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Welcome

We are delighted to welcoming you to attend the annual meeting of FRUITCREWS:
Fruit tree Crop REsponses to Water deficit and decision support Systems applications,
held under the auspices of COST (European Cooperation in Science & Technology).

The meeting is a joint initiative of the Cyprus University of Technology, Department of
Agricultural Sciences, Biotechnology & Food Science and the University of Bologna,
Italy.

The Scientific Program is comprised of 7 keynote talks, 33 oral talks and 23 poster
presentations. The contributions fall within the following thematic sessions:

- Factors affecting the water requirements of fruit crops

- Stress physiology, irrigation, and climate change

- Bridging the gaps between models and irrigation practice

- Orchard technologies supporting orchard water management

- Precision irrigation management, plant sensors and remote sensing

- Integrating science, policy, and practice in fruit growing and landscape water
management

We aspire to offer a high-quality and interesting scientific program combined with an
attractive social program.

The Conveners

I iy A

George Manganaris
Cyprus University of Technology

Brunella Morandi
University of Bologna

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 2
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Scientific Program

Sunday, June 15

18:00 — 20:00 Attendee Registration

ERIA Cultural Center

Monday, June 16

07:30 - 08:30 Attendee Registration & Departure

ERIA Cultural Center
08:30-10:00 Site visit at the Pomology Insutute/ELGO Dimitra
10:00-11:30 Site visit at a Cooperative Units of ACNaousa & ASEPOP Naoussa
11:30-13:30 Site visit at commercial farms (stop over at Tsesmelis Nursery)
13:30-15:00 Tour in Aristotle’s School Cultural Center
15:00 - 16:00 Coffee break
16:00-16:00 Management Committee Meeting

Moderators: Brunella Morandi, Virginia Hernandez-Santana
16:00-16:15 Progress report on Work Package 1| Pasquale Losciale
16:15-16:30 Progress report on Work Package 2 | Kathy Steppe
16:30-16:45 Progress report on Work Package 3 | Martin Meszaros
16:45-17:00 Progress report on Work Package 4 | Alon Ben-Gal
17:00-17:15 Progress report on Work Package 5 | Diego Intrigliolo
17:15-17:25 Updates on mobility grants | George Manganaris
17:25-17:35 Updates on dissemination and communication activities | Vladimir Mrkajic
17:35-18:00 Selection of Venue for the forthcoming MC meeting (2026)
18:00-18:20 Budget overview and concluding remarks | Brunella Morandi

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives

across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 3
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18:20-18:30 Points by the Scientific Officer | Violetta Wlentowska

20:30-23:00 Dinner & wine pairing
Venue: Xinomavro Enoteca

Tuesday, June 17

08:00-09:00 Attendee registration

09:00-09:10 Welcome Remarks
George Manganaris | Convenor
Brunella Morandi | Co-convenor
Kyriaki Chatzioannidou | Vice Mayor of Naoussa
Nikolaos Koutsogiannis | Mayor of Naoussa

09:10-11:00 Session | | Moderators: Milica Fotiri¢ AkSi¢ & Andrea Giovannini

09:10-09:35 Manuela Zude-Sasse (K-1)
Close-range remote sensing for characterizing the tree water status of apple trees

09:35-10:00 Vito Buono (K-2)
Application of DSS for sustainable irrigation management: field experiences and
relevant issues related with technology transfer in horticulture

10:00-10:10 Pieter Janssens (OP-1)
Delineation of management zones in an irrigated pear orchard using soil scans,
satellite imagery and a soil sensor-based Bayesian calibrated soil water balance model

10:10-10:20 Bart Vanhoutte (OP-2)
Effective use and limitations of soil moisture tension sensors, volumetric water
sensors and dendrometers in supporting irrigation management of Belgian pear and
sweet cherry orchards

10:20-10:30 Sebinasi Dzikiti (OP-3)
Fruit growth and water use of two pear cultivars grown in South Africa: Implications
for precision irrigation scheduling

10:30-10:40 Eleftheria Stavridou (OP-4)
Challenges and solutions in horticultural water management: insights from
FERTINNOWA

10:40-10:50 Zoé Scheerlinck (OP-5)
Water management strategies for an agrivoltaics pear orchard

10:50-11:00 Andrei Pasquali (OP-6)
Agrivoltaic systems ameliorate apple crop water relations

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 4
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11:00-11:45 Morning coffee break
11:45-13:00 Session Il | Moderators: Eleftheria Stavridou & Antonella Simini

11:45-12:10 Pablo Zarco-Tejada (K-3)
New developments in hyperspectral imaging to track photosynthetic effects of water
stress

12:10-12:20 Maria Borrego-Marin (OP-7)
Policies and strategies to boost digital innovation in agriculture

12:20-12:30 Sarah Verbeke (OP-8)
Fruit growth modeling under drought using a mechanistic turgor-based approach

12:30-12:40 Omar Garcia-Tejera (OP-9)
Does increasing tree density improve olive water productivity? Results from a
mechanistic model

12:40-12:50 Artur Krukowski (OP-10)
Remote sensing and high-resolution 3D modelling of crop conditions for aiding in
precision agricultural practices

12:50-13:00 Lorenzo Leén (OP-11)
Physiological responses of olive cultivars under water deficit

13:00-14:30 Lunch
14:30-16:00 Session Il | Moderators: Virginia Hernandez-Santanam & Egli Georgiadou

14:30-14:55 Fulai Liu (K-4)
Biological water-saving irrigation practices for improved quality and water-use
efficiency in fruit crops.

14:55-15:05 Kumud Bandhu Mishra (OP-12)
Chlorophyll a fluorescence: A potential tool for sensing leaf water deficit in fruit crops

15:05-15:15 Antonella Simini (OP-13)
Exploring ‘Dong Hong' kiwifruit water needs: impact on plant and fruit physiology and
production

15:15-15:25 Amilcar Duarte (OP-14)
Optimizing irrigation for key fruit crops in the Algarve: a contribution to climate change
adaptation

15:25-15:35 Ersin Atay (OP-15)
Effects of water availability on growth, yield, and water use efficiency in
Mediterranean apple orchards

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 5
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15:35-15:45

15:45-16:30

16:30-18:00

16:30-16:55

16:55-17:05

17:05-17:15

17:15-17:25

17:25-17:35

17:35-17:45

17:45-18:30

18:30-19:30

20:30-00:00

Konni Biegert (OP-16)
Sensor- and model-based irrigation of apple trees on deep fertile soil in Germany

Evening coffee break
Session IV | Moderators: Olfa Zarrouk & Teresa Afonso do Paco

Gregory Gambetta (K-5)
The drought Intelligent grapevine

Egli C. Georgiadou (OP-17)
The effect of water stress deficit on 'Xynisteri’ grapes through systems biology
approaches

Damiano Zanotelli (OP-18)
Disentangling transpiration sources in a vineyard using a combination of empirical
and modeling approaches

Olfa Zarrouk (OP-19)

Irrigation impact on vegetative and reproductive hydraulic adjustment in grapevine:
physiological and molecular aspects

Miguel Damasio (OP-20)

Root water uptake patterns in rootstock-scion interactions influence grapevine water

use strategies in non-irrigated vineyard

Joaquim Miguel Costa (OP-21)
A conceptual model relating soil temperature and water to support decision in
Mediterranean vineyards

E-poster presentations (Part 1, 1-12)
Moderator: Alon Ben Gal

Tour to the textile industry museum

Gala dinner [Kioski Venue]

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 6
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09:00-10:30

Wednesday, June 18

Session V | Moderators: Brunella Morandi & Joaquim Bellvert

09:00-09:25 Alon Ben Gal (K-6)
Irrigation with non-conventional water sources
09:25-09:40 Victor Blanco (OP-22)
Comparing different irrigation strategies for sweet cherry production under water
shortage conditions
09:40-09:50 Mekjell Meland
Fertigation of sweet cherry trees in pots — a new production method in high plastic
tunnels (OP-23)
09:50-10:00 Arnon Dag (OP-24)
Canopy-cooling systems applied on avocado trees to mitigate heatwave damages
10:00-10:10 Joaquim Bellvert (OP-25)
Adoption of digital twins and remote sensing technologies for agricultural water
management in Catalonia's irrigation districts during drought conditions
10:10-10:20 Pavlina Drogoudi (OP-26)
Physiological and growth responses of the peach reference collection in Naoussa,
Greece to water stress, and use of thermography to explore plant-environment
interactions
10:20-10:30 Francisco Pedrero Salcedo (OP-27)

10:30-11:15

Evaluation of irrigation strategies on carob tree through the use of thermography,
plant sensors and machine learning models

E-poster presentations (Part Il, 13-23)
Moderator: Martin Mészaros

11:15-12:00 Morning coffee break
12:00-14:00 Session VI | Moderators: Thomas Sotiropoulos & Victor Blanco
12:00-12:10 Assaf Chen (OP-28)
Assessing orchards irrigation uniformity in solid-set systems using UAV-based
thermal and vegetation indices
12:10-12:20 Leonardo Conti (OP-29)
Exploring the behaviour of five almond cultivars under the threat of water stress
12:20-12:30 Saray Gutiérrez-Gordillo (OP-30)

Photosynthetic constraints on fruit growth in almond and lemon under water stress

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 7
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12:30-12:40 Alba Mininni (OP-31)
Physiological and phenotypic assessment of water stress response of three kiwifruit
rootstocks and scion/rootstock combinations

12:40-12:50 Maria Calabritto (OP-32)
Quantifying hydraulic resistance and capacitance using plant sensors and
mechanistic modelling as a step towards real-time irrigation in Mediterranean yellow-
fleshed kiwifruit orchards

12:50-13:00 Theo Zacharis (OP-33)
Establishing a science-policy-practice nexus transforming water management for
climate-resilient fruit orchards

13:00-13:30 Diego Intrigliolo (K-7)
Water savings and water use efficiency:What it is required beyond precision irrigation

13:30-14:00 Concluding remarks

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 8
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Poster presentations

PP-1 Mulching effects on plant, soil moisture and soil temperature under golden currant (Ribes aureum)
plantation
Kaspars Kampuss

PP-2 Physiological response of blackcurrants to climate change, focusing on irrigation needs
Natasa Cerekovi¢

PP-3 A decision support tool (DST) for spatial sampling of agricultural plots
Aviva Peters

PP-4 Effect of water supply on primary metabolites in raspberry fruits
Jelena Tomié

PP-5 Impact of temperature and precipitation variability on water requirements in raspberry production
Radmila lli¢

PP-6 Effect of heat, drought, and root-zone warming on the physiology and growth of potted pear
plantlets
Kaies Mezrioui

PP-7 Optimizing orchard irrigation using tree hydraulic indicators from an integrated approach of plant
sensors and mechanistic modelling
Jana Dutordoir

PP-8 Apricot physiological responses under water restriction conditions
Andrea Giovannini

PP-9 Innovative approach to irrigation scheduling: Un-manned aerial vehicle images
Emre Tunca
PP-10 Response of a clingstone peach cultivar to regulated deficit irrigation

Thomas Sotiropoulos

PP-11 Modeling fruit water balance under shading: assessing sweet cherry response to canopy cover
Dario Constantinescu

PP-12 Sugar and acid profile of three sweet cherry cultivars grown in pots in high tunnels
Milica Fotiric Aksic

PP-13 Distributed modeling and sensorless irrigation systems
Selami Beyhan

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 9
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PP-14

Impact of oxygenated water and subsurface irrigation on avocado (Persea americana Mill.)
production in southern Portugal
Ana Rita Trindade

PP-15

Preliminary results on the validation of automated measurements of stem water potential with
microtensiometers in coffee plants
Teresa Paco

PP-16

Influence of spectral data in the NIR water band on water content, fruit drop, and water stress
detection
Sarah Gruntmeir

PP-17

Optimizing avocado cultivation in Cyprus: A novel design of experiment approach coupled with
spectroscopic analysis
Maria Tarapoulouzi

PP-18

Comparison of some selected apricot (Prunus armeniaca L.) genotypes in resistance to drought
stress
Burhanettin Imrak

PP-19

Evaluating the response of various apple cultivars to deficit irrigation across diverse
agroecosystems
Melissa Venturi

PP-20

Scouting ecophysiological variables to manage regulated deficit irrigation in almond
Pasquale Losciale

PP-21

Silicon dioxide enhances date palm drought stress tolerance
Lotfi Fki

PP-22

The Impact of climate change on grapevines yield and quality in Azerbaijan
Shahniyar Bayramov

PP-23

Socioeconomic factors of water relations and irrigation of fruit crops: from science to policy and
practice
Dymphina Andima

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 10
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Keynote talks

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu
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K-1
Close-range remote sensing for characterizing the tree water status of
apple trees

Manuela Zude-Sasse
mzude@atb-potsdam.de

Leibniz-Institut fiir Agrartechnik und Bio6konomie e.V. (ATB), Potsdam, Germany

The talk will review recent sensor developments applied in orchards and vineyards.
Examples will be presented based on own data on the analysis of apple trees using
close-range remote sensing technology in laboratory and field conditions. Data
obtained in the laboratory using high-resolution laserscanner resulted in 3D
representatives of apple trees and apple fruit. For field measurements, commercial
laserscanners were applied and data were merged with thermal data, obtained by
thermal imaging. Data obtained allowed to calculate the fruit water stress index,
according to the concept of crop water stress index, throughout the season and as
diurnal course. The potential of the approach captures the ability to measure many
fruit at the same time with spatial information. Drawbacks appear due to
environmental impacts on the measurement. Existing data sets have been made open
access, providing the opportunity to reanalyse the data with advanced data processing
methods.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 12
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K-2

Application of DSS for sustainable irrigation management: field
experiences and relevant issues related with technology transfer in
horticulture

Vito Buono
buono@sys-man.it

SYSMAN Projects & Services Ltd., Italy

The presentation briefly introduces the Bluleaf DSS platform for irrigation scheduling
and management, with specific reference to the selected modelling approach (FAO
I&D 56-66, and recent literature advancements) and to the integration with
plant/soil/remote sensor data as a ‘control loop'. Then, it provides an overview on
some of the most relevant experiences related with on-field activities performed in
recent years at national scale, working with field technicians and farmers, to address
the irrigation management of different Italian cropping systems (e.g. kiwifruit, table
grape, apple, vegetable crops, ornamentals). Relevant application issues are listed and
presented, e.g. in relation to plot configuration and setting of specific crop-soil-
irrigation parameters, as well as to the availability and quality of local weather and
sensors data. Finally, additional topics related with fertigation, automation, nitrate
pollution, wastewater reuse and water quality management (e.g. salinity), are
mentioned, in relation to the need to develop additional specific modelling
components in the DSS platform.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 13
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K-3
New developments in hyperspectral imaging to track photosynthetic
effects of water stress

Pablo Zarco-Tejada
pablo.zarco@csic.es

Quantalab Remote Sensing Laboratory, Instituto de Agricultura Sostenible (IAS), Consejo Superior de
Investigaciones Cientificas (CSIC), Avenida Menéndez Pidal, s/n - 14004 - Cérdoba, Spain

Canopy temperature is considered the most direct indicator of water stress due to the
links between canopy transpiration and evaporative cooling. Canopy temperature and
several indicators based on thermal data, such as Tc-Ta and the Crop Water Stress
Index (CWSI), have demonstrated their usefulness in precision irrigation of
horticultural tree crops, tracking water stress and recovery phases and helping to
adjust irrigation meeting specific stress levels. Nevertheless, canopy temperature fails
to track photosynthetic depletion under water stress, particularly after rehydration,
when canopy temperature does not show differences while photosynthesis is still
affected by water deficiencies. Solar-induced fluorescence (SIF) has been proposed
as the most direct link to photosynthesis, demonstrating its ability to track the
dynamics of photosynthesis independently from transpiration. Narrow-band and sub-
nanometer hyperspectral imagers have shown the ability to track photosynthetic
changes as a function of water stress, although the assessment varies depending on
the level of stress as well as the time of the day. Fraunhofer lines detected in sub-
nanometer imagers have been shown to provide insights into the red and far-red
fluorescence emission, making progress in understanding the photosynthetic
dynamics induced by water stress. In this talk, experiments carried out in the context
of water stress will be discussed, as well as the complexity of sub-nanometer vs.
narrow-band hyperspectral imagers for precision irrigation purposes.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 14
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K-4
Biological water-saving irrigation practices for improved quality and
water-use efficiency in fruit crops

Fulai Liu
fl@plen.ku.dk

Section of Crop Sciences, Department of Plant and Environmental Sciences, Faculty of Science, University
of Copenhagen, Hajbakkegard Allé 13, DK-2630 Tastrup, Denmark

Water scarcity has been the most important factor threatening agricultural production
and global food security. Water allocated in agriculture sector counts for almost 70%
of total freshwater withdrawal in the world, and efficient use of water in agriculture is
essential for food security and sustainable development. Therefore, it is utmost
important to produce ‘more crop per drop’ of water, namely to enhance crop water-use
efficiency (WUE). Deficit irrigation is a promising strategy to improve WUE at stomata,
leaf and plant scopes, hereby has great potential to save water at field scope across
varied crop species including fruit trees. In addition to enhancing WUE, deficit
irrigation could also improve product quality. This lecture summarizes the state-of-art
of the irrigation techniques, including regulated deficit irrigation (RDI) and alternate
partial root-zone drying irrigation (PRD), and the mechanisms by which deficit
irrigation saves water and improves fruit quality. The perspectives and future
development of the irrigation techniques are also discussed.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 15
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K-5
The drought intelligent grapevine

Gregory Gambetta
gregory.gambetta@agro-bordeaux.fr

Bordeaux Sciences Agro - Institut des sciences de la vigne et du vin, Bordaux, France

In the context of climate change viticultural regions throughout the Mediterranean
basin are experiencing higher temperatures and increased drought risks. The fact that
the maijority of these regions are dry farmed puts grapevine production at particular
risk and also obscures the evolution and impacts of water deficits over the long term
since water status is rarely assessed. Recent advancements in our knowledge of
grapevine water relations reveals a myriad of hydraulically integrated drought
tolerance mechanisms that are highly dynamic across the season. This presentation
will explore drought tolerance in grapevine, discuss the mechanisms underlying this
tolerance, and puts this knowledge into perspective with regard to strategies for
constructing drought resilient vineyards and more efficient irrigation strategies.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 16
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K-6
Irrigation with non-conventional water sources

Alon Ben Gal
bengal@volcani.agri.gov.il

Agricultural Research Organization — Volcani Institue, Gilat Research Center, Israel

Water scarcity and climate change threaten irrigated agriculture, particularly in semi-
arid and arid regions. Such places are typically the first to utilize non-conventional,
often low-quality (high salinity) sources of water for irrigation. The need for leaching
salts out of the root zone mobilizes contaminants and pollutants, including but not
exclusive to the salts themselves, to deep soils and groundwater. In many cases of
arid regions where there is no natural hydrological flow to the sea, such strategies are,
in the long-term, non-sustainable. Desalination offers an opportunity to minimize the
leaching-contamination cycle, reduce water requirements, and increase the
sustainability of irrigated arid-region agriculture. Of course, this comes at a relatively
high price due to facility and energy costs. Inland desalination of brackish water
additionally has the challenge of sustainable brine disposal. | use the lIsraeli
experience to demonstrate the costs and management challenges of irrigating with
water containing relatively high concentrations of salts (brackish groundwater and
recycled municipal wastewater) and how large-scale desalination of seawater has
reversed negative repercussions of dry-region irrigated agriculture via both direct and
indirect (via recycled wastewater) use. | demonstrate a decision support tool
(ANSWERapp: https://app.agri.gov.il/AnswerApp/) that considers crop response to
environmental conditions, including water and salt balance calculations in the root
zone. Coupling prediction of crop response to irrigation amounts and salinity to farm
and water costs and benefits allows evaluation of irrigation with water as a function
of its salinity while considering processes specific to soil, weather, crop, and water
costs. It further indicates the amounts of water required to minimize negative
environmental effects and maximize profits.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 17
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K-7
Water savings and water use efficiency: What it is required beyond
precision irrigation

Diego Intrigliolo
diego.intrigliolo@csic.es

Desertification Research Center (CIDE), CSIC-UV-GVA, Valencia, Spain

In the last decades, the research community has developed several technologies and
models for a precision, on-farm, irrigation scheduling. New sensors have been also
recently developed in order to robustly determining plant water status and this can be
also coupled to decision support systems tools. Nowadays, some research is also in
due course to the develop the so-called precision irrigation, which intends to consider
the variability in water needs within a farm attempting to adjust irrigation scheduling
to the existing plant and soil variations within a field. This is still difficult to be properly
implemented particularly under drip irrigation, but some advances will be summarized.
All these capabilities potentially allow farmers to be very efficient in their irrigation
practices. While all these efforts are definitively required; the problem of water
conservation at a whole water basin still requires to further tailor a precision irrigation
scheduling program with tools that could reduce the current pressure on the scarce
available resources. Agronomic practices that could allow obtaining consumptive
water savings are summarized and finally some suggestions on how to integrate all
this gained knowledge for an integrated water management will be also briefly
reviewed. Indeed, particularly when water available for agriculture is scarce,
researchers and practitioners should go beyond precision irrigation scheduling,
attempting to connect with land/water basin authorities to jointly develop a general
plan for soil and water conservation to ensure a long-term sustainable irrigated and
rainfed agriculture.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 18
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Oral presentations
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Delineation of management zones in an irrigated pear orchard using soil
scans, satellite imagery and a soil sensor-based Bayesian calibrated soil
water balance model

Pieter Janssens*, Jonas Verellen, Aster De Vroe, Eveline Baens

*Presenting author: pjanssens@bdb.be

Soil Service of Belgium, Belgium

The added value of irrigation in ‘Conference’ pear is a proven yield promotion to a
higher fruit size class. When growers use any support to schedule irrigation, a soil
water balance model (SWB) or soil sensors are most commonly chosen. Monitoring
is often situated in one spot in the orchard while there can be a big variability in soil
water holding capacity due to variation in topography and soil formation. A correct
delineation of management zones, in which soil moisture evolves homogeneously,
would permit variable rate irrigation. In a 9-hectare irrigated ‘Conference’ pear orchard
in Belgium, a SWB was inversely calibrated using Bayesian statistics-based soil sensor
data collected in 2022. The hypothesis of the experiment was that the SWB calculated
evapotranspiration (ET) was correlated with the NDVI derived from Sentinel-2 satellite
imagery. With this information, the delineation of the management zones could be
optimized. Furthermore, the calibrated soil water balance could be used to create
different irrigation schedules within each management zone. In a first step,
management zones were delineated with aid of unsupervised clustering based on the
electrical conductivity of the top soil acquired with a VERIS soil scanner. Next,
observations were made at five different positions in the orchard. At every position,
Teros 10 soil moisture sensors were installed which were accompanied by soil
moisture samples and stem water potential measurements with a Scholander
pressure bomb. These data were compared to three different NDVI satellite images
collected respectively around bloom, mid-season and at harvest. The Bayesian
calibrated SWB showed variation in ET in the different positions. Stem water potential
was highly correlated with a decrease of ET (R? = 0.82) and moderately with NDVI
collected at harvest (R?=0.28). These relationships demonstrated that the NDVI
collected at harvest was best suited to update the delineation of the management
zones.
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COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 20

’ ) Funded by
(1 the European Union


mailto:pjanssens@bdb.be

@“ FruitCREWS

OP-2

Effective use and limitations of soil moisture tension sensors, volumetric
water sensors and dendrometers in supporting irrigation management
of Belgian pear and cherry orchards

Bart Vanhoutte'’, Yasmin Vanbrabant !, Ann Gomand', Jef Vercammen, Pieter
Janssens?, Victoria Nelissen’, Dany Bylemans'?, Serge Remy’

*Presenting author: bart.vanhoutte@pcfruit.be

T Pcfruit Research Station npo, Sint-Truiden, Belgium
2 Soil Service of Belgium, Heverlee, Belgium
3 Department of Biosystems, KU Leuven, Heverlee, Belgium

Sensor data can provide valuable information on water availablity for fruit trees. In this
study, both soil sensors (moisture tension) and on-plant sensors (trunk dendrometers)
were used to track the soil and plant responses to evaporative demand and irrigation.
In both pear ‘Conference’ and cherry ‘Kordia’, irrigation was scheduled to keep
rootzone soil moisture tension right above specific soil moisture thresholds during
specific phenological stages. Soil moisture tension sensors were effective in avoiding
overwatering and irrigation water percolation when combined with a soil water
balance model approach. However, they were prone to errors under very low-
precipitation conditions in orchards with coarse or clay rich soils, and orchards with
limited root systems. Trunk dendrometers supported irrigation management in cherry,
but trunk diameter variation was heavily influenced by crop load and phenological
stage in pear ‘Conference’ . The soil moisture tension threshold approach did indicate
slightly drier conditions than currently used in Belgian fruit culture might be acceptable
in both pear and cherry without negatively affecting yield.
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Fruit growth and water use of two pear cultivars grown in South Africa:
Implications for precision irrigation scheduling

Sebinasi Dzikiti, Johan C Pienaar, Prince Dangare, Stephanie JE Midjley, Wiehann
Steyn

Presenting author: sdzikiti@sun.ac.za
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In South Africa, as in other semi-arid countries, sustainable production of high value
crops like pears (Pyrus communis L.) requires precise management of the limited
water resources. In this study we investigated the daily and seasonal changes in stem
and fruit growth as indicators of water stress in pear trees. Stem and fruit growth data
were collected hourly throughout the 2022-2023 growing season on two cultivars
commonly planted in South Africa namely the ‘Packham’s Triumph' and ‘Forelle’.
Rootzone soil water content, tree sap flow, and orchard microclimate were also
monitored. Fruit maximum daily shrinkage (MDS) was highly sensitive to soil water
deficit than stem size changes. However, MDS of fruit for both cultivars changed their
patterns as the season progressed. Early in the season (October — December) there
was a strong correlation between MDS and soil water deficit (R2 ~ 0.72). The fruit
shrunk with increasing soil water deficit as water loss through transpiration exceeded
gains through xylem and phloem inflows. In contrast, daytime fruit size swelled from
late December until harvest (February/ March), likely because of the dominance of
phloem inflows and decreased peel transpiration as the fruit matured. Correlation
between fruit expansion and soil water deficit was weaker (R2 ~ 0.32) during the late
stage even though fruit growth continued until harvest. Stem MDS consistently
showed midday shrinkage throughout the season in response to soil water deficit, but
with more scatter (R2~ 0.37). Seasonal total transpiration was greater for ‘Forelle’
(733 mm) than ‘Packham’s Triumph’ (539 mm) because of the higher leaf area index
of the Forelle. This study suggests that pear fruit growth data can provide accurate
estimates of tree water status, but only during the early stages of growth. Towards
maturity fruit size changes respond indirectly to water deficit, possibly through
reductions in photosynthesis.
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Challenges and Solutions in Horticultural Water Management: Insights
from FERTINNOWA

Eleftheria Stavridou*, Esther Lechevallier, Rafa Granell Ruiz, Dolors Roca, Georgina Key,
Els Berckmoes

*Presenting author: eleftheria.stavridou@niab.com
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Irrigated horticulture faces increasing competition for access to reliable, cost-
effective, and high-quality water. Farmers are under regulatory pressure to enhance
fertigation efficiency and reduce environmental emissions. However, discrepancies
exist between the perspectives of scientists, regulators, and farmers regarding
efficient water use, often leading to limited adoption of advanced technologies.
FERTINNOWA, an EU-funded H2020 Thematic Network, aimed to bridge the gap
between research and practical implementation at the farm level. Using a bottom-up
approach, the project conducted 371 face-to-face interviews with growers across
eight European countries and South Africa. The study analyzed water source
management, fertilizer application, and irrigation strategies, emphasizing the role of
crop indicators in irrigation decision-making. Among the respondents, 55 tree fruit
growers from Poland (n=8), Slovenia (n=3), South Africa (n=1), Spain (n=39), and the
United Kingdom (n=4) were surveyed. Most growers relied on crop evapotranspiration
or water balance sheets for irrigation management. Tensiometers and watermark
sensors were the predominant soil moisture monitoring tools, while direct monitoring
of crop water status was less common, with some growers utilizing dendrometers and
leaf/stem water potential measurements. The findings indicate that water use
efficiency was not a primary driver for adopting sustainable fertigation practices, such
as drip irrigation and soil moisture monitoring. Instead, adoption was primarily
constrained by investment costs rather than a lack of knowledge. These insights
underscore the need for policy frameworks and financial incentives to facilitate
technology adoption and promote sustainable water management in horticulture.

This research was supported by the European Union’s Horizon 2020 programme under Grant No. 689687
and the FERTINNOWA consortium.
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Water management strategies for an agrivoltaics pear orchard

Zoé Scheerlinck*, Bram Van de Poel, Jan Diels

*Presenting author: zoe.scheerlinck@kuleuven.be
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Climate change is increasing the frequency and severity of extreme weather events,
such as floods and droughts, which pose serious challenges for the irrigation of
perennial crops. These changing conditions threaten crop yields and demand
innovative solutions for sustainable water management. Agrivoltaics (AV)—the
combination of crop production and solar energy generation—has emerged as a
potential strategy to mitigate these effects. Although some yield losses due to
shading are possible, a well-designed AV system can minimize these losses, and can
offer additional benefits, including protection against extreme weather events such as
hail and sunburn, while also influencing water dynamics. The partial shading from
solar panels can reduce evapotranspiration, potentially leading to water savings.
Additionally, AV structures can capture and redirect excess rainfall, preventing
waterlogging and enabling water storage for later use. This study explores these
potential benefits with a focus on quantifying evapotranspiration in an AV-managed
pear orchard in Bierbeek, Belgium. We hypothesize that the reduced solar radiation
under AV decreases evapotranspiration, improving water conservation. To test this,
we have installed an extensive network of real-time soil moisture and radiation
sensors to monitor microclimate changes and water fluxes. Using these
measurements, we aim to develop a model that can generalize evapotranspiration
quantification in AV orchards. The model that results from this study will serve as a
decision-support tool for precision irrigation, optimizing water use efficiency and
ensuring sustainable orchard management under changing climate conditions. By
integrating real-time microclimate monitoring with predictive modeling, this research
contributes to a deeper understanding of water dynamics in AV systems and their role
in climate-resilient agriculture.ms, Dept. Earth and Environmental Sciences.
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Agrivoltaic systems ameliorate apple crop water relations

Andrei Pasquali’*, Alexandra Boini', Brunella Morandi’, Gerardo Lopez?
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Climate change has introduced new challenges to fruit production by increasing
temperatures and solar radiation, increasing water demand. Water is critical for fruit
crop growth and yield, especially in apples. Dynamic agrivoltaic systems (DAV) can
reduce tree radiation by modulating light patterns and shading, impacting plant
physiology and water needs. This was tested in La Pugeére, France. In the study, stem,
fruit, and leaf water potentials and stomatal conductance were measured to
understand their contributions to fruit growth. Daily apple growth was measured with
fruit gauges. Changes in weather conditions influenced apple growth. Cloudy days
significantly reduces fruit water exchanges via xylem and transpiration flows, while
phloem flows showed a slower response. However, daily growth varies significantly,
peaking after rain or irrigation, indicating fruit growth is more sensitive to water status
than other factors. Shading mitigates drought effects and improves tree water status,
as shown by higher midday stem water potentials in apple trees under AV systems
compared to controls. However, afternoon fruit water potential was less negative in
AV systems, suggesting lower water inflow and potentially reduced fruit growth under
shade. This lower inflow may be counterbalanced by better overall water status in AV
trees, reflected in lower dry matter values due to higher water content. Also, even if
leaves are less adapted to generate carbohydrates, gs values remain within normal
values. These findings highlight the complex interplay between climate, water
management, and plant physiology under DAV systems. The study highlights the
importance of understanding shading's effects on orchard microenvironment and
water dynamics. Effective water management is essential to optimize fruit production,
particularly under climate change. AV panels provide shade and reduce irrigation
needs, making them ideal for sustainable farming in water-scarce and variable
climates.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 25

’ ) Funded by
(1 the European Union


mailto:andrei.pasquali2@unibo.it

ajﬁ FruitCREWS

OoP-7
Policies and strategies to boost digital innovation in agriculture

Maria Borrego-Marin'-2
*Presenting author: mbmarin@us.es

"Department of Applied Economics lI, University of Seville, Spain & Water
2Environmental & Agricultural Resources Economics Research Group, University of Cérdoba, Spain

Application of digital technologies. within the agricultural sector holds the potential to
enhance farm performance by fostering sustainability, productivity, and resilience.
This is particularly achieved through the utilization of Internet of Things (loT)
technologies, sensors, data analytics (including those based on Artificial Intelligence),
and decision-support systems, which facilitate more tailored and precise agricultural
operations. However, despite these numerous advantages, digitalisation may also
exacerbate digital divides, particularly between those farmers who have access to
advanced technologies and those who do not. These discrepancies can be attributed
to factors such as geographical remoteness, turnover of landholdings, as well as the
skills and age of farmers. This presentation seeks to analyse the strategies and
policies currently being implemented to advance digital innovation within the
agricultural sector on a global scale, with the objective of mitigating or eliminating
existing technical, legislative, economic, and educational challenges.
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Fruit growth modeling under drought using a mechanistic turgor-based
approach

Sarah Verbeke*, Virginia Hernandez-Santana, Jonas Coussement, Antonio Diaz-
Espejo, Kathy Steppe
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?Instituto de Recursos Naturales y Agrobiologia de Sevilla (IRNAS-CSIC), Aptdo. 1052, 41080 Sevilla,
Spain

Plant growth determines crop and ecosystem production across the globe. However,
itis surprising how limited our understanding is regarding the factors that restrict plant
growth during periods of drought. This is particularly worrying in view of the current
and projected impact of climate change. According to the state-of-the-art research, it
is widely accepted that plant growth is controlled by water and carbon fluxes, with
recent evidence highlighting that water-related factors, particularly turgor pressure,
are highly sensitive to water deficits. Turgor is crucial for quantifying growth and
linking organ expansion to a plant's water status, but it is challenging to measure in
intact plants, underscoring the need for better tools. Based on a mechanistic growth
model (Coussement et al. 2021) explicitly using the intensity and duration that an
organ is under growth-enabling turgor pressure, with sap flow and dendrometer as
inputs, we conduct this work with the overall objective of developing a tool to simulate
turgor-time and its impact on growth. Our specific objectives are (i) to calibrate a
mechanistic model simulating turgor-time and turgor-driven growth using a unique
dataset in olive, (ii) to evaluate this model under drought conditions, (iii) to assess the
concept of turgor-time and its benefits in expressing fruit growth compared to thermal
time and (iv) to present a tool that visualizes the water status of the plant, which can
support irrigation management.
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Does increasing tree density improve olive water productivity? Results
from a mechanistic model

Omar Garcia-Tejera
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Traditional rainfed orchards with fewer than 100 trees ha™' have been gradually
replaced by more intensive systems, reaching densities of over 1000 trees ha'. While
intensification, when combined with appropriate irrigation and management, has
successfully improved yields and advanced fruit production, its effects on water
productivity (WP)—the ratio between dry yield and crop evapotranspiration (ETc)—are
less understood. Understanding the relationship between WP and intensification is
particularly relevant, as WP serves as a benchmark for water optimization and helps
to evaluate the efficiency of different management strategies. However, assessing
this interaction through field experimentation is both resource- and time-intensive,
making mechanistic crop models a valuable alternative. This study simulates WP
across four representative olive planting densities (100, 204, 408, and 806 trees ha™")
and three irrigation treatments (full ETc, 25% ETc, and rainfed) using the OliveCan
mechanistic model. Simulations were conducted over 10 years of weather data on a
2 m deep sandy loam soil. Results indicate that under full ETc conditions, WP
increases proportionally with tree density. However, under 25% ETc and rainfed
treatments, WP plateaus at 408 trees ha'. Additionally, as tree density increases,
annual WP variation also rises, with this variability becoming more pronounced under
25% ETc and rainfed treatments. These findings suggest that increasing tree density
can enhance WP, even under rainfed conditions. However, the maximum tree density
required to maintain stable WP will depend on the water available for ETc.
Furthermore, this study highlights the potential of mechanistic crop models as a
valuable tool for preliminary assessments of management strategies in tree crops.
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Remote sensing and high-resolution 3D modelling of crop conditions for
aiding in precision agricultural practices

Artur Krukowski*, Emmanouela Vogiatzaki
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Results produced in H2020-AgriBIT project will be presented, combining three key
technologies developed by RFSAT Limited: (1) centimetre accuracy, economic GNSS
receiver for enabling provision of Precision Agriculture services at previously
unachievable spatial resolution, (3) high-resolution multispectral imaging enabling
production of 3D crop models for determining health conditions and modelling 3D
canopies to resolution exceeding 1cm/pixel for monitoring growth and more
accurately predicting expected harvests, and (3) analytics of info produced in (2) with
aid of advanced Al techniques for automatically determining and precisely locating
cases of degraded crop health incl. water and nutrient depletion, bacterial and pest
infestations for speeding-up localized response, reducing human effort, costs of
equipment, water for irrigation, fertilizers and pharmaceuticals. Sensing technologies
from RFSAT, ranging from custom-built calibrated high-accuracy environmental
sensors, public and private Open Data repositories, including national and
international authorities, provided high spatial and temporal database of info based
on which advanced services could be provided, e.g. (1) Crop Growth Monitoring, (2)
Crop yield estimation and seasonal yield prediction, (3) Irrigation Scheduling, (4)
Tillage Scheduling, (5) Pest and Disease Early Warning, (6) Prescription mapping, (7)
Climate and weather services for farmers etc. Results were evaluated at three pilot
sites (1) in Greece showing benefits for peach orchards, from the capability to
overcome limitation of Earth Observation and UAV due to tree canopy shapes, (2) in
Portugal aimed at precise management of diseases, speeding up detection during the
growth and enabling corrective actions earlier than without use of GNSS services, e.g.
before harvest, and (3) in Italy for 200 ha of vineyards, focusing on ability to improve
automatic guidance, decreasing water consumption and interoperability with 3rd-
party platforms.
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Physiological responses of olive cultivars under water deficit
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The effects of water shortage on olive production are of paramount importance, even
though olive trees are generally considered a species well-adapted to drought. For this
reason, developing tolerant cultivars could be an effective strategy to mitigate the
impact of drought in the future. Characterizing drought stress tolerance in olive is a
complex task due to the numerous traits involved in this response. In this study, plant
growth, pressure-volume curves, gas exchange, and chlorophyll fluorescence traits
were monitored in nine cultivars to assess the effects of mild and severe drought
stress. These stress conditions were induced by withholding water for 7 and 21 days,
respectively, and compared to a well-watered control treatment. The plant materials
evaluated included traditional cultivars (‘Arbequina’, ‘Frantoio’, and ‘Picual’), as well as
newly released cultivars suited for high-density hedgerow olive orchards (‘Sikitita’,
‘Sikitita-2, and ‘Martina’) or resistant to verticillium wilt (‘Urgavona’, ‘Castula’, and
‘Iliturgitana’). Significant differences between cultivars were observed for all evaluated
traits, with more pronounced differences under severe drought conditions (21 days
without irrigation). ‘Sikitita’, ‘Sikitita-2’, and ‘Martina’ exhibited the best performance in
terms of gas exchange and chlorophyll fluorescence traits under severe stress
conditions. A multivariate analysis of the complete dataset recorded throughout the
evaluation period allowed for the identification of the most discriminant traits, which
could serve as key selection parameters in future breeding programs.
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Chlorophyll a fluorescence: a potential tool for sensing leaf water deficit
in fruit crops

Kumud Bandhu Mishra
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Fluorescence emissions of chlorophyll as well as of epidermal constituents are well
established reporter signals of biotic and abiotic stress in plants. Spectrally-resolved
reflectance signals also show some of the symptoms of plant stress. We have
developed a novel combinatorial method based on time-resolved chlorophyll a
fluorescence (ChIF) imaging that can distinguish between species of the same plant
family, Lamiaceae, and detect early signs of cold and drought stress. In the laboratory,
we have evaluated the use of both classical and combinatorial ChIF image processing
from single leaves to whole plant rosettes of the model plant species Arabidopsis
thaliana. We used ChIF imaging to investigate systematic changes in photosynthetic
reactions even in the presence of low ambient irradiance, and the method
differentiated the effects of water stress in Arabidopsis thaliana natural accessions
of different geographical origins. We propose to provide an overview of ChIF method
and use a combination of hand-held and laboratory-based optical tools and
methodologies (e.g., fluorescence and reflectance spectroscopy) to identify the most
important physiological markers of plant water status and water stress at various
phenological stages of a variety of poems and stone fruits grown under natural or
artificial water deficits. We anticipate that these methods will be more effective in
identifying plant water status and the consequences of water deficit or drought stress
in fruit trees than the available classical stem or leaf water potential.
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Exploring ‘Dong Hong' Kiwifruit water needs: impact on plant and fruit
physiology and production
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Irrigation is a crucial input for kiwifruit cultivation, as the crop requires significant
water volumes to sustain high transpiration rates. However, kiwifruit is also sensitive
to waterlogging, making precise water management essential. Among the different
cultivars, ‘Dong Hong' has recently entered the market, attracting consumer interest
due to its inner pericarp red pigmentation. This trial aimed to determine ‘Dong Hong'’
irrigation needs to achieve the best balance between fruit production, quality, and
sustainability. The trial was carried out in 2024 in the Emilia-Romagna Region, Italy.
Three water restitutions were applied: 100% of crop evapotranspiration (ETc), 70% and
130% of ETc. For each treatment vines’ water relations, canopy functionality, fruit
growth, fruit surface conductance and dry matter accumulation were monitored
during the season, while fruit production and quality were assessed at harvest.
Sensors were installed outside and inside the orchard to monitor microclimate and
soil moisture. During the season, different treatments did not significantly affect
plant’s physiology. However, in August, the 70%, having a soil moisture lower than the
control, showed the lowest stomatal conductance but maintained a stable leaf water
potential, probably as a drought avoidance strategy. Statistically significant
differences were found for fruit surface conductance in July and September, with the
130% showing the highest value and lower dry matter content compared to the other
treatments. This could be due to fruit surface anatomical differences as a
consequence of the maturation delay caused by over- irrigation, but needs to be
further investigated. At harvest, fruit production and quality did not show statistically
significant difference among treatments. This suggests that same results can be
obtained by using lower water levels. Further research should be done to test the
effect of deficit irrigation on the crop load of the next season.
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Optimizing irrigation for key fruit crops in the Algarve: a contribution to
climate change adaptation
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The Algarve (Portugal) has a diverse agricultural sector in which irrigation is crucial. While
citrus remains the dominant crop, avocado cultivation expanded, traditionally rainfed carob
orchards are increasingly irrigated and new crops, as pitaya, are emerging. As climate change
intensifies water scarcity, improving irrigation efficiency is essential, emphasizing the need
for sustainable water management and drought-resistant crops. One of the primary goals of
the Agro+Eficiente project is to enhance water use efficiency in key fruit crops through
regulated deficit irrigation (RDI) techniques, preserving optimal production levels. For citrus
and avocado, conventional irrigation (100%-ETC) is compared to three deficit irrigation
treatments, reducing water use by 10%, 20%, and 30%. Reducing summer irrigation with RDI
strategies can minimally affect crop development. Preliminary results show no significant
differences in fruit size, but effects on yield and fruit quality have yet to be determined. For
carob, RDI assessments are conducted in a young orchard to evaluate growth parameters.
Treatments involve irrigation at 75% and 50% of ETC, compared to the conventional irrigation
(100%-ETC). Results from the summer-to-autumn period show significant differences in stem
diameter and branch growth, with conventional irrigation promoting faster and more
consistent growth. Pitaya presents an additional challenge due to the lack of irrigation
guidelines for the Mediterranean climate region. A greenhouse trial at the University of Algarve
is measuring daily water consumption (DWC). Preliminary results on DWC indicate that
pitaya's evapotranspiration is significantly lower than that of other irrigated fruit crops in the
region, suggesting exceptional water use efficiency. These preliminary results, support that
optimizing irrigation strategies will contribute to enhance climate resilience and sustainable
water management for Algarve’s fruit crops and other water-scarce regions.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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This study investigated the effects of water availability on fruit production, diel growth
patterns, and water use efficiency in Mediterranean apple orchards. A 50% water
restriction applied after vegetative growth completion reduced fruit size but increased
soluble solids content without significantly affecting yield. Water use efficiency was
improved, as water-stressed trees required less water per fruit (11.4 L) compared to
well-watered trees (15.9 L). Diurnal growth patterns varied across plant organs, with
shoots exhibiting maximum diameter growth in the morning and minimum growth at
midday, whereas fruit growth peaked in the afternoon. A moderate water deficit did
not negatively impact shoot growth, flowering or fruit development in the following
season, suggesting that late-season cultivars like ‘Joya™ may effectively buffer
summer water deficits. Additionally, a separate study on Pink Lady™ ‘Rosy Glow’
apples compared three irrigation regimes: well-watered (100% ETc), water-stressed
(25% ETc deficit), and over-irrigated (200% ETc). As expected, water stress lowered
midday stem water potential, while both under- and over-irrigation led to yield
reductions. However, moderate water stress improved soluble solids content. These
findings highlight the importance of optimizing irrigation strategies to balance fruit
yield, quality and water use efficiency, ensuring sustainable orchard management
under variable water availability.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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In 2023 in the Lake Constance area, Germany, sensor and model-based irrigation
strategies were applied to third leaf ‘Red Topaz’' (Malus x domestica). A digital sensor-
based method with soil water tension at threshold levels of 1) 25 kPa, 2) 50 kPa, 3) an
interval irrigation strategy 4) a non-irrigated control and 5) a web-based climatic water
balance model was post-modeled for the study season and compared to the sensor-
based irrigation schedules. As a result of excessive irrigation in the conventional
strategy, new shoot growth increased and re-flowering was observed in autumn. On
the other hand, the non-irrigated control yielded an average of 10% less fruit compared
to all irrigated treatments. Irrigation scheduling based on the soil water tension
threshold saved 75% of irrigation events compared to conventional irrigation while the
yield did not differ from the conventional strategy. Calculations using the climatic
model showed a similar savings potential based solely on freely accessible data of
usable field capacity, precipitation, evapotranspiration, and orchard parameters such
as row and plant spacing.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Cyprus is one of the few phyloxera-free areas worldwide where the vast majority of
vines are own-rooted and non-irrigated. ‘Xynisteri’ is a predominant indigenous
cultivar,amenable to extreme conditions such as drought and hot climate. In this work,
a comparative study between irrigated (irrigation initiated at BBCH 71) and non-
irrigated vines was conducted. An array of physiological (water potential, leaf water
content, stomatal conductance, chlorophyll content), biochemical and qualitative
indices were monitored during successive developmental stages. Harvested grapes
were also monitored for their aroma profile using GC-MS, while must was analyzed
using FT-NIR and E-nose techniques. Field experiments were carried out in a 6-year
old commercial cordon-trained, spur-pruned vineyard of own-rooted ‘Xynisteri’
grapevines in Agios loannis, Limassol, Cyprus. Grapevine developmental stages were
determined based on the BBCH scale. Leaf and berry samples were collected at BBCH
75, 85, 87 and 89. Leaves were also harvested prior to irrigation. For biochemical
analysis, leaves and berries were flash frozen in liquid nitrogen in the vineyard, ground
into powder in the lab, and stored at -800C until needed. Physiological parameters of
leaves were severely affected from drought stress; stomatal conductance registered
exceptionally low values at non-irrigated vines. Non-irrigated berries were
characterized by higher total soluble content and ripening index, while titratable acidity
and pH registered lower values. The concentration of glycosylated aromatic
compounds on irrigated grapes was lower, mainly due to their bigger size that led to a
dilution effect. Thus, non-irrigated berries can be destined for production of fresh
wines, while the irrigated berries are better suited for dessert wines production upon
sun-drying. Finally, molecular signatures were mapped in grapes using RNA-
sequencing, which lead to the identification of many key transcripts involved in the
response.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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In agro-ecosystems with multiple vegetation groups, such as intercropped or grassed
vineyards, understanding the contributions of different plant types to
evapotranspiration (ET) and particularly transpiration (T) is crucial. We applied
empirical and modeling approaches to partition ecosystem ET (ETEC) in a grassed
vineyard in Caldaro, Italy, aiming to determine: (i) whether evaporation (E) or T
dominated ETEC dynamics, (ii) the primary contributor to ETEC between grapevines
and understorey vegetation, and (iii) the influence of rainfall on ETEC components. A
top-down approach combined eddy covariance for ETEC estimation with the
Transpiration Estimation Algorithm (TEA) for partitioning, while a bottom-up approach
integrated understorey ET (ETu) with modeled vine transpiration (Tv(mod)). Flux
measurements aligned with meteorological conditions (VPD, Rn, Tair), with mean daily
ETEC values of 3.45 and 3.40 mm d~' (2021, 2022). Transpiration (with TEC being the
estimated transpiration fraction of ETEC) was the dominant component (TEC/ETEC:
0.77 and 0.79). ETu from ground flux chambers (0.74-1.65 mm d~") was lower than
Tv(mod), and a strong correlation (R? = 0.85) was observed between eddy covariance
ET and the sum of Tv(mod) and ETu. Our findings highlight that T was the major flux
during the warm season, with grapevines as the primary contributors, especially post-
rainfall, when understorey T increased as the system dried. This study disentangles
grapevine T from adjacent vegetation and underscores the dominance of biologically
driven transpiration. Our novel methodological combination enhances understanding
of Mediterranean viticulture and has broader applications for agroforestry and orchard
management.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Water stress triggers functional compartmentalization in grapevines, influencing how
resources are allocated to different plant organs. Comprehensive insights on how water
availability affects xylem functionality in each specific grape berry organ remain scarce. This
study aims to explore the impact of different irrigations on hydraulic adjustments in berry
clusters of Touriga Nacional (TN) and Syrah (SY) cvs. Plants were exposed to three irrigation
treatments: full irrigation (FI, 100% ETc); deficit irrigation (DI, 50% FI); and no irrigation (NI,
rain-fed). Measurements of stomatal conductance (gs), predawn leaf water potential (ypd),
and hydraulic conductance of leaf (KhL) berry cluster (Khc) were taken at four phenological
stages during 2022 season: peppercorn-size (PCS), pea-size (PS), veraison (VER), and full
maturation (FM). The gene expression of 10 aquaporins (AQPs) and 5 sugar transporters was
also analyzed in the rachis, pedicel, berry pulp and skin. The results indicate that Kh varies
depending on the variety, the specific grapevine organ and phenology. After PCS, Khc dropped
sharply in the three irrigation treatments and in both varieties. In TN, after VER, Khc
significantly rose across all treatments, independently of ppd. In SY, on the contrary, after
PCS, Khc maintained relatively stable values across all phenological stages, and irrigation
treatments, despite the significant differences in ppd. AQPs were regulated differently
depending on variety, treatment, organ, and phenological stage. Interestingly, almost all AQPs
were downregulated or no changed at PCS and PS in SY, while they were up-regulated in TN,
suggesting a clear involvement of AQPs in the genotype’s cluster berry hydraulic strategy
under water stress. Irrigation influenced sugar transporter activity in both leaves and berry
clusters. The influence of hydraulic and molecular mechanisms in the ecophysiology of both
varieties will be explored, along with its impact on irrigation management.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Rootstocks contribute to the regulation of scion water use and determine resource
availability through the development of the root system. However, there is a lack of
knowledge on the spatio-temporal patterns in root water uptake, and how rootstocks
determine them by interacting with the environment, which prevents efficient
knowledge transfer into practice. Indeed, belowground water relations are key for
grapevine physiology and thus productivity, but they remain largely undisclosed. To
address this knowledge gap, the present work aims at assessing the effects of three
well-established rootstocks - 41B, 140Ru, and 110-R - on the depth of water uptake
and the vine performance of the cultivars Grenache, Cabernet Sauvignon and
Marselan at an experimental vineyard located in Barcelona. To evaluate the effects of
the scion/rootstock interaction, physiological phenotyping was carried out using
techniques such as leaf gas exchange measurements, pressure-chamber-based water
potential and airborne sensing using thermal and multispectral cameras. We also
employed isotopic techniques (62H and 6180) to infer the depth of root water uptake.
In particular, we aimed to estimate the relative contribution of various water sources
(soil at different depths) to water uptake, across three different rootstocks. The results
indicate that although small physiological differences at the leaf level exist among
combinations, a significant effect of the rootstock is observed in terms of water
status, more particularly, in the predawn water potential, which could be related to
contrasting root exploration capacities. This highlights the ability of certain rootstocks
to explore deeper soil layers. In this work we will discuss the physiological relations in
scion/rootstock interaction under the scope of climate change scenarios and the
usefulness of isotopic tracers as powerful tools to infer the temporal and spatial origin
of water taken up by grapevine roots.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Sustainability and climate change are major issues for modern wine industry. The
Mediterranean viticulture faces challenges due to extreme air temperatures coupled
to severe drought. This limits yield and berry quality and sustainability of wine
production. Irrigation emerged as a short-term solution to guarantee yield and improve
plants perennity, but it also poses pressure on the available water resources in the
Mediterranean region. Soil is a natural resource crucial to sustain ecosystems,
economic growth and people’s prosperity worldwide. In viticulture, soils are a central
component of the terroir, influencing plant and wine characteristics. Soil temperature
(Ts) affects physical, chemical and biological processes that occur in vine plants.
Moreover, the impact of Ts is stronger in row crops such as vineyards, because it
enhances soil exposure to radiation and increases evapotranspiration. Based on
previous research, a conceptual model was developed to examine the impact of ST
and water on vine growth, yield and berry quality. This model integrates soil-vine
interactions to estimate the potential impact of soil moisture and temperature on
grapevine agronomical performance and its relationship with soil status. The ultimate
aim is to use air temperature (Ta), Ts, canopy temperature (Tc), and cluster/berry
temperature (Tberry) as parameters to feed models to support decision on vineyard
management (e.g. irrigation, canopy and soil management strategies).

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Cherries have traditionally been cultivated in regions with temperate climates,
however, with the development of early cultivars with low chill requirements, and due
to their high acceptance by consumers, they have become an attractive alternative in
semi-arid fruit-productive regions. However, the low water availability of semi-arid
regions is a major limitation for fruit production. For cherries, size is an important
quality attribute and irrigation plays a fundamental role in avoiding small-sized fruit.
That is why adopting irrigation strategies that contribute to increasing water
productivity without penalizing fruit yield and quality can ensure the profitability and
sustainability of cherry production. For four seasons in south-eastern Spain, four
irrigation strategies were assayed (i) control, irrigated to satisfy tree water needs
(100% ETc), (ii) sustained deficit irrigation — SDI (85% ETc), (iii) regulated deficit
irrigation—-RDI (100% ETc for preharvest-floral differentiation and 55% ETc for
postharvest), and (iv) traditional irrigation; to assess their impact on the agronomical
and physiological response of the combination ‘Prime Giant’/'SL64’. The slight water
deficit of the SDI treatment during fruit development resulted in lower stem water
potential values and a higher proportion of small-sized fruits compared to the other
treatments. On the other hand, the RDI treatment did not affect fruit yield or quality but
reduced vegetative growth. Water deficit in RDI decreased the midday stem water
potential during the summer to -1.3 MPa, without falling below -1.5 MPa. Similarly, the
stomatal conductance was reduced by 50 % and the net assimilation of CO2 by 30 %
(101 mmol m? s and 12 ymol m? s, respectively). RDI saved 2,500 m3 ha year-1
compared to CTL, without affecting the incidence of physiological disorders such as
double fruits, penalizing post-harvest quality, or increasing the vulnerability of cherries
to crack after a rain episode.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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High density orchards with rain covers are the most common system for preventing
fruit cracking of sweet cherries in Norway using multibay high tunnel systems or
retractable rain covers. The aim of this project was to develop new knowledge how to
grow sweet cherry trees in pots in high tunnels and produce high fruit quality in an
environmentally friendly way. Preliminary results showed that the yield potential is
much higher than in the open fields, producing larger fruits. Challenges are to optimize
the water and nutrition supply and adjust the temperatures to obtain large yields of
high-quality fruits during different periods of the season. Field trials started in 2020
and were conducted at NIBIO Ullensvang, western Norway in a high tunnel growing
sweet cherry trees in 35 L water permeable pots with substrates (peat, coconut and
perlite — 1/3 each) where all mineral elements were provided through a fertigation
device connected to a weather station (Priva) and two drippers per pot. The cultivars
Lapins, Regina and Van were grafted on the rootstocks Gisela 5 and the potted trees
spaced 1 m apart and 2.5 m between the rows. The fertigation supply where the mix
Kristalon  Brown, Calsinitt and Magnesium-sulphate giving different
electroconductivity (EC) rates from spring to September 1 and plain water rest of the
season. Tree growth, fruit growth, yields and fruit quality were determined during four
years. Leaf samples and drain water were sampled at regular intervals during the
growing season. Trees fertigated with a full nutrient solution of EC 1.9 showed an
improved growth and gave the largest yields and fruit sizes. The soluble solid content
was highest at EC 0.5 (15.7 %). The contents of the macro and micro elements in the
leaves were all within the optimal ranges at EC 1.0. In average for four seasons the
cultivar Regina gave the largest yields per tree (8.1 kg) and largest fruits (9.0 g).

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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With climate change, spring heatwaves have become frequent in the Mediterranean
region. High temperatures combined with wind and low humidity are problematic for
subtropical crops adapted to high humidity and mild climate. Avocado is a valuable
crop — nutritionally and economically — and many new orchards are planted in
Mediterranean areas. Spring heatwaves increase avocado fruitlets dropping, severely
decreasing yields. Addressing and solving the problem is necessary to maintain the
crop's profitability. This study presents a sprinkler-based canopy cooling method that
uses the existing pressurized irrigation system. The study aimed to test the system's
performance during spring heatwaves, after the flowering season, in avocado
orchards cultivated in a semi-arid region. The experiments examined the effect of
various sprinkler types with varying flow rates and installation methods: sprayers,
sprinklers, and pulsing sprinklers, on foliage temperature, stem water potential, salt
accumulation in the leaf, fruitlet survival, and yield. The system reduced leaf
temperatures by approximately 10°C, significantly decreasing the trees' drought
stress and increasing yields. Using low-quality water is possible, but requires
adjustments to avoid salt damage to the leaves. The system can mitigate heat stress
and provides a relatively simple solution for handling spring heatwaves.
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In Mediterranean regions such as Catalonia, climate change has intensified water-
related challenges, including reduced precipitation, frequent droughts, and prolonged
water scarcity. The severe droughts of 2023 and 2024 brought reservoir levels to
critical lows, prompting urgent measures to conserve water. In response, water use
restrictions were imposed on the agricultural sector, raising critical questions for
water agencies and irrigation managers:

+ What are the water demands of an irrigation district for the rest of the season?

* How can limited water be distributed effectively across space and time?

+ Can remote sensing monitor crop water stress in real time to guide water allocation?
* How do varying water restrictions impact crop productivity under different climatic
scenarios?

To address these challenges, we developed a suite of digital tools leveraging digital
twins and remote sensing technologies. These solutions provided precise insights
into water demand, distribution strategies, and crop stress monitoring. By enabling
informed decision-making, they proved instrumental in mitigating the drought's
impacts and ensuring the resilience of the agricultural sector. The tools supported
water agencies, irrigation district managers, and government authorities in optimizing
resource use and safeguarding crop productivity.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Physiological and growth responses of the peach reference collection in
Naoussa, Greece to water stress, and use of thermography to explore
plant-environment interactions

Pavlina Drogoudi*, Georgios Pantelidis, K. Ziakou, M. Gergely, L. Fulop

*Presenting author: pdrogoudi@elgo.gr

ELGO-DIMITRA, Institute of Plant Breeding and Genetic Resources, Department of Deciduous Fruit Trees,
Naoussa, Greece

Lack of water is of the most important abiotic stress that impacts horticultural
production worldwide, and the selection for resistant cultivars and rootstocks is of
particular interest in breeding programs. In the frame of the international project
Freeclimb, Prima, the response to water stress was exploited in the European peach
germplasm ‘PeachRefPop’ collection, located in Naoussa, Greece, that consists of
genotypes, selected based on their genetic and phenotypic diversity, as well as
resistance to diseases etc. Thermal imaging was used for measuring water stress
index (CWSI) and relative stomatal conductance (lg), and results were correlated with
leaf gas exchange and shoot water potential parameters, chlorophyll content and leaf
mass, in 30 peach genotypes. Water stress was applied at 50% of water capacity in
three summer periods, and phenotypic characterization of thermal imaging, tree leaf
area (LAI), bloom and fruit phenotypic traits were made in 288 peach and nectarine
genotypes. The drought-stressed peach trees exhibited higher CWSI, lower Ig,
compared with control, in all studied years, while changes were related to effects on
leaf gas exchange and stem water potential. The phenotypic variability to water stress
is discussed and results will be further analyzed with those collected in Imola (Italy),
Murcia and Lleida (Spain), using the same experimental approach, being an invaluable
tool to study the genotype x environment interactions responses to water stress in
peach.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Evaluation of irrigation strategies on carob tree through the use of
thermography, plant sensors and maschine learnoing models

Francisco Pedrero Salcedo*, Carlota M2 Marti-Martinez, Pedro Pérez Cutillas, , Beatriz
Lorente Pagan, Olga Doumkou, Antonio José Garcia Garcia, Juan José Alarcén
Cabariero, Jesus M2 Dominguez Nifio, Teresa Munuera Pérez

*Presenting author: fpedrero@cebas.csic.es
CEBAS-CSIC, Universidad de Murcia, AZUD, Spain

Murcia, like many Mediterranean regions, faces multiple desertification factors,
including low rainfall, high salinity and fragile soils, exacerbated by extreme weather
events. Given this situation, carob cultivation is presented as a fundamental
alternative in Mediterranean agriculture due to its resistance to drought and its
multiple benefits, including uses in food, the cosmetics and pharmaceutical industries
and contributing to sustainability and climate change mitigation. The objective will be
to study sustainable irrigation of carob trees as an alternative for drought
management through conservation agriculture. For thid purpose were established
relationships between field measurements in plant/soil sensors with remote sensing
for irrigation predictions, together with their validation and the design of predictive
models of agronomic variables from reflectivity data of spectral bands using ‘Machine
Learning’ techniques. From a physiological point of view, stomatal conductance was
the best indicator, responding more quickly to water supply. On sensors,
dendrometers helped determine whether the trees were growing, dormant or under
water stress at each phenological stage (bud break, winter stop and post-summer
growth). The results obtained indicate that remotely sensed tree canopy temperature
(T_Img) can be used to differentiate between irrigation treatments, confirming the
usefulness of thermal analysis in monitoring the water status of woody crops in semi-
arid environments. However, the classification of treatments from machine learning
models did not achieve high accuracy, suggesting the need to incorporate more
predictor variables.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Assessing orchards irrigation uniformity in solid-set systems using
UAV-based thermal and vegetation indices

Assaf Chen*, Moshe Meron

*Presenting author: assafc@migal.org.il
MIGAL - Galilee Research Institute, Israel

Achieving high irrigation uniformity is critical for optimizing water use efficiency in
orchards, where spatial variability in soil properties and plant water demand can
significantly impact productivity. This study evaluates the effectiveness of UAV-based
thermal and vegetation index mapping for assessing irrigation uniformity in solid-set
irrigated fruit orchards. The research was conducted in multiple orchards in Northern
Israel, where solid-set micro-irrigation systems were used to provide uniform water
distribution. Thermal imagery and the Crop Water Stress Index (CWSI) were utilized to
detect spatial variations in canopy temperature, indicating differences in plant water
status. Additionally, the Green-Red Vegetation Index (GRVI) was used to assess
cumulative growth differences and long-term irrigation impacts. Christiansen’s
Uniformity Coefficient (CUC) was applied to quantify overall system performance and
identify areas of water distribution discrepancies. Findings revealed that despite the
intended uniformity of solid-set irrigation systems, significant variability was observed
across the orchards. CWSI analysis highlighted localized hotspots of crop stress,
correlating with soil heterogeneity, historical land use modifications, and emitter
performance variations. GRVI patterns confirmed that persistent differences in plant
vigor were linked to past field conditions and uneven water distribution. Areas with
low CUC values corresponded to regions with increased canopy temperatures,
suggesting non-uniform irrigation delivery. Integrating high-resolution UAV remote
sensing with quantitative irrigation performance indices (CUC and CWSI) provides a
powerful approach for precision irrigation management in orchards. The ability to
pinpoint spatial irrigation inefficiencies enables growers to implement targeted
emitter adjustments, soil-specific irrigation scheduling, and real-time system
monitoring, improving overall irrigation efficiency and fruit yield quality.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Exploring the behaviour of five almond cultivars under the threat of water
stress

Leonardo Conti*, Pasquale Losciale, Giuseppe Di Leo

*Presenting author: leonardo.conti@uniba.it

University of Bari Aldo Moro, Italy

Developing drought-tolerant almond cultivars is essential for sustainable agriculture
in arid regions. This study analyzed the phenotypic diversity and adaptability of five
almond cultivars (Texas, Filippo Cea, Makako, Ferragnes, and Tuono) under controlled
water stress to identify key traits of drought resistance. Three irrigation regimes were
applied: (i) CTRL (100% Available Water Content, AWC), (ii) SS (45% AWC, Static
Stress), and (iii) DS (Dynamic Stress), where AWC declined to 15% before rehydration.
The study evaluated plant growth and key physiological variables, such as stomatal
conductance (gs), transpiration (Tr), relative water content (RWC), electron transport
rate from photosystem Il (JPSII), the difference between leaf and air temperature (AT),
and the carboxylation index (PKO/KC). Among these, gs and AT emerged as the most
sensitive indicators of drought response. The strong negative correlation (r = -0.85)
highlights the potential of integrating thermal imaging with gas exchange
measurements for efficient phenotyping of drought tolerance. The DS treatment
provided the greatest differentiation among cultivars. Filippo Cea and Texas showed
superior drought tolerance, maintaining stomatal functionality and moderate leaf
temperatures under severe stress. In contrast, Ferragnes, Makako, and Tuono
exhibited more dynamic responses, with rapid declines in stomatal conductance and
photosynthetic efficiency, making them more vulnerable to prolonged drought and
overheating. This study introduced PhyReslx (Physiological Resistance Index) to
quantify plant functionality loss under stress. Establishing the DS protocol and
identifying gs, AT and PKO/KC as key variables provide valuable tools for breeding
programs and irrigation optimization. Future research should explore dehydration-
rehydration recovery dynamics and stress-related gene identification.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Photosynthetic constraints on fruit growth in almond and lemon under
water stress

Saray Gutiérrez-Gordillo*, A. Pérez-Martin, A. Montero, A. Diaz-Espejo,
Virginia Herndndez-Santana

*Presenting author: saraygutierrezgordillo@gmail.com

Instituto de Recursos Naturales y Agrobiologia de Sevilla (IRNAS-CSIC), Aptdo. 1052, 41080 Sevilla, Spain

Fruit growth is influenced by interactions between carbon allocation and water status.
We hypothesize that almond (Prunus dulcis), which accumulates more dry matter than
lemon (Citrus lemon L.), follows different growth regulation strategies. To test this, we
evaluated these species over four phenological periods and under two different water
status conditions (well-watered WW and water stress WS). Photosynthetic
parameters were evaluated; maximum carboxylation rate (Vcmax), electron transport
rate (Jmax), TPU, mesophyll conductance (gm) and photosynthesis (AN). In addition,
ten fruits per treatment and specie were collected weekly from March to August to
monitor fruit growth, they were weighed on the same day they were collected to obtain
the fresh weight. Results revealed significant differences between the two species in
their photosynthetic performance. Almond exhibited a lower Vcmax, suggesting a
reduced capacity for carbon fixation compared to lemon, which had a higher Jmax,
indicating greater efficiency in electron transport. Almond showed higher TPU and gm,
reflecting a more efficient TPU and enhanced gas exchange. In terms of AN, almond
also showed higher rates than lemon, indicating a more effective carbon fixation at
low CO2 concentrations. The relationship between TPU and fruit growth rate showed
a strong positive and significative correlation in almond (p<0.05), in both treatments,
suggesting that higher TPU strongly supports fruit development. In contrast, lemon
showed no clear relationship between TPU and fruit growth, indicating that TPU may
not be a limiting factor for fruit growth in this species, or that other constraints, such
as turgor or cell expansion, play a more dominant role. These findings highlight
species-specific strategies in managing carbon resources during water stress.
Almond fruit growth appears directly linked to TPU; lemon fruit development might
depend on water related factors.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Physiological and phenotypic assessment of water stress response of
three kiwifruit rootstocks and scion/rootstock combinations

Alba N. Mininni'*, Maria Calabritto’, Angelo Petrozza?, Stephan Summerer?, Francesco
Cellini2, Bartolomeo Dichio’

*Presenting author: alba.mininni@unibas.it
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In a changing climate, water stress is a major threat to crop growth and production
worldwide. Kiwifruit is sensitive to soil anoxia and waterlogging due to its high root
oxygen consumption rate, and to plant water deficits due to its high-water
requirements, transpiration rates and hydraulic conductivity. A pot experiment
combining non-destructive image analysis and physiological measurements was
conducted to i) evaluate the morpho-physiological responses of kiwifruit rootstocks
and grafting combinations to water stress (both as waterlogging and water deficit); ii)
define a method integrating physiological and phenotypic indicators to
comprehensively screen for more tolerant genotypes to abiotic stress. Three kiwifruit
rootstocks (‘Bounty 71', Actinidia macrosperma; 'D1' and 'Hayward, Actinidia
chinensis var. deliciosa) and grafting combinations in which a yellow-fleshed kiwifruit
cultivar (‘'Zesy 002, A. chinensis var. chinensis) was grafted on each rootstock, were
subjected to well-watered conditions to restore their daily water consumption, a mild
drought stress cycle imposed by progressively reducing pot water availability (up to
about 35%) followed by 5-day recovery, and a 9-day waterlogging stress based on
substrate saturation. Stomatal conductance reached low values in both waterlogged
D1 and Hayward rootstocks and their grafting combinations, with early reduction in
photosynthesis. The Bounty rootstock showed prolonged leaf gas exchange activity,
coping with short-term waterlogging and improving the tolerance of grafted vines. All
grafting combinations decreased their physiological activity under reduced water
availability. However, a complete recovery of physiological, phenotypic and
photochemical parameters from the imposed drought stress was achieved. Water
stress-induced phenotypic changes in projected shoot area and plant color suggest
that phenotypic tools may be useful in screening for more tolerant genotypes to water
stress in kiwifruit.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Quantifying hydraulic resistance and capacitance using plant sensors
and mechanistic modelling as a step towards real-time irrigation in
Mediterranean yellow-fleshed kiwifruit orchards

Maria Calabritto', Alba N. Mininni, Dirk J.W. De Pauw3, Steve Green? Bartolomeo
Dichio’, Kathy Steppe?
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Climate change and increasing water scarcity are major challenges for modern
agriculture. The implementation of plant-based and real-time irrigation management
methods is required to improve whole-plant water use efficiency, especially in the
climatically challenging Mediterranean region. In the present study, two plant-based
measurements (trunk sap flow and trunk water potential, ptrunk) were used in
combination with a dynamic water flow model to estimate hydraulic capacitance (C)
and hydraulic resistance (R) along the water transport pathway in yellow-fleshed
kiwifruit vines grown in a Mediterranean environment under both well-watered and
drought conditions. A sensitivity analysis of the model was performed to select a
subset of identifiable parameters that accounted for most of the variability in model
predictions of ptrunk. The results showed that the best model performance under soil
water limiting conditions was achieved when the model was calibrated using C, R and
the initial amount of water stored in the stem compartment. These parameters were
recalibrated daily based on a 1-day moving window. The relationship between ptrunk
and C and R parameters was then evaluated to characterize the hydraulic behavior
and drought response of kiwifruit vines. The results showed that variations in plant
hydraulic parameters were closely related to variations in wtrunk. In particular, C was
found to decrease with more negative ptrunk values, whereas R showed an increase.
In addition, C and R varied within a narrow range of ptrunk fluctuations, as occurs
under well-watered conditions. The combination of continuous plant sensor
measurements with mechanistic plant modelling allows daily derivation of otherwise
difficult to measure plant hydraulic parameters and has great potential as an effective
tool for real-time irrigation management in fruit crops, especially in semi-arid
environments.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Establishing a Science-Policy-Practice nexus transforming water
management for climate-resilient fruit orchards

Theo Zacharis
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The integration of cutting-edge research, policy frameworks, and practical
applications is essential to addressing water management challenges in fruit
production. This session explores innovative strategies that bridge the gap between
scientific advancements and real-world irrigation practices, ensuring resilience in a
changing climate. Key topics include:

1.

2.

Policy-driven irrigation strategies: Aligning EU water policies and CAP
(Common Agricultural Policy) incentives with sustainable orchard irrigation.
Decision-support tools: Translating hydrological models and climate
projections into actionable guidelines for fruit growers.

Water governance and stakeholder engagement: Examining participatory
approaches that empower farmers, policymakers, and researchers to co-
develop adaptive water management solutions.

Sustainable irrigation infrastructure: Evaluating nature-based solutions, water
reuse strategies, and the role of agroecology in mitigating water scarcity.
Smart irrigation for precision agriculture: Leveraging Al, lIoT sensors, and
remote sensing to optimise irrigation scheduling while minimising
environmental impact.

By fostering collaboration across disciplines, this session will identify pathways for
integrating scientific knowledge into policies and best practices, ensuring efficient
and climate-resilient water use in fruit orchards.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
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Mulching effects on plant, soil moisture and soil temperature under
golden currant (Ribes aureum) plantation

Kaspars Kampuss

Presenting author: kaspars.kampuss@I|btu.lv

Latvia University of Life Sciences and Technologies, Jelgava, Latvia

Golden currant cultivars 'Laila’ and 'Uzbekistanskaya Krupnoplodnaya' were planted in
2017 at Jelgava, Latvia. The vegetation seasons of 2019 and 2020 are described.
Plots with pine tree bark mulch in 5-cm-depth and bare soil were established. The goal
of the study was to reveal an effect of organic mulch on soil moisture and temperature
in connection with development parameters of the plants. Soil moisture samples were
taken from two layers, 0-20 and 20-40 cm, and temperature was measured in 5 and 25
cm depth periodically in the season. No significant differences in shoot growth,
flowering time and yield were found between cultivars, as well as between mulched
and bare soil plots. In 2019, significantly higher soil moisture in mulched (15.2-19.6%)
than bare soil plots (12.5-16.2 %) was observed in layer 0-20 cm, and moisture
content decreased slowly in both variants until July 1; later moisture increased
because of rainfall. In the depth 20 — 40 cm it changed less in time (14.7-19.5 %) with
no significant differences between mulched and bare soil plots. In reality, soil in both
variants and depths stored water well despite water deficiency period from April 1 to
July 1. In 2020, when most of the season rainfall was at equilibrium level or higher,
significantly higher soil moistures were observed only in April 1-19 in mulched plots
and level 20—-40 cm, and after a short dry period in May 21-June 1 in mulched plots in
0-20 cm level. Soil temperature was significantly higher in bare soil plots and 0-20 cm
soil layers, all temperatures levelled off only after August 2. Lower temperatures in the
mulched plots could negatively influence root activity thus neutralizing the effects of
improved water regimes on plant growth and development.
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Physiological response of blackcurrants to climate change, focusing on
irrigation needs
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Changing climatic conditions are increasingly limiting the sustainable production of
blackcurrants (Ribes nigrum L.) from existing commercial cultivars. Blackcurrants are
typically grown in open fields, but extreme weather events such as prolonged droughts
and rising global temperatures have negatively impacted crop productivity and
sustainability. As climate conditions become more unpredictable, it is essential for
growers to access plant material capable of adapting to adverse conditions, including
extreme drought, while maintaining commercially viable yields. This study
investigated the physiological responses of blackcurrant cultivars to drought stress,
with a focus on their performance during flowering and subsequent recovery.
Specifically, the physiological responses of two cultivars, ‘Ben Gairn’ and ‘Narve
Viking’, to drought stress were examined under drought stress during flowering. The
results showed that drought stress during flowering significantly reduced
evapotranspiration, induced partial stomatal closure, and decreased leaf area in both
cultivars. Drought stress also reduced leaf and flower dry weight, and no regrowth of
flowers was observed after 17 days of recovery. However, root regrowth during the
recovery phase was faster in ‘Ben Gairn’ compared to ‘Narve Viking'. These findings
highlight the critical importance of effective irrigation management during flowering
to mitigate the negative effects of drought stress on blackcurrant production. The
study also emphasizes the need for breeding or selecting cultivars with enhanced
drought tolerance to ensure sustainable blackcurrant production in the face of
changing climatic conditions. Key words: climate change; stress physiology; drought;
flowering; blackcurrants.
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A decision support tool (DST) for spatial sampling of agricultural plots
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Precision agriculture is based on characterizing the spatial and temporal variability
within an agricultural plot to enable efficient and optimal management. One of the
main challenges is collecting and modelling field data in a way that accurately
represents spatial variability. Remote sensing allows spatial mapping, whereas
atmospheric/soil/plant sensors offer continuous monitoring. A combination of both
can provide data for making optimal decisions. Yet, the high cost of sensors and
sampling limits their use, reducing the accuracy of the spatial representation. In
addition, spatial autocorrelation affects the efficiency of the sampling. When planning
sensor or sampling distribution several questions must be addressed such as: the
minimum number of sensors/samples required, the distribution of samples that
accurately represent spatial variability, and the plant and environmental variables that
should be considered. The current research proposes a model for representing spatial
variability within a plot using stratified-based sampling in which the population is
divided into sub-regions, and samples are taken from each sub-region. The model and
decision support tool (DST) integrate methods of multi-variable spatial-statistical
analysis with machine learning to create a spatial machine learning model. A web-
based DST was developed, which outputs maps indicating the optimal distribution of
sensors or samples, the minimum required number of samples and the accuracy
levels achieved with different configurations. The model is based on: using MZs as
the confining sub-regions, accounting for local spatial autocorrelation, and
establishing a correlation between predicting and predicted (sampled) variable. In
addition, the degree of spatial autocorrelation of each MZ, is used as weights in
defining the number of samples in each MZ. Distribution of samples is based on
spatial histograms and on interpolating the selected samples to assess configuration
errors.
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Effect of water supply on primary metabolites in raspberry fruits
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Our research aimed to determine how different irrigation amounts estimated by the
evapotranspiration model affected the sugar and organic acid content of raspberries.
We investigated cultivars widespread in production in Serbia, ‘Meeker, and
‘Willamette’, cultivars suitable for freezing and processing, with growing export
potential. Raspberry plants received three irrigation treatments (100%, 50% and 25%
ETc) during 2019-2020. The individual and total sugar content was significantly
higher in 2020, which was characterized by lower temperature and higher precipitation
compared to 2019. However, 2019 was a very warm year with average rainfall and the
effect of irrigation on sugar content was significantly more pronounced compared to
2020. The content of glucose and fructose in 2019 was not significantly different in
irrigation 100% and 50% ETc. Also, the genotype had a significant influence on the
sugar content. Cultivar ‘Meeker’ had significantly higher content of all individual
sugars (glucose, fructose and sorbitol), except sucrose, in both study years, compared
to ‘Willamette'. Fruit acidity was not influenced by climatic factors, so the content of
individual and total acids was very similar in the examined years. In both years, citric
acid was dominant in the fruits of ‘Meeker’ and malic acid in ‘Willamette’, which
indicates the dominant effect of the genotype on the acidity. The effect of irrigation
on acid content was inconsistent across water treatments. The citric acid content was
similar in the 100% and 25% ETc irrigation amount in 2019, and the content of fumaric
and shikimic acids was similar in 50% and 100% ETc in 2020. Bearing in mind that the
content of primary metabolites is genetic characteristic, these results emphasize the
importance of cultivar selection to obtain high-quality raspberry fruits. To optimize
raspberry irrigation, water application should be adjusted to climatic conditions,
maximizing efficiency while maintaining fruit quality.
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For years, Serbia has been among the world's top raspberry producers. However, in
the last decade, production has shown significant variability, ranging from 61,000 to
127,000 tons per year, while the cultivated area fluctuated between 11,041 and 24,028
ha. This instability is largely due to the unplanned expansion of plantations driven by
high market prices, often in locations with unsuitable climatic and soil conditions. To
monitor climatic conditions and improve orchard management, meteorological
stations have been installed in raspberry plantations. This study presents data from
five stations in central and western Serbia, at altitudes from 364 m (Gornja Gorevnica
near Cacak) to 753 m (Ov&inja near Bajina Basta). The results indicate significant
climatic variability across locations. Between May and October 2024, the number of
days with temperatures above +30°C ranged from 23 to 39 at stations above 600 m,
while lower elevations (300—500 m) recorded between 42 and 69 such days. Days with
temperatures exceeding +35°C varied from 0 to 4 at higher elevations and from 9 to
19 at lower ones. Meanwhile, total precipitation ranged from 304.6 to 631 mm at
higher elevations and from 268.6 to 341.4 mm at lower sites. High temperatures and
low precipitation during the growing season significantly impact water availability for
raspberry production. The observed increase in the number of days with temperatures
above +30°C, particularly at lower elevations, accelerates soil moisture loss and
increases plant water demand. In contrast, precipitation levels, especially in
plantations between 300 and 500 m altitude, remain insufficient to compensate for
evapotranspiration losses, leading to prolonged drought stress. These conditions
highlight the necessity of irrigation to maintain optimal plant growth, fruit
development, and overall yield stability.
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Climate change is increasing the challenges of fruit tree canopy protection and
irrigation management. In this study the effects of heat and water stress on potted
pear (Pyrus communis, Conference cv.) plantlets were studied. Plantlets were kept in
two growth chambers with controlled environmental conditions and a different
temperature regime was set in each chamber: high temperature (40°C max, 23°C min)
and mild temperature (31°C max, 14°C min). Within each chamber, three treatments
were applied: no irrigation to induce drought stress, root-zone heating, and root-zone
heating combined with no irrigation. Control plantlets were regularly irrigated in each
chamber. During the experiment, leaf photosynthesis, chlorophyll fluorescence, SPAD
index, and transpiration were measured. At the end of the experiment, growth
parameters were measured. Results showed that in the high-temperature
environment, plantlets subjected to drought stress exhibited a significant reduction in
stomatal conductance. This reduction was more pronounced in pear plants exposed
to both drought and root-zone heating, indicating severe limitations in photosynthetic
and transpiration rates. Chlorophyll fluorescence measurements revealed that
maximum fluorescence (Fm) decreased after three days of treatment, and PSII
efficiency (Fv/Fm) significantly declined after seven days in non-irrigated plantlets. In
addition, leaf number and leaf area were significantly reduced in non-irrigated plants
under high temperatures, with the strongest negative effects observed in plants
exposed to both drought and root-zone warming. In contrast, in the mild temperature
environment, no significant differences were observed among treatments. These
findings highlight that high temperatures combined with soil warming exacerbate
drought stress, severely impairing pear plantlets physiology. Precision irrigation and
root-zone temperature management could enhance fruit tree resilience under climate
change conditions.
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Water availability is a critical factor in fruit production, particularly in regions where
drought conditions make irrigation essential for maintaining yield and fruit quality.
Conventional irrigation methods, which typically rely on soil moisture measurements
or fixed schedules, often fail to accurately capture the dynamic water requirements of
fruit trees. To address this limitation, plant-based irrigation systems that monitor real-
time physiological responses to soil and atmospheric drought offer a more precise
and sustainable alternative. In this study, conducted during the summer of 2024 in a
well-established intensive pear (Pyrus communis L. cv. ‘Conference’) orchard in
Limburg, Belgium, we tested a newly developed approach that uses a hydraulic plant
model to quantify diel variations in tree hydraulic resistance and capacitance. The
model integrates continuous sap flow data (Sapflow+, Vandegehuchte & Steppe,
2012) and soil water potential measurements with stem water potential data
(FloraPulse). These hydraulic indicators provided a more accurate representation of
the tree's water status, laying the foundation for a dynamic irrigation system that
responds directly to plant needs rather than relying solely on traditional soil moisture
or water potential thresholds. While the combination of measuring with sensors and
modelling demonstrated its potential in capturing tree water dynamics, further
development is needed to integrate these hydraulic parameters into a fully operational
irrigation system for fruit production. Nonetheless, our findings indicate that the tree
hydraulic resistance and capacitance can serve as a valuable input for designing
irrigation strategies tailored to the real-time tree water requirements, ultimately
promoting more efficient and sustainable water management practices in orchards.
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Apricot is a widely grown stone fruit crop. Although irrigation needs differ by
production area, water scarcity is increasingly threatening fruit production. The aim of
this study is investigating apricot trees responses to irrigation stop during the last
weeks before harvest, thus during fruit growth phase Ill. The trial was conducted on
12 plants of the cv. Farbela, grafted on Myrobalan 29C, divided into two blocks.
Irrigation was closed at 108 DAFB in 2021, and at 83 DAFB in 2022, until harvest (131
DAFB and 130 DAFB in 2021 and 2022, respectively). Control plants were irrigated
according to a regional DSS, at 100% of ETc. Leaf gas exchange parameters as well
as plant water relations were monitored throughout the season. Fruit growth and
vascular flows were assessed using custom-built fruit gauges. Stem water potential
was lower at midday in the restricted irrigation treatment during 2021 season, but not
in 2022, while leaf water potential was not affected. Leaves showed lower stomatal
conductance in absence of irrigation during the last part of the 2021 season, although
no differences in the photosynthetic rate were found. This suggests that plants were
affected by the lower water supply, however they did not reach a severe stress level.
Fruit vascular flows showed two different responses, in 2021 small differences were
found in the daily cumulated flows, while in 2022 irrigated plants showed higher fruit
transpiration that led to slightly higher xylem and phloem fruit inflows. In conclusion,
apricot trees grafted onto vigorous rootstocks (i.e. deep root system) could sustain a
prolonged period of drought without affecting the physiological performance. For this
reason, better irrigation strategies for this species need to be developed and adopted
to optimize water use.
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Optimizing irrigation scheduling is essential for sustainable agricultural water
management, particularly in regions facing water scarcity. This study explores the
application of high-resolution unmanned aerial vehicle (UAV) imagery, equipped with
multispectral and thermal sensors, to optimize irrigation scheduling for sorghum in
Konya, Turkey. The Two-Source Energy Balance (TSEB) model was utilized to estimate
daily evapotranspiration (ET) based on UAV-derived data. Weekly UAV flights were
conducted, and daily ET values were interpolated between flight dates, cumulatively
summed, and used to determine irrigation requirements. The UAV-based TSEB
approach was compared with the conventional soil water balance (SWB) method for
ET estimation. Results revealed no statistically significant differences in seasonal
irrigation amounts (645.8 mm for SWB vs. 568.7 mm for TSEB) or crop yields (17.30
tons/ha for SWB vs. 16.91 tons/ha for TSEB) between the two methods. These
findings demonstrate that UAV-based irrigation scheduling is as effective as
traditional approaches while providing additional benefits such as high spatial
resolution and non-invasive monitoring. This study underscores the potential of UAV
technology to enhance precision agriculture by enabling efficient, scalable, and data-
driven irrigation scheduling, offering valuable insights for sustainable water
management in agriculture.
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Regulated deficit irrigation (RDI) involves inducing water stress during specific fruit
growth phases by irrigating at less than full evapotranspiration. The objectives of this
research were to study the effects of RDI perfomed at stage Il of fruit growth and
postharvest, on productivity of clingstone peaches, fruit quality as well as
photosynthetic rate and midday leaf water potential. The research was conducted in
a commercial clingstone peach (Prunus persica L. Batch cv. A-37) orchard in Greece.
Four irrigation treatments were used: control and three RDI regimes, one at growth
stage Il (supplying 35% of water in comparison to the control), called RDII, a second at
postharvest (supplying 35% of water in comparison to the control) started at
September 15 and finished at October 31, called RDIP, and a third of the combination
RDII plus RDIP. The control treatment was fully irrigated using crop Etc calculated from
FAO 56 Pennman-Monteith reference crop water use (ETo). Trees were irrigated by
means of microsprinklers and their frequency was determined using local
meteorological station data and the FAO 56 Pennman-Monteith method. The
treatment RDII with irrigation applied at growth stage Il of the peach tree did not affect
productivity, fresh and dry mass of fruits. RDIl reduced preharvest fruit drop in
comparison to the control. RDIl as well as the combined treatment RDII plus RDIP with
irrigation applied at postharvest, at both years reduced shoot length of the vigorous
shoots inside the canopy. RDIl in comparison to the control increased the soluble
solids content of the fruits and the ratio soluble solids/acidity. However, it did not
affect fruit acidity and fruit firmness. RDII as well as RDII plus RDIP increased ‘double’
fruits and fruits with open cavity in comparison to the control and RDIP. Water savings
were considerable and associated with the climatic conditions of each year.
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Fruit water balance is driven by biophysical processes related to the bearing shoot,
fruit tissues, soil moisture, and surrounding microclimate. Under water scarcity
conditions, alterations in these processes can negatively affect fruit water balance
and, therefore, crop yield. Shading is a common practice used in sweet cherry
orchards as a barrier against biotic and abiotic stress, such as water scarcity. In this
sense, it was crucial to assess the effect of this cropping technique on fruit water
balance. In this work, we present a simple fruit water balance model that accounts for
plant water status, estimated directly from measured vapour pressure deficit, and is
able to predict the main biophysical processes governing fruit water transport through
the xylem and phloem pathways. The model has been calibrated to simulate the
diurnal growth dynamics of sweet cherry fruit, providing an effective tool to explore
fruit water relations under shading conditions. We simulate how shading modifies the
balance between water uptake and loss, thereby influencing fruit growth. Finally, we
discuss the calibration of phloem, xylem, and fruit skin conductances, emphasizing
their critical role in shaping model predictions. We also consider how the model could
be used in irrigation management, offering a broader tool to optimize water use
efficiency. By linking modeling insights with agricultural practices, this study
contributes to a deeper understanding of how cropping techniques, such as shading,
can be leveraged to enhance fruit water balance under limited water availability.
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High density orchards with rain covers are the most common system for preventing
fruit cracking of sweet cherry in Norway using multibay high tunnel systems and
retractable rain covers. Field trials started in 2020 and were conducted at NIBIO
Ullensvang, western Norway in high tunnels growing sweet cherry trees in 35 | water
permeable pots with substrates (peat, coconut and perlite — 1/3 each) where all
mineral elements were provided through a fertigation device connected to a weather
station and two drippers per pot. The aim of this experiment was to determine the
most common sugars and acids in three sweet cherry cultivars (‘Regina’, "Van™ and
‘Lapins’) fertigated with Kristalon Brown, Calsinitt and Magnesium-sulphate
according to 0.5 and 1.0 electroconductivity (EC) and evapotranspiration. Glucose
ranged from 4.5 g/100g (‘Lapins’EC 0.5) up to 5.7 g/100g (‘Regina’EC 0.5 and 1.0)
and fructose from 5.1 g/100g (‘Lapins EC 0.5) to 5.8 g/100g (‘Van'EC 0.5). Sucrose
and sorbitol were much lower, and within the range of 0.007 g/100g ('Regina’EC 0.5)
- 0.28 g/100g (‘'Van’EC 0.5 and 1.0), and from 0.64 g/100g ('Van'EC 0.5) — 0.89
g/100g ('Regina’EC 0.5), respectively. No matter of the EC, 'Regina’ had the highest
level of glucose and sorbitol, but the lowest level of sucrose, while "Van™ had the
highest level of sucrose and fructose. Regarding EC, the treatment with EC 1.0 gave
fruits with higher level of glucose and sorbitol but lower sucrose. Differences in acids
were much higher with malic acid from 13 mg/kg (‘Regina’EC 0.5) to 42 mg/kg
(‘'Van’EC 1.0), quinic acid from 22.3 mg/kg ('Regina EC 0.5) to 45 mg/kg (‘'Lapins’EC
1.0), and shikimic acid from 0.29 mg/kg ("Van'EC 1.0) to 13.4 mg/kg (‘Lapins’EC 1.0).
Cultivar "Lapins’ had the highest level of quinic and shikimic acid, while "Van™ had the
highest level of malic acid. Cherries grown under the EC 1.0 had higher malic and
shikimic acid. According to the obtained results it can be concluded that this way of
irrigation and fertilization influences much more on acid profile compared to sugars.
It seems that more adjustments for cherry pots growing must be done.
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In smart irrigation systems, employing physical sensors at every grid location of a field
can be impractical due to high costs and maintenance challenges. To address this,
software-based sensor design and distributed models are proposed as an efficient
alternative for monitoring and controlling irrigation processes. This study introduces
a sensorless control approach tailored for fields divided into grid structures,
leveraging software-based virtual sensors to estimate unmeasured states and
optimize water distribution. Distributed models are utilized to capture the dynamics of
each grid section, enabling precise irrigation management without the need for
extensive physical sensing infrastructure. A discretization-based observer and a
sliding-mode observer are developed to estimate critical states, while a model-
predictive controller ensures optimal water usage across the field. Two nonlinear
state-space models are employed to simulate the dynamics of the irrigation process,
and the results demonstrate the effectiveness of the proposed method. The real and
estimated states, along with system stabilization, are validated through simulations,
with root-mean-square error (RMSE) performance metrics provided to illustrate the
accuracy of the estimation and control methods.
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The growing demand for avocados (Persea americana Mill.) due to their health benefits has
expanded cultivation into water-scarce areas such as the Mediterranean Basin. In these areas,
climate change has led to increasingly frequent droughts and extreme temperatures. This
evolution makes advances in irrigation practices crucial to address water scarcity in avocado
production. Nanobubble irrigation boosts oxygen near plant roots, benefiting waterlogged-
sensitive crops like avocados. Innovations in subsurface irrigation, like deep root irrigation
(DRI), promote deep root growth, reduce evaporation, and increase drought resistance. Both
methods can improve soil habitat, while managing root rot (Phytophthora cinnamomi).
However, their impact on avocado yield is still uncertain. A field trial aimed to evaluate the
effectiveness of these advanced irrigation technologies on avocado production. In this trial
different water types and irrigation systems (T2, nanobubble-enriched water+drip irrigation;
T3, fresh water+DRI; and T4, nanobubble-enriched water+DRI) were compared with the
conventional method (T1, fresh water + drip irrigation). Yield parameters were recorded at
harvest. Results indicate no significant differences in average fruit weight among treatments.
In terms of production per tree, T2 exhibited the highest yield (43.9 kg.tree™), followed by T1
(42.81 kg.tree™), T3 (35.93 kg.tree™), and T4 (35.25 kg.tree™), although these differences were
not statistically significant. Similarly, total yield did not differ significantly among treatments:
T2, 14.64 t.ha', T1, 12.7 t.ha', T3, 11.98 t.ha', and T4,11.75 t.ha'. Results show that
subsurface irrigation treatments (T3 and T4) maintain high avocado yields while using 48%
less water than T1 and T2. Based on the first year of testing, both irrigation methods show
promise in reducing water usage while sustaining yield, making them valuable for promoting
agricultural sustainability and addressing water scarcity.
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Coffee is one of the most relevant crops worldwide and is a traded commodity
globally. Until recently, irrigation in coffee was used to face droughts but has now
become a strategy to improve productivity. Plant water potential may be used to
monitor real-time plant water status for irrigation scheduling purposes and to assess
deficit irrigation practices. In coffee, pressure chambers or automated sensors were
previously used, although these lacked the robustness to endure field conditions. This
study aimed to validate the use of microtensiometers in coffee plants for the first time,
performing automated measurements of stem water potential (Wstem) during the
summer of 2024 at the University of Lisbon, Portugal. These sensors allow for non-
destructive, continuous measurements, replacing the discrete measurements of the
pressure chamber, and have shown promising results for other woody crops. The
experimental work took place in indoor conditions, with the microtensiometers
installed in the stem of two Coffea arabica plants. Midday Wstem was obtained with a
pressure chamber (Wstem-_PC) during July, and both results were compared,
showing a good agreement. The correlation between midday microtensiometer
results (Wstem_MT) and Wstem_PC showed a coefficient of determination (R2) equal
to 0.86 and 0.78 for each of the plants. When considering all the datasets, the
maximum absolute values registered for Wstem_MT were -0.1 and -0.2 MPa, for both
plants, respectively, while the minimum Wstem_MT were-2.1 and -1.6 MPa. Wstem_MT
showed a tendency to present higher values than Wstem-_PC. Contrary to the findings
of other authors, with different plant species, our results don’t show an offset for
midday values, between Wstem_MT and Wstem_PC, indicating adequacy to follow
prompt hydrological behaviour of the plant. These preliminary results indicate that
microtensiometers are a promising tool to monitor real-time, continuous, stem water
potential in coffee plants.
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Influence of spectral data in the NIR water band on water content, fruit
drop, and water stress detection
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Non-destructive spectral scanning in the near-infrared (NIR) range can provide crucial
insights into water content variations in apple fruitlets, which in turn affect fruit
abscission potential and water stress detection. Water absorption peaks around 970
nm, allowing spectral indices such as the Normalized Water Index (NWI) to track
hydration changes in growing fruitlets. Trials on 'Braeburn’ and 'Gala’ cultivars indicate
that fruitlets with higher reflectance in the water band show early separation in
spectral data, correlating with higher abscission rates. Persisting fruitlets maintain
higher NWI values, suggesting sufficient water availability to support continued
growth. Beyond predicting fruit drop, spectral monitoring in the 950-970 nm range can
serve as a direct indicator of plant water stress. Unlike traditional irrigation
management strategies that rely on soil sensors or evapotranspiration estimates,
spectral scans provide an immediate plant-based assessment of water status.
Research has demonstrated that fruit growth can be related to stem water potential,
with water-limited conditions resulting in reduced fruit expansion. As fruit water
content declines, reflectance in the NIR region increases, enabling spectral data to
detect early signs of water deficit before visible stress symptoms appear. This method
offers a more precise, orchard-specific approach to irrigation scheduling, reducing
reliance on generalized environmental models. Experimental scans conducted with
the F-750 spectrometer (Felix Instruments) confirmed that NWI and NIR area are
reliable indicators of fruitlet fate, with models achieving high predictive accuracy (AUC
> 0.8) from 5-8 days after thinning (DAT). The findings highlight the potential for
spectral monitoring as a real-time tool for both precision thinning and irrigation.
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Optimizing avocado cultivation in Cyprus: A novel design of experiment
approach coupled with spectroscopic analysis
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A Plackett-Burman (PB) design is a design of experiments (DoE) method used for
screening multiple factors with a minimal number of experimental runs. In this
preliminary study, a PB design was applied to co-evaluate the effects of four factors
and determine the optimal combination for avocado cultivation and quality. The PB
design consisted of 10 rows and 4 factors, including irrigation frequency (using a
Sprinkler irrigation system), fertilization frequency, fertilization amount, and sunlight
and air exposure. After harvesting, the avocado flesh was freeze-dried. The best
experimental design among the five options in this study was assessed using Fourier
Transform Infrared (FTIR) measurements. Multivariate data analysis was performed
to visualize the results. The novelty of this study lies in the fact that it is the first
application of a design of experiment (DoE) approach to avocado cultivation in Cyprus,
a region experiencing water scarcity and climate variability. Furthermore, this study is
pioneering in evaluating Cyprus-grown avocados using the FTIR spectroscopic
methodology.
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This study was carried out at Cukurova University between 2020-2021. 29 apricot
genotypes selected from Hatay, Mersin, Nigde and Nevsehir provinces; The number of
plants was increased by grafting the scions taken from the genotypes onto Myrobolan 29
rootstock. In the study, full irrigation (70%) and 40% and 50% restricted irrigation were
applied.In order to determine the drought resistance of 29 selected apricot genotypes,
morphological (number of leaves, plant height, stem diameter) and photosynthetic
parameters (Transpiration Rate (E) (mmol m 2s ), Photosynthesis Rate (Pn) (umol [CO
2] m2s 1), Stomatal Conductanse (gsw) (mmol m 2s ), Intercellular CO, concentration
(Ci) (umol [CO2 ] mol ™)) were measured at the beginning and end of the experiment. In
addition, a 1-5 scale (depend on the number of leaves) was used to determine the most
drought-resistant genotype. As a result of the research in general full irrigation (70%), 50%
and 40% restricted irrigation reduced stem diameter, plant height and leaf number in all
genotypes subjected to drought stress. it was determined that E, Py, Ci and gS values,
which are among the photosynthesis efficiency parameters, decreased with restiricted
irrigation. In 40% restricted irrigation, 5 genotypes (50-K-60, 50-K-93, Alata Yildizi, Alyanak
and Cagtay Bey) were determined as the least affected genotypes by measuring 3 and
above according to the scale.

This article/publication is based upon work from COST Action FruitCREWS, CA21142, supported by COST (European Cooperation in Science and Technology).
COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives
across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost.eu 71

’ ) Funded by
(1 the European Union



ajﬁ FruitCREWS

PP-19
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Due to climate change and increasing water scarcity, fruit production in many
traditionally productive regions is being threatened, as plant water requirements are
increasingly difficult to meet. In this context, strategies such as reducing irrigation
volumes can be used to enhance the sustainability of fruit production. Additionally,
management practices like sowing cover crops in the interrow and adopting an
Integrated Pest and Pollinator Management (IPPM) approach can further improve
agroecosystem sustainability. Understanding the physiological responses to reduced
irrigation and the potential synergistic effects of these practices in agroecosystems
different from conventional ones is crucial. The project "Diversified Orchards for
Resilient and Sustainable Farming Systems" (DREAM) aims to evaluate the
performance of apple trees in a novel agroecosystem tailored to specific
environmental condition, as a possible strategy to increase the resilience of the
orchards. The DREAM agroecosystem features a multivarietal orchard, a carefully
selected mix of cover crops in the interrow, regulated deficit irrigation protocols, and
a management strategy based on IPPM while the conventional is a standard Pink Lady
orchard. In 2024, the performance of two apple agroecosystems (DREAM vs.
conventional) was assessed in Italy based on three main parameters: (i) stem and leaf
water potentials, (ii) leaf gas exchanges, and (iii) shoot growth. Results showed that
trees in both agroecosystems exhibited similar growth patterns. Notably, trees in the
DREAM system maintained photosynthesis and water potential values similar to those
in the conventional system, indicating that the presence of cover crops did not
negatively affect plant performance. Reducing irrigation by 50% compared to the
control (100% ETc) did not show significant differences, except for the Pink Lady trees
in the DREAM system, which showed a marked decrease in transpiration at 271 days
after full bloom. However, these plants maintained similar photosynthesis levels,
leading to increased water use efficiency.
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Scouting ecophysiological variables to manage regulated deficit
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In semi-arid regions, climate change poses significant challenges to almond orchards,
requiring sustainable irrigation strategies and advanced monitoring techniques to
enhance water use efficiency. This study evaluated key eco-physiological variables to
optimize irrigation thresholds in Prunus dulcis Mill. cv. Guara. Three irrigation
treatments were applied during the kernel-filling phase: 100% (CTRL), 80% (MRDI), and
60% (SRDI) of crop evapotranspiration (ETc), with full irrigation provided during fruit
growth and post-harvest periods. Key physiological variables, including stomatal
conductance (gs), stem water potential (Ws), photosynthesis (Pn), and PKO/KC
(reflecting electron flux from PSII and RuBisCO carboxylative activity), exhibited
seasonal trends, peaking during fruit growth, declining during kernel filling, and
recovering post-harvest. During the kernel-filling phase, MRDI values for gs, Ws, Pn,
and PKO/KC were lower than CTRL but higher than SRDI. Strong correlations were
observed between Pn and gs, PKO/KC, as well as between gs and Ws. Pn, gs, and
PKO/KC were significantly influenced by air temperature and vapor pressure deficit,
whereas Ws was more closely linked to soil water content. Yield, fruit volume, and dry
weight were similar across treatments, although SRDI produced a higher proportion of
tight-hull fruits. Variables such as gs, Ws, Pn, and PKO/KC effectively captured plant
water status and microclimatic variations. The MRDI treatment achieved significant
water savings while maintaining yield and fruit quality, suggesting that gs, ¥s, Pn, and
PKO/KC are reliable indicators of plant performance under reduced irrigation.
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Silicon dioxide enhances date palm drought stress tolerance

Lotfi Fki'*, Ahlem Ben Ahmed', Ameni Nasri', Emna Baklouti’, Emna Graja’, Hazar
Akrimi®, Riadh Drira? Noureddine Drira’

*Presenting author: lotfifki@yahoo.fr

TLaboratory of Plant Biotechnology, Faculty of Sciences of Sfax- Route Sokra BP 1171, 3000 Sfax, Tunisia,
University of Sfax, Tunisia
2Green Biotechnology Company, Tunisia

Date palm (Phoenix dactylifera L.) is a valuable plant with a high agricultural, economic
and cultural value that provides a significant source of income for both local farmers
and governments in arid and semi-arid areas. Environmental constraints caused by
climate change have now adverse effects on date palm growth and productivity.
Agricultural mismanagement, including the excessive use of chemical fertilizers and
pesticides, have also harmed date palm cultivation and so adversely affected oases
ecosystems. Regarding these constraints, the improvement of date palm productivity
has become a concern for many countries. In this case, inorganic biostimulants have
garnered significant attention in modern agriculture for their diverse roles in ensuring
plant resilience. For date palm, silicon dioxide is found to enhance nutrient availability,
resistance mechanisms against pathogens and environmental constraints. Utilization
of inorganic biostimulants, such as silicon dioxide, is a promising practice supporting
sustainable agriculture, reducing the need for chemical fertilizers and pesticides.
Moreover, they can help improve the quality and yield of date palm crops, ensuring a
more reliable and profitable harvest for growers. In conclusion, silicon dioxide
application seems to be an innovative agricultural practice. It will certainly constitute
an eco-friendly way to alleviate date palm environmental stresses such as drought
without harming the plant and its ecosystem.
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The Impact of climate change on grapevines yield and quality in
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Grapes have been cultivated in Azerbaijan since ancient times. It is noted that the
parental form of cultivated grapes originated from wild grapes widespread on the
southwestern coast of the Caspian Sea. The soil and climatic conditions of most
territories of Azerbaijan allow the establishment of productive vineyards in large
areas. In the 70s-80s of the last century, thousands of hectares of vineyards were
planted on land suitable for planting vineyards. However, on the eve of the collapse of
the former Soviet Union, the anti-alcohol campaign carried out in the country led to the
destruction of thousands of hectares of wine varieties. It is impossible to get high
yields in the plains of our country without the use of irrigation. Unlike other fruit trees,
the fact that grapes are less demanding on water and fertile soils and their resistance
to salt stress make it profitable to re-establish vineyards in large areas. However, in
the vineyards that have been planted recently, preference is given to planting mainly
imported technical varieties from Europe. Traditional local varieties have remained
only in marginal areas. In the conditions of modern climate variability, the use of local
varieties makes it more important to plant varieties with high nutritional value and
resistant to adverse environmental factors. The fact that most of the territories of
Azerbaijan have a dry subtropical climate, sunny days and favorable temperatures
allow for the accumulation of high sugar and aromatic compounds in wine varieties.
The abundance of humidity and natural precipitation during active vegetation causes
its fruit to become more acidity and its quality indicators to decrease. The appropriate
use of modern irrigation methods and the application of new sensing technologies
used in this field would be of great help in obtaining a higher quality grape product.
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This study investigates how socioeconomic factors affect fruit crop irrigation and
water interactions, especially in areas with limited water resources. According to the
study, water availability is essential for the sustainability of peach, olive, and almond
cultivation, particularly in areas with limited water supplies. Effective irrigation
techniques are required due to regulatory restrictions and climate change. In
California, Spain, and Australia, almonds need a lot of water, and olives are now mostly
irrigated rather than rain-fed. Regular watering is also very important for peaches.
According to the study, geographical differences in water costs have a big impact on
profitability. Almonds incur the highest production costs at $6,000/ha, using 9,000
m?3/ha of water and producing a significant carbon footprint. Despite this, they yield
the highest profit margins at 65%. China benefits from lower irrigation costs because
of government controls, whereas California has the highest expenses because of
stringent regulations. Water consumption can be reduced by up to 50% with irrigation
technology advancements like subsurface drip irrigation (SDI). Almond growing is the
most expensive and water-intensive industry, with a high carbon footprint. However, it
also has the highest profit margin. Policy, social economic, and environmental factors
influence water usage in agriculture. loT-based sensors and underground drip
irrigation are not accessible to smallholders due to high installation costs. Droughts
in Australia, Spain, and California increase the need for effective irrigation. To enhance
water sustainability, the study suggests increasing subsidies for precision irrigation
technologies, promoting fair water governance structures, creating cooperative water-
sharing schemes, attracting private investments, and promoting sustainable water
management education.
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