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4.Relevance of the topic and state of the art:

Most climate projections predict that climate change will significantly affect the
hydrological cycle leading, in many agricultural areas of the planet, to more frequent
droughts and heat waves, to alteration of the spatial and temporal patterns of precipitation, to
an increase in crop evapotranspiration, and to a general reduction of the available water for
agriculture [1]. In this scenario it is therefore essential that research could focus on the
development of ‘water saving’ technologies and techniques, with the ambitious goal to
produce more with less (‘more crop per drop’, [2]). Also the UN Agenda 2030, with its 17
sustainable development goals, stresses the need of solutions to increase the sustainability
and resilience of agricultural systems to climate change (Objective 2, Target 2.4) and of
achieving higher water use efficiencies in every productive sector, including agriculture
(Objective 6, Target 6.4) [3]. Moreover, at the European level, the Water Framework
Directive (2000/60/EC), offering a legislative framework for policies and practices aimed at
the protection and sustainable use of water resources, encourages the agricultural sector to
find real solutions for an increasingly efficient use of water.

As for the other agronomic inputs, also for water the conventional management is based on
the application of a homogeneous input over the field, considered as a uniform spatial unit
[4]. This is also often valid when considering different fields, where the irrigation amount
and frequency of application is usually constant and a result of established farmer customs
or of the advice provided by irrigation system installers (in the case of pressure irrigation).
However, the spatial heterogeneity of soil characteristics, topography, microclimate, as well
as of crop development can result in a non-uniform irrigation requirement. This is why a
homogeneous irrigation application inevitably leads to areas constantly over-irrigated or
under-irrigated with respect to optimal needs [5].
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Viticulture is a sector where the application of Precision Irrigation (PI) techniques could
lead to significant benefits not only in terms of sustainability in the use of water but, above
all, in terms of improvement of yields, grape quality and organoleptic characteristics [6]. As
the vine is a perennial and particularly profitable crop, any investments in technologies for
the site-specific management of inputs and/or crop operations are more economically
sustainable in the medium to long term with respect to other crops. Grapes and wine are the
expression of the concept of terroir, central in enology, which encompasses the effects that
pedological, climatic, topographical, biological, cultural and agricultural factors have on the
final product. Among the environmental factors that mostly influence the vine physiology,
the yield and the quality of grapes, water is one of the most important [6; 7].

In Viticulture, data coming from ground, drone, and satellite surveys could be used to define
different homogeneous management zones to optimize site-specific inputs [7; 8]. Moreover,
agro-hydrological models integrated with weather forecasting could be used to support
precise irrigation decisions maintaining or enhancing yield quantity and quality [6].

Although several papers can be found in the literature illustrating the performance of sensors
to monitor the water status of soils or vines installed in vineyards or mounted on different
platforms, and some effort has been made to estimate the hydrological balance and predict
the irrigation needs of vines using agro-hydrological models, nowadays there is the need to
organize all the information produced in a workflow to propose effective (suitable
/advantageous) procedures and digital instruments that can be used by single or group of
winegrowers to modernize their approach to irrigation in in wine-growing areas.

5.Layout of the project (draft)
5.1. Materials & Methods:

LANDSCAPE SCALE

The experimental activity will first focus on the collection of spatial data for 2 large wine-
growing areas in northern Italy (Franciacorta, Colli Morenici del Garda). Among the data,
the following are crucial: time series of current agro-meteorological data and climate change
scenarios, soils and their hydrological characteristics, land use, water supply sources and
irrigation methods adopted (if any).

A physically-based agro-hydrological model with a GIS interface will be developed to
simulate the irrigation requirements of individual vineyards in the area under the current
climatic conditions and considering medium-term climate change scenarios.

The system will then be complemented by the possibility of reading short-term (7-day)
climate forecast data, in order to estimate irrigation requirements in real time. The system
results will be available through a WEB interface to make them more accessible.

The results obtained can be used to support the irrigation planning and management of the
considered districts (by the Irrigation Consortia and/or by wine-growers irrigating using
private of wells).

VINEYARD SCALE

At the vineyard scale (3 vineyards in Franciacorta) the experimental activity will focus on
the development of procedures, tools and protocols for optimising irrigation management in
the individual vineyard plot. This objective involves, on the one hand, the development of



procedures for investigating the spatial variability of the main factors influencing the
dynamics of water in the soil-crop system and, on the other hand, the selection of tools and
protocols for an irrigation management modulated according to the actual irrigation needs of
the vine.

The monitoring carried out in the 3 vineyards using traditional techniques (physical-
chemical characteristics), sensors in the soil and on the vine (soil water status, vigour and
vine water status), proximal sensors (Electro-Magnetic Induction sensor - EMI) and
remotely (UAV with multispectral and thermal camera) will be used to implement and
verify the estimates made with the agro-hydrological model using 7-day weather forecasts.
The model completed with with sensors (DSS) will be used to optimize irrigation
management in the 3 vineyards.

The activity at the farm scale will be carried out in collaboration with POLIMI, which, as
part of a PhD programme activated with Agritech funds, is working on the identification of
the best UAV indices for monitoring the water status of vines.

The PhD student's research activity will be supported by the knowledge and tools developed
by the AGR/08 research group in the field of Precision Irrigation in vineyards in recent
years [7-10].

5.2. Schedule and major steps (3 years):

1t YEAR

- Bibliographic analysis;

- Building of the geographical database for the 2 areas under investigation (Franciacorta,
Colli Morenici del Garda);

- Installation of instrumentation of 2 vineyards (the 3" is already instrumented) and
acquisition of experimental data;

- Implementation of the agro-hydrological model for the three pilot vineyards.

2" YEAR

- Simulations with the agro-hydrological model of the irrigation management in the 3 pilot
vineyards, also implementing the 7-day agro-weather forecast;

- Implementation of the model for the entire territorial extension of Franciacorta and Colli
Morenici;

- Writing of 1 paper.

39 YEAR

- Critical analysis of the results obtained in the simulations and possible adjustments, with
the objective of developing a DSS for the vineyard irrigation management in the two district
areas, and irrigation protocols for the vineyard scale.

- Writing of the PhD thesis and 1 paper.
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