to chemical control, several estates have been pioneering 

the implementation of strategies to diversify vineyard landscape by promoting or preserving native 

vegetation cover, native hedges, non-crop habitats nearby vineyards, resulting in a significant reduction 

in the use of herbicides on their farms. A sustainable weed management strategy based on the 

combination of preventive, mechanical, and chemical methods is briefly described in the Handbook 

“Different strategies for weed control in hillside viticulture” published by ADVID in 2019. Moreover, a 

grower’s survey regarding weed management costs was performed considering different technical 

itineraries implemented in several vineyards type (traditional systems vs mechanized systems), and under 

different management systems (integrated vs organic production). Preliminary results of this survey point 

out that the weed management strategies implemented in steep-slope viticulture present specific 

difficulties resulting in high to very high costs. 

Introduction 

 The Douro Wine Region (DWR) has about 43600 

hectares of vineyards, of which approximately 17400 

hectares are installed on steep slopes (over 30%) 

(CERVIM, 2019).  

In general, to prevent competition and reduce 

vulnerability to disease outbreaks, under vine 

vegetation and on embankments (in terraced 

vineyards) is controlled by one application of herbicide 

at the end of winter. Later, between April and July, the 

vegetation of the interrow and embankments is 

mowed once or twice, depending on the weather 

conditions of each year. After mowing, the vegetation 

is left on the soil surface acting as a dead mulch. In 

vineyards grown in dried conditions, tillage is 

performed during late May/June/July.  

The main factor influencing the technical itinerary 

applied for weed control is the type of vineyard 

systematization and the production system (organic 

/integrated production), which impacts the 

mechanization level and solutions available. In 

slopping vineyards with high slope or in old vineyards, 

where alternative solutions for weed management are 
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scarce, the lack of a systemic chemical solution able 

of effectively manage a wide range of weeds, lead in 

general to an increase in production costs, mainly due 

to the higher hand labor and equipment needed for 

weed control. 

The technical itinerary developed by each winegrower 

for controlling weeds in a given vineyard depends on 

several factors, among which the following stand out: 

i) the type of vineyard establishment and management 

system), ii) climatic conditions, water and other 

resources availability, and costs associated. A good 

integration of preventive, mechanical and, if 

necessary, chemical methods, is essential for the 

effective control of vineyard weeds. Furthermore, in 

the DWR, viticulture is characterized by very 

heterogeneous vineyard plots, due either to the 

topography and to the different vineyard 

establishment systems, inducing, on the same farm, 

the need to implement different strategies for weed 

control. 

In the last decades, the growing interest of the wine 

industry in sustainability, alongside with the 

recognition of the key role of soil quality and functional 

biodiversity in an ecologically and economically 

sustainable viticulture (Karimi et al., 2020), has leaded 

wine companies to implement alternatives for weed 

control. This goal has been achieved by promoting or 

preserving native vegetation cover, native hedges, 

non-crop habitats nearby vineyards, resulting in a 

significant reduction in the use of herbicides on their 

farms. Several wine companies have been pioneers in 

implementing strategies to diversify the wine-growing 

landscape through the implementation of several soil 

conservation actions, namely through the promotion of 

ground cover between the rows (Fig. 1), the 

installation/preservation of hedges (Fig. 2) with native 

species, or even the preservation of woodlands, and 

riparian galleries, resulting in a significant reduction in 

the use of herbicides on their farms. Moreover, there 

has been a growing concern in “building” vineyards 

that allow access to the embankment for perform 

mechanical control of the vegetation, reducing or even 

avoiding the application of herbicides, while 

mechanical solutions adapted to work in slope 

vineyards have been adopted. 

 

Figure 1. Vineyard interrow and embankment with no 

application of herbicides showing a diversified ground 

cover stabliseh in this area 

 

Figure 2. Hedge installed with native species in the 

border of a road near a plot of vineyard 

Such conservation actions, as well as other innovative 

alternatives are reported in the Handbook “Different 

strategies for weed control in hillside viticulture” 

published by ADVID in 2019. A sustainable weed 

control strategy based on the combination of 

preventive, mechanical, and chemical methods is 

described, including also more examples of efficient 

machinery for working on slopes and conditioned 

grazing using an electronic collar (SheepIT Project; 

www.av.it.pt/sheepit), inert coverings (screens, shale 

stones, etc). 

The aim of this study was: a) to evaluate technical 

itineraries implemented in each vineyard, according 

systematization and production mode b) to evaluate 

costs associated; c) to discuss possible alternatives 

for the management of weed in DWR. 

Material and Methods  

In order to obtain objective data on the implemented 

weed management strategies and corresponding 

costs in DWR vineyards, ADVID and ISA (Instituto 

Superior de Agronomia) researchers prepared and 

implemented a survey at the end of 2018 season, 

submitted to the DWR winegrowers/technicians of 

wine companies. From the surveys conducted in the 

region, it was possible to identify 44 vineyards from 

which in 36 it was possible to collect detailed 

information allowing the identification of the technical 

itinerary associated with the constraints of each 

vineyard related to the weed control strategy and 

respective costs and in eight only general data on 

costs of management. 

Results 

Among the 44 assessed vineyards, 35 were managed 

in Integrated Production (PRODI), eight in organic 

production (BIO) and one was in conversion to organic 

(Conversion to BIO). The vineyard plots were 

distributed over the three sub-regions of the DWR, 

with 26 plots located at “Cima Corgo” (CC), nine at 

“Baixo Corgo” (BC) and seven at “Douro Superior” 

(DS). Concerning the establishment system, the 

assessed vineyards were characterized as follows: 

traditional (following the slope and not mechanized); 

28% of the samples; vertical planting (22%); narrow 

terraces of one row embankment (17%); two rows 

embankments (14%); and flat vineyards (11%). The 

vineyards installed in terraces of two or more rows 
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between stone walls represented only 8% of the 

analysed cases. 

Before describing the management method performed 

in each type of vineyard, we need to clarify the 

operations included in each type of mechanical 

management. The mowing operation includes the use 

of a “string trimmer", weeder, shredder and edge 

cleaner. The tilling” operation includes the use of a 

spading machine and rotary tiller cultivator and 

undervine weeder with rotary blade. 

In organic vineyards, undervine weed control was 

mostly carried out by cutting weeds using a manual 

mechanical weeding strategy (“string trimmer") (Fig. 

3).  

 

Figure 3. Type of weed management performed 

undervines in BIO vineyards assessed.  

In PRODI vineyards the predominant management 

method used undervines to control weeds was 

herbicide application (Fig. 4).  

 

Figure 4. Type of weed management performed 

undervines in PRODI vineyards assessed 

The herbicide active ingredient most used was 

glyphosate (systemic, foliar), alone or mixed with 

oxyfluorfen or flazasulfuron (residuals). Among the 

analysed cases, 20 used only herbicide application as 

a way of controlling weeds undervine, three carried out 

a mixed control based on the combined use of 

herbicide, “string trimmer" and/or “digging out”, two 

cases reported mechanical cultivation using undervine 

mechanical weeders while two cases reported the use 

of a “string trimmer”.  

Concerning interrow management, the mowing of 

permanent natural ground cover is the predominant 

method used in both production systems. The annual 

number of mowing operations varied between 1 and 

4, depending on the year and production system, 

being 2 mowing operation the more frequent. In 

addition, cases of interrow tillage, combined or not 

with temporary ground cover are also reported, 

especially in the Douro Superior sub-region, where 

rainfall is scarcer. 

In organic vineyards, out of the nine situations 

reported, in seven cases, the ground cover located on 

interrow was permanent, being controlled with “string 

trimmer" in the spring and drying afterwards, due to 

the effect of water stress, and remaining as dead 

mulch. In two cases, the ground cover was temporary, 

being destroyed by surface tillage (Fig. 5). 

 

Figure 5. Type of weed management performed in 

interrows of BIO vineyards assessed  

Within the group of PRODI vineyards, most of them 

had a permanent vegetation cover between the rows. 

In 20 vineyards, the vegetation was shredded using a 

tractor coupled to a weeding machine (rotating tool). 

In the case of terrace vineyards with two-row, the 

vegetation on the embankment is mostly controlled 

using herbicide, while on the terrace vineyards with 

one row embankment, this operation is mostly carried 

out using a cutting machine coupled to the tractor, a 

berm-cleaner type or manually with a “string trimmer" 

(Fig. 6). 

 

Figure 6. Type of weed management performed in 

interrows of PRODI vineyards assessed  
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In both production systems, a great variability in the 

total costs related to weed management was reported. 

Costs variation was dependent on the vineyard 

establishment system but, even within the same type 

of vineyard, there was strong variations due to the 

number of interventions: in BIO the costs ranged from 

181 to 1034 €/ha and in PRODI from 115 to 662 €/ha. 

The different weed control strategies used in each 

production system combined with the variability of 

vineyard systematization systems, has impacts in the 

technical itineraries that can be implemented and, 

consequently, induce a great variability of costs. This 

variability is further increased by the different duration 

of the vegetative cycle and the biomass produced by 

the weeds, which, in turn, is related to the 

heterogeneity of soil fertility, the water availability of 

each location, and the year. However, the weed 

management strategy followed by the manager in 

similar situations may also have implications for final 

costs. In PRODI vineyards the application of 

herbicides undervines result into lower management 

costs as compared to other management alternatives. 

In general, in vertical planted vineyards and in flat 

vineyards, the costs were lower, due to the greater 

possibility of mechanization (vertical planting: €115-

418/ha; flat vineyards: €121-290/ha). However, in two 

rows terrace vineyards, where herbicide is applied on 

the row and on the embankments, the costs are of the 

same order of magnitude as those for vertical planting 

vineyards (155-432 €/ha) (Fig. 7). 

 

Figure 7. Average value of the total costs involved 

with weed management, for the different types of 

vineyards. Data collected shows that weed control 

presented the highest costs in traditional vineyards, 

while the flat vineyard showed the lowest total costs. 

It is important to mention that, due to the high diversity 

of vine establishment systems, which is very common 

in the commercial vineyards of the DWR, several 

technical itineraries coexist on the same farm, being 

difficult in such cases to extract costs from each 

vineyard plot. In those cases, the average values 

involved on weed management cost varied between 

120 €/ha (traditional vineyard) and 284 €/ha (2 rows 

embankments), with an average of €250/ha. 

The vineyard establishment system significantly 

influenced the final cost with weed management. In 

the case of traditional non-mechanized vineyards, the 

hand labour was, in general, higher when compared 

to mechanized vineyards.  In the case of the traditional 

vineyards, the cost of weed control varied between 

€181 and €1034/ha. However, in some traditional 

vineyards located on steep slopes installed in poor 

and compacted soils, a reduction in weed growth is 

often verified, meaning that in these cases a single 

intervention (mechanical or chemical) can be enough. 

On the other hand, vineyards established in terraces 

have more expensive technical itineraries due to the 

need to control vegetation on the embankment. In 

addition, in such type of vineyards, there are often 

water lines in which greater intervention is required to 

control weeds. 

The opinion regarding the use of herbicides is 

generally consistent among farmers/technicians, all of 

whom considered important to reduce herbicide use in 

order to promote environmental sustainability in the 

wine industry. However, among the members 

surveyed, two were unable to reduce their use in the 

last 10 years, and six managed to do so with a 

reduction of 15 to 100%. Of those who consider it 

possible to reduce even further, they point out as 

strategies to be followed, mechanical cleaning 

undervine and on the embankment, lowering the 

doses of herbicide applied per hectare by using 

equipment based on variable rate technology or be 

restructuring the vineyards and increasing the area in 

organic. 

Conclusions 

In DWR, weed management costs varied enormously 

and, in general, they were high to very high. However, 

“flat” or “vertical planting” vineyards, by allowing a 

greater degree of mechanization, had lower soil 

management costs than vineyards established in 

terraces or in traditional systems. The lower costs 

reported for the application of a chemical control 

strategy in two-row terrace vineyards (undervine and 

on the embankments) terraces as compared to the 

higher cost found in one-row terrace vineyards, is also 

a result to be considered. However, the disadvantage 

of the higher cost of using alternatives to herbicides 

can be offset by the advantages of the greater 

availability of ecosystem services (natural pest 

limitation, pollination, erosion control, soil structure 

improvement, among others). Therefore, in a strategy 

to promote the sustainability of viticulture, this 

increase in cost must be positively considered. 

On the other hand, in steep slope vineyards or 

organically managed, weed control is largely carried 

out using manual mechanical weeding (“string 

trimmer"), avoiding the application of herbicide but 

having the disadvantage of causing wounds on the 

vine trunks, which can affect their production and 
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longevity. Vineyards established in terraces, despite 

facilitating mechanization, have the disadvantage 

associated with the need to control the vegetation of 

the embankments, which makes the technical itinerary 

more expensive, forcing in some cases to a greater 

use of herbicides, compared to other types of 

vineyards. 

There are other factors that contribute to fluctuations 

in costs associated with weed management, namely 

the location of the plot, climatic conditions, as well as 

the existence of irrigation. In locations with low annual 

precipitation values, such as the Douro Superior sub-

region, interrow tillage is used more frequently to 

remove temporarily ground cover, at the end of Spring, 

than in regions with higher precipitation values, such 

as the “Baixo” and “Cima Corgo” sub-regions.  

A possible strategy to reduce the presence of 

vegetation on the embankments, which are difficult to 

access, could consist of covering them with plant 

species that present low maintenance, high soil cover 

rate and allelopathic potential. Therefore further 

research on this topic is needed, in order to assess the 

implications of this practice, namely benefits and 

eventual disservices involved (e.g.. water 

competition).  
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Abstract. Douro Demarcated Region is characterized by a typically Mediterranean climate, with severe 

water and heat stress during the grapevines growing season. Under global warming, the projections 

point to warmer and drier climate with strong effects in grape production, leading to fruit ripening in 

warmer months, which negatively affect the yield and quality of grapes and wines. In this context, the 

study of new techniques of grapevine training, such as Crop Forcing (CF) are becoming major 

challenges. CF can be defined as a practice that forces vine regrowth through a second pruning 

performed after fruit set, by removing all the leaves and clusters, aiming to delay fruit ripening and 

shifting it to cooler months of the year. The work presented was a field trial conducted in 2019 in 

Douro Superior sub-region. Three modalities were established: Control, without CF (CF0), CF 

performed 15 days after fruit set (CF15) and 30 days after fruit set (CF30). The effect on phenology, 

canopy development, water status, fruit composition as well as on the number and length of clusters 

and yield was assessed. Regarding phenology, as expected, the cycle was delayed on those plants 

subjected to CF. The agronomic results obtained, showed lower leaf area in CF15 and higher on 

CF30 and a reduction of clusters size, number of clusters and weight in both CF treatments, when 

comparing to CF0. Differences in must quality were also observed, with lower pH and higher total acidity 

on CF treatments. To conclude, as expected, a second pruning confer evident effects on delaying 

phenology stages. CF also presented significant effects in yield and quality of musts. Regarding the 

water stress, the CF methodology didn’t show significant impact, being similar the results in the three 

modalities. Further work is required to monitor and validate the impact of the CF in the region. 

Introduction 

Climate change associated to temperature increase is 

causing significant effects on agricultural systems 

(Howden et al., 2007; Hughes et al., 2015; IPCC, 

2020). Vineyards are climate-sensitive agricultural 

systems that may be affected by inter-annual weather 

variability and global warming (Fila et al., 2014; Jones 

and Webb, 2010; Mosedale et al., 2016). 

Viticulture in southern Europe regions has been 

identified as vulnerable to climate change (Fraga et 

al., 2016; Jones and Alves, 2012; Moriondo et al., 

2011), causing changes in yield (Van Leeuwen et al., 

2017), grape composition, that will potentially reduce 

the quality and typicity of the wine, and put in danger 

high-quality wines, due to increased water needs 

(Duchêne et al., 2016; Fraga et al., 2016; Van 

Leeuwen et al., 2017). Extreme weather events, such 

as heat waves, drought and intense rainfall and 

hailstorms are also becoming more frequent, and so 

the wine industry needs to be capable of protecting 

against, offsetting or/and adapting to these events that 

are a reality now, and could become more drastic in 

the future (Keller, 2010; Palliotti et al., 2014) 

Increasing temperatures has shown adverse effects in 

grapevine, by compression of all phenological stages 
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(Mosedale et al., 2016). This will accelerate ripening 

stages from veraison in the hotter period of the 

growing season, inducing rapid sugar accumulation, 

high pH, low acidity and low aromatic and phenolic 

content (De Orduña, 2010; Pallitotti et al., 2014; Petrie 

and Sadras, 2008). 

Crop management practices must therefore be able to 

rely on more trustworthy weather models for 

forecasting harmful events and field tools, to cope with 

adverse conditions (Gatti et al., 2016; Paciello et al., 

2016; Palliotti et al., 2014; Poni et al., 2013; Varela et 

al., 2015). Nevertheless, the response to climate 

changes may differ according to the grapevine 

cultivar, specific phenological stage and magnitude of 

the temperature changes observed (Petrie and 

Sadras, 2008). 

Several strategies are being used to mitigate changes 

that can be adopted for short or long term. Such 

measures may imply changes in agricultural practices, 

namely the adaptation of trellis systems, pruning 

techniques, implementation of irrigation, protection 

against sunburn, use of ground cover crops or 

adaptation of soil maintenance techniques (Gutiérrez- 

Gamboa, et al., 2021). Other examples include the 

forcing of vine regrowth (Dry, 1987; Gu et al., 2012) 

and delaying pruning (Friend and Throught, 2007; 

Frioni et al., 2016; Moran et al., 2017). The aim of 

these practices is to modify the conditions under 

which development occurs, altering the usual 

temperatures that grapevines experience in each 

phenophase during the growing season, delaying 

bloom and berry maturity so that they occur under 

more favourable environmental conditions (Friend and 

Trought, 2007; Gu et al., 2012; Martínez-Moreno et 

al., 2019; Moran et al., 2017; Petrie et al., 2017). 

This way, forcing vine regrowth, or “crop forcing”, can 

be used as a valuable tool in warm vineyard areas, to 

delay the maturation of grapes, to a period in which 

the temperatures are more favourable for fruit ripening 

(Gu et al., 2012; Martínez de Toda et al., 2019). 

The ability of the vine to bear fruit several times in the 

same year if the buds are forced out of dormancy soon 

after the initiation of the inflorescence primordia has 

been described by several authors (Dry et al., 1987; 

Fang et al., 2000; Pommer, 2006), and was used by 

Gu et al., (2012), to delay the berry ripening to a period 

of milder temperatures. With this forcing technique, 

smaller sized berries were obtained, with lower pH, 

greater titratable acidity and higher content of 

anthocyanins, tannins, and total phenolic compounds, 

in comparison to unforced plants. However, the author 

concluded that the later this intervention is carried out, 

the lower the tannin content will be. 

The objective of this work is to evaluate a second 

pruning, in an important cultivar of Douro Region, and 

its effects in yield and berry composition as well as in 

the water regime, vigour, and vegetative expression, 

under Mediterranean conditions. 

Methods and sources 

The trial was conducted during 2019 in a commercial 

vineyard with a sandy loam soil located in Douro 

Superior sub-region, Portugal (41º14’36’’N, 

7º06’55’’W), at an altitude of about 140 m. The cultivar 

Touriga Nacional (Vitis vinifera L.) used in the study 

was planted in 2014, grafted in 196-17Cl rootstock. 

Plants were oriented in west/southwest to 

east/northeast, spaced at 2.2 m between rows, 1.0 m 

along the row and trained on a vertical trellis, uniformly 

pruned on a unilateral Royat cordon, ca. 10 buds per 

vine. 

Eight adjacent rows were selected to form a 

randomized block design. All plants were manually 

winter pruned, after leaf fall, to four - five spurs, two 

buds per spur. 

The experimental design considered two treatments, 

a Control (CF0) with vines grown under conventional 

practices (only winter pruning), and two forcing dates 

(CF15 and CF30), with four replicates per treatment, 

and 5 plants per replicate. The second pruning 

consisted of hedging the growing shoots to five nodes 

and removing all the summer laterals, leaves and 

clusters manually, to force the budbreak of the 

dormant bud developed in the current season. Forcing 

was applied 15 days after fruit set (CF15) and 30 days 

after fruit set (CF30). 

Background 

This study is part of the European project: Vineyards 

Integrated Smart Climate Application – VISCA, grant 

agreement no. 730253. The objective of this project is 

to make wine industry more resilient to climate 

change, providing a decision support system and 

offering several climate services to farmers. Two 

adaptation agronomic techniques were considered as 

recommendation, including crop forcing, tested in 

Portugal and Spain, as well as shoot trimming in an 

Italy demo site. 

Conclusions 

Hedging and removing shoot tips, summer laterals, 

leaves, and clusters, had a positive effect in inducing 

regrowth of shoots and clusters. Forcing also shifted 

ripening from August-September to the cooler months 

of October to early-November. 

However, fruit did not ripen properly when vines were 

forced 30 days after fruit set (CF30), since cooler 

temperatures and rain forecast could put to risk the 
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entire production or decrease quality. This way, 

selecting the correct date on which second pruning is 

to be applied is essential to promote more favourable 

environmental conditions for grape ripening (Dry, 

1987; Fang et al., 2000; 2005; Gu et al., 2012), which 

will be heavily dependent on the climatic conditions of 

the year, as well as medium to long predictions. 

Forced vines produced less clusters, with lower pH, 

and higher acidity, but with the same content of 

organic acids, anthocyanins and phenolics. 

The adverse effect on yield could be interesting in 

vigorous varieties, that are subjected to regulation 

with yield limitation. Application of the present 

technique also entails an increase in production costs, 

so the application must be supported by a substantial 

and positive change in grape characteristics, 

enhancing its oenological potential that will value the 

wine in the market. It is also important to refer, that 

this technique can benefit with an appropriate training 

system and mechanization to reduce costs. A second 

pruning can also be an alternative when pests, 

diseases or extreme weather events occur, which 

would damage regular production. 

It is also significant to note that this work shows the 

results of one year’s application of Crop Forcing 

technique, and more studies in different regions, or 

even varieties are essential to determine its future 

applicability. 
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Abstract. Given the impact of the national wine sector, it is important to develop techniques that 
promote the rooting of cuttings by the application of substances, which affect initiation, number and 
length of roots. In this study, the effect of indole-3-butyric acid (IBA) 0.8% and a commercial 
bioestimulant at 100, 50 and 0% (control) concentrations was analysed in cuttings of Alvarinho and 
Fernão-Pires varieties. The assay was performed in a walk-in growing chamber under controlled 
environmental conditions (photoperiod, radiation, temperature and relative humidity) from the laboratory 
of CITAB (Vila Real, Portugal). Growth and morphological features of roots and leaves were determined 
like: number, area and dry weight. The histological study of roots was also performed including, the root 
diameter, dimension of the cortical zone and central cylinder. Fernão-Pires revealed higher rooting and 
bud break percentage, and in general overperformed Alvarinho in growth. The treatments with IBA and 
bioestimulant 50% had higher rooting rates, while IBA was responsible for the higher bud break 
percentage. Cuttings with 100% bioestimulant showed increased root growth (e.g., root number) and 
lower growth of the aerial part. Conversely, IBA potentiated the aerial part but not the roots when 
compared with bioestimulant 50% and 100%. However, bioestimulant 50% increased the diameter of 
the roots and the central cylinder, when compared to control plants. Thus, it is concluded that the 
application of growth promoters had significant effects on the root and aerial parts and can be used as 
an important cultural practice for nurseries and vinegrowers. The present results indicate that this 
methodology may be used in different grapevine varieties and wine regions. 

 

 

Introduction 

In Portugal, Alvarinho and Fernão-Pires are two of 
most important white varieties. According to the 
Portuguese Instituto da Vinha e do Vinho (IVV; 2018) 
Fernão-Pires was the most used white variety and 
Alvarinho the sixth most planted, with areas of 12 052 
and 3 187 ha, respectively. Fernão-Pires is the main 
white grape variety harvested in Portugal, 
representing more than 70% of the white vineyard 
(Salvador, 2005; Coelho et al., 2007). Alvarinho is a 
noble Portuguese white grape variety and produces a 
very high-quality wine.  

In this context, to the wine sector, it is important to 
develop or enhance tools that contribute to an early 
prediction of potential fertility, so that the producers 
are able to take actions to minimize any negative 
impacts on the yield and to make sure wineries are 
ready for harvest season (Fraga, 2017; De La Fuente, 
2015; Li-Mallet, 2015). Also, to nurseries, it is 
necessary to create methodologies to aims at 
developing rapid, practical and economical 
propagation methods. The most usual method of 
propagation is by rooting of cuttings grapevines 
(Waite et al., 2015), but several factors can influence 
the rooting capacity of rootstocks, such as 
physiological conditions of the parent plant and 

environmental conditions, among others; (Waite et al., 
2015; Li-Mallet, 2015; Bettoni et al., 2013; Srivasan, 
1981).  

Rooting of woody cuttings can be stimulated through 
the exogenous application of synthetic auxins, which 
triggers the formation of adventitious roots in cuttings 
and increase the number and quality of the developed 
roots (Daskalakis et al., 2018; Bettoni et al., 2013; 
Epstein and Lavee, 1984).  

To that purpose and based on the study's experiment, 
the present article will be discussing indole-3-butyric 
acid (IBA) (auxins) and a biostimulant towards 
encouraging rhizogenesis. IBA is the auxin most 
widely used in stimulating the rooting process in 
cuttings because of its high ability to promote root 
initiation and influence sugar movement to the stem 
cutting (Satisha and Adsule, 2008; Daskalakis et al., 
2018). According Shekhawat (2016), the biostimulant 
is characterized by many categories and their 
compositional diversity and several studies have 
revealed a wide variety of positive effects of applying 
algal extracts on soil and plant agriculture, increase 
tolerance to abiotic and biotic stressors, improve the 
mineral composition of plant tissues and balance the 
hormonal balance in young roots (Kauffman et al., 
2007; European Biostimulants Industry Council 



VII International Congress of Mountain and Steep Slopes Viticulture 
  
 

  
 

164 
 

(EBIC), 2019; Krajnc et al., 2013; Wally et al., 2013; 
Wang and Carvalho, 2018)  

The aim of this study was to examine the effects of 
IBA and different concentrations of commercial 
biostimulant in the rooting of grapevine Fernão-Pires 
and Alvarinho stem cuttings and in the plant 
development (budburst rate, rooting rate, total leaf 
area, among others). 

Methods and sources 

Plant Material, Treatments and Growth conditions  

Vitis vinifera cuttings from two white varieties, 
Alvarinho and Fernão-Pires were provided by Quinta 
da Aveleda S.A.. The cuttings were softwood and of 
basal origin, left with two buds each, were collected in 
October 2017 and were stored till growing season in 
the cold chamber at 2 and 4 ºC and 100% relative 
humidity, wrapped in polyethylene bags, in order to 
conserve moisture inside the cuttings. In March, the 
stored material was placed at a temperature of 3ºC to 
break the dormant buds and then the cuttings were 
cultivated. Was applicated four treatments: control 
(treatment without being submitted to any treatment), 
indole-3-butyric acid (IBA) 0.8% (Bayer, German), 
biostimulant 50% and biostimulant 100% 
(SPRINTALGA® Biochilm, Italia). biostimulant 50% 
was prepared by diluting the original solution with 
water in a 1:1 proportion. SprintAlga (biostimulant) is 
a natural organomineral fertilizer made from nitrogen 
and molybdenum. It is composed of plant tissue 
residues (70%) as well as seaweed extracts of 
Ascophyllum nodosum, Sargassum monticulum and 
Macrosystis sp. (21.7%) and urea (8.3%). 

The treatments were applied by immerging the end 
portion of the cuttings in the respective solution for 1 
minute, which were, then, transferred to a 3:1 (v/v) 
mixture of peat and perlite to hold water against 
drainage and evaporation. After a 24 hours period 
hydrating, 15 samples for each group were putted in 
respective vessel.  

The samples were placed in a walk-in growth chamber 
FitoClima 10000 HP (Aralab, Portugal) with 
temperatures ranging from 18ºC, at obscurity period 
(12 hours/day), to 25ºC, at light period 300 μmol m-² s-

1 (12 hours/day) and relative humidity was set at 60%. 
During experiment the plants were irrigated regularly. 

Growth Measurements 

During the plant development the bud break  
percentage [(number of induced shoot buds / total of 
buds) x 100] was assessed and after sixty days, more 
parameters were evaluated regarding the aerial part 
and the root portion, namely rooting rate [(number of 
canes that rooted / total of canes) x 100]. 

The number of leaves and roots per cutting were 
counted, and the length of the aerial portion and the 
biggest root (mm) were measured using a digital 
calliper (Mitutoyo, UK). Dry weight (mg) for the aerial 
part and the root were registered in a digital analytical 

balance (Gökbayrak, et al., 2010). Dry weight was 
measured after drying the plant in a drying oven for 48 
hours at 50ºC. Total leaf and root area (cm2) were 
determined using an area meter and the software 
WinDIAS 2.0 (Delta-T Devices, Ltd, United Kingdom). 
Root volume (mL) was indirectly assessed by 
measuring the difference between the water volume 
before and after adding the roots. 

Histological analysis 

In order to proceed with the histological analysis, a 
root fragment from every cane was collected and 
preserved in ethanol 70% - formaldehyde - acetic acid 
(90:5:5), for 48 hours. Then, a progressive 
dehydration was performed in a series of ethanol (70, 
80, 90, 95 and 100%) for 1 hour each and, after that, 
for clearing, the material was immersed in xylene for 
1 hour (Johansen, 1940; Berlyn and Miksche, 1976). 
Next, the samples were embedded in paraffin in an 
oven at 60ºC for 24 hours and, then, included in 
paraffin blocks using a Leica EG 1160 Histoembedder 
(Leica Mycrosystem GmbH, Germany). Paraffin 
embedded tissue cuts (5μm thick) were obtained 
using a Leica RM 2135 Rotary Microtome (Leica 
Microsystem GmbH, Nussloch, Germany). Slides with 
the cuts were prepared for staining by dewaxing in 
xylene for 15 minutes and hydrating in a series of 
ethanol (100, 95, 90, 80, 70%) and stained with 
Toluidine blue O 0,1% (Sigma-Aldrich, Germany) for 
15 minutes (O´Brien et al., 1964). The slides were 
washed in water and the inverse procedure was 
performed by dehydrating in a series of ethanol (70, 
80, 90, 95 and 100%) for a few seconds and clearing 
in xylene until mounting slides coverslips using 
Mounting Medium Entellan (Merck, Germany).  

The cuts were observed in an inverted microscope 
Olympus IX51 (Olympus Biosystem, Munich, 
Germany) and pictures were taken with a digital 
camera (Color View III, Soft Imaging System GmbH, 
Munster, Germany). Measurements of root tissues 
(μm) were made using Digimizer (4.6.1 MedCalc 
Software, Belgic). 

Statistical analysis 

A statistical analysis was performed in order to 
uncover variety, treatment and variety x treatment 
(VxT) interactions. Data from plant morphological 
parameters were analyzed with IBM SPSS Statistics 
v.24 (IBM Corporation, Armonk, USA), using one-way 
and two-way ANOVAs, and comparisons between 
mean values were evaluated by the Tukey test for a 
significance level of 95% (p < 0.05). 

Results 

Growth Measurements 

The determination of the percentage of rooting and 
bud break  showed results with significant differences 
(Table 1). There were highly significant differences 
between the varieties for the percentage of rooting 
(<0.001), in which the percentage of Fernão-Pires was 
higher than that of Alvarinho (36.5%). In the 
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percentage parameters of rooting and bud break, 
there were very significant differences between 
treatments. 

In the percentage rooting factor, there were significant 
differences between the Fernão-Pires variety with the 
treatments, where the rooting rate was 100% for the 
IBA and biostimulant 100% treatments, also, there 
were very significant differences in the percentage of 
budbreak. 

Table 1. Mean (± S.E) of the rooting and bud break  
percentage measured in varieties Alvarinho and 
Fernão-Pires with different treatments: control, IBA, 
biostimulant 100% and biostimulant 50% (n=15). 

  
Rooting 

(%) 
Bud break  

(%) 

Variety (V) Alvarinho 60.34 ± 6.48 46.55 ± 4.58 
Fernão-Pires 96.61 ± 2.38 56.78 ± 3.91 

Treatment 
(T) 

Control 59.26 ± 9.64ª 51.85 ± 5.65ab 
IBA 90.00 ± 5.57b 70.00 ± 5.67b 

Biostimulant 
100% 80.00 ± 7.43ab 40.00 ± 6.06ª 

Biostimulant 
50% 83.33 ± 6.92b 45.00 ± 5.55a 

V x T 

Alvarinho 

Control 23.08 ± 12.16ª 38.46 ± 6.08ab 
IBA 80.00 ± 10.69b 66.67 ± 9.34b 

Biostimulant 
100% 66.67 ± 12.60ab 50.00 ±9.76ab 

Biostimulant 
50% 66.67 ± 12.60ab 30.00 ± 8.16ª 

Fernão-
Pires 

Control 92.86 ± 7.14 64.29 ± 8.17b 
IBA 100.00 ± 0.00 73.33 ± 6.67b 

Biostimulant 
100% 93.33 ± 6.67 30.00 ± 6.55ª 

Biostimulant 
50% 100 ± 0.00 60.00 ± 5.35b 

P value 
V < 0.001 0.054 
T 0.006 0.001 

V x T 0.042 0.006 
*Means in the same column followed by distinct letters are 
significantly different according to the Tukey multiple test at 5% 

probability. 

Ubirajara et al. (2010) carried out a study on rooting 
with semi-hardwood nectarine cuttings and found that 
the application of IBA improved the rooting rate, which 
is in line with the results obtained by the application of 
IBA. 

Considering the results, the variety is a relevant factor. 
The differences associated with the variety, can be 
explained by the existence of different concentrations 
of endogenous auxins in the two varieties. Brazão et 
al. (2010) studied the propagation by cutting of four 
varieties of Vitis vinifera found that the percentages of 
rooting and budding were influenced by the variety, 
with the Trincadeira variety showing higher values and 
the Malvasia Fina variety showing lower values. 

 
 
 
 
 
 

Table 2. Means (± S.E) of the parameters: Roots 
Numbers, Root Length, Root Area, Root Volume and 
Dry Root Mass measured in roots of Alvarinho and 
Fernão-Pires varieties with different solutions: control, 
IBA, biostimulant 100% biostimulant 50% (n=15). 
. 

*Means in the same column followed by distinct letters are 
significantly different according to the Tukey multiple test at 
5% probability 

 

Several morphological parameters at root and aerial 
levels were determined. According Table 2, there 
were highly significant differences between the 
variables in the parameters: roots numbers, root 
length, root area, root volume and dry root mass. The 
observed differences agree with the results of Brazão 
et al. (2010), who also obtained significant differences 

 
 

 
Number of 
Root 

Root Dry 
Mass 
(mg) 

Variety (V) 
Alvarinho 3.78 ± 0.63 35.62 ± 6.38 

Fernão-Pires 10.77 ± 
1.01 85.07 ± 9.90 

Treatment 
(T) 

Control 3.30 ± 
0.58ª 

39.00 ± 
10.50 

IBA 7.54 ± 
1.06c 54.21 ± 7.94 

Biostimulant 
100% 

12.16 ± 
2.07b 

74.00 ± 
13.40 

Biostimulant 
50% 

7.42 ± 
1.08ab 

84.12 ± 
18.12 

V x T 

Alvarinho 

Control 0.80 ± 0.47 5.60 ± 4.44 
IBA 3.31 ± 0.66 27.62 ± 6.86 
Biostimulant 
100% 6.64 ± 1.85 57.82 ± 

15.03 
Biostimulant 
50% 4.18 ± 1.15 50.18 ± 

16.22 

Fernão-
Pires 

Control 5.23 ± 0.52 64.69 ± 
14.82 

IBA 11.20 ± 
1.28 

77.27 ± 
10.51 

Biostimulant 
100% 

16.50 ± 
2.96 

86.71 ± 
20.66 

Biostimulant 
50% 9.80 ± 1.41 109.00 ± 

27.81 

P value 
V < 0.001 < 0.001 
T < 0.001 0.063 
V x T 0.355 0.811 
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between grape varieties in the measurements of 
length and dry weight of roots. 

In the treatments under study, highly significant 
differences were observed in all parameters, except 
for root area, where the difference is very significant 
between treatments. There were highly significant 
differences in the root lenght parameter in the 
interaction (varieties x treatments). 

Faria et al. (2007) found, when rooting vine cuttings, 
that with the increase in the concentration of IBA, the 
fresh and dry mass of the roots also increases. Bettoni 
et al. (2014) also demonstrated that the application of 
IBA allowed to obtain a greater number, length and 
fresh mass of roots, improving the quality of rooted 
cuttings of vine rootstocks. 

Table 3. Means (± S.E) of the parameters: Leaves 
Number, Shoot Length, Leaf Area and Dry Shoot 
Mass measured in shoots of Alvarinho and Fernão-
Pires varieties with different solutions: control, IBA, 
biostimulant 100% and biostimulant 50% (n=15). 

  
Number of 
Leaves 

Shoot  
Dry  
Mass 
(mg) 

Variety (V) 
Alvarinho 5.69 ± 0.42 240.49 ± 

27.30 

Fernão-Pires 5.58 ± 0.37 318.12 ± 
27.16 

Treatment 
(T) 

Control 6.96 ± 0.38c 309.78 ± 
38.24 

IBA 6.79 ± 
0.46bc 

347.96 ± 
34.96 

Biostimulant 
100% 3.64 ± 0.53a 217.88 ± 

43.09 
biostimulant 
50% 

5.12 ± 
0.55ab 

255.28 ± 
38.11 

Alvarinho 

Control 6.70 ± 0.70 216.80 ± 
39.98 

IBA 6.23 ± 0.76 254.85 ± 
45.53 

Biostimulant 
100% 5.00 ± 0.80 264.18 ± 

67.29 
Biostimulant 
50% 4.82 ± 1.03 221.36 ± 

66.87 

Fernão-
Pires 

Control 7.15 ± 0.42 381.31 ± 
53.30 

IBA 7.27 ± 0.55 428.67 ± 
43.10 

Biostimulant 
100% 2.57 ± 0.57 181.50 ± 

56.15 
Biostimulant 
50% 5.33 ± 0.61 280.33 ± 

45.25 

P value 
V 0.827 0.038 
T < 0.001 0.111 
V x T 0.053 0.061 

*Means in the same column followed by distinct letters are 
significantly different according to the Tukey multiple test at 
5% probability. 

According to the results obtained (Table 3), there were 
highly significant differences between the varieties, in 
the parameter lenght area. In the leaf area parameter, 
there were significant differences between varieties.  
As for the treatment factor, the levels number and 

lenght area variables showed highly and very 
significant differences, respectively. There was a 
higlhly significant interaction (VXT) in the length area.  

Silva et al. (2012), by rooting three vine rootstocks 
with the application of seven commercial products 
containing different biostimulants, found that in all of 
them there was an increase in the dry mass of the 
aerial part and the leaf area. However, in the present 
study, the application of biostimulant led t a decrease 
in the dry mass of the roots.  

Histological analysis 

The analysis of Figures 1 and 2 showed that the 
cortical zone presented a parenchyma that occupies 
most of the root structure, being internally limited by 
the endoderm (Lidon et al., 2001). Regarding the size 
factor of the cortical zone, the Fernão-Pires variety 
was the one with the largest dimensions, with 
significant differences between them (p<0.05). 

The cuttings of the biostimulant treatment 50 were 
those with the largest dimensions and the stays of the 
IBA treatment showed the lowest values, with also 
significant differences between them (p = 0.001). 

As for the diameter of the central root cylinder, there 
were no significant differences between the Alvarinho 
and Fernão-Pires varieties (p = 0.174). The control 
treatment developed the smallest diameter and the 
biostimulant 50% the largest, with highly significant 
differences between them (p <0.001). There is a 
strong probability that there will be an increase in the 
hydraulic conductivity of these roots, since the 
hydraulic conductivity of the root is directly related to 
the diameter of the central cylinder (Jesus et al., 
2010). 

 

Figure 1. Cross section of Alvarinho vine roots with 
different treatments (a- control; b- IBA; c- biostimulant 
100%; d- biostimulant 50%; Scale = 500 μm) observed 
under optical microscope. 
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Figure 2. Cross section of Fernão-Pires vine roots 
with different treatments (a- control; b- IBA; c- 
biostimulant 100%; d- biostimulant 50% (Scale = 500 
μm)) observed under optical microscope. 

There was a significant interaction between the variety 
and the treatment in the three parameters analysed. 
Regarding the root diameter factor, the Alvarinho 
variety was superior to that of the biostimulant 50% 
treatment, while in Fernão-Pires there were no 
significant differences. 

Regarding the size of the root cortical zone, in 
Alvarinho the biostimulant 50% and biostimulant 
100% were the ones with the highest values and, in 
the Fernão-Pires variety, the Control was the one with 
the highest value. 

Jesus et al. (2010) performed the histological analysis 
of roots of two varieties of Coffea arabica obtained by 
cuttings and did not obtain significant differences 
between the two varieties in terms of the size of the 
cortical zone. However, the two varieties showed 
significant differences in the diameter of the central 
cylinder. 

Conclusions 

The rooting rate and budding rate were higher in the 
Fernão-Pires variety. In general, Fernão-Pires, had a 
greater growth and development of the root and aerial 
part than the Alvarinho variety. In average terms, 
treatments with IBA and biostimulant 50% were those 
with the highest rooting rate, higher than treatment 
with biostimulant 100%.The lack of application of 
promoters (control) had lower rooting rates, only for 
the Alvarinho variety. For the bud break percentage, 
in general, the application of biostimulant (50 and 
100%) had a negative effect on bud break, with these 
having the lowest values, lower than the control. 

Based on this evidence, we can conclude that the 
biostimulant, in both concentrations (50 and 100%), 
stimulates more root growth and development and 
less that of the shoot, while IBA promotes more 
development of the shoot and less the root part, 
although exceeding the results of the Control 
treatment. The application of growth promoters 

increased the total diameter of the roots and the 
diameter of the central cylinder compared to the 
control, especially the biostimulant 50% treatment, 
which induced a larger dimension of the roots, the 
cortical zone and the central cylinder zone. 

In the context of future work, it is suggested to carry 
out studies of vegetative propagation of vines with 
different concentrations of IBA and with more 
concentrations of biostimulant. 

References 

Brazão, J.; Gonçalves, E.; Eiras-Dias,J. and Amâncio, 
S. (2010). Efeito da casta no enraizamento de estacas 
semilenhosas de videira, Ciência e Téc. Vitiv. No 25, 
Vol 1:9-14. 
Berlyn, G. and Miksche, J. (1976). Botanical 
microtechnique and cytochemistry, First Edition, 
United States, Iowa State University. Press. 
Bettoni, J. C.; Peterson, J.; Gardin, P.; Feldberg, N. 
P.; Costa, M. D. and Schumacher, R. (2013). Rooting 
of hardwood cuttings of promising grapevine 
rootstocks for regions with history of plants’ death. 
Revista Brasileira de Fruticultura, No 2, Vol 37: 534–
539. 
Coelho, E.; Rocha, S. M.; Barros, A. S.; Delgadillo, I. 
and Coimbra, M. A. (2007). Screening of variety-and 
pre-fermentation-related volatile compounds during 
ripening of white grapes to define their evolution 
profile. Analytica Chimica Acta, No 2, Vol 597: 257–
264. 
Daskalakis, I.; Biniari, K.; Bouza, D. and Stavrakaki, 
M. (2018). The effect that indolebutyric acid (IBA) and 
position of cane segment have on the rooting of 
cuttings from grapevine rootstocks and from Cabernet 
franc (Vitis vinifera L.) under conditions of a 
hydroponic culture system, Scientia Horticulturae, Vol 
227: 79-84. 
De La Fuente, M.; Linares, R.; Baeza, P.; Miranda, C. 
and Lissarrague, J. (2015). Comparison of different 
methods of grapevine yield prediction in the time 
window between fruit set and veraison, OENO One, 
No 1, Vol 49: 27-35. 
EBIC (2019) - About biostimulants and the benefits of 
using them. European Biostimulants Industry Council 
[cit.04/12/2019]. 
http://www.biostimulants.eu/about/what-are-
biostimulants-benefits/ 
Epstein, E. and Lavee, S. (1984). Conversion of 
indole-3-butyric acid to indole-3-acetic acid by cuttings 
of grapevine (Vitis vinifera) and olive (Olea europea). 
Plant and Cell Physiology, No 5, Vol 25: 697–703. 
Faria, A. P.; Roberto, S.F.; Sato, A. J.; Rodrigues, 
E.B.; Silva, J.V.; Sachs, P.J.D.; Camolesi, M.R. and 
Unemoto, L. K. (2007). Enraizamento de estacas 
semilenhosas do porta-enxerto de videira ‘IAC 572-
Jales’ tratadas com diferentes concentrações de 
ácido indolbutírico, Semina: Ciências Agrárias, No 3, 
Vol 28: 393-398. 
Fraga, H. and Santos, J. A. (2017). Daily prediction of 
seasonal grapevine production in the Douro wine 
region based on favorable meteorological conditions, 

http://www.biostimulants.eu/about/what-are-biostimulants-benefits/
http://www.biostimulants.eu/about/what-are-biostimulants-benefits/


VII International Congress of Mountain and Steep Slopes Viticulture 
  
 

  
 

168 
 

Australian Journal of Grape and Wine Research, No 
2, Vol 23: 296-304. 
Gökbayrak, Z.; Dardeniz, A.; Arikan, A. and Kaplan, 
U. (2010). Best duration for submersion of grapevine 
cuttings of rootstock 41B in water to increase root 
formation, Journal of Food, Agriculture and 
Environment, No 3-4 Vol 8: 607–609. 
Johansen, D. A. (1940) – Plant Microtechnique. New 
York, McGraw-Hill Book Company Inc: 523. 
IVV (2018). Estatística da Vinha. Instituto da Vinha e 
do Vinho. [cit.20/11/2018] 
http://www.ivv.gov.pt/np4/35/ 
Jesus, A.M.S; Carvalho, S.P.; Castro, E.M. and 
Gomes, C.N. (2010). Observações anatômicas em 
plantas de Coffea arabica L. obtidas por enraizamento 
de estacas, Revista Ceres, No 2, Vol 57:175-180. 
Kauffman, G. L.; Kneivel, D. P. and Watschke, T. L. 
(2007). Effects of a biostimulant on the heat tolerance 
associated with photosynthetic capacity, membrane 
thermostability, and polyphenol production of 
perennial ryegrass. Crop Science, No 1, Vol 47: 261–
267. 
Krajnc, A. U.; Turinek, M. and Ivančič, A. (2013). 
Morphological and physiological changes during 
adventitious root formation affected by auxin 
metabolism: stimulatory effect of auxin containing 
seaweed extract treatment, Agriculture 10, No 1, Vol 
27: 17–27. 
Lidon,F.G.C.; Gomes,H.P. and Abrantes, A.C.S 
(2001). Anatomia e Morfologia de Plantas Superiores. 
LIDEL- Technical Editions, Lda. 161. 
Li-Mallet, A.; Rabot, A. and Geny, L. (2015). Factors 
controlling inflorescence primordia formation of 
grapevine: their role in latent bud fruitfulness? A 
review. Botany, No 3, Vol 94: 147-163. 
O’Brien, T.P.; Feder, N. and McCully, M.E. (1964). 
Polychromatic staining of plant cell walls by toluidine 
blue. Protoplasma, No 2, Vol 59: 368-373.  
Salvador J. A. (2005). 16 Castas Portuguesas, 16 
Enólogos, 16 Vinhos. Edition of Jornal de Notícias. 

Shekhawat, M. S. and Manokari, M. (2016). Impact of 
Auxins on Vegetative Propagation through Stem 
Cuttings of Couroupita guianensis Aubl.: A 
Conservation Approach, Scientifica, Vol 2016: 1-7 
Satisha, J. and Adsule, P. G. (2008). Rooting 
Behavior of Grape Rootstocks in Relation to IBA 
Concentration and Biochemical Constituents of 

Mother Vines, ISHS Acta Horticulturae 785, 
International Symposium on Grape Production and 
Processing. 
Silva, D.J.; Leão, P.C.S.; Santos, A.R.L.; Julianna, 
M.S.; Nascimento, L.A. and Brandão, L.S. (2012). 
Efeito de bioestimulantes no desenvolvimento de 
mudas de videira, XXII Congresso de Fruticultura: 4. 
Ubirajara, R.; Telles, C. A. and Biasi, L. A. (2010). 
Enraizamento de estacas semilenhosas de nectarinas 
tratadas com diferentes concentrações de ácido 
indolbutírico. Revista brasileira de Agrociência, 
Pelotas, No 3, Vol 11: 299-301. 
Waite, H.; Whitelaw-Weckert, M. and Torley, P. 
(2015). Grapevine propagation: Principles and 
methods for the production of high-quality grapevine 
planting material. New Zealand Journal of Crop and 
Horticultural Science, No 2, Vol 43: 144–161.  
Wally, O. S.; Critchley, A. T.; Hiltz, D. and Craigie, J. 
(2013). Erratum to: regulation of phytohormone 
biosynthesis and accumulation in arabidopsis 
following treatment with commercial extract from the 
marine macroalga Ascophyllum nodosum, Journal of 
Plant Growth Regulation, Vol 32: 2012–2014. 
Wang, M and Carvalho, S.M.P (2018). Bioetimulantes 
na agricultura: categorias, legislação, oportunidades 
e desafios. AGROTEC revista técnico-científica 
agrícola. No 26, 1º trimester 2018. 
 

 

 

http://www.ivv.gov.pt/np4/35/


THEMATIC AREA 3

Quality factors for "wines" 



VII International Congress of Mountain and Steep Slopes Viticulture 
  
 

  
 

170 
 

Harvest time and withering length: combined effect on the phenolic composition 
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Abstract. Sforzato di Valtellina is a DOCG reinforced wine produced from Vitis vinifera L. cv. ‘Nebbiolo’ 

grapes grown in the steep slopes of the Valtellina alpine valley (Northern Italy) and then subjected to 

partial postharvest dehydration/withering. The grape ripeness degree and the withering process 

strongly influence wine quality. The aim of this research was to assess the combined effect of different 

ripeness levels and withering length on the standard chemical composition and phenolic profile of 

‘Nebbiolo’ winegrapes destined to the production of Sforzato di Valtellina wine. During three consecutive 

vintages (2019-2021), three binomials have been tested: early harvest/long withering (EL), medium-

term harvest/medium-term withering (MM) and late harvest/short withering (LS). Grape samples from 

two vineyards at different locations (Valtellina upper and lower valley) were harvested and placed into 

a typical ‘fruttaio’ dehydration room. Grape must composition, mechanical parameters, and extractable 

phenolic profiles (total polyphenols, total anthocyanins, total flavonoids, and methylcellulose tannin 

assay) of grape skins and seeds were studied before and after the withering process, which lasted until 

December 1st according to production regulations, and resulted in a grape weight loss of about 20, 17 

and 15% for EL, MM, and LS samples, respectively. The data obtained at the end of withering for first 

two vintages underlined that EL thesis showed the highest values of sugars and acidity, and the lowest 

pH. Total polyphenols, flavonoids, and tannins extracted from seeds showed a decreasing trend when 

grapes were late harvested (LS). Instead, skin-extracted phenolics were less influenced by the harvest 

time, whereas their concentration expressed on grape weight increased after withering. Skin extractable 

anthocyanins experienced a distinct trend for the two vineyards studied. In conclusion, harvest time and 

withering length can be modulated according to the desired oenological objective, promoting the 

valorization of grape potentialities.

Introduction 

The viticulture of the east-west oriented Valtellina 

alpine valley (Lombardy, Italy) is so-called “heroic” 

due to the steep slopes on which the dry-stone walls 

supporting the vineyards are placed (Scienza et al., 

2019; Nicoletti et al., 3013). The adaptation of 

Nebbiolo in this peculiar climate (Failla et al., 2004) 

and the anthropic factors that have shaped these 

mountains over the years led to the production of 

wines with a strong cultural and territorial identity. 

Among the wines produced in Valtellina, Sforzato di 

Valtellina DOCG (“Denominazione di Origine 

Controllata e Garantita” protected designation of 

origin) has the greatest traditional value. This wine, 

also locally called Sfursat, is a DOCG reinforced 

wine produced with partially withered red grapes of 

Vitis vinifera (L.) cv. Nebbiolo.  

As previously studied, the grape ripeness degree 

and the withering process strongly affect the 

physicochemical characteristics of grapes, 

influencing their mechanical properties, must 

composition and the content of secondary 

metabolites (Mencarelli et al., 2013; Poni et al., 2018; 

Rolle et al., 2013). Indeed, grape skin and seeds 

contain several classes of phenolic compounds 

which are strictly associated with red wine quality 

(Harrison et al., 2018), and the modifications 
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occurring during withering have a great role in 

characterizing the wines produced with this 

technique. 

The aim of this research is to assess the combined 

influence of different ripeness levels and withering 

rates on the standard chemical composition and 

phenolic profile of winegrapes to provide new 

insights and approaches to the management of 

withering, looking for the valorization of grape 

potentialities. The present study is part of a wider 

project aimed at the valorization of Sforzato di 

Valtellna DOCG special product. 

Methods and sources 

Grape samples were collected in Valtellina (Northern 

Italy) and subjected to the experimental plan 

described in the next section.  

The evaluation of the standard parameters (°Brix, 

pH, total acidity) was carried out according to OIV 

methods (OIV, 2016). Reducing sugars were 

evaluated using a HPLC system equipped with a 

refractive index detector (Giordano et al., 2009). 

The phenolic compounds extractions from skins and 

seeds were performed separately following the 

method of Di Stefano and Cravero (1991) with slight 

modifications. Extractable total phenolic compounds 

(IPT) and anthocyanins (AT) were determined by 

spectrophotometric methods (Petrozziello et al., 

2018).  

Mechanical properties (i.e. skin hardness and 

thickness) were evaluated following the method 

described by Río Segade et al. (2008). 

Statistical analysis was done using the R statistic 

software version 3.6.2 (R Foundation for Statistical 

Computing, Vienna, Austria). To identify the 

significant differences among the variables studied 

by one-way analysis of variance (ANOVA), the 

Tukey HSD post hoc test at p<0.05 was used. 

Theoretical framework and operational concepts 

During a three-year study (vintages 2019-2021) 

three binomials have been tested:  

early harvest/long withering (EL) 

medium-term harvest/medium-term withering (MM) 

late harvest/short withering (LS).  

Grape samples of cv. Nebbiolo (Vitis vinifera L.) were 

harvested at three different ripeness degrees 

following the soluble solid content (°Brix) from two 

vineyards located at the two opposite ends of the 

vine growing area in the valley -Valtellina upper 

(vineyard code A) and lower valley (B)- and placed 

in single-layer plastic crates into a typical ‘fruttaio’ 

post-harvest dehydration room, following the wine 

type DOCG designation guidelines. As reported by 

the wine type guidelines (Mipaaf, 2014), the 

withering lasted until the 1st of December. 

Consequently, depending on the harvest date, the 

withering period had different length. A schematic 

view of the experimental plan is shown in Figure 1.  

 

Figure 1. Experimental plan: the three binomials 

Grape must composition, mechanical parameters, 

and extractable phenolic profiles of grape skins and 

seeds were studied before and after the withering 

process.  

In the present paper, the preliminary results of the 

study will be presented. 

Results 

The must composition of fresh and withered grapes 

for the harvest 2019, 2020, and 2021 is reported in 

Figures 2 and 3. As can be seen in Figure 2, the 

longer is the withering process time, the greater is 

the percentage increase of sugars in withered 

grapes with respect to the fresh ones. 
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Figure 2. Reducing sugars concentrations (g/L) in 

grape musts from fresh and withered grapes, 

vintages 2019-2021. 

 

Figure 3. Total acidity (g/L as tartaric acid) in grape 

musts from fresh and withered grapes, 

vintages 2019-2021. 

By observing Fig. 3, it is noticeable that the 

concentration effect balances the losses of acidity 

(expressed in g/L as tartaric acid) detected in 

withered grapes compared with the fresh. 

Consequently, at the end of the withering, the EL and 

MM thesis showed the higher sugar contents and 

total acidity values. 

As regards phenolic compounds, the available data 

2019-2020 show that the content of extractable 

polyphenols, in seeds seemed to experience a 

decreasing trend by leaving the grapes on the plant 

longer, whereas this impact increased considerably 

after withering with respect to fresh samples, due to 

the concentration effect (Figure 4). 

  

 

Figure 4. Seed extractable total phenolic 

compounds (mg epicatechin/kg of grapes), vintages 

2019-2020. 

Meanwhile, the skin phenolic compounds were less 

influenced by harvest period, but their concentrations 

on grape weight increased after withering in most 

cases (data not shown). Interestingly, skin 

extractable anthocyanins experienced a distinct 

trend for the two vineyards studied: their 

concentration increased in withered samples from 

the upper-valley vineyard but decreased or remained 

almost constant in those from the lower-valley 

(Figure 5).  
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Figure 5. Skin extractable anthocyanins (mg 

malvidin-3-O-monoglucoside chloride /kg of grapes), 

vintages 2019-2020. 

The grape mechanical properties (Figure 4) may 

have influenced this aspect. Indeed, vineyard A 

showed the tendency to have higher berry skin 

maximum break force (Fsk) and lower skin thickness 

(Spsk) compared to vineyard B. These tendencies 

could be related to an easier dissolution of phenolic 

compounds, particularly for anthocyanins, as 

previously demonstrated (Rolle et al., 2011). 

 

Figure 6. Average values of skin mechanical 

properties: berry skin maximum break force (Fsk) 

and skin thickness (Spsk), vintages 2019-2020. 

 

Conclusions 

In conclusion, harvest time and withering length can 

be modulated according to the desired oenological 

objective, searching for the valorization of grape 

potentialities. In general, early/medium harvest and 

long/medium withering gave the higher phenolic 

contents, particularly for seeds polyphenols, 

although the vineyard location and the weather 

conditions of the year influenced the withered grape 

phenolic characteristics. The results obtained in the 

two harvest years 2019 and 2020 will be compared 

with those of the vintage 2021 in order to better 

clarify the importance of the climate conditions of the 

year on the combined effect of the two variables 

studied. 
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Abstract. Ribeira Sacra, located in the Northwest of the Iberian Peninsula, is one of the wine production areas of 

NW Spain. The vineyard is planted in terraces with very steep hills (400–500 m) in the valleys of rivers Miño and 

Sil. The main red grape variety grown in Ribeira Sacra AOC is Vitis vinifera Mencía. During the last few years, 

there has been a growing interest in the recuperation of the denominated autochthonous varieties from Galicia. 

This is the case of Blanco lexítimo Vitis vinifera grape variety, an aromatic white cultivar traditionally grown in 

Betanzos (North of Galicia). This work reports the results of the first study on aroma potential of Blanco lexítimo, 

grown in Ribeira Sacra with the aim to know the adaptation of this cultivar to the mountain viticulture conditions in 

Ponte da Boga vineyards. Grapes of Blanco lexítimo, collected in 2018 vintage, were crushed and the musts 

volatiles were extracted using Solid Phase Extraction (SPE). The identification and quantification were performed 

by gas chromatography-mass spectrometry (GC-MS). Twenty-eight compounds were quantified in free fraction 

and thirty-six in bound fraction, grouped in several families: alcohols, C6 compounds, volatile acids, aldehydes, 

lactones, volatile phenols, terpenes and C13-norisoprenoids. Free fraction shows higher concentration than bound 

fraction. In free fraction, C6 compounds (vegetal aroma) showed the highest concentration, however volatile acids 

and terpenes and C13-norisoprenoids (floral and fruity aroma) reached the highest concentration in bound fraction. 

With respect to varietal compounds (terpenes and C13-norisoprenoids), the results showed a higher content of 

glicosidically fraction than free fraction.  

Introduction 

The volatile composition responsible for grape 

aroma depends on several factors, including variety, 

degree of ripeness, climate, vineyard management 

and winemaking aging practices. The knowledge of 

the grape varietal volatile composition offers a 

means of evaluating the aroma potential, and the 

period of time that the maximum potential is 

exhibited.  

Ribeira Sacra, located in the Northwest of the Iberian 

Peninsula, is one of the wine production areas of NW 

Spain. The vineyard is planted in terraces with very 

steep hills (400–500 m) in the valleys of rivers Miño 

and Sil. The soils are predominantly sandy and 

granite, with high level of acidity and with broken 

slate in some terraces. Annual precipitation in the 

region ranges from 825 to 1450 mm and average 

growing season temperatures in the region range 

from 10 oC in the higher elevations to 18 oC along the 

river valley slopes (Jones, White, Cooper, 2005).  

The aim of this study was to know the adaptation of 

this cultivar to the mountain viticulture conditions. 

Methods and sources 

Grapes of Blanco Lexítimo from Ponte da Boga 

commercial vineyard in Ribeira Sacra AOC (Galicia, 

Spain) were collected in 2018 vintage at harvest date 

(20/09/18). Grapes were crushed and the musts 

were analyzed.  Physico-chemical parameters 

(sugars, pH, total acidity, tartaric, malic and citric 

acids, IPT, YAN, FAN and N ammonia) were 

determined by a Foss WineScan.  

Aroma compounds (in free and bound fractions) 

were analyzed according to Vilanova et al. (2015). 

Volatiles were extracted using Solid Phase 

Extraction (SPE). The identification and 

quantification were performed by gas 

chromatography-mass spectrometry (GC-MS).  

Twenty-eight compounds were quantified in free 

fraction and thirty-six in bound fraction, grouped in 
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several families: alcohols, C6 compounds, volatile 

acids, aldehydes, lactones, volatile phenols, 

terpenes and C13-norisoprenoids.  

All data were analysed using the software XLStat-

Pro (Paris, 2011). 

Results 

Physico-chemical parameters (sugars, acids, pH, 

IPT, YAN, FAN and ammonia) of Blanco LexÍtimo 

cultivar from 2018 season (Ribeira Sacra AOC) are 

shown in Table 1.  

Table 1. Blanco Lexítimo must chemical parameters 

in 2108 vintage 

Parameter Units Concentration/Value 

Sugars (g/L) 216.6 

PH - 2.9 

Total acidity (g/L) 7.8 

Tartaric Acid (g/L) 3.9 

Citric Acid (g/L) 0.4 

Malic Acid (g/L) 4.3 

IPT - 7.8 

YAN (mg/L) 199.6 

FAN (mg/L) 111.5 

N. Amon (mg/L) 88.4 

 

Total volatile composition, in free and bound 

fractions, is shown in Figure 1. Free fraction, 

represented by 28 compounds shows twice the 

concentration of bound fraction (36 compounds). 

 

 

Figure 1. Total volatile composition of Blanco 

lexítimo cultivar (ug/L). 

In Figure 2 it can be seen the concentration (in %) of 

compounds grouped by families. C6 compounds 

family shows the highest concentration (58 %; 1.086 

ug/L) in Blanco Lexítimo cultivar followed by volatile 

acids (17 %; 310 ug/L) and terpenes and C13 

norisoprenoids (13 %; 242 ug/L). 

In number of compounds terpenes was the most 

important family with ten compounds identified and 

quantified. 

 

Figure 2. Volatile composition by families (%). 

Figure 3 shows the concentration of free and bound 

fraction grouped by family of compounds. 

Free fraction shows higher concentration than bound 

fraction.  

In free fraction, C6 compounds (vegetal aroma) 

represented by six compounds showed the highest 

concentration, however volatile acids (seven 

compounds) and terpenes and C13-norisoprenoids 

(floral and fruity aroma) reached the highest 

concentration in bound fraction.  

The results also showed a higher content of terpenes 

and C13-norisoprenoids in glicosidically fraction than 

free fraction.  

 

 

Figure 3. Total volatile composition by families 

(ug/L). 

With respect to terpene composition linalool and their 

oxides and citronellol reached the highest 

concentration (data no shown). 

White Blanco Lexítimo from Betanzos (Galicia, at 

sea level) was characterized by a higher 

concentration of monoterpenes, mainly linalool 

(Vilanova et al. (2012). At sea level (Betanzos) the 

concentration of Blanco lexítimo volatiles was lower 

than Ribeira Sacra (Altitude 500 m). In this work all 

volatile families shown lower concentration in 

Betanzos in comparison with Ribeira Sacra.  

Altitude strongly influences grape ripening evolution 

and flavour accumulation in the Glera grape 

(Alessandrini et al. 2017). In relation to wine quality, 
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Iacono et al. (1993) pointed out that quality of 

Chardonnay in the Trentino area was affected by 

altitude. High altitude gave wines more «body» and 

complex aroma. 

Conclusions 

Altitude influences grape volatile composition of 

Blanco Lexítimo cultivar. In this study Blanco 

Lexítimo from Ribeira Sacra AOC was caracterized 

by C6 compounds, volatile acids and terpenes and 

C13-norisoprenoids where free fraction shows higher 

concentration than bound fraction. In free fraction, 

C6 compounds reached the highest value, however 

volatile acids and terpenes and C13-norisoprenoids 

have shown the highest concentration in bound 

fraction. From terpenes linalool and their oxides and 

citronellol reached the highest concentration. 
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Abstract. To study the sugar accumulation dynamics during ripening, total soluble solids (TSS) were 

measured in grape samples between color change phase and harvest at several vineyards from “DO – 

Beira Interior” region (Portugal), in 2017 and 2018. At harvest, yields and canopy dimensions of ‘Síria’ 

and ‘Aragonês’ were measured in individual plants. Samples for TSS analysis were also collected by 

each individual vine. Non-linear fittings (by minimizing square differences) of sugar content (g/L) in 

function of crop load balance (kg/m3 vine volume) were developed for each case (vineyard and year). 

The monomolecular Mitscherlich equation was applied to modeling sugar content in function of sum of 

temperatures (degree-days model) in all vineyards and years. Model resulting simulations showed that 

sugar accumulation dynamics resulted from the interaction between crop load balance and sum of 

temperature, independently of site and year. For the same crop load balance, sugar accumulation 

varied with sum of temperatures (R2 > 0.99). For the same sum of temperatures, the crop load balance 

effect becomes quite evident. Moreover, crop load balance had a low or null effect on sugar content at 

the beginning of ripening period, indicating that color change phase is the ultimate opportunity for cluster 

thinning. Management decisions seems to be critical to manipulate the interaction between crop load 

balance (growth control, pruning intensity and cluster thinning) and sum of temperatures (harvesting 

timing), regulating sugar accumulation dynamics, and ultimately, contribute to maintain or improve wine 

quality in a climate chance scenario.  

Introduction 

Crop load balance is generally referred as an 

important factor influencing sugar content, but its 

dynamics is not always understood. Many 

experimental results show that cluster thinning 

can be successfully used to reduce grape 

production, enhancing the concentration of sugar 

and phenols (Keller et al., 2005; Naor et al., 2002; 

Palliotti and Cartechini, 2000), despite some 

contradicting results. Those effects in quality are 

generally attributed to a better balance, which is 

achieved when vegetative vigor and fruit load are 

in equilibrium, and is consistent with high fruit 

quality (Gladstones, 1992).  

Consequently, crop load balance is widely 

expressed by grape weight in relation to pruning 

wood or leaf area units (Howell, 2001). Canopy 

volume unit is also used in fruit trees to express 

crop load balance, showing a similar trend in 

consecutive years and different sites (Wright et 

al., 2006). Previous results (Ramos et al., 2013) 

have shown a better relation of crop load balance 

in function of canopy volume unit (R2 = 0,612), 

compared with crop load expressed in pruning 

wood (R2 = 0.535) or leaf area (R2 = 0.486) units, 

using 60 individual vines of different cultivars. 

On the other hand, sugar accumulation is 

dependent of environment conditions, particularly 

mailto:aramos@ipcb.pt


VII International Congress of Mountain and Steep Slopes Viticulture 
 

  179 
 

temperature. Despite some limitations, referred 

by Bonhomme, (2000), the degree-days model is 

widely used to relate the sum of temperatures 

(above a given basal temperature) with the 

occurrence of some vine developmental states. 

In front of the multiplicity of factors affecting grape 

ripening, including harvest decisions, this work 

will simulate the sugar accumulation in grapes as 

a function of crop load balance and sum of 

temperatures. The aim of those simulations is a 

better understanding of the crop load balance and 

sum of temperatures dynamics and interactions 

on the grape sugar accumulation process.  

Methods and sources 

Total soluble solids (TSS) were measured with a 

digital refractometer in grape samples (100-200 

berries) between color change and harvest at four 

commercial vineyards from “DO – Beira Interior” 

region (Portugal), in 2017 and 2018. At harvest, 

yields and canopy dimensions of ‘Síria’ and 

‘Aragonês’ (syn. ‘Tinta Roriz’; ‘Tempranillo’) vines 

were measured in 10 (2017) or 15 (2018) 

individual vines (per vineyard and year). Samples 

for TSS analysis were also collected in each 

individual vine at harvest. Vineyards are located 

at “Fundão”, “Belmonte”, “Pinhel” and “Figueira 

de Castelo Rodrigo” (C Rodrigo) municipalities. 

Temperatures from automatic meteorological 

stations in the same municipalities were gently 

provided by the regional services of agriculture 

ministry (DRAPC). 

Theoretical framework and operational 

concepts 

Canopy volume was calculated as the 

parallelepiped containing the year vine growth. A 

nonlinear maximum likelihood fitting (by 

minimizing square differences) The nonlinear 

fitting equations between sugar content (y, 

expressed in g/L) and crop load balance (x, 

expressed in kg of grapes per canopy volume 

unit, kg/m3) were hyperboles of the form y = 1/(ax 

+ (1/b)). Degree-days model was the sum of diary 

average temperatures ≥ 10ºC, from 21 of march. 

The nonlinear fitting equations between sugar 

content and degree-days model were adapted 

from the modified monomolecular equation of 

Mitscherlich (Santibáñez et al., 2014).  

Parameters of the fitted equations were obtained 

with SOLVER tool from Microsoft® Excel. 

Coefficients of determination (R2) were obtained 

from the 1:1 relation between observed and 

estimated values. Equation parameters are 

omitted because they refer to case-studies, which 

do not allow generalization. 

 

 

Results 

Figure 1 presents the fitting results to the 

hyperbola equation, representing sugar content 

in function of crop load balance. For each cultivar 

and year, only two vines are represented (as 

examples) for a better visualization.  

 

Figure 1. Sugar content as a function of crop load 

balance of ‘Síria’ (above) and ‘Aragonês’ (below). 

Points represent observed value from individual 

vines. Lines represent the fitting results (R2 for the 

fitting curves had vary from minimal 0.975 and 

maximal 0.997). Note: in Figure legend, local, 

harvest date, average crop load balance and 

average sugar content are presented, showing 

data diversity.  

As expected, average crop load balances and 

sugar content had differed with cultivars, 

harvesting timings, locations, and years. In the 

same site, cultivar and year, Figure 1 also shows 

the dynamic of the effect of crop load balance, 

which can be simulated using the fitted equations 

for each case, enabling simulating sugar content 

to any crop load balance. 

Using sum of temperatures to represent the 

effects of different environment conditions due to 

locations and years, samples collected along the 

ripening period and at harvest, in both years, 

were fitted together (for each vine cultivar) as a 

function of sum of temperatures (degree-days 

model). To eliminate crop load balance effect, the 

estimated sugar content, for the same crop load 

balance (8.0 kg/m3), were used (Figure 2). 
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Figure 2. Sugar content as a function of sum of 

temperatures (degree-days) of ‘Síria’ (above, R2 

= 0.994) and ‘Aragonês’ (middle, R2 = 0.995). 

Points represent the sugar content in all sampling 

and harvest dates, estimated for 8.0 kg/m3 with 

fitted curve's equations in Figure 1. At the bottom, 

only the fitted lines are present to illustrate the 

different sugar accumulation dynamics in the two 

vine cultivars. 

In Figure 2, for the same crop load balance and 

vine cultivar, sugar accumulation relates with the 

sum of temperatures along the ripening period, 

regardless of location and year. This result allows 

to simulate sugar content for any sum of 

temperatures, eliminating the effects of different 

places and years, and sampling or harvesting 

times. Figure 3 presents the simulation results for 

sugar content in function of crop load balance, for 

the same sum of temperatures (1570 degree-

days). As observed in Figure 3, for the same sum 

of temperatures and vine cultivar, sugar 

accumulation dynamics as a function of crop load 

balance becomes quite evident.  

 

 

Figure 3. Sugar content as a function of crop load 

balance of ‘Síria’ (above) and ‘Aragonês’ 

(middle), simulated for the same sum of 

temperatures. Points represent the sugar content 

of each individual vines at harvest dates, 

estimated for 1570 degree-days with fitted curve's 

equations in Figure 2. At the bottom, only the 

fitted lines are present to illustrate the different 

sugar accumulation dynamics in the two vine 

cultivars. 

The vine cultivar can, at some extent, influence 

the sugar accumulation dynamics (Figures 2 and 

3, bottom). For the same vine cultivar and with no 

disruptive weather factors, sugar accumulation 

dynamics seems to result from the interaction of 

crop load balance with the sum of temperatures 

(Figures 2 and 3). Consequently, sugar 

accumulation in grapes (at harvest) seems to be 

mainly dependent on vineyard structure and 

management decisions. In fact, crop load balance 

depends on pruning, cluster thinning and year-

growth control, while sum of temperatures at 

harvest depends on the harvest time decisions.  

Conjugating the two models for sugar 

accumulation dynamics (as a function of crop 

load balance and sum of temperatures) can be 

applied to other situations, as in the following 

examples. Considering the same crop load 

balances, obtained at harvest, for each individual 
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vine during the ripening period, sugar content as 

a function of crop load balance can be simulated 

for each sampling date. Figure 4 presents that 

simulation applied to a case-example 

(‘Aragonês’; “Pinhel”; 2018).  

 

Figure 4. Sugar content as a function of crop load 

balance simulated for sampling dates along the 

ripening period of ‘Aragonês’, in “Pinhel” in 2018. 

Figure 4 simulations showed a little or null effect 

of crop load balance in the beginning of the 

ripening period, indicating that color change 

phase is the ultimate opportunity to manage 

cluster thinning. During ripening period, crop load 

balance effects enhanced progressively, 

probably by interaction with the continuous 

intensification of the summer stressing 

conditions. 

Managing harvesting time can be also improved 

by conjugating the two models for sugar 

accumulation dynamics, as sugar accumulation 

dynamics is the resulting effect of interaction 

between crop load balance and sum of 

temperatures (Figures 2 and 3). Figure 5 presents 

the simulated curves for three different crop load 

balances in ‘Síria’ vine (as example).  

 
Figure 5. Sugar content as a function of the sum 

of temperatures simulated for three different crop 

load balance in ‘Síria’. Horizontal picked line 

represents a sugar level generally accepted for 

harvesting (≈ 12% v/v alcohol content). 

Regarding Figure 5, with lower crop load 

balances, sugar accumulation during ripening is 

faster, and harvesting can be anticipated. With 

highest crop load balances, sugar accumulation 

during ripening is slower, and harvest can be 

delayed. With an adequate methodology to 

evaluate crop load balance just before color 

change phase, and a good algorithm to predict 

sum of temperatures during ripening, a more 

accurate harvesting time estimation and a better 

cluster thinning management, could be 

performed.  

Due to the actual concerns with climate change, 

especially global heating, crop load balance 

control and harvesting time planning are critical 

management decisions shaping sugar 

accumulation dynamics. Although sugar content 

cannot be the major factor to define wine quality, 

it still is the major factor for harvesting decisions. 

As referred by McDonnel et al. (2008), making an 

extended ripening period can be more suitable for 

reaching a high wine quality. Thus, higher crop 

load balances can be used to mitigate the 

anticipation effect of warmer temperatures in 

sugar accumulation dynamics. 

Conclusions 

Sugar accumulation dynamics, during ripening 

period, is mainly regulated by the interaction of 

crop load balance with environmental conditions 

(represented by sum of temperatures). Moreover, 

growth, crop load and harvesting time 

management seems to be a key-factor to regulate 

sugar accumulation dynamics and make 

appropriate decisions to maintain or improve wine 

quality in a climate change scenario. 

Further studies, in experimental fields and more 

controlled conditions, are needed to obtain better 

data quality and to validate the proposed 

methodologies. 
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Abstract. This paper provides an overview of the state of the art in research on viticulture in the Douro 

Demarcated Region (DDR), analysing some key characteristics of studies on this theme and identifying 

current research trends and future research needs. A quantitative bibliometric analysis is applied to 

articles which focus specifically on DDR viticulture that have been published in journals indexed in the 

Web of Science (WoS) and Scopus databases over the last decade. The methodology and research 

design were based on an inductive approach applied to a corpus of research outputs in this field. Twenty 

articles on this topic were published during the period 2010-2021; while the first appeared in 2010, most 

had been published only during the last 3 years of the period (2019-2021). From this corpus we 

identified 4 research trends, 3 from WoS and 1 from Scopus: projections of climate change in viticulture; 

promotion of habitat diversity in vineyards; the technology used for higher vineyard efficiency and 

productivity; and business innovation strategies for viticulture firms. Our co-citation analysis revealed a 

network of researchers focusing on the study of habitat and ground cover management. Furthermore, 

we were able to identify those journals, organisations, and countries/regions that had contributed to the 

development of this overall line of research. Our findings add to the existing literature on the DDR and 

may serve as a guide for defining future research in the context of climate change mitigation and 

technological innovation for more efficient production.

Introduction 

In Portugal, viticulture remains one of the most 

important socio-economic sectors. In the Douro 

Demarcated Region (DDR), an almost monocultural 

system has developed in which vines are cultivated on 

terraces that cover the steeply inclining slopes of the 

Douro Valley from top to bottom. Along the Douro 

River, the valley extends over an area of 250,000 ha, 

of which 18% is covered by steep vineyards with an 

average slope of 30% (Fraga et al., 2017).  

The DDR is one of the world’s oldest regulated wine 

regions and has long been famous for its Port, a 

fortified beverage, and more recently for other high-

quality wines. Due to its unique features, in 2001 the 

United Nations Educational, Scientific and Cultural 

Organisation (UNESCO) recognised the DDR's wine 

landscape as a World Human Heritage Site.  

Vines and wine are the dominant pillar of the DDR’s 

economy and have left deep marks on its landscape 

and heritage. Of all Portugal's wine-growing regions, 

it is the one in which vines have the greatest share of 

agricultural land use. In 2020, the total area under 

vines was around 44,000 hectares, producing 153 

million kg of grapes, and 112.206.972 litres of wine 

according to data from the Instituto dos Vinhos do 

Douro e Porto (IVDP). 

Given the difficult production conditions found in the 

DDR, it is important to gain a better understanding of 

the extent to which issues raised in the academic 

literature on this region – ranging from the impact of 

climatic influences on vine development that may 

affect the quality of the wine (Costa et al., 2019; Dos 

Santos et al., 2020; Yang et al., 2021), to innovative 

technologies designed to facilitate vineyard 

management (Cunha et al., 2010; Reis et al., 2012) – 

reflect the contemporary concerns and priorities of 

vineyard owners.  

Throughout human existence, the development of 

crops has gone hand in hand with time and climate, 

and climate is clearly the ever-present factor in the 

performance of agricultural systems, profoundly 

influencing crop yields and quality, and ultimately 

driving economic sustainability (Gregory et al., 2010). 

Moreover, today – possibly more than any other time 

in human history – agricultural systems around the 

world are at risk due to the impact of rapid climate 

change on which crops are suitable for given regions 

(Gregory et al., 2010, p.103). 

Since viticulture and wine production are among the 

most important agribusinesses influenced by climate, 

the most critical aspect centres on the optimum 

ripening of the fruit to produce a desired style of wine 

(Gregory et al., 2010). Climate change is a major 

challenge in wine production, as temperatures are 

rising worldwide, and many regions are becoming 

more exposed to water deficits. Consequently, the 

ripening phase shifts to the warmer periods of the 

summer, which affects the characteristics of the 
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grapes, particularly the presence of key aromatic 

compounds (Van Leeuwen & Darriet, 2016). 

As in the past, today's wine production takes place in 

relatively narrow geographical and climatic zones, 

mostly in latitudes that are prone to high climatic 

variability, such as the DDR (Gregory et al., 2010). 

Given that viticulture is so challenging in this region, 

due to factors such as relief, climate, and socio-

economic and demographic trends, all of which are 

decisive for the production systems practiced, it is 

important to analyse all the high-quality studies that 

have been conducted there in order to leverage new 

research whose findings may further mitigate climate 

change and make DDR viticulture more prosperous.  

To take this study forward, a systematic review of the 

literature on DDR viti- and viniculture was conducted 

covering the period 2010 to 2021, based on the 

highest quality articles from WoS and Scopus, and 

supported by the type of quantitative bibliometric 

analysis developed in the West in recent decades. 

Pioneers in this new field, Egghe & Rousseau (1990) 

collected varied quantitative data in order to try to map 

what had been published, in which publications, on 

what themes, and by whom. Considering that the new 

scientific methods they were promoting could only be 

validated using mathematical and statistical tools, 

when they later published their manual (Egghe & 

Rousseau, 1990), they called their new method 

“infometrics” though today the more common (albeit 

not undisputed) designation is "bibliometrics". 

Originally, the quantitative analysis of publications and 

their use was termed “statistical bibliography”,and 

referred to the “counting and analysing [of] the various 

facets of written communication” (Pritchard 1969, 

p.348), while the terms “bibliometrics” (and to a lesser 

extent “infometrics”) became popular as the online 

data on publications grew and digital forms of 

communication proliferated.  

Using bibliometric analysis, the research reported on 

here aimed to map and characterise, for the very first 

time, academic research on the DDR’s viticulture. 

Such a review of the literature is particular relevant 

due to the growing body of agronomic studies on the 

effects of climate change. The available bibliography 

was analysed with a view to identifying current trends 

and lacunae, and thereby help researchers to secure 

the sustainability of viti- and viniculture in a region of 

such enduring importance to world winemaking. 

Methods and sources 

Though the techniques of what today is referred to as 

bibliometrics can be traced back to the 1890s 

(Osareh, 1996), over the last two decades it has 

become an essential part of the toolkit of those 

seeking a quantitative method of evaluating the 

literature available on a given theme (Osareh, 1996). 

According to Herubel (1999), broadly speaking, 

bibliometrics is a quantitative analysis of publication 

trends as defined by specific kinds of criteria. 

Moreover, co-citation studies – and especially author 

co-citation analysis – are now among the most 

common methods of quantitatively assessing 

research on a specific topic (Chen et al., 2010). 

The present study is based on a positivist research 

method with numerical, descriptive and exploratory 

dimensions, using key metrics to highlight specific 

attributes of a corpus of publications (Monteiro & 

Cepêda, 2021).  

This paper presents a bibliometric analysis of a corpus 

of literature on viticulture in the DDR, deploying 

citation analysis as its principal method. In the first part 

of the article, we present our general findings using 

key citation metrics and, in the second, we use 

VOSviewer software and CiteSpace co-citation 

analytics to identify which authors are most frequently 

cited and in which journals citations are most 

frequently made. Finally, the limitations, problems, 

reliability, and validity of the citation analysis used in 

our research are considered. 

The present study is based on primary literature, i.e., 

it uses articles indexed in the main bibliographical 

databases (WoS and Scopus). These two sources 

have the oldest and most comprehensive citation 

index records and are equipped with their own basic 

analytical tools. As only literature focusing on the 

viticulture of the DDR was of interest, many other 

reputable studies of the Douro region were excluded 

from consideration.  

Given the high degree of specificity of the theme, 

rather than rely on a single database, two were used. 

This choice aimed to both widen the scope of our 

search for relevant articles and to optimise the 

universe of articles from which selection would be 

made. Also, though WoS does not necessarily index 

the largest number of journals in all fields compared to 

Scopus (Li et al. 2010), given that both databases 

contain literature of sufficient quantity and quality, 

both were consulted. 

The search was conducted over 11 successive years 

of literature (2010-2021). In order to create a 

representative corpus of documents for analysis, the 

following search profile was applied to the WoS and 

Scopus databases: 

(ALL=("Região demarcada do douro" or "RDD" or 

"Douro Demarcated Region" or "DDR")) AND 

ALL=("producers" or "Produtores" or "growers" or 

"winegrowers " or "viticultores" or "vitivinicultores" or 

"Viticultura" or "Viticulture") 

Indexes SCI-EXPANDED, CPCI-S. Time-span 2010-

2021. 

After identifying all articles of interest, we selected 

only those in which viticulture in the DDR was the 

principal focus of the study. The final sample (selected 

on November 8, 2021) comprised 20 articles from the 

two databases, and includes all articles published up 

to the date of collection. Figure 1 (below) summarises 
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the PRISMA-compliant procedure for assembling the 

corpus of articles (Page et al., 2020). 

The analysis of the study sample used the VOSviewer 

and CiteSpace software to examine some of the key 

details of the pattern of publications over the period in 

question, namely the various authors, teams, 

institutions, journals and sub-themes involved. 

 

 

Figure 1 - PRISMA study sample selection 

 

Results 

A. The general evolution of research productivity 

The first publication on viticulture in the DDR, by 

Cunha et al., appeared in 2010, and was part of an 

initiative to implement a all-embracing network of 

cooperation in the DDR where, given the region’s 

extremely variable topography and microclimates, 

such a strategy was highly appropriate. The authors 

conclude that the possibility of actors exchanging 

contextualised information and accessing 

contextualised services in the field, using well-known 

devices such as cell phones, could contribute both to 

increasing the adoption rate of information technology 

in viticulture, and to more efficient practices and 

services closer to where the crop is grown 

A hiatus of two years follows this study, and it is only 

in 2012 that new items on this subject were published;  

until 2019, no more than two items each year 

appeared in journals. The year 2020 was the year with 

the highest number of articles registered, with 6 

publications, and, at the time of writing (2021), 3 more 

have been published. The recent upward trend in 

research and publication seems to reflect growing 

concerns over how climate change may be negatively 

impacting the region and its vineyards. 

 

Figure 2 – Nº of publications per year (WoS and 

Scopus), on DDR vineyards. 

Source: WoS and Scopus 

B. Publications by country 

Through the bibliographic linkage analysis of the 

VOSViewer it was possible to verify that, 

unsurprisingly, Portugal has most publications on the 

theme under scrutiny (20), followed by its neighbour 

Spain with 7, France with two and Germany, Austria, 

and the United States with one publication each. 

C. Thematic fields 

The disciplinary area with the greatest impact on this 

research is in Agricultural and Biological Sciences 

representing 35% of the sample. This is followed by 

Entomology and Plant Sciences with 15%, 

Multidisciplinary Agriculture (including Food Science 

Technology and History) with 10%, and Biodiversity 

Conservation with 5%, as shown in Figure 3 below.  

 

Figure 3 – Number of publications per thematic fields 

Sources: WoS and Scopus 

D. Journals  

Regarding the journals with publications on viticulture 

in the DDR, the three journals with the most 
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publications in the timeline under study are Agronomy 

(WoS), followed by Ciência e Técnica Vitivinicola 

(Scopus) and RIVAR (WoS). Each of the remaining 

journals had published only one item on the topic.  

E. Organisations / Institutions involved 

Most of the studies examined were undertaken 

collectively and on a multi-organisational basis, with 

several authors and institutions (95%) represented in 

the resulting publications, reflecting both the 

complexity and importance of the issues being 

investigated. 

Among the organisations that have shown themselves 

to be most active in studies of the DDR, the University 

of Trás-os-Montes e Alto Douro (UTAD) stands out, 

with its researchers participating in about 85% of 

publications on the subject (18 articles), followed by 

members of a local nongovernmental organisation 

(the Associação para o Desenvolvimento da 

Viticultura Duriense – ADVID) appearing as co-

authors of 50% (10 publications) and University of 

Lisbon researchers co-authoring 15% (3 publications). 

Researchers from all other entities were involved two 

or fewer publications on the subject.  

 

Estimating subsequent use of DDR viticulture 

research  

A. Keyword co-occurrence analysis 

According to Issah and Rodrigues, the number of 

times keywords co-occur in works on a similar theme 

depends on the size of the network node. When we 

analysed those keywords occurring two or more times 

in our 20 publications, we found that "bio-diversity" (4 

times), "Douro Demarcated Region" (3) and "soil" (3) 

appeared most frequently (See Figure 6 and 7 and 

Table 4). Moreover, “DDR” co-occurs with 

“biodiversity” more often than with “soil”, which 

suggests that researchers have become more 

concerned about maintaining the biodiversity of the 

region and the quality of its soil in the face of climate 

change.  

In a subsequent exercise, the 16 WoS articles were 

analysed separately from the Scopus articles. We 

found that studies on biodiversity (3 occurrences), the 

DDR (2 occurrences) and soil (2 occurrences) 

predominated, as shown in Figure 5. Regarding the 

articles published in Scopus, the only keyword to have 

more than one occurrence was "wine", which 

appeared twice, leading us to conclude that in the 

Scopus studies the predominant focus was on the 

wine produced in the DDR and associated issues 

such as innovation, competition, entrepreneurship, 

green infrastructure and biodiversity, among others 

(Appendix 1). 

Table 1 – Keyword co-occurrence 

 

Key: TLS = Total Link Strength 

Sources: WoS and Scopus 

Keywords in more recent WoS articles tended to relate 

to the impacts that the region may suffer due to 

climate change and to concern about the sustainability 

of the ecosystem. Among the most recent keywords 

in addition to "Impact" also appears "butterfly" as the 

literature has focused on how loss of biodiversity in 

the DDR may be detrimental to vineyards. For 

example, in the study by Carlos et al., environmental 

conservation in uncultivated habitats near vineyards, 

as well as the promotion of native vegetation, was 

found to contribute to the biodiversity of the DDR by 

promoting the presence of butterflies and other 

arthropods who prefer areas with ground-cover. In 

contrast, more recent Scopus articles have tended to 

concentrate on drivers of competition and innovation 

in the region and beyond. 

B. Bibliographic coupling 

According to Martyn (1964, p. 236), bibliographic 

coupling occurs when in two works reference is made 

to a common third work, suggesting that the two works 

focus on a related theme, use a similar methodology 

or model, deal with the same geographical area or 

time period, etc. 

• WoS bibliographic coupling 

In our analysis of coupling in the WoS literature, 3 

clusters were identified. The first cluster (red) 

addresses the impact of climate change scenarios on 

viticulture in the Douro region; the second (green) 

refers to habitat diversity in DDR vineyards and the 

third (blue) relates to the use of technology for higher 
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efficiency and productivity of vineyards. Appendix 3 

presents each of these clusters. 

In the first cluster (red) relating to "climate change 

projections and viticulture in the Douro region" we 

highlight the Costa et al. study that performed climate 

change projections in the DRR based on a set of 

climate models. These types of viticultural 

phenophase projections under future climate change 

scenarios provide strategic decision support tools for 

viticulturists and wine producers. Their results lay the 

foundation for the short-term monitoring and 

forecasting of vine phenology (Costa et al., 2019). 

Given that climate change can affect production, the 

findings of the dos Santos et al. study led the way for 

further analysis of the technical efficiency of grape 

growers and wine producers in the DDR. The results 

showed that  the low level of efficiency vineyards often 

experience often can be attributed to certain key 

production variables, leading the authors to call for 

further studies to improve wine grape productivity 

through better utilisation of the available resources. 

As for phenological aspects of this cluster, we would 

point to the role of the recent study by Yang et al. [4] 

which showed that a standard least square approach 

could be used to calibrate a complex vine model in a 

way that allowed both phenology (flowering and 

harvest dates) and yield to be simulated for four 

different DDR vine-training systems. These studies 

demonstrate the importance of crop model 

applications in agro-environmental research, where 

unreliable estimates of parameter values and 

associated uncertainties have often caused difficulties 

(Yang et al., 2021). 

As for the second cluster (green), relating to "habitat 

diversity of DDR vineyards", the study by Gonçalves 

et al. should be given prominence. Having identified 

the composition by species of arthropod communities 

in DDR vineyards, it evaluated the influence of key 

variables – in particular, seasonal factors – on each 

trophic group (i.e. omnivores, detritivores, predators 

and phytophages). In addition to finding that their 

density and diversity of activity increased from spring 

to summer, the authors also recorded higher densities 

of predators 5 metres above the ground during spring, 

while in summer ground level and aerial densities 

were comparable. This result suggests that 

uncultivated habitats could serve as both a refuge and 

hibernation sites from which predators could colonise 

vines (Gonçalves et al. 2017, p. 366). 

On the same theme, Carlos et al. (2019) investigated 

the impact on ground-dwelling arthropod communities 

of the existence of uncultivated habitats and ground-

cover vegetation inside or close to the DDR’s terraced 

vineyards.  In their study, arthropods were sampled 

using traps, and surrounding vegetation and plant 

species richness were assessed. Omnivores in the 

sample were found to be more abundant in nearby 

uncultivated habitats than on the terraces themselves 

(42% and 34%, respectively). Predators, mainly tiny 

ant-like beetles (Scydmaenidae) and spiders 

(Araneae), accounted for 19.4% of the sample, most 

being sighted inside the vineyards. The authors 

concluded that conservation measures applied in 

uncultivated habitats in the neighbourhood of 

vineyards, as well as promotion of native vegetation, 

increases the presence of ground-dwelling 

arthropods, and contributes to local biodiversity.  

Finally, in the last cluster (blue) on "the use of 

technology for greater vineyards efficiency and 

productivity", the study by Cunha et al. was deemed 

crucial inasmuch as it proposed a framework for 

promoting the wider adoption of “precision agriculture” 

techniques in viticulture. The authors describe how 

static tags placed in the field could be decoded by 

mobile devices such as mobile phones or PDAs. By 

pointing a mobile device at a tag, staff could download 

information such as weather data or upload 

information such as disease and pest incidence very 

simply, without the need to provide GPS coordinates 

or any other references, and without having to return 

to a central office to analyse the data (Cunha et al., 

2010). This capability would be of particular value in 

the DDR where the topography is very variable and 

microclimates abound. The ability to exchange 

information and access services in the field, using 

small portable devices, would introduce more efficient 

practices to where grapes grow and are harvested  

(Cunha et al., 2010). 

Equally noteworthy is the study by Reis et al., (2012), 

because it proposed a colour imaging system for the 

detection and localisation, in real time and in the field, 

of grape bunches. This technology allows grape 

growers to distinguish white from red grapes 

immediately, and at the same time calculate where 

bunches are located. By achieving 97% and 91% 

correct classifications for red and white grapes, 

respectively, the system mitigates many of the 

difficulties of detecting grapes, especially when they 

have a similar colour to the leaves, which is typically 

the case with white grapes (Reis et al., 2012). 

• Scopus bibliographic coupling 

The Vosviewer analysis of bibliographic coupling 

among the Scopus articles generated two clusters. 

The first (red) addresses projections of climate 

change in viticulture in the DDR. The second (green) 

relates to innovation and business strategy for 

viticulture companies in the DDR. 

In the first cluster (red) with the topic "Climate change 

projections in viticulture in the Douro region" we would 

highlight the Fraga et al. study which assessed zones 

currently used for viticulture according to different 

terroir elements (thermal, hydric, soils, topography 

and vegetation), using high-resolution (1 km) datasets 

and numerous variables/indices. The study also 

evaluated areas of potential viticultural expansion 

(Fraga et al. 2017). Research by Gonçalves et al., 

conducted as part of the UN Decade of Biodiversity 

(2011-2020), was also pertinent, since it profiled the 

arthropod community in the DDR’s vineyard 

ecosystem and proposed increasing their presence in 
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vineyards, boosting vegetation on slopes, and 

encouraging shrubs, hedges and forestry near 

vineyards. The authors stressed that promoting 

agrobiodiversity would deliver benefits to viticulture, 

sustainable agriculture, the environment (regional and 

global) and society as a whole. 

In the second cluster (green), which brings together 

work on the "innovation and business strategies for 

DDR viticulture", we would highlight two studies. One 

addresses innovation among small and medium-sized 

enterprises (SMEs) in the DDR and presents a 

business strategy for wine SMEs in such regions 

where production costs are high, and both tradition 

and innovation are important for success (Rebelo & 

Caldas, 2013). A second study examines the informal 

horizontal networking experience of five small DDR 

estates (Niepoort, Quinta do Crasto, Quinta Vale D. 

Maria and Quinta do Vale Meão), each owned by one 

of the so-called “Douro Boys”). The study draws two 

key conclusions: (1) the Douro Boys have created a 

simple, informal but effective structure of market 

"prospecting", with a highly developed culture of 

innovation, which enables them to identify, occupy 

and benefit from niches in the international wine 

market from which all five can benefit. (2) The DDR’s 

specificity as a terroir and its reputation for producing 

Port wine, while positive factors, pose challenges: 

increasing its global competitiveness will oblige the 

DDR as a whole to evolve from an organised cluster 

to an innovative cluster (Rebelo & Muhr, 2012). 

 

C. Co-citation network analysis 

According to Chen et al. (2010), co-citation analysis is 

a method that profiles and interprets the structure and 

dynamics of co-citation clusters. This method 

facilitates analysis by integrating network 

visualisation, spectral clustering, automatic cluster 

labelling and text summarising. The aim is to gain 

insights into emerging research patterns and trends. 

Table 2 - The two largest ACA clusters of a 149-author 

network (2010–2021) 

 

Sources: WoS and CiteSpace 

It should be noted that in CiteSpace visualisations, 

clusters are labelled using ranking algorithms such as: 

tf*idf, log-likelihood ratio tests, or mutual information; 

*idf, log-likelihood ratio tests, or mutual information. 

 

 

Figure 4 - Author co-citation analysis (ACA) network 

comprising 2 clusters, generated for a continuous 11-

year timeline (2010–2021). 

Sources: WoS and CiteSpace 

We adopted a “hard” clustering approach, in which a 

co-citation found in the network is divided between 

several non-overlapping items in a cluster (Chen et 

al., 2010). The clusters were then labelled and 

summarised, as shown in Table 2. The comparative 

author co-citation analysis was conducted in line with 

the recommendations of Zhao and Strotmann (2008).  

The application of CiteSpace to the corpus of articles 

created 2 author co-citation clusters. Their modularity 

was estimated at 0.8464, suggesting that the links 

between the clusters were considerable (close to 1). 

The average silhouette value of 0.9873 indicated a 

satisfactory partitioning of the network. The labels of 

these clusters were chosen from their cited titles using 

the algorithm tf*idf (See table 2) 

In general, the number of ACA clusters grows as the 

size of the ACA network increases. As shown in table 

8, networks of 14 to 27 cited authors provide a 

satisfactory outcome with high modularity and 

silhouette values. 

The network of cluster #0 contains 27 articles, all of 

which are characterised in Table 2. Table 2 

characterises the 14 articles that make up the ACA 

network of cluster #3. 

To summarise, our co-citation analysis provided 

evidence that publications on the theme under 
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scrutiny have increased research interest, as 

indicated by the upward trend in citations (Figure 5). 

 

Figure 5 - The upward trend in citations 

Sources: WoS and CiteSpace 

 

Conclusions 

Given the variable and often demanding conditions 

found in the DDR, the present study aimed to improve 

our understanding of the issues that the academic 

literature has raised regarding the region, such as the 

impact that climate change may have on vineyard 

development, the effects this may have on the quality 

of the final product, the consequences for those 

operating and working in wine-producing firms, and 

the benefits innovation (in better vineyard 

management, equipment adapted to steep slope 

viticulture, and niche identification and marketing) 

could confer. 

For these reasons, a bibliometric analysis was 

conducted to verify what had been studied and by 

whom, in order to identify what specific future research 

priorities might be adopted. Such knowledge will help 

to build resistance to climate change in the DDR, and 

support the quality and marketability of its wines, the 

performance of its vineyards and the innovation 

practiced by its entrepreneurs. 

Our analysis pointed to an upward trend in research 

on viti- and viticulture in the DDR, with the year 2020 

being the year with the most publications. The recent 

surge in such studies was stimulated by a number of 

factors, not least of all the impact of climate change 

on soil, biodiversity and wine production levels.  

Only 6 countries have publications on the subject., 

with Portugal, not unexpectedly, having most 

publications. The disciplinary areas with the highest 

representation in the sample were the agricultural and 

biological sciences.  

Only three journals have published more than one 

article on aspects of the DDR vineyards selected by 

the present study: Agronomy-BaselCiência, Tecnica 

Vitivinicola and RIVAR – Revista Iberoamericana de 

Viticultura Agroindustria y Ruralidad. 

While most articles were carried out by teams 

representing various institutions, researchers from 

UTAD were authors or co-authors in the vast majority 

of cases (85%).  

Our analysis of the co-occurrence of keywords 

revealed that those that were most used in the 

publications scrutinised were "biodiversity", "Douro 

Demarcated Region" and "soil". We found that the co-

occurrence of “biodiversity” and “DDR” was higher 

than that of “soil” and “DDR”, which may mean that, 

increasingly, researchers have developed concerns 

regarding the promotion of biodiversity and the quality 

of the soil in the region as a means of mitigating the 

effects of climate change. 

If we separate the two databases, we find that, in the 

articles registered on the WoS, the most recent 

keywords refer to the impact the region may suffer due 

to climate change and consequent concerns over the 

maintenance of the ecosystem. In contrast, in the 

Scopus articles, the most recent keywords reflected 

concerns with product, process and marketing 

innovation in the region in a context of intense world 

market competition. 

The literature coupling analysis was performed 

separately on WoS and Scopus articles. From the 

WoS articles 3 clusters were generated: the first 

cluster (red) addresses the projections of climate 

change on viticulture in the Douro region, the second 

cluster (green) talks about habitat diversity for DDR 

vineyards and, finally, and last cluster (blue) 

addresses the use of technology for greater efficiency 

and productivity of vineyards. 

The literature coupling analysis was performed 

separately for articles in WoS and Scopus. From the 

WoS articles 3 clusters were generated: one 

addressing the effects of different scenarios of climate 

change on viticulture in the DDR; a second reflecting 

on the issue of habitat diversity for DDR vineyards and 

a third considering how technology might help firms to 

achieve greater vineyard efficiency and productivity. 

In the analysis of the Scopus articles, only 2 clusters 

were generated: the first cluster (red) addresses 

projections of climate change in viticulture in the 

Douro region and the second cluster (green) reports 

innovation and business strategies for wine 

companies in the DDR. 

In the analysis of the Scopus articles, only 2 clusters 

were to be found: the first consisting of articles 

discussing the effects of different projections of 

climate change on viticulture in the Douro region, 

while the second reflecting on the role of innovation in 

the business strategies of DDR wine companies. 

The co-citation analysis generated two clusters 

relating to the ACA author network. The first (#0), with 

27 references, was related to habitat management 

and mentioned its main Keywords: formicinae, 

myrmicinae, zodarion, myrmecophagy and 

myrmecomorphy. The second cluster (#3), with 14 

references, referred to issues around ground cover 
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and had ecosystem services, ground cover, habitat 

management and predators as its main key words. 

In the co-citation analysis, we obtained a modularity 

between both clusters of 0.8464, suggesting that the 

links between the clusters are considerable. The 

average silhouette value obtained was 0.9873, 

indicating satisfactory network partitioning. However, 

given that the boom in publications is only very recent, 

the vast majority (93%) of the ACA network has only 

one citation, and the most frequently cited work (Fraga 

& Santos, 2017) only four. 

It is clear from this analysis that the study of viticulture 

in the DDR has become increasingly relevant and 

important to researchers. Their future agenda will 

surely focus on ways to mitigate the effect of climate 

change in the region and on how to promote 

innovation among its winegrowers, considering the 

region characteristics. 

Most of the studies have been carried out by 

partnerships composed of several institutions, 

reflecting the collective efforts that have been made to 

secure the long-term sustainable future of the DDR. 

Besides being a World Heritage site of great interest 

to tourists, the DDR produces high quality wines, 

recognised worldwide, thereby making a significant 

contribution to the national economy. 

The major limitation of this study is the small database 

due to the limited number of studies so far undertaken 

on the DDR’s viticulture. Despite this constraint, 

producing an up-to-date analysis of the state of the art 

was extremely important because it allows us to better 

understand the advances that have already been 

made in the region so we may identify new topics that 

require research in the future, as well as identifying 

which existing lines of enquiry need to be reinforced. 

As for future studies, we would recommend the 

inclusion of other databases, such as Google Scholar 

and a wider range of publication types (e.g. book 

chapters) as well as additional indicators, such as 

those related to local demographic trends and 

technological and other types of innovation.  
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Appendix 1 – Key-word co-occurrence analysis in WoS 

Sources: WoS and VOSViewer 

 

 

 

Appendix 2 – Key-word co-occurrence analysis in Scopus 

Sources: Scopus and VOSViewer 
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Appendix 3 – WoS bibliographic coupling 

Sources: Scopus and VOSViewer 
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Abstract. The paper presents the study and analysis of the specificities of Alpine viticulture, with a focus on the 

Aosta Valley, and the appropriation of common values. The paper presents the results of the in-depth analysis that 

the University of Valle d'Aosta - Université de la Vallée d'Aoste on behalf of the Center for Research, Studies and 

Enhancement for Mountain Agriculture (Cervim) within the ALCOTRA VI project Strada dei vigneti alpini – Route 

des vignobles alpins. In the Valle d’Aosta there is a system with characteristics and values that are peculiar to the 

Alpine territory and that generate what has been identified as a wine community dedicated not only to the production 

of a good but to the sharing of a wealth of knowledge in the management of the territory. The paper is structured 

in parts: the first part relating to the analysis of the literature, the second part contains the questionnaires and 

interviews addressed to tourists, hoteliers, winegrowers, wine tasters and sommeliers. The results of the research 

and the answers of the questionnaires demonstrate that local stakeholders such as producers, restaurateurs, wine 

tasters, hoteliers represent the main facilitators of a process aimed at promoting the tourist's relationship with the 

environment and its perception. The new farmers in the mountain area are people with medium / high training and 

professional profiles and with good entrepreneurial skills, sometimes with family roots attributable to the mountain 

population. Various producers have moved towards digitization, other producers had already started 

complementary activities to wine production such as those of agritourism.

Introduction 

The paper to present the results of the in-depth 

analysis that the University of Valle d'Aosta - 

Université de la Vallée d'Aoste on behalf of the 

Center for Research, Studies and Enhancement for 

Mountain Agriculture (Cervim) within the ALCOTRA 

VI project Alpine vineyard road. The project leader is 

the Metropolitan City of Turin. The other partners are: 

Conseil Savoie Mont Blanc (CSBM), Municipality of 

Pomaretto, Municipality of Carema, Communauté de 

Communes Coeur de Savoie (CCCS), Grand Lac 

Communauté d'Agglomératio, Savoie Mont Blanc 

Tourisme, Institut Agricole Régional, Cervim, RAVA 

-DARNCF, Autonomous Region of the Vallée 

d'Aoste. 

The Vi.A. – Route de Vignobles Alpins or Alpine 

Vineyard Route operates in three strategic areas: 

common values and training of operators, landscape 

recovery and tourism promotion. The purposes are 

those of analysis: tourism market of the wine and 

marketing strategies in the wine areas between 

Savoy, Aosta Valley and Piedmont; landscape 

surpluses to be conserved or recovered (in particular 

terraced and sloping vineyards); the study of the 

socio-anthropological, historical, economic 

connections that underpin the image of local 

viticulture to promote the dissemination and sharing 

of the common values of the viticultural territories. In 

this context, the University of Valle d'Aosta has 

focused on the issues of territorial marketing with 

attention to the survey of tourists and tour operators 

to verify the knowledge of the Aosta Valley wines, of 

the viticultural landscapes and willingness to buy 

wines obtained in landscapes of historical-cultural 

relevance. 

Methods and sources 

The research therefore aims to identify which tools 

can allow the conservation of viticultural and terraced 

landscapes by improving the profitability of the Valle 

d'Aosta wine chain by following two possible paths: 

- enhancement of the direct use of terraced 

landscapes through development actions in the wine 

tourism sector. 

- improvement of the marketing channels of local 

productions with particular reference to the demand 

for local products generated by tourist flows. 

With specific reference to the second point, the 

research is developed along the following lines: 

- survey of a sample of tourists in order to know: 

- if they are aware of the Aosta Valley wines and if 

they have consumed or purchased them. 

- in which sales or accommodation facilities they had 

the opportunity to drink Aosta Valley wines. 

- whether they have seen or visited the wine-growing 

landscapes of the region and what is their opinion of 

these landscapes. 

- detection of a targeted questionnaire through direct 

interview with a sample of operators in the tourism 
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sector (hotels, restaurants, operators in the oenology 

sector) aimed at verifying whether they sell wine 

products from the Aosta valley, to know their opinion 

on the relationship between quality of the product 

and landscape and what are the possible problems 

that have limited / prevented the sale of Valle d'Aosta 

wine. 

The paper presents the survey on tourists and tour 

operators to verify the knowledge of Valle d'Aosta 

wines, viticultural landscapes and willingness to buy 

wines obtained in landscapes of historical and 

cultural significance. 

In this section, you should present your research 

methodology and the source(s) of the data analysed. 

The first phase was dedicated to a review of the 

literature starting from the concepts of: 

landscape 

perception of the landscape and value of the product 

value of the wine landscape 

wine landscape and perception of wine quality. 

Wine tourism 

The proposed approach takes into account the 

geographical characteristics of the area. First of all, 

it considers the geomorphological and climatic and 

economic-social as well as cultural characteristics of 

the Valle d'Aosta region under investigation to 

consider the economic and cultural potential of the 

heroic viticulture heritage that has shaped the 

cultural landscape over the centuries thanks to work 

capillary of the members of a community 

Theoretical framework and operational 

concepts 

The goal is to understand the ways in which the 

Aosta Valley wine doc and does not represent an 

agri-food production expression of a territory and a 

quality product and how it can contribute not only to 

the development of the territory through the 

promotion of wine tourism but can also constitute an 

instrument for the protection and enhancement of the 

territory. 

The role of some local stakeholders such as 

producers, restaurateurs, wine tasters, hoteliers 

represent the main facilitators of a process aimed at 

promoting the tourist's relationship with the 

environment and its perception (Kaplan & Kaplan, 

1989). As demonstrated by the studies of the 

geography of perception and in more recent years by 

authors who have emphasized that the perception of 

the landscape depends on biological, affective and 

cognitive factors that can subconsciously influence 

the memory and the global evaluation of a 

recreational experience or consumption (Bourassa, 

1988; Kaplan, 1987). According to these 

assumptions, the landscape due to its complexity 

and the composition of natural and cultural elements 

can be an important indicator of the quality of food 

products such as wine which represents one of the 

best experiences (Nelson, 1970). We know that each 

consumer uses particular signals to deduce the 

quality of a product in an attempt to be able to 

optimize their choices (Kirmani & Rao, 2000). These 

signals belong to two types of intrinsic and extrinsic 

nature on which there is a rich literature on the 

subject to which we refer here (Tempesta et alii, 

2009).  

A particular - and particularly precious - case of 

viticultural landscape is that of mountain viticulture or 

extreme viticulture. In fact, the viticultural landscapes 

in the mountains or in any case on a steep slope 

allow us to understand the techniques for a 

sustainable use of the soil: which are often 

expressed in very elaborate terracing, as can be 

observed in the landscapes of Valle d'Aosta, the 

Canavese, Liguria or Calabria. They are a testimony 

of the will and determination of men to occupy and 

make cultivable even the most inaccessible spaces. 

The choice of creating the terraces has favored a use 

of the territory that respects the characteristics of the 

soils. 

Results 

The first phase: the tourists 

The first phase involved the investigation of a sample 

of 400 tourists (402) to verify the knowledge of the 

Aosta Valley wines, having experienced during a trip 

or an excursion the knowledge of the viticultural 

landscapes, the willingness to buy wines obtained in 

landscapes of social relevance -cultural like those of 

heroic viticulture. Given the particular period of the 

year in which the survey was made (months of 

January - March 2020), cultural events such as the 

Festa di Sant'Orso and sporting events were taken 

into consideration, with the emergence of a clear 

prevalence of sports tourists, an area that has not yet 

been analyzed but which has a growing impact in 

terms of tourist flow. 

 

Figure 1. The interviewees 

The questionnaire was prepared taking into 

consideration some aspects. The reasons influenced 

the choice of holiday or excursion in Valle d'Aosta, 

the ability to recognize the Valle d'Aosta landscape 

Age of those who respond to the 
questionnaire in completed years

Youngs Adults Seniores
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through a photograph, the characteristics and 

location of the terraces, the knowledge of the Valle 

d'Aosta wine and the criteria for choosing the wine 

that is consumed. 

76.6% is given by Italian tourists and 23.4% by 

people from European and non-European countries. 

Out of a total of 402 respondents, 81.6% of the 

interviews were carried out by direct meeting, only 

18.4% per cent electronically. 

27.6% of respondents are loyal tourists who 

appreciate what the Valle d'Aosta area can offer. The 

image of the Valley or the story of friends, the so-

called word of mouth, represent as many positive 

stimuli for making a journey to the extreme north-

west of Italy. 

The most significant data concerns those who come 

from English-speaking and similar countries where 

the landscape is decidedly different from that offered 

in the Aosta Valley. An example in this regard is 

offered by Dutch travelers admired and amazed by 

the mountains opposed to a usually flat and 

monotonous landscape as has repeatedly emerged 

from the statements of some tourists. 

The question involves the administration of three 

images relating to landscapes with vines, asking the 

tourist to identify the one corresponding to the Valle 

d'Aosta landscape by expressing a brief opinion of 

appreciation or rejection of what is seen in the 

photograph. 

The first photograph submitted to the interviewee 

illustrates the vineyards of the Lake Geneva region 

of the Canton of Vaud, listed as a World Heritage 

Site. 

 

 

Figure 2. Laveaux 

The second photograph represents the terraces 

present in the lower valley in the municipality of 

Donnas but also in nearby Piedmont in the 

municipality of Carema. 

 

Figure 3. Donnas 

The third photograph reproduces the landscape of 

the Langhe with the hills of Barbaresco and Barolo 

recognized as a UNESCO World Heritage Site in 

2014 

 

Figure 4. Langhe-Roero 

Table 1: Do you like what you see in photography? 

Photo 

appreciatio

n 

Phot

o n. 1 

Phot

o n. 2 

Phot

o n. 3 

Tota

l 

No 0 11 0 11 

Little 0 47 1 48 

enough 4 169 7 180 

A lot 54 91 7 180 

Very much 3 7 1 11 

Total 61 325 16 402 

 

The fourth question was addressed to the knowledge 

of the terraces by comparing the high (Morgex) and 

the low valley with Donnas and a reality of nearby 

Piedmont (Carema). 

Table 2. Recodified age contingency and terraced 

knowledge 

Age No Yes Total 

Young 
people 

130 10 140 

Adults 175 38 213 

Elderly 26 13 49 

Total 341 61 402 

 

The terraced landscape has a generally positive 

aesthetic perception (Murtas, 2015). 

The terraces are a landscape built yet permeated by 

a certain naturalness. In fact, in the landscape of the 

terraces man and nature operate a particular 

convergence of intents aimed at safeguarding the 

hydrogeological, ecological and productive 
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balances, creating a heritage of biodiversity and 

cultural diversity as reiterated by the Honghe 

Declaration (China) signed in 2010 on the occasion 

of the first world meeting of the International 

Terraced Landscape Alliance 

The fifth question is addressed to the knowledge of 

Aosta Valley wines. 

Knowledge is highest among the Valle d'Aosta, while 

it is rather low elsewhere, especially among English 

speakers: 83.5% of the respondents from Valle 

d'Aosta responded positively, as opposed to 65.2% 

of those who come from English-speaking countries. 

The best known wine is Torrette (30.3%) followed by 

Fumin (11.2%) and Gamay (7.6%). 

 

Figure 5. Is wine an element of local identity? 

The questionnaire took into consideration the event 

in which the interested party participated and 

consisted of 13 questions aimed at analyzing the 

reasons for the presence in Valle d'Aosta, the 

reasons that influenced on the choice of vacation or 

excursion. The initial project involved an interview 

aimed at tourists from different geographic 

backgrounds (Italian-speaking, French-speaking, 

English-speaking and Russian-speaking areas). The 

DPCM restricted this possibility by administering the 

interviews partly in person, partly electronically and 

largely excluding tourists from European countries. 

76.6% is given by Italian tourists and 23.4% by 

people from European and non-European countries. 

Out of a total of 402 respondents, 81.6% of the 

interviews were carried out through direct meetings, 

only 18.4% per cent electronically. The events taken 

into consideration were both of a sporting nature and 

of an economic-cultural nature. The online interviews 

concerned sportsmen and former athletes. In 

addition, 28.1 percent of the interviews concerned 

the Fiera di Sant’Orso , a millenary fair of 

craftsmanship and food and wine that takes place in 

the center of Aosta on January 30-31 each year. The 

remaining administrations involved scheduled 

sporting events that attract a rather heterogeneous 

audience such as the Alpiniadi (13-16 February 

2020), the Olympic winter games of the Alpine troops 

created by the National Alpine Association, which 

collected 50 Sections registered with 1,500 athletes 

in race in Cogne and La Thuile. The other events 

involved were the Women's Alpine Ski World Cup in 

La Thuile from 29 February to 1 March 2020 with 800 

places sold out. The remaining questionnaires were 

administered to tourists participating in a sporting 

event as spectators or practicing athletes. 

The questionnaires collected made it possible to 

have an insight into the presence of sporting tourists 

who were also interesting in the gastronomic and 

enological offer of the Valle d'Aosta area. 

The administration took place randomly in the 

availability of tourists. 

Once the event in which the tourist or resident 

participates has been defined, the first question is 

aimed at recognizing the reasons for the presence in 

the Aosta Valley. 

2. The second phase: the winegrowers 

The questionnaire was administered by identifying 

the places of data collection, the survey of 

questionnaires, the analysis of the data collected, the 

description of the data and the drafting of the final 

report. 

Taking into consideration the point of view of 

winegrowers, hoteliers and experts registered with 

ONAV, we want to evaluate the financial, institutional 

and territorial marketing interventions that are 

functional to preserve and encourage the 

maintenance of Valle d'Aosta viticulture. 

For the second phase we considered some 

demographic, economic and social characteristics of 

the area. 

From the demographic point of view, the 

contradiction in the number of residents in the capital 

or in the peripheral municipalities with respect to the 

city of Aosta is noted, while the population of the 

inhabited centers located in the Plaine such as 

Aymaville, Quart, Saint Pierre is growing. These are 

transfers of young individuals, often with families in 

search of a better quality of life for themselves and 

their children. 

A second data on which we have focused, albeit not 

recent, pending the new General Census of 

Agriculture provides us with a picture of the area 

planted in Valle d'Aosta at the last census of 2010 it 

was equal to 1,373 hectares. 

The need to support winegrowers, in particular 

young winegrowers in their activity was the basis of 

the foundation in the early months of 2013 of the 

"VIVAL Associazione Viticoltori Valdostani" (today 

Consorzio Vini Valle d’Aosta), to which the 6 

cooperatives, the Institut Agricole Régional and 25 

producers have joined private. The objectives of the 

association are to support the activities of Valle 

d'Aosta viticulture through protection and 

safeguarding actions with particular attention to the 

DOC as well as being the spokesperson for requests 

for regulatory interventions and economic and 

Is wine an element of local identity?

No Yes, one of these yes
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financial support to improve the quality and quantity 

of production also for the purpose of its promotion at 

the local level such as grape festivals, national and 

international. 

The winegrowers interviewed are registered with 

Vival and are currently 34, 20 registered respondents 

to the questionnaire. One questionnaire among 

these is illegible. 

16 questions were prepared to ask the producers in 

which the "seniority" of the occupation and the 

reasons for the choice, the size of the company, the 

type of management and the ability to create a 

network with the producers of the regional territory. 

Some winemakers have picked up the baton of their 

parents but many are those who come from other 

sectors or from different family experiences who 

have decided to embark on a professional and 

personal bet by investing with passion, innovation 

and professionalism. 

The winegrowers are in possession of a good level 

of education, some are graduates in agricultural 

disciplines and women become an integral part of the 

category of wine producers often with good results. 

From the analysis of the data, the picture of a 

dynamic viticulture emerges, mainly made up of 

adults who, due to training or personal choice, have 

decided to undertake the work of the winemaker. The 

production is linked to companies with a medium and 

small surface area, except in the case of agricultural 

cooperatives, in which the activity in the vineyards 

combines professional experience in another 

production area. 

The third phase: the hoteliers 

Hoteliers like restaurateurs represent the interface 

between the tourist and the territory. The customer 

turns to the hôtellerie or restaurant professional to 

receive information and advice guaranteed by 

professionalism deriving from training and personal 

and / or family experience. 

 

 

Figure 6. Type of accommodation facility 

When asked, my structure presents and promotes 

local products, the answer is the following: the result 

is yes, mainly, alongside Italian products (90%), 

while for 10% it depends on the offer. 

4.The wine tasters 

The birth of the Onav dates back to 28 October 1951 

in Asti, where in 1872 the "Experimental Enological 

Station" was established by Royal Decree, which in 

the following years became one of the main 

oenological research centers on a national level. The 

organization of "wine connoisseurs" is an example of 

wine experts who carry out the activity of tasters for 

amateur purposes. 

The Valle d'Aosta section in 2020 had 122 members. 

Of these, 38 people belonging to the three categories 

recognized by the Organization responded to the 

interview administered electronically: wine taster, 

expert wine taster and sommelier. 

The link with the family tradition is contained in the 

number of answers while the autonomous choice of 

knowing and appreciating the wines with particular 

attention to the production of the territory prevails. 

 

Figure 7. Do you believe that wine is an element of 

local identity? 

One interviewee replied "it is tradition, savoir-faire 

that is handed down, it is a typical product that 

becomes an expression of local identity". 

Recognizing wine as an expression of a territory is in 

keeping with what is produced on the French side in 

terms of terroir. 

The wine connoisseurs confirm the value of the 

heroic vineyard landscape in terms of the increase in 

the cost of the product deriving from the strictly 

manual cultivation conditions, from the will of the 

winegrowers to preserve a cultural landscape 

through constant maintenance and supervision. 

Various scholars have addressed the problem 

(Barreiro-Hurlé, Colombo and Cantos-Villar, 2008; 

Gil & Sanchez, 1997; Jaeger Holleebeek, Roderik, & 

Balemi, 2007; Jarvis Lockshin, d'Hauteville, & 

Perrouty, 2006; Veale and Quester, 2008). 

Tempesta and other researchers have demonstrated 

the importance of landscape in the perception of 

wine quality. During an experiment, a sample of 

tourists interviewed during tasting sessions revealed 

the importance of an attractive landscape for the 

Hotels
tourist-hotel residence
landlors
camping

Yes, it is one of the elements of local identity

The wine represents the local identity

does not answer
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perception of the quality of wine. Associating wine 

with an image of greater visual impact, that is, an 

evocative landscape, induces a significantly higher 

preference for the wine tasted (Tempesta et alii, 

2010). 

The "wine lovers" are mainly men but for some time 

a large slice of wine and viticulture connoisseurs 

have been present, with a good medium-high level 

training with rather heterogeneous origins. Wine 

represents an opportunity to meet and socialize as 

well as being a means to get closer to the knowledge 

of the local culture. In fact, food represents one of the 

identifying elements that relate the pedological, 

climatic and socio-cultural characteristics of a 

territory and its community. 

5.The last phase: the analysis of the websites 

We considered sessions on one site over the course 

of a year. A session is a group of interactions with a 

website over a specified period of time. For example, 

a single session can contain multiple page views, 

events, social interactions, and e-commerce 

transactions. A single user can open multiple 

sessions, on the same day or over several days, 

weeks or months. At the end of a session, there is 

therefore an opportunity to start a new session. A 

session ends in two ways: 

a) the first based on time after 30 minutes from the 

start of the activity or at midnight 

b) change of campaign (google.com) 

One producer during an interview stated that the the 

site of winemaker reached 20 sessions in the year 

2020. 

However, the goal of the majority of producers is to 

encourage visits to their cellars with guided tasting 

by an expert (standard tasting) or guided by the 

producer. 

Conclusions 

In conclusion, the role of cultural events, such as 

fairs and sporting events, emerges as attractors of a 

tourist flow from neighboring regions, from European 

Union countries and from non-Anglophone entities 

potentially interested in knowing, tasting and buying 

wines. locals. 

The consumer is increasingly attentive to the quality 

of the product, therefore the control of the origin of 

the appellation is a kind of marketing that makes it 

possible to distinguish between "fine wines", "wines 

in general" and "cheap wines". Much is written on the 

subject in different countries but the criterion of 

quality must also be taken into consideration in 

relation to the suggestion that a product can offer, 

the relationship between the spatiality of emotion, 

sentiment and affection that bind people to places. A 

particular type of architecture or artifact represents 

part of an emotional landscape. 

The websites of the members of the Vival (Valle 

d'Aosta Wine Growers Association) were examined, 

which groups together the majority of wine producers 

in the area distributed in six production areas starting 

from the lower valley. 

An examination of the sites reveals the desire to 

promote the area and one's work through videos or 

photo galleries aimed at illustrating the added value 

of the landscape in which the vineyard is grown and 

the wine that is put up for sale is produced. They are 

suggestive and evocative images in which the 

element of the effort of cultivation does not appear. 

In fact, the photos proposed in the gallery, like the 

videos, are designed to lead the virtual visitor into a 

world in which the aesthetic perception of the place 

or product is aimed at guaranteeing a sense of well-

being that can be traced back to cultural services. 

Of the sites examined, 6 have a space dedicated to 

the shop (sales), 5 have a link to a link to a site selling 

local products or specialized in the sale of wines. The 

remaining ones have not activated this type of 

proposal at the moment but are limited to the formula 

"request a quote". 

Some producers offer guided tours and stay 

activities on their farm where apples, honey, genepy, 

raspberries and saffron are sold. 

We can see the growth in the number of young 

producers, sometimes heirs of a consolidated family 

tradition, sometimes passionate about viticulture and 

on the way to a new professional experience. The 

former prevails to emphasize an increase in 

winemaking practice with an expansion of the 

property's vineyard hectares. This expansion derives 

in part from the recovery of vineyards already owned 

by the family that had been abandoned and brought 

back to their ancient splendor, in part from the 

acquisition of new possessions often linked to 

parcelling and pulverization of land. Family 

management is the aspect that prevails in most 

producers, sometimes supported in periods of 

greater activity by non-Italian workers. 
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Abstract. Here we present the "Ruta del vino de Gran Canaria" as a cultural project that aims to: a) 

make perceivable the work of the winegrowers; b) exploit the value of the wine produced on the island, 

and c) preserve the island's wine cultural heritage and make it profitable. The process to realize the 

“Ruta” is based on two pillars already presented by the authors at previous CERVIM conferences: the 

first is Landscapital i.e. the landscape as a means of production; the second is the mapping of the 

productive viticultural landscape of Gran Canaria with heroic viticultural practices. The project started 

in 2017 promoted by the Council of the Primary Sector and Food Sovereignty of the Cabildo de Gran 

Canaria and its process is developed to 2019 from 2020 thanks to LEADER funding. The “Ruta” has 

been certified in 2021 and now involves 72 partners related to the wine culture and promotion for a total 

vine-growing area of 210 hectares scattered all over the island. These numbers provide an agile 

measure of the landscape fragmentation and reflect the "structural" difficulty to cultivate. To overcome 

such difficulties, the vine growers developed inventive agronomic practices that integrated into the 

cultural heritage of the island. These characteristics are reflected in its unique viticultural landscape 

illustrated by the vine-growers and the wine-makers of the ¨Ruta". And, to make this link between 

culture, landscape, and wine even more significant, the motto "Hacemos vinos y embotellamos 

paisajes" (We produce wines and we put the landscape in the bottle) was coined. To conclude, we 

believe that the theoretical foundations found in the "Ruta del Vino de Gran Canaria" can be profitably 

used to enhance wine production, preserve the traditional viticultural landscape and raise awareness 

of the high-quality products of the island's primary sector. 

Introduction 

 During the 5th CERVIM conference, we proposed the 

landscape as a "tool" to exploit the values of the 

productions in "structurally difficult" territories such as 

- for example - the terraced vineyards. We have 

shown that the landscape is comparable to a means 

of production: we coined the term "Landscapital" to 

explain the practical value of the landscape - the result 

of the tireless work of vine growers shaping a territory 

- to obtain positive economic margins for producers in 

the face of terrific higher costs of production (Zottele 

et al., 2107). The aim was to identify the elements that 

could elicit a "resistance" to abandonment by the 

locals due to a) the forcing of the post-globalized 

economy and b) the massive obliteration of the 

traditional viticultural landscape (to introduce 

mechanization) due to a renewed interest in steep 

slope and high-altitude vineyards. 

Far from being a complete economic theory, the 

Landscapital has been developed in the Alps, in the 

Pyrenees, and in the Canary Islands: it represents a 

conceptual framework that aims to make evident 

those cultural and social elements and allow for an 

"equity" between productive territories, often adjoining 

and in more or less latent competition. Moreover, 

similar studies reinforced our work about Landscapital 

(Fedato et al., 2017; Strub et al., 2017, Galetto et al., 

2017). Starting from the work of González Santana et 

al. (2017), in 2018, we injected into the Landscapital 

the concept of “artealization” (Roger, 2007), so 

transforming the Landscapital into a methodological 

tool for interpreting the structure and dynamics of the 

viticultural landscape through the analysis of the 

effects of economic, social, and environmental forcing 

and the related counteractions put in place by the 

society, by the communities and, in this case, by vine 

mailto:Fabio.zottele@fmach.it


VII International Congress of Mountain and Steep Slopes Viticulture 
  

203 
  

growers at three different scales: structural, relational 

and ergonic (Zottele et al., 2021). We, therefore, 

decided to bend the theoretical method to the 

realization of the “Ruta del Vino de Gran Canaria” 

(RVGC) to enhance not only the wine production but 

the culture of the wine strongly influenced by the 

cultural landscape of the island. To realize this vision, 

we considered how the RVGC, as a new "relational 

system" can be rooted in the structural, economic 

forcing (one of them is the prevailing business/touristic 

model) up to the effects on the working methods, and 

therefore on the “ergonic scale”, of all those involved 

(vine-growers, winemakers, tour guides, distributors 

...) 

Theoretical framework and operational 
concepts 

The Landscapital is a tool to understand the values 

perceived by the locals, the ones shaping the 

landscape of their territory, to make these values 

emerge so as to match the perceived values of the 

visitors by identifying identitarian landsmarker for the 

Gran Canarian viticulture and wine-making. 

At the present day, the D.O. “Vinos de Gran Canaria” 

insists on the whole island: we can find the 

geographical delimitation and the territorial scope both 

in the Specification (ICCA, 2009) and in the 

Regulation (ICCA, 2014). Moreover, in both official 

documents, a special mention is made of the “Monte 

Lentiscal'' for its historical values, the ethnographic 

heritage, the wine tradition, the quality of grape 

production, and the specific characteristics of the 

wines. All these characteristics represent those values 

(the intrinsic component of the Landscapital) that 

should meet the values of the visitors (the intrinsic 

component of the Landscapital). 

A detailed description of the iconic value of the 

traditional viticultural landscape and the culture of 

wine-making in Monte Lentiscal can be found in the 

work of Gonzalez Santana (2018). The exotic 

landscape of volcanoes, vineyards and wines have 

been described, painted and pictured by scientists 

(geologists and botanists) visiting the isle in the end of 

the XIX century. In addition, in the 40s the “Bodega 

San Juan” pioneered the enotourism in the island 

followed by many wineries that offered 

accommodations to the english tourists. This touristic 

offer fell into crisis in the 60s with the advent of mass 

tourism and, despite the sporadic re-proposals, did 

not have the hoped-for success. So, in 2017, in the 

whole Gran Canaria only 7 wineries were oriented to 

enotourism, but only 5 met the national standard. The 

other wineries had no spaces dedicated to tourists or 

had no interest in enotourism (SpeGC, 2017). 

Now, Monte Lentiscal suffers for those “structural 

difficulties” that could be tackled using the 

Landscapital to enhance that “territorial equity” in 

respect to neighboring wine-growing areas where high 

yields and lower production costs can be sought. For 

example, not all the viticultural production of the island 

is reclaimed as D.O. “Vinos de Gran Canaria”. Some 

productions, mainly of international variety, adhere to 

a broader D.O. “Islas Canarias”. Instead, the aim of 

the insular D.O. is to enhance the wine-making from 

local varieties, for example Listán negro and Listán 

blanco, because the wines can reflect the 

heterogeneity of the pedoclimatic conditions of each 

Canary islands and can therefore rely on strong 

identitarian landsmarker at ergonic scale. 

So, what are these landsmarker that will promote the 

exploitation of the landscape as an added value for 

the wine price? The first thing to note is that the 

viticulture of Gran Canaria is not immediately 

perceptible to a visitor. Yet the first evidence of local 

viticulture and its wines can be traced back to 

centuries ago and this heritage, as written before, has 

been already used by the winery to meet some 

touristic demands. One of the most visible and 

peculiar elements on an ergonic scale are the 

“lagares” strong symbols of preindustrial wine-making. 

This system, shown in Figure 1, has been used for 

both private or participatory grape pressing (so, is an 

emerging value on the relational scale) and can be 

found in several places on the island. In Monte 

Lentiscal the wineries are built with the characteristic 

blue stones excavated in the cave of Arucas and the 

lagares are made of “tea”, the duramen of Pinus 

canariensis (Solís Robaina, 2012). In the Landscapital 

conceptual framework these tools and places should 

not be considered relics from the past, but living 

elements of the identity of the culture of wine and 

products of the island.  

Starting from this iconic element it is possible to go 

further up - through the relational scale - among each 

pressing center and the network of connected 

vineyards which remain largely linked to the historical 

vocation for vine growing and wine making. In these 

places we have to deal with a multifaceted viticulture, 

with both traditional (prostrate) and modern (espalier) 

forms of cultivation and in the same vineyard more 

varieties can coexist. 24 out of 33 autochthonous 

cultivars present in all the Canary Islands are 

cultivated in Gran Canaria and some of them are in 

threatened with extinction. Therefore this is the first 

"intrinsic" element on the ergonic scale and a tangible 

artealization in situ by the vine growers as a "neatly 

disordered multi-cultivar viticulture”, so distant from 

the classic images of the European viticulture. This 

landsmarker is strongly associated with another 

element, this time perceivable on the structural scale, 

which is volcanism This element, which is traditionally 

found in viticulture in soils of volcanic origin, in Gran 

Canaria presents itself as the “presence of the 

volcanoes”, both as calderas and in the subsidence of 

the soil, such as for example in the caldera de 

Bandama (which also assumes  other historical-

cultural values for the island besides viticulture). 

Opposed to the “fire” of the volcanoes, water is a 

structural value to be promoted is water in her 

manifold manifestations: as mar de nubes which 

fosters the privileged climatic conditions for viticulture 

and - going back down to the level of the relational 

scale - in the irrigation transport and management 

system, heredad de agua, which has fundamentally 
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modeled the spatial distribution of agriculture and 

island farming through the construction of a immense 

network of canals and brilliant and creative “ergonic-

scaled” water supply systems.  

 

Figure 1. The collective grape pressing system in the 
lagar in a postcard, so an example of artealization in 
visu. Printed by Künzli Hermanos, Barcelona, 1903 

A further element of the structural scale are the 

barrancos: the deep incisions of the volcanic flanks by 

the erosive processes of the wind and water and these 

protected areas are suitable for cultivation. In the 

context of the viticultural landscape, these elements 

also represent the natural texture of the living, work 

and transport spaces of the island community 

becoming a strong ergonic landsmarker on a 

relational scale. In this case the artealization in visu 

exploits the historical element of the journey, with 

paths that winds along the barrancos: the tourists, like 

the first scientists who went to discover the island, are 

guided by information that they resume the style of the 

notebooks of the original travel notes (Figure 2). 

 

Figure 2. The logo of RVGC is visible at the centre of 

the image (point E). The specimen of the  

reproduction of the historical notebooks of the 

travelers is shown at point F and G. 

Lastly, Roque nublo is, par excellence, the 

landsmarker on the structural scale: the symbolic 

association with local products is the pivot of the 

artealization in visu for the RVGC (Figure 3). 

 

Figure 3. The Roque nublo on the background, the 

pivotal landsmarker at structural scale from which the 

barrancos, and so the agricultural landscape, 

irradiate.  In the foreground, a vineyard is visible 

during the harvest 

Evidently, the set of landsmarker that can convey to 

the visitor the intrinsic values of the viticulture of Gran 

Canaria differ dramatically from those that can be 

used for most of the continental viticulture and this is 

a tempting opportunity for the construction of identity.  
So, among all artealization in visu, the most 

synthetical is clearly the RVGC logo: the image 

resembles both the movement of the wine in the glass 

and the shape of the island, with shapes reminiscent 

of a volcano, a sun, the movement of the lava, the 

waves of the ocean (Figure 2). 

 

The Ruta del Vino de Gran Canaria: the 
present 

 
According to the World Tourism Organization, 

enotourism stems from "gastronomic tourism" 

combining the services to the tourists with the 
promotion and the sale of the local goods from the 

primary sector (the wine). The Asociación Española 

de Ciudades del Vino (ACEVIN) and its brand, the 

Ruta del Vino de España (RVE), collects regions that 

aim to promote the territories of wine productions as 

tourist destinations. 

According to ACEVIN, a successful "Ruta del Vino" is 

an ordered set of interconnected elements (a system) 

in which the relationships and the commitments 

between the elements (wineries, restaurants, hotels, 

museums, companies...) guarantee the functioning 

and archiving of some common goals. This whole 

relationships network represents the intrinsic 

component of the Landscapital at the structural scale. 

The wine tourism destination (the final goal) is defined 

once five subsystems have been created and each 

subsystem evolves into three phases: 1) the creation 

and launch of the product, 2) the development, and 3) 

the consolidation as a product. Each phase lasts two 

years and is certified by ACEVIN. 

The RVGC is now in its second phase: it has a legal 

entity as a non-profit association and its members 

(wineries, shops, hotels...) follow the guidelines drawn 

by the Directorate of ACEVIN. The Operating Group 

(GO) of the LEADER project has become now the 

Board of Directors. Two additional members of the 

Board represent the local guides and tour operators, 

and the other represents the restaurants and the 

specialized shops. Lastly, there are two "protector 

members” for the project, the Consejería de Sector 
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Primario y Soberanía Alimentaria and the Sociedad 

de Promoción Económica de Gran Canaria (SPEGC): 

this category includes those who, bringing economic 

resources and projects, will guarantee the life of the 

RVGC also after the conclusion of the LEADER 

project. To maintain the focus of this project on the 

preservation of the traditional viticultural landscape 

and the enhancement of the quality of the insular 

wines, the president and vice-presidency of the Board 

represent the D.O. Vinos de Gran Canaria and the 

Federación Insular del Sector Vitivinicolo de Gran 

Canaria (VINIGRAN). 

Obviously, the guidelines drawn by ACEVIN must be 

adapted to regional, insular and local regulations with 

a particular sensibility to preserve the identity of the 

spaces and the quality of the services that should 

reflect the insular cultural traits: we used the existing 

peninsular routes as a reference but using the 

Landscapital to identify those material and immaterial 

landsmarker that suits for Gran Canaria at every three 

scales encompassed by the Landscapital tool.  

In fact, the five purposes of the association act at 

different scales: a) promote coordinated enotourism 

policies in the Gran Canaria area (structural scale); b) 

coordinate the tourist partners and wine producers of 

Gran Canaria to establish a policy of cooperation and 

promotion of synergies in all actions, making all 

agents aware of the development of wine tourism 

(relational scale); c) participate in the promotion and 

revitalization of wine culture at the island, regional, 

national and international level (from ergonic to 

structural scale); d) promote and manage the 

development and implementation of established 

management requirements, to configure a quality 

product and destination in this wine region (ergonic 

scale); and e) obtain as many distinctions to give 

prestige to the territory of the D.O. Vinos de Gran 

Canaria (ergonic scale). 

We expect that the touristic and enology sub-sectors 

will be the most dynamic: their role is to be visitable 

resources showing the natural and cultural heritage of 

Gran Canaria. Beside the regulations that adhere to 

RVE, a management system is needed that has the 

maximum representativeness and authority among 

the partners: each founding and protective partner 

have their elected representative in the managing 

authority. The managing authority, sanctioning the 

rules and applying them, determines the evolution of 

the strategies at the insular scale, shaping the cultural 

and viticultural landscape with the same magnitude of 

the natural forcing or the urban planning. Due to this 

role, the managing authority shapes the Landscapital 

at the structural scale, while the partners of the wine 

subsystem will decline this forcing by organizing 

themselves on a relational scale and each one on an 

ergonic scale. 

Again, from the point of view of the Landscapital, the 

three subgroups depending from the managing 

authority (planning, destination and marketing) play 

an important role as they realize the artealization in 

visu: they must find the proper way to transform the 

intrinsic values of the Landscapital into extrinsic 

values for the visitors. Aside the main mission of 

training for the improvement of the RVE product, 

designing and proposing new experiences for the 

consumer, the quality control of the shops and the 

brand image...) there is the promotion of the intrinsic 

Landscapital component linked to “transversal 

themes” such as environmental sustainability and 

conservation of the local cultural heritage. This is a 

crucial point for two aspects: the first is that these 

subsystems bear the burden of choosing some of 

these values and how and therefore the activity must 

be supported by a team of multidisciplinary 

professionals - coordinated by the Management 

Department who will choose which are the competitive 

values and which will be the awareness raising 

actions with the locals (intrinsic component of the 

Landscapital). The second aspect concerns the 

RVGC as a product: the Ruta is in competition with 

other destinations both nationally and internationally 

and therefore must find in the cultural peculiarity of the 

island those elements of distinction that make it 

attractive compared to other RVs, also keeping I 

realize that the D.O. Vinos Gran Canaria is a 

production area limited in terms of surfaces and 

volumes and much "younger" than other peninsular 

D.O.s. 

At the moment of writing, RGCV counts 73 members. 

49 partners are physical places that can be visited by 

locals and tourists. 11 are service-oriented activities 

(mainly in the touristic sector) that help in raising the 

visibility of RGCV. 

8 partners are foundations, associations, public 

bodies, and organizations that actively contribute to 

the project. In particular, the wine subsystem consists 

of 11 wineries, 2 bochinches (a traditional cooking 

space in the cellar), an interpretation center, and an 

open vineyard with a wine shop. 5 wineries are listed 

as aspiring partners, awaiting to be compliant with the 

Route recommendations.  

Among all the partners, the wineries are those that 

have undergone the most significant changes 

switching their focus from being oriented to the 

primary sector to including services for the visitors: 

both vineyards and cellars are now reception spaces, 

integrated into the viticultural landscape, often open 

directly to the vineyards, and in open-spaces. These 

spaces aim to connect directly the visitors to the 

productive spaces as the result of the daily work of 

wine-growers and the tirelessly choices that shaped 

their vineyards (artealization in situ). Is precisely at 

this level that the intrinsic values of the Landscapital 

at the ergonic scale will mutate to extrinsic values by 

using artealization in visu. And being all the wineries 

somewhat different, all together are concurring to 

shape the identitarian viticultural landscape of the 

island.  

Moreover, the cellars have become direct sales points 

for wines and products from the primary sector. Each 

winemaker exhibits its wine and must expose 

information about the price and characteristics of the 

wine and the productive landscape in at least one 

foreign language. A similar strategy involving wineries 
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represents the shaping of a tangible component of the 

Landscapital at the relational scale. 

In July, 2021 the Ruta del vino de Gran Canaria 

(RVGC) has completed its first phase (the creation) 

and has been promoted to be the 33th  “Rutas del 

Vino de España” (RVE) and the first certified by 

ACEVIN outside the continent. 

So, with the starting of the enotouristic activities, other 

partners linked to ACEVIN asked to rely on the 

created infrastructure to promote both the culture of 

the wine and other products of the primary sector (at 

the time of writing, cheese and honey) by making 

available physical spaces (traditional local markets, 

cultural ateliers, information points and interpretation 

centers for tourists…) to promote the RVGC brand. 

This strengthens our idea that the Landscapital is a 

flexible tool to apply to the products of the primary 

sector, when selecting a proper set of shared 

landsmarker (mainly at the structural scale) and 

building distinctive descriptors at the ergonic scale. In 

addition, RVGC is a partner of a new LEADER project, 

Gran Canaria Sostenible II: ahorro energético y de 

agua, focusing on water saving: another time, like we 

underlined in our works, the strategy for the use of 

water as a shared resource between various 

economic sectors becomes a very powerful 

landsmarker on a relational scale, this time with a 

modern declination (Zottele et al., 2021). 

The Ruta del Vino de Gran Canaria: the 
future 

“Hacemos vinos y embotellamos paisajes” (We make 

wine and we put the landscape in the bottle) is the 

motto of the RVGC. It effectively summarizes the 

Landscapital approach that, firstly, has proven 

effective to unite the intentions of numerous partners 

of the insular primary sector. Not only, the conceptual 

framework of the Landscapital made possible to 

conceive initiatives that are not directly attributable to 

those of the original LEADER project: the ergonic 

landsmarkers linked to the wide ampelographic 

spectrum of the island and to the different forms of 

vine cultivation has allowed to propose educational 

activities aimed at to people with special needs, 

transforming an element of the landscape into not only 

an economic value for the primary sector, but into a 

social value. 

In addition to being the first RVE outside the European 

continent, in July, 2021 the RVGC has been prized to 

be the best cooperative project for the touristic 

innovation by the Network of Centers for Innovation 

and Enterprise Devolvement of Gran Canaria (CIDE). 

The COVID-19 pandemic, if on the one hand has 

negatively affected the tourist flow and therefore the 

possibility of massively test the effectiveness of the 

artealization in visu of the intrinsic values of the Gran 

Canaria viticultural landscape, on the other hand gave 

us enough time to strengthen the alliances and the 

network of relationships necessary to make the RVGC 

solid beyond the co-financing by EU. This has led to 

an enlargement of the scope of the RVGC that has 

taken on a cultural dimension and has gone beyond 

the scope of wine promotion aiming to: a) make the 

winegrower work in the vineyards a perceivable 

marker of the landscape b) exploit the value of the 

wines produced in the island, and c) preserve the 

island's wine cultural heritage and make it profitable. 

However, already in the third quarter of 2021, with the 

partial resumption of tourist routes on Gran Canaria, 

RVGC proved to be a competitive destination 

compared to the other wine tourism destinations of the 

archipelago. At this stage we are collecting data to 

better frame the strengths and weaknesses of our 

implementation and to quantify the added value (in 

economic terms) of the RVGC for the wineries ad the 

bonus price that the tourist is willing to pay, if any. 
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Abstract. Steep slope viticulture is on the decline in many traditional wine growing countries despite 

public subsidies. So far, it is unknown how steep slopes affect the business performance of wine estates 

related to giving up. It is important to understand whether the minimum slope gradient or the degree of 

limited mechanisation are responsible for higher expenditures in steep slopes. It is also unclear to what 

degree higher expenditures are compensated for by higher market prices from consumer appreciation 

for steep slope wine. To answer these questions this study analyses business data from balance sheets, 

income statements, work force, acreage and yield information of 289 wine estates from different 

German wine growing regions. In order to obtain robust results data from three business years 2013 to 

2015 were jointly modelled by linear regression also taking estate size and yield affects into account. 

On the cost side only the relative share of steep slopes without mechanisation that require fully manual 

viticultual management significantly increased cost per hectare and cost per litre. The share of gradient-

classified steep slope vineyards did not affect labour intensity or costs. On the revenue side, the share 

of non-mechanised sites had a significant positive effect on revenue per hectare but not on revenue per 

litre. While wine estates suffer from higher costs from limited mechanisation they do not benefit from 

higher market prices. The profits were affected neither by the share of steep slopes nor the 

mechanisation intensity. Costs were most strongly affected through economies of scale by acreage size 

and yield. Higher yield increased revenue per hectare but decreased the market price. Higher size and 

yields also affected the profits most significantly resulting in higher profits both per litre and per hectare 

with rising farm sizes and average yields. The study has implications for wine estates’ business 

strategies and for public policy’s efficient support to sustain steep slope viticulture.

Introduction 

Historically, steep slope viticulture emerged to make 

use of marginal agricultural land and to overcome 

climatic limitations. With increasing viticultural 

mechanisation of flat sites and climate change many 

historic steep areas are on the decline, despite their 

public subsidisation according to their degree of slope. 

Existing research is limited to the cost of viticulture in 

steep slope sites, where the limitation in 

mechanisation was identified as the main cost driver 

(Strub, Kurth, & Loose, 2021; Strub & Loose, 2021). 

So far, it is unknown whether steep slope cultivating 

wine estates can compensate higher costs through 

higher market prices from consumer appreciation for 

steep slope wine.  

To date there is a lack of empirical research, of how 

the degree of slope and mechanisation of steep slope 

sites affect overall business performance and 

economic sustainability of wine estates. Research that 

aims to isolate the effect of steep slope viticulture has 

to take other important drivers of business 

performance simultaneously into account. Foremost 

estate size and yield are two important drivers of 

economies of scale (Perretti, 2020; Sellers‐Rubio, 

2010; Tudisca, Di Trapani, Sgroi, & Testa, 2013). 

Because steep slope wine estates with high shares of 

non-mechanised sites are known to be smaller than 

average, the limiting effect estate size ought to be 

separated from the impact of slope and 

mechanisation. This research aims to assess the 

effect of steep slope and its mechanisation on the 

economic sustainability of wine estates, controlling for 

the factors of yield and size.  
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Methods and sources 

Business data from balance sheets, income 

statements, work force, acreage and yield information 

of 289 wine estates from different German wine 

growing regions was used for analysis. To reduce 

annual vintage effects data from three business years 

2013 to 2015 were modelled by linear regression. 

Theoretical framework and operational concepts 

The framework to assess wine businesses’ economic 

sustainability suggested by Loose et al. (2021) was 

utilised to derive five main hypothesis about the effect 

of steep slopes on inputs and standardised costs, 

costs per output, output valued at sales price, sales 

price and profits (Figure 1).

 

Figure 1.Framework of economic sustainability based on Loose et al. (2021), used for hypothesis and estimation, 

EV – explanatory variable; DV – dependent variable.

Results 

The results for the five hypothesis are summarised in 

Table 1. 

On the cost side only the relative share of steep slopes 

without any mechanisation requiring full manual 

viticultural management significantly increased cost 

per hectare and cost per litre. The share of steep slope 

vineyards classified only by its gradient did not affect 

labour intensity or costs. Costs were most strongly 

affected through economies of scale by acreage size 

and yield. 

On the revenue side, the share of non-mechanised 

sites had a significant positive effect on revenue per 

hectare but not on revenue per litre. While wine 

estates suffer from higher costs from limited 

mechanisation they do not benefit from higher market 

prices. The profits were affected neither by the share 

of steep slopes nor the mechanisation intensity. 

Higher yield increased revenue per hectare but 

decreased the market price. Higher size and yields 

also affected the profits most significantly resulting in 

higher profits both per litre and per hectare with rising 

farm sizes and average yields. 

 

Table 1: Results of analysis for hypothesis 

Hypothesis Dependent variables Results 

H1: The share of steep slope does not affect labour intensity, cost 

per hectare and cost per litre. 

 

Labour intensity 

Cost per hectare 

Cost per litre 

Supported 

Supported 

Supported 

H2: The share of sites with limited or no mechanisation 

significantly increases labour intensity, cost per hectare and cost 

per litre. 

Labour intensity 

Cost per hectare 

Cost per litre 

Not supported 

Partly supported 

Partly supported 

H3: The share of steep slopes does not affect revenue. Revenue per hectare 

Price per litre 

Partly supported 

Supported 

H4: The share of steep slopes does not affect profits. Profit per hectare 

Profit per litre 

Supported 

Supported 

H5: The share of limited- or non-mechanised sites significantly 

decreases profits. 

Profit per hectare 

Profit per litre 

Not supported 

Not supported 
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Conclusions 

The study has implications for wine estates’ business 

strategies and for public policy’s efficient support to 

sustain steep slope viticulture. Public subsidies should 

not be related to slope but to the degree of 

mechanisation of steep slopes. Mechanisation can 

help to overcome negative effects of steep slopes on 

economic sustainability but is related to higher cost of 

capital (Strub & Loose, 2021; Strub, Stoll, & Loose, 

2021). Strategies that permit wine estates to benefit 

from economies of scale from business size and 

provide sufficient yield (e.g. irrigation) are most 

promising in maintaining steep slope areas.  
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Abstract. A proper understanding of soil moisture is necessary for any farming type, especially in rainfed cropland. 

Under homogeneous ground, tillage, soil and topographic conditions, this study evaluates the 3D spatial pattern of 

soil water content (SWC) in an organic vineyard located in NW Spain (coastal-oceanic climate) with two vine 

varieties (Agudelo and Blanco Legítimo). By using 12 capacitance-based soil moisture probes (six for each variety: 

three in the rows (R) and three in the inter-row areas (IR)), the volumetric SWC was measured every 15 min at 5, 

15 and 25 cm depth over the crop cycle (February 26th – October 25th, 2021). The relative differences were 

calculated at each measurement point considering either the vertical profile (3 points per probe) or the horizontal 

profile (12 points per soil depth). The mean SWC was of 21.0%, with slightly higher values in Ag (+2.3%) than in 

BL and higher values in IR (+6.7%) than in R in the two varieties. The lowest and significantly different SWC values 

were observed at 25 cm, while the highest values appeared at 15 cm (+16.5%), with intermediate values at 5 cm 

(+9.3%). Both varieties mirrored this pattern, but differences were more marked in the Ag probes. The vertical 

analysis showed homogeneous and stable conditions at the 15 cm soil layer in the two varieties and field 

compartments, while higher heterogeneity and lower stability appeared at 5 cm. The horizontal analysis revealed 

that R preserved more water than IR at 5 cm, whereas humid conditions were predominant in IR at 15 and 25 cm 

soil depth. Ag had moister conditions than BL at 15 and 25 cm, but drier conditions at 5 cm. IR had more 

homogeneous values than R at 5 cm, whereas at 15 cm the most homogeneous values were found in R. Higher 

stability appeared in IR for the two varieties and in the three soil layers. The measurements at 15 cm in IR and Ag 

were more representative of the general conditions of the SWC status in the vineyard. 

Introduction 

Soil water content (SWC) is one of the most 

limiting factors for crop production and quality 

by (i) water deficit and excess, (ii) poor 

synchronisation of the crop growing season to 

the rain season, (iii) duration of the plant water 

stress, and (iv) water supply during the ripening 

period. Despite the fact that farmers try to 

achieve homogeneous soil conditions by 

means of using the same tillage practices and 

crop management throughout the field, the 

intrinsic soil heterogeneity is high, even if soil 

type does not change (López-Vicente et al., 

2015) and the topographic conditions are the 

same (Goenster-Jordan et al., 2018). At the 

field scale, dry weather conditions favour higher 

relative differences of SWC along the field, 

while more homogeneous spatial patterns 

appear during the wet months (Ben-Salem et 

al., 2018). Monitoring of soil physical 

parameters at high spatial and temporal 

resolution offers relevant information in 

precision farming (Abdellatif et al., 2021). In 

vineyards, the application of new technologies 

improves the physiological status of the crop by 

perfecting the necessary treatments (e.g. by 

means of monitoring moisture stress) for 

different plants during the growing season 

(Tang et al., 2020). 

We hypothesize that under homogeneous soil, 

topographic, crop, tillage and ground cover 

conditions, the spatial and temporal patterns of 

SWC at the field scale should not present 

significant differences. To prove this statement, 

we characterized at very fine resolution the 3D 

spatial patterns of SWC and their temporal 

stability in a small organic vineyard located in 

NW Spain. This study will contribute to a better 

understanding of the intrinsic heterogeneity of 

soil physical properties and of the hydrological 

response of the soil, in terms of soil moisture, 

over a crop cycle. 

mailto:manuel.lopez.vicente@udc.es
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Methods and sources 

The vineyard is located in the municipality of 

Betanzos (Coruña province, NW Spain), in an 

area called ‘Brabío’ (43° 15' 56.20" N; 8° 12' 

01.00" W; 43 m a.s.l.), and it is managed by 

Pagos de Brigante winery. It includes two vine 

varieties (‘Agudelo’ –Chenin blanc– and 

‘Blanco Legítimo’ or ‘Branco Lexítimo’ in 

Galician) and vines are ca. 26 years old. 

Topography is steep (�̅�=38%), but 

homogeneous, without concavities. The field is 

situated near the divide of the hillslope, and 

thus, the contribution of runoff to the soil water 

recharge is not much relevant, and in the case 

of intense rainfall events, the upslope drainage 

areas of the probes are comparable. Most part 

of soil water recharge is directly explained by 

direct rainfall. Climate is temperate oceanic, 

with mild, rainy winters and cool, quite sunny 

summers.  

Twelve capacitance-based technology Sentek 

Drill & Drop Bluetooth® soil moisture probes 

were installed on February 26th, 2021 (records 

started at 11:30 AM), and have been measuring 

volumetric SWC (θ) from that date on. Six 

probes are devoted for each variety (three in 

the rows and three in the inter-row areas), and 

SWC is measured every 15 min at 5, 15 and 25 

cm depth (3456 values of SWC per day). The 

observed measurement at each soil depth 

represents the average value of SWC within a 

volume of 10 cm diameter: θ5=𝑆𝑊𝐶̅̅ ̅̅ ̅̅  between 0 

and 10 cm; θ15=𝑆𝑊𝐶̅̅ ̅̅ ̅̅  between 10 and 20 cm; 

and θ25=𝑆𝑊𝐶̅̅ ̅̅ ̅̅  between 20 and 30 cm. The 

combination of the vertical (3 depths per probe) 

and horizontal (12 probes per depth) 

components has allowed us to obtain the 3D 

spatial pattern of SWC at each time interval. 

  

 

Figure 1. Location of the soil moisture probes 

in the field, and photos of the soil and probes –

with protective cylinders– in the row and inter-

row area. 

Homogeneous soil (Umbrisol) and ground 

conditions with spontaneous vegetation 

covering the whole field remained until 26th 

October, when soil was ploughed. Plant species 

include cock's-foot (Dactylis glomerata), 

dandelion (Taraxacum officinale), red clover 

(Trifolium pratense), common mallow (Malva 

sylvestris), elmleaf blackberry (Rubus 

ulmifolius), wild strawberry (Fragaria vesca), 

apple mint (Mentha suaveolens), common 

sorrel (Rumex acetosa), ray grass (Lolium 

perenne), umbrella papyrus (Cyperus 

alternifolius), horseweed (Conyza canadensis) 

and meadow vetchling (Lathyrus pratensis).  

The study period lasted 242 days, reaching a 

total number of 834,588 SWC measurements. 

Over this period, two mechanical mowing –

using a weed cutter– were done to control the 

growth of weeds, without disturbing the soil. 

The soil is shallow with a maximum depth of 35 

cm in the places where the probes were 

installed. The content of coarse fragments (Ø > 

2 mm) is ca. 31%, 25% and 30% weight in the 

5, 15 and 25 cm soil layers, respectively, and 
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soil bulk density is of 1.00, 1.20 and 1.22 gr / 

cm3. The differences between the values of 

SWC at each field compartment and variety 

were statistically analysed by means of the 

analysis of variance (ANOVA). The statistical 

significance was measured at P ≤ 0.05. 

The relative differences (δi,j,t) were calculated at 

each measurement point i considering either 

the vertical profile (3 points per probe; j = V) or 

the horizontal profile (12 points per soil depth; j 

= H) and time t (measurement date: 23,183 

records per probe and depth). Then, the mean 

relative difference (MRD), the standard 

deviation of the relative difference (SDRD), the 

coefficient of variation (CVRD), and the index of 

the temporal stability (ITS) were calculated for 

different time intervals (T = total period) to 

characterize the spatio-temporal patterns of 

SWC: 

𝜃𝑖,𝑗,𝑡
̅̅ ̅̅ ̅̅ =  

1

𝑛𝑖,𝑗,𝑡
 ∑ 𝜃𝑖,𝑗,𝑡

𝑛𝑡
𝑡=1       (1) 

𝛿𝑖,𝑗,𝑡 =  
𝜃𝑖,𝑗,𝑡− 𝜃𝑖,𝑗,𝑡

̅̅ ̅̅ ̅̅

𝜃𝑖,𝑗,𝑡
̅̅ ̅̅ ̅̅       (2) 

𝑀𝑅𝐷𝑖,𝑗,𝑇 =  
1

𝑛𝑇
 ∑ 𝛿𝑖,𝑗,𝑡

𝑛𝑇
𝑡=1       (3) 

𝑆𝐷𝑅𝐷𝑖,𝑗,𝑇  =  √
1

𝑁𝑇 −1
∑ (𝛿𝑖,𝑗,𝑡  −  𝑀𝑅𝐷𝑖,𝑗,𝑇)

2𝑁𝑇
𝑡=1        

(4) 

𝐶𝑉𝑅𝐷𝑖,𝑗,𝑇 =  
𝑆𝐷𝑅𝐷𝑖,𝑗,𝑇

|𝑀𝑅𝐷𝑖,𝑗,𝑇|
      (5) 

𝐼𝑇𝑆𝑖,𝑗,𝑇 =  √𝑀𝑅𝐷𝑖,𝑗,𝑇
2 + 𝑆𝐷𝑅𝐷𝑖,𝑗,𝑇

2      (6) 

 

More information about the usefulness of the 

equations (1), (2), (3), (4), (5) and (6) in the 

study of soil moisture patterns in vineyards and 

other land uses with arable land and natural 

vegetation can be found in López-Vicente et al. 

(2015), Wei et al. (2017), López-Vicente and 

Álvarez (2018), and Ben-Salem et al. (2018). 

The ITS provides a single metric to identify the 

best sampling locations that are representative 

of field mean soil moisture and also temporally 

stable (more details about this method can be 

found in Zhao et al., 2010). 

Results 

Values were analysed for the whole period (242 

days), and considering different sets of data: I) 

all rows and inter-row areas (R+IR), II); all rows 

(R); III) all inter-row areas (IR); IV) the rows of 

each vine variety (R-Ag; R-BL); and V) the inter-

row areas of each vine variety (IR-Ag; IR-BL). 

Considering the whole database, the mean 

SWC was of 21.0%, with slightly higher values 

in the ‘Ag’ probes (+2.3%) than in the ‘BL’ 

probes though differences were not significant, 

and this pattern remained when the two 

varieties were analysed considering the R and 

IR areas separately (Table 1). Differences were 

more important among compartments, but not 

significant, with higher values of SWC in the IR 

(+6.7%) than in the R, and this pattern was the 

same in the two varieties.  

Focussing on the three soil layers, some 

significant differences were observed within 

each set of field compartment and grape 

variety. Considering all values, the lowest and 

significantly different SWC values were 

observed at 25 cm, while the highest values 

appeared at 15 cm (+16.5%), with intermediate 

values at 5 cm (+9.3%). This pattern appeared 

in the two varieties, but differences were more 

marked in the Ag probes, reaching the 

differences up to +19.9% (15 vs. 25 cm). When 

the values were analysed at each field 

compartment, significant differences appeared 

between the three soil depths in the two 

varieties (Ag+BL, Ag and BL) in the IR, but only 

a few significant differences were obtained in 

the R (only in Ag+BL).  

Table 1. Mean SWC in the different 

compartments: row (R), inter-row (IR), Aguelo 

(Ag), and Blanco Legítimo (BL). Values 

correspond to the whole study period (242 

days). *differences between varieties within the 

same compartment in the whole soil profile (0-

30 cm). $differences between compartments 

within the same variety (0-30 cm). €differences 

between the soil depths within the same 

compartment and variety. The same minor case 

letter indicates that differences were not 

significant; different bold minor case letter 

means that differences were significant. 

Compart

ment 

Varie

ty 

Soil depth (cm) 

0-30 5 15 25 

R+IR Ag+

BL 

21.0 21.2a

€ 

22.6a

€ 

19.4

b€ 

 Ag 21.3a* 20.8a

b€ 

23.4a

€ 

19.6

b€ 

 BL 20.8a* 21.5a

€ 

21.7a

€ 

19.2

b€ 

R Ag+

BL 

20.3a

$ 

21.4a

€ 

20.3a

b€ 

19.3

b€ 

 Ag 20.6a*

a$ 

21.6a

€ 

20.7a

€ 

19.5

a€ 

 BL 20.1a*

a$ 

21.2a

€ 

20.0a

€ 

19.2

a€ 

IR Ag+

BL 

21.7a

$ 

20.9a

€ 

24.8b

€ 

19.4

a€ 

 Ag 21.9a*

a$ 

20.0a

€ 

26.2b

€ 

19.6

a€ 

 BL 21.5a*

a$ 

21.8a

b€ 

23.4a

€ 

19.2

b€ 
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Relative differences: Vertical component 

The relative differences (MRD) in the vertical 

component showed the same patterns as those 

described in Table 1, appearing the driest 

conditions (text in italic in Table 2) in the 

deepest layer. The soil layer with the wettest 

status (text in bold) was located at 5 cm in the 

rows (for both varieties) and at 15 cm in the 

inter-row areas (for both varieties). 

The standard deviation of the relative 

differences (SDRD) identified homogeneous 

conditions (text in bold in Table 3) of SWC in 

the 15 cm soil layer. This behaviour kept 

constant in the two varieties and field 

compartments. In all cases, the upper-most 

layer showed the highest heterogeneities (text 

in italic). 

Table 2. Mean MRD calculated for each variety 

and field compartment, and considering the 

vertical component of the analysis (j = V in Eq. 

(1) to (6)). 

Compartment Soil 

depth 

Variety 

 (cm) Ag+BL Ag BL 

R+IR 5 -0.002 -

0.025 

0.020 

 15 0.071 0.103 0.038 

 25 -0.068 -

0.078 

-

0.059 

R 5 0.037 0.033 0.041 

 15 0.000 0.008 -

0.008 

 25 -0.037 -

0.041 

-

0.033 

IR 5 -0.042 -

0.083 

0.000 

 15 0.141 0.198 0.084 

 25 -0.100 -

0.115 

-

0.085 

 

Table 3. Mean SDRD calculated for each 

variety and field compartment, and considering 

the vertical component of the analysis (j = V in 

Eq. (1) to (6)). 

Compartment Soil depth Variety 

 (cm) Ag+BL Ag BL 

R+IR 5 0.100 0.112 0.088 

 15 0.038 0.040 0.036 

 25 0.075 0.072 0.077 

R 5 0.112 0.141 0.084 

 15 0.041 0.044 0.039 

 25 0.085 0.090 0.080 

IR 5 0.087 0.083 0.091 

 15 0.034 0.036 0.032 

 25 0.064 0.054 0.075 

 

The coefficient of variation gave a metric of the 

stability of the values over the observation 

period. Mirroring the previous patterns, the 

most stable values of soil moisture appeared in 

the soil layer at 15 cm (text in bold in Table 4), 

whereas the lowest stability (text in italic) was 

found in the upper-most layer in the BL probes, 

both in the rows and inter-row areas, and in the 

inter-row area of the Ag probes. However, the 

rows of the Ag probes, the highest instability 

was observed in the deepest soil layer (25 cm). 

Considering all values of ITS-vertical, the 

measurements at 15 cm depth were the most 

representative of the SWC status in the 

vineyard (in bold in Table 5), though some 

differences appeared when the analysis was 

split into the varieties and compartments. In 

general, measurements at the upper-most layer 

were the less representative. 

 

Table 4. Mean CVRD calculated for each 

variety and field compartment, and considering 

the vertical component of the analysis (j = V in 

Eq. (1) to (6)). 

Compartment Soil 

depth 

Variety 

 (cm) Ag+BL Ag BL 

R+IR 5 4.2 1.4 6.9 

 15 0.6 0.4 0.8 

 25 1.7 2.2 1.2 

R 5 5.4 1.4 9.3 

 15 0.8 0.6 1.0 

 25 2.6 4.1 1.2 

IR 5 3.0 1.4 4.5 

 15 0.4 0.2 0.6 

 25 0.7 0.3 1.1 

 

Table 5. Mean ITS calculated for each variety 

and field compartment, and considering the 

vertical component of the analysis (j = V in Eq. 

(1) to (6)). 

Compartment Soil depth Variety 

 (cm) Ag+BL Ag BL 

R+IR 5 0.100 0.115 0.090 

 15 0.080 0.110 0.052 

 25 0.101 0.106 0.097 

R 5 0.118 0.145 0.093 

 15 0.041 0.044 0.040 

 25 0.093 0.099 0.087 

IR 5 0.097 0.118 0.091 

 15 0.145 0.201 0.091 

 25 0.119 0.127 0.113 

 

Relative differences: Horizontal component 

Focusing on the changes between the different 

compartments and varieties at the same soil 
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depth, the horizontal analysis of the relative 

differences revealed that rows preserved more 

water (in bold) than the inter-row areas at the 

upper-most layer, whereas more humid 

conditions were predominant in the inter-row 

areas at 15 and 25 cm soil depth (Table 6). 

Regarding varieties, Agudelo had moister 

conditions than Blanco Legítimo at 15 and 25 

cm, but drier conditions (in italic) at 5 cm. 

The standard deviation of the relative 

differences in the horizontal component 

showed that the inter-row areas had more 

homogeneous values than the rows in the 

upper-most layer (text in bold in Table 7), 

whereas at 15 cm depth the most 

homogeneous values were found in the rows. 

At 25 cm depth, the pattern was different 

between the two varieties with more 

heterogeneous conditions in the rows for BL 

and in the inter-row areas for Ag. 

Table 6. Mean MRD calculated for each variety 

and field compartment, considering the soil 

depth as the basis of the analysis (j = H in Eq. 

(1) to (6)). * Zero value is obtained due to the 

specific combination of factors in this analysis. 

Soil depth Variety Compartment 

(cm)  R IR  R+IR 

5 Ag+BL 0.008 -0.008 Zero* 

 Ag 0.018 -0.051 -0.017 

 BL -0.001 0.034 0.017 

15 Ag+BL -0.102 0.102 Zero* 

 Ag -0.086 0.160 0.037 

 BL -0.118 0.043 -0.037 

25 Ag+BL -0.003 0.003 Zero* 

 Ag 0.008 0.014 0.011 

 BL -0.015 -0.007 -0.011 

 

Table 7. Mean SDRD calculated for each 

variety and field compartment, considering the 

soil depth as the basis of the analysis (j = H in 

Eq. (1) to (6)). 

Soil depth Variety Compartment 

(cm)  R IR  R+IR 

5 Ag+BL 0.092 0.077 ---- 

 Ag 0.118 0.086 0.102 

 BL 0.067 0.069 0.068 

15 Ag+BL 0.054 0.070 ---- 

 Ag 0.046 0.074 0.060 

 BL 0.063 0.066 0.064 

25 Ag+BL 0.058 0.053 ---- 

 Ag 0.046 0.057 0.051 

 BL 0.069 0.049 0.059 

 

The CVRD of the horizontal component showed 

higher stability in the values of IR for the two 

varieties and in the three soil layers (text in bold 

in Table 8). On the other hand, BL showed more 

stability than Ag in the three soil layers. The 

values of ITS at the horizontal component did 

not show a regular pattern, but values in IR 

(when compartments are compared among 

them) and Ag (when varieties are compared) 

were more representative of the general 

conditions (Table 9).  

Table 8. Mean CVRD calculated for each 

variety and field compartment, considering the 

soil depth as the basis of the analysis (j = H in 

Eq. (1) to (6)). 

Soil depth Variety Compartment 

(cm)  R IR  R+IR 

5 Ag+BL 1.7 0.6 ---- 

 Ag 2.9 0.7 1.8 

 BL 0.5 0.4 0.5 

15 Ag+BL 0.5 0.3 ---- 

 Ag 0.7 0.3 0.5 

 BL 0.3 0.4 0.3 

25 Ag+BL 3.8 0.3 ---- 

 Ag 6.3 0.2 3.2 

 BL 1.4 0.5 0.9 

 

Table 9. Mean ITS calculated for each variety 

and field compartment, considering the soil 

depth as the basis of the analysis (j = H in Eq. 

(1) to (6)). 

Soil depth Variety Compartment 

(cm)  R IR  R+IR 

5 Ag+BL 0.093 0.078 ---- 

 Ag 0.119 0.100 0.103 

 BL 0.067 0.077 0.070 

15 Ag+BL 0.115 0.124 ---- 

 Ag 0.098 0.177 0.071 

 BL 0.133 0.079 0.074 

25 Ag+BL 0.058 0.053 ---- 

 Ag 0.046 0.058 0.052 

 BL 0.071 0.049 0.060 

Further data analysis will be focused on the 

temporal changes over the study period, 

including the evolution and the monthly and 

seasonal scales. The crop phenology and 

plants’ water needs will be also taken into 

account. Besides, the changes in the soil 

physical properties (e.g. bulk density, coarse 

fragments, soil texture, permeability) will be 

included to refine the comprehension of the 

hydrological response of the soil throughout the 

vineyard, in the different varieties, field 

compartments and soil layers. 

Conclusions 

The results of this study describe a complex 

spatial pattern, with some significant 

differences between the values of SWC in the 

different soil depths. Despite the fact that the 

differences of soil moisture between the two 

varieties and field compartments were not 
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significant, the analysis of the relative 

differences at the vertical and horizontal 

components have revealed the existence of 

clear differences in the hydrological response of 

the soil, regarding the patterns of soil water 

content, heterogeneity, stability and 

representativeness. Therefore, the existence of 

homogeneous ground conditions, with a total 

cover with spontaneous vegetation in the R and 

IR, did not prevent the occurrence of spatial 

changes. Further research will include the 

temporal dynamic at the monthly and seasonal 

scales, plants water consumption, and the 

influence of soil physical properties on the SWC 

dynamic. 
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Abstract. The reasons for the reuse of wastewater and ApR (Treated wastewater) are mainly 

due to the current and future scarcity of water resources and the need for protection of rivers and 

soils, receptors of effluent from the wastewater treatment plants (WTP). The increasing scarcity 

of water resources, due to climate or as consequence of population growth and socio-economic 

development, highlights the need for sustainable management of the water resources, which 

includes re-use as a particularly important strategic component.The water resources of a region 

depend on its climate (precipitation, temperature, evapotranspiration) as well as on the water 

coming from the watersheds that reach it. Thus, the availability of these resources is not constant 

throughout all the year, reflecting the climatic seasonality. Water needs for human activities are 

also not constant along the year depending essentially on the population growth, industrial 

development and, with great impact, agricultural use. These situations generate imbalances 

between the need and availability of water, which can be severe especially in years of scarcity 

precipitation. The quality degradation of some natural waters, resulting from insufficient control of 

polluting foci, droughts and floods, announced as more common in the last and in the next year’s, 

probably as aconsequenc of climate change, introduce strong limitations to water use, whether 

due to its quantity or its quality. So, the management of water resources should increasingly apply 

the concept of sustainability: optimization of the benefits of its current use, without compromising 

the same possibility for the future generations. The increasingly scarcity of water resources, 

resulting from climate change as a consequence of population growth and socio-economic 

development, highlights the need for sustainable management of these resources, in which re-

use is a particularly important strategy/component. In the future technology may answer some 

questions of this complex problem, through dam construction or seawater desalination for 

example, but alone is it not sufficient to ensure the sustainability of these resources in a long 

period. Therefore, it is necessary to use water resources more efficiently, such as reuse of treated 

or raw wastewaters. The strategy of reusing water for irrigation, for example, has emerged in 

recent years as a sustainability paradigm for water resources management, while allowing 

simultaneously to irrigate and to supply nutrients to soils and plants (avoiding their direct 

discharge without control into the water environment and soils, and consequently reducing the 

risk of associated pollution by discharging them in the environment). The recovery of treated 

waste water (ApR) as therefore a huge importance for subsequent use particularly in agricultural 

irrigation, but also in other appropriate purposes on a case-by-case study basis (such as aquifer 

recharge or washing in specific cases, etc).

. 

Introduction 

The strategy for reuse of treated wastewater 

(ApR) for irrigation purposes has emerged in 

recent years as a paradigm in the sustainability 

of water resource management.  

Simultaneously it satisfies water needs while 

supply nutrients to the soils and plants, 

avoiding its direct discharge into the water 

environment, reducing the risk of associated 

pollution. Thus is very important to recover 

treated wastewater for subsequent use 

particularly in agricultural irrigation (in this case 

it can be used even raw wastewater), but also 

for other specific appropriate purposes, on a 

case-by-case study (e.g. aquifer recharging or 

washing in specific cases (Jourjon, et al, 2001, 

Penkova et al, 2002; Pirra, 2008; Hirzel et al, 

2017). 
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The water resources of a region depend on its 

climate (precipitation, temperature, 

evapotranspiration) as well as on the water 

coming from the watersheds that reach it. 

Thus, the availability of these resources is not 

constant throughout the year, reflecting the 

climatic seasonality. Water needs for human 

activities are also variable along the years 

depending essentially on the population 

growth, industrial development and, with a 

special impact, agricultural use. These 

situations generate imbalances between the 

needs and the availability of water, which can 

be severe especially in years of scarcity 

precipitation (Jusiak, 1994; Hazzel, 1998; 

Iannone, 2016). 

The degradation of quality in some natural 

waters, resulting from insufficient control of 

polluting foci, droughts and floods, announced 

as more frequent in the last and in the next 

years, probably as a consequence of climate 

changes, introduce strong limitations to water 

use, whether due to its quantity or its quality 

(Table 1). The water resources management 

should increasingly apply the concept of 

sustainability: optimization of the benefits of its 

current use, without compromising the same 

possibility for the future generations. (Monte 

and Albuquerque, 2010 and Hirzel et al, 2017). 

Table 1. Residual water discharge standards in 

Portugal *      

Parameters ELV * 

Ph 6.0 – 9.0 

Total Suspended Solids (SST) 60 mg/l 

Chemical Oxygen Demand (CQO) 150 mg/l 

Biochemical Oxygen Demand 

(CBO5) 

40 mg/l 

Oils and Fats 15 mg/l 

Total N 15 mg/l 

Total P 10 mg/l 

*Emission Limit Values in wastewater 

discharge 

Annex XVIII DL No. 236/98 from August 1 

The increasingly water resources scarcity, 

resulting from climate change as a 

consequence of population growth and socio-

economic development, highlights the need for 

sustainable management of these resources, 

in which re-use is a particularly important 

strategy/component. In the future, technology 

may answer some questions of this problem 

(through dam construction or seawater 

desalination for example), but alone is it not 

enough to ensure the sustainability of these 

resources. Therefore, it’s necessary to use 

water resources more efficiently, such as 

reusing treated or raw wastewaters. 

The strategy of reusing water for irrigation, for 

example, has emerged in the recent years as a 

paradigm in the sustainability of water 

resources management, while allowing to 

supply some nutrients to soils and plants, 

avoiding their direct discharge into the water 

environment, and consequently reducing the 

risk of associated pollution by discharging them 

in the environment. The recovery of treated 

wastewater as therefore a huge importance for 

subsequent use particularly in agricultural 

irrigation, but also in other appropriate 

purposes on a case-by-case study basis (such 

as aquifer recharge or washing in specific 

cases) (Herath et al, 2013; Iannone et al 2016). 

The use of treated wastewater should 

preferably be for uses that require high volume 

of the resource and are compatible with the 

most current quality of the treated effluents 

(Table2).  

Table 2. Typical values of some characteristic 

parameters for different types of urban raw and 

treated wastewater (adapted from Crites e 

Tchobanoglous, 1998; Metcalf and Eddy, 

2003). 

  Wastewater 

 

  

  

Paramet

er 

Units Untreate

d 

After 

primary 

treatment 

After 

secondary 

treatment 

CBO5 mg/L 150-400 100-250 20-40 

COD mg/L 350-

1000 

200-500 80-140 

SST mg/L 100-350 80-140 10-50 

N-tot mg/L 

N 

50-80 30-50 5-15 

N-NH4 mg/L 25-50 20-40 10-20 

P-tot mg/L 15-20 10-15 5-10 

Coliform Nº/ 

100 

mL 

107-109 106-108 102-107 

Irrigation currently is the main application of 

these waters, because agriculture consumes 

an enormous quantity of water (about 65% of 

the total water resources used) and normally 

doesn’t needs the use of high-quality potable 

water (Knowles and Hill, 2001; Asano et al., 

2007). 

But water can also be reused for several other 

purposes, namely the following ones (cited in 

descending order of importance and volume 

used): 

• landscape irrigation (where the irrigation of 

golf courses stands out) 
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• industrial reuse (mainly as recycled cooling 

water) 

• the recharge of aquifers 

• certain recreational and environmental uses 

• urban uses that do not require the use of 

drinking water and 

• reinforcement of raw water origin for the 

production of water for human consumption. 

The most important factors to consider when 

selecting the more suitable applications for the 

reuse of treated wastewaters are: 

- The quality of the treated waters (which 

depends on their level of treatment)  

- The type of technology associated with its 

treatment 

- The balance between the global supply and 

the global demand for water to reuse 

- The infrastructures needed for reuse (like 

reservoirs for water storage and transportation 

and distribution systems) 

- Their economic and financial sustainability 

and  

- The mitigation of environmental and social 

impacts associated with the reused waters. 

 

Reuse of wastewater 

 (agricultural and urban use)  

There are several situations and water uses 

that consume potable drinking water without 

requiring such high-quality water. Treated 

wastewater may be applied in numerous uses 

such as flushing of toilets; street washing, 

washing of containers of urban waste; washing 

of vehicles; sweeping of collectors; landscape 

irrigation; fertilizing crops or treating effluents 

(by distribute them into the soil); beautification 

of urban spaces through lakes, fountains and 

water cascades; firefighting and an enormous 

other  urban uses that do not require the use of 

drinking water (like irrigation of public gardens 

and washing of outdoor yards for example) and 

the reinforcement of raw water origin for the 

production of water for human consumption 

(Jourjon, et al, 2001, Penkova et al, 2002; 

Pirra, 2008; Hirzel et al, 2017). 

In Portugal, the DL nº 236/98 (Article 58) 

defines rules for the reuse of treated 

wastewater in irrigation and regulates the use 

of wastewater in agricultural and forestry 

irrigation. Their use is subject to license emitted 

by the Administração de Região Hidrográfica 

(ARH) and depends on an assent from the 

Direcção Regional de Agricultura e Pescas 

(DRAP) and the Delegado Regional de Saúde 

(DRS). The irrigation of public gardens 

(paisagistic irrigation) depends on the 

authorization of the ARH, by assent of the 

competent health authority (Table 3). 

To justify is opinion, the DRAP needs to know 

the total  

Table 3- Standards and recommendations for 

the use of treated water for irrigation 

*DL 236/98; **Ayers and Westcot (1985) 

volume of wastewater  to be  distributed;  the 

crops to be irrigated and their water needs, as 

well as wastewater analyses (pH, Conductivity, 

Nitrogen (N), Phosphorus (P), Potassium (K), 

Magnesium (Mg), Calcium (Ca), Cooper (Cu) 

(and possibly other heavy metals), soil analysis 

(N, P, K, organic matter content, etc.) and also 

the crop irrigation and fertilization plans or the 

soil distribution plans. This assent focuses on: 

- The amount of nutrients to be applied to each 

crop for an expected production level (not 

exceeding their nutrients need, particularly N)  

- The quantity and number of applications 

(based on the water needs of the crop and the 

best use of the nutrients conveyed) 

- The minimum distance to preserve from rivers 

and other forms of clean water to be respected 

in the application to do not disturb them; 

- The distribution conditions (uniformity, 

incorporation into the soil,…)  

- The application period is normally mandatory 

between March and October. 

The use of treated wastewater (ApR-non-

potable water) in the interior of agro-industrial 

facilities is prohibited. Outside buildings it is 

permitted but an assent by the competent 

authorities (DRAP, APA-ARH, ASAE, etc.), is 

necessary on a case-by-case basis depending 

on the environmental and public health risk. 

Even the use of drinking water of our private 

own sources (wells) always needs a 

license/authorization, and if in the facility area 

there is water from the public municipal 

network, it is usually not authorized (Kumar, et 

al 2009. 

 

   DL No. 

236/98* 

FAO Recommendations** 

M

RV 

MP

V 

Degrees of restriction 

No 

restrict

ion 

Mild to 

moder

ate 

Sever

e 

restrict

ion 

Ph 

Soren

sen 

Range 

6,5

-

8,4 

4,5

-9 

Normal values: 6.5 - 8.4 

Electri

cal 

Condu

ct. mS 

1 --- < 0.7 0,7–

0,3 

> 0.3 

SST 

mgL-1 

60 --- 
 

--- 
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Irrigation/distribution plan and Crop 

Fertilization Plan 

The user must have a record of all the 

applications distributed for possible monitoring. 

Portugal with the exception of agricultural 

effluents from olive oil mills that have its own 

legislation (DL626/2000), which defines 

quantities, periods and application conditions 

for the distribution of oil mill effluent, does not 

have specific legislation for the reuse of the 

remaining effluents. Although, the use in 

irrigation is the main application for 

wastewater, because agriculture consumes 

more than half of the total water resources 

(Asano et al, 2007).  

The use of raw effluents in soil application as 

wastewater treatment and fertilizer requires a 

careful use of Water Resources, adequate 

distribution conditions, periods and quantities, 

monitoring of its application and of course 

compliance with legislation concerning 

rejection (Table 4). 

This last regulation is applicable whenever 

treated urban waste water is used for 

agricultural irrigation and aims to ensure that 

the water for reuse is safe, and in this way 

ensure a high level protection of the 

environment, human and animal health, 

promote the circular economy, support 

adaptation to climate change and contribute to 

the achievement of the objectives of the 

Diretiva Quadro da Água through a coordinated 

Union-wide response to the problems of water 

scarcity and the resulting pressures on water 

resources, and also contribute for the efficient 

functioning of the internal market. This 

Regulation is binding in its entirety and directly 

applicable in all Member States from 26 June 

2023 (the DL N 119/ 2019, from 21 August, 

already includes most of the provisions of the 

aforementioned Regulation).. 

 

 

 

 

 

 

 

 

 

 

Table 4. Framing legislation for rejection of 

treated wastewater (ApR) 

Directive 

91/271/CEE, from 

21/5/991 

transposed for 

Portuguese 

legislation: Article 

11 DL No 152/97 

from 19/6 

Establishes that treated 

wastewater and sludge should 

be reused where possible or 

appropriate 

UE Regulation 

2020/741 from 

European 

Parliament ad the 

Council, from 

25/5/2020,  

 

transposed for 

Portuguese 

legislation 

Article 58 (DL No. 

236/98, from 1/8 

 

Defines the criteria and 

standards of water quality for 

irrigation aim to protect public 

health, surface and 

groundwater quality, crops and 

soils 

Establishes that the use of 

wastewater in the irrigation of 

agricultural and forestry crops 

is conditioned by the DRAP 

and depends on the favorable 

opinion of the DRAP and the 

DRS 

The irrigation of public gardens 

depends on the authorization 

of the DRA, by assent from the 

competent health authority 

Annex XVI of DL No 

236/98, from 1/8 

Establishes the parameters 

and values related to the 

Quality of Water intended for 

irrigation 

Articles 12 and 15 

of DL No 226-

A/2007, from 31/5 

Establishes that the 

wastewater rejection license 

on agricultural or forestry soil 

requires a favorable opinion 

from DRAP and territorially 

competent regional health 

administrations (DRS) 

DL N.º 119/2019, 

from 21 of august 

Establishes the legal regime 

for production of water for 

reuse, obtained from 

wastewater treatment. Defines 

minimum requirements for 

water quality and its 

monitoring and provisions on 

risk management, for the safe 

use of water for reuse in the 

context of integrated water 

management.  

 

Conclusions 

In general, wastewater reuse should be 

promoted, in particular through its use in the 

irrigation of agricultural crops, as water is 

increasingly scarce. At the same time, the 

adoption of good environmental practices 

should be promoted by agroindustry’s for the 

reduction of effluent production and reduction 

of pollutant loads associated. They should 

introduce environmentally appropriate 
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technologies in the several production 

processes, particularly in the area of recovery 

of by-products, as the seasonal character of 

some activities (namely agroindustry’s like 

wineries and olive mills) causes disturbances 

in the normal functioning of common 

wastewater treatment systems (Lemiere et al, 

1998; Marrec, 2001; Martins, 2018). For 

example, the irrigation with winery raw 

wastewater seems possible in certain specific 

conditions and did not show any important 

negative influences on soil, grape and wine 

production (Hirzel et al, 2017). 

The development of more integrated treatment 

and by-products recovery solutions should also 

be promoted, which allow the rivers and soils 

to receive effluents according to the capacity of 

the receiving environment. In Portugal, the 

license for using wastewater in the irrigation of 

agricultural crops is emitted by the ARH-APA 

and is subject to the opinion of DRAP and DRS. 

For the assent emission, DRAP needs 

information about parcels, crops, irrigation 

needs, characteristics of wastewater, soil 

characteristics and crop fertilization plan. At the 

moment the lack of experimental data is still 

today a problem for the correct management 

and use of effluents in irrigation. This lack of 

empirical evidence does not always allow good 

legislative production and the adoption of the 

best management practices.  

This work was funded by grants from Project 

INNOVINE & WINE-Innovation Platform of 

Vine and Wine-NORTE-01-0145-FEDER-

000038; Fundação para a Ciência e a 

Tecnologia (FCT) and Centro de  

Química de Vila Real (CQVR) through PEST-

C/QUI/UI0616/2014.  
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Abstract. ‘Touriga Franca’ (TF) and ‘Touriga Nacional’ (TN) are wine-producing varieties traditionally 

cultivated at ‘Douro Superior’ (NE Portugal). During the summer, these plants are under a combination of 

extreme climatic conditions like high irradiance and temperature, and water stress, commonly named as 

summer stress (SS). Ultimately, SS generates oxidative stress compromising vine productivity and wine 

quality. The spraying of grapevine plants with kaolin (KL), an aluminium silicate suspension, can reduce 

the leaf temperature, improving its photosynthesis, yield and wine quality. Nonetheless, the cytogenomic 

effects of KL were never studied. In this work, TF and TN leaves were collected in control (untreated) and 

KL-treated plants at ‘Quinta do Orgal’ (Douro Superior) during the summers of 2016 and 2017. Mitotic cell 

cycle and expression of the genes HSP17.9, VvCYCA3, VvICK5, APX1, CAT and MDHAR with 

quantitative real-time PCR (qPCR) were analysed. The control plants showed cell cycle arresting in 

prophase. These data were corroborated by the relative expression ratio of the VvCYCA3 and VvICK5 

genes (involved in cell cycle regulation). Heat stress alone halts cell division but KL-treated plants showed 

down-regulation of the HSP17.9A gene, confirming the decrease of leaf temperature. Also, in KL-treated 

plants was detected an up-regulation of the APX1, CAT and/or MDHAR genes that encode for antioxidant 

enzymes, suggesting an improvement of their antioxidant ability, and corroborating previous biochemical 

studies. Both cytogenetic and gene expression data showed statistical significant differences (p<0.05) 

between varieties, treatments, years, sampling dates and/or among their interactions. Overall, we verified 

that KL treatment was more effective in TN and in the summer of 2017 that showed lower temperatures 

than in 2016 

Introduction 

Previous studies evidenced that the foliar spraying 

of kaolin (KL) in grapevine plants under summer 

stress (SS) improved its yield, photosynthesis and 

antioxidant capacity (Dinis et al., 2016, 2018). 

However, its cytogenomic effects are unknown.  

 Here we analysed the regularity of mitosis and the 

expression of genes involved in cell cycle 

regulation, heat stress response and synthesis of 

antioxidant enzymes in grapevine leaves collected 

in plants under SS treated with KL and untreated 

(control), in two consecutive years. 

Methods and sources 

Leaves of TF and TN were sampled in KL-treated 

and untreated (control) plants, at ‘Quinta do Orgal’ 

(Douro Superior, NE Portugal) in July and August 

of 2016 and 2017. Sampled leaves were 

immediately fixed in ethanol and acetic acid (3:1, 

v/v) or frozen in liquid nitrogen for further 

cytogenetic and molecular analyses, respectively. 

The cytogenetic analysis was performed 

accordingly Carvalho et al. (2018).  

The total RNA isolation and purification, its 

conversion to complementary DNA (cDNA), and 

the qPCR assays were performed as described in 

Carvalho et al. (2015a).  

The qPCR primers used for amplification of the 

reference (UBC and VAG) and target (Hsp17.9A, 

VvCYCA3, VvICK5, APX1, CAT and MDHAR) 

genes were previously designed and/or used by 

others in grapevine (Carvalho et al., 2006, 2015b; 
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Coito et al., 2012; Borges et al., 2014; Vergara et 

al., 2017). 

Theoretical framework and operational 

concepts 

According to the climate projections, an increase 

in frequency and severity of high irradiance 

periods, excess of temperature and water scarcity 

(IPCC 2014) will have a substantial negative 

impact in viticulture. Oxidative stress constitutes a 

secondary effect of abiotic stress which may 

generate enzymatic inactivation, physiological and 

cellular functioning impairing (Dinis et al., 2016, 

2018; Bernardo et al., 2017). Also, the cytotoxicity 

generated by the oxidative stress will induce DNA 

damage, subsequent chromosomal anomalies, 

inappropriate cell division and/or cell death 

(Hasanuzzaman et al., 2013; Das and 

Roychoudhury 2014).  

The foliar spraying of grapevine leaves with KL 

reduced the leaf temperature, improved the 

photosynthetic performance, yield and boosted the 

antioxidant activity (Conde et al., 2016; Dinis et al., 

2016, 2018). Therefore, such treatment will 

probably reduce the occurrence of mitotic cell 

cycle irregularities in the leaf in response to SS, 

based on previous data achieved with induced 

heat stress in grapevine (Carvalho et al., 2018).  

Cytogenetics and gene expression studies are 

available tools that can contribute for the 

identification of wine-producing grapevine 

varieties more tolerant to individual and/or 

combined abiotic stresses (Rocheta et al., 2014, 

2016; Carvalho et al., 2015b; Carvalho et al., 2018, 

2019). 

Results 

In this work were detected various types of cell 

cycle and chromosomal anomalies in all mitotic 

phases (Fig. 1).  

Most of the normal and irregular dividing cells 

observed in control plants were in prophase (Fig. 

1a,b), suggesting cell cycle arresting in response 

to SS. In normal metaphase, the highly condensed 

chromosomes align at the metaphase plate and 

are bounded by the microtubules of the mitotic 

spindle that will push them to the cell poles in the 

next anaphase. However, high temperature 

damages the spindle microtubules and the 

chromosomes present a disturbed orientation in 

metaphase, resembling the C-mitosis induced by 

colchicine (a metaphase arresting agent) (Fig. 1c).  

Chromatin stickiness was detected in all mitotic 

phases (Fig. 1b,d,e). This anomaly is irreversible, 

can lead to cell death and is highly frequent in plant 

dividing cells under any abiotic stress (Pekol et al., 

2016; Carvalho et al., 2018, 2019; Reis et al., 

2018). 

 

Figure 1. Dividing mesophyll cells of grapevine 

stained with silver nitrate and representative of the 

ones observed in leaves of both varieties ‘Touriga 

Franca’ and ‘Touriga Nacional’ and treatments 

(control and KL) under summer stress. (a) Normal 

prophase; (b) Sticky prophase with one 

micronucleus; (c) C-mitosis; (d) Unipolar 

anaphase with two laggard chromosomes; and (e) 

sticky telophase with laggard chromosomes.  

In KL-treated plants, most of the normal dividing 

cells were in metaphase or anaphase revealing 

cell cycle progression. These results were 

corroborated by the gene expression ratios of the 

genes involved in cell cycle regulation. Therefore, 

generally, in the KL-treated plants of both varieties 

was noticed a down-regulation of the gene VvICK5 

that induces cell cycle arresting as well as an up-

regulation of the gene VvCYCA3 that allows 

mitosis to progress.  

As reported previously, heat stress alone halts the 

cell division in grapevine leaves and roots 

(Carvalho et al., 2018, 2019). However, in this 

work, the KL-treated plants of both varieties 

showed, in most of the cases, a significant down-

regulation of the HSP17.9A gene that encodes for 

a heat shock protein, confirming that KL decreases 

the leaf temperature effectively, as previously 

reported (Dinis et al., 2018). Therefore, the 

decrease of temperature by KL contributed to the 

mitosis progression as suggested by the 

expression profiling of the VvCYCA3 and VvICK5 

genes.  

The oxidative stress is a secondary effect of the 

abiotic stress that may cause DNA damage and 

subsequent chromosomal anomalies and cell 

division impairment. In this work, the KL-treated 

plants of both varieties, showed an up-regulation 
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of the APX1, CAT and/or MDHAR genes that 

encode for antioxidant enzymes (Fig. 2).  

 

 

Figure 2. Bar plots for the average expression 

ratio of the APX1, CAT and MDHAR genes 

considering the interactions (a) variety x gene, and 

(b) variety x gene x year. (*) - p<0.05. 

The gene expression ratios of the genes APX1, 

CAT and MDHAR in the Kl-treated plants showed 

statistically significant differences (p<0.05) 

between varieties (Fig. 2a) and years (Fig. 2b), as 

observed in the interaction bar plots of Figure 2. 

Except for the APX1 gene, TN showed significantly 

higher (p<0.05) expression ratios (Fig. 2a). The 

gene APX1 showed a significantly higher (p<0.05) 

expression ratio in TF in the summer of 2016 (Fig. 

2b). As observed in Figure 2b, in most of the 

cases, considering the interaction variety x gene x 

year, the highest average expression ratios were 

revealed by KL-treated TN plants (Fig. 2b). The 

highest expression ratios of the genes CAT and 

MDHAR were detected in KL-treated TN plants in 

the hottest summer of 2016 (Fig. 2b).  

The up-regulation of the genes APX1, CAT and/or 

MDHAR in the Kl-treated plants relative to the 

control ones (Fig. 2) suggested an improvement of 

the antioxidant ability in the KL-treated plants. 

Previous biochemical studies reported that KL 

enhanced the antioxidant capacity in grapevine 

(Dinis et al., 2016). The present data corroborated 

the latter assumption.  

The global analysis of the statistical data gathered 

with the cytogenetic and qPCR approaches 

allowed us to verify that the KL treatment was 

more effective in TN and summer of 2017 (despite 

the highest expression ratios of the CAT and 

MDHAR genes in 2016, Fig. 2b).  

The maximum air temperatures of the summer of 

2016 in the Douro Superior subregion were so high 

that KL was not so useful in decreasing the surface 

leaf temperature as verified by the significantly 

high (p<0.05) average percentage of dividing cells 

with anomalies (%CDA) in 2016 in both grapevine 

varieties (Fig. 3). 

 

 

Figure 3. Bar plots of the average percentage of 

dividing cells with anomalies (%DCA) considering 

the interaction of the effects variety, treatment and 

year. In 2016, the average values of %DCA were 

significantly (* - p<0.05) higher than in 2017, 

regardless of the variety or treatment.  

The TN variety has been widely studied using 

multidisciplinary approaches to induce stress 

under laboratory conditions. It has been accepted 

as a grapevine variety tolerant to heat stress, high 

irradiance and water stress and their combination 

(Rocheta et al., 2014, 2016; Carvalho et al, 

2015b). The present work confirmed the tolerance 

of TN under natural conditions of SS. Although TF 

demonstrated to be tolerant to heat stress under 

laboratory conditions, in this work, it was less 

tolerant than TN. The abiotic stress tolerance of TF 

is not so widely studied as that of TN. Nonetheless, 

the traditional cultivation of both varieties at Douro 

Superior evidence that they developed 

mechanisms or strategies to deal with the impacts 

of SS as revealed here by their cytogenomic 

responses.  

Conclusions 

The cytogenomic results achieved during this work 

allowed us to conclude that the foliar spraying of 

grapevine leaves with KL constitutes a feasible 

short-term measure to mitigate the negative 

impacts of SS by enhancing the cell division and 

reducing the oxidative stress. 
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Abstract. The herbicide most commonly used in viticulture, called glyphosat, will lose its approval in 

Germany at the end of 2023. Especially in terraced steep slope vineyards, it is often difficult to find the 

appropriate alternative. There are a lot of challenges, such as a small cane spacing, small distance 

between the vine row and many more. The goal was to find a solution for vintners to work in terraced 

steep slope vineyards without herbicide, in the mechanical way. Four different mechanical alternatives 

were tested. A cane brush on an over-the-row frame, an undervine mulcher, a rotary harrow and the 

rotary hoe. The cultivation with the over-the-row frame had shown much better results, because they 

work the inside and outside from the vineyard line. We also made some tests with greening and soil 

covering under the vines. The combination of several different undervine machines or the combination 

of understock machines with subsequent greening or covering are quite reasonable. 

 

 
Introduction 

The goal of under vine care is to control weed 

growth and therefore the prevention of competition 

by grass and other plants and herbs. There are 

several ways to do this. In terraced vineyards it is a 

challenging task to find the right alternative to 

herbicides due to differing conditions depending 

on the location. There are several pros and cons 

of each variant. 

 
Methods and sources 

We tested mechanical under vine cultivation with 

different machines. A cane brush on an over-the-

row frame, an under vine mulcher, a rotary harrow 

and the rotary hoe were tested in a three year 

experiment. We also made some tests in 

combination with under vine greening (stellaria 

media) and soil covering (wood chips). 

 
Theoretical framework and operational 

concepts 

Herbaceous control with machines, who work IN 

the soil, such as rotary hoe, destroys the slope in 

the long term. The loosened soil generates a side 

slope. Machines working ON the ground, such as 

under vine mulcher, rotary harrow etc., can be 

used in front or back of the tractor. They work only 

from one side of the row and showed an 

insufficient result. Working with the cane brush on 

an over-the-row frame showed much better results, 

because it cultivated both sides. 

 

 

 

Results 

The technology that worked best in our situation 

was the cane brush attached to an over-the-row 

frame. In order to secure the vines from 

unnecessary injuries the maschine has to be 

adjusted very well. The distance between the 

brushes can be adjusted mechanically on the 

frame. This way you can adjust the machine 

perfectly for the conditions of your vineyard. The 

results were very satisfying. The over- the-row 

frame made it possible to work on the inside as 

well as the outside of the rows. Work results 

improves significantly when the grass is still a little 

moist. This makes it easier to cut off. 

 

Abbildung 1 Result after working with cane brush on an 
over- the-row frame 

mailto:laura.seufert@wbi.bwl.de


VII International Congress of Mountain and Steep Slopes Viticulture 
  

230 
  

 
 

Abbildung 2 Cane brush attaced to an over-the-row frame 

Conclusions 

 
Local conditions in terraces are differing. It is 

important for each winery to analyze its location 

and act accordingly. At our site conditions the cane 

brush with an over-the-row frame worked best. 

Also, the matter of greening and covering under 

the vines is very workable at some sites and could 

be helpful. Nevertheless, the management of 

terraced vineyards is and remains a special one 

with site-dependent challenges. 
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Abstract. Soil erosion is an important aspect, especially in sloping areas such as hilly and mountain 

regions. Here, agriculture often relies on row-crops, represented by orchards and vineyards. In this 

context, certain ground cover types can contribute to reduce soil losses by erosion. The Revised 

Universal Soil Loss Equation (RUSLE) is one of the most widely used models for soil erosion rates 

prediction. It can be successfully applied at both field and catchment scale. RUSLE considers different 

factors to describe erosion risk: rainfall erosivity (R), soil erodibility (K), cover and management (C), 

slope length and steepness (L and S, often considered jointly), and support practices (P). Among those, 

to define the topographical LS factor numerous algorithms have been developed and applied in various 

studies that possibly rely on GIS tools involving Digital Elevation Models (DEMs). In this work, operator-

measured LS values were compared with those obtainable using different algorithms available in SAGA 

GIS. Comparison was achieved with reference to a hilly study area in the Alto Monferrato (province of 

Alessandria, Piemonte, NW Italy). DEMs with different geometrical resolution (5, 10 and 25 m) were 

considered while testing algorithms performances. Algorithms proved to generate significantly different 

LS values from the operator-measured ones. Nevertheless, the adoption of an automated procedure 

allows to reduce computational times and to minimize human error. A linear regression-based approach 

was used to test model performances depending on algorithm settings and DEM resolution. Best results 

(R2 ≥ 0.9) were obtained using the DEM 5 and 25 m resolution, independently from the adopted 

algorithm. Additionally, algorithm-derived LS values allowed to map its spatial variability within the field. 
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Introduction 

Soil erosion affects many crops worldwide. European 

soils are not exempt from this phenomenon, whose 

impact influences both crop productivity, soil organic 

carbon (SOC) stocks and nutrients removal 

(Montanaro et al., 2017). In Piemonte, SOC content is 

moderately low (1.58%) and low (1.15%) in flat and 

hilly areas, respectively (Leo et al., 2011). If one 

considers the vineyard agroecosystem alone, values 

tend to be even lower, due to erosive phenomena 

related to traditional agriculture practices. The 

relationship between erosion and SOC reduction is 

evident, and its containment is one of the main 

objectives set by the European Commission in the 

Green Deal program to contrast climate change and 

land degradation. For the agricultural sector, 

objectives include i) the protection of soil fertility, ii) the 

reduction of soil erosion and the increase of its organic 

matter content, and iii) the adoption of an action plan 

aimed at removing air, water, and soil pollution. To 

achieve that, conservation agriculture practices based 

on the adoption of grass-covered inter-rows are 

promoted. Since viticulture is usually widespread in 

hilly areas, erosion can be extremely critical in the 

presence of steep slopes, bare soil or reduced ground 

cover, and extreme weather events (Mania et al., 

2014). On a regional scale, soil erosion has been 

estimated using the Universal Soil Loss Equation 

(USLE) (Wischmeier and Smith, 1978) and its revised 

version (RUSLE) (Renard et al., 1997): about 40% of 

soils in hilly areas show elevated (15-35 Mg ha-1) or 

very elevated (>35 Mg ha-1) erosion rates (Regione 

Piemonte, 2016). Despite its empirical nature, RUSLE 

remains the starting point for calibration of at-field-

level models (Gómez et al., 2020) and to provide 

estimates on a wider scale (Schmidt et al., 2019a). 

Maps for all factors involved, and an annual estimation 

of soil loss, have been provided for the whole EU 

territory, thanks to the ESDAC-LUCAS system 

(Panagos et al., 2014, 2015a, 2015b, 2015d, 2015c, 

2015e). These data, unfortunately, are supplied with a 

coarse resolution (GSD -ground sampling distance- 

from 250 or 500 m up to 1 km). A global map of soil 

erosion risk was obtained using remotely sensed and 

census data through GIS modelling, with a discrete 

GSD (250 m) (Borrelli et al., 2017). Nevertheless, a 

higher spatial resolution is required to get reasonable 

estimates of the actual field dynamics (Borrelli et al., 

2018). Among all RUSLE factors, the topographic LS 

factor (composed by L and S), plays a key role in the 

erosion rate estimation (Raj et al., 2018; Schmidt et 

al., 2019b). More specifically, slope length (L) can be 

described as i) the distance from overland flow 

origination to the point where the slope gradient 

decreases and deposition begins (i.e. the distance 

travelled by runoff water), or ii) the runoff water 

entering a well-defined channel, which can be part of 

a drainage network or a constructed channel, and is 

measured on the basis of the unit upslope contributing 

area (Desmet and Govers, 1996). To map upslope 

contributing area, flow directions must be computed: 

this can be highly time-consuming, especially when 

areas to investigate are numerous. GIS tools have 

been developed to save time and to map spatial 

variability through Digital Elevation Models (DEMs). 

GIS-based algorithms can accurately describe water 

flows, where runoff moves downward along single 

(SFD) or multiple (MFD) flow directions. MFDs are 

most frequently adopted, for they better describe 

convergent and divergent flows that can be found in 

field conditions (Holmgren, 1994; Böhner and Selige, 

2006; Wilson et al., 2007; Bircher et al., 2019). 

Geometric resolution of DEM also plays a key role in 

estimating LS (Raj et al., 2018; Fijałkowska, 2021). 

Within this framework, the aim was to estimate, for a 

study area, soil erosion rates through the RUSLE 

methodology. Different procedures to get the LS factor 

were tested. Objectives of this work were: i) to 

compare LS values from operator-derived and GIS-

automated procedures; ii) to evaluate the importance 

of DEM resolution; iii) to assess the role of LS in soil 

loss estimation. 

Methods and sources 

Study area 

The study area is in the administrative province of 

Alessandria (AL), Piemonte (NW Italy). It corresponds 

to a hilly area called “Alto Monferrato”, where vines are 

the most important and widespread crop. Analysed 

vineyards belong to the Experimental Vine and Wine 

Centre Tenuta Cannona (44°40′N, 8°37′E, 296 m 

above sea level) of the Agrion Foundation (Figure 1), 

in the municipality of Carpeneto. A total of 14 

vineyards with up-and-down row orientation were 

considered. Out of them, 9 had a permanent grass-

cover (GC), while 5 were tilled (CT) at a 25-cm depth. 

Vineyards lie on Pleistocenic fluvial terraces in the 

Tertiary Piemonte Basin characterised highly altered 

gravel, sandy and silty-clay deposits with red 

alteration products. Texture ranges from clay (CT 

plots) to clay-loam (GC plots). 

Applying RUSLE 

The RUSLE methodology is one of the most used to 

assess soil erosion rates, and involves different 

factors: 

𝐴 =  𝑅 ∗   𝐾 ∗  𝐿 ∗  𝑆 ∗  𝐶 ∗  𝑃 [1] 

where A = average annual soil loss per area unit (Mg 

ha-1 yr-1), R = rainfall erosivity (MJ mm ha-1 h-1 yr-1), K 

= soil erodibility (t h MJ−1 mm−1), L = slope length, S = 

slope steepness, C = cover-management, and P = 

support practices. The latter factors are 

dimensionless. Erosion rates were simulated using 

ORSUCAL (Orchard RUSle CALibration) (Gómez et 

al., 2020), a model developed specifically for tree 

crops (Schütte et al., 2020; Gómez et al., 2021). 

Factors were computed: to get R, rainfall data from the 

available in-situ weather station were used. K and C 

were obtained from field measurements and reference 

values from literature (USDA-NRCS, 2013). LS was 
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derived by GIS processing using data from the 

Regional Geoportal (geoportale.piemonte.it), and 

DEMs with different GSD (Table 1) were tested. The 

reference year for the simulation was 2018. 

Cumulated rainfall foir this period was 1193.6 mm, 

and annual erosivity was 3510.9 MJ mm ha-1 h-1 yr-1. 

P was not considered. 

 
Figure 1. A wider view of the Piemonte Region 

(small map), and the investigated vineyards of the 

study area, classified according to inter-row soil 

management. 
 

Table 1. Features of the DEMs used LS 

computation. 

GSD 

(m) 

Source 

5 Aerial LIDAR acquisition operated 

between 2009 and 2011 (DEM5). 

10 Old DEM obtained through the 

interpolation of contour lines from old 

hardcopy maps (1:10000 technical map) 

(DEM10). 

25 Downsampling from the native DEM5 

(DEM25). 

Theoretical framework and operational concepts 

Operator-driven LS factor assessment 

Local slope, needed to obtain S, was interactively 

measured using the available DEM for every field 

according to McCool et al. (1987): 

𝑆 = 10.8 ∙ sinθ + 0.3     θ < 9% [2.1] 

𝑆 = 16.8 ∙ sinθ −  0.5    θ ≥ 9%  [2.2] 

where θ = field slope (%).  

Since L depends on the distance travelled by runoff 

water before deposition starts, slope length is also 

needed. For that, DEM was used to define drainage 

structure at field level. Procedures were executed on 

QGIS (version 3.8.0): “Catchment Area” tool for 

hydrological analysis allowed to measure flow 

accumulation at field level through the Deterministic 8 

algorithm. Then, “Channel Network” tool was used to 

defined field slope length (Figure 2). For fields with an 

irregular geometry, two slope lengths were measured, 

then the average value was used: 

𝐿 =  
(𝑧)𝑚+1

(22.1𝑚 ∙ 𝑧)
 [3] 

where z is the slope length (m), and m is the 

coefficient describing the relevance of rill and inter-

rill erosion. m values close to 0 indicate dominance 

of inter-rill; m values close to 1 indicate dominance 

of rill erosion. 

   
Figure 2. Channel network (green lines) and slope 

length (red dotted lines) for investigated plots.  
 

Automated LS factor assessment 

LS was mapped through the “LS Factor, Field Based” 

tool (LSP) available in SAGA GIS (version 7.0.0). With 

reference to the available DEMs, catchment areas at 

field scale were mapped according to Freeman 

(1991). Different algorithms available in LSP were 

tested (Table 2) and compared with operator’s driven 

results. LSP can, additionally, provide field spatial 

variability.  

Table 2. Parameter available for LSP in SAGA GIS. 

Input Options Abbreviation 

LS 

method 

Moore & Nieber (1989) 

Desmet & Govers (1996) 

Wischmeier & Smith 

(1978) 

MN 

DG 

WS 

Slope 

type 

Local slope 

Distant weighted average 

catchment slope 

LOC 

AVG 

Specific 

catchment 

area 

(SCA) 

Contour length as cell size 

Contour length dependent 

on aspect 

Catchment length 

Effective flow length 

CS 

AS 

CL 

FL 

https://www.geoportale.piemonte.it/cms/
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Based on available DEMs and LSP parameters, LS 

values were computed at field scale, obtaining a total 

of 72 LS factor estimates for each vineyard. LS values 

were used to estimate soil loss by erosion according 

to the RUSLE model [1]. Data were then compared 

with the results obtained by the operator-driven 

procedure. 

Data analysis 

To test consistency between GIS-based and user’s 

driven LS -and subsequent soil loss estimates-, a 

simple linear regression-based approach was used to 

test compliancy of results, and a correspondent 

coefficient of determination (R2) computed. A 

Variability Index (WZ) [4] similar to the one proposed 

by Fijałkowska (2021) was also computed: 

𝑊𝑍  =  
𝑠𝑢𝑚𝐺𝐼𝑆

𝑠𝑢𝑚𝑅𝐸𝐹
 [4] 

where sumGIS is the sum of LS values for all 

investigated plots with a specific combination of DEM 

resolution and LSP parameters, and sumREF is the 

sum of values obtained from a reference calculation 

method (in this case: ORUSCAL). To test the 

variability of the results obtained, the Coefficient of 

Variation (CV) for both LS values and soil loss 

estimates was measured. 

Results 

Erosion, and the factors required for its estimation by 

the RUSLE, are spatially varying. For most of the 

investigated fields, slope was between 13% and 19%. 

Fields like CT_4 and GC_3 had the lower slope values 

(5.1% and 6.9% respectively), while CT_5 slope was 

23.7%. As a result, LS values for CT_4 and GC_3 

were very low (< 1), while CT_5 reported the higher 

values (> 5) for all tested computational procedures. 

The lowest soil losses were estimated in CT_4 (< 15 

Mg ha-1 yr-1) and GC_3 (< 1 Mg ha-1 yr-1), while CT_5 

had the highest soil loss estimates (> 100 Mg ha-1 yr-

1). Average soil loss for CT vineyards was 46.9 Mg ha-

1 yr-1, while average predicted loss for GC was 1.9 Mg 

ha-1 yr-1 (Figure 3). Soil loss by erosion are higher than 

average values found for conventional tillage and 

permanent cover crop for vineyards observed in South 

Piemonte in the period 2004-2018 (Biddoccu et al., 

2020): that is also due to the higher values estimated 

for R factor in this case. 

 
Figure 3. Average values observed for LS factor 

and the equivalent estimated soil loss for every 

considered plot. Values near every bar indicate the 

Coefficient of Variation. 

Regarding LS, average values in this study were 

comparable to those obtained by Biddoccu et al. 

(2020) for the different considered soil managements. 

On equal conditions for the parameters available in 

LSP, best R2 values (> 0.9) were obtained using 

DEM5, suggesting the importance of using DEM with 

high resolution, as indicated in previous studies (Raj 

et al., 2018; Bircher et al., 2019; Fijałkowska, 2021). 

Surprisingly, its downsampled version (DEM25) also 

gave good results for both computation of LS and the 

derived soil loss estimates. DEM10, on the other 

hand, had the worst performances in all cases (R2 < 

0.9). About the importance of the parameters chosen 

for computation in LSP, the LOC slope type proved to 

generate more appreciable using either DEM5 or 

DEM25, while when using the AVG slope type only 

DEM25 gave the best results (R2 > 0.95). Surprisingly, 

the DG computation method (having an algorithmic 

approach like ORUSCAL) generated poorly consistent 

results for whatever DEM resolution (WZ < 0.9). 

Results seem to support what Panagos et al. (2015b) 

stated, suggesting that the Desmet & Govers (1996) 

method may be more accurate for landscape-scale 

modeling. Conversely, MN and WS performed better, 

especially when setting SCA to CS or AS. Both R2 and 

WZ values proved to be satisfying when the SCA FL 

method was combined with the highest DEM 

resolution (Table 3). 

Regarding soil loss estimates it was found that, setting 

the same values for those parameters ordinarily 

required by RUSLE different from LS, results were 

significantly different, with R2 and WZ values like those 

obtained for LS factor comparisons. More specifically, 

a coarser DEM resolution generates less consistent 

results in terms of soil loss, whose value depends on 

adopted algorithmic settings. WZ values related to the 

DG method were extremely low for both LOC and 

AVG approaches (WZ < 0.8). MN-based estimates 

provided results more consistent with the ones 

obtained by ORUSCAL (R2 ≥ 0.95 and WZ > 0.9). 

When focusing on DEM5, the best performing 

combination of settings was the one using LOC slope 

type coupled with CL SCA. Nevertheless, SAGA GIS-

derived estimates of soil erosion were highly variable, 

tending to overestimation. Regarding the specific 

catchment area (SCA) option in SAGA, the best 

results were achieved using “contour length as cell 

size” (CS) and “catchment length” (CL), while results 

for “effective flow length” (FL) and “contour length 

dependent on aspect” (AS) were less appreciable: 

especially with CL, both LS and soil losses were highly 

underestimated (WZ < 0.9) most of the time. 
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Table 3. Metrics for the LS factor values obtained in 

SAGA compared to those calculated in ORUSCAL. 

Slope type LOC AVG 

SCA Method DEM R2 WZ R2 WZ 

CS MN 5 0.93 1.52 0.89 1.48 

10 0.87 1.56 0.86 1.54 

25 0.94 1.71 0.94 1.67 

DG 5 0.94 0.81 0.91 0.80 

10 0.88 0.77 0.87 0.76 

25 0.97 0.88 0.97 0.87 

WS 5 0.91 1.48 0.88 1.43 

10 0.87 1.54 0.85 1.52 

25 0.92 1.72 0.92 1.66 

AS MN 5 0.93 1.37 0.90 1.33 

10 0.87 1.41 0.87 1.40 

25 0.94 1.54 0.94 1.50 

DG 5 0.94 0.75 0.92 0.73 

10 0.88 0.73 0.87 0.73 

25 0.97 0.86 0.97 0.85 

WS 5 0.90 1.30 0.89 1.25 

10 0.86 1.36 0.85 1.35 

25 0.91 1.50 0.92 1.45 

CL MN 5 0.96 0.98 0.90 0.94 

10 0.89 1.15 0.86 1.14 

25 0.96 1.44 0.96 1.41 

DG 5 0.97 0.58 0.92 0.57 

10 0.88 0.66 0.85 0.65 

25 0.97 0.85 0.97 0.84 

WS 5 0.95 0.83 0.91 0.80 

10 0.89 1.04 0.85 1.02 

25 0.95 1.35 0.95 1.31 

FL MN 5 0.91 1.48 0.87 1.44 

10 0.87 1.23 0.86 1.22 

25 0.94 1.03 0.94 1.00 

DG 5 0.93 0.80 0.90 0.79 

10 0.88 0.69 0.87 0.68 

25 0.97 0.82 0.97 0.81 

WS 5 0.89 1.44 0.86 1.40 

10 0.86 1.15 0.84 1.14 

25 0.91 0.90 0.91 0.87 

 

Conclusions 

The importance of vegetation cover is evident to 

prevent and reduce soil loss. Interactive measurement 

of the parameters required for LS factor computation 

(e.g., slope length) can be time consuming, and, when 

a high number of fields must be measured, probability 

of human error is very high. Conversely, automated 

procedures provided by GIS software can support the 

spatial estimate of this important factor required by 

RUSLE methodology. In this context, a proper setting 

of model parameters and inputs is mandatory to 

generate reliable results. In this work, authors tested 

the performance of the algorithms provided in SAGA 

GIS by varying DEM resolution and model settings, 

finding a generally acceptable compliancy of results 

with the ones obtainable in a more traditional way. 

Additionally, DEM resolution is an important aspect 

involved in LS computation, although 

interchangeability of results between DEM5 and 

DEM25 indicate that the raster production method 

plays a key role also, compared to the poor accuracy 

results obtained by DEM10. Results are certainly 

preliminary and further studies are needed to properly 

answer this question, mainly conducted with a wider 

ground campaign ensuring a proper validation of 

estimates. Refinements could also come when 

considering the possibility of artificially improving DEM 

resolution by ordinary resampling methods. 
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Abstract. The “heroic” attribute is recognized to viticulture carried out in particular conditions, in order 

to underline the great efforts that requires in terms of physical works and investments of resources and 

time. In Italy an Inter-ministerial Decree (nr. 6899 – 30 June 2020) fixed for the first time at a regulatory 

level the context’s characteristics for defining a heroic vineyard: higher altitude than 500 meters above 

sea level; higher slope than 30%; cultivation on terraces; cultivation on small islands. Viticultural 

terraces strongly characterize Aosta Valley, that is one of the Italian Regions involved in a European 

project – Italy and Switzerland - called InTerraced_net (EU Interreg funding, 2018). In this context the 

aim of the research was the assessment of terraced landscapes using a holistic approach. Construction 

types, features and problems were detected with field inspections using a survey form. Winegrowers’ 

point of view was investigated with an online anonymous questionnaire. Perceptive analyses were 

performed with field inspections and cartographic elaborations using QGIS 3.16.2 Hannover. Seasonal 

study was performed. Results showed that Aosta Valley’s vineyards are characterized by dry stone 

walls in the northern and southern part of the Region and by ridge terraces in the middle. The main 

historical landmarks are related to the vine’s breeding systems. Low pergolas supported by stone 

elements and made up of larch poles are characteristic of the northern part, while high pergolas built 

with chestnut poles have been detected in lower valley. These elements showed an important role from 

the perceptive point of view. Seasons underlined different interesting elements in terms of perception: 

vegetative mass during spring and summer, autumnal colors and the presence of the snow that 

highlights terraces in winter. Study allowed to develop a scientific integrated approach for the 

assessment of the heroic viticulture terraced landscapes aimed at identifying strategies and actions 

useful for their enhancement 

Introduction 

The “heroic” attribute is recognized to viticulture 

carried out in particular conditions, in order to 

underline the great efforts that requires in terms of 

physical works and investments of resources and time 

(Corinto et al, 2019). In Italy an Inter-ministerial 

Decree (nr. 6899 – 30 June 2020) fixed for the first 

time at a regulatory level the context’s characteristics 

for defining a heroic vineyard: higher altitude than 500 

meters above sea level; higher slope than 30%; 

cultivation on terraces; cultivation on small islands. 

Viticultural terraces strongly characterize Aosta 

Valley, that with its surface of 3 263 km2 is the littlest 

Region in Italy. It was one of the involved territories in 

a European project – Italy and Switzerland - called 

InTerraced_net (EU Interreg funding, 2018). The 

project involved nine cross border terraced 

landscapes with the purpose of their participative 

characterization aimed at identify qualities and 

criticalities to be translated into strategies aimed at 

drawing up an action plan for terraced landscapes 

enhancement. 

Methods and sources 

Three terraced areas representative of viticulture in 

Aosta Valley were choose: Morgex (high Aosta 

Valley), Chambave / Saint Denis (medium Aosta 

Valley) and Donnas / Pont-Saint-Martin (low Aosta 

Valley). In order to detect construction types, features 

and problems of heroic viticulture in Aosta Valley, an 

integrate approach, divided into two parts, was 



VII International Congress of Mountain and Steep Slopes Viticulture 

  238 
 

applied: theoretical research and participatory 

approach. 

Theoretical research was conducted through 

landscape assessment and perceptual analyses. For 

the landscape assessment a survey form was 

developed and used during field inspections. It was 

divided in five parts: General aspects; Farmer 

characteristics; Agronomic aspects; Construction 

types; State of conservation. Perceptive analyses 

were performed with field inspections across different 

seasons in order to analyse their influence on 

landscape perception. Viewshed tools and Digital 

Surface Models were used for cartographic 

elaborations on QGIS 3.16.2.  

Participatory approach was used to investigate 

winegrowers’ landscape perception. An online 

anonymous questionnaire was developed. It was 

divided in four parts: General informations; farm’s 

characteristics; future perspectives and landscape 

perception. Table 1 shows the questions proposed for 

the last part. 

Table 1. Extract of questions used to investigate 

winegrover’s landscape perception in the context of 

the anonymous questionnaire. 

Questions Answers 

Do you think that the 

cultivation on terraces is a 

characterizing element of 

the landscape? 

Yes; No 

Do you think that the 

terraced landscape is of 

interest from the tourist 

point of view? 

Yes; No 

Which elements identify 

viticulture in Aosta Valley? 

Open answer 

Do you have problems in 

the management of 

terraces? 

Open answer 

 

Theoretical framework and operational concepts 

The literature recommended a trans-disciplinary 

method in which several scientific disciplines, such as 

agronomy, ecology and social science work together 

with local stakeholders. The research proposed an 

innovative approach for planning and managing 

viticulture terraced landscape. 

To characterize and evaluate “heroic” viticulture a 

study is performing; in this paper, the first preliminary 

methodological results will be shown. According to 

Agnoletti (2014) the identification of landscape 

features and perception elements are the first step for 

the management of historical sites. We developed a 

methodological framework to understand if the 

participatory approach (anonymous questionnaire) 

combined with theoretical research can contribute to 

terraced landscape planning. In the theoretical 

research, perceptual analyses, seasonal variations of 

terraced landscapes and cartographic elaborations 

were carried out (figure 1). 

 

Figure 1. Theoretical framework. 

Results 

Results of landscape assessment showed that Aosta 

Valley’s vineyards are characterized by dry stone 

walls in the northern and southern part of the Region 

and by ridge terraces in the middle (figure 2-4). 

 

Figure 2. High dry-stone walls in low Aosta Valley. 

 

Figure 3. Small dry-stone walls in high Aosta Valley. 
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Figure 4. Ridge terraces in the middle Aosta Valley. 

The main historical landmarks are related to the vine’s 

breeding systems. Low pergolas supported by stone 

elements and made up of larch poles are 

characteristic of the northern part, while high pergolas 

built with chestnut poles have been detected in lower 

valley. In the middle Aosta Walley was observed the 

espalier breading technique (figure 5-7). 

 

Figure 5. Low pergola supported by stone elements 

and larch poles in high Aosta Valley. 

 

Figure 6. High pergola supported by chestnut poles in 

low Aosta Valley. 

 

Figure 7. Espalier breading technique in medium 

Aosta Valley. 

Perceptual analyses underlined an important role of 

these elements from the perceptive point of view. In 

particular, during different seasons terraced 

landscape showed an interesting dynamism: 

vegetative mass during spring and summer, autumnal 

colors and the presence of the snow that highlights 

terraces in winter (figure 8-10). 

 

Figure 8. Terraced landscape in Morgex during 

spring. 

 

Figure 9. Terraced landscape in Morgex during 

autumn. 
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Figure 10. Terraced landscape in Morgex during 

winter. 

Cartographic analyses showed that terraced 

landscapes in Aosta Valley are characterized by a 

high inter-visibility that allows to read from different 

observation points all the characterizing elements of 

terraces. 

Participatory approach allowed to understand that the 

mayor part of winegrowers think that cultivation on 

terraces is a characterizing element of the landscape 

(93,5%) and that terraced landscape is of interest from 

the tourist point of view (100%). The term “heroic” was 

the main element reported as identity of viticulture in 

Aosta Valley, while the main problems reported were 

related to the management of dry-stone walls. 

Conclusions 

The research allowed to develop a scientific 

integrated approach for the assessment of the heroic 

viticulture terraced landscapes aimed at identifying 

strategies and actions useful for their enhancement. 

Winegrowers terraced landscape’s perception 

confirmed the importance of characterizing elements 

found thought the theoretical research.  
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Abstract. In order to define and support policy measures aimed at wine production’s sustainability 

in the Douro Demarcated Region (DDR), it is essential to characterize the wine producers and 

the wine sector, since they are the basis of the Port and Douro wine value chain. To achieve this 

aim, a quantitative, exploratory approach was applied to statistical data based on bibliographical 

research from 2009 to 2020. This analysis focused on the conditions and evolution of viticultural 

production, considering the socioeconomic, environmental and technological dynamics that can 

constrain sustainability. The results indicate that there has been a growing trend in the 

concentration of land in larger farms, land use has increased in terms of Utilized Agricultural Area 

(UAA). Most of the UAA is occupied by permanent crops, among which the vineyard is the most 

representative. Small farms predominate, with owners using mainly family labour with production 

based on the increased the use of machinery. Most farms are over 65 years old, staff education 

levels are basic, and over time the family farm population has decreased as has the DDR’s 

resident population. Most of the companies in the DDR are micro-enterprises, but it is the medium-

sized companies, while fewer in number, that employ the most labour and generate the most 

turnover. Economic indicators suggest that the companies are in a relatively stable economic 

situation. The study further emphasizes the importance of the DDR for Portugal, the second 

largest wine-growing region by area, and provides tools to define policy to support the 

sustainability of its wine production. 

Introduction 

In order to define and support policy measures 

aimed at wine production’s sustainability in the 

Douro Demarcated Region (DDR), a study was 

carried out focusing on the socioeconomic 

dynamics of DDR winegrowers, since they form 

the basis of the value chain of the Port and Douro 

wine sector. This analysis focused on viticultural 

production conditions, particularly the 

socioeconomic, environmental and technological 

dynamics that may influence sustainability.  

Given the difficult conditions of production, due to 

factors such as relief, climate, social, economic 

and demographic conditions, all decisive for the 

production systems practiced in the region, it is  

important to know how producers have adapted 

and evolved their vineyards in recent years and 

how they envisage the next decade.  

Vines and winemaking are the dominant pillar of 

its the DDR economy and mark the landscape 

and heritage of the region. Of all national wine-

growing regions, the DDR is where vines occupy 

the highest proportion of Utilised Agricultural Area 

(UAA), namely 55% (2019). The total area under 

vines was around 44,000 hectares, producing 

153 million kg of grapes, and 112.206.972 litres 

of wine, according to data from the Instituto dos 

Vinhos do Douro e Porto (IVDP). 

Methods and sources 

Since the DDR is one of the most important areas 

for the production of the Portuguese wine, this 

study opted for institutional theory as its 

theoretical lens, given the importance of 

regulatory institutions in the formulation of 

policies and initiatives to encourage overall 

regional development and sustainability (Gregory 

et al., 2010). 

To achieve the proposed objectives, a 

quantitative, exploratory approach was used with 

the use of bibliographical research to create a 

statistical database amenable to analysis. The 

collection of relevant literature was based on 

identifying benchmark studies, sources of 

national and DDR statistical data, analysis of 

2009 and 2019 Agricultural Census (AC) data 

from the Instituto Nacional de Estatísticas (INE); 

production and sales data from the Instituto do 

Vinho e da Vinha (IVV); the Instituto de 

Financiamento da Agricultura e Pescas (IFAP) 

relating to credit and subsidies, and the Orbis 

Europe data base. For the analysis, a careful 

selection of the variables under study had to be 
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made due to the 2013 restructuring of local 

administrative areas (Dec.lei nº 11-A/2013, 

January 28) which significantly reduced the 

number of parishes. Our selection allowed a 

reliable comparison to be made of key INE 

variables between 2009 and 2019. The DDR 

currently comprises 134 parishes organized in 21 

municipalities, of which Mirandela, Figueira de 

Castelo Rodrigo, Vila Nova de Foz Coa, São 

João da Pesqueira and Torre de Moncorvo are 

the municipalities with most agricultural area 

under vines. 

Results 

Our analysis of the Agricultural Census data for 

2009 and 2019 reveals a significant decrease the 

number of very small farms in the DDR. and an 

increase in the number of medium and large 

farms (Appendix 1). Thus more land is now 

concentrated in the hands of larger farms, with 

specialist vineyards now the most abundant type 

of holding as measured by Volume of Total 

Standard Production (VTSP). Next come  

holdings producing various combinations of 

permanent crops, especially fruit and citrus, with 

other holdings (e.g. mixed cropping and crop-

livestock combinations) and olive growers in third 

place. While the number of vineyard holdings saw 

a slight decrease (4%), their VTSP increased by 

41%. All other farms also experienced a growth in 

VTSP (Appendix 2). 

Agricultural land use, as measured by UAA, 

represents 40% of the total, 21% by woods and 

forests without crops under cover, other areas 

35% and unused land the remaining 4%.  All 

types of farms had maintained the pattern of 

occupied area and number of farms since 2009 

(Appendix 3).  

In the DDR, the commonest legal form taken by 

farms is that of self-employed family-based 

labour. Other categories (such as self-employed 

entrepreneurs with wage-workers, registered 

companies, etc.), continue to be sparse in 

number. Indeed, in the DDR, the North of 

Portugal and in the country as a whole, self-

employment remains the most common and still-

growing employment regime, with agricultural 

producers rarely having recourse to renting. 

Overall, there has been a fall in the number of 

farms and in the UAA of all types of labour-use 

(Appendix 4). Currently, the DDR represents 17% 

of North Portugal’s and 3% of the national farm 

holdings. These data lead us to conclude that 

there are ever fewer people available to work land 

that they do not own.  

While at the national and regional levels the 

number of holdings fell in all land-use categories, 

the UAA in the DDR rose, as did non-crop 

woodlands and forests cover. In 2019, the DDR 

accounted for 17% of Portugal's agricultural land 

use, with the North accounting for 38%. 

In the DDR, most of the UAA is occupied by 

permanent crops (vines, olives, nuts, citrus and 

other fresh temperate/subtropical fruits). Grape 

vines are the most relevant permanent crop, 

followed by olive groves, nuts and fruit.  

Only a small part of the UAA is occupied by 

pastures, temporary crops and kitchen gardens. 

In both the DDR and North Portugal, over the 

intercensal period under scrutiny, the area under 

permanent crops rose, and the number of farms 

did not change significantly. 

The census and IVDP data show that both the 

area under vines and the number of holdings 

have increased among those occupying more 

extensive areas and decreased among the 

smaller holdings. More specifically, there has 

been a reduction in the area under vineyards 

among the three categories of holdings under 

5ha. This is corroborated by our analysis of 

cumulative and year-on-year variations in 

production: holdings with less than 1 ha had the 

most negative performance, followed by those 

with 1-2 ha and 2-5 ha, which suggests that the 

most positive performances were concentrated 

among the largest production units. It should be 

noted, however, that holdings above 5 ha make 

up the majority of the total vineyard area 

(Appendix 5).  

As far as wine production is concerned, the 2020 

harvest was only slightly lower than that of 2009, 

the decrease being concentrated in IGT 

(Protected Geographical Indication) Duriense 

wines, Douro Muscatel and the must that is the 

basis for fortified wines (vinhos generosos). In 

contrast, the DOC Douro harvest increased 

significantly over the same period.  

DDR wines are sold worldwide. On average, 

sales increased 16% between 2009 and 2020. 

The region’s wines are most consumed in 

Portugal, followed by France, the United 

Kingdom, Holland, Belgium, thre USA, Germany, 

Canada, Denmark, Brazil, Switzerland and Spain. 

Concerning DDR sub-regions (Baixo Corgo, 

Cima Corgo and Douro Superior), the sub-region 

with the most producers, area, and holdings in 

2020 was Cima Corgo. All sub-regions recorded 

a decrease in the number of producers, in the 

number of holdings and in the area under vines, 

as well as a process of concentration of area 

cultivated and volumes produced in the larger 

farms, as smaller producers gradually disappear 

(Appendix 6). 

In relation to the vineyard restructuring area, we 

see that the area suitable for DOCs has increased 

over time and for this reason many owners 
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‘reconverted’  their vineyards, replanting (for 

example) to produce better quality grapes, and 

introducing new technology to facilitate all stages 

of cultivation and harvesting, it should be possible 

to observe the results of these efforts in the near 

future. Of the six major support programmes used 

to restructure vineyards, Vitis (2000-2007) stands 

out, because it made possible the restructuring of 

about 10,000 hectares. In more recent years, 

however, less per hectare has been invested in 

restructuring.  

Moreover, we found that the number of farms in 

the DDR with animal production had decreased. 

The reduction also in the number of animals, 

usually managed in small herds, reflects the fall 

in the number of producers working family farms. 

In the North as a whole, herds have also 

diminished, notwithstanding a small increase at 

national level. It is noteworthy that throughout 

Portugal, the North and the DDR, during the 

intercensal period, the number of holdings 

keeping bees and the number of active beehives 

registered an exponential increase. 

As for mechanization, producers in the DDR 

increased their use of machinery, namely 

tractors, cultivators, motor-hoes, rotovators, 

mowers and the like. North Portugal and Portugal 

as a whole also experienced similar trends. In 

most cases, however, the machinery is hired 

rather than purchased. 

Most of the farmers in the DDR are over 65 years 

old, and the size of this category has been 

growing relative to younger counterparts, whose 

number has declined. This indicates that, as a 

category, farmers are experiencing an 

accelerating aging process, with trends in the 

DDR and the North being more accentuated than 

in Portugal as a whole (Appendix 7).  

The education level of farmers in the DDR is 

predominantly basic, However, we found that 

among those managing farms, those with higher 

levels of education/training increased significantly 

more in the DDR than in the North and at national 

level. Thus, by 2019, the majority of DDR 

farmers/managers had attended professional 

training courses related to farming (Appendix 8).  

As for DDR-based farms relying on family labour, 

it is the single producer who predominates, for it 

is (s)he who works the most hours. This reflects 

the situation in the North and Portugal as a whole. 

The number of producers working family farms 

grew slightly between 2009 and 2019, but the 

number of working spouses and other family 

members decreased sharply (by 9%). This means 

that this type of farm has fewer members 

available for on-farm work. In the DDR, the 

largest volume of labour comes from workers in 

the same family, but there is increased use of 

wage labour. 

Family farm labour has decreased in the DDR, in 

the North and in Portugal. It continues to display 

low educational levels, with most having primary-

level schooling. Over time, however, those with 

no schooling at all have tended to disappear.  

When analysing the IFAP data, regarding young 

farmers, we see that from 2015 to 2020, in the 

DDR and the North, the number of young farmers 

has decreased continuously, in contrast to the 

other regions of Portugal, where the number of 

young farmers has increased. However, since 

DDR young farmers have been undertaking 

projects involving larger areas of land, the loans 

and subsidies received have also been higher.  

Regarding demographic trends, according to the 

2021 population census, the DDR (which has 3% 

of the national and 6% of the Northern region’s 

population) has lost 10% of its population, more 

than triple the rate n the North and more than 

double that suffered by Portugal as a whole. The 

number of households and families has also 

fallen, in contrast to the upward trends registered 

in the North and nationally (Appendix 9). Every 

DDR municipality, without exception, has 

registered a population decline, with the number 

of male residents dropping most sharply, mainly 

due to outmigration and the greater longevity of 

women. The municipalities in the DDR with the 

largest fall in population were Tabuaço, Torre de 

Moncorvo and Mesão Frio. 

The economic analysis undertaken on figures 

from the ORBIS Europe database shows that in 

the DDR, medium-sized wine companies, though 

fewer in number, are those that employ the most 

people and generate the highest turnover. 

Despite their lower turnover, the economic 

indicators of the small and micro enterprises are 

more positive, with average pre-tax profits higher 

than those of medium-sized enterprises. This 

suggests that, on the whole, enterprises of all 

sizes in the wine sector are in a relatively stable 

economic situation.  Compared to the firms in the 

Northern and Portuguese wine sector, the DDR, 

despite having, on average, fewer employees, a 

lower turnover and lower pre-tax profits, has, on 

average, a higher profit margin, a higher return on 

capital (ROCE) and a higher return on equity 

(ROE). This means that the companies can 

generate profits and that in general, 

shareholders’ investments are well managed, 

and economic performance stable. In this regard, 

DDR trends are not significantly different from 

those of the North and Portugal as a whole. 

Conclusions 

This study reinforced the importance of the DDR 

for Portugal as it is the second largest wine-

growing region in Portugal in terms of area, 

representing about 28% of the total vineyard area 

in Portugal and 60% of the vineyard area in 
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relation to the North.  Vineyards and wine are the 

dominant pillar in the economy of the DDR, and 

of the national viticultural regions, it is the one 

where vines have the greatest weight in the UAA.  

Thus, from the standpoint of institutional theory, 

in order to ensure the sustainability of wine 

production in the DDR, policies should be defined 

to: combat the demographic decline, provide 

greater incentives for young farmers, support 

technological innovation in agriculture, raise the 

educational and training levels of the population 

(especially producers), encourage the 

restructuring of vineyards, and incentivize a 

panoply of agricultural projects capable of 

leveraging the creation of new dynamic 

businesses and the consolidation of existing 

ones. 

References 

Jones, Gregory V. & Webb, Leanne B. (2010) 

Climate Change, Viticulture, and Wine: 

Challenges and opportunities, Journal of Wine 

Research, 21:2-3, 103-106, DOI: 

10.1080/09571264.2010.530091. 

APPENDIX 

Appendix 1 – Evolution of the number of agricultural holdings (2009 – 2019) 

 

Appendix 2 – Evolution of the Volume of Total Standard Production (VTSP) 2009 and 2019.  

 

Appendix 3 – Representativeness of the occupation of utilized agricultural area 

 

Appendix 4 – Type of tenure (utilized agricultural area) 
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Appendix 5 – Area under vines (ha) by holding size 

 

Appendix 6 - Distribution of producers (%) by sub-regions (2020) 

 

 

Appendix 7 - Number of agricultural producers 2019 by age groups 

 

Appendix 8 – Education Level of producers, 2019 (%) 
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Appendix 9 – Variation of the resident population by age group (2011-2020) 
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Abstract 

The vineyards of the Santa Maria Island, Azores, have for centuries been planted in terraces divided into plots 

(corrals - currais) and sustained by dry stone walls. These vineyards are mostly located at the cliffs of the bays. 

The cultivation dates back to the settlement and the techniques used are similar to other Azorean islands. The 

plots have been partly abandoned causing the ruining of the walls and the growing of weeds. In 2018, a project for 

the recovery gathered the Regional and Local Government, the University of Azores and a company. 

Acknowledging the value of these cultural landscapes as patrimony, the main aim is the recovery for its traditional 

use: wine production. Involvement of the stakeholders is a pre-condition for recovering a cultural landscape 

fragmented into private parcels, characterized by physical constraints ‒ steep slopes and terraces ‒, located on 

the coastal environment of a small island. The goal of this study is therefore to collect broad views on the purpose(s) 

of the recovery process: stakeholders’ opinions; guidelines of the policies and programs. Trends on viticulture and 

wine production after-Phylloxera times were identified in the literature on local and regional history. The objective 

of these preliminary results is to improve further research3.The contents of the meetings and the literature showed 

a comprehensive approach on the difficulties and possibilities of the recovery of these landscapes. The information 

points out ways which go beyond the existing policies and activities.  The wine production along with the granting 

of a formal status of patrimony is the key feature. Nevertheless for achieving resilience the recovery actions can 

be better aligned with the views of the stakeholders and the historical process. It seems worth to take into 

consideration the feasibility of other uses for the plots: some already into practice (e.g. traditional grapes that do 

not fulfill commercial requirements) and some new (e.g. vineyards as part of the walking trails). Any actions taken 

should respect a cultural landscape located on a coastal environment. 

Introduction 

The purpose of this paper is to explore how the 

stakeholders’ views along with the literature on 

the historical process of local viticulture may 

enlarge the framework of the existing policies 

and activities on the recovery of the vineyards 

landscape of the Santa Maria Island.  

The data and the literature which have been 

worked out showed that a broader approach 

that is open to a certain diversity of uses of the 

vineyards plots can be put into practice. 

Viticulture for wine production and the granting 

of a patrimony or heritage status may be 

significant steps however insufficient for the 

 

3 This research is part of a preparatory phase of the authors’ doctorate in Geography. 

 

overall recovery and above all the future 

resilience of these cultural landscapes.         

Methods and sources 

The methodology has been designed for an 

exploratory research. The aim is to better 

understand the general purpose of the recovery 

of the vineyards landscape and what kind of 

shapes recovery policies and actions may take. 

The results will be reflected in the design of a 

doctorate research methodology. 

Therefore were collated different stakeholders’ 

views, policies and programs that address the 

recovery of the traditional vineyards. Literature 

on local and regional history brought the 
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elements and trends of the historical process. 

The exploratory individual meetings carried out 

with the stakeholders had the purpose to collect 

views on the general goal of the recovery 

process. The 8 stakeholders met were in 

different manners related to the project 

Revitalização e Valorização da Paisagem 

Cultural da Vinha de Santa Maria that started in 

2018.  

Summary grids to compare the data have been 

used in order to find out alignment and/or new 

elements on the recovery purpose(s).  

Theoretical framework and operational 

concepts 

The framework is the grounded theory which 

gives a suitable theoretical basis to carry an 

empirical study of a case which is not deeply 

researched. In a grounded theory format the 

research starts with a collection of data without 

having a closed theoretical framework: the data 

is the basis to construct analytical categories 

and finally a theory based upon the empirical 

evidence. In this way of researching the 

abstract theoretical thinking emerges from the 

data and of different levels of collecting and 

refining the data (Charmaz, 2006). 

The recovery and the resilience of the 

landscape are the two concepts used in this 

exploratory research: 1) the recovery implies to 

bring the constructed landscape to a shape 

similar to the one that existed in the last 

decades; 2) the resilience means that the 

constructed landscape keeps in the future its 

functions ‒ traditional and/or new ‒ and 

physical features. 

Background 

This paper is build upon the recovery process 

of the vineyards that started in 2018. However 

since the 1990’s subsidies are been given for 

the keeping of the vineyards. The abandonment 

didn’t fully stop and only few parcels remained 

cultivated with vine grapes. The existing 

research and the literature on local history 

pointed out as the main obstacles to the 

recovery of the cultivation: scarcity and costs of 

labor force; the small size of the parcels; supply 

of the local markets with cheaper wines coming 

from the mainland (Ferreira, 1997; Gaspar, 

2005; Albergaria, 2021).  

In the Azores archipelago the cultivation of vine 

grapes is done in small and contiguous plots 

divided by dry stone walls that protect the plants 

from the wind and the salinity. These 

constructions named locally currais (corrals), or 

quartéis, compose patterns considered to be 

cultural landscapes. The most known 

landscape is the one of Pico Island granted by 

UNESCO, in 2004, with the status of 

Landscape of the Pico Island Vineyard Culture. 

The cultivation of grapevines is an important 

agriculture activity since the settlement of the 

Azores islands, in the XVth century. In Santa 

Maria, the wine production for both local 

consumes and export dates back to the 

settlement. The bays of the island because of 

the suitable ecological conditions have been 

prepared with terraces and stone walls that 

compose plots used as vineyards (Constância, 

1982; Medeiros, 1994; Gaspar, 2005; 

Albergaria, 2021). Official information – 

Recenseamento Geral Agrícola ‒ pointed out 

the existence of 132 ha in 1989 (Medeiros, 

1994). 

The agriculture using terraces exists as well in 

several Atlantic islands, namely the Canary and 

Madeira archipelagos. The recovery process of 

these cultural landscapes must start by bringing 

them back to its traditional uses and functions. 

If this is not happening then the landscape 

might be reconstructed but still not “alive” 

(Perdomo, 2019). If this idea is taken into 

consideration, seems to be desirable to 

reconstruct the landscape of Santa Maria for its 

future resilience. To achieve a full resilience, 

the landscape must be functional and 

meaningful ‒ “alive” ‒ in order that future 

developments do not threaten its physical 

shape. 

Santa Maria can be considered a small island: 

area of 97,2Km2 and a population of 5408 

(Census 2021). 

Results 

The recovery measures for the vineyards 

landscape are structured around the 

reconstruction of the walls and the replacement 

of the traditional sorts of grapes (commonly 

named as “American hybrids”: e.g. Isabela 

grapes) by the plantation of new ones that fulfil 

the commercial quality wine requisites (e.g. 

Verdelho grapes). Also the recognition of the 

patrimony heritage and cultural value of the 

vineyards has been an important cornerstone of 

the recovery. In fact the Inventário do 

Património Imóvel dos Açores (Instituto 

Açoriano de Cultura, 2005) has listed the 

landscapes of Maia and São Lourenço as 

unidades paisagísticas construídas – see 

examples in figures 1 and 2. Currently it is 

pending a request for the landscape 

classification at the regional level. 
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Figure 1. Vineyards of the Baía de São 

Lourenço, 2018. 

Author’s photo. 

 

Figure 2. Vineyards of Maia, 2021. 

Author’s photo. 

The results of the information analysed showed 

elements that might work as barriers to the 

current framework of the recovery process: the 

local importance of the traditional wine (vinho 

de cheiro) which cannot be traded outside the 

Azorean market; the high production costs of 

quality wine that may hinder the 

commercialisation ‒ the quality is not in itself a 

guarantee of access to the market for a price 

that pays the production costs; the intentions of 

use by the parcel owners might not be oriented 

to the wine production; the legal barriers of 

vineyards parcels whose ownership register is 

not updated. Altogether these are elements that 

may hinder the resilience of the landscape after 

the current recovery measures. 

On the other hand, there emerged possibilities 

that can be further explored namely: the 

vineyards integrated into the local tourist 

atractions and subject of subsidies for the strict 

keeping of the landscape; the change of use in 

the cultivation (e.g. fruit orchards) however 

keeping the terraces and the stone walls in a 

good shape (table 1). 

Table 1. Purposes of the recovery of the 

vineyards landscapes according to information 

sources. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions 

The analysis of data and respective results 

showed that the recovery of the cultural 

vineyards landscape of Santa Maria can go 

beyond the existing measures and activities. 

New elements not foreseen in the current 

process can be put into practice. Broader 

perspectives that take into consideration a 

wider range of information might give a more 

accurate framework for the recovery namely by 

making visible difficulties and barriers.  

The design of future policies and support 

measures for the recovery could be improved 

by taking into consideration: 1) the views, 

interests and opinions of the stakeholders’, 

including those of the broader group of plot 

owners; 2) the learning that emerge from the 

historical process of the vineyards and the wine 

production. 

 Changes of the uses and functions of some 

plots that are in line with the keeping of the 

constructed elements and its ecological 

functions on a coastal area might be worth to 

consider. The purpose of achieving resilience in 

these cultural landscapes may be reinforced if 

Purpose(s) of the 

recovery of the 

vineyards 

landscapes 

Stakeholders’ 

views 

Policies and 

support 

measures 

Local and 

regional 

history 

Reconstruction of the 

abandoned 

landscape 

 

x 

 

x 

 

x 

Reconversion for 

cultivation of grape 

sorts listed in the 

national catalogue 

 

x 

 

x 

 

Cultivation for quality 

wine / market selling 

x x x 

Cultivation for 

traditional wine / own 

consumption  

 

x 

  

x 

Tourism (e.g. 

enotourism; walking 

trails) 

 

x 

 

x 

 

Patrimony and 

historical heritage 

x x  

Ecology and 

environment (e.g. 

erosion, water 

drainage) 

 

x 

 

x 

 

x 

Bringing of other uses 

to the parcels (e.g. 

traditional orchards; 

leisure time) 

 

x 

  

x 
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taking into consideration the idea of 

diversification of uses and functions.   
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Abstract. Slovenia is a traditional winegrowing country with 30-years permanent program of grapevine 

selection taking care of own scions, rootstocks and grafts production. Until today, we have selected and 

certified 39 clones of 16 different grapevine varieties (Vitis vinifera L.). An important characteristic of 

Slovenian viticulture is also a large number of local and indigenous grapevine varieties, which have 

been kept mostly in Primorska winegrowing region, in terraced vineyards on steep slopes with 

inclinations over than 30%. Preservation of local varieties is important for biodiversity, which is one of 

the principles of agroecology and belongs to a set of innovative approaches in sustainable viticulture. 

Regarding the local varieties, only a few clones have been obtained and registered yet becoming a 

problem, due to the increase of interests for wines from local varieties. Therefore, the clonal selection 

is nowadays more focused on ‘Malvazija’ (‘Malvasia d’Istria’), ‘Refošk’, ‘Sauvignon vert’ and ‘Zelen’ 

varieties, which also show higher adaptation to the now environmental conditions and climate changes. 

At the moment, we can boast with 4 new clonal candidates of ‘Malvazija’ (‘Malvasia d’Istria’) variety, 

characterized by different growth and yield potential, as well as by grape and wine qualitative parameter.

Introduction 

‘Malvazija’ (‘Malvasia d’Istria’) variety is the 

most numerous white grapevine variety in 

Primorska winegrowing region covering 930 ha, 

which represents almost 15% of all areas in 

Primorska region, while the most frequent is 

'Refošk' variety. The 'Malvazija' variety grows in 

all four winegrowing districts of Primorska - 

Goriška brda, Vipavska dolina, Kras and 

Slovenska Istria. Till nowadays, only one 

Malvazija SI-37 clone has been selected and 

certified in Slovenia, and therefore, in addition 

to the Refošk variety, ‘Malvazija’ has received 

the greatest attention and professional 

selection work in the current clone selection. 

Methods and sources 

The main work of Centre of selection and 

grapevine nursery Vrhpolje 

(https://www.kmetijskizavod-

ng.si/oddelki/oddelek-selekcijsko-trsnicarsko-

sredisce-vrhpolje/) is the selection of 

grapevines following the method suggested by 

OIV (RESOLUTION OIV-VITI 564A-2017). In 

the first part of the professional task, we 

focused on positive mass selection, which was 

based on visual observations in vineyards. For 

this purpose, in the years from 2009 to 2012, 

we carried out extensive field work from the 

Vipava Valley to Slovenian Istria and reviewed 

and carried out a positive mass selection in 7 

vineyards planted with the ‘Malvazija’ variety. 

For the selection, we looked for older vineyards, 

which were pointed out to us by winegrowers, 

we also monitored and selected individual vines 

that grew in smaller plantations near houses or 

settlements. We deliberately set a wider set of 

field work to obtain different biotypes of 

‘Malvazija’ or interesting elites for further clonal 

selection.  

The selection goal was a biotype of the 

‘Malvazija’ variety with medium-sized light 

clusters, medium-thick berries, resistant to 

stressful situations - drought, heat and with a 

pronounced tolerance to sunburn of the berry 

https://www.kmetijskizavod-ng.si/oddelki/oddelek-selekcijsko-trsnicarsko-sredisce-vrhpolje/
https://www.kmetijskizavod-ng.si/oddelki/oddelek-selekcijsko-trsnicarsko-sredisce-vrhpolje/
https://www.kmetijskizavod-ng.si/oddelki/oddelek-selekcijsko-trsnicarsko-sredisce-vrhpolje/
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skin. At the same time, we selected such 

biotypes that had solid growth and where the 

clusters were not sensitive to berry shedding 

and had less fragile grape peduncle. After 

completing the first set of selection work and 

finishing three years of positive mass selection, 

we selected and marked elite vines in each 

vineyard.  

This was followed by the first testing as part of 

phytosanitary selection - serological ELISA 

tests and analysis of 6 viruses - GFLV, ArMV, 

GLRaV-1, GLRaV-3, GVA, and GFkV. And 

already at this stage, the selection was stopped 

in several vineyards, due to the fact that all 

analysed selected vines were positive for one 

or more viruses. At the end we decided to 

proceed with select with 9 elites from 4 different 

vineyards, which were during the dormancy 

pruned to obtain their scions for further 

propagation. For grafting, we chose the 

rootstock of base category and successfully 

produced grafted vines. In 2013 and 2014, we 

planted 30-40 vines of each of all 9 clones 

candidates in the new collection vineyard in the 

Vipava Valley, with a total of more than 300 

vines. In the years 2017 to 2019, we carried out 

selection – monitoring and recording of 

phenology, susceptivity for diseases and pests, 

growth and fertile potential (number of buds, 

shoots, fertile shoots, number and weight of 

clusters per vine). We monitored the dynamics 

of ripening of grape berries at least three times 

at weekly intervals and measured weight of 100 

berries and sugars content, total acidity and pH.  

We harvested the grapes of individual 

candidates for three years at least, and two 

microvinifications were performed checking the 

chemical and sensorial quality of the produced 

wines per clonal candidate. Already in 2018, we 

abandoned one of the clone candidates, as 3 

vines in vineyards died, and we decided to 

continue the clonal selection on 8 clone 

candidates.  

In 2020, we re-collected samples of individual 

vines from all 8 clone candidates for thorough 

phytosanitary control and selection.  

Laboratory analyses - serological and 

molecular tests (ELISA and PCR) on a total of 

12 viruses were performed: GFLV, ArMV, 

GLRaV-1,2,3,4, GVA, GVB, GFkV, RpRSV-ch, 

TBRV and GPGV. We made descriptions of 

clone candidates according to OIV descriptors, 

we used 39 descriptors. 

Theoretical framework and operational 

concepts 

The theoretical framework for our work is the 

Standard Protocol for Vine Clone Selection, 

published by the OIV. Selection work is carried 

out as part of the professional tasks of the 

Public Service in Viticulture, financed by the 

Ministry of Agriculture, Forestry and Food of the 

Republic of Slovenia (Pelengič et al., 2017). 

Results 

In three years 2017-2019 of intensive study and 

implementation of clonal selection, we collected 

and processed numerous data. We calculated 

the average values of all studied and collected 

data for all eight clonal candidates of the 

‘Malvazija’ variety. There are already big 

differences in the weight of 100 berries, where 

the differences among clonal candidates are 

from 193 g to 221 g. The yield per vine also 

varies greatly, from a minimum yield of 2.34 

kg/vine for the clone candidate ‘Malvazija 5-33’ 

to 3.15 kg/vine for candidate ‘Malvasia 14-15’. 

 

 

Figure 1. Average weight of 100 berries of 8 

clonal candidates of ’Malvazija’ variety 

 

Figure 2. Average grape yield (kg/vine) of 8 

clonal candidates of ’Malvazija’ variety 

Differences in must quality are also 

characteristic. The sugar content was the 

lowest - 18.83 °Brix in ‘Malvazija 6-2’, the most 

sugar - 23.27 °Brix was measured in must of 

‘Malvazija 5-33’. There are slightly smaller 

differences in total acidity content among clonal 

candidates. We were very pleased with the 
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quality of the wines, which we regularly 

analyzed and evaluated. We organized several 

tastings for winegrowers and the wines of clone 

candidates were also presented for two years 

at the Wine Festival entitled Malvasia, the noble 

taste of the Mediterranean in Portorož 

(Slovenia). 

 

Figure 3. Average sugars content (°Brix) of 8 

clonal candidates of ’Malvazija’ variety 

 

Figure 4. Average total acidity (g/l) of 8 clonal 

candidates of ’Malvazija’ variety 

 

Figure 5. Average alcohol content (%vol) in 

wines of 8 clonal candidates of ’Malvazija’ 

variety 

 

Figure 6. Average sugar-free extract content 

(g/l) in wines of 8 clonal candidates of 

’Malvazija’ variety 

In 2020, we re-collected samples of clone 

candidate vines, performed serological and 

molecular analyzes of grapevine viruses, and 

obtained results. It turned out that after testing 

on 12 viruses, only 4 clonal candidates 

remained, in which the results of testing on 12 

viruses were negative: ‘Malvazija M1’, 

‘Malvazija 5-33’, ‘Malvazija 11-31’ and 

‘Malvazija 14-15’. One or more viruses of listed 

viruses were present in the other candidates: 

GFkV, GLRaV-2, 4 and GPGV. In 2021, we 

grafted healthy clonal candidates on two 

common used rootstocks - Kober 5BB and 

Richter 110, and tested compatibility and 

produced vine grafts. 

Table 1. Share – yield (%) of first-class vine 

grafts of 4 clonal candidates of ’Malvazija’ on 

two rootstocks 

°N Clonal candidate Roostock Share (%) 

1 M1 RICHTER 110 61,80 

2 5/33 RICHTER 110 63,00 

3 11/31 RICHTER 110 62,50 

4 14/15 RICHTER 110 62,50 

5 M1 KOBER 5BB 47,30 

6 5/33 KOBER 5BB 41,70 

7 11/31 KOBER 5BB 41,20 

8 14/15 KOBER 5BB 49,70 

 

Conclusions 

Over the twelve years, we have performed an 

extensive work involving genetic, agronomic, 

and sanitary selection and the end selected we 

obtained four ‘Malvazija’ clones with provisional 

selection codes Malvasia M1, 5-33, 11-31, and 

14-15. We have prepared a final report for each 

of them, and we expect the official registration 

and entry of clones in the variety list this year. 
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Abstract. The accumulation of phosphorus (P) in agricultural soils and its transfer to waters is a concern 

in terms of the environment and the sustainability of natural resources. Relating soil P with P sorption 

capacity (PSC), the degree of P saturation (DPS) was proposed as an index for P risk assessment, with 

a critical value of 25% in non-calcareous soils for P loss to waters. Assessments of DPS and 

extractable-P, Olsen (POls) and Ammonium-Lactate (PAL) were performed in 122 soils of Douro valley 

vineyards. Both extractable-P and DPS values showed a non-parametric positively skewed distributions 

(p<0.001), while the PSC was normal distributed (p>0.05). The median and mean DPS values were 

16.9 and 22.1%, respectively, below the critical value. Nevertheless, nearly a third of the soils showed 

DPS > 25%, pointing out the importance of a sounded P management. On average, the POls values 

were about 3.5 times lower than PAL; being significative the differences between both methods 

(Wilcoxon sign test, p<0.001 n=122). More important than the absolute values, the agronomic 

interpretation for soils fertility showed also evident differences between methods. For POls, nearly 79% 

of the soils are classified as low/very low and 13% are classified as high/very high, and with both median 

and mean values on the low/very low class. For PAL, about 47% of the soils are in the low/very low class 

and 26% are classified as high/very high, with both median and mean values standing in the medium 

fertility class, reveling a possible overestimation of soil P status by the Ammonium-Lactate method 

interpretation. It is also relevant to note the observed distribution of the assessed parameters, since the 

human-altered parameters revealed non-normal distributions, opposed to the PSC, an intrinsic soil 

characteristic.

Introduction 

Due to the soil ability to retain P, leading to low P 

availability for plants absorption and as consequent 

low production yields (Sharpley et al., 2002), soil P 

fertilization practices are widespread for crop 

production, although the inorganic P fertilizers 

overapplication have led to its accumulation in 

agricultural soils. This accumulation presents now a 

risk for water quality conservation and ecosystems 

sustainability, since nutrient enrichment promotes 

water systems eutrophication (Alewell et al., 2020).  

Soil P retention in soils is promoted by minerals such 

as hydro(-oxides) of aluminum (Al) and iron (Fe). 

Proposed as a risk assessment index of P loss from 

agricultural soils to water, the Degree of P Saturation 

(DPS) is the ratio between soil sorbed P and soil P 

Sorption Capacity (PSC), with a critical of 25% in non-

calcareous soils (van der Zee et al.1986). In the last 

decades, several studies (Horta et al., 2010; Bajouco 

et al., 2020) were made with agricultural soils to 

evaluate their DPS status and its relationship with 

conventional agronomical soil P test, such as the 

Olsen (POls) method (Olsen et al., 1954) and the 

Ammonium-Lactate (PAL) method (Égnér et al., 1960). 

The later method is the most used in Portuguese soils 

laboratories for P availability assessment and for 

fertilization recommendations, being the reference 

test for agriculture soils available P (DGADR, 2022). 

Studying Portuguese acid soils, Horta and Torrent 

(2007) reported, for the POls test, a threshold value of 

~20 mg kg-1 for a high risk of P desorption through 

drainage loss, and a threshold value of ~50 mg kg-1 

for P loss through runoff and water reservoirs. Both 

values were above the agronomic threshold for P crop 

supply (Sharpley et al., 2002). Notwithstanding, for 

alkaline soils, in Rothamsthed, UK, it was observed an 

environmental threshold value of ~60 mg kg-1 for soil 

P drainage (Heckrath et al., 1995). On a study 

evaluating the relationship between the POls and PAL 

methods (Horta et al., 2010) in Portuguese acid soils, 

mailto:ruibajoucolopes@utad.pt
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thresholds of 40 and 106 mg kg-1 were estimated for 

P loss through drainage and runoff, respectively. 

Despite the attempts and polices created through the 

EU Water Framework Directive (EC – WFD, 2000), 

several Portuguese watersheds and water reservoirs 

have been described as eutrophicated (Blaas and 

Koeze, 2016) with direct effects of P and N agricultural 

loads. Although in the mid 90’s the Douro River 

watershed was reported as being eutrophicated due 

to agricultural P losses (Boavida and Marques, 1996), 

more recently (Blaas and Kroeze, 2016) it was pointed 

out that agricultural P do not seems to have relation 

with the eutrophic state of the Douro River. To protect 

water resources, the Portuguese authorities created 

the “Código de Boas Práticas Agrícolas” (Despacho 

n.º 1230/2018), where are displayed policies over 

phosphate fertilizers applications in agricultural soils. 

The LUCAS survey database (Ballabio et al., 2019) 

showcased how European topsoils are highly 

enriched with soil P, and that soil erosion by water 

alone will promote the loss of 5.9 kg P ha-1 each year 

and pointing out that the soil use is the main drive 

force for soil P content enrichment and subsequent 

loss. Nevertheless, the LUCAs survey reported that 

the Portuguese soils are among the poorest in soil P 

content in Europe, on average below 14 mg kg-1, and 

that the mean Portuguese soil erodibility, considering 

the stoniness (kst), is 0.0194 t ha h ha-1KJ-1 mm-1, also 

among the lowest in the European countries (Panagos 

et al., 2014), especially in the Douro valley region. 

With the present work we aimed to characterize the 

soil DPS in the Douro valley region vineyard soils and 

evaluate the soil P availability according to the more 

commonly used soil P tests in Portugal. 

Methods and sources 

A total of 122 soil samples were randomly collected at 

73 vineyard estates from the Douro Region Valley. 

Sampling was made in the 30 cm of superficial 

vineyard soil layer. The samples were air-dried and 

sieved (2 mm) and stored till the chemical and 

physical analysis, which were conducted in triplicate. 

The soil samples were analysed for texture (ISO 

11277:2009), the pH was determined in suspension 

1:2.5 (soil: water ratio), and soil organic carbon (SOC) 

was quantified by NIRD in a Carbon elemental 

analyser (Primac SC, Skalar, Breda, NL). Available-P 

content was extracted according to the Olsen and 

Ammonium-Lactate methods. The P content in the 

extracts was determined by the molybdate-ascorbic 

acid blue method, in a segmented flow analyser 

(SanPlus, Skalar, Breda, NL). The DPS determination 

was according to the ammonium oxalate-oxalic acid 
extraction method (Schwertmann, 1964), where the 

Aluminium (Alox), Iron (Feox)Fe, and the sesquioxide’s 

adsorbed P (Pox) were determined by ICP-OES. 

DPS was calculated according to van der Zee et al. 

(1986) as described previously. Soil POls and PAL 

availability were classified according to Santos (2015) 

and Vivancos (1997), respectively. The statistical 

analyses were performed with XLSTAT® (2019) 

statistical software for Microsoft Excell®. 

Results 

The studied soils samples from the Douro Valley 

Region are, in general, characterized by being slightly 

acidic soil, with low SOC contents, and a sandy-loam 

texture, Table 1. 

Table 1. Characterization of the soils (n = 122) 

 mean med max min 

SOC (g kg-1) 6.01 5.41 24.3 1.59 

pH (H2O) 6.16 6.28 8.48 4.07 

Sand (%) 58.2 57.3 84.1 36.5 

Silt (%) 30.4 31.4 47.0 7.95 

Clay (%) 11.4 11.0 27.5 6.22 

Alox (mg kg-1) 764 725 2297 246 

Feox (mg kg-1) 851 818 1968 275 

On average, these soils are richer in Feox than in Alox, 

although some soil samples had Alox values more 

extreme than of Feox, as it can be seen in Table 2., 

where the range of the Alox was nearly 20% higher 

than the Feox range.  

Evaluating the distribution of the values obtained for 

the studied parameters (Figure 1.), only the PSC is 

normally distributed (p > 0.05, n=122) according to the 

Kolmogorov-Smirnov test, while extractable-P 

methods and DPS showed a non-parametric 

positively skewed distribution (p > 0.001, n=122). 

Several authors also reported a positively skewed 

non-normal distribution of extractable P and DPS in 

mineral soils (Bolland et al., 1996, Fu et al., 2010). 

Considering the PSC, its normal distribution it’s a 

feature of soil natural characteristics, that is not 

affected by soil management practices (Zhang et al., 

2005). Notwithstanding, the distribution of soil 

properties is scale dependent. As scale increase, land 

management and use effects, which are sources of 

variability, tend to be absorbed into regional scale 

variability. So, the probability of distribution for soil 

parameters may not apply in the same way for field or 

regional scale (Brejda et al., 2000), aspects that 

should be considered in environmental policies, such 

as the EU Water Framework Directive. 

The DPS median and mean values were 16.9 and 

22.1 

%, respectively, below the critical DPS values for soil 

P loss in acid soils. Nevertheless, nearly a third of the 

studied soil samples showed a DPS > 25%, pointing 

out the need for a sounded soil P management.   
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The P extracted by the three different methods presented the following order: Pox > PAL > POls (Figure 2). Similar 

observations were made for soils from the Portuguese Vinhos Verdes (Bajouco et al., 2018). In fact, on average, 

Pox extracted 12 and 3.7 times more P than the POls and PAL, and PAL nearly 3.5 more P than POls.  

Figure 2. Extracted P content boxplots. 

The POls values determined in this work are in the 

same range of those reported by the LUCAS project 

(Ballabio et al., 2019) for the Douro region. 

Although Pox had higher P content, it should be 

considered that this method also extracts organic P, 

which it is not distinguished from inorganic P when 

determined with ICP-OES (Adesanwo et al., 2013). 

Also, the ammonium-acid oxalic method extracts P 

that is energetically retained into soil minerals (De 

Bole et al., 2013), and this method is not 

conventionally used as soil P test for agronomic 

purposes. Nevertheless, the studied methods are 

strongly correlated among them (Table 2). A 

comparison of the POls and PAL, the most common 

used tests in Portugal, was performed and it was 

observed that the differences were significative 

(Wilcoxon sign test, p < 0.001 n = 122). This difference 

is evident when using the soil P fertility interpretation, 

which can be seen in Figure 3. 

Table 2. Spearman correlation coefficient (rs) between 

the extracted P methods and P saturation estimates 

(p < 0.0001 in grey) 

 DPS PSC POls PAL Pox 

DPS - -0.264 0.540 0.752 0.810 

PSC  - 0.240 0.051 0.293 

POls   - 0.725 0.693 

PAL    - 0.778 

Pox     - 

 

For POls, nearly 80% of the soils are classified as 

low/very low and 8% are classified as high/very high, 

and with both median and mean values on the 

low/very low class. For PAL, about 48% of the soils are 

in the low/very low class and 27% are classified as 

high/very high, with both median and mean values 

standing in the medium fertility class. 

Figure 1. Frequency distribution and corresponding probability density function of DPS, PSC, Pox, PAL and 

POls; mean and standard deviation in parentheses. 
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Figure 3. Representative scheme of the % of soils P 

fertilization class according to the POls and PAL, red-

dot area represents the half inferior 50% the studied 

of soils (below the median value). 

The possible overestimation of soil P agronomic 

status by the Ammonium-Lactate method, the 

reference method in Portugal, leads to the 

signalization of 2.2 times more soils in risk of P loss 

than the Olsen method. The POls method indicated 

that 13 and 3% of the soils were in risk of P loss 

through drainage or runoff, respectively, while PAL 

suggest, for the same risks, 29 and 7%, respectively. 

More like the DPS observations and supported by the 

rs value (Table 3.), for acid soils (De Bolle et al., 2013), 

the PAL may be a more useful method for P 

environmental assessments than POls. 

Conclusions 

This work allowed us to denote the importance on the 

use of on consensual soil P assessment methods. 

Although it may be a useful tool for environmental 

assessments, the P ammonium lactate method fertility 

classes may need to be updated, since they seem to 

overestimate soil P status. However, the observation 

of non-normal distribution of soil P extracts, a human 

altered parameter, while PSC, a soil intrinsic 

characteristic, follows a normal distribution, must be 

considered for policies decision making.  
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Abstract. Vineyards soils are especially threatened by the risk of soil compaction and soil erosion, with 

negative consequences for wine production and provisioning of ecosystem services. Indeed, adopting 

proper soil management in vineyards is crucial to avoid water losses and erosion by runoff, thus 

improving water infiltration. The use of cover crops in vineyards is widely considered as an effective 

agricultural conservation measure, providing reduction of runoff and erosion processes and several 

other ecosystem services. Within the IN-GEST SOIL project, a preliminary study was conducted in a 

sloping vineyard located in Piedmont, NW Italy, in order to assess the role of permanent grass cover in 

protecting the vineyard’s soil from degradation, especially in relation to soil compaction due to 

machinery traffic and soil erosion. Rainfall characteristics, runoff and its turbidity, soil erosion, and soil 

water content were hourly measured during extreme events occurred in the last two years (2020 and 

2021), in two different inter-row soil managements: 26 runoff events were recorded, 5 of which due to 

extreme rainfall with more than 100 mm in the autumn/winter period. Results show how the soil 

management adopted in a trafficked vineyard strongly influences the infiltration and water retention 

capacity of the soil and the risk of erosion. Indeed, the grass cover halves the runoff by more than 5 

times and reduces the soil erosion by more than 25 times, compared to conventional tillage. Extreme 

rainfall events were responsible for more than ¾ of the runoff and 95% of the soil eroded in the period 

(> 5 t/ha), highlighting the need to improve the environmental sustainability of these agricultural 

systems, considering the challenge of climate change, with forecasts indicating increasing temperatures 

and decreasing rainfall in the Mediterranean region associated with extreme events such as drought 

and intense rainfall.

Introduction 

One of the most widespread cultivations in the world, 

which has been practiced in the Mediterranean area 

for millennia, is viticulture (Corti et al., 2011). 

Vineyards are often associated with several 

environmental problems resulting from the 

intensification of production systems, which evidences 

the need for better management of soil and water 

resources, namely in sloping fields in sub-humid to 

humid climates (Salomé et al., 2016). First step in 

optimizing the use of water and soil in sloping vineyard 

is avoiding water losses and erosion by runoff, 

improving water infiltration (Renard et al., 1997). 

Mechanical tillage and weeding contribute to runoff 

and erosion, mainly when intense rainfall occurs and 

when the soil structure is poor with unstable 

aggregates (Biddoccu et al. 2020). Differently, a cover 

crop in the inter row, even temporary, benefits soil 

functioning whatever the soil type (Biddoccu et al. 

2014). Research results reported by Gómez et al. 

(2011), Prosdocimi et al. (2016), and Capello et al. 

(2020) confirm those conclusions. Reduction of soil 

erosion, control and retardation of runoff, water 

infiltration, increase in organic matter (OM), carbon 

sequestration, and nutrient supply and retention are 

some of the positive effects of using cover crops 

(Salomé et al., 2016; Ruiz-Colmenero et al., 2011; 

Napoli et al., 2017). However, the ground cover plants 

generally compete for water with the grapevines and 

require special care in water scarce areas. 

Furthermore, in vineyards the use of machinery is 

fundamental, thus it is crucial a better understanding 

of its impact on soil compaction, that directly affects 

soil physical properties negatively, resulting in 

reduction of soil porosity, of water infiltration capacity 

and increased runoff and consequent erosion, with 

decrease of storage and supply of water in the soil 

(Capello et al., 2020; Pessina et al., 2021). This soil 

loss is particularly important when the soil is left bare 

in the inter-row and exposed to intense rainfall events 

(Bagagiolo et al., 2018; Rodrigo-Comino et al., 2017). 
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 VII International Congress of Mountain and Steep Slopes Viticulture 
 

  261 
 

The objectives of IN-GEST SOIL Project (Innovazione 

nella gestione dei suoli viticoli attraverso l'adozione di 

buone pratiche e strumenti di supporto alle attività di 

campo), funded by the EU and Regione Piemonte 

within Rural development program 2014-2020 for 

Operational Groups, is the reduction of soil erosion in 

hillslope vineyards in Piedmont, improving soil and 

vine quality by means of the introduction of three main 

innovations: 1) Improved best soil management 

practices; 2) Agro-meteorological monitoring, to 

improve water and soil management; 3) ICT tools for 

managing of monitored data and field observation to 

support farmers in vineyard management and water-

soil conservation. The focus of this preliminary study, 

which was carried out during the first year of the 

project development, is to investigate how the soil 

management adopted in a trafficked vineyard 

influences the infiltration and water retention capacity 

of the soil and the risk of erosion, in particular when 

extreme rainfall events occur. 

Methods and sources 

The study was conducted in a sloping rainfed vineyard 

located at the “Tenuta Cannona” Experimental Vine 

and Wine Center of Agrion Foundation (44°40′ N, 

8°37′ E, 296 m a.s.l.), in the municipality of Carpeneto 

(AL), in the “Alto Monferrato” (southern part of the 

Monferrato hilly area), in Piedmont, NW Italy. At the 

experimental site, over the period 2000–2021, the 

average annual precipitation was (870,7 mm), ranging 

from a maximum of 1455 mm (2019) to a minimum of 

493 mm (2017), mainly concentrated in autumn and 

spring, while the driest season is summer (12% of 

annual precipitation) and particularly July. The mean 

annual air temperature was 13 °C. 

Since 2000, the vineyard was divided in two plots 

(1221 m2 each) with a different inter row management: 

(i) conventional tillage (CT, hereafter) cultivation with 

chisel (at a depth of about 0.25 m, usually carried out 

twice a year, in spring and autumn); and (ii) controlled 

grass cover (GC), i.e., mulching of the spontaneous 

grass cover. Most of the farming operations in the 

vineyard were carried out using tracked or tyre tractors 

carrying or towing implements, with intensification of 

passages from spring to grape harvest time (up to 27 

passages per year). A weather station hourly 

measured rainfall characteristics, runoff (RO) and its 

turbidity, soil loss (SL), and soil water content (SWC; 

Dorigo et al., 2021) during events occurred in the last 

two years (January 2020 - December 2021), in the two 

plots. 

Theoretical framework and operational concepts 

According to Capello et al. (2019a), the average 

annual soil loss measured in the 2000-2016 period 

was 6.6 Mg ha-1 and 1.5 Mg ha-1 in CT and GC, 

respectively; the mean annual runoff coefficient 

measured in the same period was 21 % in CT and 11 

% in GC. 

Rainfall events were defined as the time between the 

initiation and cessation of rainfall or runoff with a lack 

of both of them for at least 12 h. Runoff coefficient 

(RC, %) indicates RO depth divided by precipitation 

depth (P) of the event. Total soil loss (SL, kg ha−1) 

related to each erosive event was calculated as 

sediment concentration multiplied by the runoff 

volume and added to the weight of deposited 

sediments. To get an hourly estimation of the eroded 

soil, water turbidity value (g l-1) was multiplied for the 

volume of RO (l) (Linjama et al., 2009). All runoff 

events recorded were checked and only events with 

runoff higher than 0.03 mm in at least one of the two 

plots or, according to the RUSLE procedure, with 

cumulative rainfall higher than 12.7 mm, were 

selected and considered as significant for this study. 

Following these criteria, 26 runoff events were 

selected, 5 of which due to extreme rainfall with more 

than 100 mm precipitation in the autumn/winter 

period. 

Results 

 
Figure 1. Monthly precipitation (P) and mean 

precipitation in 2000–2019 period (P mean), runoff 

(RO) and soil losses (SL) in CT and GC. 

Considering the last 19 years, 2020 and 2021 were 

drier (90 % and 85 % of the mean annual precipitation, 

respectively). In particular, winter and autumn in 2020 

and spring and summer in 2021 were very dry (only 

20.6 mm, 20% of usual precipitations, in summer 

2021), while winter 2020-2021 was the only rainiest 

period, with rainfall exceeding twice the usual in 

December and January (Figure 1). As consequence 

of low precipitations, yearly runoff was lower than in 

previous years (Table 1). Despite 786.6 mm rainfall in 

2020, RO was only 9.6 and 6.4 mm in CT and GC, 

respectively, with very low erosion. In fact 93 % and 

78 % of RO and almost all the SL of the 2 years was 

concentrated in 2021, mainly in winter and autumn. In 

particular, 2021 RC and SL were lower than in 

previous years principally in GC (3 % and 0.21 Mg ha-

1, respectively), but not in CT, where RC (18 %) and 

SL (5.5 Mg ha-1) were closer to the previous years 

mean value. This difference in RO and SL between 

the two years, although the total rainfall is similar, may 

be due to the different distribution of rainfall among the 

seasons and its characteristics: as stated by Capello 

et al. (2020), SL and RO are influenced by the type of 

event and by the soil conditions. In fact, in 2020, there 
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were low precipitations in winter and autumn, that are 

the seasons in which RO and SL are usually higher. 

Comparing in detail the month of October of the two 

years, despite a similar high value of P, the distribution 

of rain was very different: in 2020 there were several 

small events, while in the second year there was only 

a single event with a very high rain intensity. These 

results show also how the soil management adopted 

in a trafficked vineyard strongly influences the 

infiltration and water retention capacity of the soil and 

the risk of erosion. Indeed, the grass cover, compared 

to conventional tillage, halves the runoff by more than 

5 times, and reduces the soil erosion by more than 25 

times. 

The selected events (Table 1) account for more than 

80 % of the precipitations and almost all the RO and 

SL of the 2 years. Only in GC, a little more than 10 % 

of RO was generated by other little events. In 

particular, 5 runoff events, due to extreme 

precipitation with more than 100 mm, in the 

autumn/winter period, accounting half of the 

precipitations, are responsible of ¾ RO and more than 

90 % of SL in the two plots. 

Table 1. Precipitation (P, mm), runoff (RO, mm), 

runoff coefficient (RC, %) and soil losses (SL, Mg ha-

1) in CT and GC, in the period of study (20+21) and for 

the selected events (Sel_all), divided in normal 

(Sel_normal) and extreme (Sel_extreme). 

Events P RO CT RC CT SL CT 

20+21 1528.4 141.56 9.3% 5.55 

2020 

% of 20+21 

786.6 

51.5% 

9.62 

6.8% 

1.2% 0.01 

0.1% 

2021 

% of 20+21 

741.8 

48.5% 

131.94 

93.2% 

17.8% 5.54 

99.9% 

Sel_all 

% of 20+21 

1256.6 

82.2% 

141.32 

99.8% 

11.2% 5.55 

100.0% 

Sel_normal 

% of sel_all 

579 

46.1% 

31.31 

22.2% 

5.4% 0.07 

1.3% 

Sel_extreme 

% of sel_all 

677.6 

53.9% 

110.01 

77.8% 

16.2% 5.47 

98.7% 

     

Events P RO GC RC GC SL GC 

20+21 1528.4 29.15 1.9% 0.22 

2020 

% of 20+21 

786.6 

51.5% 

6.40 

22.0% 

0.8% 0.01 

2.5% 

2021 

% of 20+21 

741.8 

48.5% 

22.75 

78.0% 

3.1% 0.21 

97.5% 

Sel_all 

% of 20+21 

1256.6 

82.2% 

25.74 

88.3% 

2.0% 0.22 

100.0% 

Sel_normal 

% of sel_all 

579 

46.1% 

6.86 

26.6% 

1.2% 0.01 

6.7% 

Sel_extreme 

% of sel_all 

677.6 

53.9% 

18.89 

73.4% 

2.8% 0.20 

93.3% 

Moreover, most of the runoff was generated by only 2 

events occurred in January and October 2021, and 

most of erosion (more than 85 % in CT and 95 % in 

GC) was due to the single extreme rainfall event 

occurred in October 2021. This confirms what was 

stated by Capello et al. (2020) analysing the previous 

3 years: the most part of RO and SL were generated 

by a few extreme events that, in the sublitoranean 

climate that characterizes the site, are common in 

autumn and winter, and their frequency is increasing, 

due to climate change. The grass cover, compared 

with tilled soil, had a great efficiency in reducing water 

(nearly 8 times) and soil losses (nearly 30 times) 

during the October 2021 extreme event. This 

highlights the necessity to protect the soil and adopt 

adequate soil management to preserve water and soil 

in the different seasons of the year, especially 

considering the soil compaction due to the tractors 

traffication (Capello et al., 2019b). 

The extreme event occurred on 3-4th October 2021 (P 

= 235.4 mm, concentrated in less than 24 h), 

responsible for most of the runoff and erosion of the 

period, was analysed to understand the runoff 

generation process. Due to the passage of agricultural 

machinery for the harvesting, which took place a few 

weeks before, the soil, in both plots, had a resistance 

to penetration greater than 2.5 MPa below 15 cm 

depth. The bulk density values were high, especially 

in correspondence of the track position. Despite this, 

the hydraulic conductivity was higher than 100 mm h-

1 in both plots. As observable in Figure 2, SWC 

increased in a few hours from the start of the rain 

event, reaching the saturation in both plots, when the 

runoff began. It is evident how the RO intensity 

matches the rain intensity, in particular in CT, where 

RO is more intense than in GC. It is also interesting to 

note how the suspended sediments in runoff water 

have a peak only at the start of the runoff process, 
when the water washes away the finer, non-cohesive 

soil surface particles. Also in this case the quantity of 

soil transported by water is greater in CT than in GC. 

 
Figure 2. Cumulative precipitation (P cum, mm), 

Precipitation intensity (P int, X10, mm), runoff (RO, 

mm), soil water content (SWC, m3 m-3 X1000) and 

suspended sediment (kg) in CT and GC. 

It is clear that this is a case of saturation excess 

overland flow: when the soil reaches the saturation, 

water can no longer infiltrate, generating runoff 

(Castillo et al., 2003). It is also possible that 

subsurface return flow has occurred: on slopes, 

especially where the soil is characterized by layers 

with different hydraulic conductivity, after the water 

has infiltrated the upper part and saturated it, it can 

flow by gravity under the surface and then re-emerge 

further downstream (Govi et al., 1985; Luino, 2005). 
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The presence of the grass roots ensured a higher 

hydraulic conductivity, also in depth, greatly reducing 

the runoff in the grassed plot. The grass also protected 

the soil from the direct impact of raindrops, slowing 

down the surface runoff, and restraining the 

suspended particles. 

The results confirm that the use of cover crops in 

vineyards is an effective agricultural conservation 

measure, providing various ecosystem services, 

primarily reduction of runoff and erosion processes, 

besides many others (increasing soil organic matter, 

weed control, pest and disease regulation, water 

supply, water purification, improvement of field 

trafficability, and conservation of biodiversity (Garcia 

et al., 2018; Winter et al., 2018; Hall et al., 2020). 

Nevertheless, in the Mediterranean region wine 

growers are reluctant to use permanent cover crops 

due to concerns over soil water competition with the 

vine (Celette et al., 2008; Ruiz-Colmenero et al., 

2011). In the context of increasing temperatures, wine 

growers tend to use temporary or partial cover crops. 

To further investigate how different soil management 

systems and an adequate programming of the field 

operations, within the IN-GEST project other 4 study 

cases have been implemented in 2021 in other 4 

vineyards (“Cascina Binè” at Novi Ligure, “Nebraie” at 

Rocchetta Ligure, “Cascina Gentile” at Capriata 

d’Orba and “Torchio” at San Damiano d’Asti). This 

study will aim to improve the environmental 

sustainability of the vineyard, the relevance of which 

is further enhanced in the context of the climate 

change, with forecasts indicating increasing 

temperatures and decreasing rainfall in the 

Mediterranean region associated with extreme events 

such as drought and intense rainfall (IPCC, 2018). 

Conclusions 

As consequence of low precipitations in 2020 and 

2021, yearly RO and SL were lower than in previous 

years, mainly in GC than in CT. Most of the erosion 

was generated by a single extreme precipitation 

occurred in the autumn 2021, during which the grass 

cover had a great efficiency in reducing water and soil 

losses. These results highlight the necessity to protect 

the soil and adopt adequate soil management to 

reduce water and soil losses in the different seasons 

of the year. This is particularly necessary especially in 

periods where high levels of soil compaction, due to 

tractors traffication, are associated to relevant rainfall 

events. These extreme events are increasing in 

frequency in the context of the climate change. 
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Abstract. The increased regulation of pesticides use in Europe (Directive 128/2009/EC), together with 

the public concerns about the environmental impacts of viticulture and the consumers demand of 

residue-free products, led to the development, in the last years, of environmentally safe pest control 

strategies in European vineyards. Mating disruption (MD) is a biotechnical pest management strategy 

that can be used against the grapevine moth, Lobesia botrana (Den & Schiff.), a key-pest in the Douro 

Demarcated Region (DDR), being widely recommended in Integrated Pest Management. Despite the 

effectiveness of MD in L. botrana control, some constraints have been previously identified in the DDR 

vineyards, some of them related with climatic conditions (i.e. high summer temperatures and wind 

speed) and with steep slope conditions (i.e. altitude, exposition), which can lead to the exhaustion of 

pheromone in dispensers, before or during the third flight of the pest. In this study, carried out during 

2020 and 2021, in two DDR farms, it was intended to evaluate, over time, the amount of pheromone 

released from different types of “passive” dispensers registered in Portugal (i.e. ISONET-LTT®, 

BIOOTWIN®, LOBETEC®), and to understand the effects of temperature, wind speed, altitude, and 

location of MD treated area on the pheromone release. Generally, the results shows that pheromone 

available in the evaluated dispensers exhausted at the end of July, or during August. The results also 

allowed the identification of differences in amount of pheromone released, according to different 

dispensers, locations, and altitude. The higher release rate of pheromone was found in 2020 (a warmer 

and windy year), and at lower altitude. 

Introduction 

 Mating disruption (MD) is an innovative strategy of 

biotechnical protection used against the European 

grapevine moth (EGVM), Lobesia botrana (Denis & 

Schiffermüller), a key pest of Douro Demarcated 

Region (DDR) vineyards. EGVM can develop three to 

four generations in this region (Carlos et al., 2018) 

causing significant damages, mainly by promoting the 

development of acetic rot and gray mold with a 

negative impact on the quality of the wines produced 

(Aguiar et al., 2003). This strategy is based on the 

principle of disturbing mating of the EGVM, through 

the diffusion of a synthetic pheromone similar to that 

produced by the female, to prevent male insects 

finding females and mating. If successfully applied, 

the pest does not produce viable offspring, and the 

population levels and the importance of the damage 

caused to the vineyard decrease (Carlos, 2010; 

Stockel and Chichignoud, 1994; Torres-Vila et al., 
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2002). However, there are several factors that can 

interfere with the efficacy of MD in the DDR, among 

which the climate (temperature/wind) stands out 

(Altindisli et al., 2016; Carlos, 2010; Carlos et al., 

2013). Ogawa, 1997; Vassiliou, 2009) as well as the 

elevation/altitude (Carlos et al., 2014). 

The present work, carried out during 2020 and 2021, 

aimed to evaluate, over time, the amount of 

pheromone released by three different types of 

“passive” dispensers approved in Portugal (ISONET-

LTT®, BIOOTWIN® and LOBETEC®), as well as to 

understand the possible effects of temperature, wind 

speed, elevation/altitude and the location of the MD 

treated area on that pheromone release. 

Material and Methods  

Locations and dispensers tested 

In 2020, a study was conducted at Dona Matilde wine 

farm (Canelas, Peso da Régua), located in the sub-

region of Baixo Corgo, in the DDR. This wine farm was 

South exposed, including plots of vineyards with 

several Portuguese commercial varieties being the 

most representative Touriga Franca, Touriga 

Nacional, Viosinho, Arinto and Tinta Amarela. 

ISONET-LTT® and BIOOTWIN® dispensers (rope 

type) are produced by Shin-Etsu Chemical Co. 

(Tokyo, Japan), including 380 mg of (E,Z)-7,9-

dodecadienyl acetate, the main component of the sex 

pheromone released by EGVM females. Dispensers, 

of both types, previously weighted and dully identified 

were installed in mid-March at two locations of the 

farm: at about 130-150 m (hereinafter referred to as 

low altitude) and at about 210-250 m (hereinafter 

referred to as high altitude). 

In 2021, the study was conducted at S. Luiz wine farm 

(Adorigo, Tabuaço), located in the Cima Corgo sub-

region, in the DDR. This wine farm was North 

exposed, including plots of vineyards with several 

Portuguese commercial varieties being the most 

representative Touriga Nacional, Touriga Franca, 

Viosinho and Tinta Roriz. Three dispensers were 

evaluated: ISONET-LTT®, BIOOTWIN® (already 

described) and LOBETEC® dispensers (SEDQ SL, 

Barcelona, Spain) (Ampoule type containing 210 mg 

of (E,Z)-7,9-dodecadienyl acetate). Dispensers 

previously weighted and identified were applied at the 

end of March at three locations/altitudes on this farm: 

1) at about 320 m (hereinafter referred to as “high 

altitude”); 2) at about 105 m and North facing 

(hereinafter referred to as “low altitude N”) and 3) at 

about 105 m and West facing (hereinafter referred to 

as “low altitude W”). 

Climate data 

The daily data of minimum/maximum temperature and 

average wind speed were obtained using a 

meteorological station installed at D. Matilde wine 

farm (located at the lower elevation level) and two 

meteorological stations at S. Luiz wine farm (one 

located at the lower level and another in the higher 

level of elevation). 

Evolution of the pheromone in the dispensers 

The evaluation of the active ingredient (pheromone) in 

the three types of dispensers was made by weighing 

them, over time. Thus, monthly (between April and 

September) samples of five dispensers per point were 

collected in each farm, taken to the laboratory and 

weighed. So, it was possible to perform a gravimetric 

analysis of the residual pheromone content in 

dispensers. In the weight determination a precision 

balance (scale of 0.0001g) was used. 

Results 

Climate data 

Figure 1: Average wind speed and average monthly 

temperature between March and October at D. 

Matilde (2020) and S. Luiz (2021) wine farms 

Regarding the 2020 data, at D. Matilde farm, the 

average monthly temperatures were gradually 

increasing throughout the study period until July, 

being particularly high when compared with the 

Climatological Normal (71-00) (CN) in May and July 

(Figure 1). According to ADVID (2020), 2020 was 

considered particularly hot and dry, with deviations for 

both May and July of +2.9°C from the CN. The 

average wind speed varied over the various months, 

and was particularly strong in June and August 

(Figure 1). 

Regarding the 2021 data, collected from both stations 

at S. Luiz farm, the evolution of average monthly 

temperatures gradually increased throughout the 

study period until August, in both elevations. While the 

highest value of the average wind speed at low 

elevation occurred in July while at high elevation it 

occurred in May and July (Figure 1). According to 

ADVID (2021) 2021 was considered a normal and dry 

year. 
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Evolution of the pheromone in the dispensers 

D. Matilde 2020 

Between March and May, the ISONET-LTT® and 

BIOOTWIN® dispensers showed a high decrease in 

pheromone content, being the amount of pheromone 

lost between 33.9% (at high altitude) and 35.5% (at 

low altitude) in the case of ISONET-LTT® dispensers 

and between 34.6% (at high altitude) and 36.2% (at 

low altitude) in the case of BIOOTWIN® dispensers 

(Figure 2).  

Between June and July there was a strong 

intensification of pheromone emission for both 

dispensers. At the end of July, the dispensers only 

showed between 3.0% of their weigh in active 

ingredient (at low altitude) and 9.4% (at higher 

altitude) in the case of the ISONET-LTT® dispensers, 

and between 2.3% (at low altitude) and 12.4% (at high 

altitude) in the case of the BIOOTWIN® dispensers 

(Figure 2). A higher rate of pheromone was released 

at the lowest altitude (150 m) in both dispensers, when 

compared with those located at higher altitude (250 

m). 

 

Figure 2: Evolution of the amount (expressed in %) of 

pheromone content in ISONET-LTT® and 

BIOOTWIN® dispensers at D. Matilde farm. 

S. Luiz 

Between late March and early July, ISONET-LTT®, 

BIOOTWIN® and LOBETEC® dispensers showed 

gradual pheromone losses. However, in July, the 

ISONET-LTT® dispensers only had 48.4% of their 

weigh in active ingredient (at high altitude), followed 

by 29.8% (those located at lower altitude N) and 

29.1% (those located at lower altitude W). In the case 

of BIOOTWIN®, pheromone release rates were lower 

than ISONET-LTT, showing 55.6% of their weigh in 

active ingredient (at high altitude), 38.8% (at low 

altitude N) and 37.9% (at low altitude W). Finally, the 

LOBETEC® dispensers had the highest pheromone 

percentage in July, with 59.8% of their weigh in active 

ingredient (at high altitude), 49.2% (at low altitude N) 

and 44.2% (at low altitude W) (Figure 3).  

Between July and August, high pheromone losses 

occurred among the three dispensers. At the end of 

July, the ISONET-LTT® dispensers only showed 

between 24.8% of their weigh in active ingredient (at 

high altitude), 4.9 % (at low altitude N) and 0% (at low 

altitude W). The BIOOTWIN® dispensers showed 

between 30.2% of their weigh in active ingredient (at 

high altitude), 17.7% (at low altitude N) and 13% (at 

low altitude W). Finally, the LOBETEC ® dispensers 

showed again the highest pheromone percentage in 

August, with 39.5% (at high altitude), 24.4% (at low 

altitude N) and 21.5% (at low altitude W) (Figure 3). 

The exhaustion phenomenon was first observed in the 

ISONET-LTT® dispensers located at lower altitude, 

west exposed (W) (Figure 3). Between August and 

September, the same phenomena were observed in 

the ISONET-LTT® and BIOOTWIN® dispensers 

located at lower altitude but North exposed (N) (Figure 

3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Evolution of the amount (expressed in %) of 

pheromone content in ISONET-LTT®, BIOOTWIN® 

and LOBETEC® dispensers at S. Luiz farm. 
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exhausted, as well as BIOOTWIN® dispensers 

located at higher altitude, BIOOTWIN® dispensers 

located at lower altitude West faced (W) and 

LOBETEC® dispensers located at lower altitude West 

faced (W). During October LOBETEC® dispensers 

located at higher altitude and those located at lower 

altitude North faced (N), still presented an amount of 

6.5% and 4.2% of pheromone, respectively (Figure 3). 

Our study showed a clear and direct impact of climatic 

conditions, namely temperatures and wind speed, 

on the loss of pheromone content of dispensers 

tested, as reported by several authors (Altindisli et al., 

2016; Carlos, 2010; Carlos et al., 2013; Ogawa, 1997; 

Vassiliou, 2009). Particularly, climate conditions 

occurred during spring and summer of 2020 at D. 

Matilde showed how high temperature and wind 

speed can increase release rate of pheromone, 

contributing to the pheromone exhaustion phenomena 

occurred during late july, early August, in DDR 

conditions. The early pheromone exhaustion found in 

2020 is in agreement with the results reported by 

Carlos et al. (2014) in the DDR and by Altindisli et al. 

(2016) in studies conducted in Turkey. 

High temperatures are one of the factors that most 

affect the effectiveness and stability of the pheromone 

cloud under field conditions (Altindisli et al., 2016). 

According to Nannini and Delrio (1993) and 

Weatherston (1992) cited by Vassiliou (2009), high 

temperatures during the growth phase of the vine can 

cause a higher rate of pheromone release by the 

dispensers. Regarding the average wind speed, 

according to Ogawa (1997), wind speed above 1.5 

m/s can increase the non-stability of the pheromone 

cloud, as with an increase in wind speed from 1 m/s to 

2,5 m/s, the release rate of pheromone from the 

dispensers increases by 13%, however, the 

concentration in the atmosphere decreases by half.  

Hence, the combination of high temperatures and 

strong winds may have contributed to the 

phenomenon of pheromone exhaustion in the 

dispensers found at the end of July, coinciding with 

the beginning of the third flight and the third generation 

of the pest, the period of greatest pest harmfulness.  

In both years, it was also possible to verify the effect 

of altitude on the pheromone release rate of the 

dispensers, which is in agreement with Carlos et al. 

(2014), since these authors observed higher release 

rates in the dispensers applied at lower elevations 

compared to those applied  at higher elevations.  

In 2021, exposition of vineyards was also tested 

and was found to be a parameter that impacts release 

rates of pheromone on dispensers, with dispensers 

placed at West side suffering higher rates of releases 

than those placed at North. Such parameter also need 

to be considered when applying mating disruption in 

DDR conditions. 

Concerning the type of dispensers tested, our study 

showed that the release rates were higher in ISONET-

LTT® dispensers, followed by BIOOTWIN® and 

LOBETEC® dispensers. The results obtained with 

LOBETEC® dispensers showed, that pheromone 

release is weather dependent, but  dispensers seems 

to be more resistant to the exhaustion phenomena. 

Our results are in agreement with those obtained by 

Gavara et al. (2022) in Spain, who found a significant 

amount of pheromone in this type of dispensers at the 

end of the cycle, showing a lower impact of climate 

conditions in such type of dispensers.  

Conclusions 

The present work aimed to evaluate, over time, the 

pheromone release rate of different types of 

dispensers registered in Portugal, the ISONET-LTT®, 

BIOOTWIN® and LOBETEC®, and  to understand the 

effect of temperature, wind speed, altitude and 

location of the area treated with CS in the pheromone 

released by each one.  

In general, our study showed a direct impact of 

climatic conditions, namely temperatures and wind 

speed, on pheromone release, particulalry in rope 

dispensers, namely ISONET-LTT® and BIOOTWIN® 

dispensers. Also, it was possible to verify an effect of 

altitude and exposition on the release rate of 

pheromone, and these parameters should be 

considered in future applications of mating disruption 

of EGVM in DDR conditions; thus, lower altitudes and 

western locations can also contribute to the earlier 

exhaustion of pheromone in the dispensers. 

Concerning the type of dispensers tested, our study 

showed that the release rates were higher in ISONET-

LTT® dispensers, followed by BIOOTWIN® 

dispensers and by LOBETEC® dispensers. 
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Abstract. Most European vineyards are managed under rainfed conditions, where seasonal water deficit 

has become increasingly important. The flowering-veraison phenophase represents an important period for 

vine response to water stress, which is seldomly thoroughly evaluated. The objective of this study is to 

quantify the flowering-veraison water deficits using the Crop Water Stress Indicator (CWSI) and assess the 

respective potential Yield Lose Rate (YLR) for major European wine regions over 1986–2015. Moreover, we 

also investigate if an advanced flowering-veraison phase in the past could have alleviated the water stress 

with improved yield. The assessment methodology is based on the conventional gridded-based crop 

modelling for regional mapping using the viticulture model STICS. The simulations have incorporated local 

weather, soil and crop characteristics, particularly for the observed crop data at 38 locations representing 

10 different grapevine varieties. The findings suggest generally wine regions with stronger flowering-

veraison CWSI tend to have higher potential YLR. However, contrasting patterns are found between wine 

regions in France-Germany-Luxembourg and Italy-Portugal-Spain. The former tends to have slight-to-

moderate drought conditions (CWSI<0.5) and a negligible-to-moderate YLR (<30%), whereas the latter 

possesses severe-to-extreme CWSI (>0.5) and substantial YLR (>40%). A quadratic relationship between 

CWSI and potential YLR is found, but the strength of the relationship tends to vary annually, suggesting the 

strong temporal variability. Overall, such a retrospective analysis might provide new insights towards better 

management of seasonal water deficit for conventionally vulnerable Mediterranean wine regions, but also 

for cooler and wetter Central European regions. 

Introduction 

Europe is a major wine producer, accounting for about 

63% of world wine production in 2020 (OIV 2021). 

Most of the European wine-growing regions are 

currently cultivated under rainfed conditions, as a 

result of policy restrictions and concerns for 

sustainable water use (Costa et al. 2016). In recent 

decades, water deficit has become increasingly 

important in these wine regions, possibly attributed to 

the rising temperatures accompanied by more 

extreme weather events such as heatwave (Fraga et 

al. 2020). In particular, water deficits combined with 

high temperatures in summer during the berry 

ripening period can represent a major limiting factor 

for vineyard productivity in Mediterranean wine 

regions (van Leeuwen et al. 2018). 

Mild water deficits generally favour the berry 

accumulation of sugar and some phenolics (e.g. 

anthocyanin), whereas severe water stresses can 

lead to significantly reduced berry quality (sugar, 

aroma) and grape yield (van Leeuwen et al. 2009, 

2018). Water shortage before veraison can have 

strong negative impacts on leaf growth, berry weight 

and final yield per vine (van Leeuwen et al. 2018; 

Gambetta et al. 2020). The flowering-veraison phase 

proves to be an important period for vine growth 
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response to water deficits in terms of berry weight and 

yield formations (Ramos and Martínez-Casasnovas 

2014; Ramos et al. 2020). For instance, grape yield is 

found to be particularly sensitive to water availability 

of the bloom-veraison period, during which a yield 

increase of about 46 kg/ha per mm water input is 

observed for Cabernet Sauvignon (CS) (Ramos and 

Martínez-Casasnovas 2014).  

Therefore, our research question is what is the 

average level of water deficits during the flowering-

veraison period for major European wine regions, and 

to what extent it can affect the potential vineyard 

productivity? The study was hence carried out for 

major European wine regions over the recent-past 

(1986–2015), with aims (i) to assess vine drought 

stress conditions exclusively during the flowering-

veraison phase; (ii) to assess the potential Yield Lose 

Rate (YLR) due to seasonal cumulative water stress 

(yield refers to mean cluster weight at harvest). (iii) 

The possible link between CWSI and YLR is also 

analyzed.  

Methods and sources 

The methodology is mainly based on gridded-crop 

modelling using a process-based viticulture model 

STICS, taking into account observed weather and soil, 

as well as local crop data. A wide variety of datasets 

are involved, including phenology observational 

datasets from PEP725 (Templ et al. 2018) and IPHEN 

(Mariani et al. 2013). Weather datasets E-OBS 

(Cornes et al. 2018) and ERA5-Land (Muñoz Sabater 

2019), soil physical property dataset HWSD 

(FAO/IIASA/ISRIC/ISSCAS/JRC 2012) and EU-

SoilHydroGrids (Tóth et al. 2017), as well as terrain 

dataset based on European digital elevation model 

(EU-DEM). Details on how they are assimilated into 

the crop model can be found in Yang et al. (2020, 

2022). Moreover, the mathematical formula to 

calculate CWSI is as follows: 

CWSI = 1‐
ET

ETmax
 

where ET and ETmax were daily actual and maximum 

evapotranspiration respectively, deriving from model 

simulations. It integrated the effect of climate, soil and 

crop characteristics, which has been widely applied 

for drought monitoring and assessment (Wu et al. 

2019; Zhu et al. 2021; Yang et al. 2022). 

The potential YLR(%) was computed as follows: 

YLR(%) = (1‐
Ystress

Ypotential
) × 100% 

where Ystress and Ypotential were the potential cluster 

weight (g) at harvest simulated with and without water 

stress, respectively. Ypotential can also be interpreted as 

yield under full watered conditions while keeping the 

other field managements optimal. Ystress represented 

water-limited potential yield, in which Ypotential is 

additionally limited by seasonal water supply (van 

Ittersum et al. 2013). 

Theoretical framework and operational concepts 

A schematic overview of the workflow is presented in 

Figure 1, representing the theoretical framework in 

this study (also characterize the overall methodology).  

 

Figure 1. The schematic workflow of the analysis 

It is important to note the gridded-crop modelling is 

implemented at a spatial resolution of 0.1° x 0.1° (~11 

km). This is a very coarse resolution for agricultural 

decision-making, but yet the best we can have for a 

pan-European study, taking into account the fact that 

input datasets are of varied resolutions. Nevertheless, 

the usefulness of this framework consists in its ability 

to provide estimations of level of vine water stress in 

a critical growing period (flowering-veraison) and its 

association with potential yield in the past 30 years 

over a large geographic region. Though the estimation 

accuracy is yet to be verified, this can give 

stakeholders and winegrowers a general and 

qualitative perspective over a particular wine region, 

especially for the denomination of origin (DO). For 

example, they can manage the level of flowering-

veraison water deficits to better control the potential 

yield level according to the rule of each DO. 

Background  

Study wine regions and sites for model calibrations 

are presented in Figure 2. 

 

 

 

 

Figure 2. Study sites (1–38) and important wine 

regions across six different European countries. 
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Results 

The median CWSI over 1986–2015, generally varies 

in the range of 0–0.5 (slight to moderate drought) in 

France-Germany-Luxembourg (F-G-L), to the range 

of 0.5–1.0 (severe to extreme drought) in Italy-

Portugal-Spain (I-P-S) (Figure 3). Wine regions prone 

to a high drought risk of the flowering-veraison phase 

(CWSI>0.75), are identified as those in the Iberian 

Peninsula (except north-western Portugal), southern 

areas in France (Languedoc, Provence, Rhone) and 

Italy (Apulia, Sardinia, Sicily) (Figure 3). 

 

Figure 3. The simulated mean crop water stress 

indicator (CWSI) of the flowering-veraison phase for 

studied wine regions. The median over 1986—2015 is 

calculated.  

The quantified median YLR over 1986–2015 shows a 

similar spatial pattern as that of CWSI, with higher 

YLR in I-P-S countries than in F-G-L countries (Figure 

4). The median YLR mainly varies at about 20–45% in 

Italy, 10–40% in Portugal and 30–50% in Spain to 

about 20–40% in France, 10–30% in Germany and 

negligible (<5%) in Luxembourg (Figure 4). These 

results reveal wine regions with stronger flowering-

veraison CWSI tend to have higher potential YLR, 

particularly for the identified drought-prone regions. 

 

Figure 4. The simulated potential Yield Lose Rate 

(YLR, %) for studied wine regions. The median over 

1986—2015 is calculated. 

The relationship between flowering-veraison CWSI 

and potential YLR, aggregated over all grid points, 

appears to be better characterized by the quadratic 

functions shown in Figure 5. The strength of the 

relationship, described by the R2, varies from 0.3 to 

0.71, thus showing a strong inter-annual variability 

(Figure 5). It suggests the relationship is most likely 

seasonal-climate dependent. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Quadratic relationship between mean 

flowering-veraison CWSI and potential YLR 

aggregated over each grid point of major European 

wine regions over 1986—2015. The quadratic 

equation is denoted annually along with the coefficient 

of determination (R2). 

Conclusions 

Water stress of a drought-sensitive period is assessed 

for European rainfed vineyards. Wine regions prone to 

a high flowering-veraison drought risk are identified. 

The overall findings suggest wine regions with 

stronger flowering-veraison CWSI tend to have higher 

potential YLR. The relationship between mean CWSI 

and potential YLR is shown to generally follow a 

quadratic function but tends to vary annually in terms 

of the strength. The outcome shows that flowering-

veraison water availability can be critical to potential 

vineyard productivity, and water deficits of this period 

can be managed to better control the potential yield 

level according to the regulation of each DO. 
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Abstract. In mountain viticulture, phytosanitary treatments are one of the most time-expensive 

operations for farmers, due to a difficult mechanization, with relevant effects on the economic 

sustainability of the cultivations. Thus, in the last decades, several vineyards located in marginal areas 

were abandoned, with a negative impact on ecosystems diversity and landscapes value. Furthermore, 

mostly of vineyards in mountain are close to relevant natural areas, so reducing environmental impacts 

of cultivation is even more important. Recently (2009), Italian legislature allowed the cultivation of 

disease resistant grapevine varieties (interspecific hybrid tolerant to some fungal disease), that required 

less phytosanitary treatments than traditional varieties and could become an interesting solution for a 

low environmental-impact and economically sustainable viticulture in alpine marginal areas. Anyway, 

on field-assessment of this cultivars is necessary, to suggest the best choice for specific pedological 

and climatic conditions.  To reach this purpose, some resistant varieties were analysed in two alpine 

valleys (Valtellina and Valcamonica, Lombardy Region, Italy). During the season, phenology and 

disease tolerance were evaluated. At harvest, technological maturity, fertility and productivity were 

assessed. Furthermore, grapes from each cultivar were separately vinified. The wines obtained by 

homogeneous micro-vinification were tasted by an expert panel.  Analysing data, mostly of the tested 

cultivars can reach technology maturity and good production despite severe climate condition. 

Tolerance to the diseases would seems good. About the most interesting results, it seems that Solaris 

is characterized by an elevate sugar accumulation and productivity, also if cultivated at high altitude. 

Souvigner Gris has a later maturation and maintains an interesting acidity and a good sugar 

accumulation. However, cultivars as Aromera, that show at harvest low acidity, low sugar content and 

low production, could be not adapt under these specific environmental conditions.   

  

Introduction 

In the last decades, several vineyards in high altitude 

and sloping areas were abandoned (Delay et al., 

2015) with a decrement of biodiversity in medium term 

(Cohen et al., 2015), gradually decline of typical 

landscapes (François et al., 2006) and loss of several 

hydrological functions, including erosion control, slope 

stabilization, lengthening of concentration times, and 

reduction of surface runoff.  

One of the most common causes of this vineyard’s 

abandonment is that they are less convenient and less 

remunerative to cultivate, due a difficult 

mechanization. Particularly, phytosanitary treatments 

are one of the most time-expensive operations for 

farmers, with relevant effects on the economic 

sustainability of the cultivations. Strub et al. (2021) 

estimated that a manual management of pest control 

cost is 900% higher than a mechanized one, covering 

out the 30% of the total cost of cultivation in mountain 

vineyards where machines can't access. 

In light of this and considering that mostly of vineyards 

in mountain are close to relevant natural areas, fungus 

resistant cultivars of grape (FRG) could be an 

interesting solution for a low environmental-impact 

and economically sustainable viticulture in alpine 

marginal areas. Indeed, FRG are the result of an 

interspecific breeding between the Vitis vinifera and 

North American and Asian Vitis spp. that carries 

tolerance to fungal diseases, such as powdery and 
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downy mildews (Pedneault and Provost, 2016) and 

they require about 80% less fungicide treatments than 

traditional vine (Rousseau et al., 2013). 

Anyway, since they are recently introduced in Italian 

viticulture (2009), using of this cultivar is currently 

slowed down by lack of information about their 

oenological and agronomic behaviour in different 

pedoclimatic conditions, including alpine areas.  

Indeed, today there are 36 FRG authorised cultivar in 

Italy that should be more investigated in order to 

suggest to the farmers the best choice for their specific 

oenological goals and pedoclimatic conditions. For 

this reason, the aim of this study is to perform an 

agronomical and oenological assessment of some 

FRG cultivars in two alpine valleys of Lombardy and 

of their compatibility to these environments. 

Material and method 

Experiment took place in 2020 in Valtellina and 

Valcamonica, two alpine valleys in Lombardy region 

(Italy). In Valtellina, data were taken in a varietal 

collection managed by Fondazione Fojanini (Sondrio) 

and located in Grosio (650 m asl), where 6 FRG 

varieties were planted: Aromera (b), Bronner (b), 

Johanniter (b), Muscaris (b), Solaris (b), Souvigner 

gris (b).  In Valcamonica, data were taken in 7 different 

commercial vineyards, located in different place of the 

valley, as reported in table 1. Location of the 

experimental vineyards in the two valleys is reported 

in imagine 1. 

Table 1. Location and altitude of studied cultivars in 

Valcamonica 

 

 

 

 

 

 

 

 

Figure 1. Location of the studied cultivars in 

Valcamonica and Valtellina. 

Assessments and analyses 

During ripening, weekly sample of grapes were taken 

in each vineyard and for each vine. Then they were 

pressed to obtain must in order to evaluate sugar and 

total acidity content. Furthermore, in Valcamonica, 

ripening trend of resistan varieties and traditional 

varieties (merlot for red and Manzoni bianco for white 

berry vine) was compared. At harvest, data of 7 

representative plants for each variety were recorded. 

Total grape fresh weight per vine was taken. Bunches 

from median shoots were pressed to obtain the must.  

Sugar content (°Brix) of must was determined by 

using a RBO refractometer (Optech, Germany). 

Titratable acidity (g L-1) and pH were measured with 

the CRISON Compact titrator.   

Some varieties were vinified separately by the 

Fondazione Fojanini (Sondrio) using a standard 

protocol. In spring, after bottling, the obtained wines 

were tasting by an expert panel. 

All data were statistically processed using SPSS 

(IBM), separating the averages by Duncan test. In the 

text, the values that are statistically different are 

indicated by different letters. The levels of significance 

are reported as follow n.s., *, **, ***, representing 

respectively not significant, 0.01 <P<0.05; 0.001 <P< 

0.01; P< 0.001. 

Results 

Valtellina 

Ripening 

Considering sugar accumulation during ripening, 

Solaris is the earliest vine. Bronner reach the same 

sugar content (18° brix) 10 days later than Solaris; S. 

Gris 15 days later and Muscaris and Johanniter 25 

days later. Aromera was unable to reach 18° brix at 

harvest. Considering total acidity, Solaris reach a 

value of 9 g/l at august 26th; Muscaris reach the same 

Variety Location Altitude (m 

a.s.l) 

Cabernet Eidos 

(r) 

Darfo Boario 

Terme 

270 

Cabernet Volos 

(r) 

Darfo Boario 

Terme 

270 

Cabernet Cortis 

(r) 

Capo di Ponte 430 

Merlot Khorus (r) Capo di Ponte 430 

Johanniter (w) Capo di Ponte 450 

Souvigner gris 

(w) 

Capo di Ponte 550 

Solaris (w) Edolo 890 
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value 5 days later, Johanniter 9 days later, Aromera 

11 days later. Finally, at harvest, Bronner and 

Souvigner gris have a total acidity higher than 9 g/l at 

harvest. 

Graph 1. Sugar accumulation during ripening. 

 

Graph 2. Total acidity trend during ripening. 

 

Harvest 

Data collected during harvest are showed in table 2. 

Significant difference (p value < 0,05) was found for 

all the considered parameters reported in table 1 

(sugar content, total acidity, pH and yield). 

Aromera is characterized by low sugar content, 

medium acidity, high pH, low yield and a medium high 

bunch weight. Bronner has medium sugar content, 

high acidity, low pH, medium high yield and a high - 

very high bunch weight. Johanniter is distinguished for 

a medium sugar content, medium acidity, medium pH, 

high yield and a high – very high bunch weight. 

Muscaris has a high sugar content, medium acidity, 

medium pH, high yield and a very high bunch weight. 

Solaris is characterized by very high sugar content, 

medium acidity, medium pH, medium - high yield and 

a low bunch weight. Finally, Souvigner gris is 

characterized by high sugar content, high acidity, low 

pH, medium - low yield and a medium - low bunch 

weight. 

Table 2. Parameter recorded at harvest for each vine, 

average value. Letters identify homogeneous group 

according to Duncan test. The levels of significance 

are reported as follow n.s., *, **, ***, representing 

respectively not significant, 0.01 <P<0.05; 0.001 <P< 

0.01; P< 0.001. 

 
Sugar  

content (° 

brix) 

Total 

acidity  

(g/l) 

pH Yiel

d 

(g) 

Aromera 15,15  

a 

6,08  

b 

3,5

8 

c 

112

1 a 

Bronner 18,54  

b 

7,55  

a 

3,2

8  

a 

199

3 bc 

Johanniter 17,81  

b 

6,64  

b 

3,4

3  

b 

215

1 c 

Muscaris 22,11  

c 

6,52  

b 

3,3

7  

b 

252

0 c 

Solaris 25,17  

d 

6,31  

b 

3,4

2  

b 

210

4 bc 

Souvigner 

gris 

21,55  

c 

7,72  

a 

3,3  

a 

142

0 ab 

Significanc

e 

*** *** *** *** 

 

Wine 

Souvigner gris, Johanniter and Muscaris grape was 

vinified separately. Each wine was tasted by an expert 

panel and the results are reported in graph 3. 

Graph 3. Aroma spider graphs of the sensory 

characteristics of the analysed wine. 

 

 

Significant difference (p value > 0,05) was found only 

in two parameters: alcohol and aromatic herb aroma. 

However, about aromas, Souvigner gris was 
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characterized by tropical fruit, herbs and spicy; 

Muscaris mostly by citrusy. Johanniter has an 

intensity of tropical fruit similar to Souvigner gris; 

herbs, honey and spices are also prevalent. 

Furthermore, Souvigner gris and Muscaris are more 

balanced than Johanniter. Souvigner gris has the 

higher value of the perceived alcohol and acidity.  

Valcamonica 

Ripening 

Sugar and acidity content of berries was monitored 

during ripening. Result was analysed considering 

separately red and white varieties. About red varieties, 

Cabernet volos and Cabernet cortis showed the 

earliest sugar accumulation. Anyway, Cabernet cortis 

is in a coldesr place than Cabernet volos. Cabernet 

Eidos reach 21,5° brix two week later than them. 

Merlot Khorus reaches the same sugar content after 

20 days. About total acidity, Cabernet volos show the 

fastest decrease. Cabernet cortis, has a similar sugar 

accumulation curve but maintain higher value of 

acidity than Cabernet volos. Finally, despite a high 

sugar accumulation, Merlot khorus show a slower 

degradation of organic acid of berries during ripening. 

About white varieties, Solaris showed the earliest 

sugar accumulation. Souvigner gris reach 18° brix one 

week later than Solaris, Bronner 10 days later. 

Considering total acidity, Souvigner gris showed the 

slower degradation of organic acid in berries.  

Graph 4. Sugar accumulation during ripening 

Graph 5. Total acidity trend during ripening 

 

Furthermore, each resistant variety was compared to 

a traditional one (reference cultivar) growing in the 

same vineyard (Merlot for red varieties and Manzoni 

bianco for white varieties). Data were reported in table 

3. Cabernet Volos and Cabernet Cortis showed the 

larger advance of ripening compared to Merlot (3 

week) and Solaris compared to Manzoni bianco (2 

week). Johanniter is the only that has a later ripening 

compared to its reference variety. 

Table 3. Timing difference in reaching 20° brix 

between FRG variety analysed and a reference 

variety cultivated in the same vineyard. 

FRG 

variety 

Reference 

variety 

Timing difference in 

reaching 20 ° Brix 

Cabernet 

Eidos 

Merlot 7 day early 

Cabernet 

Volos 

21 day early 

Cabernet 

Cortis 

21 day early 

Merlot 

Khantus 

5 day early 

Solaris 

  

Manzoni 

bianco 

15 day early 

Souvigner 

gris 

5 day early 

Johhaniter 

  

7 day later 

Harvest 

At harvest, data of 3 varieties (Carnet cortis, Solaris 

and Souvigner gris) was taken. They are reported on  

table 4. Cabernet cortis (r) and Souvigner (w) show 

the higher sugar concentration. Yield of Solaris ans 

Souvigner gris is higher than Cabernet cortis. 

Table 4. Parameter recorded at harvest for each vine, 

average value.  

  Sugar 

content 

(° brix) 

Total 

acidity 

(g/l) 

pH Yield 

(g) 

Cabernet 

cortis (r) 

23,64 7,53 3,28 998 

Solaris (w) 20,52 9,06 2,95 1964 

Souvigner 

gris (w) 

22,64 7,87 3,14 1659 

 

Wine 

Souvigner gris, Johanniter and Solaris was vinified 

separately.Each wine was tasted by an expert panel 

and the results are reported in graph 6. 
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19

22

25

25/ago 01/set 08/set 15/set 22/set

°b
ri

x

Cabernet volos Merlot eidos

Solaris Cabernet cortis

Souvigner gris Cabernet khorus



VII International Congress of Mountain and Steep Slopes Viticulture 

  278 
 

Graph 6. Aroma spider graphs of the sensory 

characteristics of the analysed wine 

 

In Souvigner gris fruit, spicy and toasted aroma are 

prevalent. Honey was the prevalent aroma in Solaris, 

while Johanniter all aromas are well balanced. 

Johanniter and Souvigner gris showed similar value of 

perceived alcohol, acidity structure and softnesses. 

Conclusions 

Currently, one of the biggest obstacles to the spread 

of FRG is a generally lack of information about their 

behaviour to specific environmental conditions. 

Anyway, results show how mostly of the tested 

cultivars can reach technology maturity and good 

production despite severe climate condition. They are 

also characterized by different agronomical and 

oenological behavior. Some varieties showed earlier 

ripening, sometimes too early in the warm zone, while 

others are later than traditional cultivars. Some vines 

allow to reach high sugar accumulation while others 

have high acidity content. This variability allows to 

reach different and specific oenological goals. About 

the most interesting results, it seems that Solaris and 

Muscaris are characterized by an elevate sugar 

accumulation and productivity, also if cultivated at 

high altitude. Souvigner Gris has a later maturation 

and maintain an interesting acidity and a good sugar 

accumulation. However, cultivars as Aromera, that 

shows, at harvest, low acidity, low sugar content and 

low production, could be not adapt in this specific 

environmental condition. Cabernet Volos and 

Cabernet Eidos could be more adapt in colder climate 

due their early maturation. In the other hands, Merlot 

Khorus could be adapted in a warmer location, due to 

its slowly acid degradation. Considering these results, 

most of the analyzed resistant varieties could be adapt 

for mountain viticulture and could become an effective 

tool to counteract the abandonment of vineyards and 

preserve typical landscape and local tradition. 

Anyway, further studies should be taken part in order 

to evaluate their behavior in more years. 

The data presented in this paper were taken during 

the project VALSOVICA, co-financed by the operation 

16.1.01 “Gruppi operativi PEI” of the rural 

development programmes for 2014-20 of Lombardy 

Region. 
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Abstract. Seasonality and frequency of erosive rainfalls largely affects runoff and soil loss and should 

drive timing of soil conservation practices and farm operations, an important issue for reducing on-site 

and off-site erosion impacts in vineyards. This study aims at exploring seasonality and frequency of 

rainfall erosivity and their relation to the erosional response of vineyard plots located in the Douro Wine 

Region. Data used in the study are the 10-year records from 5 plots at Quinta de Santa Bárbara, Pinhão 

(rainfall, runoff, soil loss, vine phenology and tillage operations). EI30 (reference rainfall erosivity index) 

was computed for different rainfall intensity and height thresholds. IDF curves were derived for durations 

from 5 min to 24h. Frequency analysis of rainfall height, intensity and erosivity were performed on 

annual and seasonal basis.Rainfall erosivity is the main factor explaining plots erosional response. 

From all computed indexes, the best performing was EI30m, calculated with all rains (no threshold), 

relating at event level in a power function with soil loss (r=0.713). EI30m (796 MJ ha-1 mm h-1 annual 

average) correlated very well with the original EI30, calculated for events above defined rainfall height 

threshold (r=0.997). Seasonality affected IDF curves parameters, higher intensity being found in 

summer than in winter rains for durations shorter than 3 hours. Out of 167, 3 extreme erosion events 

accounted for ¾ of the total soil loss in 10 years and resulted from rainfalls with return periods from 20 

to 100 years. Annual average soil loss has a typical negative exponential relationship with plots 

vegetation cover. However, plot cover provided by plantation schemes and practices in Douro Wine 

Region may result insufficient to limit to tolerable rates soil losses triggered by high erosivity rainfalls, 

using actual vegetation cover management practices alone.

Introduction 

Soil erosion is a recognized threat to soil resource in 

mountain vine-growing regions. Compilations of mean 

soil loss rates recorded in Mediterranean Europe set 

vineyards ahead of other land use types. (Rodrigo-

Comino, 2018). 

Soil surface cover is a key issue for soil conservation 

in vineyards, as the plot cover fraction by canopies in 

vine rows is usually smaller than that of the inter-row 

lanes. Most recommended conservation practices in 

vineyards are based on herbaceous vegetation 

management in vine inter-rows (e. g., Biddoccu et al., 

2017). However, Figueiredo et al (2021) called the 

attention for the effect on soil loss rates of plant 

density, which is decided at vineyard installation and 

creates the basic structure for erosion control in the 

vineyard plot. 

The different cover layers in a vineyard (vine 

canopies, plant residues, and herbaceous vegetation) 

change along the crop year. Their combined 

contribution to soil protection depends on how cover 

patterns temporally match rainfalls seasonal 

distribution (Figueiredo, 2015). Effective erosion 

control measures should, therefore, focus on critical 

areas of the vineyard and on critical periods along the 

crop cycle, where and when cover is insufficient to 

keep soil loss at tolerable rates (Figueiredo et al., 

2020). Furthermore, conservation measures should 

consider cost-effectiveness for critical design 

scenarios, as those associated to rainfall variability 

(Figueiredo et al., 2021). Although scarcely reported, 

seasonality and frequency of erosive rainfalls is a 

relevant element of local or regional climates that 

should drive timing of soil conservation practices and 

farm operations, so as to reduce erosion impacts in 

vine-growing regions. 

Long-term series of soil loss data are rarely reported 

in literature (Maertens et al., 2012) and few cases 

regard vineyard plots (Biddoccu et al., 2017; 

Figueiredo, 2001). Long data series are essential for 

understanding soil loss temporal variability, which is 

primarily determined by variability on rainfall erosivity. 

Indeed, longer time series may include extreme 
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rainfalls triggering large erosion events, only by 

chance observed in short term records. 

This study aims at exploring seasonality and 

frequency of rainfall erosivity and their relation to the 

erosional response of vineyard plots located in the 

Douro Wine Region. 

Methods and sources 

The data used in the present study correspond to the 

10-year records from 5 plots at Quinta de Santa 

Bárbara, a State experimental farm that hosted an 

erosion station, not anymore active, located near 

Pinhão, Douro Wine Region (41˚10’ N, 7˚33’ W, 130 

m elevation). Records include Rainfall (P), Runoff (R), 

Soil Loss (SL), vine phenology and farm operations 

(tillage-based soil management). The plots (32.1 m 

long by 5.2 m width) were installed in a 45% slope 

vineyard planted in rows against the contour on a 

schist derived soil (Dystric Anthrosol), silt loam and 

with very high rock fragments content and cover 

(55%). Plots represent edaphic and topographical 

conditions dominant in Douro vineyards. The 

plantation scheme, even though not dominant, is 

commonly found in the region. 

Continuous records of rainfall data were treated to 

characterize rainfalls along the study period from 5 

min to annual time intervals. Intensity-duration curves 

(IDF) were derived from Rainfall Intensity (I) for 

durations from 5 min to 24h, applying Gumbel 

distribution on annual and seasonal basis. Rainfall 

Kinetic Energy (KE) was computed according to 

Wischmeier and Smith (1978), as well as EI30, the 

reference erosivity index, combining KE and I30, 

meaning I in the 30 min with maximum Intensity during 

the rainfall. Other erosivity indexes were computed 

using several P and I thresholds. The 10 years data 

series of P, I, KE, EI30 and maximum I for several 

durations were statistically treated at event, seasonal 

and year levels. 

In this study event is defined as the period of 

precipitation prior to erosion and runoff data collection 

in the measuring devices at the outlet of each erosion 

plot. During 10 years, 167 events were recorded, 67 

only generating runoff (named non-erosive events) 

and the remainder generating runoff and soil loss 

(erosive events). 

Full details on the study site, experimental, data 

treatment and statistical procedures applied in the 

study can be found in Figueiredo (2001) and in later 

works by the first author (e. g., Figueiredo, 2015; 

Figueiredo et al., 2021). 

Results and Discussion 

The annual global erosional response to rainfalls of 

the 5 plots along 10 years was low for both Runoff (R) 

and Soil Loss (SL) (Table 1), especially considering 

plots’ steep slope gradient. These results are 

explained by the very rock fragment content and cover 

of plots’ soil, limiting the development of erosive runoff 

events following most common rainfalls (Figueiredo, 

2001; Poesen et al., 1994). 

However, differences in SL were found between plots 

(from 480 to 167 kg ha-1) and, much sharper, between 

years (from 1907 to 55 kg ha-1) (Figueiredo, 2001). 

Seasonal relative contributions to the annual totals 

show that R and P had a roughly similar seasonal 

pattern, while for SL the share of spring and summer 

to the annual total was much larger than that of P and 

R (Table 1). 

Table 1. Annual average and seasonal distribution of 

Rainfall, Runoff and Soil Loss in the study plots. 

Time period Measured variables 

Rainfall  Runoff Soil Loss 

Year totals 573 mm 22 mm 361 kg ha-1 

Relative seasonal distribution (% of the year) 

Autumn 34% 37% 9% 

Winter 35% 35% 7% 

Spring 25% 23% 55% 

Summer 6% 5% 29% 

 

Rainfall erosivity is the main factor explaining plots 

erosional response, accounting for about 50% of SL 

data variance. From all erosivity indexes computed, 

the best performing was EI30m, calculated with all 

rains (no intensity or height threshold). EI30m related 

at event level in a power function with SL (Figueiredo, 

2001): 

SL = 0.306 EI30m0.848 (r=0.713, N=100) 

EI30m annual average was highly correlated with the 

original EI30, calculated for events above defined 

rainfall height threshold. Poorer correlations were 

found with Kinetic Energy (KE) and with P, best fits 

being obtained with a power function (Figueiredo, 

2001): 

EI30m=2.529 EI300.884, r=0.996, N=10 

EI30m=2.044 KE1.344, r=0.797, N=10 

EI30m=0.722 P1.109, r=0.647, N=10 

These results confirm that rainfall erosivity is far from 

being directly dependent on rainfall height alone and 

that kinetic energy alone does not entirely represent 

rainfall erosivity generating soil loss. In fact, the power 

relationship between SL and KE at event level has a 

lower correlation coefficient than that found for EI30m: 

SL=0.880KE1.207, r=0.699, N=100 

On the other hand, SL related with I during erosive 

events, the correlation coefficient for 3h duration 

(r=0.704) falling between those found with EI30m and 

with KE. The exponent of the power function fitted to 

SL vs. I3h data was b=2.074. Actually, the best 

correlation coefficient of the power relation between 

SL and I was obtained for this 3h Rainfall duration, 
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shorter and larger durations resulting in a lower 

correlation coefficient (Figure 1). For Quinta de Santa 

Bárbara, the 30 min rainfall duration, widely adopted 

as reference (Wischmeier and Smith, 1978), does not 

perform so well as that of the 3h. 

As suggested by SL and R results, rainfall erosivity 

depicted seasonal changes (Table 2). For EI30m, 

autumn had the highest contribution for year total, 

while for KE the highest contribution was that of 

winter. The least contribution came from summer in 

both cases, the range of the seasonal distributions 

being larger for KE (37%-9%, against 32%-19% for 

EI30m). Although the reference year-based IDF 

curves were derived for the study site (Figure 2) 

changes in I for the same rainfall duration are evident 

along the year (Figure 3), and so seasonal IDF curves 

were also derived (Table 3). The main outcome of this 

analysis is that, for short duration rainfalls, intensities 

are higher in summer than in winter, and the opposite 

is found in longer rainfalls. This may be explained by 

the dominance of convective rain showers due to 

over-heating in hot summers, typical of Douro Region, 

while in winter frontal precipitations dominate, 

following the mid-latitudes atmospheric circulation. 

The 3h rainfall duration shows uniform behavior along 

the year, meaning that it be taken as the threshold for 

defining short and long durations at the study site. 

Seasonality in precipitation shown by data presented 

above expresses the typical Mediterranean climate 

regime of the Douro Wine Region, with a clear dry 

summer, and the semi-arid domain prevailing at the 

study site (Aridity Index < 0.5; Figueiredo 2015). 

Results further show that seasonality in precipitation 

is also evident in the most relevant time domain (24 h 

to 5 min) for understanding the effect of rainfall 

characteristics on erosion processes (meaning rainfall 

erosivity). Although the EI30 cumulative curves along 

the hydrological year, e. g. as presented by Tomás 

(1997), for Alentejo, South Portugal, and by 

Figueiredo (2001), for Douro, provide an indirect 

appraisal of seasonality of rainfall erosivity, such 

information lacks in most mountain viticulture areas. 

Table 2. Annual average and seasonal distribution of 

EI30m erosivity index, Kinetic Energy (KE), and 

Rainfall Intensity (I) at the study site. 

Time 

period 

Computed erosivity indexes 

EI30m  KE 

Year totals 796 MJ ha-1 mm h-1 87 MJ ha-1 

Autumn 32% 29% 

Winter 26% 37% 

Spring 25% 25% 

Summer 19% 9% 

 

In any case, the relative seasonal distributions of 

erosivity indexes calculated are far from matching that 

of SL (Table 1). The main reason for this finding is that 

out of 167, 3 extreme erosion events accounted for 

75% of the total soil loss in 10 years and were 

recorded in late spring-early summer. Such events 

introduced a very important bias in the event, 

seasonal and annual SL series (Figueiredo, 2001). 

 

 

Figure 1. Changes with Rainfall duration in exponent 

(b) and correlation coefficient (r) of the power function 

relating Soil Loss (SL) with maximum Rainfall 

Intensidy (I) at event level. Maxima at 3h duration in 

blank dots. 

 

 

Figure 2. Intensidy-Duration-Frequency (IDF) curves 

for Quinta de Santa Bárbara study site (T, Return 

period,Gumbel distribution). 

 

Figure 3. Seasonal variation of maximum Rainfall 

Intensity for several durations and for 2.33 years 

Return period. 
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These events are characterized in Table 4. They 

accounted for almost all of the respective year SL 

(>97%) and were triggered by heavy rainfalls. In fact, 

in the KE per event series these extreme soil loss 

records rank 8th, 23nd and 17th (in 167 events), 

respectively from the highest to the lowest SL (Table 

4). In the EI30m series, extreme events rank is, in the 

same sequence, 1st, 10th and 16th, indicating even less 

frequent erosive rainfall characteristics at the origin of 

so large soil loss rates. Furthermore, EI30m event 

rank better matches that of SL, as compared to the KE 

event rank, meaning an important contribution of 

intensity to rainfall erosivity. 

Table 3. Parameters of seasonal and year IDF curves 

(I=atb, Return period, T, years; Intensity, I, mm h-1; 

Duration, t, min; all r > 0.996). 

T       I=atb  Autumn Winter Spring Summer Year 

100       -b 0.843ac 0.657 b 0.800 a 0.906 c 0.811 a 

a 891.5 383.6 763.4 1373.3 1043.4 

50         -b 0.834 a 0.654 b 0.795 a 0.903 c 0.807 a 

a 770.9 336.8 667 1187 932.5 

20         -b 0.818 a 0.647 b 0.785 a 0.896 c 0.801 a 

a 612.3 274.3 538.7 938.6 784.6 

10         -b 0.802 a 0.640 b 0.774 a 0.888 c 0.794 a 

a 492.4 226 440 747.1 670.5 

5           -b 0.778 a 0.629 b 0.759 a 0.876 c 0.785 a 

a 370.6 175.7 337.7 548 551.7 

2.33       -b 0.733ab 0.605 c 0.726 b 0.846 d 0.767 a 

a 228.3 114 213.9 306.3 406.5 

Note: Values followed by the same letter in lines are 

not significantly different (Tukey test, p 0.05; tests 

performed with log transformed values). 

Maximum rainfall intensity during extreme erosion 

events ranged from 23.9, in the 3rd in rank, to 48.5 mm 

h-1, in the 1st in rank, for 30 min duration (Table 4). 

This was actually the duration for which I ranking of 

the 3 extreme events matches that of SL. For shorter 

and longer durations, the 2nd event recorded peak 

rainfall intensities not matching its SL ranking. Except 

for the 5 min duration in the 1st and 2nd event, rainfall 

intensities were not impressively high. The maximum 

return periods of rainfall intensity for the respective 

season were, on the contrary, quite large: 19.1 years 

(3rd event), 22.3 (2nd), and 94.3 (1st). Rainfalls 

triggering the 3 events were quite different, as shown 

by the rainfall duration associated to the maximum 

return period: 1 h in the 3rd, 5 min in the 2nd, and 3 h 

in the 1st.  

Peak intensity is associated to runoff initiation during 

erosive rainfalls (Morgan, 2005). Figure 4 depicts the 

average of maximum Intensity of the 3 extreme events 

for the 5 min to 24h rainfall duration interval is, which 

are expressively higher than those of the other 96 

erosive events recorded in 10 years. In events that did 

not result in soil loss (non-erosive), Rainfall Intensities 

were far lower than those of the events producing Soil 

Loss. Differences in I between the 3 groups of events 

are better expressed for short rainfall durations (< 3h). 

Extreme rains generated most of the large erosion 

events reported in vineyard areas (e. g., Martínez-

Casasnovas and Ramos, 2006). Extreme erosion 

events were also reported in the Douro Wine Region 

(e. g., Pereira et al., 2014). However, these resulted 

from the combined effects of surface and subsurface 

erosion processes during long rainfall periods. 

Furthermore, none of the mentioned works, all in 

Mediterranean mountain vineyards, episodes 

described occurred in late spring-early summer 

period. 

 

Figure 4. Comparison of Maximum Intensity recorded 

for different durations in extreme, erosive and non-

erosive events (averages per group of events). 

As expected for the month and season, vine canopies 

provided and increasingly higher cover from the 3rd to 

the 1st extreme event, when canopies were close to 

full cover in the vine row (Table 4). Therefore, extreme 

soil loss did not occur as a consequence of low 

vegetation cover in the vine rows. It should be noted 

that the maximum cover percentage allowed by vine 

rows is 62% of plot area, meaning inter-row lanes 

were the vineyard plot critical area for generating soil 

loss during erosive rainfalls. This was certainly the 

case in extreme soil loss events recorded, as total soil 

cover by vegetation (vine row and inter-row lane 

weighted average cover) ranged from 27% to 51% (3rd 

and 1st, respectively), providing poor soil protection.  

Maximum cover fraction by canopies in vine rows is 

directly dependent on plant density and, therefore, on 

the plantation scheme adopted at vineyard 

installation. Lower vine row cover fractions mean also 

larger inter-row lanes. In these, effective erosion 
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control depends on tuned soil management practices 

(up to 70% reduction in soil loss according to 

Figueiredo, 2015). This is an increasingly demanding 

requirement as vine plant density lowers (Figueiredo 

et al., 2020) and as the worst case scenario is targeted 

when designing vineyard conservation measures. 

Results presented above clearly outline that such 

design criterion is useful to cope with large return 

period rainfalls resulting in even rarer soil loss events. 

 

Table 4. Season, rainfall and vegetation cover 

conditions during extreme erosion events in the study 

site (Sp – Spring; Su – Summer). 

Parameter EXtreme Soil Loss 

events 

Event Soil Loss rank 3rd 2nd 1st 

Month/Season May/

Sp 

June/

Sp 

July/Su 

Soil Loss(kg ha-1) 764 804 1058 

Kinetic Energy (MJ ha-

1) 

13.26 9.79 19.07 

EI30m (MJ ha-1 mm h-

1) 

175 188 539 

Event Maximum Rainfall Intensity for duration x (Ix) 

I3h (mm h-1) 7.4 6.0 9.3 

I1h (mm h-1) 19.7 15.2 24.8 

I30min (mm h-1) 23.9 30.4 48.5 

I5min (mm h-1) 24.0 180.0 141.6 

Return Period of Rainfall Intensity for duration x 

(TIx)* 

TI3h (years) 13.8 3.8 94.3 

TI1h (years) 19.1 6.0 16.9 

TI30min (years) 4.4 10.8 16.8 

TI5min (years) 0.6 22.6 9.9 

Vagetation cover fraction (C, total and in vine row) 

Crow (0 – 1.00) 0.43 0.71 0.83 

Ctotal (0 – 0.62) 0.27 0.44 0.51 

* Based on the respective seasonal series of event 

Rainfall Intensity (each event maximum painted gray). 

Conclusions 

Seasonality of precipitation that is typical of the 

Mediterranean climate prevailing in Douro Wine 

Region is also present for very short time domains of 

analysis of rainfall series. Rainfall intensity for 

durations below 3h is higher in summer than in winter, 

the opposite being found for larger rainfall durations. 

Low frequency high erosivity rains falling in late spring 

– early summer were responsible for extreme erosion 

events accounting for 75% of total soil loss recorded 

in 10 years. Rainfall erosivity is the main factor 

explaining plots erosional response (50 % of soil loss 

data variance). EI30m was the best performing 

erosivity index, either for the entire soil loss series or 

for that of the extreme erosion events. 

Vine rows cover provided by actual plantation 

schemes in the Douro Region require complementary 

conservation concerns through tuned soil 

management practices in the inter-row lanes, as the 

conventional ones result insufficient to keep soil loss 

at tolerable rate during high erosivity rainfalls. 
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Abstract. Viticulture plays a crucial role in some Alpine valleys of Lombardy (Italy). Indeed, in addition 

to wine production, it takes part to the safeguarding and maintenance of typical landscapes; to the 

preservation of high-slope areas from hydrogeological risks; to the tourism development linked to the 

food and wine. For these reasons, it is important to enhance the wineries in these areas, through studies 

to optimize their agronomic and oenological management, profitability and economic sustainability. The 

viticultural zoning can be a useful tool to reach these goals. In Valcamonica (Lombardy, Italy) grapevine 

was cultivated since the roman age. After a drastic decrease of cultivated area in the ’80 of the last 

century, during last years viticulture is increasing its importance in the local economy, with a real interest 

to understand the potential aptitudes of the different areas. In this context, a three-years viticultural 

zoning study of the valley started in 2019.  First, pedo-climatic characteristics and their spatial 

distribution were considered through analysis of meteorological series and geological and topographic 

data. This study allowed to a preliminary division of the valley into 6 homogeneous unit. In each of them, 

representative vineyards were chosen, considering Merlot (b) and Manzoni bianco (w), the main 

representative varieties cultivated in the valley. In these fields, in each year, qualitative and productive 

parameters were analysed at harvest. Results shows an interesting variability in environmental 

condition between the cultivated areas of the valley, that influence grape quality and yield at harvest.  

Introduction 

Viticulture plays a crucial role in some alpine valleys 

of Lombardy (Italy). Indeed, in addition to wine 

production, it takes part to the safeguarding and 

maintenance of typical landscapes (François et al., 

2006); to the preservation of high-slope areas from 

hydrogeological risks (Harden et al., 1996; Agnoletti et 

al., 2016); to the tourism development linked to the 

food and wine (Pulpon et al., 2019). For these 

reasons, it is important to enhance the wineries in 

these areas, through studies to optimize their 

agronomic and oenological management, profitability 

and economic sustainability. Viticultural zoning can be 

a useful tool to reach these goals. These studies are 

strictly related to the concept of terroir, that according 

to the OIV definition (resolution OIV/VITI 333/2010), is 

a concept which refers to an area in which collective 

knowledge of the interactions between the identifiable 

physical and biological environment and applied 

vitivinicultural practices develops, providing distinctive 

characteristics for the products originating from this 

area. The interaction between the territory (climate, 

landscape and soil) and the vine, mediated by the 

work of the men through their know-how, is the 

fundament of the old-world viticulture. This concept 

has been ingrained since ancient times and today it’s 

the basis of the denomination of origin system. 

Viticultural zoning study this interaction and it can be 

defined as the spatial characterization of zones that 

produce grapes or wines of similar composition, while 

enabling appropriate operational decisions to be 

implemented (Vaudour, 2003). These studies are 

particularly important in mountain regions. Indeed, 

these areas are often characterized by different 

altitude, exposure, lithology and anthropic activity that 

has modified slopes (e.g., with terraces). The 

interaction between all these factors creates a 

multitude of different environments where grapevine 

is cultivated. In Valcamonica (Lombardy, Italy) 

grapevine was cultivated since the roman age. After a 

drastic decrease of cultivated area in the ’80 of the last 

century, during the last years, viticulture is increasing 

its importance in the local economy, with a real 

interest to understand the potential aptitudes of the 

different areas. In this context, a three-years 

mailto:davide.modina@unimi.it
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viticultural zoning study of the valley started in 

2019. The aim of the study is to show the preliminary 

results of the first two years of viticultural zoning study 

in Valcamonica, particularly concerning pedoclimate 

of the valley and response of grape quality and yield 

to this variability. 

 

Methods and sources 

Area of Study  

The study was carried out over a period of 2 years in 

(2019) in Valcamonica, an alpine valley of Lombardy 

(image 1). There, after a drastic decrease of vine-

growing area in the ’80 of the last century, during last 

years viticulture is increasing its importance for local 

economy (Bonardi and Valotto, 2016). Merlot and 

Manzoni Bianco are the most cultivated varieties, and 

they were used in this work as reference for red and 

white berries variety. 

Figure 1. Valcamonica and its location in Lombardy 

region: 1. Lago Moro; 2. Darfo Boario Terme - 

Erbanno; 3. Cividate; 4. Berzo; 5. Losine; 6. Cerveno; 

7. Capo di Ponte; 8. 

 Sellero; 9. Edolo 

Meteorological data and bioclimatic indices. 

15 years of meteorological data were obtained from 3 

stations (Regional Agency of Environmental 

Protection - Lombardy Region) located in Darfo Boario 

Terme (45.87460210989037°, 

10.17735680898138°), representative for the south 

part of the valley; Capo di Ponte 

(46.026563542472815, 10.34250260860311) for the 

middle part and Edolo (46.16907080571305, 

10.340473514382968) for the northern part, as 

reported in figure 1. Using equation reported in table 

1, Winkler index, Huglin index and annual avarage 

precipitation were applied to describe the wine 

potential of grapevine growing region, using data take 

by the meteorological stations. 

Table 1. Equation of the bioclimatic indices used. 

 

Lithology, pedology and topology.  

Lithology, pedology and topology of Valcamonica 

were elaborated from Lombardy Region data 

available at 

http://www.geoportale.regione.lombardia.it/  

Grapevine response to environmental condition 

In order to evaluate grapevine response to the 

different environmental condition of the valley, data 

were taken in 6 vineyards for each reference variety. 

Vineyards are located in each preliminary unit identify 

on the base of climatic, pedological and lithological 

data. At harvest, data of 7 representative plants for 

each variety were recorded. Total grape fresh weight 

per vine was recorded. Bunches from median shoots 

were pressed to obtain the must.  

Sugar content (°Brix) of must was determined by 

using a RBO refractometer (Optech, Germany). 

Titratable acidity (g L-1) was measured with the 

CRISON Compact titrator 

 

Geostatistical and statistical analysis.  

SPSS (IBM) software was used for statistical analysis. 

Maps were elaborated using QGis and geostatistical 

analyses were performed with SAGA. Significance 

were reported as follow: n.s., *, **, ***, representing 

Equation 
Index and 

reference 

∑
(Tmax‐Tmin)

2

31/10

01/04

‐10 

WINKLER 

INDEX 

(Amerine 

and 

Winkler, 

1944) 

∑ [
(Tavg‐10) + (Tmax‐10)

2
]

30/09

01/04

*d 

HUGLIN 

INDEX 

(Huglin, 

1978) 
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respectively not significant, 0.01 <P<0.05; 0.001 <P< 

0.01; P< 0.001.  

Results 

Meteorological data and bioclimatic indices. 

Metereological data for the period 2005 – 2020 were 

analysed for each meteorological station. Results are 

reported in table 2.  

Table 2. Winkler and Huglin index value in each 

meteorological station considered. 

Location Winkler index Huglin index 

Value Region Value Class 

Darfo B. 

Terme 

1903 III 2411 Warm 

Capo di 

Ponte 

1554 II 2187 Temperate 

warm 

Edolo 1370 Ib 1967 Temperate 

 

Table 3. Average value of annual temperature and 

precipitation. 

Location Annual 

precipitation 

(mm) 

T 

mean 

(°C) 

T 

max 

(°C) 

T 

min 

(°C) 

Darfo 

Boario 

Terme 

1196 13,6 19,1 9,2 

Capo di 

Ponte 

1103 11,9 18,3 6,7 

Edolo 1035 11,3 16,9 6,7 

 

Results show how moving north, climate become 

colder. Particularly, Darfo Boario Terme shows the 

warmer temperature. Capo di Ponte report similar 

mean and minimum temperature to Edolo, but higher 

maximum temperature. Similarly, the south part of the 

valley (Darfo Boario Terme) is classified in the III 

region of Winkler index and warm class of Huglin 

index. The middle part of the valley (Capo di Ponte) is 

in the II region and temperate warm class. The north 

part of the valley (Edolo) is in the Ib region and 

temperate class. Spatial distribution of Winkler index 

is reported in figure 2. Finally, analysing only the 

Valcamonica IGP area, it is mostly classified in the II 

and III Winkler region. About precipitation, the 

southern part of the valley is generally wetter than the 

northern one. Particularly, in Darfo Boario Terme 

average annual precipitation is 1196 mm, in Capo di 

Ponte is 1103 mm and in Edolo 1035 mm. 

 

 

 

 

 

Figure 2. Map of Winkler index 

Lithology and pedology 

Analysing lithology and pedology, three main area 

was identified in Valcamonica: south part, middle 

part and north part, each one with its typical 

characteristics.  

In the south part of the valley, three types of soil 

were found:  

Sandstone, near the Lago Moro. Soil is poor of 

nutrient, thin, acid and has a loam texture.  

limestone (detrital), on the side (Darfo Boartio Terme 

- Erbanno, Angone and Pianborno). Soil is alkaline or 

subalkaline with clay loam or sandy loam texture.  

floodplain of Cividate Camuno, near the Oglio river. 

Soil is subacid with sandy loam texture. 

The middle part of the valley is mainly characterized 

by the alluvial fan of the Concarena mount, that is 

spread over four municipalities (Cerveno, Losine, Ono 

San Pietro and Capo di Ponte). Soil is thin, rich of 

limestone and pH is alkaline. Texture is loam or clay 

loam. Furthermore, there is the area of Berzo 

Inferiore, that is the only place where vineyards are in 

the right bank of the valley, characterized by 

limestone. Soil is deep and alkaline. 

The north part of the valley is mainly characterized 

by mica shist. Soil is acid and deep with sandy loam 

texture.  

Exposure and slope. 

Mostly of the vineyard in Valcamonica are south and 

east-southeast faced. The only exception is in the 

area of Berzo Inferiore where they are west-southwest 

faced. 

Finally, mostly of the cultivated area show deep slope 

(25% - 30%), particularly in the south part, where 

terraces are very common. Anyway, there are also 
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zones where slope is lower (15% - 20%) and a flat 

area near the Oglio river. 

Figure 3. Map of soil pH class. 

 

Grapevine response to environmental condition 

Analysing the previous data, 6 preliminary 

homogeneous zones were found. In each of them, a 

Merlot and a Manzoni banco vineyard were evaluated. 

Characteristics and location of each preliminary zone 

are reported in table 4 and in figure 4. 

Table 4. Preliminary homogeneous zone 

Zone Lithology Soil pH Altitude 

(m asl) 

Exposure Winkler 

region 

1 Limestone Alkaline 270 East-

Southeast 

III 

1b floodplain Subacid 260 
 

III 

2 Limstone Alkaline 402 West-

Southwest 

II 

3 Limestone Alkaline 450 South-

Southeast 

II 

4 Limestone Alkaline 405 East II 

5 Mica shist Acid 420 East-

Southeast 

II 

 

Figure 4. Location of the preliminary homogeneous 

zone 

 

Grapevine response to environmental condition on 

harvest parameter. 

Yield, sugar content and acidity at harvest were 

analysed to individuate the main environmental 

factors that influence those characteristics. 

Merlot  

Each year and in each studied vineyard, data from 7 

vine were recorded at harvest. For harvest data (sugar 

content, total acidity and yield), result of Anova test 

and percentage of variance explained (PVE) are 

reported in table 5. 

Table 5. Anova test. n.s., *, **, ***, representing 

respectively not significant, 0.01 <P<0.05; 0.001 <P< 

0.01; P< 0.001. PVE = percentage of explained 

variance. 

 
Suga

r 

conte

nt 

PV

E 

(%

) 

Acidi

ty 

PV

E 

(%

) 

Yiel

d 

PV

E 

(%

) 

Litholo

gy 

*** 12 *** 47 *** 57 

Year *** 47 *** 12 * 19 

Altitude *** 26 *** 16 ns 5 

Exposu

re 

*** 13 ** 25 * 19 

Error  1  1  4 

Sugar content. Lithology, year, altitude and exposure 

have a significant effect on the sugar content at 

harvest. Particularly year (47%) and altitude (26%) 

explain the most percentage of variance. Indeed, 

sugar content in 2019 and was higher than 2020, it is 

lower at higher altitude and it is lower in east exposed 

vineyard than west or south exposed one. 

 Acidity. Lithology, year, altitude and exposure have a 

significant influence on total acidity at harvest. 

Particularly lithology (47%) and exposure (25 explain 

the most percentage of variance. Acidity is lower at 

lower altitude. South exposed vineyards have the 
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lowest acidity while west exposed vineyards have the 

highest acidity. Mica shist areas show lower acidity 

than limestone one. 

Yield. Lithology, year and exposure have a significant 

effect on yield. Particularly, lithology (57%) explains 

the most percentage of viariange. Vineyard in mica 

shist area has greater yield than one limestone area. 

Manzoni bianco 

Each year and in each studied vineyard, data from 7 

vine were recorded at harvest. For harvest data (sugar 

content, total acidity and yield), result of Anova test 

and percentage of variance explained (PVE) are 

reported in table 6. 

Table 6. Anova test. n.s., *, **, ***, representing 

respectively not significant, 0.01 <P<0.05; 0.001 <P< 

0.01; P< 0.001. PVE = percentage of variance 

explained 

 

Sugar content. Lithology and altitude have a 

significant effect on the sugar content at harvest. 

Particularly lithology (32%) and altitude (56%) explain 

the most percentage of variance. Indeed, sugar are 

higher in floodplain area and at lower altitude.  

Total acidity. Lithology, year and altitude have a 

significant influence on the total acidity at harvest. 

Year (73%) and altitude (19%) explain the largest 

percentage of variance. Particularly, grapes in 2020 

have higher acidity than explain the largest 

percentage of variance and total acidity increases with 

incrasing altitude. 

Yield. Altitude a significant effect on yield and explain 

the 82% of variance. Yield decreases with increasing 

altitude. 

Conclusions 

Valcamonica shows different zones suitable for 

viticulture, with a relevant variability in a relative small 

area. Particularly, three Winkler region are present in 

the Valcamonica IGP area, with climates that are 

comparable at different other european zones. There 

are also a wide range of topographical, lithological and 

pedological features, with limestone, sandstone and 

floodplain areas. Vineyards are located from 200 to 

450 m asl, with different exposure and sloope. All this 

component influece the response of grapevine. 

Particularly, the main parameter analysed (lithology, 

altitude and exposure) reports a significant influence 

on productivity and quality of grapes at harvest, for 

both varieties. For Merlot, sugar content is largely 

influnced by year and altitude, while acidity and yield 

by lithology. For Manzoni, sugar content and yield is 

largely influenced by altitude while acidity by year. 

Furhter analysis will set up to evaluate phenology, 

ripening and wine quality and better define 

homogenus viticultural zones of Valamonica, 

suggesting the best oenological and agronomical 

practices. This will allow to enhance the variability of 

pedoclimatic conditionions found in Valcamonica. 

Data used in this paper were taken during the project 

VALSOVICA, co-financed by the operation 16.1.01 

“Gruppi operativi PEI” of the rural development 

program for 2014-20 of Lombardy Region. 
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Abstract. Organic and integrated pest management (IPM) systems are being increasingly 

implemented. They differ in pesticide use policies: while in IPM the focus is on reducing the use of 

pesticides, in organic farming the use of synthetic organic pesticides isn’t allowed. Thus, 

independently of the production mode, pesticides are used and therefore, in both cases, negative 

impacts to the environment may occur. One of the reasons is the high amount of copper used in 

organic viticulture, which accumulates in soils, but that can also reach the adjacent aquatic systems. 

This issue is of special concern in vineyards established in mountains such as in the Douro region, 

with steep slopes which are more prone to erosion and subsequent dispersion of contaminants. To 

understand the possible benefits of organic vineyards, when compared to IPM, three vineyards under 

two different farming systems were chosen in the Douro Demarcated Region. The sampling of soils 

took place in two periods, one during the application of phytosanitary products and the other six 

months after. To evaluate the effects of direct exposure of soil fauna to products applied, and the 

consequences of their leaching, several ecotoxicological assays were carried out using a battery of 

soil and aquatic test organisms.  Results show the absent of toxicity of soils and soil elutriates to test 

organisms, in both sampling periods, while in vineyards under IPM, toxicity is shown, to some extent. 

Notwithstanding, results also show an ability of soils to recover, since outside the application period 

potential adverse effects of vineyard samples aren’t significantly different between both management 

systems. 

Introduction 

The prioritization of more sustainable agricultural 

practices has become a much-needed reality 

throughout several sectors of agri-food production, 

including specialty sectors like viticulture. In this 

context, it is possible to verify the increasing 

implementation and adoption of organic and 

integrated pest management (IPM) systems. Whilst 

both are settled in more sustainable approaches, 

they both rely on the use of pesticides, but differ in 

their policy on phytosanitary products application. 

IPM has its focus on the reduction and thoughtful 

use of pesticides to guarantee crop health, while 

organic production limits pesticides application to 

naturally-derived products. In this sense, this work 

was developed in order to assess possible benefits 

of organic viticulture on soil communities and its 

adjacent compartments, when compared to IPM 

vineyards.  

Methods and sources 

In order for a comparison between both 

management practices to be performed, soil 

samples were collected from three different 

vineyards, two under IPM (IPM1 and IPM2) and the 

other under organic production, at the moment of 
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application of pesticides (June) and six months after 

(January). Potential negative outcomes for 

biodiversity were then assessed for both terrestrial 

and aquatic organisms, by direct exposure to soil 

samples or through the exposure to its elutriates, 

respectively.  

For assays with aquatic organisms, soil elutriates 

preparation consisted in preparing a liquid solution 

obtained from soils and organisms’ growth medium, 

in a proportion of 1:4. These elutriates were then 

used to carry ecotoxicological assays with the 

aquatic bacteria Aliivibrio fischeri (Johnson, 2005) 

and the aquatic plant Lemna minor, following an 

adaptation to the OECD 221 standard protocol 

(OECD, 2006). Assays with A. fischeri consisted in 

exposing the bioluminescence bacteria A. fischeri 

to the elutriates for 30 minutes, and the reduction of 

the bioluminescence produced by this aquatic 

bacteria is presented as the rate of inhibition when 

compared to a non-exposed control. Growth 

inhibition assays were held with L. minor, by 

exposing this aquatic plant to soil elutriates for a 

total of seven days. Based on the dry weight of 

fronds at the end of the exposure period, the rate of 

inhibition on the biomass production when 

compared to a non-exposed control was calculated. 

For the direct exposure of terrestrial organisms to 

vineyard soil samples, avoidance assays with the 

earthworm Eisenia fetida were performed following 

the the ISO guideline No. 17512- 1:2008 (ISO, 

2008), and reproduction tests with Folsomia 

candida were carried according to OECD guidelines 

Test No. 232 (OECD, 2016).  Avoidance assays 

consisted in exposing 10 earthworms for 48h in dual 

chamber containers, with soil samples collected in 

June on one side, and the same soil collected then 

in January in the opposite side. The goal was to 

assess earthworm preference towards samples 

collected six months after the application of 

phytosanitary products, or if these individuals didn’t 

choose one soil over the other. Results were 

expressed as the rate of avoidance of soils 

collected in June. Reproduction tests with the 

springtails F. candida were conducted by exposing 

10 individuals to soil samples for 28 days and 

assessing their reproductive output at the end of 

this period. Results are presented as the rate of 

inhibition of the reproductive output of exposed 

springtails, when compared to organisms exposed 

to a control artificial soil.  

Theoretical framework and operational 

concepts 

The implementation of organic management 

systems might provide benefits to the environment, 

namely for biodiversity and soil health, and even 

water quality (Seufert & Ramankutty, 2017). If 

verified, these improvements on the current 

agricultural scenario would be of great interest 

when applied to the viticulture sector, since 

vineyards are particularly sensitive to its soil quality 

(Navel & Martins, 2014). However, benefits of 

agricultural practices are extremely context-

dependent, and, besides, the use of naturally-

derived phytosanitary products isn’t an immediate 

guarantee of better environmental outcomes 

(Muneret et al., 2018). This way, it becomes 

relevant to assess if organic management systems 

positively differentiate themselves from IPM 

managed vineyards, or if benefits aren’t tangible 

between the two. 

Results 

Bioluminescence assays carried with the elutriates 

obtained from soil samples produced the results 

plotted in figure 1. Overall, inhibition rates of the 

bioluminescence of A. fischeri were low (around 

20% inhibition when compared to the unexposed 

control) for all farms and sampling periods. From 

the time of phytosanitary products’ application, 

forward to six months after, samples from the 

organic managed vineyard were able to surpass the 

produced toxicity towards this aquatic bacteria. 

Figure 1. Results of the bioluminescence inhibition 

assays with A. fischeri, presented as % of inhibition 

for 30 minutes of exposure. 

Results of L. minor growth inhibition assays are 

presented in figure 2. Biomass production of this 

aquatic plant was negatively affected by exposure 

to soil elutriates, but at low rates, even for June 

samples. Six months after the application of plant 

protection products (PPPs), inhibition rates 

remained somewhat similar, apart from IPM1, 

where values were comparable with non-exposed 

controls. 
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Figure 2. Results of L. minor growth inhibition 

assays expressed the % of inhibition. 

For soil organisms directly exposed to soil samples, 

results of avoidance tests with the earthworm E. 

fetida are represented in figure 3 as avoidance 

rates of June samples. Organic vineyard’ samples 

actually held the higher rates of avoidance from 

individuals of E. fetida, meaning that earthworms 

avoided June samples over samples collected in 

January. For IPM1, organisms seem to have 

favoured their permanence in soils collected during 

PPPs application. 

 

Figure 3. Results of avoidance assays with E. 

fetida, presented as the % of avoidance of June soil 

samples. 

Results of the reproductive output of F. candida are 

expressed in figure 4 as the rate of inhibition on the 

production of juveniles of exposed individuals when 

compared to unexposed controls. Whilst highly 

variable, average inhibition rates remained low for 

individuals exposed to June samples, with the 

higher rate of reproduction inhibition being found for 

organic vineyard samples collected six months after 

PPPs application. 

 

Figure 4. Results of reproduction assays of F. 

candida plotted as the % of inhibition of the 

reproductive output. 

Conclusions 

Obtained results from ecotoxicological assays 

performed with soil samples from the two different 

management practices unveil a major conclusion: 

the assessment of environmental benefits from the 

adoption of systems that focus on better agricultural 

practices isn’t linear. Results have showed that 

even between IPM vineyards, located in the same 

region, different ecotoxicological outcomes are 

held. For organic managed systems, benefits of the 

application of naturally-derived products aren’t 

always seen when it comes to soil biota overall 

health. For a significant assessment of 

environmental outcomes of both IPM and organic 

farming, not only pesticide-use policies must be 

taken into consideration, but also all other factors 

that have the ability to modulate PPPs toxicity in the 

field, and that might explain obtained results. 

Likewise, for particular cases like the studied one, 

where low toxicity was found for both terrestrial and 

aquatic organisms, soil properties may play the lead 

role in explaining differences between different 

vineyards. 

This research was collaboratively done with Real 

Companhia Velha, and supported by FCT within the 

scope of: UIDB/04423/2020 and UIDP/04423/2020; 

UIDB/05748/2020 and UIDP/05748/2020; and 

through individual financing to A. Cachada 

(CEECIND/00058/2017) and to B. Fernandes 

(UI/BD/151040/2021); and by the Project AgriFood 

XXI (NORTE-01-0145-FEDER-000041), financed 

by FEDER through Norte 2020. 
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Abstract. The effects of biochar and winery waste compost were assessed on vineyards production 

in order to return winery waste into resources through a circular process. With this aim, a 2-year field 

experiment was set up with 5 treatments including: (i) 5 t ha-1   biochar (B5), (ii) 10 t ha-1   biochar 

(B10), (iii) 30 t ha -1 compost (C30), (iv) 30 t ha -1 compost and 5 t ha-1   biochar (B5C30), and (v) a 

control treatment without soil amendments (T0). The compost was produced with winery sludge and 

grape stalks at a mixing rate 2:1 (sludge: stalks, w/w). In the year of application, N content was similar 

in all treatments except for B5C30. However, in the second year, N content increased for C30 or T0 

compared to B5. In both years P content was similar in all treatments except for occasional 

differences. Potassium content increased in fertilized treatments compared to control. Conversely, 

Ca and Mg content decreased in fertilized treatments compared to control except for Ca in the second 

year. In this context, the clusters weight decreased with biochar application compared to control and 

the inclusion of biochar in the compost also resulted in clusters weight decrease.  The winery waste 

compost showed positive effects as soil fertilizer. Nevertheless, further long term field experiments 

are needed to clarify the role of biochar on vineyard production. 

 

Introduction 

The winemaking process involves the generation of 

a significant amount of wastes such as grape stalks 

and winery wastewater sludge. One way for recycling 

and valorization of the winery wastes for agronomic 

use is through composting.  In the Douro vineyards 

that grow on steep slopes with severe water 

limitations during the summer season, the reduction 

of soil erosion and the proper management of the soil 

water status is crucial (Figueiredo and Ferreira, 

1993; Alves et al., 2012). Therefore, the use of 

compost is of increasing interest in those vineyards 

to improve the water holding capacity, to reduce soil 

erosion and to improve soil fertility (Evanylo et al., 

2008). Biochar obtained from the pyrolysis of organic 

material in the absence of oxygen may also 

contribute to improve soil structure, porosity and 

water storage capacity (Baronti et al., 2014; Wang et 

al., 2019). With this purpose, the objective of this 

study was to assess the effect of biochar and 

compost from winery waste water sludge and grape 

stalks on clusters weight and nutrient content.  

Methods and sources 

A 2-year field experiment was set up in 2017 in 

Quinta dos Aciprestes (NE Portugal) with 5 replicates 

and five treatments including: (i) 5 t ha-1   biochar; (ii) 

10 t ha-1   biochar, (iii) 30 t ha -1 compost, (iv) 30 t ha 
-1 compost and 5 t ha-1   biochar, and (v) a control 

treatment without soil amendments. The 
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experimental site with 3125 m2 was divided in 25 

plots of 125 m2, including 5 rows and 4 inter-rows.  

The compost was produced with winery sludge and 

grape stalks at a mixing rate 2:1 (sludge: stalks, w/w). 

The compost was matured as indicated by the 

amount of NH4
+-N (45.6 mg kg-1) below the maximum 

recommended value (400 mg kg-1) for a mature 

compost by Zucconi and Bertoldi (1987). The biochar 

used was a commercial charcoal obtained from holm 

oak branches with a pyrolysis temperature between 

600 and 700 °C (biochar piroeco provided by Piroeco 

Bioenergy, S.L., Spain) (table 1). Compost and 

biochar were spread manually on the inter-row, 30 

cm apart the row (figure 1). These amendments were 

incorporated into the soil by a digging machine 

attached to the tractor (figure 2). The nutritional 

monitoring was assessed by analyzing the petiole 

collected at veraison time. 

 
Figure 1. Spreading biochar on the soil 

 

 
Figure 2. Incorporation compost and biochar 
Compost dry matter content (DM), pH and electrical 

conductivity (EC) were determined by standard 

procedures (CEN, 1999). Total C content was 

determined by near infrared spectroscopy, using an 

elemental analyzer, after combustion at 950 °C. Total 

N and P were measured by molecular 

spectrophotometry and K quantified by flame 

photometry after digestion with sulfuric acid. Total Ca 

and Mg were measured by atomic 

spectrophotometry following nitro-perchloric 

digestion. 

Theoretical framework and operational 

concepts 

In recent years, wine industry invested in waste 

water treatment but the management of winery 

wastes such as grape stalks and waste water sludge 

is carried out by external companies with high 

transport costs and high environmental and social 

impacts (Ruggieri et al., 2009). Composting has 

environmental advantages (minimization of waste 

and fertilizer requirements), agronomic advantages 

(improvement of soil quality, suppression of plant 

diseases) and is economically viable for most wine 

industry. However, the vineyard industry has not 

implemented strategies to promote a circular 

approach to its operations (Acampora et al., 2017). 

Indeed, there is a lack of knowledge in wine 

industries on the composting process and application 

of winery waste composts in the vineyards. So, field 

experiments at industrial scale can be very useful for 

the development of a new culture in the waste 

management strategy (figure 3) (Bertrand et al., 

2004). 

 
Figure 3. Composting piles with alternate layers of 
stalk and sludge 
 

Table 1. Chemical characteristics of compost at a 

ratio sludge: stalk 2:1 and biochar 

Nutrients   Compost Biochar 

DM (%) 31 37 

pH 
 

8.2 9.5 

EC (dS m-1) 0.39 0.83 

N total (g kg-1) 13.0 0.1 

C (g kg-1) 242 780 

C/N 
 

19 7800 

NH4
+-N (mg kg-1) 45.6 

 

NO3
--N (mg kg-1) 26.3 

 

P (g kg-1) 2.8 0.058 

K (g kg-1) 7.4 0.83 

Ca (g kg-1) 4.5 6.1 

Mg (g kg-1) 1.5 0.24 
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Results 

In the 1st year, N content was similar in all treatments 

except for B5C30 (figure 1). Apparently, N content 

increased in the 2nd year with compost application 

(C30) compared to compost together with biochar 

(B5C30) or biochar alone (B5 and B10), but 

significant differences were only detected compared 

to B5. Therefore, the clusters weight was similar 

between all treatments in the year of application, 

whereas, in the 2nd year the clusters weight 

increased with compost application in comparison to 

the treatments with biochar alone (figures 4, 5 and 

6). Moreover, the clusters weight decreased with 

biochar in comparison to control. The reduced N 

availability may be due to the high biochar C/N ratio 

(7800) that promoted N immobilization. However, 

woody biochar is recalcitrant and resistant to 

microbial decomposition because of the temperature 

achieved during pyrolysis (DeLuca et al., 2009). 

Therefore, it is more likely that the high specific 

surface area of biochar tight NH4
+-N and NO3

--N and 

limit their availability to plants (Lammirato et al., 

2011). Over the 1st and 2nd years P accumulation 

was not significantly different between treatments 

except for occasional differences. K accumulation 

increased in fertilized treatments compared to control 

as K availability is not dependent on compost 

mineralization. Likewise, the lettuce K content 

increased with biochar compared to control probably 

because K availability from biochar was increased by 

the high pyrolysis temperature (Ding et al., 2016). 

The increased K availability may cause antagonist 

interactions between K and Ca and between K and 

Mg, decreasing Ca and Mg availability. Ca and Mg 

content clearly decreased in 2017 and Mg in 2018 

compared to control.  

 

 

Figure 4. Nutrient content at veraison time in 2017 for the treatments with 5 and 10 t ha-1 of biochar (B5 and 

B10), 30 t ha-1   of compost (C30), 30 t ha -1 of compost and 5 t ha-1 of biochar (B5C30) and a control treatment 

without soil amendments (T0). Columns with different letters are significantly different (p <0.05).  
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Figure 5. Nutrient content at veraison time in 2018 for the treatments with 5 and 10 t ha-1 of biochar (B5 and 

B10), 30 t ha-1   of compost (C30), 30 t ha -1 of compost and 5 t ha-1 of biochar (B5C30) and a control treatment 

without soil amendments (T0). Columns with different letters are significantly different (p <0.05).  

 

 
Figure 6.  Clusters weight (kg) in 2017 and 2018 for the treatments with 5 and 10 t ha-1 of biochar (B5 and B10), 

30 t ha-1   of compost (C30), 30 t ha -1 of compost and 5 t ha-1 of biochar (B5C30) and a control treatment without 

soil amendments (T0). Columns with different letters are significantly different (p <0.05).  

 

Conclusions 

The composting process allows the winery wastes to 

return into resources through a circular process. The 

compost produced with winery wastewater sludge 

and grape stalks has the potential to increase 

vineyards production. Nevertheless, further long-

term field experiments are needed to make solid 

conclusions on the effect of biochar application into 

the soil in order to improve Douro vineyards 

sustainability. 
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Abstract. Climate change is causing concern to vine growers all over the world. To face this scenario 

of change, fresh approaches and practices will have to be adopted, like selecting the best suited 

grapevine varieties, to be able to continue producing high quality grapes and exceptional wines. The 

main objective of this project is to gain knowledge of the grape varieties planted in the Douro, namely 

of their viticultural and oenological potential (with a focus on forgotten varieties) — within the context of 

climate change. Through the study of the genetic diversity of these Douro varieties, including dynamics 

of the phenological phases and winemaking potential, the aim is to better understand specific varieties’ 

adaptability to heat and water stresses, with a view to reducing their vulnerability to climate change. 

Furthermore, grapevine phenology is considered one of the first biological indicators of climate change, 

and therefore one of the most important factors to be studied in varietal adaptability. The Symington 

Grape Variety Libraries were established in 2014, in the Cima Corgo and Douro Superior subregions 

with the aim of studying the adaptability of different varieties to specific climate conditions. A significant 

number of Vitis vinifera varieties, comprising indigenous Douro and Portuguese varieties and 5 foreign 

varieties, are represented in these research vineyards. The methodology followed consists in 

determining the average date for the principal grapevine phenological stages: budbreak, flowering and 

véraison; performing observations in 10 vines, in 4 different points, three times a week, during the period 

estimated for the phenological stage, attributing a percentage of developing/evolution. With those 

readings, using a formula that relates the date and the reading recorded on the last observation before 

reaching the level of 50%, with the day that attains or passes 50%, it is possible to determine the date 

(average date) of selected phenological stages. This work has been carried out over 5 seasons, from 

2017 to 2021, with different climate conditions. The first results show differences in the vegetative cycle 

duration between varieties; this will aid in acquiring knowledge regarding their behaviour and potential 

adaptation to different climate conditions. 

Introduction 

The climate is changing, and future projections 

predict — within the near future — an increase 

of temperature and water scarcity. (Jones et al., 

2005)    

The grapevine’s development is influenced by 

climate conditions (Jones et al., 2005; Fraga et 

al.,2015b) and the interactions between 

temperature, water availability, vegetative 

material and cultural practices (Menzel et al., 

2006; Keller, 2010; van Leeuwen et al., 2019) 

affects yield and grape quality because when 

temperatures rise, grapevine phenology is 

brought forward, and the maturation period 

occurs during the months with higher 

temperatures (Jones et al., 2005; Duchêne et 

al., 2010), potentially modifying the wine typicity 

and threatening the production of quality wines. 

Regarding the mitigation of climate change 

impacts, there are several measures that vine 

growers can adopt, such as: canopy 

management, application of sunscreens, 

shading nets, deficit irrigation (Santos et al., 

2021a), and also by selecting long-term 

adaptation measures like changing training 

systems, choosing different scion-rootstock 

clones, choosing other varieties or relocating 

vineyards. (Santos et al., 2021b). 

Given that Vitis vinifera is a species with high 

genetic diversity, the selection of alternative 
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varieties could be an interesting solution, 

allowing the viticulturist to choose late-ripening 

and drought-resistant plant material, better able 

to face climate change and maintain the 

sustainability of wine production. (Fraga et al., 

2015b; van Leeuwen et al., 2019) 

In Portugal there is a large genetic diversity, 

and this could represent a valuable tool for 

climate change mitigation (Lopes et al., 2008; 

Fraga et al., 2015a). However, there is a lack of 

knowledge about the varieties, namely their 

phenology dynamics, heat requirements, and 
other parameters, which make more difficult the 

decision of planting new varieties. 

Concerned about this, Symington Family 

Estates established in 2014, two 

ampelographic fields named “Grape Variety 

Libraries”, in two distinct locations, with 

selected varieties representative of those from 

the Douro Region and from other Portuguese 

Wine Regions, as well as forgotten varieties 

usually present in old vineyards — but not so 

common nowadays —and foreign reference 

varieties. The objective is to contribute to 

genetic preservation, to acquire knowledge 

about the varieties and to study their resilience 

in a scenario of climate change. 

The aim of this work is to present the 

methodology followed and the preliminary data 

about phenological phase dynamics, 

comparing the behaviour of 29 grapevine 

varieties in two distinct climate conditions. 

Methods and sources 
 
Since 2017, observations of phenology have 

been carried out at two Symington Grape 

Variety Libraries during three key phenological 

stages: budburst (C), flowering (I) and véraison 

(M). 

The Ataíde Grape Variety Library (41.248395, -

7.111794), located near Vila Flor in the Douro 

Superior, has a continental climate: cold 

winters, hot summers and low rainfall 

throughout the year. This vineyard has 53 

varieties, 29 red and 24 white, each with 200 

plants within a vineyard plot extending over 2.6 

hectares. It is comprised of the Douro’s 

principal varieties and others representing 

different Portuguese wine regions as well as 

some international varieties. The plants are 

grafted on 196-17 and trained on the Royat 

Single Cordon spur-pruned system, v.s.p., with 

8 to 10 spurs per vine, and oriented along a 

west/southwest to east/northeast axis and with 

a spacing of 2.2 metres between rows and one 

metre between each plant along a row. 

 

The Bomfim Grape Variety Library (41.189245, 

-7.540943), is in Pinhão (Alijó), Cima Corgo 

subregion, characterised by cold winters with 

reasonable rainfall and hot and dry summers. 

This research field comprises 29 varieties, 18 

red and 11 white, all of them referenced in the 

Douro region with a variable number of plants 

per variety, ranging from 25 to 75. The 

exposure is predominantly south-facing, the 

plot occupies 0.4-hectare and a particular 

layout, with both vertically planted and single 

row terrace-planted vineyard rows. The plants 

are grafted on 196-17 and trained on the Royat 

Single Cordon spur-pruned system, v.s.p., with 

8 to 10 spurs per vine. The local climate 

conditions are recorded by automatic 

meteorological stations (Adcon Telemetry 

A732/52/53 models), installed approximately 

200 metres from the observation sites. Climate 

characterisation for each year between 2017 to 

2021, for each location, is shown in tables 1 and 

2. 

 

 

 

 

 

 

 

Figure 2. Bomfim Grape Variety Library 

Figure 1. Ataíde Grape Variety Library 
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Table 1. Climate conditions at Quinta do Ataíde 

2017-2021. Annual data refers to viticultural 

year (nov-oct) and growing season (apr-oct) 

 

Table 2. Climate conditions at Quinta do 

Bomfim 2017-2021. Annual data refers to 

viticultural year (nov-oct) and growing season 

(apr-oct) 

 

 

With the aim of studying the grape varieties 

phenology, it was decided to select a 

methodology that could be applied over a long 

period of years. Accordingly, the same 

methodology that is employed in the research 

vineyard of the VitAdapt project was adopted. 

(Déstrac-Irvine & van Leeuwen, 2016) 

In accordance with this method, the 

observations are carried out three times a week 

and begin when at least 5% of the phenological 

stage under study has been initiated and are 

concluded when 50% of that stage has elapsed, 

therefore ensuring that an observation is made 

after that marker has been passed. For these 

readings in each research field, we use groups 

of representative vines, in 2 to 4 repetitions. 

During budburst, a count of the total number of 

principal buds left after pruning and the number 

of buds in stage C is carried out in each 

observation. During flowering (I), a percentage 

for open flowers is given in accordance with a 

pre-determined scale and based only on visual 

observation. During véraison, (M), the observer 

should do a visual check and feel/touch of 50 

berries, by variety, and indicate the percentage 

of berries that have changed colour and texture. 

The evaluation scale is the same used during 

flowering observations. 

From the collected data, we determine the 

average occurrence date of the phenological 

stage using the following mathematical 

interpolation, which considers the date (day of 

the year) when 50% of the phenological stage 

was attained or surpassed, as well as the date 

and the percentage attributed in the 

immediately preceding observation. (Durand, 

2012) 

 

50 =
50‐b

a
  

Where: 

b = N2‐DOY2 ×
N2‐N1

DOY2‐DOY1
 and a =

N1‐b

DOY1
  

 

N1 – value observed before reach 50% 

N2 – value equal or superior to 50% 

DOY1 – Day of the year observation N1  

DOY2 – Day of the year observation N2 

  

Knowing the average dates of occurrence of 
phenological stages of grape varieties makes it 
possible to reach (infer) conclusions regarding 
the length of the vegetative cycle, the time 
between the various stages and the thermal 
requirements to complete the cycle. In this way, 
it is possible to categorize the varieties in 
accordance with these characteristics, and thus 
to select the varieties best suited to the local 
conditions. Although the corresponding results 
are not contemplated in this paper, during the 
maturation cycle samples are taken of 50 
berries from all varieties, once a week and 
processed in the company’s laboratory where 
more than 20 qualitative parameters are 
analysed. 

Ataíde (Vila Flor) 2017 2018 2019 2020 2021
Avg. 

5years

Annual Prec 314,6 543,8 356,6 512,6 504,4 446,4

GS Prec 80,8 218,2 170 200 256,2 185,0

Annual Temp 16,7 15,7 15,8 16,7 15,9 16,2

GS Temp 22,1 20,8 20,5 21,3 20,2 21,0

Nº Days               

T > 35ºC (J-J-A)
49 32 36 47 27 38

GDD (Jan-Oct) 2743,0 2424,6 2368,6 2602,1 2410,7 2509,8

Bomfim (Pinhão) 2017 2018 2019 2020 2021
Avg. 

5years

Annual Prec 316,2 671 485,6 576,4 530 515,84

GS Prec 86,6 274,4 197,6 216,2 223,6 199,68

Annual Temp 16,9 16,0 16,2 17,0 16,3 16,5

GS Temp 22,0 20,9 20,5 21,1 20,3 21,0

Nº Days               

T > 35ºC (J-J-A)
34 26 23 39 22 29

GDD (Jan-Oct) 2810,0 2515,4 2494,8 2669,2 2504,3 2598,7
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In this work, only the preliminary data about 
véraison is presented, as an example of 
applicability of the data collected so far at the 
grape variety libraries. 

 

Results 
 
The climatic data of both locations shows 
important differences, specially related to the 
increase of the continental climate influence, as 
in the case of Quinta do Ataíde, with cooler 
springs, lower precipitation during the cycle and 
lower annual accumulation of GDD, despite the 
higher heat load in the summer months. 
The preliminary data from the first 5 years of 
study shows the influence of climate conditions 

in phenology dynamics, without significantly 

modifying the grape varieties’ behaviour in the 

veraison timing (figure 3). 
The observation of the chronological dynamics 
at the veraison average date allows us to verify 
the stability of the phenological relationships 
between the varieties in the two locations, with 
the potential to differentiate groups of early and 
late varieties for this phenological stage. 
We also highlight the observation of a 
chronological amplitude of approximately 20 
days in the set of these 29 varieties in the 2 
experimental sites, enhancing future adaptation 
mechanisms to different terroirs and climatic 
amplitudes. 
 

 

 

Conclusions 
 
The knowledge about grapevine phenology will 
allow viticulturists to take decisions about the 
most suitable varieties to tackle climate change. 
This selection should favour varieties with 

longer development cycles and that are more 
resilient to thermic and water stress. 
Concerned with this problem and convinced 
that knowledge about grapevine varieties is one 

important tool to deal with climate change, 
Symington Family Estates established in 2017 
another research field, located at 600m a.s.l., 
dedicated to white varieties. We intend to study 
the suitability of these varieties for high quality 
white wines in Douro, and since 2020 we have 
replicated the same protocol there. 
It's our aim to continue this project over the next 
few years so that we can improve the 
phenology data acquisition and build a strong 
and reliable data base with useful information 
about grapevine varieties phenology in order to 
support future studies. 
We would like to thank ADVID – Associação 
para o Desenvolvimento da Viticultura do 
Douro –, who owns the automatic weather 
stations installed at Symington’s properties 
(Bomfim and Ataíde), for supplying the 
meteorological data. 
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Abstract. The production of wine is one of the main agro-industries in the world, which generates a 

large volume of winery wastewater (WW). An initial analysis of a red and white WW revelled a low pH 

(4.0) and a high content of biological oxygen demand, chemical oxygen demand (COD), total 

polyphenols, turbidity and total suspended solids. In order to treat these recalcitrant compounds a new 

type of organic coagulants powders (OCP) were developed based on plants such as Vítis vinifera L., 

Daucus carota L., Dactylis glomerata L., Festuca ampla Hack., and Tanacetum vulgare L. OCP’s were 

used as coagulants to treat the WW before performance of photo-Fenton process. The objective of this 

work was to: 1) produce, characterize and evaluate OCP’s as coagulant agents in comparison to ferric 

chloride; 2) evaluate the combined effect of coagulation with photo-Fenton oxidation in a 

KPS/H2O2/UV/Fe2+ system; 3) evaluate the separation of red and white WW on TOC removal and 

operational cost in final treatment. The morphology and functional groups present in OCP were 

investigated by scanning electron microscope (SEM) and Fourier transform infrared (FTIR) 

spectroscopy. The photocatalytic experiments were performed in a batch cylindrical photoreactor 

equipped with a UV-C low pressure mercury vapour lamp. Coagulation of WW by OCP’s such as Vitis 

vinifera L. had a high removal of turbidity, TSS and total polyphenols of red WW (94.6, 92.5 and 80.9%) 

regarding ferric chloride (94.6, 89.5 and 0.5%). The oxidation process was observed to be very efficient 

in the TOC removal of red and white WW (91.2 and 96.8%). The combination of coagulation (OCP) and 

oxidation reaches a TOC and COD removal higher than 90%, making the final results in accordance to 

the legislate values by Portuguese Decree Law nº 236/98, with low costs (0.639 and 0.443 €/m3). In 

conclusion OCP’s are environmentally safer and efficient in combination with oxidation process on WW 

treatment. 

Introduction 

The production of wine is one of the largest agro-

industries in the world. Due to various washing 

operations during the crushing and pressing of 

grapes wineries, distilleries and other grape 

processing industries annually generate a large 

volume of wastewater, which is very toxic to the 

environment due to its chemical composition: pH 

3–4, COD 800–25000 mg O2/L (Petruccioli et al., 

2002), high organic load of soluble sugars, 

organic acids, alcohols, polyphenols, tannins and 

structural polymers (Rodríguez-Chueca et al., 

2017). Coagulation process can be applied on the 

removal of the high suspended matter from the 

wastewater (Sánchez-Martín et al., 2012). 

Several authors used this process on the 

treatment of cork processing wastewaters (Peres 

et al., 2004), landfill leachate (Amor et al., 2015), 

winery wastewater (Braz et al., 2010), however, 

the continuous use of hydrolysable metal salts as 

coagulants, carries several risks such as dialysis 

encephalopathy and prevalence of Alzheimer's 

disease in the case of aluminium (Ghernaout et 

al., 2018), and in the case of iron, it is generally 

corrosive and presents difficulties in dissolving 

(Cheremisinoff 2002). Natural coagulants, 

produced from plants, can be a suitable 

replacement for metal salts. It’s been observed by 

several authors the use of natural coagulants 
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such as Moringa Oleifera (Camacho et al., 2017) 

and chitosan (Rizzo et al., 2010) on the treatment 

of wastewater. Following this line of research, it 

was collected several varieties of plants, such as 

Dactylis glomerata L., Daucus carota L., Festuca 

ampla Hack., Tanacetum vulgare L. and Vítis 

vinifera L. to test as natural coagulants. Advanced 

oxidation processes (AOP) are of great interest 

on pollutant degradation due to the formation of 

HO
•
 radicals. These radicals are powerful 

oxidants (Eº = 2.80 V), which react immediately 

and non-selectively with organic pollutants in 

water. The radicals can be generated by a 

chemical process such as Fenton (H2O2/Fe2+) 

(Bensalah et al., 2011), photochemical processes 

UV/TiO2 (Solís et al., 2018), UV/H2O2 (Lucas et 

al., 2006) and photo-Fenton (UV/H2O2/Fe2+) 

(Lucas and Peres, 2009). In the last decade, the 

employment of sulfate radicals, as alternative 

AOPs to the traditional HR-AOPs have attracted 

a great attention on wastewater treatment 

applications (Shu et al., 2016). In this work it was 

employed persulfate (PS) and 

peroxymonosulfate (PMS) as oxidants for 

production of sulfate radicals. There is however 

little information about the addition of both 

chemicals in combination with H2O2, on the 

treatment of WW, and how both of them interact 

during oxidation process. There is also little 

information regarding the effect of natural 

coagulants on the kinetic degradation of organic 

carbon by this oxidation system, and the 

possibility to recover the wastewater for other 

use. Therefore, to answer these questions, the 

objective of this study was: 1) study the recovery 

of several plants for the production of organic 

powder to be used as natural coagulants; 2) 

evaluate the kinetic rate of TOC degradation after 

oxidation with persulfate/hydrogen peroxide/Fe2+ 

under UV-C radiation; 3) evaluate the 

consumption of hydrogen peroxide after oxidation 

process in  S2O
8

2-/H2O2/UV/Fe2+ system; 4) 

evaluate the operational cost of photo-Fenton 

oxidation on coagulated wastewater; 5) assess 

the recovery of wastewater after performance of 

combined treatment. 

Methods and sources 

FeCl3•6H2O was supplied by Merck, FeSO4•7H2O 

by Panreac, potassium peroxymonosulphate 

(PMS; 2KHSO5•KHSO4•K2SO4) by Merck, 

potassium persulphate (KPS; K2S2O8) by 

Scharlab. H2O2 (30% w/v) by Sigma-Aldrich. 

NaOH and H2SO4 (95%) were both obtained from 

Analar Normapur. Deionized water was used to 

prepare the respective solutions.  

Red and white winery wastewaters (WW) were 

collected from a cellar located in the Douro 

Region from Portugal. After collecting the 

samples in plastic containers to be transported to 

the laboratory, they were stored at -40ºC. 

Different physical-chemical parameters were 

determined in order to characterize the WW, 

including turbidity, total suspended solids (TSS), 

chemical oxygen demand (COD), biological 

oxygen demand (BOD5), total organic carbon 

(TOC) and total polyphenols (TP). The main 

wastewater characteristics are shown in table 1. 

Total polyphenols were measured by Folin-

Ciocateau method adapted by Singleton and 

Rossi et al., 1965, Chemical oxygen demand 

(COD) analysis was carried out in a COD reactor 

from HACH Co. and a HACH DR 2400 

spectrophotometer was used for colorimetric 

measurement, BOD5 was determined using a 

respirometric OxiTop system, TOC samples were 

analyzed by direct injection of filtered samples 

into a Shimadzu TOC-LCSH analyzer, equipped 

with an ASI-L autosampler, provided with an 

NDIR detector and calibrated with standard 

solutions of potassium phthalate, hydrogen 

peroxide concentration was followed using 

titanium (IV) oxysulfate (DIN 38 402H15 method) 

at 410 nm. Turbidity (2100N IS Turbidimeter, 

Hach), total suspended solids (portable 

spectrophotometer, Hach), pH (3510 pH meter, 

Jenway) and electrical conductivity (EC, portable 

condutivimeter, WWR C030) were determined in 

accordance to the methodology of the Standard 

Methods (APHA, 1999). 

The FTIR spectra was obtained by mixing 2 mg 

plant powder with 200 mg KBr. The powder 

mixtures were then inserted into molds and 

pressed at 10 ton/cm2 to obtain the transparent 

pellets. The samples were analyzed with an 

IRAffinity-1S Fourier Transform Infrared 

spectrometer (Shimadzu) and the infrared 

spectra in transmission mode were recorded in 

the 4000 – 400 cm-1 frequency region. The 

microstructural characterization was carried out 

by scanning electron microscopy (SEM/ESEM 

FEI QUANTA – 400).  

Table 1. Winery wastewater characterization. 

(PDL – Portuguese Decree Law) 

Parameters PDL nº 

236/98 

Value 

Type of WW  Red White 

pH 6.0-9.0 4.0 4.0 

BOD5 (mg O2/L) 40 550 700 

COD (mg O2/L) 150 2145 1878 

BOD5/COD  0.26 0.37 

TOC (mg C/L)  400 400 

Turbidity (NTU)  296 203 

TSS (mg/L) 60 750 453 

EC (μS/cm)  62.5 125 

TP (mg gallic acid/L) 0.5 22.6 16.4 

Iron (mg/L) 2.0 0.05 0.05 
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Theoretical framework and operational 
concepts 

Coagulation-flocculation experiments were 

performed in a conventional model jar-test 

apparatus (ISCO JF-4), using 500 mL of effluent 

in 1000 mL beakers. The equipment was 

provided by a set of 4 mechanic agitators, 

powered by a regulated speed engine. Several 

trials were performed in order to evaluate the 

coagulant dosage, pH and mixing speed. A 

supernatant was withdrawn from the samples 

after 12 hours of sedimentation time and stored 

at 4ºC until needed for analysis. 

The photocatalytic experiments were performed 

in a batch cylindrical photoreactor (600 cm3) 

equipped with a UV-C low pressure mercury 

vapour lamp (TNN 15/32) - working power = 15 

W (795.8 W/m2) and λmax = 254 nm (Heraeus, 

Germany). The wastewater pH and concentration 

of Fe2+ were initially tested. Oxidation process 

was then optimized by testing different dosage of 

KPS and PMS. All the experiments were 

performed in triplicate and the observed standard 

deviation was always less than 5% of the reported 

values. 

Background 

All the five organic coagulants powders (OCP) 

were analyzed by FTIR to assess the nature of 

the active groups in the powder. By observation 

of Figure 1, three bands were detected at 

3444.86, 3390.86 and 3344.56 cm-1, which could 

be attributed to the presence of hydroxyl groups 

(OH) present in the proteins, fatty acids, 

carbohydrates and lignin (Vunain et al., 2019, 

Takaoka et al., 2017; Kushwaha et al., 2014).). 

The band 2922.16 cm-1 could be attributed to C–

H stretching of aliphatic structures assigned to 

fatty acids and lipids (Yap et al., 2018). In Figure 

2 it is observed the SEM image of the OCP 

Dactylis glomerata L. In accordance to the SEM 

images, the materials exhibited a heterogeneous 

and relatively porous morphology, and the 

spaces available could facilitate adsorption 

process because they provided a high internal 

surface area. Importantly, the structure facilitated 

the process of ion adsorption due to the 

interstices and to the presence of the protein 

component of the seeds and the stalk (Vunain et 

al., 2019). According to Boulaadjoul et al., 2018 

chainlike and spherical structures contributed to 

lowering the turbidity in the settled wastewater. 

 

Figure 1.FTIR spectrum of OCP’s as a coagulant. 

Results 

  This study was carried out in three 

complementary dimensions: first an evaluation of 

the OCP efficiency as a coagulant in the 

evaluation of physical-chemical parameters 

(turbidity, TSS and TOC), secondly, the 

development of a chemical reactor for the 

reduction of organic carbon and thirdly, the pre-

treatment of winery wastewater (WW) with 

coagulation by OCP’s followed by chemical 

oxidation.  

To increase the maximum effect of OCP 

(ferric chloride, Vitis vinifera L., Daucus carota L., 

Dactylis glomerata L., Festuca ampla Hack. and 
Tanacetum vulgare L.), five different pH were 
tested (3, 5, 7, 9 and 11) and evaluated against 
four different coagulant dosages (0.1, 0.5, 1.0 and 
2.0 g/L). The test was performed on a red WW 
with the operational conditions: temperature 
298K, fast mix 150rpm/3min, slow mix 
20rpm/20min, sedimentation time 12h. As a 
result, OCP’s were observed to achieve 
maximum turbidity, TSS and TOC removal at pH 
3 with dosage 0.5, 0.1, 0.1, 2.0, 2.0 and 0.1 g/L 
respectively. To further increase OCP’s 
efficiency, it was variated the fast mix and slow 
mix, in order to understand the effect of agitation 
in coagulation process. OCP’s were observed to 
achieve a high removal of turbidity for red (94.6, 
94.6, 94.4, 98.3, 98.0 and 95.9%) and white 
(95.9, 95.2, 97.5, 95.1, 96.5 and 96.0%) WW. The 
actions of OCP observed on this work were very 
similar to those of Vunain et al., 2019], in which 
the action of OCP as a coagulant lies in the 
presence of water-soluble dimeric cationic 
proteins present in the seeds and stalk. After the 
FTIR analysis, it was observed that OCP had 
proteins in their constitution, which suggested 
that in water, the amino acids from OCP ionize to 
produce carboxylate ion and proton. The proton 
charge attracts electrons (colloids) to form neutral 
groups and then produce floc (Yuliastri et al., 
2016). The proteins work as natural 
polyelectrolytes, with a possible mechanism that 
combined adsorption (because of the porous 
structure) and charge neutralization or adsorption 
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and particle bridging of destabilized particles, 
although it was difficult to identify which of these 
two mechanisms occurred, since they take place 
simultaneously (Camacho et al., 2017; Vunain et 
al., 2019). It is then expected that after OCP 
addition into the winery wastewater, the proteins 
in the powder will bind with the negatively 
charged particulates that caused turbidity (such 
as clay, bacteria, dust, and others) to form 
heavier flocs which are able to be precipitated 
(Vunain et al., 2019). 

 

Figure 2. SEM images of OCP. 

However, as observed in Figure 3, TOC 
removal was low. Therefore, chemical oxidation 
by photo-Fenton process was optimized. Initially, 
pH was varied from 3 – 11, and them the 
concentration of Fe2+ from 0 – 5 mM. To achieve 
maximum optimization it was added KPS and 
PMS in combination with H2O2 with concentration 
varying from 0.5 – 10 mM under the operational 
conditions: [TOC]0 = 400 mg C/L, [Fe2+] = 2.5 mM, 
pH 3, radiation UV-C mercury lamp (254 nm), 
agitation 350 rpm, temperature 298 K, reaction 
time 240 min. To avoid possible scavenging 
reactions, the H2O2 was measured every 10 min 
and its concentration was kept at 200 mg/L. In the 
end of the experiments the consumption of H2O2 

was calculated. The highest TOC degradation 
was obtained with addition of 1.0 mM KPS and 
PMS in red WW (91.2 and 88.0% respectively) 
and in white WW (96.8 and 91.5% respectively). 
KPS is observed to be more reactive than PMS. 
This result is due to the fact that the photolysis of 
PMS produces 1 mol of sulphate radical and 1 
mol of hydroxyl radical per each mole of 
peroxymonosulphate (Rodríguez-Chueca et al., 
2017), and the photolysis of KPS produces 2 mol 
of sulphate radical (Boczkaj and Fernandes, 
2017). Also the higher efficiency of KPS is 
explained on the higher reactivity of the persulfate 

anion (S2O
8

2-
; Eº = 2.01 V) which is higher than 

PMS, due to the lower reactivity of the 
peroxymonosulfate anion (HSO5

-
; Eº = 1.85 V) 

(Boczkaj and Fernandes, 2017). 

 

Figure 3.TOC removal after coagulation-

flocculation-decantation (C) and photo-Fenton 

process (PF). 

 

After optimization of coagulation and 
oxidation processes, TOC degradation was 
evaluated after performance of combined 
coagulation – oxidation processes, on red and 
white WW. The combined treatment was 
observed to be very effective on TOC degradation 
for both red WW (89.8, 96.3, 94.6, 96.0, 95.8 and 
94.6%) and white WW (93.8, 96.8, 97.4, 96.8, 
97.3 and 95.2%). In Figure 4, it was observed that 
white WW had a higher TOC kinetic degradation 
regarding red WW, which could be attributed to 
the difference in their chemical composition, since 
red wine is composed by a higher content of 
phenolic compounds such as anthocyanins, 
which are not present on white wines, or exist in 
very small amounts (Cosme et al., 2012).  

 

Figure 4.Pseudo-first order kinetic rate after 

coagulation-photo-Fenton system. 

These compounds possess a structure in C6–
C3–C6 which are harder to degrade and can 
explain the difference of kinetic degradation 
between red and white WW. It was also observed 
in Figure 2(b) that ferric chloride decreased TOC 
kinetic degradation of red and white WW (8.09 
and 10.20x10-3 min-1) regarding oxidation without 
coagulation (9.86 and 14.50x10-3 min-1 
respectively), unlike coagulation with OCP, which 
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increased kinetic degradation. It was observed 
that the H2O2 consumption after photo-Fenton 
oxidation was similar for both red WW (159.1, 
158.6, 159.6, 159.1, 157.9 and 158.8 mM 
respectively) and white WW (179.9, 94.9, 179.2, 
158.7, 159.1 and 156.9 mM respectively). 
Therefore, the decrease of kinetic rate could be 
attributed to the excess of Fe2+ present on the 
wastewater coagulation with ferric chloride (106.0 
and 103.3 mg/L respectively), which acted as 

scavenger of SO4
•–

 (Rodríguez-Chueca et al., 
2017) and HO• radicals (Lucas and Peres, 2009).  

Conclusions 

The red and white WW were separated after wine 

production due to the difference in their chemical 

composition. Since both effluents are low 

biodegradable (0.26 and 0.37, respectively) 

AOPs were selected as the best treatment option. 

To enhance the photo-Fenton efficiency, it is 

performed a pre-treatment with coagulation, with 

application of OCP. The main conclusions were: 

1.Coagulation of wastewater by OCP’s, such as 

Dactylis glomerata L. are a good replacement for 

ferric chloride with high removal of turbidity, TSS 

and total polyphenols (98.3, 92.5 and 77.8%); 

2.Oxidation of WW with KPS/H2O2/UV/Fe2+ 

system improves the efficiency of TOC 

degradation of wastewater with 91.2% regarding 

H2O2/UV/Fe2+ system with 88.6%; 

3.The application of KPS (9.86x10-3 min-1) is 

more efficient than PMS (9.03x10-3 min-1) on TOC 

degradation rate;  

4.Performance of photo-Fenton oxidation on 

coagulated WW by OCP has lower operational 

costs. For example, coagulation with Vítis vinifera 

L. stalk has the most efficient operational cost on 

red and white WW with 0.639 and 0.443 €/m3 

respectively; 

5.The combined treatment of coagulation with 

OCP and KPS-photo-Fenton oxidation achieves 

a higher reduction of TSS, COD, BOD5, and total 

polyphenols, which are in accordance to the 

legislate values by Portuguese Decree Law nº 

236/98 (60, 150, 40 and 0.5 mg/L respectively). 
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Abstract. The destemming of grapes is increasingly adopted in the winemaking process, to avoid the 

solubilisation of compounds with herbaceous or vegetable characters which could have a negative 

impact on wine aroma and flavour qualities. As a result, up to 12% of the grape volume received at the 

winery should, almost immediately, be eliminated. However, the correct handling of grape stems proved 

to constitute an important challenge from the technological point of view. During the last three decades, 

several scientific studies focused on this subject, proposing several solutions that go from the utilization 

of the stems as biomass for energy production, to their valorisation through advanced industrial 

processes aiming to extract specialty raw materials for food, cosmetic and pharmaceutical industries. 

Recently, we were able to elucidate the biological mechanisms involved in the treatment of this material 

through efficient processes of mesophilic composting (with 20 % of volume reduction, but only a fraction 

of the traditional CO2 emission). In this process, another residue known to be hard to eliminate, the 

waste activated sludge produced by the winery wastewater treatment plants, is co-composted with 

grape stems, in order to obtain a stable organic substrate in just 2 months, regardless of weather 

conditions, and with excellent agronomic characteristics such as a germination index of 161%. In the 

present study, we will discuss the application of this composted material combined with vine shoots as 

a mulch to prevent weed growth and to retain moisture in the vineyard. 

 

Introduction 

To prevent weed growth in the vineyards there 

can be used either chemical or physical methods, 

being herbicides the most common but also the 

most controverse chemical method used. These 

chemicals have had adverse effects in soil 

microorganisms, root mycorrhization while 

altering nutrient composition in grapevine roots, 

leaves, xylem sap and grape juice (Zaller et. al., 

2018). These negative impacts influence the 

grape flavour and consequently the wine 

produced from these grapes. One of the physical 

methods available is the use of a mulch, that can 

prevent weed growth by blocking the sun light, 

maintains soil moisture, enables a reduction on 

the amount of fertiliser needed, and controls soil 

erosion. All this factors benefits soil structure and 

health, improves water management and helps to 

fight climate changes. 

The destemming of grapes is one of the first unit 

operations in the vinification process, aimed at 

avoiding the solubilization of compounds with 

herb or vegetal characters which could have a 

negative impact on wine aroma and flavour 

qualities. As a result, up to 12% of the grape 

volume received in the winery should, almost 

immediately, be eliminated as a residue. 

Nonetheless, the correct handling of grape stems 

(GS) proved to constitute a significant challenge 

from the technological point of view. During the 

last three decades, several scientific studies 

focused on this subject, proposing solutions that 

go from the utilization of the stems as biomass for 

energy production, to their valorisation through 

advanced industrial processes aiming to extract 

specialty raw materials for food, cosmetic and 

pharmaceutical industries.  

Another residue that is known for being difficult to 

deal is the winery waste activated sludge 

(WWAS) produced in winery wastewater 

treatment plants. According to decree-law no. 

276/2009 of 2 October, this waste cannot be 

disposal in the soil without a previous treatment, 

which makes more difficult and costly to eliminate 

it, and increases the costs associated with the 

necessary dewatering, combined with an 

increasing worldwide environmental awareness, 

and the potential presence of pathogens or high 



VII International Congress of Mountain and Steep Slopes Viticulture 
 

  312 
 

levels of certain agronomic undesirable chemical 

elements, have strongly limited the applicability of 

this procedure (Lundin et al., 2004; Houillon and 

Jolliet, 2005; Pirra, 2008; Egan, 2013; Trzcinski, 

2019). For this reason, over the past few 

decades, other alternatives have been evaluated. 

Among them, composting is a well-known 

technique capable of respond to most issues 

posed by the WWAS agronomic disposal in a 

relatively inexpensive way. In this process, solid 

organic wastes are decomposed under semi-

controlled conditions into a stabilized humus-like 

product used primarily as an organic fertilizer or 

soil conditioner (García-Gómez et al., 2005). 

According to Cebrián et al. (2017) 20 million tons 

of waste vine shoots are harvested every year in 

the world, and the most widespread method for 

their treatment is burning them in the field, to 

prevent contamination of the soil with vine shoots 

infected with vine diseases. However, this 

pollutes the air releasing carcinogenic 

compounds such as polycyclicaromatic 

hydrocarbons and greenhouse gases (Devesa-

Rey, et al. 2011), which increase the carbon 

footprint of the wine industry. In a study from 

Mundy and Agnew (2001 and 2002) that last for 

three years, they concluded that the use of 

grapevine pruning as mulch does not increase 

grape diseases. In order to reduce environmental 

impact of the vine shoots, sustainable methods 

should be used such as composting them, energy 

use and mulching applications in the vineyard, 

which will return the nutrients into the soil 

contributing to the circular economy in the winery 

industry. 

The objectives of this work were to evaluate 

alternative approaches to reduce the weed 

growth and preserve the soil moisture while using 

several methods: grape stems alone, composting 

them with winery activated sludge, and mixed 

them with vine shoots. 

Methods and sources 

Physiochemical characterization 

WWAS, GS and the composted substrate were 

analysed for moisture content (105 °C until 

constant weight), organic carbon content (loss of 

ignition at 550 °C for 3 h), and nitrogen content by 

the Kjeldahl method. The bulk density of solid 

samples was determined by weighting accurately 

a 200 mL sample. The electrical conductivity and 

pH of solid samples were determined on a 1:5 

water extract using a multiparameter tester 

(Combotester HI9813, TQC B.V., Netherlands). 

The WS specific gravity was determined using 

water as a reference substance. Its pH and 

electrical conductivity were determined directly 

using the multi-parameter tester. The 

quantification of various metals was done in 

duplicate, after the digestion of 1.0 g of each 

sample with nitric acid 65% and hydrogen 

peroxide 30% (Suprapur, Merck, Germany). The 

resulting solutions were analysed for potassium, 

iron, magnesium and calcium content by F-AAS 

(iCE 3000 Series, Thermo Scientific, UK), while 

manganese, aluminum, copper, zinc, arsenic, 

cadmium and lead were determined by GF-AAS 

(939 AAS Unicam/GF 90 Furnace/FS 90 Furnace 

Autosample, Unicam, USA). Total phosphorus 

was measured using the ascorbic acid method as 

described by Broughton et al. (2008). 

Composting Experiment 

GS and WWAS were mixed in a proportion closer 

to their usual production in wineries in order to 

achieve a C:N ratio of about 30:1. The pilot-scale 

composting experiment started with the transfer 

of 165 kg (275 L) of GS to a 300 L plastic compost 

bin on top of a wooden pallet, and the slow 

addition of 185 L (220 kg) of the thickened WS, 

followed by a vigorous revolving of the mixture. 

During 58 days the pilot-scale composting 

process was monitored using a maximum-

minimum thermometer mounted in the exterior of 

the compost bin, a portable digital 

thermohygrometer (model 90080-03, Cole-

Parmer, USA) placed in a cavity inside the 

compost pile, and a measuring tape to measure 

the variation on pile height and, indirectly, its 

volume. The mixture was watered when 

necessary to maintain the moisture content over 

60%, and revolved to ensure good aeration. After 

58 days the substrate composted was 

physiochemical characterized and direct 

germination tests were done, using Parsley 

seeds during five weeks to evaluate the 

agronomic maturity/toxicity of the compost. The 

modified germination index (MGI) was calculated 

by the following formula: 

MGI = (G/G0) x (L/L0) x 100 

where G corresponds to the average percentage 

of germination, L to the average root length in 

centimeters, and G0 and L0 were the values 

observed in the respective control. 

Mulch application 

Vine shoots and the composted substrate were 

used to form a mulch in the soil of vineyards. The 

vine shoots used were cutted into small pieces 

(around 10 cm) before its utilization. Three 

different materials were used as mulch: vine 

shoots (VS) only, composted substrate (CS) only, 

and a mixture of all these materials against a 

control experiment without any material. A layer 

of 5 to 7 cm of organic mulch was applied in all 

the experiments, except in the control. 

The experiment was monitored along 4 weeks 

through visual inspection in order to observe 

weed and fungi development, soil moisture, soil 

erosion and insect infestations. 
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Results 

Table 1. Physiochemical characterization of the 

materials used in the composting experiment and 

in the vineyard application. 
 

WAS GS VS1 CS 

pH (1:5 H2O) 7.6 8.1 - 9.5 

Conductivity 

(mS/cm) 

4.53 0.72 - 1.26 

Density (g/cm3) 1.20 - - - 

Apparent density 

(g/cm3) 

- 0.33 - 0.27 

Moisture (%) 85 45 49 - 

Carbon (%) 29.8 51.6 49.17 37.2 

Nitrogen (%) 3.83 0.90 0.72 2.89 

C/N ratio 7.78 57.4 68.28 12.9 

1 Data observed by Molina-Alcaide et al., (2008). 

WWAS, GS and the composted substrate 

samples presented pH, electrical conductivity, 

organic carbon and total nitrogen contents within 

range of several studies mentioned for this type 

of material (Table 1). 

Characterization of the microelements content in 

these materials (Table 2) indicates high 

availability of phosphorus, potassium and 

magnesium, especially in GS with 

2.09 ± 0.03 mg/g, 18.67 ± 1.17 mg/g and 

1.23 ± 0.36 mg/g, respectively. Aluminium and 

zinc contents in WWAS, GS and CS was 0.08, 

0.23 and 0.56 mg/g respectively for aluminium, 

and 9.67, 28.86 and 28.78 μg/g for zinc, while 

only GS and CS presented a measurable amount 

of copper (4.11 ± 0.35 μg/g and 19,07±3.84, 

respectively). The quantification of other toxic 

metals like arsenic, cadmium and lead in these 

materials also present low values in comparison 

to the limit values for organic waste fertilizers in 

Europe, according to Amlinger et al. (2004). 

Table 2. Microelements and heavy metals 

characterization of the materials used and 

resulted from the composting experiment. 

Microelements 

 WWAS GS CS 

P 0.86±0.01 2.09±0.03 0,99±0.13 

K 1.77±0.11 18.67±1.17 2.31±0.32 

Fe 0.16±0.02 1.64±0.19 0.64±0.09 

Mg 0.11±0.03 1.23±0.36 1.33±0.07 

Ca 0.10a 1.57±0.06 0.77±0.06 

Mn 11.07±0.60 205.9±9.5 34.11±3.53 

Al 0.11±0.03 0.19±0.04 0.49±0.07 

Cu b ND 4.11±0.35 19.07±3.84 

Zn 12.98±3.31 23.62±5.24 25.66±3.12 

Heavy metals 

As b 1.50±0.29 1.25±0.10 2.15±0.27 

Cd b 0.02a 1.04±0.03 0.16±0.02 

Pb b 0.44±0.01 0.28a 0.35±0.05 

P, K, Fe, Mg, Ca and Al are in mg/g,  

Mn, Cu, Zn, As, Cd and Pb are in μg/g  

ND: Not detected (concentration < LOD). 

a Values of duplicates were equal. 

b According to Amlinger et al. (2004), the mean 

limit values for organic waste fertilizers in Europe 

are: copper (184 μg/g), arsenic (23 μg/g), 

cadmium (1.4 μg/g), and lead (121 μg/g). 

 

The literature regarding composting of winery 

residues contains contradictory observations 

related to the occurrence of spontaneous 

thermophilic stage. In order to obtain useful 

information from an industrial point of view, the 

experiments were carried out with fresh materials 

in the weeks following the harvest. As can be 

seen in Figure 1, pile temperature evolution along 

time presents a decreasing tendency. The plots 

in Figure 1 also demonstrate that the pilot-scale 

experiment did not present significant peaks of 

temperature. 

 
Figure 1. Pile temperature and moisture. 

Additionally, it is possible to observe a clear 

tendency towards spontaneous moisture 

reduction, which made necessary watering the 

compost at days 10, 30 and 40. This, in 

association with a 20% decrease in the materials 

volume (Figure 2), caused not only by simple 

compaction of the GS particles, but mainly due to 

a visible particle size reduction, and a quick shift 

from the initial activated sludge odour to a sweet 

herbal odour after just 2 weeks, clearly indicates 

the occurrence of a mesophilic composting 

process. 

 

Figure 2. Volume reduction with time. 
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Figure 3 shows the evolution of the experiments 

where the different mulches were applied in the 

vineyard according to the different materials used.  

 

 

 

 

Figure 3. Evolution of the vineyard after mulching 

application. Each column depicts the 

photographic images of a different week after the 

application, while each line represents the 

different materials applied (from top to bottom: 

control, mixture, compost and vine shoots) 

After a week from the beginning of the experiment 

it rained during five consecutive days and the 

weather remained dry and sunny for the 

remaining period of the experiment. This event 

reinforced the weed growth and, because of that, 

it was possible to observe more clearly the 

differences between the treatments used. 

The material that most prevent the weed growth 

was the mixture of composted substrate and vine 

shoots. The crescent sequence of weed growth 

was: mixture<vine shoots<control<organic 

compost. 

The mixture compound also seems to increase 

the soil moisture and nutrients uptake in the 

vineyard. In this mixture it was also observed an 

accumulation of Pyrrhocoris apterus an insect 

called the firebug that essentially ate seeds and 

other small insects, while it posed no threat to the 

vineyard. Moreover it has not been observed the 

occurrence of any vine pest disease (such as 

mildium or oidium for instance) along the time of 

the experiment. 

Conclusions 

Different mixtures of an agronomic organic 

substrate based on a composted mixture of GS 

and WWAS mixed with vine shoots successfully 

were produced and applied to the soil. The results 

indicated that the presence of mesophilic 

microorganisms acclimated to grape phenolics, 

had a decisive impact on the suppression of the 

thermophilic stage. However, this potential 

drawback seems not be a problem for larger 

wineries, since grape processing follows food 

industry standards and national laws, that usually 

require the separation of sanitation systems and 

industrial wastewater treatments, reducing the 

risk of pathogen contamination. The germination 

tests made in the composted substrate had a GI 

of 161%, which indicates mature compost without 

phytotoxicity. So it can be safely applied to soil as 

a mulch without inconvenient.  

The better material used in this experiment as 

mulching to prevent the growth of weed was the 

mixture of composted substrate and vine shoots. 

This mixture also provides a slowly release of 

nutrients in the vineyard reducing the need for 

chemical inorganic fertilizer, while maintains the 

soil moisture and temperature, plus reducing soil 

erosion. According to these results, the 

winegrowers have a sustainable way to use these 

wastes while enriching and protecting their soils 

from weeds growth and erosion, retaining 

moisture in the vineyard, and helping to fight the 

climate changes and water scarcity. 
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Abstract. The Douro Demarcated Region (DDR) is one of the most important mountain winemaking 

regions in the world. Viticulture is historically and culturally tied to the DDR, having a strong impact on 

the local economy. This mountainous area, characterized by the slopes of the Douro Valley, offers a 

wide range of environmental features for grapevines. Different climates, soil characteristics, topographic 

features, varieties and management practices account for the DDR terroir, resulting in the particularity 

of the wines produced. In the present study, an assessment of the homogeneous viticultural zones is 

proposed for the DDR, by integrating different terroir elements (thermal, hydric, soils, topography and 

vegetation), using modern high resolution datasets (1 km) and a large number of indicators. A 

multivariate zoning was assessed through a principal component analysis and a subsequent clustering 

approach. A geospatial assessment of the DDR terroir was also performed separately for each type of 

vegetation. The inter-relationships of the different terroir elements that exist at a given location, were 

also innovatively evaluated. The zoning may stimulate a more suitable selection of vineyard sites, or 

the selection of more adapted varieties and rootstocks. Additionally, this zoning may promote the 

adoption of proper viticultural practices and management planning. Subsequently to assessing the 

current terroir conditions, possible expansion zones within the DDR were also evaluated. The present 

study may also be used as an archetypal methodology that can be applied to other winemaking regions 

worldwide.

Introduction 

To assess the winemaking suitability and 

potential of a given viticultural location, it's critical 

to identify the region's unique atributes. A 

viticultural zoning system evaluates the most 

important factors in each winegrowing region, 

allowing for effective vintage planning (Costantini 

et al. 2016). The terroir concept is used to define 

the regional climate, soil qualities, terrain, 

varietals (biodiversity), and management 

strategies of each given winemaking location 

(OIV 2010). 

Winegrape development and growth are mostly 

influenced by the weather (Keller 2010). 

Temperature and water availability have an 

impact on winegrape yields and are responsible 

for a well-balanced ripening process (Fraga et al. 

2015). Another important terroir aspect is soil, 

which improves grape quality qualities by 

providing water and nutrients (Morlat and Jacquet 

2003). The geographical components, such as 

height, slope, and solar exposure, are another 

essential aspect that impacts viticultural qualities 

in a given region (Yau et al. 2013). Also essential 

terroir factors are the vegetation: winegrape 

cultivars, cover crops, and management 

approaches (Böhm 2010). 

 

 

Figure 1. (a) Digital elevation model of the Douro 

Demarcated Region (DDR). (b) Land cover 

classification in the DDR, according to the 

CORINE land cover map. The three sub-regions 

of the DDR, Baixo Corgo (BC), Cima Corgo (CC) 

and Douro Superior (DS), are also outlined. 

Port wine and other high-quality wines are 

famous in the Douro Demarcated Region (DDR). 

In the Douro Valley, the DDR covers about 

250,000 hectares (Figure 1). It is one of Portugal's 
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most important wine-producing regions, 

accounting for roughly 20% of the country's 

vineyards and wine production (IVV 2015). 

Given the DDR's uniqueness, it's critical to 

describe its terroir qualities in a comprehensive, 

integrated manner. Very high resolution zoning 

data is necessary due to the DDR's distinctive 

Mediterranean-type climatic characteristics and 

complex orography. Similar terroir conditions 

should create wines with similar characteristics 

across the areas. The goal of this research is to 

establish a multivariate zoning technique based 

on a holistic integration of the primary terroir 

aspects, as illustrated in this case study. A similar 

methodology can be conducted in other 

viticultural regions worldwide. 

Methods and sources 

2.1 Terroir elements 

Five terroir elements were taken into account in 

this study: (i) temperature conditions; (ii) hydric 

conditions; (iii) soils; (iv) topography; and (v) 

vegetation dynamics. 

To assess (i) and (ii) terroir elements, high-

resolution datasets, produced by the WorldClim 

project (Hijmans et al. 2005) at ca. 1 km spatial 

resolution, were used. For the thermal conditions, 

the following variables were assessed: annual, 

seasonal (DJF: December–January–February, 

MAM: March–April–May, JJA: June–July–

August, SON: September–October–November) 

and growing season (April–October) minimum, 

maximum and mean temperatures; Cool night 

index (CI; Tonietto 1999) from Fraga et al. (2014); 

Growing degree-day (GDD; Winkler 1974) from 

Fraga et al. (2014); Thermicity index (TI; Rivas-

Martínez and Rivas-Saenz 2011) from Costa et 

al. (2017). For the hydric conditions, the following 

variables were selected: annual, seasonal (DJF, 

MAM, JJA, SON) and growing season (April–

October) precipitation totals; Aridity index (AI; 

Rivas-Martínez and Rivas-Saenz 2011) from 

Costa et al. (2017); Dryness index (DI; Tonietto 

and Carbonneau 2004) from Fraga et al. (2014).  

Soil properties were obtained from the 

Harmonized World Soil Database (HWSD; 

FAO/IIASA/ISRIC/ISSCAS/JRC 2012). HWSD 

soil properties were originally mapped at a 

1:1,000,000 scale and are available at a 

resolution of ~1 km. The selected variables were: 

Bulk density (kg dm-3); Clay content (%); pH (–

log(H+)); Salinity (dS m-1); Sand content (%); 

Gravel content (%); Silt content (%); Organic 

content (%); Total exchangeable bases (cmol kg-

1) and Sodicity (%). Additionally, water table 

depth, retrieved from Fan et al. (2013), was also 

included in the analysis.  

A fourth set of variables was chosen to 

characterize the topography of the DDR, 

including elevation (m), slope (º) and solar 

exposure (number of hours of sun, excluding 

clouds). Elevation was retrieved from a digital 

elevation model, DEM (GTOPO30). Slope and 

solar exposure (photoperiod) were calculated 

from the DEM dataset using geographical 

information systems - ArcGIS (version 10.3.1) 

Spatial Analyst Tool.  

A fifth set of variables was included to take into 

account the effect of vegetation growth and 

winegrape phenology. The Normalized 

Difference Vegetation Index (NDVI) was used for 

the analysis of the vegetative growth. NDVI takes 

into account the difference between near-infrared 

and red reflectances, providing a measure of 

vegetation greenness, where higher NDVI 

corresponds to higher vegetation greenness 

(Huete et al. 2002). NDVI from the Moderate 

Resolution Imaging Spectroradiometer (MODIS) 

is obtained from the National Aeronautics and 

Space Administration (NASA) Land Processes 

Distributed Active Archive Center (LP DAAC; 

https://lpdaac.usgs.gov/). Two tiles covering all of 

Portugal (h17v04, h17v05) are retrieved, at a 1 

km spatial resolution and on a 16-day temporal 

resolution, from 2000 to 2015. Furthermore, a set 

of maps containing the Julian dates of the main 

winegrape phenological timings (budburst, 

flowering, veraison and harvest) were also 

included as variables in the vegetation dynamics 

set. This data, which has been previously 

validated, was obtained from Fraga et al. (2016a). 

2.2 Principal component analysis and clustering 

methodology 

The delineation of homogeneous zones in the 

DDR was carried out using a principal component 

analysis (PCA) and a subsequent k-means 

clustering methodology, using MATLAB (version 

R2017a). Variables of each of the 5 terroir 

elements (thermal, hydric, soils, topography and 

vegetation) were first normalized by the 

corresponding mean prior to PCA, as variables 

have different physical units, also warranting 

equal weighting in clustering. PCA was used 

herein as a method to reduce the number of 

variables (over 40 variables for all terroir 

elements) to retain for subsequent clustering (k-

means on the subspace of the leading orthogonal 

modes). After a preliminary sensitivity analysis, 

the leading two components (PC1 and PC2) of 

each terroir element were retained, in all cases 

cumulatively explaining much of the variance. 

The number of resulting clusters was tested and 

four clusters were eventually selected for each 

element. Finally, the resulting clusters were 

mapped, corresponding to the viticultural terroirs 

in the DDR at ca. 1 km spatial resolution (total of 

3910 1km grid-cells). 
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2.3 Relationships between the different terroir 

elements 

The highest occurrence between clusters of 

different terroir elements at the same 1 km grid-

cell is determined. This assessment was done 

separately for each of the sub-regions within the 

DDR (Baixo Corgo: BC; Cima Corgo: CC and 

Douro Superior: DS). The frequencies of 

occurrence of each clusters/terroir element were 

also assessed separately by each land cover 

class, using the CORINE land cover classification 

(EEA 2002) shown in Figure 1b. 

Results 

3.1 Clustering approach 

For the thermal, hydric, and vegetation groups, 

the explained variance of the first two PCs was 

over 93%, and for the soil and topographic 

groups, it was over 66%. For the thermal and 

hydric groups, the first main component accounts 

for more than 90% of total variation, while the 

second component accounts for substantially 

less (3.5%a nd 1.5%, respectively). The first PC 

had relatively low values for the other three terroir 

elements (soil: 44.9%; topography: 34.7%; 

vegetation: 62.8%), while the second PC now has 

a higher relative relevance (soil: 44.9%; 

topography: 34.7%; vegetation: 62.8%), while the 

second PC now has a higher relative relevance 

(soil: 44.9%; topography: 34.7%; vegetation: 

62.8%). The spatial structure of the region in 

near-homogeneous areas is substantially less 

obvious for these terroir elements than for the 

thermal, hydric, and vegetation groups, which 

explains the overall smaller proportions of these 

terroir elements. 

Table I gives a description of the four terroir 

element clusters that resulted. While the thermal, 

hydric, topographical, and vegetation clusters are 

self-explanatory, the soil clusters correspond to 

the underlining'soil unit name' in the source soil 

dataset (FAO/IIASA/ISRIC/ISSCAS/JRC 2012) 

from FAO (Food and Agriculture Organization of 

the United Nations). As a result, the HSWD 

nomenclature was retained. All of the associated 

variables in the thermal clusters (Fig.2a) show a 

clear differentiation, with the minimum 

temperature in the winter playing a crucial role in 

the zoning. There is a considerable variable 

differentiation in the hydric circumstances (Figure 

2c), with DI being the dominant variable. Some of 

the basis variables have a more significant impact 

on soil clustering (Figure 2e). Luvisols contain 

more gravel, Humic Cambisols contain more total 

exchangeable bases, Eutric/Dystric Cambisols 

contain more sand and have more exchangeable 

sodium, and Dystric Regosols have more organic 

materials. The weight of each of the three base 

variables is directly used to describe the clusters 

in topography (Figure 2g). For vegetation 

clustering (Figure 2i), NDVI, particularly its 

summer values, plays a larger influence in 

zoning. 

Table 1. Description of the clusters for each 

terroir element. 

Clusters 1 2 3 4 

Thermal Cool Moderate 

cool 

Moderate 

warm 

Warm 

Hydric Wet Moderate 

wet 

Moderate dry Dry 

Soil Luvisol Humic 

cambisol 

Eutric/Dystric 

cambisol 

Dystric 

regosol 

Topography High elev. 

Low solar 

exp. 

High elev. 

Low slopes 

Low elev. 

High slopes 

Low elev. 

High solar 

exp. 

Vegetation Early phen. 

High green. 

Early phen.  

Low green. 

Late phen. 

Low green. 

Late phen. 

High green. 

 

 

Figure 2. Radar chart with the normalized values 

of the variables used in the clustering 

methodology: (a, b) thermal; (c, d) hydric; (e, f) 

soils; (g, h) topography; (i, j) vegetation dynamics. 

Geographical representation of the clusters of 

each of the five terroir elements in the Douro 

Demarcated Region. 
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3.2 Spatial homogeneity in the DDR 

A preliminary zoning of the DDR was achieved 

after processing data from each of the terroir 

aspects (Figure 2). For each of the five terroir 

components, distinct homogeneous zones were 

created. The cooler (thermal cluster 1; henceforth 

Thermal-1) and moderately cooler (Thermal-2) 

zones are found in the DDR's outer/higher 

elevation parts, while the moderately warm 

(Thermal-3) and warm (Thermal-4) zones are 

found in the inner/lower elevation areas (Figure 

2b). Thermal-2 has the highest frequency across 

the entire DDR, followed by Thermal-3. The DDR 

is characterized mostly by moderately wet/wet 

(Hydric-2/Hydric-1) weather in the western and 

central sections (BC and CC), and moderately 

dry/dry (Hydric-3/Hydric-4) conditions in the east 

(DS) (Figure 2d). The Hydric-2 cluster is the most 

common (34 percent ). 

When it comes to the soils of the DDR (Figure 2f), 

the Soil-3 cluster: Dystric Regosols accounts for 

the majority of the territory (63 percent), whereas 

other clusters are far less common. In terms of 

topography, there is a strong link between high 

heights, lower sun exposures, and lower slopes 

(Topography-1 and -2, respectively) and low 

elevations, high solar exposures, and high slopes 

(Topography-3 and -4, respectively) 

(Topography-3 and -4, respectively). 

Topography-4 is the most common cluster in the 

DDR (33 percent ). There is a significant 

separation between early phenology (Vegetation-

1 and -2) in the eastern areas and late phenology 

(Vegetation-3 and -4) in the western areas for the 

vegetation clusters. Higher greenness is found in 

the DDR's higher elevation outside sections, 

whereas low greenness is found in the DDR's 

core areas. 

Vegetation-2 is the most common cluster, with 

early phenology and poor greenness. The whole 

dataset for these terroir types is published to help 

researchers, decision-makers, and stakeholders 

in the DDR winemaking sector better understand 

and apply them. 

3.3 Integrated sub-regional terroir assessment 

On a sub-regional level, the links between 

clusters of the various terroir elements were 

investigated (for BC, CC and DS). Figure 3 

depicts the strongest link between groupings. 

Dystric Regosols dominate the relationships 

between soils and other terroir features in all sub-

regions. The moderately cool and damp areas are 

significantly connected with the BC subregion 

(Figure 3a). Low elevations/high sun exposures, 

as well as late phenology/low greenness, are 

related with warm locations. Late phenology/high 

greenness, as well as humic cambisols, are 

associated with wet environments. Low 

elevations/high solar exposures are related with 

mild rainy areas in this subregion. Moderate cool 

and moderate wet areas are strongly linked in the 

CC subregion, as are high elevation areas/low 

slopes and late phenology/low greenness. In the 

DS sub-region, moderate warm areas show links 

to early phenology/low greenness, while warm 

dry areas with low elevations and high solar 

exposures largely overlap. 

Discussion and conclusions 

By applying a k-means clustering on the 

subspace of the leading orthogonal modes, four 

classes of each terroir element (thermal, hydric, 

soils, topography, and vegetation dynamics) have 

been constructed. Growers may be able to select 

and produce winegrape types based on their 

optimal thermal requirements according to the 

delineated thermal classes. The hydric classes 

may also help with rootstock selection to optimize 

plant water status. These challenges are 

especially important in light of the region's 

expected climate change implications, notably 

the drying tendency over the next few decades 

(Fraga et al. 2016b; Santos et al. 2016). Other 

terroir factors mentioned here, like as slope 

degree, solar exposure, soil type, and vegetation 

greenness, may further aid farmers in their 

management and vintage planning efforts. The 

interconnections of the many terroir components 

found at a given place were evaluated in a novel 

way. Although prior studies had used similar 

approaches to identify existing terroirs in other 

winemaking regions, an integration of all of these 

elements was still in its infancy. 
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Figure 3 – Chart representing the relationships 

between clusters of the different terroir elements. 

Only the highest association inside each sub-

region is plotted: (a) Baixo Corgo (BC); (b) Cima 

Corgo (CC) and (c) Douro Superior (DS). 

These interactions may help researchers 

understand the various environmental 

mechanisms that contribute to the DDR's 

winemaking quality potential. The Instituto dos 

Vinhos do Douro e Porto – IVDP has 

implemented a grading system for vineyard plots 

in the DDR, with a categorization scheme ranging 

from the best (class A) to the worst (class F). 

Based on the current findings, this rating system 

may be updated. Furthermore, based on the most 

recent climate change forecasts for the region 

(Fraga et al. 2016b; Santos et al. 2017), this 

ranking may necessitate significant future 

adaptations. Finally, the current study can be 

used as a model methodology for other 

winemaking locations around the world. 
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Abstract. Climate change does not happen in the distant future, but it is already present in our 
daily lives. The increase in temperature and decrease in precipitation volumes has gained 
prominence, making current and research work as a focus to overcome the constraints imposed 
by these two elements of the climate. The process of optimizing the use of water resources will 
be essential so that crops continue to produce and do not suffer productivity losses, since water 
is one of the most limiting resources for crop productivity. The use of unmanned aerial vehicles 
(UAV) associated with thermal imaging cameras is a fast, reliable, and non-invasive alternative 
to assess the leaf water balance of crops. The present study aimed to analyze almost in real-time 
the water stress of a vineyard located in Porto Moniz (Madeira) - Portugal, in two periods of its 
vegetative development, using the processing of thermal images acquired by a UAV. Analysis of 
the data obtained shows that, even in the area cultivated with a single variety, the lack of water 
occurs in a very different way across the analyzed surface. The use of the CWSIsi index 
presented results, a context on the water status of plants at the time of the UAV passage over the 
land. These results can bring great benefits to the producer, as it allows him to supply water to 
the crop, in a more precise, efficient, and economical way, seeking to maintain production and 
still using water resources more efficiently. 

 
Introduction 

One of the main challenges for water 
management in agriculture concerns the scarcity 
of water resources, especially for semi-arid and 
arid areas across the globe (Zhang et al., 2019). 
About 70-90% of the world's water resources are 
currently used by agriculture (Gonzalez-Dugo et 
al., 2010). Climate change predicts that 
precipitation volumes will decrease considerably, 
consequently reducing the water to be used in 
agriculture; based on this premise it is essential 
to seek to achieve maximum production per unit 
of water applied via irrigation (Zhang et al., 2019). 
New, more effective monitoring methods to 
analyze crop water stress emerge in this process 
of overcoming resource scarcity. 

Typically crop water stress can be 
quantified either by soil moisture content, as well 
as by determinations via leaf water potential, 
stomatal conductance, and more recently via 
remote sensing (Ihuoma; Madramootoo, 2017). 
According to Li et al. (2010) the more traditional 
methods of measurements, besides being 
laborious, expensive, and time-consuming, do 
not consider both crop and soil variability. 
 The spatial variability of crops is one of 
the key points to have an irrigation system with 
the maximum possible efficiency, since usually, 
the systems do not consider the real water needs 
of the crop, causing a deficit in some points and 
flooding in others (Matese et al., 2018). According 
to Escalona et al. (1999) and Ojeda et al. (2002) 
for the vine crop, severe water deficits can affect 
both vegetative growth, berry composition, and 
final crop yield. If water stress happens at the key 

growth stage of the vine, the vine will experience 
adverse effects on its growth, development, and 
productivity (Che et al., 2020). Also, according to 
the authors, to maximize the economic benefits of 
the crop, it is necessary to observe water deficit 
punctually and accurately. However, excess 
water can favor the yield and vegetative growth of 
the crop, however, several parameters such as 
sugar content, pigmentation, acidity, and 
maturation are affected (Schultz and Gruber, 
2005). 

 One of the main techniques for 
analyzing plant stress is to evaluate leaf 
temperature. This is an indirect method, based on 
the hypothesis that transpiration cools the leaves. 
However, as the lack of water becomes more and 
more limiting, the plant reduces its transpiration 
considerably, causing a considerable increase in 
leaf temperature by absorbing incident solar 
radiation Jackson et al. (1988). Based on this 
premise, several studies have used thermal 
cameras attached to UAVs to evaluate water 
stress in several crops. A widely used indicator to 
assess water stress by analyzing crop canopy 
temperature via thermography is known as the 
Crop Water Stress Index (CWSI) developed by 
Idso et al. (1981) and its simplified version 
(CWSIsi) (Bian et al., 2019). Several studies 
based on water monitoring in different crops have 
used this index as in Bellvert et al. (2014); 
Santesteban et al. (2017); Zhang et al. (2018); 
Zhang et al. (2019); Padua et al. (2020); Chen et 
al. (2020); Bahat et al. (2021); Park et al. (2021) 
among many others. 

The present study aimed to analyze 
almost in real-time the water stress of a vineyard 
located in Porto Moniz (Madeira) - Portugal, in 
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two periods of its vegetative development, using 
the processing of thermal images acquired by a 
UAV. 

 
Methods 
Study area 

We used vineyard plots located near the 
Municipality of Porto Moniz - Madeira, located in 
the northern part of the island (Figure 1). The 
property in question has a dimension of 21,081 
m2, presenting a single grape variety called 
Verdelho. The property does not use any 
irrigation system to produce the vine culture. The 
study area in question is located about 1 km2 from 
Porto Moniz, with an average altitude of 350m. 

 
 

Figure 1. Overview of the study area 

 
Data acquisition 
Data acquisition was obtained using a multirotor 
UAV, model DJI Matrice 210 RTK V2 + D-RTK 
V2, coupled with a Micasense Altum multispectral 
camera. A series of flights were performed 
throughout the year, over the area under study. 
However, the present study used only two scenes 
dated 08/07/2021 and 09/29/2021, the middle 
and end of the crop cycle, respectively. 
Regarding the climatic data, data from the IPMA 
Porto Moniz station were used (Table 1). 

 
Table 1. Climatic data from Porto Moniz Station 

Da
y 

Medium 
Temperature 
(ºC) 

Maximum 
Temperature 
(ºC) 

Minimum 
Temperature 
(ºC) 

Precipita
tion 
(mm) 

6/7/
21 

24.5 27.2 21.8 0.0 

7/7/
21 

23.9 28.2 19.6 2.1 

8/7/
21 

21.6 22.7 20.5 0.0 

9/2
7/2
1 

24.4 28.2 20.7 0.0 

9/2
8/2
1 

24.4 27.0 21.9 0.0 

9/2
9/2
1 

23.2 26.1 20.4 0.0 

 
Crop Water Stress Index Simplified (CWSIsi)  

The CWSI temperature-based index was 
developed by Idso et al. (1981), however, no 
present study used a simplified form of the 
equation developed by Bian et al., 2019 and is 
defined by the following formula: 

𝐶𝑊𝑆𝐼𝑠𝑖 =
𝑇𝑐 − 𝑇𝑤𝑒𝑡

𝑇𝑑𝑟𝑦 − 𝑇𝑤𝑒𝑡
 

where Tc is the average canopy temperature 
acquired using the UAV thermal images, Twet is 
the lower boundary temperature of the vineyard 
canopy, and Tdry is the upper boundary 
temperature of the vineyard canopy. 
  
Results 

To facilitate the interpretation of the 
results, the orthomosaics as well as their various 
processing were grouped into two images. 

 

Figure 2. Orthomosaic of the study area 
and its distinct processing (8/7/2021) 

Initially, the orthomosaic of the study area 
was obtained (Figure 2 A). Analyzing the results 
of the first flight of this study, it can be seen that, 
for the image of the surface temperature 
obtained, it is possible to notice a great variability 
throughout the area, in which, even if it is only a 
single variety with practically the same age, it is 
possible to observe some areas with higher 
temperatures (red tones) ranging in the range of 
27ºC and milder temperatures reaching around 
18ºC (purple tones) (Figure 2 B). After applying 
the CWSIsi, it was possible to conclude that, the 
areas that presented a high surface temperature, 
can be considered as those that are possibly 
undergoing some water stress (orange and green 
tones). On the other hand, the other areas (blue 
tones) in principle present less water stress 
(Figure 2 C), it should be noted that values close 
to 1 represent areas with severe water stress and 
close to 0 areas without water stress. To facilitate 
the visualization, a zoom was applied to a part of 
the analyzed area, so that it could be noted in an 
individualized way how the index presents itself in 
the vineyard (Figure 2 D). 

The results for the second flight, like the 
previous processing discussed, began with the 
preparation of the orthomosaic (Figure 3 A). After 
obtaining the surface temperature it was possible 
to verify that the results were contrary to those 
obtained in the first flight; it is noted that the area 
that presented the highest temperature in the first 
flight (southernmost part) is the one that presents 
the lowest in this one (Figure 3 B). It is still 
possible to verify a considerable temperature 
increase in the 28ºC range in the northern part of 
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the study area. Using CWSIsi (Figure 3 C), it can 
be seen that the northern part of the study area is 
the one that is initially experiencing a water deficit 
(shades of green and orange). On the other hand, 
the part that was in greater deficit in the first flight, 
in this scene presents good water conditions for 
the development of the vine culture (blue tones). 
Using the same zoom used in image 1, it can be 
seen that at this moment the crop goes through 
different levels of stress according to the index 
applied (Figure D). This index confirms that if the 
farmer were to apply some water to the culture, it 
should be distinguished between the rows of 
vines. 

 

Figure 3. Orthomosaic of the study area and its 
distinct processing (9/29/2021) 

Conclusions 
In this work, preliminary results of the use of 
thermography via UAV were presented. The 
preliminary results obtained allow us to conclude 
that the use of this type of image/index presents 
great potential in the determination of water 
stress, contributing to the sustainable 
management of water resources. The use of 
CWSIsi will be compared this year with the 
conventional CWSI, to confirm whether it 
presents similar results to the most widely used 
method for determining plant water stress. 
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Abstract. Attending to the volume and composition of winery wastewater (WW), the environmental 

impact from its direct discharge into water courses is of great concern. In this work, microalgae have 

been used to remove chemical oxygen demand (COD), nitrogen, phosphorus and polyphenols from 

WW. Chlorella vulgaris and Auxenochlorella protothecoides were grown on washing-derived WW, using 

bubble column photobioreactors (PBRs) which operated under batch regime. More than 90% of COD, 

nitrogen and nitrates and more than 70% of phosphorous were removed. Polyphenols was the group 

of pollutants that was the most difficult to remove (50%). This bioremediation strategy showed a 

reduction in the phytotoxicity effect of the effluent in the germination index of corn, cucumber, onion and 

tomato seeds. 

Introduction 

The liquid effluents of wine making are usually 

referred as winery wastewater (WW) and are mainly 

originated in washing operations during grape 

harvesting, pressing and rinsing of fermentation 

tanks and other equipment. These wastewaters are 

a major waste stream, which volume and pollution 

load vary due to the seasonality of wine production. 

It is estimated that a winery generates 0.5 to 14 L of 

wastewater per L of wine produced (Bustamante et 

al., 2005). Considering that most of the WW organic 

components are biodegradable, biological 

treatments can be a suitable alternative to expensive 

chemical and physical methods (Amor et al., 2019). 

Employing microalgae in the treatment of 

wastewater has proven to be effective and an 

economic method of wastewater treatment mainly 

due to their adaptability of growing in various 

wastewater streams, low energy requirements and 

efficient recycling of nutrients (Shahid et al., 2020). 

Wastewaters can be used as cheap nutrient sources 

for algal biomass production, which remove organic 

pollutants, nitrogen and phosphorus, helping to 

reduce eutrophication of aquatic environments. 

Besides, the microalgae biomass can be used as 

feedstock for biofuels and bio-based products and 

resources for agriculture (Alvarez et al., 2021; 

Mendonça et al., 2021). In this work, it was 

investigated the bioremediation performance of two 

green microalgae: Chlorella vulgaris and 

Auxenochlorella protothecoides, cultivated in 5 L 

photobioreactors (PBRs) with winery wastewater. 

The effect of this treatment in the WW phytotoxicity 

was assessed. 

 
Methods and sources 
It was used a washing-derived winery wastewater of 
a winery in the Douro region, Portugal. The WW was 
characterized in terms of pH, biochemical oxygen 
demand (BOD5), chemical oxygen demand (COD), 
total nitrogen (TN), total polyphenols (TP), 
phosphorous (in the orthophosphate form, P-PO4) 
and nitrates (NO3). The pH measurement was 
performed using a laboratory pH meter (Crison micro 
pH 2000). TN was analysed in a Shimadzu TOC–L 
with a TN unit and an ASI-L autosampler. BOD5, 
COD, P-PO4 and NO3 were measured according to 
Standard Methods (APHA, 1998). TP was 
determined by spectrophotometry using the Folin-
Ciocalteu reagent (Merck). UV–vis measurements 
were carried out in a LLG uniSPEC 2 UV/VIS-
Spectrophotometer.  
 
The microalgae used were Chlorella vulgaris (INETI 
58) (Cv) and Auxenochlorella protothecoides (UTEX 
25) (Ap). Cultures were maintained in an inorganic 
medium containing per litre: 1.25 g KNO3, 1.25 g 
KH2PO4, 1 g MgSO4.7H2O, 0.11 g CaCl2.2H2O, 0.5 
g NaHCO3, 10 mL Fe-EDTA solution and 10 mL 
trace elements solution (Chu medium). Microalgae 
growth was monitored by determination of biomass 
ash free dry weight (AFDW), by filtering samples of 
the culture with a glass microfiber of 1.6 μm pore 
size, drying overnight at 105 ºC and incinerating in a 
muffle for 1 h at 550 °C. 
 
At the end of phytotoxicity tests with plant seeds, the 
germination index, GI, was determined by: 

GI (%) =  
�̅�𝐺𝑆,𝑇

�̅�𝐺𝑆,𝐵

×
�̅�𝑅,𝑇

�̅�𝑅,𝐵

× 100 
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Where �̅�𝐺𝑆,𝑇 is the mean of the number of 

germinated seeds in each treatment (WW before and 

after bioremediation), �̅�𝐺𝑆,𝐵 is the mean of the 

number of germinated seeds in a blank (tap water), 

�̅�𝑅,𝑇 is the mean root length in each treatment and 

�̅�𝑅,𝐵 is the mean root length in a blank. 

 
Theoretical framework and operational concepts 
This work is a continuation of a study where four 
microalgae species were grown in winery 
wastewaters in Erlenmeyer flasks (Marchão et al., 
2021). From this screening, C. vulgaris and A. 
protothecoides were chosen for further studies in a 
larger scale, since they showed the best results for 
biomass productivity, nutrient and organic carbon 
removal from the WW.  
Two 5-L polyethylene terephthalate (PET) bottles 
were used as bubble-column photobioreactor 

(PBRs) to grow the 
microalgae in batch 
mode, indoors (Figure 1). 
The PBRs had a 
diameter of 14 cm and 34 
cm in height. The 
inoculum was a 
microalgal culture grown 
on inorganic medium in 
Erlenmeyer flasks on 
Bristol medium in an 
incubator. Volume of 
culture in the PBR was 3 
L and the volume of 
inoculum added to the 
WW was calculated to 
obtain an initial biomass 
concentration in the PBR 
of approximately 100 
mg/L. An aquarium air 
diffuser was used for air 

supply and agitation. The experiments were 
conducted at 20 ± 2 °C, with a light: dark photoperiod 
of 16 h:8 h (supplied by a white 7 W LED lamp) for 7 
days.  
Culture samples were collected daily and filtered to 
evaluate the efficiency of the wastewater treatment 
(nutrient removal): after filtration, the filtrate was 
collected and characterized in terms of pH, BOD, 
COD, TN, TP, P-PO4 and NO3. At the end of the 
experiment, the microalga biomass was harvested 
by centrifugation and freeze-dried for further 
characterization. The supernatant (bioremediated 
WW) was used to perform phytotoxicity tests in plant 
seeds: corn, cucumber, onion and tomato (standard 
species recommended by the US Environmental 
Protection Agency, the US Food and Drug 
Administration, and the Organization for Economic 
Cooperation and Development (OECD, 2004).  
Results 
Both microalgae had a very similar bioremediation 
performance, performing extremely well particularly 
when removing organic carbon and nitrogen (TN and 
NO3), with the final concentrations complying with 
the legal values for discharge into water courses 
(Table 1). The removal of P was lower (73 and 77% 
for Ap e Cv, respectively), but the final values also 
met the requirements of the legislation (Figure 2). 

However, polyphenols are the most difficult pollutant 
group to be consumed by microalgae, showing the 
lowest degradation (around 50%) and the final 
concentrations are still above 0.5 mg/L (maximum 
legal value). 
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Figure 2. Removal percentages of pollutants from 

the WW by cultivation of C. vulgaris (Cv) and A. 

protothecoides (Ap). 

Table 1. Characterization of WW at the beginning 

and after 7 days of C. vulgaris (Cv) and A. 

protothecoides (Ap) cultivation. Comparison with the 

legal values for discharge into water courses 

(Decree-Law 236/98, Portugal). 

Parameter Initial After Cv After Ap 
Legal 

values 

BOD5 

(mg O2/L) 
200 35 35 40 

COD 

(mg O2/L) 
1785 ± 13.5 41.4 ± 9.5 36.0 ± 1.4 150 

TP 

(mg gallic 

acid/L) 

10.4 ± 0.1 4.7 ± 0.1 5.6 ± 0.1 0.5 

TN 

(mg N/L) 
31.7 2.9 2.7 15 

NO3 

(mg NO3/L) 
21.2 ± 0.8 2.0 ± 0.2 0.4 ± 0.0 50 

P 

(mg P/L) 
16.5 ± 2.0 4.2 ± 0.2 3.9 ± 0.1 10 

Observing the Germination index, GI (Figure 3), WW 

shows a low phytotoxicity on the plant seeds (GI 

higher than 80%) (Varnero, et al., 2007). In fact, the 

phytotoxic effect was more visible on the tomato 

seeds, which showed the lowest number of 

germinated seeds and root length (Figure 4). 

Figure 5. PBR after 
inoculation of 
microalgae. 
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Figure 3. Analysis of germination index (GI) 

regarding the germination of corn, cucumber, onion 

and tomato seeds, using WW before and after 

bioremediation with C. vulgaris (Cv) and A. 

protothecoides (Ap). 

 

 

Figure 4. Analysis of germinated seeds and root 

length for determination of GI in WW (left) and WW 

after bioremediation with C. vulgaris (middle) and A. 

protothecoides (right) From top to bottom: corn, 

cucumber, onion and tomato seeds. 

The bioremediation with microalgae had a 

phytotoxicity reduction effect, particularly on the 

tomato and onion seeds (Figure 4), where GI was 

significantly increased. These results show that the 

treated wastewater could be used for irrigation 

purposes. Nevertheless, more analysis should be 

conducted (e.g. microbiological analysis) as there 

are some requirements that the effluent should meet 

for this use, according to the Decree Law 119/2019. 

 

 

Conclusions 

This work shows the cultivation of Chlorella vulgaris 

and Auxenochlorella protothecoides as a simple and 

efficient strategy for the treatment of washing-

derived winery wastewater. It was achieved a higher 

degradation of organic matter from the WW (more 

than 90% COD, nitrogen and nitrates and more than 

70% of phosphorous). The cultivation of microalgae 

in WW could allow the reuse of this effluent in 

irrigation as the phytotoxicity effect in the 

germination of plant seeds was reduced. 
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Abstract. Conventional winery wastewater (WW) treatment methods are often unaffordable because 

of the high cost associated. The employment of Acacia dealbata Link. (pollen), Quercus ilex L. (acorn 

skin), Quercus ilex L. (peeled acorn), Platanus x acerifólia (Aiton) Willd. (seeds) and Tanacetum vulgare 

L. (seeds) to treat WW by coagulation-flocculation-decantation process (CFD) presents an alternative 

to improve the water quality of existing wastewater treatment plants in wine cellars. To assist the CFD 

process, it was investigated the efficiency of organic matter removal by photo-Fenton process with 

Fe2+/hydrogen peroxide (H2O2)/(S,S)-ethylenediamine-N,N’-disuccinic acid (EDDS)/hydroxylamine 

hydrochloride (HA) system, under different sources of radiation (UV-C, UV-A, solar). The main objective 

is to reuse the wastewater by reducing the organic matter, total suspended solids (TSS) and total 

polyphenols (TP) content to values approved by Portuguese legislation. The CFD results demonstrated 

that application of organic coagulants powder (OCP), such as A. dealbata L. (pollen) in the treatment 

of WW achieved similar turbidity, TSS and COD removal (97.6, 94.7 and 46.6%) to aluminium sulfate 

(99.5, 95.3 and 43.5), with the advantage of low sludge production (66 mL/L) and low aluminium 

leaching concentration (0.10 mg Al/L). With application of the solar-Fenton’s best operational conditions 

([Fe2+] = 5.0 mM, [H2O2] = 175 mM, [EDDS] = 1.0 mM, [HA] = 1.0 mM, agitation 350 rpm, time 240 min, 

temperature 298 K) it was achieved a COD removal of 87.0 and 81.6%, respectively for pH 3.0 and 6.0. 

In conclusion, the combination of CFD with solar-Fenton is an efficient method for WW treatment. 

Introduction 

The wineries and other grape processing industries, 

generate annually a large volume of wastewater. This 

winery wastewater (WW) is the product of many 

independent processing and cleaning operations in 

wineries, and is characterized by an acidic pH of 3-4 

and a Chemical Oxygen Demand (COD) of 800-12800 

mg O2/L (Mosteo et al., 2008; Petruccioli et al., 2002). 

Furthermore, the COD can increase to 25000 mg O2/L 

depending on the harvest load and processing 

activities. In addition, wineries wastewater treatment 

plants (WWTP's) are normally designed for the 

vintage period. Thus, they are oversized during the 

rest of the year, leading to an increase of the foot 

implantation and high investment costs (Amaral-Silva 

et al., 2016). The coagulation-flocculation-decantation 

process (CFD process) is one of the most commonly 

applied techniques to achieve efficient solid-liquid 

separation in water treatment (Wei et al., 2018). 

Traditionally, it is used metallic based coagulants such 

as ferric chloride and aluminum sulfate. However, the 

release of metal residues in the wastewater during the 

CFD process, may result in adverse effects for the 

receiving water body. The sludge produced in the 

coagulation step may not be reused because of the 

presence of the metals, thus the necessity of a proper 

disposal will increase the management costs (Jorge et 

al., 2021). To avoid these consequences, many 

authors have studied alternatives such as natural 

organic coagulants: Moringa oleifera (Madrona et al., 

2010), chitosan (Lalov et al., 2000), cactus plants 

(Dkhissi et al., 2018), among others. In this work the 

species Acacia dealbata Link. (pollen), Quercus ilex L. 

(acorn skin), Quercus ilex L. (peeled acorn), Platanus 

x acerifólia (Aiton) Willd. (seeds) and Tanacetum 

vulgare L. (seeds) were tested as coagulating agents, 

due to the fact that there is very little information about 

these species, and since non-one of them was ever 

used in winery wastewater treatment. 

As a complement to CFD process, advanced 

oxidation processes (AOPs) are a promising option for 

the degradation of the organic pollutants present in 

WW. The AOPs are recognized by their potential 

ability to mineralize recalcitrant compounds or, at 

mailto:jperes@utad.pt
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least, to transform them into biodegradable species. 

These processes base their degradation power in the 

generation of hydroxyl radicals (HO
•
), which are 

extremely powerful short-lived oxidizing agents, able 

to oxidize organic compounds (Ribeiro et al., 2015). 

The production of HO
•
 radicals is greatly increased by 

UV-vis radiation of wavelength up to 600 nm (photo-

Fenton process). The photo-Fenton produces 

hydroxyl radicals via a series of catalytic cycle 

reactions with iron (Fe2+ and Fe3+), H2O2 and UV 

radiation. Authors such as Lucas et al., 2009, 

observed that a high organic carbon content was 

successively oxidized with the employment of solar 

radiation in photocatalytic reactions for the treatment 

of WW. To overcome the precipitation of iron at pH > 

2.8, chelating agents, such as Ethylenediamine-N,N'-

disuccinic acid (EDDS) was tested in this work. The 

EEDS is a structural isomer of EDTA, is biodegradable 

and has been reported to be a safe and 

environmentally benign replacement for EDTA and 

can be easily photolyzed in a wide pH range (3-9) to 

generate Fe2+ (Huang et al., 2012). Therefore, the aim 

of this work is (1) produce, characterize and apply 

powder plant-based coagulants (PPBC) in CFD 

process, (2) optimize EDDS-Fe2+-photo-Fenton 

process and (3) evaluate the efficiency of combined 

CFD-EDDS-Fe2+-solar-Fenton process. 

Methods and sources 
Aluminium sulfate 18-hydrate (10% w/w, 
Al2(SO4)3•18H2O) was acquired by Scharlau 
(Barcelona, Spain), polyvinylpolypyrrolidone (10% 
w/w, PVPP) by A. Freitas Vilar (Lisboa, Portugal), 
iron(II) sulfate heptahydrate (FeSO4•7H2O) was 
acquired by Panreac (Barcelona, Spain). Hydrogen 
peroxide (H2O2 30% w/w), ethylenediamine-N,N'-
disuccinic acid (C10H16N2O8, EDDS) and 
hydroxylamine hydrochloride (NH2OH•HCl, HA) were 
acquired by Sigma-Aldrich (Missouri, USA).  
Table 1. Winery wastewater characterization 

(Portuguese Decree Law - nº 236/98). 

Parameters PDL WW 

pH 6.0-9.0 4.0 

BOD5 (mg O2/L) 40 550 

COD (mg O2/L) 150 2145 

BOD5/COD  0.26 

TOC (mg C/L)  400 

Total Nitrogen (mg N/L) 15 9.01 

Turbidity (NTU)  296 

TSS (mg/L) 60 750 

Conductivity (μS/cm)  62.5 

TP (mg gallic acid/L) 0.5 22.6 

Iron (mg/L) 2.0 0.05 

Aluminium (mg/L) 10.0 <0.01 

Cobalt (mg/L)  <0.01 

Copper (mg/L) 1.0 0.014 

Manganese (mg/L) 2.0 0.016 

Potassium (mg/L)  20.5 

Calcium (mg/L)  1.07 

Magnesium (mg/L)  0.51 

Sodium (mg/L)  0.19 

Zinc (mg/L)  10.5 

For pH adjustment, it was used sodium hydroxide 

(NaOH) from Labkem (Barcelona, Spain) and 

sulphuric acid (H2SO4, 95%) from Scharlau 

(Barcelona, Spain). Deionized water was used to 

prepare the respective solutions.  

The WW was collected from a Portuguese winery 

production unity located in the Douro region 

(Northeast of Portugal), placed in small containers 

and cooled at -40ºC until use. The main wastewater 

characteristics are shown in Table 1. Different 

physical-chemical parameters were determined in 

order to characterize the WW, including turbidity, total 

suspended solids (TSS), chemical oxygen demand 

(COD), biological oxygen demand (BOD5), total 

organic carbon (TOC) and total polyphenols (TP).  

 

Theoretical framework and operational concepts 

The CFD experiments were performed in a 

conventional model jar-test apparatus (ISCO JF-4, 

Louisville, USA), using 500 mL of wastewater in 1000 

mL beakers and the optimization of this process was 

performed by variation of (1) pH (3.0 – 11.0) vs 

dosage (0.1 – 2.0 g/L), (2) mixing speed and (3) PVPP 

dosage (5 – 100 mg/L). 

The photocatalytic experiments were performed: (1) in 

a batch cylindrical photoreactor (600 cm3) equipped 

with a UV-C low pressure mercury vapour lamp (TNN 

15/32) – working power = 15 W (795.8 W/m2) and λmax 

= 254 nm (Heraeus, Germany); (2) with a UV-A LED 

photo-system with 12 InGaN LEDs lamps (Roithner 

APG2C1-365E LEDS) with a maximum emission 

wavelength at 365 nm; (3) a 1000 mL PYREX-glass 

batch reactors were placed under natural solar 

radiation at the Laboratory Block building 

(41°17′15.2″N 7°44′18.2″W) at the University of Trás-

os-Montes e Alto Douro (Portugal). All photocatalytic 

experiments were carried out under similar conditions 

on sunny days of April, between 11 a.m. and 3 p.m. In 

the photocatalytic experiments it was varied the H2O2 

and Fe2+ concentrations, type of catalyst, EDDS and 

HA concentrations and type of radiation. 

 

Background 

The PPBCs and PVPP were analyzed by FTIR (Figure 

1). Regarding the PPBCs, several peaks were found 

to be similar in all plants: absorption band at 3481.51 

cm-1, which is related to the presence of the phenolic 

hydroxyl groups (OH stretching vibrating); bands 

2920.23 and 2848.86 cm-1 were attributed to C–H and 

CH2 vibrations of aliphatic hydrocarbon; bands 

1631.78, 1514.12 and 1454.33 cm-1 were linked to 

aromatic ring stretching vibration and the absorption 

band 1028.06 cm-1 was attributed to C–O stretching 

vibration from the glucose ring vibration and 

holocellulose and hemicellulose (Lisperguer et al., 

2016). 
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Figure 6. FTIR analysis of PPBCs and PVPP. 

In Figure 2, it is shown the SEM images of the PPBCs, 

in particular pollen (A. dealbata)  used as coagulant in 

this work.  

 

Figure 7. SEM image of Acacia dealbata Link. 

It was observed that the organic materials exhibited a 

heterogeneous and relatively porous morphology. The 

spaces available could increase the adsorption 

process, because they provide a high internal surface 

area. 

Results 

The CFD process was optimized by variation of the pH 

vs coagulant dosage and results showed a higher 

efficiency of the PPBCs at pH 3.0 with 0.1 g/L. 

Aluminium sulfate showed a better efficiency with 

application of pH 5.0 with 1.0 g/L. From pH 3.0 to 7.0, 

the behavior of the coagulants was consistent with a 

charge interaction/neutralization mechanism between 

the positively charged proteins and the negatively 

charged colloidal suspensions (Camacho et al., 

2017). As a final step, PVPP was added as a 

flocculant agent and results showed a turbidity 

removal of 97.6, 98.8, 98.2, 97.3, 98.3 and 99.5% 

respectively, for pollen (A. dealbata), acorn skin (Q. 

ilex), peeled acorn (Q. ilex), seeds (P. Wild), seeds (T. 

vulgare) and aluminium sulfate. These results may be 

due to the non-ionic nature of the PVPP, which has a 

high molecular weight, thus providing long bridges 

between small flocs to enhance particle growth 

(Amuda et al., 2006). 

 

Figure 8. Effect of polyelectrolyte (PVPP) addition in 

the removal of turbidity ([COD]0 = 2145 mg O2/L, initial 

turbidity = 296 NTU, TSS = 750 mg/L, temperature 

298 K, sedimentation time 12 h). 

The photo-Fenton process was optimized, by variation 

of the H2O2 and Fe2+ concentration. The application of 

Fe2+ and H2O2 increased the generation of HO
•
 

radicals (Eq. 1). However, the excess of iron and H2O2 

decreased the reactions efficiency due to scavenging 

reactions (Eq. 2 and 3) (Bello et al., 2019), as follows: 

H2O2 + Fe2+ → HO
•
 + HO

-
 + Fe3+ Eq. 1 

Fe2+ + HO
•
 → Fe3+ + HO

-
 Eq. 2 

H2O2 + HO
•
 → HO2

•
 + H2O Eq. 3 

 

The catalyst type was varied and as observed in 

Figure 4(a), the COD removal followed the order: 

FeSO4 (88.0%) > CoSO4 (74.6%) > CuSO4 (66.8%) > 

ZnSO4 (31.1%) > MgSO4 (24.9%) > MnSO4 (6.2%). 

Clearly, Fe2+, Co2+ and Cu2+ have higher capacity to 

degrade H2O2 and produce HO
•
 radicals. These 

results were in agreement with Rodríguez-Chueca et 

al., (2017), who observed low COD removal after 

treatment of WW by application of magnesium, 

manganese and zinc with peroxymonosulfate. Finally, 

diferent radiation sources were experimented at pH 

3.0 and 6.0 (Figure 4(b)). Results showed a COD 

removal efficiency decreasing from UV-C (99.4%) > 

solar radiation (87.0) > UV-A (73.0%) > dark (15.5%) 

at pH 3.0, and UV-C (93.2%) > solar radiation (81.6%) 

> UV-A (60.6%) > dark (8.5%) for pH 6.0. The high 

removal observed at pH 6.0 was due to the application 

of EDDS which prevented the precipitation of Fe2+ and 

HA which regenerated Fe3+ to Fe2+. In addition it was 

observed a regeneration of Fe3+ by the application of 

radiation (Eq. 4), as follows (Wu et al., 2014): 
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[Fe3+EDDS-] + hv → Fe2+ + EDDS
•
 Eq. 4 

 

 

Figure 9. Evolution of the COD removal with (a) 

variation of catalyst type, (b) radiation source ([Fe2+] = 

5.0 mM, [H2O2] = 175 mM, [EDDS] = 1.0 mM, [HA] = 

1.0 mM, agitation 350 rpm, time 240 min, temperature 

298 K, radiation UV-C (254 nm)). 

In Figure 5(a), it was observed that with the 

performance of solar-Fenton (pH 3.0), it was achieved 

a COD removal of 87.0, 87.7, 88.2, 90.8, 92.4, 91.4 

and 81.4%, respectively. With the increase of the pH 

to 6.0 (Figure 5(b)), it was achieved a COD removal of 

81.6, 90.4, 88.3, 85.8, 85.9, 82.9 and 57.2%, 

respectively. The performance of CFD process as a 

pre-treatment for solar-Fenton process was proven to 

be very efficient, which was also in agreement to the 

studies performed by Boumechhour et al., 2013. At pH 

6.0, the minimum aluminium solubility occurred, and it 

was observed the formation of aluminium hydroxide 

precipitated (Al(OH)3) as shown in the Eq. 5, as 

follows: 

Al2(SO4)3•18H2O → 2Al(OH)3(s) + 

6H+ + 3SO4
2-

  + 12H2O 
Eq. 5 

 

The increase of aluminium hydroxide eventually 

prevented the light from penetrating the water, 

decreasing the production of hydroxyl radicals. 

 

 

Figure 10. Evolution of COD removal throughout the 

combination of CFD process (temperature 298 K, 

sedimentation time 12 h) and solar-Fenton process at 

(a) pH 3.0, (b) pH 6.0 ([Fe2+] = 5.0 mM, [H2O2] = 175 

mM, [EDDS] = 1.0 mM, [HA] = 1.0 mM, agitation 350 

rpm, time 240 min, temperature 298 K). 

 

Conclusions 

Based in the results obtained in this work, it is 

concluded that (1) the PPBCs are efficient for the 

treatment of WW with high reduction of COD and 

turbidity, (2) the solar EDDS-Fe2+-HA-Fenton system 

achieves high organic matter degradation and (3) the 

combination of PPBCs with solar-Fenton achieves 

high COD reduction at pH 6.0 and are an effective 

treatment process for WW. 
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Abstract. Viticulture has been affected by climate change. Long-term adaptation strategies can include 

the selection, use and/or improvement of varieties more tolerant to abiotic stresses. We aimed to 

evaluate the effects of induced water stress in the vegetative growth, nucleolar activity and cell division 

of Touriga Franca (TF), Touriga Nacional (TN) and Viosinho plants cultured in vitro, through the 

inclusion of 10% and 20% polyethylene glycol (PEG) in the culture medium. Viosinho showed the 

highest mean values of in vitro development parameters (nodes, shoots and leaves number), differing 

significantly from the other varieties. Under 20% PEG, Viosinho and TN showed the highest mean 

values of vegetative growth parameters, showing tolerance to severe water stress. The leaf mitotic cell 

cycle analysis revealed anomalies in interphase cells mainly focused on the nucleoli but also in dividing 

cells. Most of the mitotic cells were in prophase suggesting cell cycle arresting in response to water 

stress. Similar results were found previously in grapevine under heat stress. The average percentage 

values of mitotic index (MI) and dividing cells with anomalies (%DCA) differed significantly among 

varieties, treatments and their interaction. The lowest average %DCA values were detected in TN, 10% 

PEG, and in the TN×10% PEG and TN×20% PEG interactions. The overall results suggested TN as 

the most tolerant variety to moderate and severe water stress. The approaches followed in this work 

can be applied to other varieties and abiotic stresses constituting a useful tool for selection, further use 

and/or genetic improvement of Vitis vinifera varieties more tolerant to abiotic stress that combined with 

appropriate practices can ensure a sustainable viticulture. 

 

Introduction 

 Although the complete replication of field conditions 

within laboratory is impossible, we can extrapolate 

about the effects of an individual abiotic stress in 

different grapevine (Vitis vinifera L.) varieties using in 

vitro cultured plants (Carvalho et al., 2018, 2019) or 

hydroponics (Castro et al., 2021a, b). In this work, we 

supplied the basal culture medium with 10% and 20% 

of polyethylene glycol (PEG) to induce water stress, 

for further analysis of vegetative growth (number of 

shoots, nodes and leaves), nucleolar activity (number 

and morphology of nucleoli) and mitotic cell cycle 

(identification of mitotic phases, spindle and 

chromosomal anomalies) in the leaf.  

 

Methods and sources 

Grapevine canes of Touriga Nacional (TN), Touriga 

Franca (TF) and Viosinho, harvested at Quinta N. Sra. 

Lurdes (UTAD), were stored at 4ºC for 3 months. 

Then, the canes were cut in segments and placed in 

distilled water at RT to force shoots development. 

From the newly developed shoots, segments with one 

node were excised and disinfected to be used as 

explants. Thirty nodal segments (explants) per variety 

and treatment were used. The explants were placed 

in three culture media consisting in the basal 

Murashige & Skoog  supplied with 30 g/L sucrose, 

without PEG (control), with 10% PEG, and 20% PEG. 
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In vitro installed plants were weekly monitored for four 

weeks. The vegetative parameters (nodes, shoots 

and leaves number) were registered weekly.  

Leaves newly developed in the presence of PEG and 

in the control medium were collected and immediately 

fixed in Carnoy’s solution. Fixed leaves were used for 

the preparation of mesophyll cells for further analysis 

of mitotic cell division accordingly Carvalho et al., 

(2018). The results were statistically analysed with the 

Statview 5.0 (SAS Institute Inc. Copyright) software 

for a significance level of 95%.  

Theoretical framework and operational concepts 

Cytotoxicity induced by any abiotic stress impairs the 

cell division in growing organs such as roots and 

leaves. The impairment of root and leaf growth 

compromises the yield and/or plant survival. 

Moreover, the occurrence of oxidative stress in 

response to water stress causes DNA damage that 

originates chromosomal and mitotic spindle 

anomalies, as detected in other plant species 

(Carvalho et al., 2020).  

To study the effects of water stress in different plant 

species and under controlled conditions, osmotic 

compounds of high molecular weight like PEG 

coupled with in vitro culture have been used (Kacem 

et al., 2017; Marssaro et al. 2017). The in vitro culture 

technique is advantageous relative to field conditions 

because it is faster, does not require huge amount of 

plant material and can be done in a small space under 

a controlled environment, enabling the easy 

multiplication of the selected genotypes (Marssaro et 

al., 2017).  

Therefore, an integrative analysis focused in 

vegetative growth and cytogenetic parameters can 

allow us to infer about the effects of induced water 

stress in plant growth and cell division.  

Background 

In previous studies, our team induced heat stress in 

grapevine plants of different varieties growing in vitro 

and analyzed its effects in the leaf and root mitotic cell 

cycle (Carvalho et al, 2018, 2019). These previous 

results allowed us to verify a differential tolerance to 

heat stress among grapevine varieties (Carvalho et 

al., 2018, 2019). Touriga Nacional is one of the most 

studied grapevine varieties in Portugal and its high 

tolerance to water, light and heat stress has been 

revealed by various approaches (Carvalho et al., 

2015, 2016, 2017). Since our previous cytogenetic 

analyses (Carvalho et al., 2018, 2019) corroborated 

the data achieved previously by others with different 

approaches, in this work, we aimed to evaluate the 

tolerance of three grapevine varieties (Touriga 

Nacional, Touriga Franca and Viosinho) to PEG-

induced water stress, using in vitro cultured plants. 

  

Results 

Figure 1 presents the average values of nodes, 

shoots, and leaves determined for the variety × 

treatment interaction. Considering the average values 

of these three parameters of vegetative growth, 

Viosinho was the variety that presented the best in 

vitro development in the three treatments (Fig. 1).  

 

 

Figure 1. Mean number (± standard error, S.E.) of 

nodes (a), shoots (b) and leaves (c) determined for the 

variety × treatment interaction. 

Regarding the cytogenetic analyses, in all varieties 

and treatments, a maximum number of two nucleoli 

per interphase were observed. This result is in 

accordance with other achieved in different grapevine 

varieties (Castro et al., 2018). Normal and irregular 

interphase cells were found in all varieties and 

treatments (Fig. 2). The irregularities seen in 

interphase cells were of two types: presence of one or 

more micronucleoli and nucleoli with irregular shape 

(Fig. 2).   

 

 

 

Figure 2. Irregular interphase cells with one 

micronucleolus (left) and one irregularly shaped 

nucleolus (right). 
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The average number of irregular interphases differed 

significantly (p˂0.05) among varieties and treatments. 

The nucleolus responds to the abiotic stress with 

changes in number, area and/or morphology 

(Carvalho et al., 2018; Castro et al., 2021a,b). 

However, such anomalies do not compromise the 

nucleolar activity and, ultimately, the protein 

synthesis. Most of the mitotic cells observed were in 

prophase suggesting a delay of the mitotic cycle in 

response to the abiotic stress. Similar results were 

observed in grapevine and other plant species 

(Carvalho et al., 2018, 2019 and references therein). 

Various types of anomalies affecting chromatin, 

chromosomes and/or their orientation over the mitosis 

were observed (Fig. 3). 

 

Figure 3. Normal (a,b) and irregular (c-h) mitotic cells 

of Viosinho (a,b,c,d), TF(d,e) and TN (f,g,h) stained 

with silver nitrate and detected in control (a b); 10% 

PEG (c,f,g) and 20% PEG (d,e,h) treatments. (a,b) 

Normal prophases; (c) prophase with micronucleus; 

(d) prophase with sticky chromatin and micronucleoli; 

(e) C-mitosis; (f) metaphases with chromatin 

stickiness, disturbed chromosomal orientation and/or 

laggard chromosomes; (g) multipolar anaphase with 

laggard chromosomes; (h) anaphase with chromatin 

stickiness and disturbed chromosomal orientation 

(arrow). 

Regarding the two cytogenetic parameters evaluated 

in this study, mitotic index (MI) and percentage of 

dividing cells with anomalies (%DCA), both differed 

significantly (p˂0.05) among varieties and treatments. 

The highest average MI was found in Viosinho (99.68 

%) and the lowest (96,46 %) in TF. The highest mean 

values of %DCA were registered in TF (92.75 %), in 

the 20% PEG treatment, and in the Viosinho × 20% 

PEG (98.50%) and TF × 20% PEG (98.35%) 

interactions. The highest MI values arose from the 

inclusion of irregular mitotic cells in its calculation: MI 

= [(total number of dividing cells/ total number of 

interphase and mitotic cells) × 100]. Therefore, we 

considered more relevant the average %DCA values 

that were lowest in TN, for both 10% and 20% 

treatments indicating the higher tolerance of this 

variety to moderate and severe water stress. These 

results are in line with previous studies that also 

reported the high tolerance of this variety to water 

stress despite based on different approaches 

(Carvalho et al., 2016). 

Conclusions 

The TN variety was the most tolerant to moderate and 

severe water stress, corroborating previous studies 

based on similar and different approaches. 
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Abstract. SOGRAPE, a family-owned wine company, developed a Global Sustainability Approach 

strongly aligned with the United Nations' Sustainable Development Goals. Novel plant protection 

strategies minimizing negative environmental impacts are fundamental for sustainable viticulture. Thus, 

two projects are underway in SOGRAPE’s Quinta do Seixo and Quinta do Sairrão, two properties 

located in Cima Corgo sub-region of Douro valley. Douro viticulture has unique microclimates, created 

by a rugged landscape and steep slopes. Vineyards with different topography, altitude and slope aspect 

are used for these projects. Project NOVATERRA (funded by EU’s Horizon 2020) aims to improve 

sustainability by integrating new plant protection products (PPPs) of natural origin with biodiversity 

conservation, precision agriculture, robotics, and integrated soil and crop management. The project 

uses a practical and integrative approach, promoting multivariate case studies, in real scale trials to 

speed adoption of any successful solutions. Project COPPEREPLACE (funded by EU’s Interreg Sudoe) 

aims to reduce copper use in vineyards. Excessive exposure to copper accumulation in the soil harms 

the environment and human health. The project trials strategies to reduce the use of copper in vineyards 

with alternative PPPs, while evaluating strategies to remediate copper-contaminated soils. All 

SOGRAPE vineyards are certified sustainable (Integrated Production) and have automated weather 

stations providing data to support decision-making in disease risk management while reducing 

environmental impact. Novel techniques gauged in these two projects work for the same goal of paving 

the way towards increasingly sustainable agriculture, combined into an integrated vine protection 

strategy. Results will be widely disseminated in open events and communications as well as through 

national and international networks, fulfilling SOGRAPE’s pledge to contribute for knowledge 

dissemination among its grape suppliers. 

Introduction 

The family-owned wine company, SOGRAPE, 

created a Global Sustainability Approach 

program, which aims to be a catalyst for positive 

societal change, while respecting the limits of the 

planet and paving the way to a healthier planet. 

As a wine company with social responsibility, 

SOGRAPE operates and invests smartly to 

reduce its environmental footprint, implementing 

initiatives that have positive impacts on 

biodiversity.  

In this sense, two international projects are 

underway in SOGRAPE’s Quinta do Seixo and 

Quinta do Sairrão, two properties located in Cima 

Corgo central sub-region of Douro valley. The 

Douro Wine Region (DWR) in Portugal is a 

mountain viticulture region, presenting different 

microclimates, due to its rugged orography and 

steep slopes. The unique particularities of this 

region are subjects of study in these projects, with 

the same goal of paving the way for an 

increasingly more sustainable agriculture. 

The NOVATERRA (funded by EU’s Horizon 2020 

- 101000554) project’s overall goal is to ensure 

food safety and access to a healthy diet for a 

growing population, without overlooking the 

guidelines of Directive 2009/128/EC for the 

sustainable use of pesticides. The project´s 

purpose is to create a more comprehensive 

approach to the future of the agriculture business, 

based on case studies with multivariate analysis 

of the use of biopesticides, optimized smart 

agriculture techniques, robotics, new soil 

management strategies and a functional 

biodiversity assessment. 
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The COPPEREPLACE project (funded by EU’s 

Interreg Sudoe - SOE4/P1/E1000) purposes to 

reduce the use of copper in the vineyard. Use of 

copper has been increasingly limited by 

regulations due to its potential to harm the 

environment and human health. The project’s 

overall goal is to test and implement new products 

and efficient strategies to reduce the use of 

copper in vineyards. Different alternatives have 

been implemented to identify vulnerable soils, 

and assessment strategies for remediation of 

copper-contaminated soils. 

In this context, this paper provides an overview of 

SOGRAPE´s strategies for a more sustainable 

viticulture. 

Methods and sources 

In both projects, three methodologies have been 

implemented in Quinta do Seixo (Figure 2) and 

Quinta do Sairrão (Figure 3), such as: (1) 

spraying of new plant protection products (PPP), 

such as plant resistance elicitors and/or  other 

new products allowing for a lower copper use; (2) 

site-specific management for spray application of 

PPP, using the concept of variable rate 

application (VRA); and (3) soil management, by 

analysis of soils vulnerability and nonchemical 

weed control, using mechanical methods. In all 

methodologies, control plants treated with the 

usual procedure and untreated plants were 

included.  

 

 

Figure 1. Trials experimental design for PPP 

application. Blue rectangle: small-scale trial. 

Green rectangle: large-scale trial. 

Figure 1 represents the two different trials design 

approach implemented for new PPP application. 

In the small-scale trial, randomized blocks design 

with 4 replicates, 4 plants per each replicate were 

assessed for each modality/treatment. In the 

large-scale trial, 3 replicates of 3 rows each were 

treated with each tested compound. On each 

replicate, observations were made in 4 blocks 

with 4 plants each in the middle row only, the 

adjacent ones serving as buffers between trial 

modalities. They were compared to plants treated 

with the usual protection strategy and also with 

untreated plants to verify pest pressure. 

The methodologies used in both projects propose 

integrated approaches with the objective of 

reducing the level of contentious chemicals use, 

while ensuring an adequate level of protection 

throughout the season. Both are deployed as 

real-scale research trials using large vineyard 

areas and real-life application methods that can 

be easily adopted by other farmers. Wide 

dissemination and knowledge networks are 

planned to boost adoption of any results. 

Theoretical framework and operational 

concepts 

Towards more sustainable agriculture, a 

reduction of contentious pesticides is required. 

This can be obtained by developing innovative 

eco-friendly strategies that protect both the 

environment and human health (Burketova et al., 

2015; Héloir et al., 2019). One of these strategies 

can be using elicitors or resistance inducers that 

stimulate the plant immune system. Other new 

technologies, as variable rate technology (VRT) 

supports vineyard management minimizing spray 

losses, applying precise amounts according to 

previously collected data, such as canopy size, 

season, and growth phase (Hołownicki et al., 

2017; Sahu et al., 2019; Abbas et al., 2020). Also, 

for weed control without spraying herbicides 

mechanical weeding approaches are hopeful 

alternatives, promoting soil health and overall 

biodiversity, while maintaining crop profitability 

(Van Der Weide et al., 2008; Fountas et al., 

2020). 

On the other hand, the importance of real-scale 

investigation has been quite in-depth. Studies 

have shown that the whole-of-block experimental 

approach on-farm trials are useful in vineyards 

and offers both researchers and vineyard 

managers a means of acquiring more useful 

information than would be obtained from a 

conventional plot-based approach (Bramley et 

al., 2011; Panten et al., 2010). On-Farm 

Experimentation (OFE) is an innovation process 

that brings a response to the inability of small-plot 

trials commonly used in on-farm research to 

provide sufficiently actionable insights to farmers. 

This vision is based on six guiding principles, 

allowing agricultural stakeholders together 

around mutually beneficial experimentation to 

support farmers’ own management decisions 

(Lacoste et al., 2021). 

Taking all of this into account, the techniques 

gauged in these two projects work for the same 

goal of paving the way towards increasingly 

sustainable agriculture, combined into an 

integrated vine protection strategy. 
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Background 

All vineyards owned by SOGRAPE are certified 

sustainable (according to IOBC Integrated 

Production guidelines for grapes), including, 

Quinta do Seixo and Quinta do Sairrão, two 

properties located in Cima Corgo central sub-

region of the Douro valley with different orography 

and microclimates. Automated weather stations 

in vineyards also provide data to support 

decision-making in protecting vineyards from 

disease while reducing environmental impact. 

Integrated Production in SOGRAPE's vineyards 

is based on continuous improvement, with the 

aim of achieving ever more sustainable farming.  

 

 

Results 

In the case of terraced vineyards, due to their 

rugged orography and steep slopes, the 

implementation of experimental trials is more 

complex than in flat vineyards. Slope convexities 

created by water lines are areas of greater 

pressure from disease that alternate, in the same 

row of vines, with concavities. In vertical row 

vineyards, costs of manual application of PPP 

increase because of inherent morosity in climbing 

slopes that may exceed 40%. Considering all 

these factors for the experimental design, an 

approach derived from medical epidemiology was 

applied, using areas for each modality larger than 

the observation area (number of observed plants) 

to simultaneously obtain adequate buffering 

between adjacent trial modalities and confound a 

large number of different situations for all 

modalities to control only the relevant variables, 

in this case orography, altitude and slope aspect. 

The research work is still in progress, results and 

outputs of these two projects are expected in 

2023. 

Conclusions 

In conclusion, this article highlights difficulties of 

implementing trials in slope vineyards and 

strategies to solve their inherent variability. The 

work developed under these two projects, 

NOVATERRA and COPPEREPLACE, 

contributes for integrated vine management 

strategy, paving the way towards increasingly 

sustainable viticulture. 
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Abstract. The Asturian viticulture area (north of Spain) gathers altitude and slope characteristics 

of mountain viticulture, acknowledged by international organisms such as “heroic viticulture”. The 

existing grapevine varieties have been described in previous studies. Clones of some of these 

varieties have been commercialized since 2007, Verdejo Negro among them, an autochthonous 

black berry grapevine variety, used to elaborate high quality red wines in this area. The number 

of studies involving polyphenols in Vitis vinifera, both in the fruit (peel, pulp, seeds) and in the 

processed products (musts and wines), have increased in the last years due to their demonstrated 

benefits in human health (great antioxidant capacity, anti-inflammatory properties, 

anticarcinogenic and antitumor, etc.). These compounds have also revealed important 

implications in plant resistance against biotic (fungal diseases) and abiotic stresses (water stress, 

drought, ultraviolet radiation). It is well known that polyphenol concentration can differ depending 

on the fraction analysed (grape, must or wine), but there are several other factors that could 

influence the content of these compounds, genetic (variety/clone, rootstock...), agronomic 

(ripening, berry size, total acidity...) or oenological, i.e. the winemaking process (white or red wine) 

or the maceration time. The edaphoclimatic conditions and other characteristics of the plot 

(altitude, orientation) as well as the crop management practices (pruning, training system) have 

effects in grapevine secondary metabolism (synthesis of polyphenolic compounds) and therefore 

in the final composition of musts and wines. The aim of this work was to analyse the must 

polyphenolic profile of a single Verdejo Negro clone, grown in plots with different characteristics 

and located at different altitudes within the Denomination of Origin Cangas (Asturias, Spain). High 

Performance Liquid Chromatography coupled to a Mass Spectrometer (HPLC-MS) was used for 

this purpose. The results obtained for this clone showed a great plot dependant quantitative 

diversity in the total polyphenolic and anthocyanin concentration. The detection of flavanols in the 

musts from some studied plots was also remarkable. 

Introducción 

The Asturian wine region (northern Spain) gathers the 

altitude and slope characteristics proper of the 

mountain viticulture, recognised by international 

institutions as 'Heroic Viticulture'. Most of the 

vineyards are set in very strong slope, with altitudes 

superior to 400-500 metres (Figure1). 

mailto:carmenmartinez@mbg.csic.es
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Figure 1. Localisation of plots; Acebo Plot (A: 508 m; B: 472 m); Tremado Plot (C: 473 m); Carballo plot (D: 529 

m; E: 520 m). 

Formerly carried out research by Martínez and Pérez 

(1999, 2000) has allowed the researchers to localise 

and describe existing autochtonous varieties in the 

area. Since 2007, clones of some of these varieties 

are being sold by Viveros Provedo S.A. Among the red 

grapes cultivated in this wine region, Verdejo Negro is 

found. This one has some characteristics which make 

it different from the rest of the varieties found in the 

area.   

In the last years, there is more and more research 

about polyphenols in Vitis vinífera. The interest in 

these compounds has been increasing as its excellent 

antioxidant and health benefits are discovered. 

Polyphenols are secondary vegetable metabolites 

with a wide variety of molecular structures. According 

to the most recent bibliography, these compounds 

possess a wide range of biochemical activity and play 

a significant role in the human health.  

Antioxidants, free radical catchers, anti-cancerous, 

anti-inflamatory, antiviral and antimutagenic agents 

are found in these compounds  (Craig, 1999; Kumar 

et al., 2013; Rasouli et al., 2017; Nadpal et al., 2018). 

Furthermore, these are important for plants 

physiology as they contribute to their resistance 

against microorganisms and insects, thus helping to 

preserve their integrity in front of the constant 

exposition to environmental stress situations (UV 

radiations, high temperatures, etc.).   

Within the polyphenols there is a diference between 

non-flavonoids and flavonoids (Zamora, 2003). At the 

same time, non-flavonoids are divided between 

phenol acids (benzoic acids and cinnamic acids) and 

stilbens. On the other hand, flavonoids are divided in 

anthocyanins, flavones, isoflavons, flavanols and 

flavonols. 

Different authors have identified and studied these 

compounds on berries, seeds, rinds and wine 

(Escribano Bailon et al., 1995; Santos-Buelga et al., 

1995; Cheynier et al., 2000; González-Manzano et al., 

2004; Gómez-Míguez et al., 2007). Berries contain 

non-flavonoid compound in pulp, rinds and seeds. 

Flavonoid compounds are also found in all the 

mentioned parts except for the pulp.  

Within the previously mentioned, procyanidin B1 is the 

main oligomer in scuffs and peels, whereas  there is 

major concentration of procyanidin B2 in the seeds 

(Jordäo et al: 1998; Marjan Nassiri-Asl et al: 2016).   

However, the major or minor concentration of these 

compounds does not only depend on the fruit part 

where they are to be found but also on those factors 

such as variety, climate conditions (climate, soil, 

orientation, altitude, etc.), the cultivar management 

(way of pruning, way of conduction, watering, 

fertilization, thinning, delamination, etc.); thus 

influencing in the final composition of musts and 

wines.  

Furthermore, research carried out by different authors 

in white varieties such as Albariño, Loureira, Viura, 

Savagnin Blanc (González-Manzano et al., 2004; 

Lomolino et al., 2010; Ruzic´et al., 2011) demonstrate 

that white varieties have a major concentration of 

proantocyanidins in rinds, seeds and their musts than 

those red varieties which possess a major amount of 

anthocyanins. 

The objective of this research is to study the 

polyphenolic profile in musts in a same clone of the 

Verdejo Negro variety, grown in different plots of a 

mountain vine region in Asturias. T 

he mentioned plots are located at different altitudes, 

orientations and micro-climate conditions all along the 

Cibea river valley and the Luíña river valley.   

Methods and sources 

Plant material and experimental design. Works and 

research were done in three plots (Carballo, Tremado 

and Acebo) and other two subplots were made in two 

of them (Carballo Superior, Carballo Inferior, Acebo 

Superior y Acebo Inferior). 20 specimens of the same 

clone of Verdejo Negro were subject of study in each 
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of them. Soil characteristics of each plot are shown in 

Table 1.  

Table 1. Altitude, orientation and soil characteristics (pH, M.O., available phosphorus, assimilable potassium and 

exchangeable magnesium) in each of the subject matter plots  

 ALTITUD ORIENTACIÓN pH M.O. P  K  Mg  

Carballo Superior 529 m Suroeste 6,8 3,5 68 376 280 

Carballo Inferior 520 m Suroeste 6,8 3,5 68 376 280 

Tremado 473 m Oeste-suroeste 5,5 3,5 87 288 86 

Acebo Superior 508 m Sur-Sudeste 4,6 2,8 28 94 20 

Acebo Inferior 472 m Sur-Sudeste 4,4 2,7 96 122 10 

This research was carried out for three years (2017-

2019). Throughout the growing season, weather 

parametres were recorded (rainfall, temperature and  

relative humidity) by means of different temperature 

and rain gauges located in each of the plots.   

Table 2. Average data of average temperature, maximum temperature, minimum temperature, precipitations and 

relative humidity in the different plots for each of the research years. 

 
Temp. media (º C) Temp. Máx. (º C) Temp. Mín. (º C) Precip. (L/m2) Hum. rel. media (%) 

 
2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 

Carballo 12,21 12,45 12,15 27,7 28,56 27,31 1,57 1,19 1,78 111,27 84,92 124 78,88 77,26 79,84 

Acebo 
Inferior 

13,62 12,9 12,55 32,1 29,17 27,26 3,14 1,67 2,67 56,52 75,98 101,4 73,53 73,83 76,83 

Acebo 
Superior 

13,51 12,77 12,41 28,9 28,82 27,14 3,25 1,77 2,63 71,55 86 109,08 75,61 75,65 78 

Tremado 13,06 12,12 11,93 29,4 28,62 26,78 2,3 0,67 1,67 63,95 65,95 69,87 78,58 80,57 82,65 

Polyphenols extraction.  This research was carried 

out with a HPLC-QTOF: High Performance Liquid 

Chromatology Mass Spectometer Quadrupole Time-

of-Flight (HPLC-QTOF).  

The samples were diluted to the half with deionized 

water. For the calculation of the concentrations carried 

out dilutions have already been taken into account.  

The HPLC-MS QTOF system involved an Agilent 

1200 series HPLC system equipped with an Agilent 

ZORBAX Eclipse XDB-C18 column (United States) 

(4.6mm× 150mm× 5μm) at 40°C.  

The mobile phase consisted of water containing 1% 

formic acid (A), and acetonitrile with 1% formic acid 

(B). The elution gradient was 5% B at 0min, 15% B at 

20min, 25% B at 30min, 30% B at 40min and 5% at 

32–35min. The flow rate was 1ml/min. 

Compounds identification/quantification was 

performed by MS and MS/MS (Q-TOF acquisition: 

2GHz, low mass range [1700m/z], negative polarity, 

drying gas 10l 350°C, sheath gas 11l 350°C, nebulizer 

45psi, cap voltage 4000V, fragmentor voltage 150V). 

 A collision energy of 20V was used for all MS/MS 

experiments. Data capture and analysis were 

performed using Data Analysis v.B. 02.01 and 

Qualitative Analysis B. 04.00 or MassHunter 

Workstation software (Agilent Technologies, 

Waldbroon, Germany). Compounds were quantified 

using commercial standards. 

Statistic analyses The compounds analysed were 

subjected to a  variance analysis (ANOVA), in order to 

check if there were meaningful differences, with 

probability of the 95% or 99.99% for the same clone 

grown in the distinct plots. The test F of significance 

was carried out contrasting each fixed factor against 

its error.  

The parameters which showed a meaningful F in the 

variance analysis were subjected to measure 

comparison by the Least Significant Difference (LSD) 

test protected of Fisher.  

Both statistic analyses were carried out by the 

statistical package SAS system v8.1 (SAS, 2000).  
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Results 

The carried out ANOVA proved that there was a 

meaningful difference for the same clone depending 

on the geographical localisation of each plot and the 

year for research (probability of 99.99%). 

The parcels subject of study showed not only 

differences in altitude but also in the analysies of very 

different composition soils, as well as the climate 

conditions they were subjected to.   

That is to say, every plot had a south exposure 

component except for the Tremado station, which had 

a west-southwest exposure.  

The Carballo parcel (Superior and Inferior) has a 

south-southwest exposure, which allowed a higher 

level of calorific capture than the other plots (Table 1).  

With regards to altitude (Table1), the Carballo plot, 

located over the 520m above sea level, is the one at 

highest altitude and shows more extreme minimum 

temperature values, which undoubtedly affects the 

higher polyphenols formation (Tables 2 and 3).  

Concerning soil, those two Carballo subplots have a 

more balanced soil, possessing a minor acidity and a 

PH superior than the rest.  

Also, the contents in available phosphorus, 

assimilable potassium and exchangeable magnesium 

are much higher in these two subplots than in the rest 

of parcels. 

Table 3. Polyphenols average values in each of the parcels during the years of research (2017-2019). 

 
ANTOCIANOS 
TOTALES (n/gml) 

FLAVONOLES 
TOTALES (n/gml) 

FENÓLICOS 
TOTALES (n/gml) 

FLAVANOLES 
TOTALES (n/gml) 

POLIFENOLES 
TOTALES (n/gml) 

2  0  1  7           

Carballo Superior 0,00 307,85 6569,22 0,00 6877,07 

Carballo Inferior 0,00 129,52 3192,53 0,00 3322,05 

Tremado 0,00 456,97 5101,82 0,00 5558,80 

Acebo Superior 256,02 289,20 4854,77 0,00 5400,00 

Acebo Inferior 4762,49 1440,67 4020,01 0,00 10223,18 

2  0  1  8           

Carballo Superior 479,84 1021,28 2967,25 0,00 4468,37 

Carballo Inferior 25903,19 531,02 2807,90 211,63 29613,16 

Tremado 675,88 253,84 1545,10 0,00 2474,83 

Acebo Superior 1692,54 1017,02 3266,56 0,00 6405,00 

Acebo Inferior 2229,02 1075,57 3744,36 0,00 7705,32 

2  0  1  9           

Carballo Superior 42614,18 346,85 8664,80 146,82 51772,69 

Carballo Inferior 4782,61 244,42 6640,06 14,57 11681,66 

Tremado 141,51 304,55 6269,57 0,00 6715,63 

Acebo Superior 0,00 225,93 5916,88 0,00 6142,81 

Acebo Inferior 308,79 585,44 5589,79 0,00 6484,03 

On the whole, the results demonstrated that grapes of 

distinct origins had a different polyphenols 

concentration depending on the parcel, its altitude and 

the year of research. Likewise, different levels of 

concentration were found in anthocyanins, flavonols, 

total phenolics and flavanols. These last components 

in minor concentration, almost nonexistent in every 

plot except for the Carballo one, where they appear 

during 2018 and 2019. .  

Different authors (Huglin and Schneider, 1998; Jones 

and Davies, 2000; Rodríguez Vega et al., 2014), state 

that those climates where nights are cold during the 

ripening season, favour the aromas accumulation and 

secondary metabolites, which improve the colour and 

scent of wine. Thus, its final quality improves too, 

determining, among other aspects, the grapes 

potential for the elaboration of aging red wines. 

Anthocyanins are the main pigments in red grapes. 

These accumulate in the peel during the ripening 

process, being these the biggest source of red wine 

colour. In this research, the main anthocyanins found 

were cyanidin, peonidin and mavidin, and are 
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generally produced as glucosides and acyl-

glucosides. Differences for some of these compounds 

were observed depending on plots. This way, 

malvidin-3-O-glucoside, for instance, was the most 

abundant in the Carballo parcel, in the superior as well 

as the inferior. In the rest of plots, this compound 

concentration was very low, not exceeding the 

550ng/ml. In the case of peonidin-3-O-glucoside, 

procatequin_glucoside acid, fertaric acid and the 

cyanidin-3-O-glucoside offered the highest values in 

the Carballo superior plot (table 4). 

Table 4. Average values of the main anthocyanins in each of the plots during the three years of research. 

PARCELA Peonidina-3-o-
glucosido  

Ácido 
procatequino 
glucósido  

Ácido fertartárico  Cianidina-3-
o-glucosido  

Malvidina-3-o-
glucosido  

  

Acebo Inferior 1659,890 2114,330 1361,237 167,380 541,96   

Acebo Superior 390,920 2214,280 774,120 48,090 154,66   

Carballo 
Inferior 

7706,940 2483,693 881,740 25,090 9691,36   

Carballo 
Superior 

59,450 3130,720 1467,093 1045,000 13361,60   

Tremado 251,850 1911,937 1071,433 0,00  206,74   

 

As expected, the polyphenols concentration hugely 

varies depending on different factors such as altitude, 

soil, cultivar management and climate conditions, 

being the stations at Carballo those which major 

content possess. All this information might be used in 

order to enrich the grape with polyphenols and, 

subsequently, the wine. 
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Abstract. Different strategies are currently being sought to mitigate the effects of grapevine summer 

water stress. Regulated Deficit Irrigation (RDI) is a strategy that has been successfully adapted. Also, 

some pruning systems have been identified as capable of influencing vine water balance. The aim of 

this work was to evaluate the effect of two RDI strategies and two pruning systems on grapevine 

physiology, yield and grape quality of the Sousão variety grown under Mediterranean conditions. This 

study was conducted in an organic vineyard in northeastern Portugal (41º31´N; 7º5´W; 326 m a.s.l.), 

planted in 2011 with 1103 P rootstock. The pruning systems, single Cordon and single Guyot were 

established in 2013. In 2019, three irrigation treatments were implemented: a full irrigation control, FI 

(100% ETc), and two deficit irrigations treatments, RDI25 (25% ETc) and RDI50 (50% of ETc). During 

the growing season, grapevine water status and physiological parameters were monitored. At harvest, 

yield, yield components, and grape composition were evaluated and analyzed. The results showed that 

the vines under an RDI regime presented significantly lower leaf water potential values than those under 

FI in both pruning systems. Therefore, the grapevine’s physiological performance was affected by 

decreasing its stomatal conductance, transpiration, and photosynthesis. However, the lower 

physiological performance did not significantly affect yield. No significant differences were observed in 

total soluble solids and total acidity regarding the grape composition. However, there was an increase 

in anthocyanins and phenolic compounds in grapes with less irrigation. 

Introduction 

The majority of the world’s grape production regions 

are located in seasonally dry climates with varying 

degrees of summer drought (e.g., climate of the 

Mediterranean type), where soil and atmospheric 

water deficits, together with high temperatures, exert 

significant constraints on yield and quality (Chaves et 

al., 2007; Keller, 2016). The use of irrigation in these 

environments arises as a solution to prevent 

excessive canopy temperature, maintain quality in 

wine production and, in extremes cases, guarantee 

plant survival (Chaves et al., 2010). Regulated Deficit 

Irrigation (RDI) is one of the most frequently used drip-

irrigation strategies in vineyards to balance grapevine 

vegetative and reproductive growth, to improve water 

use efficiency and to induce beneficial changes in 

berry composition by applying less than the full 

vineyard water use at specific periods of the growing 

season (Dry et al., 2001; Medrano et al. 2015; Shellie, 

2019). However, successful strategies may vary 

among regions with different climates and can even 

be site specific, depending on the interactions within 

the grapevine variety, soil type, viticultural practices, 

irrigation system design, and purpose of the 

production. The objective of this study was to evaluate 

the effects of two regulated deficit irrigation regimes 

and two pruning systems (Guyot and cordon Royat) 

on grapevine physiology, yield and grape quality of 

Portuguese cv. Sousão (Vitis vinifera L.) growing 

under Mediterranean conditions. 
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Methods and sources 

The study was conducted over the 2019 growing 

season in a commercial vineyard located in the Douro 

Demarcated Region, north of Portugal (41º31´N; 

7º5´W; 326 m a.s.l.). The vineyard was planted in 

2011 with 1.0 m between vines and 2.2 m between 

rows (4545 vines/ha) with the grapevine variety 

Sousão, grafted onto 1103P rootstock. The vines 

were pruned in two different systems: Guyot simple 

and unilateral cordon Royat and trained as a vertical 

shoot positioning. Irrigation treatments consisted of 

two regulated deficit irrigation regimes (25% (RDI25) 

and 50% (RDI50) of crop evapotranspiration (ETc) and 

a control full-irrigated (100% (FI) of ETc) (Table 1). 

Water was applied three times a week, from pre-

veraison until harvest. The experimental layout had 

three replicates in a randomized complete block 

design. Each replicate consisted of five plants in 

central rows, and the adjacent rows were used as 

buffers. 

Table 1. Code for different irrigation and pruning 

treatments and total water applied (m3 ha-1) 

Code Pruning % of ETc 
Water applied 

(m3 ha-1) 

SG25 Guyot 25 345 

SG50 Guyot 50 689 

SG100 Guyot 100 1378 

SR25 Royat 25 345 

SR50 Royat 50 689 

SR100 Royat 100 1378 

 

According to each irrigation regime, the irrigation 

water applied weekly was calculated according to the 

previous week’s accumulated crop evapotranspiration 

(ETc = ET0 x Kc) and effective precipitation (Pe) using 

the following equation: 

Irrigation (mm) = (ETc – Pe)/Er 

Reference evapotranspiration (ET0) was calculated 

according to the Penman-Monteith equation (Allen et 

al., 1998), using data collected by an on-site weather 

station (Campbell Scientific, Logan, UT) located near 

the vineyard. A variable crop coefficient (Kc), varying 

from 0.7 prior to veraison to 0.4 by harvest, was 

applied to calculate ETc. 

Vine water status was monitored using a pressure 

chamber (Model 1000, PMS Instrument Company, 

Albany, USA) according to the method of Scholander 

et al. (1965). Predawn leaf water potential (pd) was 

measured in four fully expanded leaves per plot (4 per 

treatment) of four representative vines. 

Leaf gas-exchange rates were measured using a 

portable gas exchange system (LCA-4, Analytical 

Development Co., Hoddesdon, England). 

Measurements were performed in six fully expanded 

leaves per treatment. 

The production per vine was weighed at harvest, and 

the number of bunches was recorded. Subsequently, 

representative samples of grapes were taken and kept 

in a refrigerated box and transported to the laboratory. 

In the laboratory, the samples were used to measure 

the Total Soluble Solids (TSS, in ºBrix) by 

refractometry (Optic Ivymen System, Madrid, Spain), 

pH with a potentiometer (370 pH meter; Jenway, 

Essex, UK), and the titratable acidity (TA), determined 

by the titration using a standard solution of sodium 

hydroxide. These parameters were determined using 

the official methods of the Organisation Internationale 

de la Vigne et du Vin (OIV, 2014). 

Statistical data analysis was performed by analysis of 

variance. Tukey HSD tests were carried out to 

determine the significance of differences between 

treatment means, using Statgraphics Centurión XVI 

software. 

Results 

Climate conditions and vine water status. The 

2019 growing season was hot and very dry (Fig. 1). 

The annual and seasonal precipitation were lower 

than the site average. The maximum and minimum 

temperatures were similar to the 30-year site average. 

 

Figure 1. Monthly total precipitation (bars) and 

average minimum and maximum temperature (lines) 

during the 2019 growing season. 

In general, the physiological parameters of the vines 

were strongly affected by the irrigation regime. 

Predawn leaf water potential values of less irrigated 

vines significantly declined during the ripening period 

(Fig. 2). The lower values (pd < -0.8 MPa) are 

indicative of a relatively severe water stress (Deloire 

et al., 2004; van Leeuwen et al., 2009). Vines pruned 

in the Guyot system showed higher values of pd in 

comparison with vines pruned in cordon Royat in all 

irrigation regimes. 
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Figure 2. Predawn leaf water potential (pd) 

measured in two days (19 Aug and 11 Sep) during 

ripening period. For the same date, bars with different 

letters differ significantly (p < 0.05). 

Net CO2 assimilation and transpiration rates. The 

results showed that the deficit irrigation significantly 

affected the stomatal conductance, transpiration rate, 

and net CO2 assimilation rate (Figures 3, 4, and 5). 

The lower water availability of the deficit irrigation 

vines led to a lower stomatal conductance and 

transpiration rate during the ripening period. The 

significant differences in transpiration rate observed 

among the three irrigation regimes reflect the 

response of the plants, through increased stomatal 

conductance, under conditions of higher water 

availability. 

 

Figure 3. Stomatal conductance measured in two 

days (19 Aug and 11 Sep) during ripening period. For 

the same date, bars with different letters differ 

significantly (p < 0.05). 

 

 

Figure 4. Transpiration rate measured in two days (19 

Aug and 11 Sep) during ripening period. For the same 

date, bars with different letters differ significantly (p < 

0.05). 

 

Figure 5. Photosynthetic rate measured in two days 

(19 Aug and 11 Sep) during ripening period. For the 

same date, bars with different letters differ significantly 

(p < 0.05). 

Yield, water productivity, and berry composition. 

This first year showed no significant results either in 

yield or yield components in the different irrigation 

regimes (Figures 6 and 7). Water productivity 

increased as water supply decreased from FI to RDI25 

(Fig. 8). These results support other findings (Shellie, 

2014, Romero et al., 2013, Chaves et al., 2007). No 

significant effect on water productivity was observed 

between pruning treatments. 

 

Figure 6. Yield (kg/vine) measured at harvest. Bars 

with different letters differ significantly (p < 0.05). 
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Figure 7. Number of clusters per vine measured at 

harvest. Bars with different letters differ significantly (p 

< 0.05). 

Figure 8. Water productivity (kg/m3). Bars with 

different letters differ significantly (p < 0.05). 

In this first year of study, the must composition was not significantly affected by deficit irrigation or the pruning 

system in most parameters (Table 2). There was a tendency to decrease total soluble solids in the deficit irrigation 

treatments. Water deficit reduced net assimilation and, as a result, sugar accumulation during ripening. Other 

authors described similar results (Matthews and Anderson, 1988). Regarding pH, the tendency for a decrease in 

its value in the deficit irrigation treatments was not statistically significant. RDI strategies resulted in a tendency 

(not statistically significant) to increase the concentration of total phenolics.

Table 2. Berry composition at harvest measured in 2019 in Sousão (Vitis vinifera L.) grapevines subjected to 

different irrigation regimes and pruning systems. TSS (Total Soluble Solids), TA (Total acidity), pH, TPI (total 

polyphenol Index) (mean ± standard deviation). Mean values with different lowercase letters differ significantly 

(p≤0.05). 

Parameters 
Treatments 

SG25 SG50 SG100 SC25 SC50 SC100 

TSS (ºBrix) 23.43±1.21a 23.83±0.55ab 24.00±0.70ab 24.13±0.21ab 24.17±0.29ab 25.47±0.64b 

TA (g/L) 8.52±0.67ab 9.08±0.33b 7.72±0.33ab 7.53±0.30ab 8.07±0.57ab 7.86±0.79ab 

pH 2.94±0.05ab 2.91±0.01a 3.00±0.05ab 3.07±0.08b 3.05±0.04ab 3.06±0.06b 

TPI 63.60±1.08 66.77±2.35 67.20±3.55 66.37±7.93  69.30±3.45 76.77±10.45 

Conclusions 

The present study evaluated the performance of the 

Portuguese variety Sousão, under two RDI regimes, 

in a vineyard located in the Demarcated Douro 

Region. The results showed that the vines under 

RDI25 and RDI50 regimes presented leaf water 

potential values significantly lower than the vines 

under FI in both pruning systems. The vine’s 

physiological performance was affected by 

decreasing its stomatal conductance, transpiration, 

and photosynthesis. However, the lower physiological 

performance did not significantly affect yield and yield 

components.  

The results showed that moderate water supplies 

during the ripening period for the region where the 

study was conducted (severe water deficits) increased 

water productivity and maintained quality.  

The pruning system positively influenced the vine 

water status in all irrigation regimes. However, in this 

first year of study, it was not possible to verify the 

effect of this better water status on yield, yield 

components, and quality. 

No significant differences were observed in total 

soluble solids and total acidity regarding the grape 

composition. However, there was an increase in 

anthocyanins and phenolic compounds (not 

statistically significant) in grapes with less irrigation. 
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Abstract. In viticulture harvest date early prediction is necessary for the success of winemaking 

practices,  which should be based on an accurate and advanced plan of the annual cycle. In this 

framework, we demonstrate the creation of modelling tools to assess grape ripeness, through sugar 

concentration monitoring. The study wine region considered is the Portuguese Côa valley, that 

represents an important terroir in the “Douro Superior” subregion. Two cultivars (cv. Touriga Nacional 

and Touriga Franca) grown in five locations across the Côa Region have been examined. Sugar berry 

accumulation, with concentrations between 170 and 230 g l-1, was used from 2014 to 2020 as an 

indicator of technological maturity conditioned by meteorological factors. The climatic time series were 

retrieved from the EU Copernicus Service, while sugar field informations were collected by a non-profit 

organization, ADVID, and by Sogrape, a leading wine company. We discuss the Sstar thermal 

accumulation, related with the predictions. Validation was undertaken using leave-one-out cross-

validation. Starting date for the ripening fase (t0) was considered at flowering time of each location. Our 

findings demonstrate that herein sigmoid model optimization achieved a performance of 0.8 for 14 % 

and 0.7 for 24 % of results. The error of prediction was  3-4 days in 26 % and 5-6 for 40 % of results.

Introduction 

Computational tools even more, offer response to 

climate change challange. Phenological models 

allow to planning viticultural pratices in the short 

term  and forecast the impacts for long term 

(Caffarra & Eccel, 2010; Santos et al., 2021)  

increasing detail comprension of new growing 

cicle. 

Sigmoid model (SM) is considered the most 

performance design for predict grapevine 

phenology using temperature. The difference to 

SM with other like Grow Degree Days, is mainly 

that is do not need the  “Chill requirements” 

information, . Likewise doble sigmoid curve 

characterize the berry development and sugar 

accumulation, where a rapid development reach 

a follow plateau phase, with sugar content 

stabilized.   

Douro Superior (DS) wine region represent an 

UNESCO heritage, where viticulture is the major 

exportation incomes. Here has been leaded 

different grapevine phenological studies (Costa et 

al., 2019) and climate change projections (Fraga 

et al., 2016). 

The objective of the present work was to provide 

a new reliable model can predict the harvest 

period, using berries sugar concentration data at 

certain day of the year in Douro Superior wine 

region. I) Obtain DOY at certeintly sugar step 

concentration (170 to 230 gl -1) data II) Optimize 

the sigmoid model to the data III) Predict and 

validate DOY of give sugar concentration IV) 

Asses the thermic accumulation between the tho 

varieties and 5 locations.  

 

 

mailto:nicolo.clemente@gmail.com


VII International Congress of Mountain and Steep Slopes Viticulture 
 

  354 
 

Methods and sources 

In The 5 estate in study are placed in a Douro 

Superior (DS) Denomination of Origin, a steep 

slope  wine region, considered as UNESCO 

heritage analysed. 

In the context of CoaClimateRisk project, in a 

collaboration with institution ADVID and a wine 

company SOGRAPE, the data collected includes 

7 years (2014 to 2020) and 2 cultivars of Vitis 

vinifera: Touriga nacional (TN) and T. franca (TF). 

In Figure 1 can seen the caracteristics of raw 

data, mined for the focus interest. 

The phenological dataset used derive from 5 

estates and take into account the Day Of Year of 

different steps of sugar concentration (170, 180, 

190, 200, 210, 220 and 230 g l-1), considered  a 

“sugar ripening“. This point of the cicle 

correspond at harvest date, considering that the 

agricultors decision is founded in pratical and 

economical factors.  

The air daily mean temperature, as the refered 

climate variable, was extracted from Earth 

Observation Copernicus  (Cornes et al., 2018), 

who provide gridded observational dataset. 

Theoretical framework and operational 

concepts 

The parametrization of the model was carried out  

in Phenological Modelling Platform (PMP, version 

5.5) developed by INRAE (Chuine et al., 2013). 

The PMP is a digital interface to optimize, 

construct and fit phenological models, this 

structure  was widely used in Europe. 

Results 

The resulting process-based model show good 

performance in predict phenological event, with 

efficence (EFF)  up to 09, in SC of 180, 210 and 

230 gl -1, and Roots Mean Square Error (RMSE) 

associate of 2-5 days . Best RMSE with less than 

two day in Touriga nacional cv (TN) was found in 

210 gl -1. We achieved performance of 0.8 for 14 

% and 0.7 for 24 % of results. The error of 

prediction was  3-4 days in 26 % and 5-6 for 40 

% of results. With this new optimized model the 

step of 170 gl -1  in TN reach 3 day of error in two 

of the tree estates example. Also the same step 

for TF reach a mean error of 10 days. The 

efficiency and day of error was in general worse 

in TF. In general an hight RMSE for TF2 (18) and 

TN2 (17) for 170-180 gl -1, decreases at 5 day of 

error for 230 gl -1. TN1, TN3 and TF1 mantain at 

180 to 230 gl -1,  the RMSE between 3 and 6. 

Exactly the opposite happens for EFF. 

 

Figure 1. variation of sugar concentration (g l-1 ) 

content along the year (DOY), 2014 to 2019. 

Conclusions 

A phenological sugar ripeness model for 
grapevine has been developed,  its can be used 
for forcasting tecnological maturation. It was 
possible to adjust the model for harvest date 
using  sugar concentration data, for the region 
under study. It was detected problems in the 
quality and quantity of the data, so it would be 
advisable that the data collection was systematic 
and with an unequivocal standard of analysis. 
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Abstract. The warmer and drier climate will challenge Portuguese viticulture negatively impacting the 

economy, particularly for renowned winemaking regions such as the Douro Demarcated Region. In the 

context of climate change, the production of grapes and the sustainability of the vineyard are vulnerable 

to the effects of high radiation, heat and drought during the summer period. These conditions affect 

negatively the vines at the phenological, physiological and biochemical levels. The shortage of water 

resources makes irrigation practically unsustainable from an economic and environmental point of view, 

being crucial to implement alternative and eco-friendly measures for a better balance between vines 

and the environment, helping to mitigate the effects of climate change. In this work, we applied a 

suspension of silicon (2.5 %) in a commercial vineyard located in the Douro Superior sub-region (Santa 

Comba da Vilariça) to understand its effects on increasing tolerance to water stress in Touriga-Franca 

cv. grapevines. The experiments were divided into three treatments: i) positive control - with a deficit 

irrigation (25% of ETc), ii) negative control - without irrigation and iii) silicon - SiO2, applied in pré 

veraison. After the statistical analysis, the results showed that at veraison silicon treated plants 

presented fruits with higher significant values of total phenols, pH and brix°, when compared with both 

irrigated and non-irrigated ones. At maturation, the silicon treated plants showed fruits with higher 

anthocyanins, alcohol, pH and brix° content than the negative control. Accordingly, we can suggest that 

silicon foliar treatment could be an alternative to deficit irrigation strategies to mitigate water stress 

without negative impact on berry quality.

Introduction 

The Douro Valley is the first formally demarcated 

wine region of the world (Lourenço-Gomes,Pinto & 

Rebelo, 2015). In a climate change scenario, an 

increase in temperature, radiation and water deficit 

is predicted to increase its vulnerability to production 

losses and threaten berries/wine quality as well as 

the vines' sustainability in Mediterranean-type 

climate regions (Fraga et al., 2014). A reshaping of 

the main Portuguese winemaking regions is likely to 

occur in the upcoming decades, therefore, it is 

essential to emphasize the need for the appropriate 

cultural practices for the adaptation of climate 

change in order to maintain wine typicity and styles. 

Several studies in the Douro Demarcated Region 

(DDR), reveal that grapevine physiology, agronomic 

and genetic attributes were modified by particular 

microclimate conditions (Carvalho et al., 2018; Dinis 

et al., 2018a), especially by low water availability and 

high light/temperature levels.  

Severe summer stress negatively affects the 

vineyards, provoking a significant decline in 
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photosynthetic productivity, mostly due to stomatal 

limitations, leading to changes in hormonal contents 

(Dinis et al., 2018b), yield, berry weight and sugar 

levels, as well as low aroma components resulting in 

wines with high alcohol and low acidity (Jones et 

al.,2005;  Dinis et al.,2020) 

The impact of anthropogenic actions along with 

climate variability in the Mediterranean wine regions 

can be devastating. Therefore, to maintain the 

sector's sustainability, several short and long-term 

strategies have been studied to minimize the 

negative impacts of climate change. One summer 

stress mitigation practice is investing in deficit 

irrigation strategies to sustain yield while preserving 

or even improving berry features. However, given the 

high natural limitations in water resources, water 

capitation and distribution systems on a large scale 

involve high costs and are environmentally 

unsustainable. Therefore, it is crucial to develop 

mitigation alternatives, not only in economic terms 

but also in terms of grape quality and environmental 

sustainability (Bernardo et al., 2018). 

The exogenous application of minerals can be used 

as one of the mitigation techniques in order to reduce 

the use of water and preserve or improve the wine 

quality. Once applied as an aqueous suspension, 

silicon dioxide (SiO2)  particles forms a physical or 

mechanical barrier (as precipitated amorphous 

silica) in the cell walls. It also seems to modulate 

plant metabolism altering physical activities, 

especially by plants that are under water stress 

conditions. According to other studies, tomato plants 

under saline stress treated with silicon (Si) showed a 

40% increase in water content, and the water use 

efficiency was 17% higher than those plants without 

Si treatment (Romero-Aranda, Jurado & Cuartero 

2006). Moreover, under water stress conditions, the 

presence of Si may result in better potassium (K+) 

uptake by plants (Pavlovic et al., 2021). The 

potassium (K+) influences the pH of most wines and, 

consequently, their chemical and microbiological 

stability and the perception of wine flavour 

(Mpelasoka, 2003). Finally, Si showed a positive 

antioxidant activity and stomatal response, 

increasing the tolerance of vine plants grown in toxic 

boron and saline soil (Soylemezoglu et al., 2009). 

In this study, the foliar silicon application will be used 

in order to test its effectiveness as a mitigation 

strategy against summer stress in a vineyard located 

in the Douro Region. To test this hypothesis, we 

evaluated several berry quality traits (i.e. phenolics, 

acidity parameters, total soluble solids, and 

antioxidant activity) throughout the growing season 

(veraison and maturation stages). The ultimate goal 

is to assess if the foliar silicon treatment could be a 

sustainable alternative to standard irrigation 

practices. 

 

Methods and sources 

Experimental design 

The experiment was carried out in a commercial 

vineyard in the Douro Demarcated Region (Douro 

Superior sub-region, NE Portugal) in Santa Comba 

da Vilariça (41o20’48"N 7o35103’48"W), the hottest 

and driest one of the Douro Region (Santos et al., 

2019) during the summer of 2021. The variety used 

was Touriga Franca, (Vitis vinifera L.) characterized 

by its regular grape quality potential and moderate 

adaptability to warm and dry climates. The vines 

were exposed to two levels of soil water availability 

over the growing season: no irrigation and ii) deficit 

irrigation (25% of ETc). At the beginning of summer 

(pre-veraison stage, on 1st July 2021), a single foliar 

application (2.5%) of Si (Humigel Plus A formulated 

with 15% of SiO2, Tecniferti S.A, Leira, Portugal) was 

carried out on non-irrigated vines. Three treatments 

were then established: i) positive control (C +) - with 

deficit irrigation; ii) negative control (C -) - without 

irrigation, and  iii) silicon-treated vines (Si). 

A total of 300 berries per treatment were randomly 

collected from different positions in the clusters and 

vines on two different dates: one month after 

pulverization (22nd July, veraison stage) and two 

months after pulverization (24th August, maturation 

stage). Whole fruits (n=300/treatment/variety and 

stage) were frozen in triplicate (n = 100/triplicate) in 

liquid nitrogen and stored at −80°C, posteriorly 

lyophilized for 96h and converted to a fine dried 

powder. The experimental procedures for fruit quality 

performed were: 

I) Total anthocyanin content  

Total anthocyanins were quantified according to the 

differential pH method (Lee et al., 2005) and   

expressed as mg malvidin-3-O-glucoside 

equivalents (MVE) per gram of extract (mg MVE/g 

dry weight, DW). All the absorbances were 

determined using a microplate scanning 

spectrophotometer (SPECTROstar Nano, BMG 

Labtech GmbH). 

II) Brixº  

The Brixº was measured in triplicate on 30 fruits per 

treatment using an ATAGO digital refractometer 

(CO., LTD. Tokyo, Japan) and recorded as “degrees 

Brix” (Brixº) which is equivalent to a percentage (%). 

The Brix scale or degrees Brix is numerically equal 

to the percentage of sugar and other dissolved solids 

in the solution (Ball, 2006).  

III) Acidity parameters and pH 

The L-malic acid and tartaric acids were measured 

by an enzymatic method with an automated clinical 

chemistry analyzer (Miura One, TDI, Spain) 

(Escribano-Viana et al., 2019; Franquès et al., 2018). 

The quantification of total acidity was performed 
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using Fourier transform infrared spectrometry 

(FTIR). 

IV) Phytochemical analysis  

Phenolic compounds were extracted as described by 

Mendes Lemos et al. 2020. The total phenolic 

contents were determined by the Folin–Ciocalteu 

method at 725 nm as described previously 

(Rodrigues et al., 2015). It was expressed as mg 

gallic acid equivalents per gram of extract (mg GAE/g 

DW). The aluminium chloride (AlCl3) complex 

method at 510 nm, as described by Rodrigues et al. 

(2015), was used for the quantification of the total 

flavonoids content of extracts. It was expressed as 

mg of catechin equivalents per gram of extract (mg 

CAE/g DW. The total tannins content was 

determined at 280 nm in UV-adapted microplates 

according to the methyl cellulose precipitable assay 

(Dambergs et al., 2012). The concentration of 

tannins was obtained by subtracting the absorbance 

of methyl cellulose treated samples and using 

epicatechin as standard. All measurements were 

performed in triplicate, and the results were 

expressed as mg ECE/g DW.  

V) Statistical analysis 

Berry data analysis was performed using the SPSS 

20.0 software (SPSS Software, Chicago, IL, USA). 

After testing for analysis of variance (ANOVA) 

assumptions, statistical differences among 

treatments within each developmental stage were 

evaluated by one-way factorial ANOVA, followed by 

the post hoc Tukey test. Different lowercase letters 

represent significant differences (P < 0.05) between 

treatments. 

Results and Discussion 

It is known that regions with severe summer 

conditions can induce a significant decline in 

photosynthetic productivity (Dinis et al., 2018) yield, 

berry weight, sugar levels and aromas, resulting in 

wines with high alcohol content and low acidity 

(Jones et al., 2005; Dinis et al., 2020). The analysis 

of phenolic compounds, levels of alcohol, total 

acidity, tartaric acid, pH, malic acid, tartaric acid and 

Brix° were tested on Touriga Franca cv. berries to 

verify the effect of  Si treatment on its quality. 

 

Figure 1. Total phenols, flavonoids, anthocyanins 

and tannins content in the berries of the negative 

control (without irrigation, C-), positive control 

(irrigation 25 %, C+) and silicon-treated (Si) vines of 

Touriga Franca in two developmental stages 

(veraison and maturation) during the 2021 growing 

season. Data are mean of six replicates ± standard 

deviation. Different lowercase letters indicate 

significant differences (P < 0.05) between treatments 

(C-, C+, and Si). Absence of letters indicates no 

statistical difference. 

Figure 1 shows the effects of Si application on the 

content of several secondary metabolites, namely 

total phenols, flavonoids, anthocyanins and tannins. 

At veraison, berries from C+ and Si-treated vines 

showed significantly higher total phenols content 

than unirrigated vines, suggesting that Si treatment 

could display similar berry quality impacts to those 

observed under deficit irrigation practices (C+). 

Though no statistical differences were observed 

between treatments on flavonoids accumulation 

throughout maturation, anthocyanins levels were 

decreased in the berries from Si and C+ vines 

compared to unirrigated vines at veraison. This effect 

was reversed at maturation, whereas C- berries 

presented lower anthocyanins content than Si and 

C+. The highest tannins content was observed in the 

berries from deficit irrigated vines at veraison (29.91 

mg g-1 DW) and maturation (7,95 mg g-1 DW) .  

Grape berries have a high variability of phenolic 

compounds typically linked to the flavour (acidity, 

bitterness and astringency) and color of wines 

(Ribéreau-Gayon, 2006) that could be preserved 

with pre-harvest silicon application under adverse 

environmental conditions. For instance, in a two-year 

experiment in commercial vineyards, Gomes et al. 

(2019) found that 4 and 8% silicon application in 

Sauvignon Blanc grapevines over the growing cycle 

improved yield and the phytochemical characteristics 

of berries.  This effect was also observed in 
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commercial apple orchards, which presented high 

anthocyanins content in fruits from silicon-treated 

plants (Karagiannis et al.,2021). Despite the reduced 

content of total phenols and tannins at maturation, 

our results show increased anthocyanins 

accumulation at this stage. Due to their relevance in 

shaping the colour of red wines, the use of silicon can 

then have positive effects on anthocyanins and the 

maintenance and/or evolution of berry maturation. 

Nevertheless, further experiments over consecutive 

growing seasons should be conducted to elucidate 

the role of silicon in alleviating summer stress 

conditions in grapevines and underlying 

physiological mechanisms. 

Laanne (2018) recently reported that seedless 

grapevines sprayed with silicon-based treatments 

showed higher growth, yield, and berry quality than 

the control one. Moreover, fruit weight, total sugars 

and % of total reducing acidity also increased in 

berries from Si treated plants, demonstrating the 

positive effects of using silicon-based foliar sprays 

(Al-Wasfy, 2014). Accordingly, our results show that 

berries from silicon treated vines presented higher 

values of Brixº degree (Table 1) compared to C- and 

C+ throughout ripening (15.16 % at veraison and 

22.86% at maturation), highlighting the positive 

correlation between the sugar levels and 

anthocyanins present in the fruit, possibly induced by 

earlier sucrose accumulation in berries (Dai et al., 

2014). In contrast, no statistical difference was found 

regarding malic acid content at both developmental 

stages. Regarding alcohol content, there were no 

significant differences between treatments at 

veraison, while at maturation, it was observed an 

increase of up to 1% of alcohol content in the berries 

of Si treated vines. 

When looking at table 1, the results for malic acid did 

not show significant differences between treatments 

at veraison and maturation. In contrast, the tartaric 

acid analysis showed a difference between the 

treatments. In veraison, Si (4.39 g L−1) and C+ (4.96 

g L−1) are statistically equal but lower than C- (5.86 

g L−1). So,  we can suggest that silicon had the same 

effect as an irrigation treatment at veraison,  but 

there was no difference between treatments at the 

maturation stage. There was a significant decrease 

in malic and tartaric acid concentrations in the 

maturation stage. The reduction in these parameters 

throughout ripening is common because the organic 

acid content is supposed to decrease during grape 

maturation, especially the levels of malic acid 

(Orduna, 2010; Adams, 2006; Coombe, 1987). 

Typically in regions with high temperatures, a 

decrease in titratable acidity and an increase in pH 

can result, both largely due to a decrease in malic 

acid concentration (Orduna, 2010; Buttrose et al., 

1971). 

 

Table 1. Levels of Alcohol (%), total acidity (g L−1 

tartaric acid), pH, malic acid (g L−1), tartaric acid (g 

L−1) and Brix° in the berries of the negative control 

(without irrigation, C-), positive control (irrigation 25 

%, C+) and silicon-treated (Si) vines of Touriga-

Franca in two developmental stages (veraison and 

maturation) during the 2021 growing season. Data 

are mean of six replicates. Different lowercase letters 

indicate significant differences (P < 0.05) between 

treatments (C-, C+, and Si). Absence of letters 

indicates no statistical difference. 

 C- C+ Si 

Veraison 

Alcohol (%) 7.22 7.43 7.32 

Total acidity (g L−1) 11.78a 11.07a 9.88 b 

pH  2.94b 2.98a 3.04a 

Malic acid (g L−1)   4.52 4.36 4.39 

Tartaric acid (g L−1) 5.86a 4.96b 4.39b 

Brix° 13.70b 13.16b 15.16a 

Maturation 

Alcohol (%) 11.86b 11.81b 12.94a 

Total acidity (g L−1) 4.75a 4.18b 4.43b 

pH  3.63 3.55 3.58 

Malic acid (g L−1)    1.52 1.42 1.50 

Tartaric acid (g L−1) 2.73 2.78 2.78 

Brix° 21.1b 20.93b 22.86a 

 

In the pH assessments, the Si treatment was quite 

significant at veraison (Table 1). The difference in pH 

between veraison and maturation stages in the vines 

treated with Si was smaller than in the other 

treatments (C- and C+). In addition, treatments with 

Si and C + were statistically equal and superior to the 

negative control, suggesting that Si presents a 

similar performance to the positive control during 

veraison. 

However, at maturation stage all treatments were 

statistically similar. The pH is a critical determinant of 

the wine quality, being one of the most important 

parameters (Conde et al., 2007). Thus, especially for 

regions with extreme climates such as the Douro 

Superior, it is essential to use new tools, especially 

sustainable ones, on the biotic and abiotic effects on 

the vine and that bring positive benefits without 

altering the potential quality of berries. 

Conclusions 

In this study, pre-veraison silicon application in 

Touriga Franca grapevines revealed preliminary 

insights regarding the use of this treatment in 

alleviating summer stress conditions and preserving 

berry quality traits, particularly anthocyanins and 

total soluble solids. The results suggest that silicon 

foliar application could sustain berry quality 

standards, particularly in regions with arid climates. 

However, more research will be needed to deeply 

understand its effects on grapevine physiology and 

berry ripening. In summary, this study points out that 
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silicon thin-film application in leaves could be an 

alternative strategy for cost-saving water in 

grapevine production in Mediterranean-type climate 

conditions.  
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Abstract. Microbial diversity in the winemaking process, with a significant influence on the wines 

themselves, includes Saccharomyces and non-Saccharomyces yeasts. The transformation of the grape 

must into wine is mainly the result of the activity carried out by these yeasts. Although many commercial 

inactive and active dry wine yeasts are involved in the winemaking process today, only a few wineries 

use these to preserve the terroir concept with the help of local yeasts. This paper reviews studies on 

the use of dry yeasts produced from isolated autochthonous yeasts, Saccharomyces and non-

Saccharomyces, involved in various wine-growing areas and which play a significant role in the wine 

terroir. 

Introduction 

Terroir is a complex concept that is associated 

with the origin and authenticity of wines, giving 

each wine a sense of place and its uniqueness 

(Pretorius, 2020). 

Saccharomyces and non-Saccharomyces 

yeasts, the main vectors of the terroir features, 

are used in wine fermentation as mixture involved 

in alcoholic and malolactic fermentation. These 

yeasts are used for producing wines with 

sensorial properties that are distinctive in 

comparison to those produced using only 

Saccharomyces cerevisiae. The non-

Saccharomyces yeasts used for wine 

fermentation usually belong to the following 

genera or species: Metschnikowia species (M. 

pulcherrima, M. fructicola and M.viticola); 

Hanseniaspora, Pichia, Torulaspora, Torula 

delbrueckii, Lachancea thermotolerans, Pichia 

kluyveri, Schizosaccharomyces pombe, 

Hanseniaspora spp., and Starmerella bacillaris.   

In accordance with the findings of Barrajón et al. 

(2011), when commercial and wild strains were 

inoculated at the same concentration, the wild 

strains were dominant not only in the fermentation 

in the cellar, but  

 

 

 

 

 

also in the laboratory assays (Ilieva et al., 2021). 

In addition, some non-Saccharomyces yeasts 

develop  

interesting aroma compounds in comparison with 

classical Saccharomyces yeasts. For example, in 

the study of Sidari et. al. (2021), all the fermented 

samples taken in experiment with non-

Saccharomyces yeasts, with the exception of that 

fermented by D. hansenii 5-1-6 isolated yeast, 

contained high contents of 2- phenylethanol, 

which was responsible by an aroma compound 

with a sweet, floral, rosy character. The highest 

contents from this compound were produced, 

among samples fermented with SO2, by L. 

thermotolerans 5-1-1 isolated yeast. The samples 

fermented by S. cerevisiae strains, together with 

those fermented by M. pulcherrima 125/14 

isolated yeast, contained remarkable amounts of 

4-vinylguaiacol, which is an aroma compound 

with a sweet-smoky character, that is typical for 

Traminer wines. The microbial assemblages are 

correlated to specific climatic  
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features, suggesting a connection between 

vineyard environmental conditions and microbial 

inhabitation patterns. Variations in wine quality 

were also analyzed on the global climate regime, 

but knowledge of climate variables at micro level 

(mainly temperature) is very important for 

winegrowers (Le Roux et al., 2017). By selecting 

indigenous starters, El Dana et al. (2021) 

demonstrated that yeast has a beneficial 

technique to manage alcoholic grape juice 

fermentation, conserving the particular sensorial 

quality of wine produced from specific regions. 

Some studies shown that the local yeasts are 

representative for their viticultural area in terms of 

terroir, for example for wine aroma. The 

Saccharomyces and non-Saccharomyces yeasts 

involved in fermentation have the capacity to 

determine the characteristics of the flavor and 

aroma of the final product and, during the last 

decade, the non-Saccharomyces species have 

been reported as being able to improve different 

technological and sensory parameters of wine 

(e.g. the aroma complexity, the color stability, the 

acidity, the polysaccharide production and the 

clarification) (Vicente, 2020). In the study 

performed by C.Dumitrache et al (2020) they 

isolated non-Saccharomyces yeasts strain from 

grape samples from the “Pietroasa” Viticulture 

and Winemaking Research and Development 

Station that belongs to the University of 

Agronomic Sciences and Veterinary Medicine of 

Bucharest (USAMV), during the harvests 2017 

and 2018, and identified this as Dekkera anomala 

or Metschnikowia pulcherrima. This paper 

presents the contribution of autochthonous 

Saccharomyces and non-Saccharomyces yeasts 

involved in various wine-growing areas and which 

play a significant role in the wine terroir. We also 

made a comparative study research of this with 

commercial yeasts in winemaking. 

Methods and sources 

Isolation, Selection, and Identification of 

Autochthonous Yeast Strains  

Several studies have shown that many authors 

have isolated and identified yeasts from different 

wine-growing areas in different varieties. The 

study conducted by El Dana et al. (2021) 

investigated the yeast biodiversity of four grape 

varieties (Carignan, Syrah, Grenache, and 

Aswad Karesh), used the ITS PCR molecular 

technique.  

C.Dumitrache et all (2020), isolated 

autochthonous yeast strains, Saccharomyces 

and non-Saccharomyces from vineyards owned 

by USAMV of Bucharest at Pietroasa Station, 

during the harvest 2017 and 2018 were subject to 

molecular identification by PCR-ITS-RFLP 

technique.  

Other authors have shown that yeasts identified 

as Torulaspora, Metschnikowia, 

Zygosaccharomyces, and Lachancea genera 

proved that these yeasts were less sensitive to 

SO2 than the wine yeasts commonly considered 

(Henick-Kling, 1998) and this is consistent with 

other authors’ results (Barbosa.et al., 2018 and 

Comitini, 2011). Sidari et al. (2021) selected as 

potential wine starters Saccharomyces cerevisiae 

PDA W 10, Lachancea thermotolerans 5-1-1 and 

Metschnikowia pulcherrima 125/14. 

The selection of suitable indigenous yeast strains 

was essential to optimize the alcohol yield, must 

fermentation, and preserves the wine sensory 

and quality from a specific terroir (Capece et al., 

2019). From practical technological reasons, 

most winemakers prefer to make use of 

commercial Saccharomyces cerevisiae starters, 

which guarantee sufficient predictability and 

reproducibility of their wines. The quality of wine 

depends on the contributions performed by all 

microorganisms present in the whole system 

including bacteria and yeast (Matei, Kosseva, 

2017). S. cerevisiae dominates most wine 

fermentations, and these yeasts are recognized 

as the main wine yeasts, so these species were 

usually marketed as starter cultures. 

Alcoholic fermentation (AF) in winemaking 

process: 

The alcoholic fermentation is the biological 

process in which sugars (glucose, fructose) are 

converted into cellular energy, as well as into 

ethanol and CO2 as waste products. 

Fermentation is considered as an anaerobic 

process carried out in the presence of 

microorganisms (yeasts) and in absence of 

oxygen.  

The wine fermentation process depends on the 

performance of yeast in order to convert the 

sugars into alcohol and also in esters.  

The process of fermenting wine depends on the 

performance of the yeast to convert the sugars 

into alcohol and also into esters. (Matei and 

Kosseva, 2017). 

The fermentation activity of the selected pure 

Saccharomyces cerevisiae yeast strains F-8 and 

F-78 in the research study of Ilieva et al. (2021) 

was evaluated in sterilized liquid grape juice. In 

sterilized sample tubes with 10 mL juice 

mentioned above, each yeast culture was 

inoculated, previously activated during 72-h using 

a sterile inoculating loop. The analyses were 

carried out in a thermostatic water bath at 250C, 

and the evolution of the AF has been verified with 

a refractometer (Krüss, Hamburg, Germany). The 

F-8 and F-78 autochthonous yeast strains were 

selected based on their superior technological 

characteristics. 
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Example of Non-Saccharomyces yeasts involved 

in AF (alcoholic fermentation): 

-L. thermotolerans was able to ferment ethanol 

concentrations of up to 9–10.5% v/v; 

-L. thermotolerans was reported to produce lower 

final ethanol levels in combined fermentation in 

mixture with S. cerevisiae, i.e., concentrations of 

about 0.2–0.5% v/v (Benito,2018 and Hranilovic, 

et al., 2017) 

-S. pombe is responsible for proper AF ending in 

regular dry wines due to its higher fermentative 

power. 

Malolactic fermentation (MLF) in winemaking 

process: 

MLF is known as a secondary fermentation during 

the the vinification process.  

It conducts to acid reduction, flavor modification 

and also contributes to microbiological stability. 

MLF can occur spontaneously during or after the 

alcoholic fermentation (Lonvaud-Funel, 1999; 

Dharmadhikari, 2002). Saccharomyces spp. are 

unable to degrade malic acid effectively during 

alcoholic fermentation. Naturally, LABs are 

involved in malolactic fermentation. MLF is best 

to be done right after the wine-yeast fermentation 

has completed. LABs have the ability to consume 

sugars just like yeasts. For example, L. 

thermotolerans generates lactic acid which 

compensates for the lack of acidity caused by the 

disappearance of malic acid and generates 

natural wines of optimal acidity from grape juices 

with a low acidity content. 

It was observed that S. pombe consumes all 

malic acid, transforming it into small amounts of 

ethanol and carbon dioxide. 

Theoretical framework and operational 

concepts 

 This paper represents a starting point for the 

isolation and identification 

of autochthonous yeasts from the Romanian 

grape varieties Tamaioasa Romaneasca (a white 

variety) and Busuioaca de Bohotin (a red variety, 

used to produce rosé wines). These varieties are 

processed into aromatic wines at the “Pietroasa” 

Viticulture and Winemaking Research and 

Development Station that belongs to 

the University of Agronomic Sciences and 

Veterinary Medicine of Bucharest (USAMV). The 

selected yeasts will be further use for wine 

production at Pietroasa. 

Results 
 
Results concerning molecular identification of 
wine yeasts 

Using ITS PCR Molecular technique El Dana et 
al., (2021), proved that the isolates belonging to 
the Saccaromyces and non-Saccharomyces 
genus can be used as a starter for typical wine 
production. 
In other studies, from among the twenty-nine 

yeast isolates, five were identified by Sidari et al. 

(2021) such as M. pulcherrima, five T. delbrueckii, 

five S. cerevisiae, three H. uvarum, three as P. 

fermentans, two L. thermotolerans, one Candida 

dubliniensis, one Debaryomyces hansenii, one 

Metschnikowia aff. chrysoperlae, one 

Meyerozyma guilliermondii, one Pichia kluyveri, 

and one Zygosaccharomyces bailii.  

Results concerning the fermentation with 

isolated and identified yeast for winemaking 

process 

Generally, with an increase in ethanol 

concentration, the amount of living cells of non-

Saccharomyces decreases and Saccharomyces 

strains start to dominate (Lee et al., 2012), and 

only a few non-Saccharomyces strains can 

persist until the end of fermentation (Sipiczki, 

2022). Ideally, 106 cells/mL should be present in 

the mixture of yeasts for a normal fermentation 

rate. It has been shown that a lower number of 

cells count slows down fermentation, while a 

higher number of cells promotes the formation of 

by-products that affect the quality of the wine. 

It is known that the total nitrogen content of wine 

grapes as well as the relative distribution of 

nitrogen compounds influence the production of 

yeast biomass and the fermentation rate. It can 

also affect the different types of alcohol present, 

as a result of the yeast's metabolism, in the 

resulting wine. The addition of a mixture of amino 

acids may enhance the utilization of the 

respective amino acids and possibly alter the 

aroma profile of the grape wine produced. 

Nitrogen deficiency of the must may cause 

sluggish or stuck fermentations in the winery. An 

increase in the nitrogen content of musts resulted 

in reduced formation of aliphatic higher alcohols 

and hydrogen sulfide and in increased formation 

of esters in wine, although the effects vary with 

respect to the yeast strain, nitrogen status of 

musts and experimental conditions. 

Also, large quantities of nitrogen in the form of 

ammonium (typically as diammonium phosphate) 

to the must can result in microbiological instability 

and increased production of ethyl acetate and 

acetic acid as well as carcinogenic ethyl 

carbamate.  

 For complete fermentation, of good quality, a 

must containing a minimum of 140 mg N / l 

assimilable is required. Without these nitrogen 

levels in the must, there is a reduced capacity to 

produce alcohol, which leads to a slow or blocked 

fermentation. (Chen et al., 2014). 
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The ethanol concentration is also a very important 

factor in wine production. The yield of ethanol 

varies with the strain of the yeast used, its 

adaptability to ethanol, and the phase of growth 

when it is added to the fermenting mixture.  

The maximum ethanol concentration that can be 

produced by yeasts differs from 0% to about 

19%v/v. (Matei and Kosseva, 2017). 

Considering  the diversity of the microflora used 

in wine production and in particular the use of 

non-Saccharomyces yeasts; some particular 

examples could be mentioned:  Lachancea 

thermotolerans is involved in aroma and acidity of 

wine. The improvements reported for L. 

thermotolerans in fermentation include better 

biocontrol (Nally, 2018), a low volatile acidity 

production (Vilela, 2018), a very good aroma 

complexity (Benito, 2018), an increase in color 

intensity (Hranilovic, 2017) and increase wine 

acidity in warm viticulture areas (Berbegal, 2019; 

Santiago, 2020). 

Another example is Schizosaccharomyces 

pombe (SP), which was applied to de-acidify the 

acid wines (greater than 6 g/L) which make them 

extremely sharp for  consumers [Benito, 2014; 

Benito, 2016). 

Commercial yeasts used as ADY and YDY for 

wine making process 

A few commercial yeasts are used in the AF and 

MLF. These yeast starter cultures can be 

purchased and used slanted, tableted, or 

compressed. There are a few yeasts used as 

active dry yeast - ADY and inactive dry yeast - 

IDY. 

Examples by ADY (active dry yeasts) commercial 

yeasts: 

BiodivaTM td291 by Lallemand:  

 is a pure culture of Torulaspora delbrueckii, that 

was selected for its properties to enhance wine 

aromatic and mouthfeel complexity.  

ZYMAFLORE® KHIOMP by Laffort: 

non-Saccharomyces yeast of the species 

Metschnikowia pulcherrima for BIOProtection of 

white and rosé musts and grapes under low-

temperature conditions during long pre-

fermentation phases. 

Has a good compatibility with the strain of 

Saccharomyces cerevisiae selected for the AF.  

Viniferm 522 By Agrovin: 

Saccharomyces cerevisiae selected at the 

University of California, Davis (USA), strain 522 

Davis, especially suitable for production of short-

maceration red wines: recommended to 

counteract the high levels of undesired native 

yeast often found in late vintages. 

Examples by IDY (inactive dry yeasts) 

commercial yeasts: 

NOBLESSE™ by Lallemand: 

is an inactivated yeast from the Institut Cooperatif 

du vin (ICV) range of oenological Saccharomyces 

cerevisiae yeasts, was designed to be used in 

finished wines.  

RESKUE™ by Lallemand: 

yeast cell walls Saccharomyces cerevisiaeshould 

be added into the must about 2/3rd of AF to 

prevent sluggish fermentation or in case of a 

curative treatment on a stuck AF.  

SUPERSTART® RANGE by Laffort: 

optimal aromatic performance and a healthy and 

complete fermentation (Contains inactivated 

yeast, autolysates). Patent FR 2736651.  

NUTRISTART® AROM by Laffort: 

Complete nutrient (inactivated yeast, yeast cell 

fragments rich in glutathione and diammonium 

phosphate) increasing the aromatic complexity of 

wines. 

Conclusions 
The present work described the role of 
autochthounes yeasts in wine fermentation. It 
was shown that 29 autochthones yeasts were 
identified, both Saccharomyces and non-
Saccharomyces, by molecular PCR technique, 
which were used in the vinification process. 
Studies have shown that Saccharomyces and 

non-Saccharomyces have been used in 

winemaking and mixed culture. Observing the 

studies discussed above, diversity of the 

microflora used in wine production and in 

particular the utilization of non-Saccharomyces 

yeasts; some particular examples we can 

mentioned them:  Lachancea thermotolerans is 

involved in aroma and acidity of wine. The 

improvements reported for L. thermotolerans in 

fermentation include better biocontrol, a low 

volatile acidity production, a very good aroma 

complexity, an increase colour intensity and 

enhance wine acidity in warm viticulture areas. 

This review represents a starting point for the 
selection and utilization of autochthones yeasts 
isolated from the Romanian grape varieties 
Tamaioasa Romaneasca (a white variety) and 
Busuioaca de Bohotin (a red variety, used to 
produce rosé wines) from area Pietroasa 
(Romania), as well as for obtaining active wine 
dry yeasts in order to be utilized in winemaking at 
“Pietroasa” Viticulture and Winemaking Research 
and Development Station in Romania.  
 

http://www.pietroasaveche.ro/
http://www.pietroasaveche.ro/
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Abstract. Many varieties of grapevine do not have relevant technological potential, or the quality of the 

grapes is not in line with the increasing requirements of wine producers and consumers. Therefore, the 

research on this paper aims to assess the mechanical structure and the uvologic indexes values of two 

grapes varieties: Fetească regală (FR) and Cabernet Sauvignon (CS), cultivated in Pietroasa vineyard 

(Romania). The technological aptitudes based on the uvological indexes analyzed are within the specific 

intervals for the grapes intended for the production of wines of superior quality. This is also 

demonstrated by HPLC-RID analyzes on the grapes and must of the two varieties studied. The values 

of essential constituents such as soluble dry matter content (FR grapes 22.2% and must 22.7%; CS 

grapes 20.2% and must 25.4%) and acidity content (FR must 4.5 g/L CS must 6.4 g/L) demonstrated 

superior quality of wine. The percentage values of fructose and glucose demonstrate that there was a 

higher fructose content in the analyzed must (CS must 11.4% and FR must 10.5%). In addition, the 

ELISA method has also been shown that the values of the Ochratoxin A content in must (FR must 1.03 

µg/kg and CS must 1.12 µg/kg) do not represent a food safety risk. 

 

Introduction 

The need to prolong the economic life of the 

plantation derives not only from the very high 

initial costs, but also from the oenological 

behavior of the varieties that have not yet 

established their potential (Matei et al., 2009). To 

this end, research and maintaining the balance 

between the vegetative and productive phases is 

of fundamental importance (Matei et al., 2009; 

Mereanu et al., 2009). The vineyard is an 

ecosystem made up of natural factors (variety, 

climate, soil) and human factors (cultural 

techniques). Fregoni (2005) proposed a series of 

quality controls in viticulture. Among these the 

most important are represented first of all by the 

notion of "terroir" (climate, soil and land) which 

must have a vocation for the production of high 

quality wines. The Pietroasa area has a vocation 

for superior wines. Secondly, the basic rule of 
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quality is represented by the formula: one - one 

hundred - one thousand, where one is the weight 

in grams of the berry, one hundred is the weight 

in grams of the grape, one thousand is the weight 

in grams a production per stump, non-compliance 

with this formula decreases the quality in its 

complex (not in terms of alcohol content, but is 

the case of polyphenols, flavors) (Fregoni, 2005). 

The Cabernet Sauvignon (CS) variety studied is 

known to have supremacy in all wine-growing 

areas of the world with a vocation for obtaining 

high quality red wines, with the right to have a 

controlled designation of origin (Urucu, 2014). 

The Feteasca regala variety, the studied local 

variety, is able to ensure the fame of the place 

where it is produced, the specific favorable 

microclimate from Pietroasa. 

The objective of the study was to establish the 

limits of variation for the main productive and 

qualitative characteristics of the two varieties 

studied (CS and FR), in the conditions of 

obtaining high quality productions. 

Methods and sources 
The constituent parts of grapes and berries, 

called “uvological units” (uva = grapes) such as: 

bunches, berries, epicarp, mesocarp and seeds, 

have variable amounts depending on variety, 

climate, agrotechnics, etc. 

Uvological index determination 

The methods of analysis of uvological units 

consist in: mechanical analysis of a grape: 10 

medium-sized grapes are chosen and each is 

weighed (g), the berries are detached, they are 

counted and weighed (g), then their volume is 

determined. The skin of the berry comes off, and 

this is weighed (g); physical-mechanical analysis 

of a kilogram of grapes: the number and weight of 

berries (g), the weight of the bunches (g), the 

weight (kg) and volume (ml) of the must, the 

weight of the pomace (kg), the weight of the 

seeds (g) and the weight of the remaining 

mesocarp and the skins of the pomace (g) are 

determined; physico-mechanical analysis of 100 

berries: the weight of the mesocarp (g) is 

calculated by subtracting the weight of the skins 

and seeds from the weight of the berries. The 

determination is made at 700 - 800 berries, which 

are distributed in all the mentioned component 

parts, and the results are related to 100 berries. 

The results are used to calculate the percentage 

of each uvological component of the grape and 

berry and the yield in must and pomace. The 

following uvological indices were also 

determined: structure index (SI) is the ratio 

between berries (g) and bunches(g); (BI) berry 

index is the ratio between number of berries and 

100g grapes; (BCI) berry composition index is the 

ratio between mesocarp (g) and epicarp (g); (YI) 

yield index is the ratio between must (g) and 

grape marc (g). 

Chemical composition of grapes 

 

The determination of soluble dry matter content 

was performed using a Anton Paar Abbemat 550 

automatic refractometer. The concentration of 

soluble dry matter is expressed as 

mass percentage (%m/m). 

The sugar determination in the samples of grapes 

and must was performed by a HPLC method with 

refractive index detection (HPLC-RID). The 

procedure of sample preparation was as 

following: 5g of the sample were weighed into a 

250 ml volumetric flask, over which hot water was 

added. After cooling, the clarification solutions 

were added (Carez I and Carez II), and then 

mixed and brought to boiling. The sample is 

filtered through a 0.45 mm filter and then used for 

HPLC injection directly into the apparatus. 

The following instrumentation was used for HPLC 

analysis: a Shimadzu HPLC equipment with 

DGU-405 degassing unit; LC-40D pump; SIL-

40autosampler/injector; CTO-40C column oven; 

RID-20A refractive index detector; Shimadzu 

LabSolutions software; Phenomenex Luna 

Omega SUGAR column, 105 x 4.6m. The elution 

was performed using acetonitrile/water mixture 

(80:20) as the mobile phase at a flow rate of 1.5 

ml/min at a temperature of 25°C. The refractive 

index detector was maintained at 40°C, and the 

injection volume was 25µL. 

The quantitative determination was performed on 

external Standards (ribose, xylose, arabiosis, 

fructose, mannose, glucose, galactose, sucrose, 

maltose, lactose) within the concentration range 

2% to 0.005%. The results were expressed as a 

percentage by mass/mass (g/100 g) of each 

sugar. 

The acidity content (g/L must) was based on the 

titration of the must with NaOH (ml) (F: 1.02) in 

the presence of the phenolphthalein indicator (1 

or 2 drops). The colour turns pink at (FR) and 

green at (CS), and the value was expressed in 

(g/L) tartaric acid. 
The Ochratoxin A content in the samples of grape 
must was analyzed based on a competitive 
enzyme immunoassay technique for the 
quantitative analysis, using the RIDASCREEN® 
Ochratoxin A 30/15 kit provided by R-Biopharm 
AG (Darmstadt, Germany). The equipment used 
was a spectrophotometer type Stat Fax 303 Plus 
from Awareness Technology Inc., USA, equipped 
with a filter at 650 nm. The measured absorbance 
is inversely proportional to the quantity of 
mycotoxins in the samples. In addition, the 
measuring range of the kit for Ochratoxin A is 
within the domain 0.3 -30 µg/L. 
Theoretical framework and operational concepts 
Following the analyzed bibliography and the 
extensive experience in the wine field, in order to 
complement the research, the operational 
concept of the investigation identified the values 
of uvological units and the values of uvological 
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indices of FR repectively CS varieties. Also it was 
investigated the content of soluble dry metter, 
sugars content (glucose and fructose) and 
Ochratoxin A respectively from grape and must 
from FR and CS varieties.The practical research 
procedures confirmed the qualitative value of the 
wine obtained in the Pietroasa vineyard for the 
two analysed varieties. 
 

Results 
The knowledge of the complexity of the varieties 
in terms of growth and fertility as well as 
production and quality, is done in order to 
scientifically prove the capitalization of their 
productive and qualitative properties. The yields 
obtained in Pietroasa vineyard were 7.56 t/ha for 
the FR variety and 8.5 t/ha for the CS variety. 
Uvological index determination 
The component parts of the grapes represented 

by bunches and berries, for FR variety we 

observed an average weight of a grape of 131.5 

g, of which 97.2% representing the weight of the 

berries (82 berries/grapes) and only 2.8% 

represent the bunches (Table 1). The berries of 

the FR variety are very large, at full maturity 

representing about 90% of the weight of the 

grapes. In the case of the CS variety, the grapes 

are smaller, with an average weight of 124.7g, the 

weight of the berries representing 97.9% (106 

berries/grapes), and the bunches represent 2.1% 

(Table 1). The berries represent the fruit of the 

grapevine, in terms of morphology they are made 

up of epicarp, mesocarp and endocarp, and 

inside the seeds.  

Table 1. The value of the uvological units 

obtained for the FR and CS varieties cultivate at 

Pietroasa vineyard 

Vari

ety 

Uvological units values 

aver

age 

weig

ht 

grap

es 

(g) 

% 

bun

ch 

% 

berr

ies 

% 

meso

carp 

% 

epic

arp 

% 

see

ds 

FR 131.

5 

2.8 97.2 82.8 11.5 5.6 

CS 124.

7 

2.1 97.9 75.7 19.2 5.3 

  

Analyzing the component parts of 100 berries 

(159.4 g) for the FR variety, the following values 

were obtained: epicarp represents 11.5%, 

mesocarp 82.8%, and seeds 5.6%. The 

percentage values in the case of the CS variety 

of the uvological components per 100 berries 

(120.4g) were: 19.2% epicarp, 75.7% mesocarp 

and 5.3% represented the seeds (Table 1). By 

crushing and pressing, the must was obtained, 

which represents 90% of the weight of the berry 

mesocarp. The quantitative ratios between the 

uvological units, at full maturity represent the 

mechanical composition of the grapes. The 

physico-mechanical structure of the grapes also 

varies, depending on the ecosystem, the degree 

of maturity and the state of health at harvest. 

The determination of the technological aptitude is 

made with the help of uvological indices. The 

values of these indices can be followed in Table 

2. 

Table 2. The value of the uvological indices 

obtained for the FR and CS varieties cultivate at 

Pietroasa vineyard 

Variety Uvological index values 

SI BI BCI YI 

FR 34.5 64 7.2 2.5 

CS 34.6 87 3.1 1.7 

 

The value of the SI can demonstrate the quality 

of the wine obtained. Both studied varieties, FR 

and CS, obtained in the Pietroasa vineyard, the 

value is quite high (34.5, respectively 34.6), 

considered to obtain a wine for current 

consumption. The BCI indicates how many times 

the weight of the epicarp is lower than that of the 

mesocarp. In the case of the FR variety, its value 

(7.2) demonstrated the good quality of the wine 

obtained. Cabernet Sauvignon being a variety for 

red wine, it is known that the thickness of the 

epicarp is higher, as a result the value of BCI is 

lower (3.1), with a favorable influence on the 

quality of red wines (Table 2). The studied 

varieties accumulated a relatively balanced 

amount of sugars, at a high yield in must, and the 

value of YI was 2.5 for FR and 1.7 for CS. 

CHEMICAL COMPOSITION OF GRAPES: 

Regarding the soluble dry matter content in 

grapes of the FR variety, the valuation was 22.2 

%, which represents an alcoholic potential of 

12.4% volumes, while the CS variety recorded 

20.3 % soluble dry matter content causing an 

alcoholic potential of 11.2% volume. 

Compared with our research, the study of Ilieva 

et al. (2021) reported that during the fermentation 

process, the amount of sugar in the ripe grapes 

juice of CS was 236 g/L. 

Dejeu et al. (2009) demonstrated that due to the 

accentuated climatic heating there is a positive 

influence on the quality of the wines obtained 

from FR variety, a sugar content 216.1 g/L was 

obtained. 

 

 
Figure 1. Chromatogram of FR variety grapes  
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Figure 2. Chromatogram of CS variety grapes 

 
Figure 3. Chromatogram of FR variety must 

 

 
Figure 4. Chromatogram of CS variety must  

 

The percentage values of fructose and glucose 

resulting from the analysis of the grapes showed 

higher values for the FR variety (fructose 9.5% 

and glucose 8.8%), compared to the values 

obtained for the CS variety (fructose 8, 0% and 

glucose 7.8%). It was observed, higher values for 

fructose, for the must analyzed in both varieties 

(FR: 10.5% and CS: 11.4%). The glucose values 

in the must, also, being higher than in the grapes 

(FR: 8.8 % and CS: 10.7%). Dokoozlian (2009) 

reported that the average sugar content of 

Cabernet Sauvignon must increased from 21–22 

Brix in 1990 to 24–25 Brix in 2008 in Napa Valley 

(Chile). 

The fermentation process turns grape juice 

(must) into wine, with the help of yeast that 

interacts with the sugars (glucose and fructose) in 

the must and turns into ethanol and carbon 

dioxide (Maicas, 2021). 

Grape juice is characterized by a very high sugar 

content, a very low pH and low concentrations of 

certain nutrients, especially assimilable nitrogen 

(Mouret et al, 2021). 

The value obtained in the acid content for the FR 

variety was 4.5 g/L tartaric acid, and for the CS 

variety the value obtained showed a wine with 

high acidity (6.4 g/L tartaric acid). The titratable 

acidity was 7.1 g/L tartaric acid, and the pH value 

for grapes of Cabernet Sauvignon variety was 

3.40 according to Ilieva et al. (2021). 

According with European legislation in force 

(Commission Regulation (EU) No. 1881/2006 

setting maximum levels for certain contaminants 

in foodstuffs), the legal limit in the EU for 

Ochratoxin A in wine and grape must intended for 

direct human consumption is 2 μg/kg. The values 

of the Ochratoxin A content in grape must was: 

FR must 1.03 µg/kg and CS must 1.12 µg/kg, 

therefore these values do not represent a risk for 

food safety. 

 

Conclusions 
The mechanical composition of the FR and CS 

grapes at full maturity demonstrated in both 

varieties a balanced ratio between the uvological 

constituent (%berries 97.2 and 97.9, respectively) 

and structural (%mesocarp 82.8 and 75.7, 

respectively) units with a maximum economic 

potential for the Pietroasa vineyard. 

The technological aptitude of the FR and CS 

varieties in Pietroasa vineyard was demonstrated 

based on the analyzed uvological index values. 

The values obtained for BI and BCI, respectively 

demonstrated the potential for obtaining wines 

with a controlled designation of origin of the 

analyzed varieties (FR and CS). 

The interpretation of the YI is correlated with the 

volume of must and the sugar content. The 

studied varieties (FR and CS) accumulate a 

balanced amount of soluble dray matter content 

(22.2 % and 20.3 %, respectively) at a high yield 

in must (2.5 and 1.7, respectively). 

The content of fructose and glucose from the  

grapes of developed a higher values for the FR 

variety (fructose 9.5% and glucose 8.8%), 

compared to the content obtained for the CS 

variety (fructose 8, 0% and glucose 7.8%). 

Also, it was observed, higher content for fructose, 

for the must analyzed in both varieties (FR: 10.5% 

and CS: 11.4%). The glucose content in the must, 

also, being higher than in the grapes (FR: 8.8 % 

and CS: 10.7%). 

The content of the Ochratoxin A content in grape 

must was: FR must 1.03 µg/kg and CS must 1.12 

µg/kg, therefore these values do not represent a 

risk for food safety. 
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Abstract. The introduction of winegrowing districts Goriška brda (Brda) and Vipavska dolina 
(Vipava) is based on data from Register of grape and wine growers and from Slovenian 
Environment Agency. Brda and Vipava winegrowing districts are characterised by eocene flysch 
soil, hilly landscape and by sub-Mediterranean climate. Around 1.820 ha of Brda and 2.110 ha of 
Vipava district are covered by vineyards. The average area of vineyards per producer in Brda is 
2.69 ha and in Vipava 1.26 ha, which is significantly more than the average Slovene producer. 
Brda district meets around 4/5, while Vipava 3/5 vineyards on terraces. About 17% of wine 
growers in Brda own estate larger than 5.0 ha, which cultivate more than a half of all vineyards in 
Brda. In Vipava less than 6% of producers cultivate more than 5 ha reaching approx. 48% of all 
vineyard area. The age structure of the vineyards in Brda and Vipava is similar and not favourable 
– the share of young vineyards (<15 years old) does not guarantee the overall renewal of the 
vineyards. Regarding the grapevine varieties, the whites in Brda cover 72%, while in Vipava 67% 
of all vineyards, third planted with native and domesticated varieties, Ribolla Gialla, Sauvignon 
Vert, Malvasia Istriana, Zelen, Pinella. In the last two decades, the vineyard area in Brda district 
has not changed, while in Vipava  the area of all vineyards decreased for 230 ha and area of 
terraced vineyards decreased for 370 ha.  

 

Introduction 

Slovenia has three winegrowing regions 
Podravje, Posavje and Primorska. Primorska 
winegrowing region is situated from the western 
to southwestern part of Slovenia, and consists of 
four winegrowing districts Goriška brda (Brda), 
Vipavska dolina (Vipava), Kras and Slovenska 
Istra, characterised by different environmental 
conditions. According to the topography, Brda 
and Vipava are known for heroic viticulture, where 
on the vineyards are arranged on slopes greater 
than 30%, and almost 70% of the vineyards are 
terraced. The purpose of the paper is to present 
a heroic viticulture in Brda and Vipava 
winegrowing district, where a synergistic impact 
of soil, climate and topography characterizes a 
terraced landscape.  

Methods and sources 

Data was obtained from Register of grape and 
wine growers (RGWG) and Slovenian 
Environment Agency and analysed separately for 
Brda and Vipava district. RGWG collects data 
regarding each vineyard in Slovenia, which is 
geographically marked and recorded under 
registration number. Data of each vineyard 
covers surface, altitude, slope, exposure, soil 
management, variety, rootstock, planting space 

etc. On the other hand, SEA offers accurate data 
regarding topography, soil and clime 
characteristics, land use etc. Combining all the 
data from both databases gives an accurate 
insight into vineyard characteristics and 
environmental conditions. 

Theoretical framework and operational 
concepts 

Slovenian viticulture is facing more and more 
expensive grape production, mainly due to the 
very large share of manual labour in vineyards 
and rising prices of energy, raw materials and 
plant protection products. Grape production costs 
further increase in vineyards with larger slopes as 
those presented in the winegrowing districts of 
Primorska winegrowing region. As part of the 
study, we tried to characterize individual 
winegrowing districts of Primorska region, mainly 
with the aim of determining the dynamics and 
structure of viticulture in the light of changed 
environmental, economic and social conditions. 

Results  

Characteristics of winegrowing districts 

Brda and Vipava winegrowing districts are 
situated in the west and southwestern part of 
Slovenia, geographically divided by Soča river 
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and Sabotin hill. According to the geological 
composition and climate conditions are quite 
similar, although few differences can be stressed. 
The peaks of hills in Brda reach an altitude of 350 
m, while in lower Vipava sub-district less than 200 
m, but in the upper Vipava sub-district more than 
500 m. In both districts the hills are characterised 
by Eocene flysch soils, but the plains by alluvial 
soils. The climate is sub-Mediterranean with mild 
winters and warm, even hot summers. Data from 
Meteorological station Bilje, which is situated 
almost in the middle of the two districts, for the 
last 20 years are: 13.2 °C an average annual 
temperature, 1.361 mm average annual rainfall 
mostly like heavy showers and 2.274 average 
annual hours of sunshine. The climate conditions 
suggest for the vines an excessive precipitation, 
which, due to heavy rainfall, lot of water drains 
quickly, and therefore spring and summer 

droughts are common. The steep slopes of the 
hills and the heavy rainfall are the main reasons 
for arranging the terraces in Brda and Vipava 
district, since the only vineyard arrangement 
allowing the grape/fruit growing. The terraced 
land architecture prevents soil erosion, leaching 
of fertilizers and at the same time retains some 
water of precipitations, what can be crucial for 
vines during arid summers. Terraced landscape 
is not important only for the agricultural 
production, but it has much wider significance 
especially regarding tourism and maintaining the 
orderliness and settlement of the countryside. 
Terraced land structure in Brda and Vipava is 
inevitable, which, over the millennia, has led to 
the traditional landscaping, but at the same time 
to specific and recognizable terroirs. (Bianchi et 
al., 2007; Slovenian Environmental Agency, 
2022) 

Area of vineyards 

According to RGWG Slovenia has around 14,740 
ha of vineyards spread into three winegrowing 
regions Podravje, Posavje and Primorska. 
Primorska winegrowing region covers around 
6,330 ha in four winegrowing districts, more than 
60% of vineyards is in the Brda and Vipava 
districts. 

Not only due to topography, but also to economic 
and political situations in past centuries, Slovenian 
viticulture is characterized by considerable 
fragmentation. The average vineyard in Slovenia 
measures only 0.33 ha, in Brda it is twice larger 
(0.59 ha), while in Vipava it measures about half a 
hectare (0.49 ha). (Register of grape and wine 
growers, 2022).

 

Figure 1. Total vineyards area (ha)   

Figure 2. Average vineyard and wine estate area (ha)  

Based on the average area of the wine estate, we can 
conclude on the intensity of production, as well as 
whether the production is market or amateur oriented. 
The average area of vineyards per producer in 
Slovenia is only 0.54 hectare, in Brda it is 2.69 ha and 
in Vipava 1.26 ha. The average grower in Brda 
cultivates the largest area of vineyards in the whole 
Slovenia suggesting Brda as the most market-
oriented area in Slovenia. 

Slope of vineyards 

Almost 3/4 vineyards in Brda have slope of 15% and 
more and in Vipava less than half (46%). Very steep 
vineyards, with a slope of 31% and more, are in Brda 
18.4% and in Vipava 10.6%. Brda is a very hilly area, 
so it is not suprising that the name Brda in Slovenian 
means hills. (Register of grape and wine growers, 
2022) 

 

Figure 3. Slope of vineyards in Brda  
Figure 4. Slope of vineyards in Vipava 
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Terraced vineyards 

The largest shareof terraced vineyards is in Brda, 
followed by Vipava district, around 4/5 and 3/5 
vineyards on terraces, respectivelly. Vinegrowers are 
terracing the land from a slope of about 12%. 
Elsewhere in Slovenia, there are fewer terraced 
vineyards, since most vineyards in the Podravje and 
Posavje regions are arranged vertically. Terraced 
vineyards are the practice of several centuries in Brda 
and Vipava, that reduce the impact of erosion and 
contribute to the greater water retation, especially 
important at arid periods during the summer. At the 
end, terraced vineyards provide sustainable viticulture 
and one of the more effective land arrangement to 
diminish the impacts of climate change. (Register of 
grape and wine growers, 2022) 

Terraced vineyards are making a special mark on the 
landscape, and more and more people are realizing 
that they are an important element shaping the typical 
cultural landscape of the area. 

 

Figure 5. Share (%) of terraced vineyards in Brda 
Figure 6. Share (%) of terraced vineyards in Vipava 
 

Size structure of vineyards 

The vineyard structures of the vineyard holdings 
points to two groups of winegrowers – first group 
consists of “amateurs” that do not market the 
products, second group are growers that are market 
oriented, which grape and wine production represents 
the main source of income.  

Smaller vineyards of up to 0.5 ha are cultivated by 
about 25% of the winegrowers in Brda and 60% in 
Vipava. Most of these producers do not appear on the 
market. Area of vineyards from 0.5 to 5.0 ha are 
cultivated by 60% of producers in Brda and 34% in 
Vipava. About 17% of vineyards in Brda own estates 
larger than 5.0 ha, they cultivate more than half of all 
vineyards. In Vipava belongs to this group less than 
6% of producers, they cultivate more than 47% of all 
vineyard area. (Register of grape and wine growers, 

2022).

 

Figure 7. Size structure of vineyards in Brda  
Figure 8. Size structure of vineyards in Vipava 
 

Age structure of vineyards 

The age structure of the vineyards in Brda and Vipava 
is quite similar. Assuming that the vineyard's 
depreciation period is 30 years, in both districts, the 
share of vineyards between 6 and 15 years is too 
small, and the share of young vineyards less than 6 
years old is also slightly lower. The main reason for 
this situation is the lack of vineyard renewal in period 
2006-2015. After four satisfactory years, the renewal 
in 2020 and 2021 was very low, due to the impact of 
coronavirus epidemic. (Register of grape and wine 
growers, 2022) 
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Figure 9. Age structure of vineyards in Brda   
Figure 10. Age structure of vineyards in Vipava 
 

Grapevine assortment 

Viticulture in Slovenia is characterized by a quite wide 
grapevine assortment according to the total vineyards 
area. The diversity of grapevine varieties is a feature 
of Slovenia and an important natural and cultural 
heritage that we can be proud of and must preserve 
for future generations. According to the legislation, 
winegrowers can plant 32 different varieties in Brda 
and Vipava. Some varieties are widespread 
throughout the world, while others are grown only in 
our country or in any of the neighboring countries. In 
both districts white varieties prevail - in Brda 72% of 
the whites and 28% of the reds, while in Vipava 67% 
of the whites and 33% of the reds grapevine varieties 
cover vineyard surface. In both districts, seven 
varieties are represented in the assortment by more 
than 5%. (Register of grape and wine growers, 2022) 

Brda and Vipava are characterized by the presence of 
indigenous and domesticated varieties. In both 
districts about third of the vineyards area is planted 
with indigenous and domesticated varieties such as 
Ribolla Gialla, Sauvignon Vert and Malvasia Istriana. 
Zelen and Pinella are autochthonous varieties in 
Vipava, they are planted on 7.5% of vineyards, 
fortunately, their share is slowly increasing.  

 

 

Figure 11. Grapevine assortment in Brda   
Figure 12. Grapevine assortment in Vipava 
 

Terraced vineyards in the last two decades 

In the last two decades, from 2001 to 2022, the area 
of all vineyards and terraced vineyards in Brda is 
almost the same, while in Vipava the situation is quite 
different. The area of all vineyards in Vipava 
decreased by 230 ha, the area of terraced vineyards 
decreased by 370 ha and the share of terraced 
vineyards decreased from 69% to 59%. The main 
reason for this situation in Vipava is the longstanding 
problems in the largest wine cellar, which buys grapes 
from winegrowers. In times of crisis, producers usually 
decide to reduce or abandon the production, 
especially on the most difficult areas with terraced 
vineyards. Moreover, in Vipava winegrowing district 
few areas in the plain have been available, where 
some winegrowers started to arrange new vineyards 
instead of on the traditional terraced slopes. (Register 
of grape and wine growers, 2022; Simoncic et al., 
2017) 
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Figure 13. Terraced vineyards in Brda – 2001 vs 2022   
Figure 14. Terraced vineyards in Vipava – 2001 vs 
2022 

Conclusions 

The range of terraced vineyards is influenced by (i) 
environmental conditions, especially by topography 
and climate, (ii) knowledge - awareness of the 

importance of sustainable farming and adaptation to 
climate change, (iii) tradition, as well as (iv) the 
economic situation in the sector. In order to preserve 
the traditional terraced landscape, it is also important 
to have a broader social awareness that it is an 
important cultural heritage of an area, which should 
also be taken into account by the legislators and give 
higher financial incentives to such areas. 
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Abstract. How has the vine-culture been constructed in Madeira Island's landscape and architecture? 

The present study aims to understand the viticultural territory through its representation. The vertical 

section drawing is applied to understand the functions, qualities, and weaknesses of Madeira viticultural 

small-scale terraced landscape, considering the multidisciplinarity of its stakeholders. Due to the lack 

of scientific studies regarding this matter, experimental maps, interpretative drawings and photographic 

reportages were made in parallel to on-site surveys and interviews with local people. The vertical 

section is used not only as a project tool but also as a thought process that interprets and articulates 

different methods, such as the vertical sections of Alexander von Humboldt and The Valley Section of 

Patrick Geddes. The study is made through a series of sections along the island structured in three 

main scales: regional, local and property plot.  Through an analysis of the organization of agricultural 

structures, it shows that the intensity of viticulture depends on the availability of infrastructures and is 

divided into three major moments: highly productive, abandoned or partially maintained. It has been 

recognized that natural disasters, such as floods and fires are the biggest threats arising from 

agricultural abandonment. Moreover, unreasonable architectural interventions are gradually 

compromising the landscape’s attributes such as the ancestral dry-stone terraces - poios, the water 

transportation system - levadas, or the vineyard structures - latadas. In conclusion, there is a necessity 

to safeguard the viticultural landscape’s specificities in the problematic range from 300m to 800m asl. 

The accelerating and uncontrolled transformations that threaten the population’s security and the 

survival of viticulture must be debated. This study raises awareness to reflect on territorial contemporary 

dilemmas and discuss sensitive architectural solutions that combine traditional long-tested practices 

and technological innovation.  

 

Figure 1.  Vertical section with the most singular viticultural landscapes of Madeira 

 

 

Introduction 

Madeira, the fortified wine original from the Atlantic 

Island with its name, is the result of a symbiosis 

between the physical conditions – the acid soil, the 

subtropical climate – and the people’s cultural, long-

lasting practices that moulded a terroir, reflecting in 

liquid state the taste of an anthropic landscape.  

The socioeconomic condition in which Madeira's 

territory developed promoted a segregation between 

the viticulture, in rural and coast areas of the Island, 
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and the viniculture, in Funchal. Consequently, all the 

attention was given to enhancing the final product, 

relegating the areas dedicated to the grape cropping 

– the viticultural territory. Therefore, the grape 

cropping areas alongside the coast of the Island are 

vulnerable and exposed to a series of uncontrolled 

transformation processes that threaten not only the 

suspended vineyards – latadas - but also the main 

agricultural systems, such as the dry-stone terraces – 

poios – and the water transportation systems 

– levadas.  

This study aims to reflect and discuss about the 

(trans)formation of the viticultural landscape of 

Madeira Island as a way to reencounter its original 

function and turn them to production rather than to 

abandon and/or to passively contemplate them. 

Methods and sources 

The vertical section was used as a tool to interpret, 

reflect, synthesize and communicate the 

spatiotemporal and immaterial components of this 

landscape. 

This study is structured in three scales, (A) regional, 

(B) local and (C) property plot (Figure 3). In each of 

them, a succession of strategically delineated 

sections was carried out to identify the qualities and 

weaknesses of Madeira’s territory. 

Given the scarcity of bibliographic, cartographic and 

iconographic information on this matter, the work was 

built on three components: (i) the strong contact with 

the territory - through fieldwork combined with 

drawing, photography and cartography; (ii) the 

interview with several authors from different 

disciplinary fields; (iii) participation in the IV ITLA 

World Congress 2019, Re-enchanting Bancales, in 

Madeira and the Canary Islands. 

 

 

Figure 2.  Hand drawing of Madeira’s agricultural 

landscape 

 

Theoretical framework and operational 

concepts 

Faced with an orographic condition as expressive and 

complex as in Madeira Island, there is a need to 

understand, think and represent the space 

altimetrically, using the vertical section. 

As suggested by Alexander von Humboldt (1769–

1859), through the vertical section, we seek to 

interrelate knowledge from different disciplinary fields 

– science and art – and to build an idea of landscape 

that expresses rational knowledge, combined with a 

personal interpretation and creative reality. The 

methodological procedures of territorial analysis of 

Patrick Geddes (1854–1932) are used, through the 

conceptualization of the Section of the Valley. In 

addition, this study proposes to test to which extent 

the vertical section can serve as an effective tool for 

approaching the relations between the social structure 

and the organization of Madeira's territory. 

 

Figure 3. Study scales: (A) regional; (B) local;  

(C) property plot. 

Results 

An archipelago of landscapes 

Firstly, on a regional scale, an interpretative reading 

process was carried out throughout the Demarcated 

Region of Madeira, which sought to recognize the 

landscape specificity of the most paradigmatic 

viticultural landscapes. This fieldwork resulted in 

seven places that are presented singularly. Each one 

of them brings together criteria such as (i) the ability 

to adapt to the geomorphological singularity of the 

territory; (ii) the capacity to qualify and enhance the 

surroundings; (iii) types and techniques of cultivation 

and (iv) potential for opportunities.  

The study field shows a rich archipelago of viticiultural 

landscapes in the way it diversifies on 

geomorphological types – lombos, achadas, fajãs –, 

productive and constructive systems – poios, levadas, 
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latadas, sebes, cabos aéreos – and materials – 

basalt, red tuff stone and timber.  

Around the island, these elements were combined 

differently, according to the kow-how, the 

microclimate and the topographic specificities. 

 

 

 

 

 

Figure 4. Hand drawings of the vineyards of Estreito 

de Câmara de Lobos, Seixal and São Vicente. 

 

Figure 5. Vineyards of Estreito de Câmara de Lobos. 

The organization of vine production systems 

On a local scale, the landscape of the Estreito de 

Câmara de Lobos was selected. This represents the 

largest wine-growing area on the island, where there 

are remarkable examples of terraced vineyards 

suspended in trellises and irrigated by water canals – 

levadas. At the same time, this area is subject to 

severe problems in terms of abandonment and urban 

pressures. 

The following vertical section (Figure 6) shows the 

three levels of viticultural activity in Estreito de 

Câmara de Lobos, divided into three major moments: 

(i) highly productive; (ii) abandonement; (iii) partially 

maintained. It indicates that the development of the 

viticulture depends on the availability of infrastructures 

especially in a context of steep slopes.  

 

Figure 6. Vertical section showing the three 

intensities of viticulture. 

Vulnerabilities of a (dys)functional territory 

The current situation of the southern slopes of the 

island is represented by the vertical section (Figure 7), 

where natural and cultural (trans)formation 

phenomena are manifested. The urban pressure 

arising mainly from the coastal areas brings with it 

standardized ways of appropriation of space that are 

compromising the symbiotic relationship within this 

territory. This situation is becoming more problematic 

between 300 and 800m asl., where most of vineyards 

are located. Above 800m we can find an invasive 

forest, composed by exotic species such as the 

eucalyptus and the acacias. This easily flammable 

forest constitutes a great danger to the safety of 

populations living nearby for which the entities 

responsible for the management and urban planning 

have not yet found a response. 

 

 

(i)  Highly productive 

800m 

8m 

3m 
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Figure 7. Vertical section of the current situation of the 

southern slopes of Madeira. 

Rupture or Renewal? 

At the property plot scale, three types of most common 

housing settled in vineyard areas in Estreito de 

Câmara de Lobos were selected to reflect on the 

evolution of the relationship established between the 

house, the vineyards and its context. To this end, the 

vertical section (Figure 8) was designed through the 

collage of the various drawings, made in the fieldwork, 

establishing a chronology of the relationship between 

the space and the sector to which the families are 

dedicated.  

The antiga and moderna house typologies present a 

symbiotic relationship with the surrounding context. 

On the other hand, the contemporary house, from the 

late 20th century, brings with it the rejection of tradition 

in all spheres: in materials, scale, typology, 

implantation, proportions and construction methods 

Figure 8. Vertical section showing the relation 

between the house typology and its context. 

Conclusions 

The vertical section served as an effective tool for 

approaching the relations between the social structure 

and the organization of Madeira's viticultural 

landscape. Here, the viticultural landscape of Madeira 

is perceived as a means where human beings have 

built over the centuries a unique understanding of the 

specificities of places, minimizing natural adversities, 

through the way in which they cultivate and adapt to 

the territory. Agricultural activity is a living organism in 

constant mutation, where new values and new 

conceptions of space are permanently reintroduced. 

These singular and diverse landscapes presented 

here are seriously compromising peoples security and 

quality of life if not carefully studied, monitored and 

managed. 
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Abstract.This research is a case study of the Demarcated Douro Region (DDR) from the cluster life 

cycle perspective. The Cluster Life Cycle (CLC) theory is one of the prominent research lines on clusters 

dynamics. It considers that clusters can develop and can go through stages from birth, growth, maturity, 

to decline or renovation. Determining the stage of the cluster life cycle allows to identify relevant policies 

and firms´ strategies going beyond its static understanding. This study is able to identify the present 

stage in the DDR's cluster life cycle. First, we propose the appropriate model for that identification based 

on the analysis of the following parameters: cluster brand; number of companies; number of employees; 

exit to foreign markets - export/FDI; network; policies; regulations and innovation. Second, we apply the 

model to a longitudinal case study of DDR cluster that analyses data since 1945. The conclusions are 

that since the 90s the Demarcated Douro Region has gone through a "path transformation" where new 

“anchors” for the cluster were introduced, such as Doc Douro Wines, new forms of Port Wine 

consumption, touris and olive oil. Since 2010 the cluster entered a (new) path development, where 

these “anchors” are at steady growth. There is an increase in the number of companies, specifically in 

the viticulture area - from 2011 to 2020 the number of operators in Port wine increased 55% and in 

DOC wines 85%. There is an exponential increase on sales to more distant markets and the entry into 

many new markets. Networks undergo restructuring due to the entry of multiple new operators and 

associations that reorient the entire cluster (e.g, Douro Boys; the creation of DDR cluster in 2009, and 

of National Cluster of Vine and Wine in 2017). This was also followed by several government support 

actions and innovation growth (number of patents). The conclusion is that the DDR cluster is entering 

a new growth stage of its life cycle. Understanding the cluster's dynamics and the characterization of 

its specific path are valuable tools for policymakers and firms' managers design better policies and 

strategies, respectively.

Introduction 

In the world we live in - globalized, rapidly 

changing, and uncertain - local economies, 

namely clusters, gained importance to achieve 

and maintain national competitive advantage 

(Porter, 2000). It is especially applied to the wine 

industry and clusters. In Portugal, the wine 

industry constitutes a priority domain for the 

strategy of economic specialization  (Gouveia et 

al., 2018). Portugal is an important player in the 

international wine market: in 2016, it ranked 5th 

amongst European producers and the 11th 

amongst global producers (Rebelo et al., 2019). 

In terms of exports, it accounted for 2.8 million 

hectolitres (783 million euro), ranking Portugal 

the 5th place in Europe and 9th in the world (Faria 

et al., 2020). Specifically, Port wine industry is 

important to Portugal, not only because it carries 

a strong cultural heritage, but also for social and 

economic reasons (Silva & Rebelo, 2019).  

Port Wine is historically the main product of Douro 

Demarcated Region cluster (Rebelo & Caldas, 

2013). The first export records of the wine 

designated as the "Port Wine" date from the end 

of the 17th century and since 1756 this wine is 

produced only in the demarcated area of the 

Douro. So, Port Wine has been sold on the world 

market for over 250 years, with almost 85 per cent 

of its production being exported to more than one 

hundred countries (Gouveia et al., 2018). 

"Unquestionably, it is a globalized product, sold 

around the world" (Rebelo & Caldas, 2013, p. 28).  

By 2016 National Institute of statistics have 

highlighted Port Wine as the main export product 

of national wines with an average price much 

higher than other wines  (INE, 2016). 

However, there is a downward trend witnessed 

along the last decade (Silva & Rebelo, 2019). 

Thus, in order to understand the undergoing 

transformation of Port wine sector, and the Douro 
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region in general, this research will analyze it from 

the perspective of the cluster and cluster life 

specifically.  

Cluster Life Cycle (CLC) theory, is one of the 

prominent research areas on clusters (Lazzeretti 

et al., 2019). Because, clusters are not a static 

phenomenon, their structure and composition 

change (Boschma & Fornahl, 2011; Porter, 1998; 

Trippl et al., 2015). CLC theory considers that 

clusters evolve, passing through various stages 

of development that have different characteristics 

between them. And identifying the specific stage 

of cluster´s development is possible then to adjust 

public policies and firm´s strategic behavior to the 

particular stage (Boschma & Fornahl, 2011; Elola 

et al., 2017; Fornahl & Hassink, 2017). It is 

necessary to understand the concept of Life 

Cycle, which connects business (especially 

strategic) decision making with the development 

of the outer complexity of the firm (Sabol et al., 

2013). 

That is why, this research proposes to analyze 

Douro Wine cluster´s evolution in order to 

understand what the specific stage of cluster 

development is on, that can provide further 

insights on public policies and firms behavior 

adjusted specifically to this stage.  

Methods and sources 

This research represents a case study with 

longitudinal perspective (see similar studies: 

Branco and Lopes, 2013; Elola et al., 2012; 

Ingstrup and Damgaard, 2013; Tavassoli and 

Tsagdis, 2014; Shin and Hassink, 2011; Solvell, 

2009). It is an effective methodology to 

investigate and understand complex issues in 

real-world settings (Harrison, Birks, Franclin & 

Mills, 2017), like clusters, making deep analysis 

instead of large sample analysis (Yin, 2001). It 

allows to take the small steps to the greater 

generalization, however this generalization 

should not be focus of the whole investigation 

(Stake, 1994). Moreover, according to Ingstrup et 

al. (2017), it is the preferred way of researching 

clusters and cluster-based phenomena.   

Thus, in a similar line of work as Dyba et al. 

(2020); Elola et al. (2012); Ingstrup and 

Damgaard (2013); Santner (2018); Shin and 

Hassink (2011); Tavassoli and Tsagdis (2014) 

this is a longitudinal study of Douro wine cluster. 

As an analytical tool we propose a model of CLC 

identification, applied to secondary data, such as 

literature, documents, and statistics. We will focus 

on analyzing data from 1945, that corresponds to 

the last industry cycle started (Martins, 1988). 

Yet, most attention is focused on the last two 

decades, as it is the period defined as the stage 

of maturity/decline for the Port Wine industry 

(Hadeler, 2017). According to Sequeira and Diniz 

(2011) in terms of territorial nomenclature the 

large part of the DDR cluster is in the NUT III 

Douro, therefore our data analysis of the 

evolution of DDR referrers to this NUT.  

Theoretical framework and operational 

concepts 

Interest in the agglomeration economy and the 

geographical distribution of economic activities 

started in the 19th century when Alfred Marshall 

worked on industrial districts; however, it was only 

since the 90s of last century that it became one of 

the most relevant research themes (Cruz & 

Teixeira, 2010; Lazzeretti et al., 2014; Sedita et 

al., 2020). Cluster stands for "geographic 

concentrations of interconnected companies, 

specialised suppliers, service providers, firms in 

related industries, and associated institutions 

(e.g. universities, standards agencies, trade 

associations) in a particular field that compete but 

also cooperate’ (Porter, 2000, p. 15). 

The cluster life cycle theory is the most prominent 

and consistent research line on cluster dynamics 

(Lazzeretti et al., 2019; Pronestì, 2019). The life 

cycle of clusters ‘and industries’ are not the same; 

different clusters belonging to the same industry 

can follow different growth paths (Menzel & 

Fornahl, 2010; Scur & Garcia, 2019). Thus, 

clusters can grow or decline independently of 

industry development (Trippl et al., 2015).  

According to Harris (2021) the cluster life cycle 

approach has gone through a period of stagnation 

and could benefit from contributions in recent 

conceptual advances from evolutionary and 

institutional economic geography. It has been 

observed that CLC terminology converges with 

path development concepts (Blažek et al., 2020; 

Harris, 2021), freeing CLC stages from certain 

rigidity, allowing us to see different tendencies 

and gradual transitions within cluster dynamics 

that otherwise may not be observed.   

Hence, following the CLC literature, it is proposed 

to maintain the perception of cluster’s evolution 

as a passage through certain “stages”, where it is 

possible to identify a set of parameters that will 

distinguish the different “stages” from each other. 

Nevertheless, this paper incorporates the latest 

EEG insights and adopts the “path” approach, 

which is a more flexible and dynamic view.  

The following five paths and terminology are 

proposed: the emergence stage – “path’s 

emergence” - inspired by Jolly et al. (2020), is 

when the cluster appears and enters a certain 

path; the growth stage – “path’s development”- 

Harris (2021) has suggested a notion of path 
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upgrading for this stage, but the path’s 

development seems more appropriate to the 

growth stage particularly when the cluster 

develops the trajectory that was initiated at path’s 

emergence; to the maturity stage - “path’s 

sustainment” - adapted from sustaining path used 

by Fredin et al. (2019) refers to a period of no 

growth but sustainment; the decline stage – 

“path’s decline” (incorporated from Jolly and 

Hansen (2021) as a decline of the chosen path; 

and the renewal stage – “path’s transformation” – 

based on Baumgartinger-Seiringer et al. (2021) is 

a period where changes are incorporated at any 

time to escape path’s sustainment or decline. It is 

stressed that a cluster does not necessarily follow 

these paths in the specified sequence (Figure 1). 

 

Figure 1. Cluster dynamics 

It is possible to point out seven the most relevant 

parameters on cluster evolution. The model is 

proposed in Figure 2. - it contains the description 

of each parameter and the correspondent type of 

path.  

 

Figure 2. The model for CLC stage definition. 

Results 

Cluster´s Identity.  

The Douro Demarcated Region is the largest and 

most heterogeneous wine region in the world. 

The DDR extends over 250,000 hectares, of 

which about 18% are occupied with vineyards, a 

wine-growing area of 43,480 hectares (Hogg & 

Rebelo, 2017). Its economic base is the vineyard 

where two types of wine are produced - DOC 

Douro and Porto wine, representing 83.1% of the 

average total production, 52% of Port wine and 

31.1% of Douro (Hogg & Rebelo, 2017).  

Port Wine is a globally recognized symbol of 

Portugal. Existence of the wine production is 

registered in the Douro since Roman times, 

however, the first records of export of the wine 

designated as “Port Wine” dates from the end of 

the 17th century. To protect the quality of the 

exported wine, in 1756, the Demarcated Douro 

Region was created - the first demarcated and 

regulated wine region of the world, whose 

regulation and control lasts until today by the 

Institute of Port and Douro Wines (Mayson, 

2018). Therefore, it is one of the oldest wine 

regions, and as for the Port Wine brand – it is 
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quite antique and established. However due to 

the specificities of the branding the region itself 

did not have that strong reference historically as 

strong cluster brand, but this is being corrected 

(Magalhães de Sousa Ostapenko, 2017). 

Number of firms 

Nowadays, there are about 21,400 farms 

registered, 62.4% of them have less than 1 

hectare (5,182 hectares) (Hogg & Rebelo, 2017). 

However, around 35% of the DDR area is owned 

by just 810 winemakers, the average size of the 

property is 19.7 ha, which mostly belong to 

producers of wine and port merchants, unlike 

small and medium-sized companies, which are 

mostly members of wine cooperatives (Rebelo & 

Caldas, 2013);  it corresponds to the 1.2%  of 

farms that have more than 20 hectares (11,276 

hectares – ¼ of all region) (Hogg & Rebelo, 

2017).  

Despite the concentration in the Port Wine 

industry, there is still a positive business dynamic 

as the number of operators in the sector have 

increased in last decade by 55%, reaching a 

number of 255 operators. However, the number 

of Douro agents is contrastingly high – in 2019 

there were 1149 operators, an increase of 85% in 

comparison with 2011.   

Figure 3. Number of operators  

Therefore, the Douro sector is more attractive and 

dynamic, but the Port wine has also shown 

resilience. In general, in the cluster is very clear 

the turning point in 2012, when number of firms in 

the Douro cluster have had a jump from 18285 to 

27691 in one year – an increase of 51%, reaching 

31598 firms in 2019, thus 73% increase in 7 

years.  

 

Figure. 4. Firms (N.º) by Geographic location 

(NUTS - 2013) / Douro 

Number of employees 

Pordata provides the data of the employed 

population covering a significant time period that 

demonstrates the total increase of people 

employed in the Douro region from 1985 to 2018. 

From 16630 people it went up to 33925, with 

drawback after the global crisis in 2012 and 

recovery from 2015.  

 

Figure 5. Population Employed 

Thus, showing a positive tendency in this area.  

Network  

On July 15, 2009, the Douro Wine Cluster was 

officially recognized as a cluster and ADVID was 

recognized as its managing entity to boost and 

consolidate the wine production sector in the 

Douro Region (COMPETE). In 2017 ADVID was 

appointed as the managing and dynamizing entity 

of the National Wine and Vine Cluster 

(European Cluster Collaboration Platform, 2017).  

The Douro cluster network consists of 

relationships between multiple cluster actors: 

economic actors, inputs,  cultural heritage and 

tourism, research and development, regulation 

(Rebelo & Caldas, 2013).  

There are various institutions/associations linked 

to the Douro, of a formal and informal nature, 

among which are: Casa do Douro; O Instituto dos 

Vinhos do Douro e do Porto (IVDP); Associação 

das Empresas do Vinho do Porto (AEVP); 

Associação Nacional dos Comerciantes 

Exportadores de Vinhos e Bebidas Espirituosas 

(ANCEVE); Associação das Cooperativas do 
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Vinho do Douro (UNIDOURO); Associação para  

desenvolvimento de Viticultura Duriense 

(ADVID); Confraria do Vinho do Porto; 

Associação de Viticultores Engarrafadores dos 

Vinhos do Porto e Douro (AVEPOD); A Beira 

Douro; “Douro Boys”. Especially, the last one is a 

sign of reconfiguration of the network of the 

cluster (Rebelo & Muhr, 2012). Thus, the network 

is quite dense and growing, with signs of 

reconfiguration and officialization.  

Exit to foreign markets - exports.  

Form an historical perspective, there has been 

exponential growth of port wine exports from 

1945 to 1995, then a certain stagnation until the 

first years of the 21st century (Correia et al., 

2015). Analyzing the data on wine sales between 

2007 and 2019, there has been a total decrease 

of Port wine sales in volume, and increase in 

Douro wine sales, reducing the gap between the 

two wines. 

 

Figure 6. Wine Sales in Volume 

In term of value, there is significant valorization of 

Douro wines. On the other hand, there was a 

significant drop in sales from 2007 to 2009 but 

then there is also positive but very gradual 

dynamic for the Port wine up to 2019 – an 

increase of 8%, reflecting some struggle and 

resistance. 

  

Figure 7. Wine Sales in Value 

Specifically in relation to exports, exports of Port 

wines decreased in volume by 23% and in value 

by 8%. Although the weight of special categories 

has been increasing from 16% in 2000 to 21% in 

2016 (Cabral, 2015) and unitary price increased 

from 4,33€ in 2016 to 5,16 € in 2019. For the 

Douro wines in this period the exports increased 

by 180% in volume and by 245% in value, with 

unitary price rising from 3,19€ to 4,26€.  

In terms of sales distribution, the top ten export 

markets by volume are France, Netherlands, UK, 

Belgium, USA, Germany, Denmark, Canada, 

Spain and Brazil; Portugal itself is the second 

biggest market. But most of these export 

destinations, except Germany, show decreased 

sales volume, that reflect saturation of the main 

markets. In the main export markets by value this 

tendency is also observable. On the other hand, 

we have noticed a very significant increase, more 

than 200%, for less traditional markets such as 

Peru, Australia, Qatar, Hungary, Ecuador etc., 

thus reflecting market diversification, going 

further to the eastern Europe and reaching other 

continents.  Exports in value are following similar 

trajectory. 

Main Douro Wine export markets resemble Port 

Wine distribution, but with more remarkable 

increase from 2006 to 2019 (i.e. more than 

1500% increase to the USA, Brazil and Sweden). 

Main export markets in value of Douro Wines 

resemble sales in volume, with notorious increase 

in China – 76725%. Exports in volume increased 

more than 500% for non-traditional Port and 

Douro Markets, following the diversification of the 

“anchor wine”, going to Eastern Europe, Asia, 

Australia etc. As well as entering into many new 

markets for this wine, such as Israel, Colombia, 

Belarus, Paraguay etc. (Figure). There are 

several markets, exports increased in value more 

than 500%, reaching 509742% for South Korea. 

Even though the Douro wines exports reveal a 

significant general increase in volume and in 

value, it is interesting, that in terms of specific 

markets, the diversification tendency adopted by 

Port Wines, is followed by the Douro wines, 

seeing the greatest increase in non-traditional for 

Port Wines markets. Thus, it is not just 

complementing Port wines in main markets, but 

also spreading the geographical reach for its 

exports. Reflecting very positive dynamic for the 

Douro Wines, however the Port Wine is still 

battling and maintaining its leading position in 

term of sales in volume and value, with a gradual 

recovery of sales in value in last decade.  

4.6. Innovation  

Innovation in the Douro has different approaches.  

The first - is innovation within the focus of the 

cluster – wines, namely through a sustainable 

viticulture, reducing the application of 

phytopharmaceuticals, and has also vineyard 

parcels in Biological Production Mode (MPB) 

(Vida Rural, 2017). In the case of Port Wine, 
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innovation is oriented towards the production of 

quality wines and conquest of new markets 

(Correia et al., 2015; Inhan et al., 2013). As such 

there is a strong focus on the production and 

marketing of port wines of special categories 

whose sales have been growing in the last ten 

years. But a big novelty is the form of 

consumption. It is said that Port Wine was a drink 

of the older age groups, however nowadays it has 

tried to conquer the youngest not only through 

quality wines, but through "cocktails", which, 

despite a certain conservatism and disagreement 

in the sector, had a remarkable increase in 

popularity and its application (Observador, 2017). 

It is seen that various companies, such as, 

Taylor’s, Croft and Offley, Cockburn’s have 

adopted cocktails format in a can, that was 

outrageous some decades ago 

(The Drinks Business, 2021). In the case of 

Douro still wines, the production has 

exponentially increased over the last two 

decades and more and more port wine producers 

are evolving in Douro wines production. The 

innovation is transcendent and have touched 

most of the wine activities in the DDR cluster, 

starting form product and process and going to 

marketing strategy. 

The second perspective of innovation is the 

transfer of focus from the cluster to the areas 

adjacent to the wines, namely tourism. "A climate 

of optimism and motivation is passing through the 

oldest wine region in the world. We are beginning 

to reap the first fruits of a triangle full of potential 

that has to live together: Port Wine, table wine 

and tourism" (Visão, 2015). Cabral (2015) 

emphasizes the importance of conquering new 

consumers, new forms of consumption and 

moments, such as the use of synergy with tourism 

taking advantage of the connection with the city 

of Porto and the notoriety of Alto Douro 

Vinhateiro. The classification as a World Heritage 

Site of the Historic Center of Porto in 1996 and 

the Alto Douro region in 2001 by UNESCO, 

reinforced public visibility and promoted the 

attraction of this region (Rebelo & Caldas, 2013). 

Increased tourist demand has been met through 

hotel boats and high-quality infrastructures, like 

hotels, rural tourism – all associated with the wine 

activity. The spillover effects of cultural heritage 

and tourism on the wine industry are expressed 

in: (a) direct wine sales to tourists; (b) publicity of 

the Douro brand through already worldly 

recognized Port wine (c) emergence of a new 

segment of demanding consumers, many of them 

foreigners, who associate the wine with the 

landscape, strengthening the role of the concept 

of terroir (Rebelo & Caldas, 2013). As a result, 

since 2012 there has been a steady increase in 

the number of guests in the Douro region. There 

are numerous new investments in the Douro 

linked to tourism. 

Another aspect of innovation in the Douro is the 

growing importance of olive oil production in the 

region. Moreover, there are some attempts to 

produce other drinks, rather than wine are also 

taking place (beer, gin).  

Thus, there is high level of innovation in the 

cluster, and not only within the former core 

activities, but also new products emerging in the 

cluster.  

4.6. Regulation  

Being the main product of Portuguese wine 

exports, Port Wine is always the important point 

in the government agenda. It is reflected in the 

identification of the Douro region as the cluster in 

2009, with the approval of the Collective 

Efficiency Strategy (8 anchor projects involving 

an investment of 4.5 million euros). State support 

is relevant from the Economic Enhancement 

Programs of Endogenous Resources 

(PROVERE) which seek to stimulate initiatives by 

economic agents aimed at improving territorial 

competitiveness dedicated to the Douro - Douro - 

Wine Region. The IVDP is the main organization 

whose mission is not only to regulate and control 

the products and activities throughout the wine 

production chain starting in the vineyard, but also 

promotion. There is strong public involvement, as 

Douro region is seen as strategic for national 

economic development.  

Conclusions 

The cluster Life Cycle theory provides a valuable 

tool to understand cluster’s dynamics. The model 

proposed for the CLC stage identification allows 

to identify path/ stage the cluster is in. This is 

relevant information if it is further used to adapt 

policies and firm’s strategies accordingly.  

Based on the analysis of the established 

parameters for the CLC stage definition it is 

possible to conclude that Demarcated Douro 

Region since the 90-ties has been going through 

the path transformation where new “anchors” for 

the cluster have been introduced, such as Doc 

Douro Wines, other forms of Port Wine 

consumption, tourism, olive oil. Since 2010s the 

DDR cluster began to enter the (new) path 

development, where chosen “anchors” are at 

steady growth. Thus, DDR cluster is entering new 

path development (growth stage) of its life cycle. 
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