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Introduction 
 
The objective of Task B2.1 was to provide a preliminary calibration of the monitoring tool (MT) that is being developed to 
support farmers in: 

 quantitatively evaluating the soil water storage at the beginning of the season; 

 following and tracking the seasonal soil water depletion; 

 detecting and validating early thresholds of significant water stress. 
To reach these aims, the MT includes three components (Fig. 1): 

1. a geo-referenced database with soil and weather data; 
2. a modelling solution for estimating the soil water content at the beginning of the season and for daily calculation 

of water balance; 
3. a dedicated smart-app (PocketDRIVE), to allow the user easily interacting with the MT. 

This deliverable is focused on describing and reporting the results of the first year calibration of (i) the app PocketDRIVE 
and (ii) the modelling solution based on the model STARWARS and the geo-referenced database of soil and weather 
data. 

 

The app PocketDRIVE 
 

Tool development and functionalities 

The smartphone app PocketDRIVE has been developed to provide a clear and user-friendly interface while enabling a 
close interaction between the user and the MT (Fig. 1). By using PocketDRIVE indeed, it is possible to receive 

information on early warnings of water stress in specific vineyards and suggestions to manage water scarcity conditions, 
but also to actively supply information to the MT by: 

1. creating a registry of the farm’s vineyards, by providing their GPS position as well as information on the cultivar, 
training system, etc.; 

2. providing key data for refining the calculation of the daily water balance (i.e., leaf area index of the vineyard and 
of the inter-row grasses, as well as management events affecting the amount of vegetation like, e.g., gree 
pruning); 

3. verifying early warnings of water stress by analysing canopy architecture. 

 
Figure 1. Description of the monitoring Tool (MT), with indications about the three main functionalities provided by the 
app PocketDRIVE. This app has been specifically developed to allow the user interacting with the MT by both providing 
(green arrows) and receiveing (red arrows) information. 
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Given the key role of the tool usability, a mockup of the app was presented and discussed with the farmers and other 
project partners during dedicated events of co-development (Action B3; meeting held on November 25

th
, 2021) and 

project meeting (December, 2
nd

, 2021). The mockup of the app was made available online 
(https://framer.com/share/PocketDRIVE--dJ1101MyYANvI9xsqFsB/al5D4uxyy), to enable farmers and project partners to 
access it at any time and directly from their own smartphone, to allow a better simulation of the user experience and the 
provision of effective feedbacks. 
The app was refined according to the feedbacks received, and it is now available to project partners for use during the 
season 2022. Here below a description of the app main functions. 
 
By clincking on the top-left icon of the main screen of PocketDRIVE (Fig. 2a), it is possible to access its first main 
functionality (creating the registry of vineyards, Fig. 2b). From here, the user can enter the name to be used within the 
MT to identify the vineyard, the cultivar, the training system, the inter-row space, how the inter-row is managed (e.g., 
bare soil, cover crops, etc.), and the vineyard’s GPS coordinates (by drawning its area through a dedicated touch-screen 
function; Fig. 2c). Such information needs to be entered just once during the app configuration. Nevertheless, it is always 
possible to delete a vineyard from the registry or modify the information associated to it (e.g., change the inter-row 
management system, Fig. 2b). Once the vineyard is registered, a text file (.csv) with all the information is automatically 
created and sent to the MT on cloud. All these data are indeed needed to retrieve geo-referenced soil and weather data 
and estimate the vineyard’s water balance. 

 
Figure 2. Screenshots showing how to create a vineyard in the app. Icon to access this functionality (a); information that 
needs to be specified (b); definition of the vineyard GPS position by simply drawing its borders on the map (c). 

Concerning the second functionality (providing data for refining the calculation of the daily water balance, Fig. 1), from 
the top-right icon (Fig. 3a) the user can provide the MT with estimates of the leaf area index (LAI) of both the vineyard 
and the inter-row grasses (Fig 3b). PocketDRIVE implements the approach developed by Confalonieri et al. (2013) to 
estimate leaf area index by using the camera and accelerometer of common smartphones. This approach has been 
widely tested on different crops (Campos-Taberner et al., 2016, Francone et al., 2014) including adaptation to vineyards 
(Orlando et al., 2016). After acquisition (when the user clicks on the button “Update measurements”; Fig. 3b), LAI data 
are automatically sent to the MT on cloud, where they are used to refine the water balance estimate. 
 
More in detail, the water balance automatically simulates the phenological development of grapevine (Mariani et al., 
2012, Cola et al., 2014, Cola et al., 2017), distinguisihung among five different ripening classes of cultivars (early, early-
mid, mid, mid-late, late) (Calò et al., 2017). The daily maximum evapotranspiration of grapevine is obtained by applying 
the multiplicative factor kc to the reference crop evapotranspiration ET0 (Allen et al., 1998), being Kc a function of the 
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phenological stage and the consequent development of grape canopy (Cola et al. 2014), determining the fraction of 
intercepted incoming global solar radiation (Riou et al.,1989). 
Inter-row cover is also considered in order to define the inter-row evapotraspiration. 
LAI direct measurements are used to: 

 correct the simulated value of the fraction of intercepted incoming solar radiation 

 correct the phenological stage of grapevine 
 
As described in detail in Confalonieri et al. (2013) and Orlando et al. (2016) the acquisition of the LAI measurements is 
quick and suitable for operational contexts. Basically, the user has to click at the center of the screen to activate the 
measuring mode (Fig.3c). PocketLAI automatically takes images of the canopy at a view angle of 57.5° while the user is 
rotating the device along its main axis. The gap fraction is derived using a fully automatic segmentation algorithm 
specifically developed to detect the sky pixels according to their chromatic values in a Hue- Saturation-Brightness (HSB) 
color space. The LAI value is then retrieved according to the light transmittance model described by Baret et al. (2010) 
and, in case of vertical canopies, by using also the inter-row distance (Orlando et al., 2016) that is provided by the user 
while registering the vineyard (Fig 2). 

 
Figure 3. Screenshots of PocketDRIVE showing how to collect estimates of leaf area index (LAI) of the vineyard. Icon to 
access this function (a); screen where it is possible to specify the vineyard in which the measurement are being collected 
and the kind of measurement (i.e., LAI of the vineyard and/or LAI of the inter-row grasses) (b); measuring mode for LAI 
estimates (c). The inclination of the device is shown in the red circle in the middle, with the app automatically acquiring 
images at 57.5° whiel the device is rotated along its main axis. 

The estimation of the daily water balance can be refined also by considering management events that affect the amount 
of vegetation in the vineyard. This includes green pruning of the grapevines, as well as management of the inter-row 
such as soil tillage, grass cutting, grass smashing, etc. Information about these management events ca be provided to 
the MT through the PocketDRIVE bottom-right icon (Fig. 4a) that opens a dedicated screen where the type of 
intervention and the date can be entered (Fig. 4b). A text file (.csv) with all the management information is automatically 
created and sent to the MT on cloud. 
 
Given that the weather database includes forecasted data, the daily water balance is estimated also for the five days 
ahead in order to provide early warning of water stress. In case drought is expected, in this first version of the app an 
alert is sent to the user as a text message (SMS) and/or an email (according to the user’s preferences). After the first 
season of tests (season 2022) the interaction with the demo farmers and the living labs will allow to identify the most 
suitable and effective way to provide users with water stress warnings, to be included in the final (release) version. 
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When the user receives an alert, the actual occurrence of water stress conditions can be verified with the app by 
measuring variations of canopy architecture that, in turn, are related with drought occurrence. PocketDRIVE implements 
the app PocketPlant3D (Confalonieri et al., 2017), which uses the device accelerometer and magnetometer to measure 
the angles of leaf surfaces with respect to the zenith while the device is moved along the leaf main axis. Leaf angles are 
then used to automatically estimate synthetic indices of canopy architecture like the X parameter of the Campbell’ 
ellipsoidal distribution (Confalonieri et al., 2017). This index has proved to properly describe canopy architecture, with 
low values indicating erectophile canopies and high values corresponding to a planophile behaviour. By clicking on the 
icon for collecting measurements (Fig 3a) and on that for verifying water stress (Fig. 3b), the user can easily start 
collecting leaf angles while keeping the device parallel to the leaf main axis (Fig. 5a). To ensure high usability during leaf 
angles collection, the user can start and stop the recording by simply clicking at the center of the device’ screen (Fig 5c). 
It is also possible to remove measurements in case of error. The app keeps the counts of the number of leaves 
measured (Fig 5d). Preliminary results of field tests conducted during 2021 suggested indeed that around ten leaves 
randomly selected in the middle part of the canopy (Fig. 5b) are enough to provide an accurate evaluation of canopy 
architecture. Therefore, if less than 10 leaves have been measured the app does not allow to verify water stress and 
shows instead a message suggesting to collect more data. 
 

 

Figure 4. Incon (a) and main screen (b) to register management events. 

Once the angle collection is complete, the user can verify the occurrence of water stress by clicking on the dedicated 
button (“Verify water stress”, Fig. 5c). The app automatically estimates the values of X, makes the comparison with 
threshold values indicating the onsent of water stress (details about thresholds calibration are provided in the next 
section of this document), and returns a quick response in terms of stress level (no/moderate/severe stress). In case 
stressful conditions are actually occurring, the app provides a warning together with bullet-point suggestions on 
management practices that can be undertaken to cope with drought (e.g., kaolin spraying). A detailed guide about 
management practices useful to mitigate the effects of water stress is instead provided together with the app 
documentation. 
Lastly, all the information collected with the app (LAI and canopy architecture measurements, management events) can 
be accessed and verified by the user through the orange bottom-left icon (Fig. 4a). 
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Figure 5. Collection of leaf angles to evaluate canopy architecture and verify water stress occurrence. The device should 
be kept parallel to the leaf main axis (a). The angle collection should involve leaves in the middle part of the canopy (b) 
and can be started by clicking on the red button (c). It is possible to delete measurements in case of errors. The app 
keeps count of the leaves measured (d) because at least 10 leaves are needed to derive reliable estimates of canopy 
architecture. 

 

Preliminary calibration of thresholds of early water stress 

Dedicated field activities were conducted during 2021 to derive a first calibration of the relationships between canopy 
architecture and plant water status. 
Three sampling events (June 21, July 30, and August 10) were carried out in one vineyard in Ziano Piacentino (PC) 
where the cultivar Croatina was grown, whereas two sampling events (June 21, and August 10) were conducted in one 
vineyard in Castel San Giovanni (PC) with the cultivar Malvasia. For the latter vineyard, field measurements on July 30 
were not possibile because of bad weather conditions. 
Measurements of plant water status and canopy architecture were conducted at five points for each vineyard during the 
field visits with no water stress (i.e., June 21 and July 30), and at 9 points for each vineyard during the last sampling 
(August 10, marked water stress), to better capture the within-field variability in plant water status. 
Physiological measurements of plant water status were conducted by using a portable gas exchange analyser (ADC 
Biosystems) ‒ for evaluating stomatal conductance (gs, mmol m

−2
 s

−1
) and transpiration (E, mmol m

−2
 s

−1
) ‒ and a 

pressure chamber, to measure leaf water potential (ΨL, MPa). Canopy architecture was evaluated by using the app 
PocketPlant3D (as implemented in PocketDRIVE) to collect the angles (i) of the same leaves on which physiological 
measurements of water status were acquired and (ii) of additional leaves sampled in the same area (around 20 
additional leaves, on average). These additional samplings were carried out to define a protocol of acquisition that 
provides the best compromise between a small number of leaves to be measured and a high accuracy of canopy 
architecture estimates. All measurements were conducted around midday. Overall, 124 leaves were sampled for 
physiological measurements, and more than 650 leaves for canopy architecture. 
Leaf angles collected with PocketPlant3D (θL) were used to estimate two synthetic indices of canopy architecture: the 
parameter χ (unitless) of the Campbell’s ellipsoidal leaf angle distribution (Campbell, 1990; Eq. 1) and the light extinction 
coefficient of solar radiation (k; Eq. 2) (Campbell, 1986). 
The parameter χ represents the ratio between the horizontal and the vertical semi-axis of an ellipsoid, thus providing a 
synthetic representation of the degree of erectness of the photosynthetic tissues (Campbell, 1986, 1990). The lower the 
value of χ, the higher the tendency of the distribution to approximate a prolate spheroid (erectophile canopy). 
The parameter χ is estimated as follows: 
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          (1) 

 
Where MTA is the mean tilt angle (rad), estimated as the complementary of θL because it represents the angle between 
the normal to the screen and the zenith (Campbell, 1990).  
The extinction coefficient for solar radiation (k, unitless) was then estimated by using the parameter χ according to Eq. 2  
(Campbell, 1986): 
 

  
          

 
           (2) 

Where A was calculated as proposed by (Campbell, 1990): 
 

                                 (3) 

 
Relationships between the values of χ and k and physiological variables describing crop water status (stomatal 
conductance, transpiration, and leaf water potential) were evaluated through linear regression. These relationships were 
then used to derive the threshold values of χ and k corresponding to a stomatal conductance of 200 mmol m

−2
 s

−1
 

(threshold for moderate stress) and 100 mmol m
−2

 s
−1

 (threshold for severe stress). 
There is general consensus in the literature that well-watered vines have midday ΨL values of about -7 bar and gs 
values higher than 300 mmol·m

–2
 ·s 

–1
, moderately stressed vines have midday ΨL values of about −10 bar and gs 

values close to 200 mmol·m
–2

 ·s 
–1

, and severely-stressed vines have ΨL lower than −12 bar and gs lower than 100 
mmol·m

–2
 ·s 

–1
 (e.g., Williams and Araujo 2002; Bellvert et al., 2014). 

 
Results showed that the three sampling events allowed to cover a wide range of crop water status, with conditions close 
to optimum during the first field visit, and water stress increasingly higher while moving through the summer. Observed 
stomatal conductance values ranged between 43 mmol·m

–2
 s 

–1
 and 330 mmol·m

–2
 s 

–1
, whereas ΨL varied from -13.5 

bar to -9 bar. 
 
In general, a good agreement was found between plant water status and canopy architecture, without clear differences 
due to the index of canopy architecture used (parameter χ or light extinction coefficient). For this reason, results are 
hereafter discussed only for the first index (X), being the light extinction coefficient derived from it (Eq. 2). 
Figure 6 shows the relationships found between canopy architecture and variables describing plant water status by 
considering measurements from single plants of Croatina and Malvasia. Figure 7 shows instead the same relationships 
but (i) with values averged for each combination sampling date × inter-row treatment and (ii) with parameter χ derived by 
including additional random leaves to those used for physiological measurements, because these are the final 
relationships used to define the thresholds of X (Table 1). 
Figure 7 shows how for cultivar Croatina there are 3 points (corresponding to the three field visits), because the entire 
vineyard has the inter-row space managed with spontaneous grass kept slashed throughout the season. In the vineyard 
with Malvasia, instead, alternative management practices of the inter-row were under evaluation (i.e., bare soil, 
temporary cover crop smashed and piled up on the row, mulching of the mid-row by rolling the temporary cover crop). 
Therefore, in this case there are 4 points because the values from the first sampling were averaged together (the entire 
vineyard was under optimal water conditions), whereas in the second sampling event (August 10, marked water stress) 
plant water status and canopy architecture were evaluated separately for each of the three treatment. 
Results highlighted a better agreement for Malvasia as compared to Croatina (Fig. 6) for both stomatal conductance and 
transpiration, although the relationships were always highly significant (p-value < 0.001). Similar results were found for 
leaf water potential (Fig. 6e-f) but with low values of R

2 
in this case. 
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Figure 6. Relationships between the X parameter of the Campbell’s elipsoidal distribution (a synthetic index of canopy 
architecture) and physiological variables of plant water status: stomatal conductance (a, b); transpiration (c, d) and leaf 
water potential (e, f). All the measurements were collected at midday. Cultivars: Croatina (red dots, left panels) and 
Malvasia (blue dots, right panels). Each dot represents the average of the measurements taken on the same plant, with 
measurements of canopy architecture and of plant water status conducted on the same leaves. 

 
Considering relationships based on average values for each combination sampling date × inter-row treatment (Fig. 7), 
the best results were achieved for both stomatal conductance and transpiration, whereas leaf water potential shows 
lower R

2
 values, especially for Croatina. 

This led to use the relationships between Χ and stomatal conductance to derive the thresholds values of X 
corresponding to the onset of water stress. The calibration curves obtained are reported in Table 1, together with the X 
values representing thresholds for moderate and severe water stress. These thresholds are those currently implemented 
in the first version of PocketDRIVE. 
The variability observed between the calibration curves obtained for Croatina and Malvasia led to retain cultivar-specific 
calibration curves at this stage. Merging the data of the two cultivars led indeed to a marked reduction of R

2
.
 

Nevertheless, data from the 2022 season will allow to derive more robust relationships and evaluate the actual need of 
cultivar-specific calibration curves. 
The activities conducted for this preliminary calibration also allowed to define a protocol for canopy architecture 
measurements. The analysis of of the data collected with the app showed indeed how the angles of around ten leaves 
are enough to derive reliable estimates of canopy architecture, thus confirming the suitability of this approach for water 
stress evaluation for operational contexts (only few minutes are needed for conducting these measurements, few 
seconds per leaf). 
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Figure 7. Relationships between the X parameter of the Campbell’s elipsoidal distribution (a synthetic index of canopy 
architecture) and physiological variables of plant water status: stomatal conductance (a, b); transpiration (c, d) and leaf 
water potential (e, f). All the measurements were collected at midday. Cultivars: Croatina (red dots, left panels) and 
Malvasia (blue dots, right panels). Each dot represents the average of each combination sampling date × inter-row 
treatment. 

 
 
 
Table 1. Calibration curves derived from field data collected in 2021 to identify the threshold values of Χ corresponding to 
a stomatal conductance of 0.2 mol m

-2
 s

-1
 (onset of moderate water stress) and of 0.1 mol m

-2
 s

-1
 (onset of severe water 

stress). These relationships are also shown in Fig.7 a and 7b. 

Cultivar Calibration curve Threshold value of X 

Moderate stress Severe stress 

Croatina X = 0.8452 ∙ gs + 0.7478; R2= 0.80 0.92 0.83 

Malvasia Χ = 3.1578 ∙ gs + 0.1459; R2= 0.98 0.78 0.46 
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STARWARS application for the 6 Demo Farms: 
specific modelling solution (UNIPV) 
 

Model description  
For the site-specific modelling of the hydrological dynamcis of the 6 test sites we applied the the 
STARWARS (Storage and Redistribution of Water on Agricultural and Revegetated Slopes) model (Van 
Beek, 2002). In 1999, Van Beek and Van Asch proposed a spatially distributed physically based model 
coupling hydrological and stability dynamics. The model consists of a core model describing the dynamics of 
saturated and unsaturated flow in the soil and of sub-models that describe related hydrological processes 
such as interception, transpiration, and snow accumulation and snow melt. The core model represents the 
soil column, typically consisting of three layers, overlying semi-impervious bedrock. Figure 8 shows the 
general modular concept of STRWARS according to Malet et al (2005), Van Beek et al. (1999), Van Beek 
(2002), Van Beek et al. (2004). The hydrological model STARWARS uses the embedded meta-language of 
the pcraster gis package (Wesseling et al., 1996). The full model is built around a core model resolving the 
dynamic equation for saturated and unsaturated flows and additional sub-models describing specific 
hydrological processes (Fig. 8a). The model uses measured distributed values for the parameter values. 
Each layer is represented by a 2-D map (Fig. 8a). Implementation in a GIS-environment has several 
advantages. First, if based on a high-resolution DEM, the effect of topography can readily be incorporated; 
secondly, the GIS offers the use of directly available routing functions to define flow paths in each layer. 
Thirdly, it is possible to include the spatial variation (horizontal and vertical) of the hydrological parameters. 
This approach provides a unified theoretical description of most of the water fluxes observed within a 
landslide. The hydrological model consists of three permeable reservoirs (three layers) and an underlying 
impervious bedrock. The hydrological model describes the saturated and the unsaturated transient flow in 
the vertical and horizontal directions assuming freely drainable water (Figs. 8a, 8b). Storage and fluxes are 
considered: antecedent soil moisture in the different reservoirs, infiltration I, evaporation Ep, surficial runoff 
R, percolation in the unsaturated zone Pe and saturated lateral flow Qsat define the hydrological balance of 
the system. A complete mathematical description of the model can be found in van Beek (2002). For the six 
test vineyards we used a rudimentary model of STARWARS that was implemented using three different soil 
depth in order to get information about the spatio temporal dynamics of volumetric soil water content and 
surface runoff. 
 

Table 3 reports the main input information for the STARWARS model. The model is set up with constant 

parameter values, dynamic input with specific time steps and state variables describing the initial state.  
 
Tab. 3. Main STRWARS input data  
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Fig. 8: Architecture of the STARWARS model. ((a) Modular architecture of the model (core model, sub-model) and schematic 
representation of the model implementation in the pcraster gis package. (b) Representation of the storages and fluxes represented by 

*  layer related parameters 
** estimated by fieldmeasurements 
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the model, and relation between the calculation cells. (c) Schematic representation of the three-parameter conceptual fissure flow 
model. Definitions of the parameters are listed in Table 2. According to   
 

Input data preparation  

The STARWARS model was set up for the six selected demo farms that show distinct environmental 

characteristics in terms of morphology, bedrock soils and slope instabilities as reported in table 4.  

 
Table 4: Main settings of the demo farms 

Demo farm Slope angle 
(°) 

Bedrock 
geology 

Soil types 
(pedological 

maps at 
1:50000 
scale) 

Soil 
thickness 

Presence 
of slope 

instabilitie
s 

St. Maria_Ottina-
SMV 

5-15° 
Val Luretta 
Formation 

Calcaric 
Cambisols 

Thin-Medium No 

Vicobarone-VCB 5-15° 
Val Luretta 
Formation 

Vertic 
Cambisols 

Very thick No 

Genepreto_Braghi
eri-GNP 

0-20° 
Val Luretta 
Formation 

Vertic 
Cambisols 
Endoleptic 
Regosols 

Medium-
Very thick 

Landslide 

Creta_Sartori-CRT 0-10° 

Agazzano 
Subsyntem 

(Alluvial 
soils) 

Silty loams Very thick No 

Canevino_Piaggi-
CNV 

10-20° 
Varicoloured 

Clays 
Calcaric 

Cambisols 
Thin-Medium Landslide 

Borgopriolo_Dacar
ro-BPR 

5-15° 
S. Agata 

Fossili Marls 
- - No 
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Fig. 9:  Map of the demo farms location. 

 
Figure 9 shows the spatial distribution of the demo farms. For the model setup we conducted a detailed field 

work campaign to get information about the relevant soil parameters. The soils of each demo farm were 

characterized based on different field and laboratory analyses. After a geophysical survey, conducted in the 

first months of 2021, two trench pits were opened for each test vineyard. The pits were located along the 

same inter-row, in the upper and the lower parts of the slopes to highlight possible differences on soil 

properties due to the different geomorphological position. The pits were averagely 2 m long and 1.5 m large, 

with variable depth according to the depth of the weathered bedrock. Generally, the pits were dug up to a 

depth of 1.5-2 m. These surveys were conducted from April to June 2021. For each pit the following analysis 

were carried out:       

● Description of the soil profile, with the identification of soil thickness and of the different diagnostic 

horizons. 

● Collection of undisturbed samples, for each identified horizon, for the laboratory analysis allowing to 

derive the following parameters: soil texture (sand, silt, and clay percentages) 

● Collection of undisturbed samples, each 10 cm along the soil profile, for the physical laboratory 

analysis of soil volumetric features (unit weight, dry density, porosity, void index, water content, 

saturation degree) 

● Collection of undisturbed soil samples, for the representative soil horizons generally located between 

0.2 and 0.7 m from ground level, for the determination of the soil water retention curve. 

The general soil characterization was completed with the measures of soil hydraulic conductivity in field, at 

different depths along the soil profile, in the period between June and July 2021. Soil hydraulic conductivity 
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were measured in different positions along the slopes of the test vineyards and in correspondence of inter-

rows where different management practices are applied. For each site K-Sat measurements were conducted 

using a compact constant head permeameter (Amoozemeter; /Amoozegar, 1989). The measurements were 

conducted in the period July 2021. The saturated hydraulic conductivity on the topsoil (0-20cm) and 

subsequently in the subsoil (20-40) was measured for the interrows of each land use type characterizing the 

vineyard.  

 
According to the soil analysis that in detail is described in the “Report on chemical-physical features and 

hydraulic properties of selected vineyard soils, Sub-action B2.1 Starting point and road map to selection of 

most suited resilience practices” we differentiated and implemented the model using three soil horizons 

distinguishing between topsoil, subsoil and underlying substrates using the following depth ranges:  

      <25cm Topsoil 

   25-80cm Subsoil  

 80-120cm Substrate 

 

A part of the soil information we also characterized the row management for the vegetational parameters 

relevant for the evapotranspiration calculations as reported in table 5.   

 
Table 5. List of the implemented management practices in demo farms. 

Demo farm Management 

SMV 

Control 

Green manure High 

Green manure medium 

Green manure low 

VCB 

Nitrofert 

Control 

Humusfert 

Stratus 

GNP 

Control 

Nitrofert 

Stratus 

CRT 

Control 

Rolling 

Swath 

CNV 
Humusfert 

Control 

BPR 

Stratus 

Control 

Nitrofert 

 
The climatic data and the soil moisture information is retrieved by the automatic climate and soil moisture 

monitoring stations implemented in the period April-May 2021. In each demo farm, the probes for the 

measure of the meteorological parameters were installed in correspondence of a station, which is connected 

remotely with different monitoring points of the soil hydrological parameters installed in the test vineyards (for 

details see Report on activity B2 “Report on chemical-physical features and hydraulic properties of selected 

vineyard soils”, Sub-action B2.1). As climatic input for the STARWARS model we use information about solar 

radiation. Rainfall, temperature. Soil moisture data is used to calibrate and validate the model application.  
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The topographic data input for the STARWARS model is based on a high-resolution digital elevation model 

based on LIDAR data that was resampled on 2m resolution. We used SAGA GIS to do the preprocessing 

(artefact removal and fill sink procedure) and the delineation of the respective catchment of the selected 

vineyards. Fig. 10 shows the catchment of the selected Canevino demo farm vineyard.  

 

 
Fig.10: Canevino Demo Farm with the respective catchment of the selected vineyard  

 

Model calibration  

The Starwars model was calibrated using the proposed procedure by Saxton and Rawls (2006) considering 

soil texture information and soil organic matter content. Therefore, statistical analyses were conducted using 

measured soil water properties for the analysed soils. Prediction equations were derived for soil moisture 

tensions of 0, 33, and 1500 kPa and air-entry based on the available variables of soil texture and organic 

matter (see Fig. 11). The latter were combined with equations of conductivity, to provide a water 

characteristic model useful for a wide range of soil water and hydrologic applications. Figure 12 shows the 

model calibration runs for the soil water content and the three soil depths. As shown in Fig. 12 the modelled 

and available measured data fit quite well for this first calibration runs.  

 

Model results  

Fig. 13 illustrates the dynamic volumetric soil water content (VMC) values over time visualized using the 

STARWARS dynamic output tool. The values can be retrieved for each single 2x2m pixel of the DEM. The 

results can be also exported in textfile format reporting the pixel coordinates, the respective interrow 

management, the volumetric water content for each of the selected three soil depth as well as the respective 

rainfall, surface runoff and calibration parameters. VMC values fit well with the distinguished top soil layer but 
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perform relatively poor in the mid-soil layer. For better calibration results at all selected sites, the outcomes 

suggest to modify the pedohydraulic parameters of the lithic boundary conditions (or what is defined as 

bedrock in the model). However, the outcomes reflect an overall acceptable performace of the model and it 

is expected that VMC-values for all selected sites can be reproduced in a reliable manner.  

 
Figure 11: Parameter distribution and tested values for calibration of Canevino 1 and 2  
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Figure 12: Calibration model runs for Canevino using volumetric moisture content (%) 
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Figure 13: Tool showing the dynamic soil moisture distribution for the Canevino demo farm  
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