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Abstract

Rootstock selection is a key component of sustainable vineyard planning, as it determines the vine’s
capacity to adapt to soil properties and environmental constraints. This study presents Vitis, a
modular, microservice-based Decision Support System (DSS) designed to assist winegrowers and
professionals in identifying the most suitable grapevine rootstocks for specific pedoclimatic
conditions. The rootstock module (SR-Vitis) integrates a process-based model that evaluates 17
widely used European rootstocks by considering soil and site characteristics, including effective
rooting depth, texture, coarse fragments, salinity, pH, active calcium carbonate, potential fertility,
and risks of waterlogging and water deficit. Input data can be entered manually or retrieved
automatically from a georeferenced database through geographic coordinates. The system outputs a
list of rootstocks compatible with the given soil and environmental context and provides the user
with an automatic report in PDF format. The model was applied to four vineyards located in two
contrasting Italian winegrowing regions, Chianti Classico (Tuscany) and Alta Murgia (Apulia),
revealing strong agreement between DSS recommendations and rootstocks currently adopted by
growers, while also identifying cases where alternative choices could reduce agronomic risk. These
results demonstrate the potential of SR-Vitis as an objective and practical tool for enhancing vineyard
design, improving decision-making, and supporting viticultural resilience under increasingly
variable climatic conditions.

Keywords: grapevine; rootstock; soil; DSS; precision viticulture; digital agriculture

1. Introduction

Viticulture represents a cultural and historical heritage deeply intertwined with human history
[1]. Europe plays a leading role in global wine production, consumption and export [2]. In the
Mediterranean area, viticulture is a cornerstone of the agri-food sector.

Vineyard management is complex, requiring long-term strategic planning alongside daily and
seasonal operational interventions. This complexity arises from the need to consider numerous
factors, including climatic and meteorological variables, soil quality and water management. These
factors affect the quantity and quality of grape production and are therefore crucial to the economic
profitability and long-term sustainability of the wine industry.

Indeed, winegrowers increasingly must cope with environmental variables that are beyond their
direct control, whose fluctuations generate considerable uncertainty in technical and production
outcomes, with major repercussions for the profit and sustainability of the wine sector. Rootstock
selection represents a strategic, long-term agronomic tool for ensuring sustainable agricultural
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production, particularly in viticulture. It acts as a biological 'mediator' between the soil and the
canopy. In the face of global warming, the appropriate rootstock is essential for managing water
stress, salinity, and adaptation to challenging soil conditions. Viticulture is strongly influenced by
climate crisis: rising temperatures and changes in rainfall patterns pose increasing difficulties for the
agronomic management of vineyards. It is therefore essential to evolve agricultural techniques [3-6].

The practice of grafting gained historical significance in Europe following the phylloxera
outbreak in the late nineteenth century. Grafting enables the combination of phylloxera-resistant
rootstocks, derived from American Vitis species, with the fruit quality of the Eurasian species Vitis
vinifera [7,8]. Today, although often referred to as the “hidden half” of the vine, rootstocks remain
the only effective solution against phylloxera and are indispensable in viticulture.

In the twenty-first century, rootstocks are increasingly recognized as a key component in
adapting to evolving environmental conditions [9]. While phylloxera resistance remains a critical
trait, rootstocks are also selected for resistance to other pathogens and environmental stresses [10].

Despite the complexity of environmental interactions and physiological responses, breeding
drought-resistant rootstocks is necessary for sustainable viticulture [11].

Their adaptability to various soil types and their influence on scion vigour and grape
composition are also critical selection criteria.

Under specific conditions, different rootstocks can influence the physicochemical and sensory
properties of grapes and wines [12]. Furthermore, rootstocks regulate water and nutrient uptake.
Their role is therefore fundamental, making the choice of rootstock an indispensable step in adapting
agronomic practices to environmental change [13,14] and in satisfying production and market
expectations. In this context, identifying the most suitable rootstock is essential for adapting the vine
to diverse soil and climate conditions, as well as for modulating the phenotypic response of the scion
[15,16].

Given the managerial and environmental complexity of this economic sector, the adoption of
decision support systems (DSS) could provide an innovative and strategic tool. In recent decades, the
scope of these systems has expanded, with increasing success across numerous sectors. Agriculture
stands to benefit significantly from their adoption, with the potential to improve performance,
efficiency, sustainability and accuracy of crop choices.

In the context of Agriculture 4.0 technologies, winemakers find themselves at the nexus of a
digital transformation that facilitates access to an immense repository of data, with the capacity to
markedly enhance decision-making processes [17].

These systems embody sophisticated information-technology tools that facilitate the integration
and analysis of a broad spectrum of empirical data derived from both direct observations and
statistical and biophysical models. The use of data-driven and process-based models within DSS
facilitates the generation of predictions and recommendations, thereby ensuring that decision-
making processes are more accurate and timelier [18].

Data-driven models leverage machine-learning methodologies and statistical analyses to discern
predictive correlations between environmental variables and agronomic performance. While these
approaches offer high accuracy in the presence of large bodies of real-world, high-quality data, they
are often limited by the availability of data that systematically link operational decisions to the results
obtained. Conversely, process-based models, founded on biophysical principles and natural laws,
exhibit superior generalisation capabilities, making them particularly advantageous in circumstances
characterised by limited data availability and high environmental variability [19,20].

Their use has been demonstrated to be a promising method for translating the variety of
available data into robust decision-making processes for viticulture. These models facilitate the
integration of biophysical relationships, decisions and exogenous variables that influence vineyard
outcomes [21] and, as such, this paper focuses exclusively on them.

Despite considerable technological advances, operational decisions in the wine sector frequently
remain anchored in subjective evaluations — often based on personal experience and traditional
advice — due to the slow integration of data into decision-making processes [22]. A review of the
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relevant literature and industry practices reveals a paucity of dedicated DSS for rootstock choice.
Moreover, the DSS currently available for rootstock choice is geographically limited and designed for
specific contexts. Their evaluation process still largely relies on manuals, expert consultations or
tables provided by research institutes, without the aid of computerised systems accessible to all users.

In addition to numerous static tables and guidelines, only two interactive online tools are
currently available, with two additional tools under development:

e The Grapevine Rootstock Selector Tool (GRST) was developed in Australia by Yalumba Nursery
and subsequently updated and released by Wine Australia in 2016, before being upgraded in
2019 [23].

o The Arbol de Decisién para Eleccién de Portainjertos (ADEP) was implemented by the
Diputacién Foral de Alava (Spain) for winegrowers in Rioja Alavesa and the Basque Country
[24].

e  WANUGRAPE4.0 Rootstock Selector (W4RS) was developed as part of a Spanish public and EU-
funded research project [25].

e A MATLAB-based graphical user interface (GUI) was developed as a computational tool to
support rootstock selection in Chilean viticulture [26].

This paper presents a digital tool designed to support rootstock choice as part of a broader
Decision Support System (DSS), called Vitis, for sustainable technical and agronomic vineyard
management, providing a practical, immediately applicable tool. The criteria and conceptual model
underlying the development of the tool are illustrated, together with the methodological approach
and the final interface. The DSS aims to optimize the plant's vegetative-productive balance by
suggesting suitable rootstocks, among the 17 most used in Europe, based on specific pedoclimatic
characteristics. The use of rootstocks to balance vegetative and reproductive growth represents one
of the most sustainable strategic choices in modern agriculture. Fundamentally, an appropriately
selected rootstock enables the vine to 'self-regulate’ in relation to the soil [27], thereby reducing the
grower's reliance on chemical fertilizers and irrigation. The tool is applied to two representative
vineyard areas — the Chianti Classico production district (Tuscany, Italy) and the Alta Murgia area
(Apulia, Italy) — which serve as case studies. The two territories were selected not only for their
geoclimatic differences, but also for the diversity of their viticultural management and winemaking
objectives. Examining these two contrasting areas evaluates the instrument's performance under
different environmental conditions, demonstrating the methodological framework's broader
applicability and robustness.

2. Materials and Methods

The present section outlines the architecture of the DSS Vitis, and the model utilized for the
selection of rootstock (SR module) with a particular focus on its functionality, data acquisition
methodologies and technologies employed.

The criteria adopted for its development were guided by the need to create a functioning
prototype, accessible via the web, and easily extendable. In this phase, our primary objective was to
facilitate rapid development and deployment, while concurrently minimising infrastructural
complexity. Consequently, solutions that offer ease of use, immediate integration, and ready-to-use
tools were favoured, thus avoiding technologies that would have necessitated advanced
configurations or long implementation times.

2.1. Model for Rootstock Choice

The rootstock choice model used is based on the methodological approach the details of which
are outlined below. The model is process-based, integrating pedological and agronomic knowledge.
The current version of the model can operate a choice between 17 rootstocks, including Kober 5 BB
(K5BB), S.0.4 (SO4) , 420 A Millardet et de Grasset (420A), 1103 Paulsen (1103P), 110 Richter (110R),
140 Ruggeri (140Ru), 101-14 Millardet et de Grasset (101.14), 196-17 Castel (196.17), Gravesac, 41 B
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Millardet et de Grasset (41B), Fercal, M1, M2, M3, M4, 775 Paulsen (775P) and 779 Paulsen (779P).
These rootstocks are chosen from among the most widely used in Europe [28] and the new M series
selected in Italy. The model can automatically exclude any rootstocks incompatible with the soil,
climate, topographic and management characteristics of the area of interest.

Soil properties involved in the evaluation process include soil rooting depth, soil texture, active
calcium carbonate content, salinity, pH, coarse fragments (> 2 mm) content, potential fertility,
waterlogging risk and water deficit risk (Table 1). They are evaluated by a systematic approach,
assigning them to specific classes to define a soil scenario. The classification is based on threshold

values drawn from the scientific literature and validated through experimental evidence [29] (Table
1).

Table 1. Soil and site variables, units, and classification thresholds used by the SR module to assess the site-

specific suitability of grapevine rootstocks.

Property Unit Classification and range
Rooting depth cm Shallow (10 - 50), Moderate (50 - 100), Deep (> 100)
Soil texture (USDA)* Class S, LS, SL, L, SiL, Si, SCL, CL, SiCL, SC, SiC, C
Coarse fragment content % vol Low (£ 35), High (> 35)
Potential fertility Class Low, Medium, High
Electrical conductivity 4S m-1 Non-saline (< 0.5), Mode.rately saline (0.5 - 2),
Strongly saline (> 2)
Active CaCO:s % W Low (<5), Medium high (5 - 10), Very high (> 10),
pH Acidic (£ 6.5), Neutral (6.5 - 7.3), Alkaline (> 7.3)
Waterlogging risk Class High, Moderate, Negligible
Water deficit risk Class High, Moderate, Negligible

*USDA: United States Department of Agriculture soil textural classes.

The soil was described based on the profile characteristics down to the effective rooting depth.
To classify soil “potential fertility”, intended here as the intrinsic capacity of a soil to support vine
rooting and the aptitude to retain water and nutrients, we used an algorithm combining three
relatively stable soil attributes: soil texture class, rooting depth, and rock fragments volumetric
percentage (skeletal material). This property must be considered to appropriately choose the
rootstocks based on the vigour they confer to the vine. The assessment of waterlogging and water
deficit risks is currently based on the information provided by the operator. However, a module
based on the model proposed by Andrenelli et al. [30] is under development for future
implementation, which will allow a more objective estimation of these risks and improve the accuracy
of the DSS.

After identifying the relevant classes, the model applies exclusion rules triggered by particularly
unfavourable parameters, automatically removing incompatible rootstocks.

These rules enable the model to progressively filter out unsuitable rootstocks, thereby retaining
only those compatible with the specific pedoclimatic and agronomic features. This configuration
ensures considerable operational flexibility, as both classification thresholds and exclusion rules can
be updated in line with new research findings or scientific recommendations.

The acceptance or exclusion of a rootstock is based on information regarding its suitability to
different pedoclimatic contexts (Table 2). Research results are often scattered across studies that adopt
different methodological approaches, hindering the development of a global or universal
understanding of vine rootstock adaptation to soil conditions. The information presented in Table 2
derives from a detailed analysis of multiple scientific sources [14,31-39], and from comparison with
local technical documents [40,41] used in different geographical contexts. In cases of conflicting
recommendations, priority was given to guidelines from VCR 17 (Vivai Cooperativi Rauscedo), as
they are specifically calibrated for Italian pedoclimatic conditions and for the geographical area
where the DSS is primarily intended to be applied.
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The final output of this tool is a list of rootstocks deemed compatible with the pedoclimatic
conditions of a specific site. This list guides users toward a more specialised set of options. While the
model primarily focuses on soil-related aspects and secondarily on climate (via the evaluation of
waterlogging and water deficit risk), it serves as a valuable starting point for subsequent management
decisions, which can then be refined using additional information, such as grape varieties and
oenological objectives.

Table 2. Rootstocks suitability to limiting soil conditions. Different colors stand for different levels of ability:
(red) low; (orange) medium; (green) high; (white) data not available or not limiting factor. The origin of each
rootstock is indicated as follows: (a) V. riparia x V. rupestris; (b) V. berlandieri x V. rupestris; (c) V. berlandieri x
V. riparia; (d) others.

Suitability to
OriginRootstock  High Potential . .. Acidic Water Water Active CaCOs
. Salinity . . .
Fertility pH logging deficit (%)*

(@) 101.14 9
(b)  1103P 17
(b) 110R 17
(b)  140Ru 40
(b) 775P 19
(b) 779P 16
() 420A 20
(c) K5BB 20
(c) 504 17
(d) 196.17 6
(d) 41B 40
(d) Fercal 40
(d) Gravesac - 5
(d) M1 35
@ M2 _- 25
(d) M3 22
(d) M4 25

*Suitable up to.

2.2. DSS Architecture and Graphical User Interface

2.2.1. Modular Architecture and Microservices

The DSS Vitis has been designed to progressively integrate various models dedicated to the
monitoring and optimisation of agronomic parameters relevant to grapevine cultivation. The system
adopts a modular, scalable architecture based on distributed services and is designed according to
the microservices paradigm, where each model operates as an independent unit accessible through
HTTP requests via RESTful APIs. This approach ensures high interoperability and flexibility,
allowing the use of individual models within the DSS and their integration into external software
environments. Within the DSS, each model constitutes an autonomous module that can therefore be
selected and executed independently of the others (Figure 1).

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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& vitis
Version 0.1

Model
o Decision support system:

% Rootstock selection
Rs. Erosion vineyard management

f@) Fertilisation

@ Water risk

& Carbon footprint
Information

® Info App

& Contacts

Figure 1. Vitis home screen and module menu. The left sidebar lists the different available models: Rootstock

selection (SR-Vitis), Erosion, Nutrition, Water risks (water deficit and waterlogging), and Carbon footprint.

At present, the system is equipped with the module for the choice of rootstocks, which is
implemented as a RESTful service using GET requests and integrated into a Progressive Web App
(PWA) [42,43] developed with the Flet framework (v0.26.0). From an infrastructural standpoint, the
application's backend adopts the ASGI (Asynchronous Server Gateway Interface) standard to
optimize system performance by enabling concurrent request processing and reducing data
processing latency.

2.2.2. Data Acquisition

To ensure maximum operational flexibility and adaptability to different contexts, the interface
allows users to manually enter the data required to run the model (Figure 2a). This feature is essential
for producing customized outputs that reflect the site-specific characteristics of each vineyard,
leveraging local user knowledge, and supporting targeted decision-making.

In cases where one or more required data points are not supplied, the system responds by
displaying the indication "N/D" (No Data) for the missing variables, while still generating a result. In
such cases, the system automatically excludes those rootstocks for which the missing variable would
be a limiting factor from the list of recommendations (Figure 2b). The model description can be found
in Section 1.

For greater flexibility, the model was built with the ability to acquire the required data from
external databases, either as an alternative or in addition to user data. Specifically, the model can
optionally connect to a PostgreSQL database with the PostGIS extension, which contains
georeferenced information about the soil and agronomic characteristics of the vineyards. The dataset
integrated into the database, developed by Barbetti et al. [44], is currently limited to the Tuscany
region and is used here for demonstration purposes. The user interface allows the input of a pair of
geographic coordinates (Figure 2a), triggering an analytical process that leverages PostGIS’s
advanced spatial operations. The system identifies any available data in the database relevant to the
specified location and returns the values of the variables required by the model. Upon completion of
the rootstock selection model, once the required data is entered, users can save the results by
exporting them to PDF format (Figure 2c). The report includes a textual summary of the analysed
parameters and a list of the most suitable rootstocks.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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. = 2 Lo

%[ Rootstock selection module ]%3

Vineyard: T -2

Coordinates: Latitudine (N) 43.400, Longitudine (E) 11.457

Rooting depth: Medium

Soil texture: Silty clay loam
Skeletal material: Low
Potential fertility: Medium
Active CaCO3: Medium high
Salinity: Non saline

pH: Alkaline

Waterlogging risk: Negligible
Water-deficitrisk: High

Suggestedrootstocks: M2-M4-196.17-41B - 1103P - 110R - 140Ru - 775P - 779P

<)

Figure 2. Workflow of the SR-Vitis for rootstock choice: a) data-entry interface; b) synthesis of soil properties
with recommended rootstocks; c) auto-generated PDF report for the T-2 vineyard.

2.2.3. Cartographic Module

To enable all system models to access spatial data, the DSS integrates a cartographic module that
provides dynamic rendering of raster and vector layers. This component uses the Leaflet.js
visualisation library (via Folium and Leafmap) to offer an interactive and intuitive display of
geographic data (Figure 3). Users can view geospatial information related to their area of interest and
upload files in TIFF, SHP, ZIP, and GeoJSON formats, thereby supporting broader integration of
datasets from external sources. It is important to note that the primary function of this module is data
visualisation, rather than direct spatial data processing.
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Figure 3. Geospatial module of the DSS (Map). Interactive map with vineyard polygons; the attribute popup

summarises soil and site variables for the selected unit.

2.2.4. Technologies and Online Deployment

The entire system was developed using the Python 3.12.2 programming language, with the
integration of JavaScript for cartographic features and SQL for database interfacing. The source code
is maintained in a private GitHub repository. The API implementation employs the FastAPI
framework (v0.115.6), and communication among the various architectural components occurs via
the HTTP/HTTPS protocol, with asynchronous task management handled by the asyncio, httpx, and
tenacity frameworks. The system's deployment as a web application based on ASGI occurred on the
Railway platform, which hosts the PWA front-end, the RESTful APIs, and the PostgreSQL database
with PostGIS. Railway was chosen for its ability to automatically scale services according to
workload, thus optimising computational resources.

In the final version, all models will be interoperable and capable of dynamically exchanging data
to enhance the quality of the analyses and provide users with more detailed, integrated information.
Furthermore, plans are underway to expand the database to include national-scale data.

The PWA is available for trial upon request.

2.3. SR-Vitis Practical Application at Vineyard Scale

The SR module of Vitis was tested on a single vineyard scale to evaluate its reliability in the
choice of rootstocks based on local soil conditions. The study involved two Italian wine-growing
regions with a strong oenological vocation: Chianti Classico in Tuscany, characterised by well-
drained, hilly soils and a temperate sub-Mediterranean climate with hot summers and mild winters;
Alta Murgia in Apulia, corresponding to the inland area of the Castel del Monte DOCG, with
Mediterranean climate strongly limiting water availability during the vine vegetative development.

In each region, two different vineyards were selected to represent the local pedological and
morphological variability. Both the Tuscan vineyards belong to the Barone Ricasoli estate in the
municipality of Gaiole in Chianti (SI) (T-1: 43° 22’ 58.8" N, 11° 26" 09.6" E; T-2: 43°24'00.0" N, 11° 27’
25.2" E); the Apulian vineyards belong to the Torrevento winery, in the municipality of Corato (BA)
(P-1: 41° 05" 36.1" N, 16° 20" 23.6" E; P-2: 41° 05" 01.6" N, 16° 21’ 23.0" E). Soil and climate data were
collected from in-situ soil surveys and local weather stations.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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The cultivars adopted in the selected vineyards were Sangiovese in Tuscany while Nero di Troia
and Primitivo in Apulia. Interviews conducted with the farm technical staff about the rootstocks
present in the various vineyards revealed that 110R and 420A were used in Tuscany, while only 775P
was used in Apulia.

2.3.1. Experimental Data

Soil physical and chemical properties were determined from samples collected from horizons of
the representative soil profiles. Total organic carbon (TOC) was assessed by dry combustion with a
ThermoFlash 2000 CN analyzer, after decarbonation with 10% HCI [45]. The active calcium carbonate
(CaCO3) content was determined according to the Drouineau method as described by Loeppert and
Suarez [46], by reaction with 0.1 m L-1 NH4-oxalate and colorimetric titration with 0.02 m L-1 K-
permanganate.

Soil pH was measured potentiometrically in a 1:2.5 soil/water suspension. Soil electrical
conductivity was measured in a 1:2 soil/water extract after two hours of shaking followed by
overnight sedimentation. Soil particle size distribution was determined by the X-ray attenuation
method, using the Micromeritics Sedigraph 3100 equipment [47] and classified according to the
USDA system. The volumetric abundance of coarse rock fragments (skeletal material) was assessed
in the field in conjunction with the morphological description of the soil profiles and, where possible,
corroborated by laboratory data. The effective rooting depth was identified based on the presence of
soil horizons that prevented root penetration for physical or chemical reasons.

Finally, the risks of waterlogging and water deficit were quantified using the model proposed
by Andrenelli et al. [30].

3. Results and Discussion

The four investigated vineyards show different soil, climate, topographic and agronomic
conditions (Table 3).

The Tuscan vineyards (T-1 and T-2) are located at an altitude of about 400 m a.s.l., on moderately
sloping hillsides (about 8 %), south-east facing, and are characterized by soils with a moderate
effective rooting depth, low coarse fragment content, alkaline pH, and a medium high active calcium
carbonate content in T-2. Texture is sandy loam in T-1 and silty clay loam in T-2. Electrical
conductivity is low, indicating the absence of salinity issues. Due to the good permeability of the soil
profile, the risk of waterlogging is negligible, whereas water deficit is moderate in T-1 and high in T2.
The potential soil fertility is estimated to be moderate in both cases.

The Apulian vineyards (P-1, P-2) are situated on flat areas, at an altitude of about 350 m a.s.l.,
and characterized by soils with silty clay loam (P-1) and clay loam (P-2) texture. In both Apulian sites,
the risk of waterlogging is negligible, whereas the risk of water deficit is high, owing to the low
rainfall typical of the local climatic context.

At P-1, the soil profile is deep, devoid of coarse fragments and carbonates, with a neutral pH
and high estimated potential fertility. P-2 features a moderate effective rooting depth, high coarse
fragment content, and high total carbonate but low levels of active calcium carbonate. The pH is
alkaline, and no salinity issues are present. The potential fertility is low, limited by both the moderate
rooting depth and the high soil stoniness.

For each vineyard, the DSS generated a list of rootstocks tailored to the site-specific pedoclimatic
characteristics (Table 3).
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Table 3. Site-specific suitability results for the four case-study vineyards (T-1, T-2, P-1, P-2): soil and site classes

and DSS-recommended rootstocks.

Property Vineyards
T-1 T-2 P-1 P-2
Textural class Sandy loam Silty clay loam Silty clay loam Clay loam
Rooting depth 100 100 110 80
Coarse fragment 20.0 20.0 0 44.3
Active CaCO:s 2.6 7.0 0.0 1.13
EC 0.2 0.2 0.2 0.2
pH 8.5 8.3 7.3 8.0
Waterlogging risk Negligible Negligible Negligible Negligible
Water deficit risk Moderate High High High
Potential fertility Medium Medium High Low
Ml M2 M3
Md - 41b M2 M4 M2 M4
1103P  K5BB
196.17  41B 196.17  41B
Suggested 110R  SO4 1103P  110R M4 41B 1103P  110R
Rootstock Gfaz‘?:;ac 19?;;;1 140Ru  775P HOR 140Ru  775P
140Ru  775P 7798 7798
779P

In both Tuscan vineyards, the model identified a wide range of suitable rootstocks. For T-1,
almost all rootstock options were found to be suitable (16 out of 17), except for 101.-14, which is better
suited to conditions of negligible water deficit. In T-2, the model featured a more restricted selection
of nine rootstocks. It excluded 101.14, 420A, K5BB, SO4, Fercal, Gravesac, M1, and M3, generally
characterized by shallow roots, making them unsuitable for conditions with high water deficits. In
the Apulian vineyards the number of suitable rootstocks was considerably lower, particularly in P-1,
due to more discriminating soil and climate conditions. In P-1, where soil potential fertility and water
deficit risk are high, the system suggested only three rootstocks: 41B, 110R and M4. The remaining
were excluded either because unsuitable for counteracting a possible soil-induced excess in vine
vigour or because poorly performing under severe water deficit conditions. Conversely, in P2, where
the high risk of water deficit is associated with low soil fertility, primarily due to the elevated coarse
fragment content, nine rootstocks were deemed suitable, i.e. 1103P, 110R, 140Ru, 41B, 775P, 779P,
196.17, M2, and M4.

The comparison between the SR-Vitis recommended rootstocks and those currently used by vine
growers showed agreement in three out of four sites. The suitability of 110R, 420A, and 775P
rootstocks selected by our model and already used by vine growers respectively in vineyards T-1, T-
2, and P-2, is further confirmed by the literature, where they are highlighted for their ability to
combine moderate vine vigour with good water and nutrient uptake efficiency in alkaline-calcareous
soils with medium to low fertility [32,48,49].

Only in one case did the model’s prediction differ from the farm’s choice. The discrepancy
concerned the 775P rootstock, currently used in P-1 but rejected by the model as it was deemed
unsuitable in terms of induced high vine vigour. As previously mentioned, P-1 and P-2 differed
greatly across a wide range of soil properties, including potential soil fertility. The latter was rated as
high in P-1 and low in P-2, which was further supported by a number of additional surveyed features
of the soil profiles, i.e., soil organic carbon (2.4 % in P-1 vs 0.9 % in P-2) and total nitrogen content (1.9
% in P-1 vs 0.5 % in P-2).

The 775P rootstock is known to induce high vine vigour, which can become excessive in the
presence of highly fertile soils [50,51]. For this reason, despite its good adaptability to the physical
and chemical characteristics of the soil, our model deemed 775P not suitable for P-1.
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The grower may decide to disregard this recommendation based on their production goals and
their ability to manage high risk levels through specific management techniques. In fact, the SR-Vitis
applies a cautious risk threshold based on a “one-strike-out” approach, according to which the
presence of even a single potentially critical factor is enough to exclude a rootstock, thus minimizing
agronomic risk.

In vineyards T-1, T-2, and P-2, the model validates the farm’s choices, suggesting that the
parameterization used is appropriate for sites with similar characteristics. In P-1, instead, the tool
does not agree with the current choice, identifying room for optimization consistent with
experimental evidence linking fertile soils to excessive vegetative growth.

In summary, the tool serves a dual function: on one hand, it provides confirmatory support,
validating decisions already aligned with soil conditions; on the other, it offers corrective guidance,
suggesting more appropriate alternatives when potential imbalances arise. This dual role contributes
to a more rational and targeted vineyard planning, finely tuned to the specific characteristics of the
soil.

The development of a dedicated tool for rootstock choice represents an opportunity to integrate
technological innovation with agronomic tradition. Such a system would streamline the decision-
making process by providing scientifically based recommendations tailored to the specific
pedoclimatic conditions of individual vineyards. This approach would enhance the effectiveness and
sustainability of viticultural practices, while simultaneously marking a significant step forward in the
digital transformation of the wine sector.

In this context, the DSS Vitis is designed for broad applicability across the European viticultural
landscape. Winegrowers can receive recommendations as soon as basic pedoclimatic and agronomic
data are entered or retrieved, making the tool effective during the vineyard planning phase. Its
modular architecture allows for the independent updating of decision rules and information layers,
while the future integration of additional vineyard management modules will enable the system to
evolve over time, in step with the latest research developments and the expansion of available
datasets.

The system is not intended to replace decision-makers, but to support their choices through an
informed decision-making process, increasing the independence of winegrowers from market forces.

The proposed system shifts the focus away from the traditional approach, which relies primarily
on the interaction between scion and rootstock, towards a selection process based on soil
characteristics, thereby emphasizing the importance of terroir in investment decisions within
viticulture.

In conclusion, modern viticulture stands at a crossroads where tradition meets innovation: on
the one hand, vineyard management and rootstock choice require the careful integration of historical
knowledge and empirical practices; on the other, the adoption of DSS and advanced modelling offers
the prospect of increasingly efficient, resilient, and sustainable agriculture. Future developments will
involve expanding spatial data coverage and integrating additional modules, enabling a joint
assessment of agronomic, environmental, and management aspects. This will facilitate vineyard
management tailored to local conditions and increase resilience to climate and environmental
variability. From this perspective, the rootstock choice module represents the first step in a broader
journey toward integrated digital tools for viticulture.
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