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1 Executive summary

The present report focuses on the table grape agri-food supply chain, providing an overview of its distinctive

characteristics and the main impact categories that define it.

The activities of the Working Group also involved the main trade associations, which provided primary data
related to table grapes cultivation in the Apulian context. Among these, the research team selected some

representative production areas of Apulian table grapes.

The document also presents the results of a specific Life Cycle Assessment (LCA) study applied to the table

grapes supply chain, which considered the production of 1 kg of product.

The LCA study was focused on the agricultural production stage and the related upstream processes required
for table grape cultivation, while downstream stages and the consumer use phase were not included in the
assessment. The data used are predominantly primary data, collected from the companies directly involved
in the study as aforementioned, complemented by literature and/or sector data representative of supply

chains analogous to the one under analysis and of the technologies employed therein.

The results of the LCA study, assessed using the EF 3.1 (Environmental Footprint) methodology adopted
within the European Commission’s Environmental Footprint framework, show that the environmental profile
of table grape production is primarily driven by water use, followed by climate change, land use, acidification,
particulate matter, and resource use. The analysis also highlights the significant contribution of direct field
emissions, irrigation-related processes, and, depending on the cultivation system, fertiliser, pesticide, and
energy-related inputs. With specific reference to the climate change impact category, the lowest burden was

observed for organic covered table grape production.

2 Purpose of the document

This report was produced within the framework of the GRINS (Growing Resilient, Inclusive and Sustainable)
NRRP (National Recovery and Resilience Plan) project with the aim of “Set-up of Environmental Footprint
national and regional datasets for the main Italian production systems”. The report falls within Spoke 1 “Firms
sustainability” (Business strategies and technical actions to face sustainability challenges, environmental
aspects and Circular Economy (CE) paths, resilience of companies and supply chains to climate change and
other risks), sub-section WP3 “To increase firms' efficiency in circular resource management along the whole
value chain”, Milestone 1.2.3 “Set-up of Environmental Footprint national and regional datasets for the main

Italian production systems (M36)”.
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This report represents the study of the supply chain of table grapes for direct consumption grown in Apulia
Region, and the development of the related LCA datasets in ILCD format in the context of Milestone 1.3.1.
“Set-up of LCl national and regional datasets for the main Italian production systems (M24)”, for the same

WP3.

3 Table grapes cultivation

Globally, from 2018 to 2024, table grape production and consumption grew: particularly, production grew
by 20.35% and consumption by 16% (Tab.1), suggesting greater availability of product relative to domestic
consumption, which may support increased exports, higher stock levels, greater potential for value-added

uses.

Tab. 1 — Global production and consumption table grapes

Year Production (tonnes) Consumption (tonnes)
2018 27,697,361 28,053,057
2019 28,843,504 29,541,709
2020 29,436,523 28,608,695
2021 30,218,895 29,176,872
2022 31,498,076 30,564,919
2023 32,239,049 31,893,153
2024 33,333,561 32,539,279

Source: Authors’ elaboration on OIV data (2026).

Conversely, at European level, from 2018 to 2024, production and consumption decreased by 10.45% and
52.18%, respectively (Tab. 2). From 2022 onward, consumption declined more sharply than production,
resulting in positive balances in 2022-2024. Italy is Europe’s largest producer and one of the top producers

globally.

Tab. 2 — European production and consumption table grapes

Year Production (tonnes) Consumption (tonnes)
2018 2,018,921 2,483,579
2019 1,983,347 2,309,419
2020 2,181,699 2,277,994
2021 1,883,570 2,160,990
2022 1,867,118 1,838,421
2023 1,632,565 1,289,848
2024 1,807,972 1,187,638

Source: Authors’ elaboration on OIV data (2026).

The 2024 commercial season for table grapes was characterized by an increase in farm-gate prices compared
to both 2023 and the three-year average for 2021-2023. However, exceptions were observed for certain

varieties (e.g., Vittoria) and in specific markets, where negative price variations were recorded (ISMEA, 2024).

Tab. 3 - Table grapes — national production

Indicator 2018 2019 2020 2021 2022 2023 2024 2025
Total surface - ha 47,030 47,416 47,585 47,549 47,583 47,559 47,514 44,595
Surface area in production - ha | 46,613 46,725 46,950 47,019 47,248 47,334 47,086 44,360
Total production - tons 1,065,339.3 | 1,030,762.2 | 1,063,593.3 | 1,041,031.9 | 1,010,397.7 | 812,898 1,041,794.4 | 909,683

6
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Harvested production - tons | 1,028,107.1 | 1,009,108.9 | 1,039,841.7 | 1,014,656.7 | 966,259.3 | 798,595.3 | 1,002,693.4 | 849,363

Source: Authors’ elaboration on data ISTAT (2026) (last accessed date 30.01.2026).

At the national level, from 2018 to 2025, a decrease was observed for all the indicators included in Tab. 3;

particularly, the most reduction of 19.46% occurred for harvested production.

Tab. 4 - Table grapes — regional production (Apulia)

Indicator 2018 2019 2020 2021 2022 2023 2024 2025
Total surface - ha 26,640 24,985 25,085 25,065 25,135 25,205 25,455 24,935
Surface area in production - ha 24,385 24,455 24,655 24,685 24,905 25,075 25,135 24,765
Total production - tons 634,150 616,155 634,955 608,255 572,055 386,250 529,600 614,000
Harvested production - tons 602,042 599,512.5 614,394.5 583,725 529,580 374,100 567,000 559,455

Source: Authors’ elaboration on data ISTAT (2026) (last accessed date 30.01.2026).

Apulia region is the leading table grape producing area in Italy, accounting for approximately 66% of the
country’s total table grape output, followed by Sicily at about 28%. Some decreases were recorded in Apulia:
particularly, table 4 shows -6.40% in terms of total area, -3.17% in terms of total production and -5.46% in

terms of production harvested in 2025.

Tab. 5 - Table grapes — local production (Foggia)

Indicator 2018 2019 2020 2021 2022 2023 2024 2025
Total surface - ha 700 700 700 700 700 700 700 700
Surface area in production - ha 700 700 700 700 700 700 700 700
Total production - tons 17,500 17,500 17,500 17,500 17,500 11,500 11,500 13,100
Harvested production - tons 16,625 16,625 16,625 16,625 16,625 11,200 11,200 12,588

Source: Authors’ elaboration on data ISTAT (2026) (last accessed date 30.01.2026).

Table grapes harvested in the province of Foggia in 2025 represented 2.21% of the entire production

harvested in Apulia, as shown in Table 5.

Tab. 6- Table grapes — local production (Bari)

Indicator 2018 2019 2020 2021 2022 2023 2024 2025
Total surface - ha 10,750 11,000 11,100 11,100 11,100 11,100 11,350 11,000
Surface area in production - ha | 10,600 10,700 10,900 10,950 11,100 11,100 11,150 11,000
Total production - tons 233,200 235,400 241,000 215,000 215,000 215,100 230,000 260,000
Harvested production - tons 225,000 230,000 240,000 210,000 211,000 215,100 230,000 260,000

Source: Authors’ elaboration on data ISTAT (2026) (last accessed date 30.01.2026).

Conversely, table grapes harvested in the province of Bari in 2025 represented 45.68% of the entire

production harvested in Apulia, as shown in Table 6.

Tab. 7 - Table grapes — local production (Taranto)

Indicator 2018 2019 2020 2021 2022 2023 2024 2025
Total surface - ha 8,100 8,100 8,100 8,100 8,200 8,300 8,400 8,400
Surface area in production - ha 8,100 8,000 8,000 8,000 8,200 8,200 8,300 8,400
Total production - tons 243,000 224,000 224,000 240,000 205,000 20,750 215,000 215,000
Harvested production - tons 230,000 224,000 224,000 224,000 170,000 9,500 190,000 175,000

Source: Authors’ elaboration on data ISTAT (2026) (last accessed date 03.02.2026).
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Instead, table grapes harvested in the province of Taranto in 2025 represented 30.75% of the entire

production harvested in Apulia, as shown in Table 7.

Tab. 8 - Table grapes — local production (Brindisi)

Indicator 2018 2019 2020 2021 2022 2023 2024 2025
Total surface - ha 800 900 850 830 800 770 670 650
Surface area in production - ha 800 870 820 800 770 740 650 630
Total production - tons 28,800 27,300 24,500 23,800 22,600 21,900 19,300 19,100
Harvested production - tons 28,800 27,000 23,900 23,200 22,000 21,300 19,000 18,800

Source: Authors’ elaboration on data ISTAT (2026) (last accessed date 03.02.2026).

Instead, table grapes harvested in the province of Brindisi in 2025 represented 3,30% of the entire production

harvested in Apulia (Table 8).

Tab. 9 - Table grapes — local production (Lecce)

Indicator 2018 2019 2020 2021 2022 2023 2024 2025
Total surface - ha 90 85 85 85 85 85 85 85
Surface area in production - ha 85 85 85 85 85 85 85 85
Total production - tons 1,650 1,955 1,955 1,955 1,955 2,000 1,800 1,800
Harvested production - tons 1,617 1,896.5 1,869.5 1,900 1,955 2,000 1,800 1,800

Source: Authors’ elaboration on data ISTAT (2026) (last accessed date 03.02.2026).

Table grapes harvested in the province of Lecce in 2025 represented 0.32% of the entire production

harvested in Apulia (Table 9).

Tab. 10 - Table grapes — local production (Barletta-Andria-Trani)
Indicator 2018 2019 2020 2021 2022 2023 2024 2025
Total surface - ha 4,200 4,200 4,250 4,250 4,250 4,250 4,250 4,100
Surface area in production - ha 4,100 4,100 4,150 4,150 4,150 4,250 4,250 4,050
Total production - tons 110,000 | 110,000 | 110,000 [ 110,000 | 110,000 | 115000 [ 115,000 | 105,000
Harvested production - tons 110,000 | 100,000 | 108,000 | 108,000 | 108,000 | 115000 | 115000 | 101,000

Source: Authors’ elaboration on data ISTAT (2026) (last accessed date 03.02.2026).

Finally, table grapes harvested in the province of Barletta-Andria-Trani in 2025 represented 17.74% of the

entire production harvested in Apulia (Table 10).

3.1 Table grape supply chain

Italian table grape supply chain is a well-established and export-oriented agricultural system that integrates
production, post-harvest handling, and international commercialization. Italy is the leading producer of table
grapes in Europe and ranks among the top global exporters, accounting for roughly 10 % of global trade in
the sector and generating export revenues exceeding €820 million in 2023. High international demand,
particularly from key European markets like Germany, France and Poland, underscores the supply chain’s

strategic role in Italy’s fresh fruit export performance (Unione Coltivatori Italiani, 2024).
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Particularly, Italian table grape supply chain is characterized by domestic production (98%), while imports

account for the remaining 2% and are mainly intended for off-season consumption.

Regarding product destination, approximately 38% of total availability is absorbed by domestic consumption,
while around 45% is allocated to export markets, confirming the high export orientation of the sector. About
15% of production is directed toward industrial processing, mainly for juice production, whereas the residual
share consists of losses along the supply chain and product withdrawals from the market aimed at stabilizing
supply. Concerning domestic consumption, it is estimated that approximately 75% is channeled through retail

outlets, while the remaining 25% is destined for the collective catering sector (ISMEA, 2024).

From the demand perspective, both domestic and international markets showed strong interest. Notably,
the domestic market exhibited a growing preference for seedless grapes, with strengthened demand

supported by retail sales data for packaged table grapes (ISMEA, 2024).

On the price side, limited supply has generated positive market momentum, with farm-gate prices stabilizing
at levels similar to those recorded in 2023. Field-level negotiations have been swift and based on satisfactory
price conditions. Seeded varieties are also experiencing favorable market dynamics, comparable to those of

seedless grapes, largely due to the reduction in supply following vineyard removals (ISMEA, 2024).

This production campaign highlights how a balanced relationship between supply and demand can lead to
satisfactory economic outcomes for producers. At the same time, it confirms that managing this balance
remains challenging and that policy instruments aimed at market coordination require further development
within this supply chain. A key limitation continues to be the complexity of coordination, exacerbated by

structural resistance to collective action and the sharing of strategic information (ISMEA, 2024).
Climatic conditions affect not only yields but also production costs (ISMEA, 2024).

In the context of retail sales, it has been noted that table grape purchases for home consumption occur
primarily in the second half of the year, between July and December. This is the period when national
production peaks. In the first nine months of 2024, sales increased by 24% year-on-year, also recording a
2.5% increase in retail prices. In terms of volume, 38% of grape sales are packaged and 62% are loose.
Furthermore, a 2% reduction in the average weight of packages was observed, with the 500-gram package
rapidly gaining popularity at the expense of the 1-kg package. At the same time, packaged products are
becoming more popular than loose ones, and seedless grapes are becoming more popular at the expense of

seeded varieties (ISMEA, 2024).

3.1.1 Agricultural cultivation

Currently, Italian table grape sector is facing a series of challenges through constant varietal renewal

(especially in seedless grape production) and careful production planning. To achieve these goals and ensure
9
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the competitiveness of the supply chain, agronomic innovation, adaptability, and supply diversification are
key elements today (Uva da tavola, 2025). Among the 10 most widely grown table grape varieties in Italy

(Tab. 12), the cultivars Italia, Vittoria, and Autumncrisp® stand out among the top three nationwide.

Tab. 11 - Top 10 varieties

Position | Cultivar % of production | kind Ripening period | With seeds/ Seedless

1 Italia 25 white | mid-late with

2 Vittoria 11.5 white | early with

3 Autumn Crisp 9.3 white | mid-late Seedless

4 Superior seedless - Sugraone | 4.7 white | early Seedless

5 Crimson Seedless 4.2 red mid-late Seedless

6 Red Globe 3.9 red mid-late with

7 Regal Seedless 3.6 white | mid-late Seedless

8 Allison 3.0 red mid-late Seedless

9 Scarlotta Seedless 2.8 red mid-late Seedless

10 Arra 30 Sugar Drop 2.7 white | early Seedless
Other cultivars R e e e

TOTAL 100%

Source: Authors’ elaboration on data CUT - Uva da Tavola (2025).

In 2023 Italian table grapes were predominantly white (71%), followed by red (22%) and black varieties (7%).
Furthermore, the trend in the cultivation of seedless varieties is growing, reaching over 57% of the total in
2023, with peaks of 78%, compared to 42.5% of the areas cultivated with seeded varieties (Uva da tavola,

2025).

It has also been observed that seedless varieties, particularly those developed by professional breeders and
protected by intellectual property rights (IPR), tend to fetch significantly higher prices on the market
compared with traditional seeded varieties. This premium reflects both consumer preferences and the
perceived added value of these modern cultivars. Moreover, the introduction of club varieties—exclusive,
often IPR-protected seedless cultivars marketed through structured licensing programs—has played an
important role in meeting the rising global demand for high-quality seedless table grapes. These club varieties
help growers differentiate their product offerings and align with evolving consumer tastes for premium

seedless grapes (Seccia et al., 2024).

3.1.2 Import and export

Globally, table grape imports total approximately 5 million tonnes of product, with an estimated value of
around €9 billion in 2023. In that year, Peru emerged as the world’s leading exporter, capturing about 19 %
of global export value, followed by the Netherlands and Italy, each with roughly 10 %, and then China, Chile
(9 %), and the United States (8 %). Although Italy is the largest producer of table grapes in Europe, it ranks
third among global exporters, with export shipments valued at approximately €820 million in 2023/24
(ISMEA, 2024).

10
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In terms of supply quality, the Italian table grape sector is responding better to international demand than in
the past, offering "historical" varieties such as Vittoria, Palieri, Italia, and Red Globe, alongside a growing

number of seedless varieties, highly sought after by foreign markets (ISMEA, 2024).

3.1.3 Environmental impacts

Generally, cultivation of table grapes is widespread throughout the planet and the fruit is consumed both
fresh (table grapes) and processed (mainly wine) (Roselli et al., 2020). From an environmental perspective,
table grapes cultivation shows a value of global warming equal to 122.17 kg CO»eq and the nitrogen fertilizer
has the largest weight among the energy inputs in the production of grapes (Rahmani et al., 2022). Amongst
the production phases that have the greatest impact on the environment, the agricultural production phase,
compared to the subsequent transformation, transportation, packaging, and distribution phases, is
responsible for many of the environmental impacts of food products (Roselli et al., 2020). Moreover, fertilizer
use - especially nitrogen fertilizer as also aforementioned - represents a key driver of GHG (Greenhouse
Gases) emissions in vineyards, often contributing to the largest share of the CF (Carbon Footprint) of table
grapes production, with agricultural inputs dominating global warming potential from a cradle-to-farm-gate

perspective (Hefler & Kissinger, 2023).

Particularly, the main environmental aspects of table grape production, based on LCAs and sustainability
studies retrieved in literature, are cultivation inputs and farming practices, water use and irrigation,
agrochemicals and soil impacts, infrastructure and materials, packaging and waste (Roselli et al., 2020).

Firstly, the cultivation stage - particularly irrigation, fertilizer application and agrochemical inputs -
contributes most to the environmental burden of table grape production, outweighing impacts from later
stages such as packaging, transport, and distribution. This is mainly due to the intensive use of on-farm inputs

and energy (Roselli et al., 2020).

Secondly, irrigation can have notable environmental consequences, as it often involves high water use and
energy consumption for pumping and distribution, particularly in areas with limited rainfall where additional

irrigation is needed to maintain crop yields and quality (Matos et al., 2024).

Thirdly, the use of plant protection products and other agrochemicals can lead to soil and water
contamination, and both their manufacture and application are significant contributors to environmental

impacts in agricultural life-cycle assessments (ISPRA, 2025).

Moreover, infrastructure elements such as polytunnels, plastic covers and metal supports add to the
environmental burden of grape production through the energy used in manufacturing and the emissions

associated with their materials (Gardenersbayswater, 2024).

11
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Finally, although on-farm production typically accounts for the largest share of environmental impacts,
packaging materials - especially single-use plastics with low recycling rates - and the generation of food waste
also contribute significantly to life-cycle environmental burdens when all stages from material production to
disposal are considered. This reflects the role of packaging in resource use, emissions, and waste

management across the food supply chain (Kan & Miller, 2022).

4 Methodological framework
4.1 Goal and scope of the study

The aim of this study is to assess the environmental footprint of table grape production systems in Apulia by
applying the Environmental Footprint 3.1 (EF 3.1) methodology. The assessment was developed to support
the environmental characterization of the sector and to provide a consistent analytical basis for the

development and interpretation of product-level environmental datasets.

The study focuses on table grapes intended for direct consumption and considers the main cultivation
systems identified within the regional production context, namely conventional and organic management
under covered and uncovered conditions. The purpose of the assessment is to identify the most relevant
impact categories, determine the main environmental hotspots, and compare the environmental profile of

the different cultivation systems considered in the study.

The results are intended to support technical interpretation within the project framework and to provide an
evidence-based basis for environmental analysis of the table grape supply chain. Any comparison among the
production systems is therefore intended as an internal analytical exercise aimed at understanding the
relative contribution of the main processes, emissions, and inputs under the modelling assumptions adopted

in this study.

The environmental impacts were assessed using the EF 3.1 methodology, which enables the calculation of a
comprehensive product-level environmental profile through midpoint indicators and the subsequent

interpretation of normalized, weighted, and single-score results.

4.2 Functional unit and reference flow

The functional unit of the study is 1 kg of table grapes.

12
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All input and output data were quantified and modelled with reference to this unit. Accordingly, the results
represent the environmental impacts associated with the production of 1 kg of product under each

cultivation system considered.

The reference flow corresponds to all the material and energy inputs, agricultural operations, direct
emissions, and ancillary processes required to produce 1 kg of table grapes. This includes, where relevant to
the model, the use of fertilisers, plant protection products, irrigation water, fuel, electricity, and other
technical inputs, together with the emissions generated during cultivation activities. The use of a common
functional unit allows a consistent comparison of the environmental profile of the different production

systems analysed in the study.

4.3 System boundaries

The system boundaries include the processes required for the production of table grapes and the associated
upstream and on-site activities considered relevant to the functional unit. The model includes the production
and supply of agricultural inputs, cultivation operations, irrigation, fertilisation, plant protection treatments,
fuel and electricity use, and direct emissions generated at field level. The system also includes the background
processes associated with the production of the main inputs and utilities used within the agricultural stage,
as represented through the selected datasets. Direct emissions to air, water, and soil resulting from
cultivation practices are included in the analysis where relevant. The assessment is focused on the
agricultural production system and the related upstream supply chain processes needed to obtain 1 kg of
table grapes. The system boundaries were defined consistently across all four cultivation systems in order to

ensure methodological comparability of the results.

4.4Data sources

The study was developed by combining foreground data describing the cultivation systems with secondary
datasets used to model background processes. Foreground data refer to the technical and agronomic
information required to represent the production systems under analysis, including crop management

practices, input use, irrigation, field operations, and direct emissions associated with cultivation.

Secondary data were used to model upstream processes related to the production of agricultural inputs,
energy carriers, and other background activities relevant to the functional unit. These data were drawn from
available datasets selected according to their technological, geographical, and temporal relevance for the
study. The use of secondary datasets made it possible to ensure completeness of the inventory and

consistency in the representation of background processes.

13
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4.5Llife cycle inventory

The Life Cycle Inventory for table grapes was developed through the creation of four specific agricultural
datasets, representing the main cultivation systems identified in the Apulian production context:
conventional covered, conventional uncovered, organic covered, and organic uncovered. These datasets
were developed to describe the main differences in agronomic management and cultivation conditions and

to provide the inventory basis for the subsequent environmental assessment.

The datasets used in this study are defined with reference to 1 hectare of cultivated area. This reference
allows a consistent representation of agricultural management practices and input use at field level. Within
each dataset, the corresponding yield is also reported, in order to link the inventory data to the amount of
harvested product obtained under each cultivation system. Although the inventory datasets were structured
on a hectare basis, the environmental results were calculated and expressed per 1 kg of table grapes by

applying the corresponding yield of each cultivation system.

The datasets were developed in ILCD format within the GRINS project framework and focus on the cultivation
stage, including the main input and output flows associated with table grape production. In particular, they
account for land occupation, irrigation water use, fuel and electricity consumption, fertiliser and pesticide
application, and direct emissions to air, water, and soil associated with field operations and crop

management.

The inventory construction was based on the integration of primary and secondary data sources. Primary
data were collected from producers and sector stakeholders through structured surveys and technical
records, while secondary data were used to model background processes and complete missing information
where necessary. This approach ensured both representativeness of the local production systems and

methodological consistency in dataset development.

The four datasets reflect the two main variables used to classify table grape production systems in the study
area, namely production management (conventional or organic) and cultivation condition (covered or
uncovered). This distinction made it possible to represent the main technical differences among systems,

particularly in relation to irrigation practices, synthetic input use, and crop management.

These hectare-based datasets constitute the inventory framework used to analyse the environmental profile

of the four cultivation systems on a consistent and comparable basis.

Conventional covered

14
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‘Treatment; Mixand @ d high 618 years, On Field, Apulia (IT), Average Annual Yield, not weighted, | ha
Synonyms « tavols it tra 6-18 anni, On Field, Puglia (IT), Resa med; derata, | ha
Class name Materials Production

Class name Food and renewable raw materials

‘Type of quantitative reference References flow(s)

Reference ﬂnﬁx : 25, m;i oftable imies forha

Reference year 3

Data set valid unil 02

Time representativeness description “The On Field data are collected over the 2022/2023 year

Location Apulia (IT)

ivated in 1 in Apulia, Fertiizers (based on Nitrogen, Phosphorous and Photassium) and Pesticides data refer to On Field Treatments Report regarding 570 ha crop in Apulia (IT)

Technology description includi tem Farming Fertil d Pest control tering, harves

Technical purpose of product or process The product (Grapes fruit) can be used for fresh consumption

Type of dataset Unit process, single operation
LCImethod principle Atributional
LCImethod approaches Not applicable

Deviations from LCI method approaches/explanations  none.

princip a fastruct
Data selecti princip! d
Data treatment and extrapolations principles  cultivated area, done direetly to farmers i the provinces of Taranto, Lecce, Brindisi and Bar for the annual yield of the crop. Fertiiscr application rates (in term of N, P, K) are derived from Treatmentes Report of the 2022-2023 year, sam for
Data collection period. 2022023

EUROSTAT, 2016, Soil Europcan Erosion

Ribaudo F. (2017) Prontuario di Agricoltura, Hoepli;

E tal Footpr Publications Office of the European Union, Luxembourg

Data sources(s) used for this data set WFLDB - World Food LCA Database, 2015

ISTAT, 2024 hitps://www.stat t/dati/banche-dati/

Pianeta PSR B php/LIT/IDPagina/

Completeness product model Allrclevant flows quantifiedC)

pe of review Indipendent cxtemal review
Review details Inventory data quality validation at the conclusion of the Project "PNRR GRINS" thodology. The i ds 1. Reliability; 2. Complete on; 4. i 5.
Subsequent ewiews comments Based on the evidences collected i i be he d duced are in 0 140402021 and 150 140442021
Data Quality Indicators - Reliability: Very Good - Sufficient 1d 3", - Completeness: Excellent - Sufficient "between 1 and 4" “between 1and 3", “between 1 and 4", Very Good - Good "between 2 ¢
Reviewernams and instution Spin Lif sl Spin OFTdelUniversith degl StudidiPadova
Compliance system name 1SO 14040
Approval ofoverall complance Fully complant
Nomenclatures conplinnce Fully complant
Methodological compliance Fully compliant
Review compliance Fully conpliant
Documentation compliance Fully compliant
Quality compliance Fully compliant
Conpliance systemnam: 150 14034
‘Approval of overall compliance Fully compliant
Nomenclatures conpliance Fully complant
Methodological complince Fully complant
Review compliance Fully compliant
Documentation corplince Fully complant
iy conplinnce Fully complant
Reference to commissioner Unione Europea-Next Generation EU, Piano Nazionale di Ripresa ¢ Resilienza (PNRR), Missione 4, Cor ite 2, Investimento 1.3 "Cr Centri di Ricerca, alle e "

ect INS PEDOO0DIS - Growing Resilient, INclusive and Sustainable, CUP: H93C22000650001

E
£
H

Data set ientmwr/mdelkr Universiti aei\. Studi di Bari Aldo Moro - Dinmn:mo di Eeonomia Mlnnimnl ¢ Dirtto dell insn
Copyright True
License type Free of charge for all users and uses
Owner of data set Universiti degli Studi di Bari Aldo Moro - Eco
Access and use restriction ‘Type of license: Open Database Licence (ODbL)
PRODUCT/FUNCTIONAL UNIT Name Amount Unit Description Gincluding Reference Flow)

Area LOOEH00 ha I el 25,339 kg/ha)
Input flows
Type of flow Flow Amount Unit  SD"2orSD Description
Resources flows) 1LO0E00 ha 111 (1.2.1.1.2)Data based on average production (ISTAT, 2024)
Materialinput Imgation 136E+02 mm2. 107 (1111 2)Data based on field
Resources from enviroment Rainwater 64E402 v 107 (1.2.1.1.2)Data based on Average 20222023, PianetaPSR
Intermediate materialinput N 241402 ke 107 (11.112)Data based on field
Intemediate material input 205 LIGEH2 ke 107 (111.12)Data based on field
Intermediate materialinput K20 LIBEH? ke 107 (11.1.12)Data based on field
Intermediate materialinput Cadmium 60303 ke 115 23, World Food LCA DB) 2015)
Intemediate material input Copper 19802 ke 115 (233, World Food LCA DB) (201
Intermediate material input Zine 125E01 ke 115 2333 World Food LCA| DB) 2015)
Intemediate material input Lead 7403 ke 115 @3 World Food LCA DB) (201
Intermediate materialinput Nickel LOTEO kg 115 (2333 World Food LCA DB) (2015)
Intemmediate materialinput Chromium SOSE02 ke 115 @3 World Food LCA DB) (2015)
Intemediate materialinput Dinethomorph GO0E01 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab. 142,174
Intermediate materialinput Mancoreh LSOEH0 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intemediate material input Copperowehloride. 2808400 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intermediate materialinput Wettable sulfur 320600 kg 114 (33:23.2)Data based on Ribaudo et al. Q017) ab. 14217 4
Intermediate materialinput Colloidal sulfur LSOE100 ke 1,14 (332.3.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intemediate material input Bacillas thuringiensis 400501 ke 114 (3323.2)Data based on Ribaudo et al. (2017) tab. 142.17.4r
Intermediate materialinput Chlompyrifos-methyl 240E400 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab. 142.17.4r
Intermediate materialinput Fenazaquin 600E01 | 1,14 (332.3.2)Data based on Ribaudo et al. (2017) tab. 142.17.4r
Intemediate material input Diesel 127ER02 ke 114 (3323.2)Data based on Ribaudo et al.(2017) tab. 142,174
Intermediate material input Electricity 680402 Kwh 1,14 (332.3.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Ancillary muterial input Lubrificant oil 2408400 ke 114 G3. Ribaudo et al. 2017) tab. 142,174
‘Output flows.
Type of flow Flow Amount Uit SDA20rSD Description
Product Gapes 253404 ke 107 (111.1.2)Data based on field
Emission in air Ammonia S0E00 ke 125 2333 World Food LCA DB) (01
Emission in air Nitrogen oxides 2T9E+00 ke 14323 World Food LCA| DB) (2015)
Enission in air Dinitrogen monoxide S00EH0 ke 14323 World Food LCA DB) (201
Emission in air Dimethomorph SAOE02 ke 1512223 d X 100%)
Emission in air Mancozch LE2E] ke 151 d . soil (90%%)
Eission in air Copper oxychloride. 252601 kg 151 2223 d P it (%), il (90%)
Emission in air Wettable sulfu 288E01 ke 1512223 d . 100%)
Emission in air Colloidal sulfur LE2E] ke 151 Zamporiand . 190%)
Emission i Bacilus thuringiensis 360602 ke 1512223 d it (), 190%)
Emission in air Chlompyrifos-methyl 21601 ke 151 2223 d . water (1%) and soil 90%)
Emission in air Fenazaquin SA0E02 1 151 d X il (90%)
Emission in water (unspecified) Nitrte 278E01 kg 13532333 World Food LCA DB) (201
Emission in water (ground water) Phosphate leaching 700E02 ke 15323 World Food LCA DB) (2015)
Emission in water (surfuce water) Phosphate run-off 226501 ke 153 (233, World Food LCA DB) 201
Emission in water (unspecified) Phosphorous 707601 ke 1532333 Warld Faod LCA DB) (2015)
Emission in water Cadmivm 44SE05 ke 18 World Food LCA DB) (2015)
Emission in water Copper 321E03 ke 183 2333 World Food LCA DB) (201
Emission in water Zinc L91E0 ke 183 (2333 World Food LCA DB) (2015)
Emission in water Lead L7904 ke 18323 World Food LCA DB) (201
Emission in water Chromium 20302 ke 183 (2333 World Food LCA DB) (201
Emission in water Dimethomorph 600E-03 ke 151 d ) water (1%) and soil (90%)
Emission in water Mancozeh 180E02 ke 151 d X il (%)
Emission in water Copperoxychloride. 280602 ke 1510223 d . soil (90%)
Emission in water Wettable sulfur 320802 ke 151 Zamporiand . water (1%) and soil (90%)
Emission in water Colloidal sulfur LSOE02 kg 151 2223 d Pas it (%), i
Emission in water Bacillus thuringiensis 400E-03 ke 151 2223 d . 100%)
Emission in water Chlompyifos-methy! 240602 kg 151 Zamporiand . 190%)
Emission in water Fenazaquin 60003 1 1510223 d it (%), il (90%)
Emission in soil Cadmium S36E03 ke 15323 World Food LCA| DB) (2015)
Emission in soil Copper 148602 ke I World Food LCA DB) 201
Emission in soil 612E02 ke 1532333 World Food LCA DB) (2015)
Emission in soil Lead 231E03 ke 15323 World Food LCA| DB) (2015)
Emission in soil Nickel 126502 kg 153 (233, World Food LCA DB) 201
Emission in soil Chromium 576602 ke 1532333 World Food LCA DB) (2015)
Emission in soil Dimethomorph SAOEON kg 12 Zamporiand X 100%)
Emission in soi Mancozeh LOEH0 ke 1220223 d it (%), 100%)
Emission in soil Copperowchloride. 2526400 ke 122 d . soil (90%%)
Eission in soil Wettable sulfur 288400 ke 122 d . il (90%)
Emission in soil Colloidal sulfur LOEH ke 1222223 d X 100%)
Emission in soil Bacillus thuringiensis 360601 ke 122 a X soil (90%)
Eission in soil Chlompyifos-methyl 2I6E100 ke 1220223 d Pas X il 0%)
Emission in soil Fenazaquin S40E01 1 1222223 d . 100%)

Conventional uncovered
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Treatment: Mixand Gl field. high . On Field, Apulia (), Average Annual Yield, not weighted. | ha
Synonyms G avol, o carico tra 618 ann, On Field, Pglia (T), Resa med ‘pondenta, | ha
Class name Materials Production
Class name Food and renewable raw mterils
Type of quantitative reference References flow(s)
Reference flow(s): 26,513 ﬁ of table imies for ha
Reference year 2023
Data sct valid until 203
Time representativeness description The On Field data are collected over the 20222023 year
Location Apulia (IT)
The ivated in | in Apuli. Fertizrs (based on Nirogen. Phosphorous and 1o On Field Treatments Reportregarding 173 ha crop in Apulia (IT)
Technology deseription system Famming; Fertilizat d Pest control ering, harvesting.
Technieal purpose ofproduct or rocess The product (Grpes fit) can be used forfesh consumption
Type ofdatasct Unit process, single operation
LClmethod principle Autributional
LI method approsches Not applicable

Deviations from LCT method approaches/explanations  none.

Date cut-offand completeness principles. frastruct
Data selection ination princip! i &

Data treatment and extrapolations principles d cultivated famers in the pr of Taranto, Brindisi and Fe (in termaf N, P, ) are derived from Treatmentes Report of the 2022-2023 year,
Data collection period 2022023

EUROSTAT, 2016, Soil European Erosion
Ribaudo F. (2017) Prontuario dI Agricoltura, Hoepli
Zampori L., & Pant, R. (2019). JRC i on Environmental Publications Offce of the European Union, Luxembourg
Data sources(s) used for this data set WFLDB - World Food LCA Database, 2015
ISTAT, 2024 htps://wwowistat t/datibanche-dati
Pianeta PSR ’ i ADPagina/t

Completeness product model Al relevant flows quantified)

Type of review Indipendent extemal review
Review details Inventory data quality “PNRR GRINS" The I Relabiliy: 2. Completencss: 3. 4 B
Subscquent rewiew comments Based on the evidences collected duri i i and of' s, it can be stated that the report and the d duced are i line wit 0 14040:2021 and 1SO 140442021,

Data Qualiy Indicators - Reliability: Very Good K 43, G "between I and 4", - d "between 1 and 3", i i Land .- don: Very Good - Good "between 2¢ 3"
Revicwer name and insttution si... Life sdiSim OffdellUniversit a‘in Studi di Padova
Conpliance system name 150 14040
Approval ofoverall compliance Fully compliant
Nomenclatures compliance Fuly conpliant
Methodological compliance Fuly conpliant
Review conpliance Fully compliant
Documentation compliance Fuly conpliant
Quality compliance Fally compliant
Conplance systemname 150 14044
Approval ofoverall compliance Fully compliant
Nomencltures compliance Fully compliant
Methodological compliance Fully conpliant
Review compliance Fully compliant
Documentation compliance Fully conpliant
alty compliance Fully compliant
Reference 10 commissioner Unione EU.Pi e diRi Missione 4, C te 2, Investimento 1.3"Cr it ai C icerca, alle il finanzi i .
Project S PEOOOOOIS - Grovwing Rsilient, INclusive and Sustainable. CUP: HO3C22000650001

Data set i:nemler/mdeller Universiti deih Studi di Bari Aldo Moro - niimmw di Economia M.mimm e Dirtto dell‘lﬁmu
Copyright True
License type Free of charge forallusers and uses
Owner of data set niversit degli Studi di Bari Akdo Moro - Ee
Access and use restiction ‘Type of icense: Open Database Licence (ODbL)
PRODUCT/FUNCTIONAL UNIT Name Amount Unit Description (ncluding Reference Flow)

Area LOOE00 ha emge fiable grap. I ield: 26513 kg/ha)
Input flows
“Type of flow Fow Amount Unit D2 0rSD Deseription
Resources ) LOOE+00 ha 111 (12.1.1:2)Data based on average production (ISTAT, 2024)
Materialinput Imigation 2206402 mvm2 107 (111.12)Data based on field
Resources from enviroment Rainwater 64SEH02 mavn2 107 (1:2.1.1.2)Data based on Average 2022- 2023, PlanetaPSR
Intermediate materialinput N 175E402 ke 107 (1111 2)Data based on field
Intemediate material input 205 LOSEH2 ke 107 (111.1.2)Data based on field
Intermediate material input K20 602401 ke 107 (1111 2)Data based on field
Intemediate material input Cadmivm S3E03 kg 115 @3 World Food LCA| DB) (201
Intermediate materialinput Copper L6SE02 kg 1152333 World Food LCA DB) Q01
Intermediate material input Zine LOSEO! kg 115 @3 World Food LCA| DB) 2015)
Intemediate material input Lead 652603 kg 1152333 World Food LCA DB) (201
Intermediate materialinput Nickel LIEO ke 115 2333 World Food LCA DB) (2015)
Intemediate material input Chromium 6TE02 ke 115 @3 World Food LCA DB) (201
Intermediate materialinput Dimethomorph 600E01 ke 114 (33:23.2)Data based on Ribaudo et al. Q017) ab. 142.17 4
Intermediate materialinput Mancoxch LSOE100 ke 114 (3323.2)Data based on Ribaudo et al. (2017)tab.142.17.4r
Intemediate material input Copperoxychloride. 2805400 ke 114 (3323.2)Duta based on Ribaudo et al. (2017) tab. 142,174
Intermediate materialinput Wettable sulfur 3206400 ke 1,14 (332.3.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intermediate materialinput Colloidal sulfur LSOE400 ke 1,14 (332.3.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intemediate material input Bacillus thuringiensis 400501 kg 1,14 (3323.2)Data based on Ribaudo et al.(2017) tab. 142,174
Intermediate material input Chlompyrifos-methyl 240E400 ke 1,14 (332.3.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intemediate materialinput Fenazaquin 600E-01 | 1,14 (3323.2)Data based on Ribaudo et al. (2017) ab.142.17.4r
Intermediate materialinput Diesel L27EH2 kg 1,14 (3.323.2)Data based on Ribaudo et al.(2017) tab. 142,174
Intermediate material input Blectricity 650402 Kh 1,14 (3323.2)Data based on Ribaudo ct al. (2017)tab. 142.17.4r
Ancillory materialinput Lubrificant oil 2408400 ke 11403, Ribaudo et al. 2017) tab. 142.174r
‘Output flows.
Type of flow Flow Amount Uit SDA20rSD Description
Product Gapes 265E404 ke 107 (1.11.1.2)Data based on field
Emission in air Ammonia 638E00 kg 125 (2333 World Food LCA DB) (201
Emission in air Nitrogen oxides 2026400 ke 143 @3 World Food LCA DB) (2015)
Emission in air Dinitrogen monoxide 291EH00 ke 143 (233, World Food LCA DB) (201
Emission in air Dimethomorph SAOE02 ke 1512223 d X 100%)
Emission in air Mancorch LE2E] ke 151 impori and X soil (90%)
Emission in air Copper oxyehloride 25601 kg 1512223 a Pa i (%), i
Emision in air Wettable sulfur 288601 ke 151 2223 d . 100%)
Emission in air Colloidal sulfur LE2E] ke 151 Zamporiand X 100%)
Emission in air Bacilus thuringiensis 360602 ke 1512223 d it (%), il 90%)
Emission in air Chlompyrifos-methyl 21601 ke 151 2223 d . water (1%) and soil 90%)
Emission in air Fenazaquin 54002 1 151 d X 100%)
Emission in water (unspecified) Nitrte 2656401 kg 153 (2333 World Food LCA DB) (201
Emission in water (ground water) Phosphate leaching 700E02 ke 15323 World Food LCA DB) (2015)
Emission in water (surfuce water) Phosphate run-off 220601 kg 153 (233, World Food LCA DB) 201
Emission in water (unspecified) Phosphorous 207E01 ke 1532333 World Food LCA DB) (2015)
Emission in water Cadmiuy 442605 kg 18 World Food LCA DB) (2015)
Eission in water Copper 34E03 ke 183 (2333 World Food LCA DB) (201
Emission in water Zinc LI6E02 ke 183 (2333 World Food LCA DB) (2015)
Emission in water Lead 1SSE04 ke 18 @3 World Food LCA| DB) (201
Emission in water Chromium 20102 ke 183 2333 World Food LCA DB) (201
Emission in water Dimethomorph 600E-03 ke 151 2223 d . vater (1%) and soil (90%)
Emission in water Mancozeh 1002 kg 151 d . il 90%)
Emission in water Copper oxychloride. 280602 ke 1512223 d X il (90%)
Emission in water Wettable sulfur 320602 ke 151 d . water (1%)and soil (0%)
Emission in water Colloidal sulfur 1002 kg 151 d it (%), il (90%)
Emission in water Bacillus thuringiensis S00E03 ke 1512223 d X 100%)
Emission in water Chlompyrifos-methyl 240602 ke 151 d . soil (907%)
Eission in water Fenazaquin 600503 1 151 2223 d Pas it (%), il 90%)
Emission in soil Cadmium 6RE03 ke 1532333 World Food LCA DB) (2015)
Eission in soil Copper LIGE? ke 15323 World Food LCA DB) (201
Emission in soil Zine 4SSE2 ke 153 2333 World Food LCA DB) (201
Emission in soil Lead LOIEO3 ke 1532333 World Food LCA DB) (2015)
Eission in soil Nickel 99IE ke 15323 World Food LCA| DB) (201
Emission in soil Chromium 4S0E02 ke 1532333 World Food LCA DB) (201
Emission in soil Dimethomorph SA0E01 ke 122 d . water (1%) and soil (90%)
Emission in soil Mancozeh L62EH00 kg 12 d it (9%4), il %)
Emission in soil Copper oxychloride. 252E400 ke 1222223 d . 100%)
Emission in soil Wettable sulfur 288E400 ke 122 a . soil (90%)
Emission in soil Colloidal sulfur L62EH00 ke 1220223 d Pas it (%), il %)
Emission in soil Bacillus thuringiensis JG0E0! ke 1222223 d . 100%)
Emission in soil Chlompyrifos-methyl 2I6E400 ke 122 Zamporiand . 190%)
Emission in soil Fenazaquin S40E01 1 1222223 d it (9%). il (90%)

Organic covered
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‘Treatment; Mixand @ open field, undercover, high load beetween 6-18 years, On Field, Apulia (IT), 1 Yield not weighted, 1 ha
Synonyms « tavols " On Field, Puglia (IT)

Class name Materials Production

Class name Food and renewable raw materials

‘Type of quanitative reference References flow(s)

Reference ﬂnﬁx : liymi oftable imies forha

Reference year 3

Data set valid until 02

“Time representativeness description “The On Field data are collected over the 2022/2023 year

Location Apulia (IT)

ivated in 1 hectare of land in Apulia Fertilizers (based on Nitrogen, Phosph " 10 On Field Treatments Report regarding 108 ha crop in Apulia (IT)

Technology deseription includi tem Faming; Fertl d Pest control; tering, harvesti
Technical purpose of product or process The product (Grapes fruit) can be used for fresh consumption

Type of dataset Unit process, single operation

LCImethod principle Atributional

LCImethod approaches Not applicable

Deviations from LCI method approaches/cxplanations  none.

Date cut-offand completeness principles. Production i frastruen
Data sclecti principl

Data treatment and extrapolations principles  cultivated area, and yield done directly to farmers in Taranto for e ates (in termof N, P, K)are derived from Treatmenies Report of the 2022-2023 year, sam for Pesticides
Data collection period. 2022023

EUROSTAT, 2016, Soil European Erosion
Ribaudo F. (2017) Prontuario di Agricoltura, Hoepli;
L. & Pant, R, 2019). JRC E tal Fooips Publications Office of the European Union, Luxembourg
Data sources(s) used for this data set WFLDB - World Food LCA Database, 2015
ISTAT, 2024 hitps #/wwwwistat. it datibanche-dati
Piancta PSR

Completeness product model Allrclevant flows quantifiedC)

Typeofreview Indipendent extemal eview
Review detals Inventory data quality validation at the conclusion ofthe Project "PNRR GRINS" was reviewed according to GRINS methodology. The following criteria dataset: 1. Relabilty; 2. Conpler 4 i s.
Subsequent rewiew comments Based on the evid lected it the dat duced are in 0 14040:2021 and IS0 14044:2021.
Data Quality Indicators - Relabilty: Very Good - Suffcient "between 2and 3", - Completeness: Excellent - Sufficient "between 1 and 4" “between | and 3, between 1and 4", don: Very Good - Good "hetween 2¢
Reviewer name and institution Spin Life sl (Spin O dellUniversit degli Studi di Padoval
Compliance systemname 150 14040
Approval of overall compliance Fully compliant
Nomenclatures conplance Fully compliant
Methodological compliance Fully compliant
Review compliance Fully compliant
Documentation compliance Fully compliant
Quality compliance Fully compliant
Compliance systemname 150 14044
Approval of overall compliance Fully compliant
Nomenclatures compliance Fully compliant
Methodological compliance Fully compliant
Review conpliance Fully compliant
Documentation compliance Fully compliant
ality conpliance Fully compliant
Reference o commissioner Unione Furopea-Next Generation EU, Plano Nacionale di Ripresa ¢ Resilienza (PNRR), Missione 4, Componente 2, Investimento 1.3 "Creazione di P i Centr di Ricerca,alle Aziende per il finanziamento di progettidiricerca di base”
Project (GRINS PEOO0OO'S - Growing Resilient, INclusive and Sustainable, CUP: HO3C22000650001

Data set ien:mwr/mdelkr Universiti aei\. Studi di Bari Aldo Moro - n‘immnw di Feonomia Mlmimnl e Diritto dell‘li»n
Copyright True
License type Free of charge for all users and uses
Owner of data set Universia degh Studi i Bari Aldo Moro - Ee
Access and use restriction Tiieoﬂlcense ﬁ Database Licence ODbLi
PRODUCT/FUNCTIONAL UNIT Name Amount Unit Description ncluding Reference Flow)

i Area LOOE00 ha e fiable grap. I ld: 34306 kg/ha)
Input flows
Type of flow Fow Amount Unit D2 orSD Deseription
Resources ) LOOEH00 ha 111 (11122)Data based on average production (ISTAT, 2024)
Material input Imgation 1LT9EH02 mom2 107 (111.12)Data based on field
Resources from enviroment Rainwater 64SEH02 mavm2 107 (1.2.1.1.2)Data based on Average 2022- 2023, PianetaPSR
Intermediate material input N 6SIEH ke 107 (1111 2)Data based on field
Intemediate material input 205 S2IEH ke 107 (111.12)Data based on field
Intermediate materialinput K20 S3REHL ke 107 (11.1.12)Data based on field
Intemediate material input Cadmium 2708403 ke 115 @3 World Food LCA| DB) (2015)
Intermediate materialinput Copper 795603 kg 115 2333 World Food LCA DB) 201
Intermediate material input Zinc SOE02 ke [REICE World Food LCA| DB) 2015)
Intemediate material input Lead 335603 ke 115 @233, World Food LCA DB) (201
Intermediate materialinput Nickel 676603 ke 115 (2333 World Food LCA DB) (2015)
Intemediate material input Chromium 360502 ke 115 @3 DB) (201
Intermediate materialinput Dimethomorph 600501 ke 114 (332.3.2)Data based on Ribaudo et al.(2017) tab. 142.17.4r
Intermediate materialinput Mancorch LSOE100 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab. 142.17.4r
Intemediate material input Copperoxychloride. 2805400 ke 114 (3323.2)Duta based on Ribaudo et al.(2017) tab. 142,174
Intermediate materialinput Wettable sulfur 320E400 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intemediate materialinput Colloidal sulfur LSOE400 ke 1,14 (3:323.2)Data based on Ribaudo et al. (2017) tab. 142.17.4r
Intemediate material input Bacilla thuringiensis 400501 kg 1,14 (3323.2)Data based on Ribaudo et al.(2017) tab. 142,174
Intermediate materialinput Chlompyrifos-methyl 240E400 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017)tab.142.17.4r
Intemediate material input Fenazaquin 600E01 | 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intermediate materialinput Diesel L2TEHD ke 114 (33:23.2)Data based on Ribaudo et al. Q017) ab. 14217 4
Intermediate materialinput Blectricity 650E402 Kh 1,14 (332.3.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Ancillary material input Lubrificant oil 2406400 ke 114 63, Ribaudo et 2017) tab. 142,174
‘Output flows
Type of flow Flow Amount Uit SDA20rSD Description
Product Gapes 343N ke 107 (1.11.1.2)Data based on field
Emission in air Ammonia 238400 ke 125 (2333 World Food LCA DB) (2015)
Emission in air Nitrogen oxides 756E01 ke 14303 World Food LCA DB) (2015)
Emission in air Dinitrogen monoxide LIEHO kg 1432333 World Food LCA DB) Q01
Emission in air Dimethomorph SAOE02 ke 151 2223 d X 100%)
Emission in air Mancozeh LE2E] ke 151 Zamporiand X 190%)
Emission in air Copper oxychloride. 252601 ke 1512223 d it (%), il 90%)
Emission in air Wettable sulfur 288601 ke 151 d . water (1%) and soil 90%)
Enission in air Colloidal sulfur L6201 ke 151 d . il (90%)
Emission in air Bacillus thuringiensis JG0E02 ke 1512223 d X 100%)
Emission in air Chlompyrifos-methy! 21601 kg 151 d . soil (90%)
Emission in air Fenaraquin 54002 1 1512223 d Par it (%), il 90%)
Emission in water (unspecified) Nitmte 225401 ke 1532333 World Food LCA| DB) (2015)
Emission in water (ground water) Phosphate leaching TO0E2 ke 15323 World Food LCA| DB) (201
Emission in water (surface water) Phosphate run-off L9BEO! ke 153 2333 World Food LCA DB) (201
Emission in water (unspecified) Phosphorous 707E0] ke 15323 World Food LCA| DB) (2015)
Emission in water Cadmivm 397E05 ke 183 23 World Food LCA| DB) (201
Emission in water Copper 277603 ke 183 (2333 World Food LCA DB) (2015)
Emission in water Zine LIE0? kg 18 23 World Food LCA| DB) (2015)
Enission in water Lead 9.12E05 ke 183 (2333 World Food LCA DB) (201
Emission in water Chromium L9E0 ke 183 (2333 World Food LCA DB) (2015)
Emission in water Dimethomorph 600503 ke 151 Zamporiand X 100%)
Emission in water Mancozeh LSOE2 ke 1512223 it (%), 100%)
Emission in water Copperowchloride. 280502 ke 1512223 d X soil (90%%)
Emission in water Wettable sulfur 320602 ke 151 d . il (90%)
Emission in water Colloidal sulfur LSOE02 kg 1512223 d X 100%)
Emission in water Bacillus thuringiensis 400603 ke 151 d . water (1%) and soil 90%%)
Emission in water Chlorpyifos-ethy! 240602 ke 151 d it (%), il (90%)
Emission in water Fenazaquin 600503 1 151 2223 d . 100%)
Eission in soil Cadmivm 211E03 ke 153 @3 World Food LCA DB) (201
Emission in soil Copper 398E03 ke 1532333 World Food LCA DB) (201
Emission in soil LAOE02 ke 1532333 World Food LCA DB) (2015)
Emission in soil 495E04 ke 15303 World Food LCA DB) (201
Emission in soil Nickel 3TE03 ke 153 (2333 World Food LCA DB) (201
Emission in soil m L2602 ke 153 @3 World Food LCA DB) (2015)
Emission in soil Dinethomorph SAOEOL kg 122 d . 100%)
Emission in soil Mancoreh LOEHN ke 1220223 d . soil (90%)
Emision in soil Copperoxychloride. 2526400 ke 122 Zamporiand . S0l (90%)
Emission in soil Wettable sulfur 288E100 ke 1222223 d Pant (2019) - air (9%), il 90%)
Emission in soil Colloidal sulfur LOEHN ke 1222223 d . 100%)
Emission in soil Bacillas thuringiensis 360601 kg 122 d X 190%)
Emission in soil Chlompyrifos-methyl 216E400 ke 1220223 d X soil (90%)
Emission in soil Fenazaquin SA0E01 | 12 d ) water (1%) and soil (90%)

Organic uncovered
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‘Treatment; Mixand @ open field, high 618 years, On Field, Apulia (IT), Average Annual Yield, not weighted, | ha.
pieno. i

Synonyms « tavols 618 anni, On Field, Puglia (IT), Resa media annua, non ponderata, 1 ha
Class name Materials Production

Class name Food and renewable raw materials

‘Type of quanitative reference References flow(s)

Reference ﬂnﬁx : 30, ssui oftable imies forha

Reference year 3

Data set valid until 02

“Time representativeness description “The On Field data are collected over the 2022/2023 year

Location Apulia (IT)

ivated in 1 hectare of land in Apulia Fertilizers (based on Nitrogen, Phosph " 10 On Field Treatments Report regarding 258 ha crop in Apulia (IT)

Technology deseription includi tem Faming; Fertl d Pest control; tering, harvesti
Technical purpose of product or process The product (Grapes fruit) can be used for fresh consumption

Type of dataset Unit process, single operation

LCImethod principle Atributional

LCImethod approaches Not applicable

Deviations from LCI method approaches/cxplanations  none.

Date cut-offand completeness principles. Production i frastruen
Data sclecti principl

Data treatment and extrapolations principles  cultivated area, and yield done direetly to farmers in Brindisiand tes (in termof N, P, K)are derived from Treatmentes Report of the 2022-2023 year,
Data collection period. 2022023

EUROSTAT, 2016, Soil European Erosion
Ribaudo F. (2017) Prontuario di Agricoltura, Hoepli;
L. & Pant, R, 2019). JRC E tal Fooips Publications Office of the European Union, Luxembourg
Data sources(s) used for this data set WFLDB - World Food LCA Database, 2015
ISTAT, 2024 hitps #/wwwwistat. it datibanche-dati
Piancta PSR

Completeness product model Allrclevant flows quantifiedC)

Typeofreview Indipendent extemal eview
Review detals Inventory data quality validation at the conclusion ofthe Project "PNRR GRINS" was reviewed according to GRINS methodology. The following criteria dataset: 1. Relabilty; 2. Conpler 4 i s.
Subsequent rewiew comments Based on the evid lected it the dat duced are in 0 14040:2021 and IS0 14044:2021.
Data Quality Indicators - Relabilty: Very Good - Suffcient "between 2and 3", - Completeness: Excellent - Sufficient "between 1 and 4" “between | and 3, between 1and 4", don: Very Good - Good "hetween 2¢
Reviewer name and institution Spin Life sl (Spin O dellUniversit degli Studi di Padoval
Compliance systemname 150 14040
Approval of overall compliance Fully compliant
Nomenclatures conplance Fully compliant
Methodological compliance Fully compliant
Review compliance Fully compliant
Documentation compliance Fully compliant
Quality compliance Fully compliant
Compliance systemname 150 14044
Approval of overall compliance Fully compliant
Nomenclatures compliance Fully compliant
Methodological compliance Fully compliant
Review conpliance Fully compliant
Documentation compliance Fully compliant
ality conpliance Fully compliant
Reference o commissioner Unione Furopea-Next Generation EU, Plano Nacionale di Ripresa ¢ Resilienza (PNRR), Missione 4, Componente 2, Investimento 1.3 "Creazione di P i Centr di Ricerca,alle Aziende per il finanziamento di progettidiricerca di base”
Project (GRINS PEOO0OO'S - Growing Resilient, INclusive and Sustainable, CUP: HO3C22000650001

Data set ien:mwr/mdelkr Universiti aei\. Studi di Bari Aldo Moro - n‘immnw di Feonomia Mlmimnl e Diritto dell‘li»n
Copyright True
License type Free of charge for all users and uses
Owner of data set Universia degh Studi i Bari Aldo Moro - Ee
Access and use restriction Tiieoﬂlcense ﬁ Database Licence ODbLi
PRODUCT/FUNCTIONAL UNIT Name Amount Unit Description ncluding Reference Flow)

i Area LOOE00 ha ermge fiable grap. I ke/ha)
Input flows
Type of flow Fow Amount Unit D2 orSD Deseription
Resources ) LOOEH00 ha 111 (11122)Data based on average production (ISTAT, 2024)
Material input Imgation 254E402 mvm2 107 (111.12)Data based on field
Resources from enviroment Rainwater 64SEH02 mavm2 107 (1.2.1.1.2)Data based on Average 2022- 2023, PianetaPSR
Intermediate material input N LSEH2 ke 107 (1111 2)Data based on field
Intemediate material input 205 197401 ke 107 (111.12)Data based on field
Intermediate materialinput K20 630E401 ke 107 (11.1.12)Data based on field
Intemediate material input Cadmium 4I3E03 ke 115 @3 World Food LCA| DB) (2015)
Intermediate materialinput Copper 132602 kg 115 2333 World Food LCA DB) 201
Intermediate material input Zinc S29E02 ke [REICE World Food LCA| DB) 2015)
Intemediate material input Lead 526603 ke 115 @233, World Food LCA DB) (201
Intermediate materialinput Nickel LUE ke 115 (2333 World Food LCA DB) (2015)
Intemediate material input Chromium SIEN ke 115 @3 World Food LCA DB) (201
Intermediate materialinput 600501 ke 114 (33:23.2)Data based on Ribaudo et al. Q017 ab. 142174
Intermediate materialinput LSOE100 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab. 142.17.4r
Intemediate material input 2805400 ke 114 (3323.2)Duta based on Ribaudo et al.(2017) tab. 142,174
Intermediate materialinput 320E400 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intemediate materialinput LSOE400 ke 1,14 (3:323.2)Data based on Ribaudo et al. (2017) tab. 142.17.4r
Intemediate material input 400501 kg 1,14 (3323.2)Data based on Ribaudo et al.(2017) tab. 142,174
Intermediate materialinput Chlompyrifos-methyl 240E400 ke 1,14 (3323.2)Data based on Ribaudo et al. (2017)tab.142.17.4r
Intemediate material input Fenazaquin 600E01 | 1,14 (3323.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Intermediate materialinput Diesel L2TEHD ke 114 (33:23.2)Data based on Ribaudo et al. Q017) ab. 14217 4
Intermediate materialinput Blectricity 650E402 Kh 1,14 (332.3.2)Data based on Ribaudo et al. (2017) tab.142.17.4r
Ancillary material input Lubrificant oil 2406400 ke 114 63, Ribaudo et 2017) tab. 142,174
‘Output flows
Type of flow Flow Amount Uit SDA20rSD Description
Product Grapes 306EH04 ke 107 (1.11.1.2)Data based on field
Emission in air Ammonia SSTEH0 ke 125 (2333 World Food LCA DB) (2015)
Emission in air Nitrogen oxides LTTE0 ke 14303 World Food LCA DB) (2015)
Emission in air Dinitogen monoxide 255E400 kg 143 2333 World Food LCA DB) (01
Emission in air Dimethomorph SA0E02 ke 151 2223 d X 100%)
Emission in air Mancozeh LE2E] ke 151 Zamporiand X 190%)
Emission in air Copper oxychloride. 252601 ke 1512223 d it (%), il 90%)
Emission in air Wettable sulfur 288601 ke 151 d . water (1%) and soil 90%)
Enission in air Colloidal sulfur L6201 ke 151 d . il (90%)
Emission in air Bacillus thuringiensis JG0E02 ke 1512223 d X 100%)
Emission in air Chlompyrifos-methy! 21601 kg 151 d . soil (90%)
Emission in air Fenaraquin 54002 1 1512223 d Par it (%), il 90%)
Emission in water (unspecified) Nitmte 256E01 ke 1532333 World Food LCA| DB) (2015)
Emission in water (ground water) Phosphate leaching TO0E2 ke 15323 World Food LCA| DB) (201
Emission in water (surface water) Phosphate run-off 210601 kg 153 2333 World Food LCA DB) (201
Emission in water (unspecified) Phosphorous 707E01 ke 15323 World Food LCA| DB) (2015)
Emission in water Cadmivm 428605 kg 183 23 World Food LCA| DB) (201
Emission in water Copper 305603 ke 183 (2333 World Food LCA DB) (2015)
Emission in water Zine LSSE02 ke 18 23 World Food LCA| DB) (2015)
Enission in water Lead 132604 kg 183 (2333 World Food LCA DB) (201
Emission in water Chromium L9OE2 ke 183 (2333 World Food LCA DB) (2015)
Emission in water Dimethomorph 600503 ke 151 Zamporiand X 100%)
Emission in water Mancozeh LSOE2 ke 1512223 d it (%), il (90%)
Emission in water Copperowchloride. 280502 ke 1512223 d X soil (90%%)
Emission in water Wettable sulfur 320602 ke 151 d . il (90%)
Emission in water Colloidal sulfur LSOE02 kg 1512223 d X 100%)
Emission in water Bacillus thuringiensis 400603 ke 151 d . water (1%) and soil 90%%)
Emission in water Chlorpyifos-ethy! 240602 ke 151 d it (%), il (90%)
Emission in water Fenazaquin 600503 1 151 2223 d . 100%)
Eission in soil Cadmivm 349E03 ke 153 @3 World Food LCA DB) (201
Emission in soil Copper SO0E03 ke 1532333 World Food LCA DB) (201
Emission in soil 32IE02 ke 1532333 World Food LCA DB) (2015)
Emission in soil LI2E03 ke 15303 World Food LCA DB) (201
Emission in soil Nickel TME03 ke 153 (2333 World Food LCA DB) (201
Emission in soil m 3ITE02 ke 153 @3 World Food LCA DB) (2015)
Emission in soil Dinethomorph SAOEO1 kg 122 d . 100%)
Emission in soil Mancoreh LOEHN ke 1220223 d . soil (90%)
Emision in soil Copperoxychloride. 2526400 ke 122 Zamporiand . S0l (90%)
Emission in soil Wettable sulfur 288E100 ke 1222223 d Pant (2019) - air (9%), il 90%)
Emission in soil Colloidal sulfur LOEHN ke 1222223 d . 100%)
Emission in soil Bacillas thuringiensis 360601 kg 122 d X 190%)
Emission in soil Chlompyrifos-methyl 216E400 ke 1220223 d X soil (90%)
Emission in soil Fenazaquin SA0E01 | 12 d ) water (1%) and soil (90%)
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5 Life Cycle Impact Assessment (using
the EF 3.1 methodology)

According to the ISO 14040 standard, the environmental impact assessment aims to identify and measure
the impacts that the environment undergoes due to the releases and the consumption of resources
associated with the analyzed product system. In this phase, data related to emissions and resource use are
assigned to specific impact categories, quantifying the contribution of the process to the impacts considered.
The ISO 14040 standard establishes that the impact assessment is developed through three main steps:

- Classification, in which the inventory data are assigned to one or more relevant environmental impact
categories;

- characterization, which consists of calculating the category indicators and determining the relative
contribution of each emitted substance or resource used;

- impact assessment, the final phase of analysis of the results obtained.

The standard also foresees some optional steps, such as normalization, grouping, and weighting, which
allow further refinement of the interpretation of results. In this LCA study, the EF 3.1 method was applied,
and the outcomes of the different assessment phases are illustrated in the following sections.

5.1 Characterisation

Conventional covered

land  Ecotox Ecotox Water u  Ecotox Chmat Climat Ecotox Ecotox EFutrop lonisin  Acdifi Phato  Eutrop  Climat 2 Partic  Ozome Hums Huma Huma Huma Huma Huma
use loT.fr lotefr  use roeus oty echan echan ICtA N KTy fr Micatio gradi  cation cheml hicatlo echan echan Mucatio rceus  ulate  deple NtoNIC NIOWIC NTOMC Atowic ntode  ntowe

B O_EC_Uniba_graps_cony_covered_dat onfield B Inorgenic nitrogen fertiiser, #s N (RER]| market group for inorganic nitrogen fertilises, as N| Cut-ofl, §
B inorganic phosphonss ferntiliser, as P205 [RER)] market group 107 Incrganic phosphons fertiliser, a5 #205 | Cut-of.5 [0 Imgation |Row]| imgation, Gnp | Cut-ofr, S

W tnorganic potassium fertiliser, a3 K20 (RER) market group for inorganic potassium fertilises, a5 K20 | Cut-oft, § 1B Packaging, for fertiksers (GLOH market for packaging. for fertilsers | Cut-off, $

B Packaging. for pesticides IGLCY] market for peckaging, for pesticices | Cut-cir, S B resticide unspecified (GLOY market for pesticide, unspecified | Cui-off, §

[ Lubricating oil {RoWH markes for lubricating oil | Cut-off, § W OLEC Lviiba_gasolio sgricolo et emissicnl

The graph shows the percentage contribution of the main foreground processes to the EF 3.1 characterisation
results for conventional covered table grape production. The impact profile is largely driven by on-field
emissions, which dominate land use (97.4%), eutrophication, terrestrial (66.6%), eutrophication, marine
(63.4%), eutrophication, freshwater (56.5%), acidification (56.5%), particulate matter (53.4%), human

toxicity, non-cancer (80.6%), and human toxicity, cancer — inorganics (52.2%). Irrigation is almost entirely
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responsible for water use (97.8%) and also contributes to ionising radiation (18.2%) and resource use,
minerals and metals (22.9%). Mineral fertilisers are major hotspots in several categories: potassium fertiliser
dominates freshwater ecotoxicity — part 1 (54.1%) and freshwater ecotoxicity — inorganics (48.0%), while
nitrogen fertiliser is the main contributor to freshwater ecotoxicity — part 2 (73.7%), resource use, fossils
(41.9%), climate change (29.7%), and climate change — fossil (29.7%). Pesticide use is the main hotspot for
freshwater ecotoxicity — organics p.1 (87.9%) and ozone depletion (77.3%), whereas diesel and related
emissions are most relevant for photochemical ozone formation (39.0%). In terms of characterised results,
the main category totals include 20.35 Pt for land use, 2.36 m3 depriv. for water use, 1.64 MJ for fossil

resource use, and 0.156 kg CO, eq for climate change.

Conventional uncovered

The graph indicates that conventional uncovered cultivation has a contribution pattern similar to the covered
conventional system, with on-field emissions representing the main hotspot for land use (98.0%),
eutrophication, marine (62.7%), eutrophication, freshwater (57.5%), eutrophication, terrestrial (62.5%),
acidification (51.7%), particulate matter (48.9%), human toxicity, non-cancer (78.6%), and human toxicity,
cancer —inorganics (49.4%). Irrigation is almost solely responsible for water use (99.0%) and is also important
for resource use, minerals and metals (39.7%), human toxicity, cancer — organics (30.1%), human toxicity,
non-cancer —organics (34.2%), and ionising radiation (32.3%). Among fertiliser-related processes, potassium
fertiliser is the leading contributor to freshwater ecotoxicity — part 1 (42.3%) and freshwater ecotoxicity —
inorganics (36.9%), while nitrogen fertiliser dominates freshwater ecotoxicity — part 2 (66.1%) and is the main
contributor to climate change (25.8%), climate change — fossil (25.8%), and resource use, fossils (34.2%).
Pesticide use is again the dominant hotspot for freshwater ecotoxicity — organics p.1 (90.2%) and ozone
depletion (80.8%). Diesel and associated emissions are the main contributor to photochemical ozone
formation (43.4%). The highest characterised results for this system are observed for land use (19.32 Pt),

water use (3.59 m3 depriv.), fossil resource use (1.39 MJ), and climate change (0.124 kg CO; eq).
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Organic covered

Acidifi  Ciimat st (imat  E£cotor Fcotox Erotox  Ecotox Ecotox  Pamtic  Eutrop Eutrop Eutrop Huma  Huma 3 Huma Huma Huma fonisin  land Ozone Photo  Resou

catica echan icity.fr oty e icityfr icityfr ity fr ulste hicstio hicatio hicatio ntowdc n toxc wc piowc nloxic ntowe gradi  use  deple chem roeus

1 onfieid iser, 3 N ¢ 1 #0¢ CIgaiic nitrogen fertiiser, asN | Cut-off, S
Ol market for orgamc phosphorus fertiliser, a5 P20 | Cut-off, §

dides (GLOR markzt far packaging, for pesticdes | Cut-off. S 2 speciied (GLOM markst for pesticice: unspecitied | Cut-oft. S
(R market for lubricating ol | Cut-off, § B € _£C Uniba_gasolio agricolo ed envssioni

The graph shows a different hotspot structure for organic covered cultivation, with a reduced role of mineral
fertilisers and a greater incidence of irrigation, pesticides, diesel, and on-field emissions. On-field emissions
remain dominant for land use (99.5%), eutrophication, freshwater (73.9%), eutrophication, marine (64.3%),
eutrophication, terrestrial (52.2%), acidification (45.7%), particulate matter (47.0%), human toxicity, non-
cancer (77.8%), and human toxicity, cancer — inorganics (49.6%). Irrigation is the almost exclusive driver of
water use (100.0%) and is also the main contributor to resource use, minerals and metals (84.9%), ionising
radiation (69.9%), climate change — biogenic (64.3%), climate change —land use and land use change (55.4%),
freshwater ecotoxicity — part 2 (45.5%), and several human toxicity subcategories. Pesticide use dominates
the ecotoxicity-related categories, in particular freshwater ecotoxicity — organics p.1 (92.4%), freshwater
ecotoxicity —organics p.2 (58.6%), freshwater ecotoxicity — part 1 (58.1%), freshwater ecotoxicity —inorganics
(42.5%), and ozone depletion (93.1%). Diesel and related emissions are the main contributor to climate
change (35.2%), climate change — fossil (35.2%), and photochemical ozone formation (66.4%). This system
shows comparatively low characterised results, including 14.68 Pt for land use, 2.25 m3 depriv. for water use,

0.492 M for fossil resource use, and 0.042 kg CO, eq for climate change.
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Organic uncovered

Acicifi Climat Climat Climat Chimat  €cotok Ecotox  €rotox  Ecotox Ecotox  Partic  futrop Euvop Suifop Hums  Hums  Huma Huma Huma Hums donisin  Lsnd Ozone Photo  FResou Resou  Water
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d_datt antield B Organic nitrogen fersi ¢ for¢ gen fo N|Cut-oft, S

53, grape. organic_is
5 0l market for organic phosphons feniliser. 34 P203 § Cut-oft S [T Organic potassium f ser. 26 K20 | Cut-oft S
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W Fackaging, for pes: t for packaging, for pesticides | Cut-off, S
I Luticating oif (RoW| market for lubricating ofl | Cut-off, S 1B CLEC Uniba_gasotio sgricolo ed emissioni

The graph for organic uncovered cultivation confirms the same general structure observed for the organic
covered system, although with a stronger contribution from on-field emissions in nutrient-related categories
and slightly higher burdens for several impact indicators. On-field emissions dominate land use (99.3%),
eutrophication, terrestrial (69.8%), eutrophication, freshwater (68.0%), eutrophication, marine (67.3%),
acidification (62.9%), particulate matter (60.8%), human toxicity, non-cancer (81.4%), and human toxicity,
cancer — inorganics (56.3%). Irrigation is again almost entirely responsible for water use (100.0%) and is the
main hotspot for resource use, minerals and metals (87.5%), ionising radiation (73.0%), climate change —
biogenic (67.8%), climate change — land use and land use change (55.3%), freshwater ecotoxicity — part 2
(51.0%), and the organic fractions of human toxicity. Pesticide use remains the dominant contributor to
ecotoxicity-related categories, especially freshwater ecotoxicity — organics p.1 (87.8%), freshwater
ecotoxicity —organics p.2 (53.5%), freshwater ecotoxicity — part 1 (50.8%), freshwater ecotoxicity —inorganics
(35.7%), and ozone depletion (92.0%). Diesel and associated emissions are particularly relevant for
photochemical ozone formation (55.3%) and remain important for climate change together with on-field
emissions and irrigation. The main characterised results for this system are 16.53 Pt for land use, 3.57 m?

depriv. for water use, 0.676 M) for fossil resource use, and 0.068 kg CO, eq for climate change.

Overall, the characterisation results show a consistent hotspot pattern across the four cultivation systems.
On-field emissions are the main contributor to land use, acidification, terrestrial and marine eutrophication,
particulate matter, and most human toxicity non-cancer indicators, confirming the central role of direct field
emissions in the agricultural phase. Irrigation systematically dominates water use in all systems, with shares
ranging from 97.8% to almost 100%, and is also a major hotspot for ionising radiation and resource use,
minerals and metals, especially in the organic systems. Pesticide use is the recurrent hotspot for freshwater
ecotoxicity — organics and ozone depletion, with contributions generally above 88% and reaching 93.1% in

the organic covered system. A clear distinction emerges between production systems: in the conventional
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systems, mineral fertilisers, especially nitrogen and potassium, play a major role in climate change, fossil
resource use, and freshwater ecotoxicity, whereas in the organic systems the burden shifts more markedly
towards irrigation, diesel, and pesticide-related processes. From a comparative perspective, organic covered
cultivation generally shows the lowest characterised results for several key categories, including climate
change (0.042 kg CO; eq), acidification (4.94x10™* mol H* eq), fossil resource use (0.492 MJ), and land use
(14.68 Pt), while the uncovered systems show the highest water use burdens, equal to 3.59 m® depriv. for
conventional uncovered and 3.57 m® depriv. for organic uncovered. These results indicate that the main
environmental hotspots are associated with field emissions, irrigation demand, agrochemical use, and
energy-related inputs, although their relative importance varies according to the cultivation management

system.

5.2 Normalization

Conventional covered

on-field In.organic Inorganic o Inorga.nic Packaging, Packaging, Pesticide, Lubricating .
. nitrogen phosphorus Irrigation  potassium for for . R Diesel Total
emissions s - - . . unspecified oil
fertiliser  fertiliser fertiliser fertilisers pesticides
Water use 0,00E+00  3,27E-06  5,98E-07  2,01E-04  5,09E-07  2,14E-08  5,31E-09  1,08E-08  3,61E-09  2,86E-08  2,05E-04
Ecotoxicity, freshwater 2,23E-06  1,83E-05  7,11E-06 1,17E-06  3,17E-05  3,49E-07 3,46E-08  4,91E-06  4,35E-08  2,01E-06  6,78E-05
Human toxicity, non-cancer 4,73E-05  4,58E-06  1,42E-06 2,84E-06 1A47E-06  1,73E-07 2,40E-08  6,33E-07  1,61E-08  2,37E-07  5,87E-05
Eutrophication, terrestrial 2,91E-05  4,86E-06 1,17E-06  7,17E-07 1,66E-06  2,88E-07  2,82E-08 3,83E-07  9,09E-09  5,48E-06  4,37E-05
Acidification 2,03E-05  5,48E-06 2,58E-06  1,26E-06  1,63E-06  2,46E-07  3,14E-08 1,05E-06  1,52E-08  3,39E-06  3,60E-05
Eutrophication, freshwater 1,98E-05  5,24E-06  2,57E-06  3,39E-06  1,92E-06  1A48E-07 4,25E-08  1,72E-06  2,07E-08  1,57E-07  3,50E-05
Eutrophication, marine 1,65E-05  2,23E-06  543E-07  6,32E-07  7,26E-07  2,44E-07  2,51E-08  5,75E-07  8,27E-09  4,56E-06  2,61E-05
Resource use, fossils 0,00E+00  1,06E-05  2,51E-06  3,12E-06  3,11E-06  4,79E-07  1,16E-07  1,23E-06  9,18E-08  4,02E-06  2,53E-05
Land use 242E-05 2,29E-07  1,62E-07  3,82E-08  1,38E-07 2,55E-08 2,41E09  2,02E-08 675610 1,79E-08  2,48E-05
Particulate matter 1,23E-05  4,04E-06  1,68E-06 1,44E-06 1,87E-06  3,64E-07 6,87E-08  7,72E-07 1,27E-08  4,54E-07  2,30E-05
Resource use, minerals and metals ~ 0,00E+00  9,74E-06  2,39E-06  4,79E-06  2,91E-06 9,75E-08  1,65E-08  8,76E-07 1,92E-08 4,73E-08  2,09E-05
Climate change 5,71E-06  6,11E-06 1,56E-06 1,57E-06 1,92E-06  2,86E-07  5,21E-08 6,99E-07  2,10E-08  2,66E-06  2,06E-05
Photochemical ozone formation 2,69E-06 3,31E-06 1,02E-06 1,12E-06 1,24E-06 3,99E-07 4,35E-08 5,65E-07 7,18E-08 6,69E-06 1,71E-05
Human toxicity, cancer 2,01E-06  1,25E-06  3,53E-07  6,55E-07  4,32E-07  7,09E-08  1,18E-08  3,97E-07  4,32E-09  1,22E-07  5,31E-06
lonising radiation 0,00E+00 6,21E-07 2,79E-07 2,30E-07 2,26E-07 1,13E-08 4,31E-09 9,13E-08 1,65E-09 2,73E-08 1,54E-06
Ozone depletion 0,00E+00  2,59E-08  5,91E-09 2,82E-09 7,31E09 657610 847611 1,73E07 115610 8,11E-09  2,24E-07

The normalized results for conventional covered table grape production show that water use is the most
relevant impact category, with a normalized value of 2.05E-04, almost entirely driven by irrigation. The
second most relevant category is freshwater ecotoxicity (6.78E-05), mainly associated with potassium
fertiliser inputs, followed by human toxicity, non-cancer (5.87E-05), which is largely attributable to on-field
emissions. High normalized contributions are also observed for eutrophication, terrestrial (4.37E-05),
acidification (3.60E-05), and eutrophication, freshwater (3.50E-05), again mainly linked to direct field
emissions and fertiliser use. Overall, the normalized profile highlights irrigation demand, ecotoxicity-related

effects, and nutrient emissions as the main environmental hotspots of this cultivation system.
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Acidification

Climate change
Ecotoxicity, freshwater
Particulate matter
Eutrophication, marine
Eutrophication, freshwater
Eutrophication, terrestrial
Human toxicity, cancer
Human toxicity, non-cancer
lonising radiation

Land use

Ozone depletion

Photochemical ozone formation

Resource use, fossils

Resource use, minerals and metals

Water use

For conventional uncovered cultivation, the normalized profile is again dominated

On-field
emissions

1,41E-05
3,98E-06
1,75E-06
8,53E-06
1,42E-05
1,89E-05
2,026-05
1,60E-06
3,85E-05
0,00E+00
2,31E-05
0,00E+00
1,87E-06
0,00E+00
0,00E+00
0,00E+00

Ministero
dell'Universita
<~ e della Ricerca

Inorganic

nitrogen

fertiliser
3,79E-06
4,23E-06
1,26E-05
2,80E-06
1,55E-06
3,63E-06
3,37E-06
8,69E-07
3,17e-06
4,30E-07
1,59E-07
1,79E-08
2,29€-06
7,32E-06
6, 74E-06
2,26E-06

Italiadomani

Conventional uncovered

Inorganic
phosphorus

fertiliser
2,18E-06
1,32E-06
6,03E-068
1,43E-060
4,60E-07
2,18E-06
9,89E-07
2,99E-07
1,20E-06
2,36E-07
1,37E-07
5,01E-09
8,65E-07
2,13E-06
2,02E-08
5,07E-07

Irrigation

1,95E-06
2,436-06
1,80E-06
2,23E-06
9,76E-07
5,23E-06
1,11E-06
1,01E-06
4,39E-06
4,32E-07
5,91E-08
4,36E-09
1,73E-06
4,82E-06
7,40E-06
3,10E-04

Packaging, Packaging,

for
fertilisers
1,69E-07
1,96E-07
2,39E-07
2,50E-07
1,67E-07
1,01E-07
1,97E-07
4,85E-08
1,15E-07
7,72E-09
1,74E-08
4,50E-10
2,73E-07
3,28E-07
6,68E-08
1,47E-08

for
pesticides
3,00E-08
4,98E-08
3,31E-08
6,56E-08
2,40E-08
4,06E-08
2,69E-08
1,12E-08
2,29E-08
4,11E-09
2,30E-09
8,09E-11
4,16E-08
1,11E-07
1,58E-08
5,07E-09

Inorganic

potassium

fertiliser
8,28E-07
9,77E-07
1,61E-05
9,50E-07
3,69E-07
9,74E-07
8,45E-07
2,19E-07
747E-07
1,15E-07
7,01E-08
3,71E-09
5,30E-07
1,58E-06
1,43E-00
2,59E-07

Pesticide, Lubricating

unspecified

1,00E-06
6,68E-07
4,69E-06
7,37E-07
5,49E-07
1,64E-06
3,66E-07
3,79E-07
6,05E-07
8,72E-08
1,93E-08
1,65E-07
5,4DE-07
1,18E-06
8,37E-07
1,03E-08

oil

1,45E-08
2,01E-08
4,16E-08
1,21E-08
7,90E-09
1,98E-08
8,69E-09
4,13€-09
1,53E-08
1,58E-09
6,45E-10
1,10E-10
6,86E-08
8,77E-08
1,84E-08
3,45E-09

i{J GRINS
U FOUNDATION

Diesel

3,2308E-06

2,543E-06
1,9155E-06
4,3285E-07
4,3518E-06
1,5032E-07
5,2307E-06

1,167E-07
2,2629E-07
2,6021E-08
1,7103E-08
7,7421E-09
6,3814E-06
3,8376E-06
4,5147E-08
2,7309E-08

Total

2,73E-05
1,64E-05
4,52E-05
1,74E-05
2,27E-05
3,28E-05
3,23E-05
4,56E-06
4,90E-05
1,34E-06
2,36E-05
2,05E-07
1,476-05
2,14E-05
1,86E-05
3,13E-04

by water use, which

reaches 3.13E-04, with irrigation accounting for nearly the entire result. The next most relevant categories

are human toxicity, non-cancer (4.90E-05) and freshwater ecotoxicity (4.52E-05). The former is mainly driven

by on-field emissions, whereas the latter is largely associated with potassium fertiliser. Additional relevant

categories include eutrophication, freshwater (3.28E-05), eutrophication, terrestrial (3.23E-05), and

acidification (2.73E-05), all primarily linked to field emissions and fertiliser-related processes. Compared with

the covered conventional system, the normalized burden of water use is markedly higher.

Acidification

Climate change
Ecotoxicity, freshwater
Particulate matter
Eutrophication, marine
Eutrophication, freshwater
Eutrophication, terrestrial
Human toxicity, cancer
Human toxicity, non-cancer
lonising radiation

Land use

Ozone depletion

Photochemical ozone formation

Resource use, fossils

Resource use, minerals and metals

Water use

On-field
emissions

4,06E-06
1,18E-06
5,85E-07
2,46E-06
8,35E-06
1,44E-05
5,82E-06
5,14E-07
1,28E-05
0,00E+00
1,78E-05
0,00E+00
5,38E-07
0,00E+00
0,00E+00
0,00E+00

Organic Organic Organic
nitrogen phosphorus potassium
fertiliser  fertiliser fertiliser

1,42E-07  5,20E-08  3,24E-08
1,56E-07  5,78E-08  4,09E-08
1,21E-07  4,60E-08  4,48E-08
1,78E-07  6,61E-08  5,00E-08
8,14E-08  3,07E-08  2,69E-08
2,09E-07  7,53E-08  3,42E-08
1,29E-07 4,81E-08 3,55E-08
3,40E-08 1,27E-08 9,56E-09
9,90E-08  3,66E-08  2,63E-08
1,50E-08  5,40E-09  2,38E-09
1,09E-08  4,09E-09  3,55E-09
2,21E-10  8,38E-11  8,21E-11
1,51E-07  5,68E-08  4,71E-08
2,18E-07  8,12E-08  6,25E-08
6,01E-08  2,22E-08  1,52E-08
1,00E-08  3,67E-09  2,34E-09

Irrigation

1,23E-06
1,53E-06
1,14E-06
1,41E-06
6,16E-07
3,31E-06
6,99E-07
6,39E-07
2,77E-06
2,73E-07
3,73E-08
2,75E-09
1,09E-06
3,05E-06
4,67E-06
1,96E-04

Organic covered

Packaging,
for
fertilisers

6,61E-08
7,67E-08
9,37E-08
9,73E-08
6,55E-08
3,97E-08
7,73E-08
1,90E-08
4,65E-08
3,03E-09
6,84E-09
1,776-10
1,07E-07
1,296-07
2,62E-08
5,76E-09

Packaging,
for
pesticides

2,31E-08
3,84E-08
2,55E-08
5,06E-08
1,35E-08
3,14E-08
2,08E-08
8,68E-09
1,77E-08
3,18E-09
1,78E-09
6,25E-11
3,21E-08
8,56E-08
1,226-08
3,92E-09

Pesticide,
unspecified

7,74E-07
5,16E-07
3,62E-06
5,69E-07
4,24€-07
1,27E-06
2,82E-07
2,92E-07
4,67€-07
6,73E-08
1,49E-08
1,28E-07
4,17€-07
9,08E-07
6,46E-07
7,95E-09

Lubricating
oil

1,12E-08
1,55E-08
3,226-08
9,38E-09
6,11E-09
1,53E-08
6,72E-09
3,19E-09
1,196-08
1,22E-09
4,99E-10
8,49E-11
5,30E-08
6,79E-08
1,42E-08
2,67E-09

Diesel

2,49E-06
1,96E-06
1,48E-06
3,34E-07
3,36E-06
1,16E-07
4,04E-06
9,01E-08
1,756-07
2,01E-08
1,326-08
5,98E-09
4,93E-06
2,96E-06
3,48E-08
2,11E-08

Total

8,89E-06
5,58E-06
7,18E-06
5,22E-06
1,30E-05
1,95E-05
1,12E-05
1,62E-06
1,64E-05
3,90E-07
1,79E-05
1,37E-07
7,42E-06
7,56E-06
5,50E-06
1,96E-04

In the organic covered system, water use remains the dominant normalized category, with a value of 1.96E-

04, almost completely due to irrigation. The following categories are eutrophication, freshwater (1.95E-05),

land use (1.79E-05), and human toxicity, non-cancer (1.64E-05), all mainly driven by on-field emissions.

Eutrophication, marine (1.30E-05) and eutrophication, terrestrial (1.12E-05) are also relevant, confirming the

importance of nutrient-related emissions. Compared with the conventional systems, the normalized values

are generally lower for most categories, while water use remains the main hotspot.
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Organic uncovered
on-field (?rganic Organic Grgal:lic o Packaging, Packaging, Pesticide, Lubricating )
L nitrogen phosphorus potassium  Irrigation for for . . Diesel Total
emissions i . - . .. unspecified oil
fertiliser fertiliser  fertiliser fertilisers  pesticides

Acidification 1,07e-05 3,71e-07 8,94E-08 4,25e-08 1,95e-06 1,28e-07 2,60E-08 8,70E-07 1,26E-08 2,80e-06 1,70E-05
Climate change 3,02E-06  4,10E-07  9,93E-08  5,36E-08 2,44E-06 1,48E-07  4,32E-08  5,79E-07 1,74E-08 2,21E-06 9,01E-06
Ecotoxicity, freshwater 1,19E-06 3,17E-07  7,90E-08  5,88E-08 1,81E-06 1,81E-07 2,87E-08  4,07E-06 3,61E-08 1,66E-06 9,43E-06
Particulate matter 6,44E-06 4,65E-07 1,13E-07 6,57E-08 2,24E-06 1,89e-07 5,69E-08 6,40E-07 1,05E-08 3,75-07 1,06E-05
Eutrophication, marine 1,17E-05 2,13E-07 5,27E-08 3,53E-08 9,79e-07 1,27E-07 2,08E-08 4,76E-07 6,86E-09 3,77E-06 1,74E-05
Eutrophication, freshwater 1,63E-05 5,46E-07  1,298-07  4,49E-08  5,25E-06 7,68E-08 3,52E-08  1,43E-06 1,72E-08 1,30E-07 2,39E-05
Eutrophication, terrestrial 1,53E-05 3,39E-07 8,26E-08 4,66E-08 1,11E-06 1,49E-07 2,34E-08 3,17e-07 7,54E-09 4,54E-06 2,19E-05
Human toxicity, cancer 1,03E-06 8,91E-08  2,17E-08  1,25E-08 1,02E-06 3,68E-08 9,76E-09 3,29E-07 3,59E-09 1,01E-07 2,65E-06
Human toxicity, non-cancer 2,46E-05 2,59E-07 6,29E-08 3,46E-08 4,41E-06 8,99E-08 1,99E-08 5,24E-07 1,33E-08 1,96E-07 3,02E-05
lonising radiation 0,00E+00 3,92e-08 9,27E-09 3,12E-09 4,34e-07 5,85E-09 3,57e-09 7,56E-08 1,37E-09 2,26e-08 5,94E-07
Land use 2,00E-05 2,85E-08  7,02E-09  4,66E-09  5,93E-08 1,32E-08 2,00E-09 1,67E-08  5,60E-10 1,48E-08 2,02E-05
Ozone depletion 0,00E+00  578E-10  1,44E-10  L08E-10  4,38E09  341E10 702611 L44E07 954611 672609  1,56E-07
Photochemical ozone formation 1,41E-06 3,96€E-07 9,75E-08 6,17E-08 1,74€-06 2,07e-07 3,61E-08 4,69E-07 5,96E-08 5,54E-06 1,00E-05
Resource use, fossils 0,00E+00 5,72E-07 1,39E-07 8,20E-08 4,84E-06 2,49E-07 9,62E-08 1,02E-06 7,62E-08 3,33E-06 1,04E-05
Resource use, minerals and metals 0,00E+00 1,57E-07  3,80E-08  2,00E-08 7,42E-06  5,06E-08 1,37E-08  7,26E-07 1,59E-08 3,92E-08 8,43E-06
Water use 0,00E+00 2,62E-08 6,31E-09 3,07e-09 3,11E-04 1,11E-08 4,40E-09 8,94E-09 2,99e-09 2,37E-08 3,12E-04

The normalized results for organic uncovered table grape production show water use as the clearly dominant
category, with a value of 3.12E-04, almost entirely attributable to irrigation. The second most relevant
category is human toxicity, non-cancer (3.02E-05), followed by eutrophication, freshwater (2.39E-05),
eutrophication, terrestrial (2.19E-05), and land use (2.02E-05). These categories are mainly influenced by on-
field emissions, while the contribution of fertiliser-related processes is more limited than in the conventional
systems. The normalized profile therefore confirms the central role of irrigation and direct agricultural

emissions in the environmental performance of the organic uncovered system.

The normalization results confirm the trends already observed in the characterisation phase, while making
the relative importance of the impact categories more explicit. Across all four cultivation systems, water use
is the most relevant normalized category and is consistently dominated by irrigation. The highest normalized
water use values are observed in the uncovered systems (3.13E-04 for conventional uncovered and 3.12E-04
for organic uncovered), whereas the covered systems show lower values. In the conventional systems, the
normalized profile is also strongly influenced by freshwater ecotoxicity, human toxicity, non-cancer, and
eutrophication-related categories, with a more evident role of mineral fertilisers, especially potassium
fertiliser in ecotoxicity. In the organic systems, the normalized burdens are generally lower, and the most
relevant categories after water use are mainly associated with on-field emissions, particularly eutrophication,
land use, and human toxicity, non-cancer. Overall, normalization confirms that the main environmental
hotspots are linked to irrigation demand, direct field emissions, and, in conventional management, fertiliser-

related inputs.
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The weighted results for conventional covered table grape production confirm water use as the dominant
impact category, with a score of 17.48 uPt, accounting for nearly half of the total weighted result (38.53 uPt).
This burden is almost entirely driven by irrigation (17.10 uPt). The second most relevant category is climate
change (4.34 uPt), mainly associated with inorganic nitrogen fertiliser (1.29 uPt) and on-field emissions (1.20
UPt). Other relevant weighted categories are acidification (2.23 uPt), resource use, fossils (2.10 uPt),
particulate matter (2.06 uPt), and land use (1.97 uPt). Overall, the weighting step highlights irrigation, mineral

fertilisation, and field emissions as the main contributors to the aggregated environmental burden.

Conventional uncovered
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For conventional uncovered production, the weighted profile is again clearly dominated by water use, which
reaches 26.67 uPt out of a total of 43.88 pPt, with irrigation contributing 25.94 uPt. The second most relevant
category is climate change (3.46 pPt), followed by land use (1.87 uPt), resource use, fossils (1.78 uPt),
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acidification (1.69 uPt), and particulate matter (1.56 uPt). As in the covered conventional system, inorganic
nitrogen fertiliser is the main driver of climate change, while on-field emissions dominate land use and most
eutrophication- and emission-related categories. The weighting results therefore confirm the strong

incidence of irrigation demand in the uncovered conventional system.

Organic covered
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The weighted results for organic covered cultivation show a lower total score (23.55 uPt) than both
conventional systems. Water use remains the dominant category, with 16.69 uPt, almost entirely attributable
to irrigation (16.23 pPt). The next most relevant categories are land use (1.42 uPt) and climate change (1.17
UPt). In this case, climate change is mainly driven by diesel-related processes (0.41 uPt) and irrigation (0.32
MPt), whereas the role of fertiliser inputs is limited. Other relevant categories are resource use, fossils (0.63
MPt), acidification (0.55 uPt), and eutrophication, freshwater (0.55 pPt). Overall, the weighting results confirm

that the organic covered system has the lowest aggregated burden among the four cultivation types.

Organic uncovered
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For organic uncovered cultivation, the total weighted result is 36.83 uPt, with water use again representing
the main hotspot (26.51 uPt), almost entirely due to irrigation (25.90 uPt). The second most relevant category
is climate change (1.90 uPt), followed by land use (1.60 uPt), acidification (1.05 uPt), particulate matter (0.95
UPt), and resource use, fossils (0.87 uPt). Compared with the organic covered system, the higher total score
is mainly due to the increase in water use and the higher contribution of on-field emissions and diesel-related
processes in climate change and air emission categories. The weighted profile therefore confirms a less

favourable performance for the uncovered organic system.

The weighting results make the hierarchy of environmental relevance particularly clear. In all four cultivation
systems, water use is by far the dominant contributor to the single-score result, always driven almost entirely
by irrigation. This contribution is especially high in the uncovered systems, where water use reaches 26.67
WPt in the conventional case and 26.51 pPt in the organic case. After water use, the most relevant weighted
categories are generally climate change, land use, acidification, particulate matter, and resource use, fossils,
although their relative importance varies across systems. In the conventional systems, the weighted burden
of climate change and fossil resource use is more strongly linked to mineral fertilisers, especially inorganic
nitrogen fertiliser, while in the organic systems the contribution shifts mainly towards irrigation, diesel-
related processes, and on-field emissions. From a comparative perspective, organic covered cultivation
shows the lowest total weighted score (23.55 pPt), whereas conventional uncovered cultivation shows the
highest (43.88 uPt). Overall, the weighting step confirms that irrigation demand is the main driver of the
aggregated environmental footprint of table grape production, with additional contributions from field

emissions, fertilisation, and energy use depending on the cultivation system.

5.4Contribution analysis of the most burdening
processes to the most relevant impact categories

Conventional covered
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Weighing point scale (micro-Pt)
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Water use Climate change Acidification FO:Z:;Si:UZeeHI Pa;']t;cg(l;te Land use Eu::reor;:gg:zllon, Mé:?erglg:izasct
| Minor inventories 0,003 0,076 0,018 0,067 0,040 0,002 0,012 0,054
Fertilisers and pesticides 0,373 2,169 0,666 2,651 0,750 0,044 0,300 2,198

M rrigation and other agricultural activities 17,100 0,892 0,288 0,959 0,170 0,004 0,230 0,776
mOn field emissions 0,000 1,203 1,260 0,000 1,100 1,921 1,079 2,128
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The contribution analysis for conventional covered table grape production shows a differentiated hotspot
structure across the most relevant weighted impact categories. Water use is almost entirely attributable to
irrigation and other agricultural activities (17.100 uPt out of 17.476 uPt), confirming irrigation as the
dominant driver of the overall score. Climate change is mainly associated with fertilisers and pesticides (2.169
uPt), followed by on-field emissions (1.203 pPt) and irrigation and other agricultural activities (0.892 uPt). A
similar pattern is observed for fossil and mineral resource use, where fertilisers and pesticides provide the
largest contribution (2.651 pPt), ahead of irrigation-related activities (0.959 uPt). By contrast, on-field
emissions dominate acidification (1.260 uPt), particulate matter (1.100 pPt), land use (1.921 uPt), and
eutrophication, terrestrial (1.079 pPt). Minor inventories remain negligible in all major categories. Overall,
the system is characterised by a dual pattern in which irrigation dominates water use, fertiliser and pesticide

inputs drive climate- and resource-related burdens, and on-field emissions prevail in emission-related

categories.
Conventional uncovered
30
g
2 25
k]
£
L%}
©
a
E 20
(=]
Qo
B
[=
£
.20
@
S 15
10
5
]
0 e || [ | || I [ | -
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Water use Climate change  Acidification mineral articuiate Land use utrop \ca. fon, inor m.pac
matter terrestrial categories
resource use
W Minor inventories 0,002 0,056 0,013 0,051 0,029 0,002 0,009 0,412
Fertilisers and pesticides 0,259 1,517 0,484 1,852 0,530 0,031 0,207 1,112
M Irrigation and other agricultural activities 26,414 1,047 0,321 1,282 0,239 0,006 0,235 0,900
M On field emissions 0,000 0,837 0,875 0,000 0,764 1,833 0,750 1,814

For conventional uncovered cultivation, irrigation and other agricultural activities remain the dominant
contributor to water use, accounting for 26.414 uPt out of 26.675 pPt. Climate change is again mainly driven
by fertilisers and pesticides (1.517 uPt), followed by irrigation and other agricultural activities (1.047 pPt) and
on-field emissions (0.837 pPt). The same applies to fossil and mineral resource use, where fertilisers and
pesticides represent the main hotspot (1.852 uPt), with an additional contribution from irrigation-related
activities (1.282 uPt). Conversely, on-field emissions dominate acidification (0.875 uPt), particulate matter

(0.764 pPt), land use (1.833 uPt), and eutrophication, terrestrial (0.750 pPt). Compared with the covered
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conventional system, the contribution pattern is broadly similar, but the burden associated with irrigation is

markedly higher, especially for water use and, to a lesser extent, climate change and resource use.

Organic covered
18
16
14
12

10

wWeighing point scale (micro-Pt)

0 N o= . I _

Fossil and

Particulat Eutrophicati Mi | t
Water use Climate change  Acidification mineral articulate Land use uirop ‘Ca. ‘on, nor m.pac
matter terrestrial categories
resource use

H Minor inventories 0,001 0,028 0,006 0,027 0,014 0,001 0,004 0,014
Fertilisers and pesticides 0,002 0,162 0,062 0,162 0,077 0,003 0,018 0,204
M Irrigation and other agricultural activities 16,685 0,736 0,231 0,855 0,156 0,004 0,176 0,636
m On field emissions 0,000 0,249 0,252 0,000 0,220 1,415 0,216 0,934

In the organic covered system, irrigation and other agricultural activities are clearly the main hotspot for
water use, contributing 16.685 pPt out of 16.688 uPt, and they also provide the largest share of climate
change (0.736 uPt) and fossil and mineral resource use (0.855 pPt). On-field emissions remain the dominant
contributor to land use (1.415 pPt) and are slightly higher than irrigation-related activities in acidification
(0.252 uPt vs 0.231 pPt). The contribution of fertilisers and pesticides is comparatively limited, although it
remains relevant for climate change and fossil and mineral resource use (both 0.162 puPt). Particulate matter
and eutrophication, terrestrial are more evenly distributed between on-field emissions and irrigation-related
activities, with a moderate contribution from fertilisers and pesticides. Overall, the organic covered system
shows a simpler hotspot pattern, dominated by irrigation-related processes for water and resource use, and

by on-field emissions for land use and air emission-related categories.
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Organic uncovered
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M Minor inventories 0,002 0,044 0,010 0,041 0,023 0,001 0,007 0,017
Fertilisers and pesticides 0,004 0,240 0,085 0,222 0,115 0,005 0,029 0,275
M [rrigation and other agricultural activities 26,510 0,978 0,295 1,243 0,234 0,006 0,210 0,838
m On field emissions 0,000 0,636 0,661 0,000 0,577 1,590 0,566 1,365

For organic uncovered cultivation, irrigation and other agricultural activities dominate water use (26.510 pPt
out of 26.516 pPt) and also represent the largest contribution to climate change (0.978 uPt) and fossil and
mineral resource use (1.243 uPt). On-field emissions remain the main hotspot for land use (1.590 uPt),
acidification (0.661 uPt), particulate matter (0.577 uPt), and eutrophication, terrestrial (0.566 uPt). The
contribution of fertilisers and pesticides is again secondary but not negligible, especially for climate change
(0.240 pPt) and fossil and mineral resource use (0.222 uPt). Compared with the organic covered system, the
same hotspot pattern is observed, but with systematically higher contributions from both irrigation-related
activities and on-field emissions. This confirms the less favourable weighted performance of the uncovered

organic cultivation.

Across all four cultivation systems, the contribution analysis highlights three recurring hotspot groups. First,
irrigation and other agricultural activities overwhelmingly dominate water use in every system, with
contributions ranging from 16.685 pPt in organic covered to 26.510 pPt in organic uncovered. Second, on-
field emissions are the main contributors to land use, acidification, particulate matter, and eutrophication,
terrestrial, confirming their central role in the emission-related impact profile of grape production. Third,
fertilisers and pesticides are especially relevant in the conventional systems, where they drive climate change
and fossil and mineral resource use, while in the organic systems these categories are more strongly
influenced by irrigation and other agricultural activities. From a comparative perspective, the uncovered
systems show higher irrigation-related burdens than the covered systems, particularly for water use, whereas

the organic systems display a lower contribution from fertilisers and pesticides. Overall, the results indicate
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that the main weighted hotspots are associated with irrigation demand, direct field emissions, and,

depending on the management system, agrochemical inputs.

5.5 Contribution analysis of the most burdening
substances to the most relevant impact

categorles
Conventional covered
. . o Associated
Total damage (161 Emitted Consumed natural and primary energy Emission damage
nPt) substance resources compartment -
micro-Pt
Water Use (17.5 micro-Pt)
Water turbine use,
unspecified natural X 20,3
origin
Water river X 10,5
Water, well X 6,63
Water, unspecified X water -20,5
Climate Change (4.34 micro-Pt)
Carbon dioxide, fossil X air 2,72
Dinitrogen monoxide X air 1,31
Methane fossil X air 0,296
Fossil and mineral resource use (3.68 micro-Pt)
Gas, natural X 1,07
Tellurium X 0,748
Crude oil X 0,683
Gold X 0,314
Copper X 0,185
Coal hard X 0,164
Acidification, Particulate matter, and Terrestrial Eutrophication (2.23, 2.060, e 1.62 micro-Pt)
Ammonia X ‘ air 3,8
Particulate matter (2.060 micro-Pt)
Particulates, with
grain size < 2.5 X air 0,362
micron

Land use (1.97 micro-Pt
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Occupation,
permanent crop, X 1,92
irrigated, intensive
Terrestrial Eutrophication (1.62 micro-Pt)
Nitrogen oxides X ‘ air 0,455

For conventional covered table grape production, the substance-level contribution analysis shows that water

use (17.5 uPt) is mainly determined by the balance of irrigation-related water withdrawals and return flows.

The category result is associated with withdrawals from natural sources, particularly turbine water, river

water, and well water, partially offset by water returned to the water compartment. Climate change (4.34

UPt) is mainly driven by carbon dioxide, fossil (2.72 uPt) and dinitrogen monoxide (1.31 uPt), while methane,

fossil has a smaller contribution (0.296 pPt). Fossil and mineral resource use (3.68 uPt) is primarily associated

with the consumption of natural gas (1.07 uPt), tellurium (0.748 uPt), and crude oil (0.683 puPt). For the air-

emission-related categories, ammonia to air is the main hotspot, contributing 3.8 uPt across acidification,

particulate matter, and terrestrial eutrophication; additional contributions are associated with particulates

<2.5 um (0.362 uPt) and nitrogen oxides (0.455 pPt). Land use is almost entirely attributable to occupation,

permanent crop, irrigated, intensive (1.92 uPt).

Conventional uncovered

Associated
Total damage (161 nPt) Emitted | Consumed natural and primary energy Emission damage
substance resources compartment .
micro-Pt
Water Use (26.67 micro-Pt)
Water turbine use,
unspecified natural X 22,3
origin
Water river X 16,2
Water, well X 10,2
Water, unspecified X water -22,5
Climate Change (3.46 micro-Pt)
Carbon dioxide, fossil X air 2,28
Dinitrogen monoxide X air 0,915
Methane fossil X air 0,25
Fossil and mineral resource use (3.19 micro-Pt)
Gas, natural X 0,825
Tellurium X 0,708
Crude oil X 0,642
Gold X 0,232
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Copper X 0,174

Coal hard X 0,153

Acidification, Particulate matter, and Terrestrial Eutrophication (1.69, 1.56, e 1.2 micro-Pt)

Ammonia X air 2,634

Particulate matter (1.56 micro-Pt)

Particulates, with
grain size <2.5 X air 0,339
micron

Land use (1.87 micro-Pt)

Occupation,
permanent crop, X 1,83
irrigated, intensive

Terrestrial Eutrophication (1.2 micro-Pt)

Nitrogen oxides X ‘ air 0,391

For conventional uncovered cultivation, water use (26.67 pPt) is again mainly related to the balance of
irrigation-related withdrawals and return flows, with a higher overall burden than in the covered
conventional system. The result is associated with water withdrawn from natural sources, especially turbine
water, river water, and well water, partly compensated by water returned to the water compartment.
Climate change (3.46 uPt) is mainly driven by carbon dioxide, fossil (2.28 puPt) and dinitrogen monoxide (0.915
UPt), while methane, fossil contributes 0.25 pPt. In fossil and mineral resource use (3.19 uPt), the main
consumed resources are natural gas (0.825 pPt), tellurium (0.708 uPt), and crude oil (0.642 puPt). As in the
previous system, ammonia to air is the dominant substance for acidification, particulate matter, and
terrestrial eutrophication, with an associated damage of 2.634 uPt, while particulates <2.5 um account for
0.339 pPt in particulate matter and nitrogen oxides for 0.391 pPt in terrestrial eutrophication. Land use is

again almost entirely attributable to occupation, permanent crop, irrigated, intensive (1.83 uPt).

Organic covered

Consumed Associated
) natural and Emission damage
Total damage (161 nPt) Emitted substance . &
primary energy | compartment )
micro-Pt
resources

Water Use (16.7 micro-Pt)

Water turbine use, unspecified natural

- X 10,7
origin
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Water river X 10,2
Water, well X 6,47
Water, unspecified X water -10,8

Climate Change (1.17 micro-Pt)

Carbon dioxide, fossil X air 0,821
Dinitrogen monoxide X air 0,259
Methane fossil X air 0,25

Fossil and mineral resource use (1.045 micro-Pt)

Gas, natural X 0,133
Tellurium X 0,241
Crude oil X 0,374
Gold X 0,0282
Copper X 0,0576
Coal hard X 0,0704

Acidification, Particulate matter, and Terrestrial Eutrophication (0.551, 0.468, e 0.414 micro-Pt)

Ammonia X ‘ ‘ air | 0,666
Acidification (0.551 micro-Pt)
Sulphur dioxide X air 0,115

Particulate matter (0.468 micro-Pt)

Particulates, with grain size < 2.5

. X air 0,153
micron

Land use (1.42 micro-Pt)

Occupation, permanent crop,

. . . X 1,42
irrigated, intensive

Terrestrial Eutrophication (0.414 micro-Pt)
Nitrogen oxides ‘ X ‘ ‘ air 0,408

In the organic covered system, water use (16.7 pPt) remains mainly associated with irrigation-related water
withdrawals and return flows, but with a lower overall burden than in the uncovered systems. The category
result reflects the balance between withdrawals from natural sources and water returned to the water
compartment. Climate change (1.17 uPt) is mainly influenced by carbon dioxide, fossil (0.821 uPt), followed
by dinitrogen monoxide (0.259 pPt) and methane, fossil (0.25 pPt). Fossil and mineral resource use (1.045
UPt) is associated primarily with crude oil (0.374 pPt) and tellurium (0.241 pPt), while natural gas is less
relevant (0.133 pPt). In the air-emission-related categories, ammonia remains the main hotspot, contributing
0.666 uPt across acidification, particulate matter, and terrestrial eutrophication. Additional contributions are
given by sulphur dioxide for acidification (0.115 pPt), particulates <2.5 um for particulate matter (0.153 uPt),
and nitrogen oxides for terrestrial eutrophication (0.408 pPt). Land use is again almost fully explained by

occupation, permanent crop, irrigated, intensive (1.42 uPt).
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Organic uncovered

Consumed Associated
. natural and Emission damage
Total damage (161 nPt) Emitted substance . g
primary energy | compartment .
micro-Pt
resources

Water Use (26.5 micro-Pt)

Water turbine use, unspecified natural

origin X 16,7
Water river X 16,2
Water, well X 10,3
Water, unspecified X water -16,9
Climate Change (1.9 micro-Pt)
Carbon dioxide, fossil X air 1,12
Dinitrogen monoxide X air 0,648
Methane fossil X air 0,125
Fossil and mineral resource use (1.506 micro-Pt)
Gas, natural X 0,193
Tellurium X 0,375
Crude oil X 0,486
Gold X 0,406
Copper X 0,0896
Coal hard X 0,108

Acidification, Particulate matter, and Terrestrial Eutrophication (1.05, 0.95, and 0.812 micro-Pt)

Ammonia X ‘ ‘ air ‘ 1,731
Acidification (1.05 micro-Pt)
Sulphur dioxide X air 0,161

Particulate matter (0.95 micro-Pt)

Particulates, with grain size <2.5

. X air 0,236
micron

Land use (1.59 micro-Pt)

Occupation, permanent crop,

. . . X 1,59
irrigated, intensive

Acidification and Terrestrial Eutrophication (1.05 and 0.812 micro-Pt)
Nitrogen oxides ‘ X ‘ ‘ air ‘ 0,554

For organic uncovered cultivation, water use (26.5 pPt) is again mainly determined by irrigation-related
withdrawals and return flows, confirming the strong incidence of water demand in the uncovered system.
The result is associated with water withdrawn from natural sources, partly offset by water returned to the
water compartment. Climate change (1.9 pPt) is mainly determined by carbon dioxide, fossil (1.12 uPt) and

dinitrogen monoxide (0.648 uPt), while methane, fossil contributes 0.125 pPt. For fossil and mineral resource
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use (1.506 uPt), the main contributors are crude oil (0.486 pPt), gold (0.406 uPt), and tellurium (0.375 uPt),
followed by natural gas (0.193 pPt). Ammonia to air remains the dominant substance for acidification,
particulate matter, and terrestrial eutrophication, with an associated damage of 1.731 pPt. The contribution
of sulphur dioxide to acidification is 0.161 pPt, particulates <2.5 um contribute 0.236 WPt to particulate
matter, and nitrogen oxides contribute 0.554 Pt to terrestrial eutrophication. Land use is almost entirely

associated with occupation, permanent crop, irrigated, intensive (1.59 uPt).

Across all cultivation systems, the contribution analysis of substances highlights a consistent pattern in the
most relevant impact categories. Water use is primarily determined by the balance of irrigation-related water
withdrawals and return flows, and its burden is markedly higher in the uncovered systems than in the covered
ones. Climate change is mainly driven by carbon dioxide, fossil and dinitrogen monoxide, confirming the
importance of both energy-related emissions and nitrogen-related direct emissions. Fossil and mineral
resource use is systematically associated with the consumption of natural gas, crude oil, and selected mineral
resources such as tellurium, with a more visible contribution of gold in the organic uncovered system. For
the air-emission-related categories, ammonia to air is the recurring dominant hotspot in acidification,
particulate matter, and terrestrial eutrophication, while nitrogen oxides, sulphur dioxide, and primary
particulates <2.5 um provide secondary contributions. Land use is almost entirely driven by occupation,
permanent crop, irrigated, intensive in all four systems. Overall, the substance-level analysis confirms that
irrigation-related water demand, combustion- and fertilisation-related emissions, and agricultural land

occupation are the main drivers of the most relevant weighted impact categories.
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5.6 Contribution analysis of the most burdening

processes to the eco-indicator

Conventional covered
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The endpoint-based contribution analysis shows that irrigation and other agricultural activities are the main
contributors to the eco-indicator in all four cultivation systems, accounting for 53.0% of the total endpoint
value in conventional covered cultivation (20.420 out of 38.532), 69.4% in conventional uncovered (30.444
out of 43.882), 82.7% in organic covered (19.479 out of 23.551), and 82.3% in organic uncovered (30.312 out
of 36.827). On-field emissions represent the second most relevant process group in all cases, contributing
22.6% in conventional covered, 15.7% in conventional uncovered, 14.0% in organic covered, and 14.7% in
organic uncovered. The role of fertilisers and pesticides is more pronounced in the conventional systems,
where they account for 23.7% of the endpoint value in the covered system and 13.6% in the uncovered
system, whereas their contribution becomes marginal under organic management, decreasing to 2.9% in
organic covered and 2.6% in organic uncovered cultivation. Minor inventories are negligible in all systems,
remaining below 1.5% of the total endpoint value. Overall, the eco-indicator profile highlights a clear
distinction between management systems: the conventional scenarios show a more distributed contribution
among irrigation, on-field emissions, and agrochemical inputs, while the organic scenarios are much more
strongly dominated by irrigation-related processes; in addition, the uncovered systems exhibit higher
absolute endpoint values than the corresponding covered systems, mainly due to the greater contribution of

irrigation and other agricultural activities.
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5.7 Contribution analysis of the most burdening

substances to the eco-indicator

Conventional covered
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Total of output inventories

W Minor output inventories
M Nitrogen oxides
Occupation, permanent crop, irrigated, intensive
M Particulates, with grain saize < 2.5 micron
B Ammonia
M Coal hard
W Copper
H Gold
M Crude oil
H Tellerium
M Gas, natural
B Methane fossil
M Dinitrogen monoxide
M Carbon dioxide, fossil
m Water, unspecified
m Water, well
W Water river

B Water turbine use, unspecified natural origin
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Organic uncovered
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Water, unspecified

The contribution analysis of substances to the eco-indicator shows a consistent dominance of irrigation-
related water flows across all cultivation systems, with a particularly strong incidence in the uncovered
scenarios. In conventional covered cultivation, the endpoint result is mainly associated with water turbine
use, unspecified natural origin (20.3 uPt; 52.7% of the total eco-indicator), water river (10.5 uPt; 27.2%), and
water, well (6.63 pPt; 17.2%), partially offset by water, unspecified (-20.5 puPt; -53.2%). The most relevant

non-water contributions are minor output inventories (7.576 pPt; 19.7%), ammonia (3.800 pPt; 9.9%), carbon
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dioxide, fossil (2.72 uPt; 7.1%), and occupation, permanent crop, irrigated, intensive (1.92 uPt; 5.0%). A
similar structure is observed in conventional uncovered cultivation, where the overall endpoint value is
higher and irrigation-related water flows account for an even larger burden, with water turbine use,
unspecified natural origin contributing 22.3 uPt (50.8%), water river 16.2 uPt (36.9%), and water, well 10.2
UPt (23.2%), partly compensated by water, unspecified (-22.5 uPt; -51.3%). The main additional contributors
are minor output inventories (6.310 uPt; 14.4%), ammonia (2.634 uPt; 6.0%), carbon dioxide, fossil (2.28 uPt;
5.2%), and occupation, permanent crop, irrigated, intensive (1.83 uPt; 4.2%). In organic covered cultivation,
the same hotspot pattern is retained, although with lower absolute values: the eco-indicator is mainly
associated with water turbine use, unspecified natural origin (10.7 uPt; 45.4%), water river (10.2 uPt; 43.3%),
and water, well (6.47 uPt; 27.5%), partially offset by water, unspecified (-10.8 uPt; -45.9%). The most
relevant non-water contributors are minor output inventories (1.985 uPt; 8.4%), occupation, permanent
crop, irrigated, intensive (1.42 uPt; 6.0%), carbon dioxide, fossil (0.821 uPt; 3.5%), and ammonia (0.666 pPt;
2.8%). In organic uncovered cultivation, irrigation-related flows again dominate the eco-indicator, with water
turbine use, unspecified natural origin contributing 16.7 puPt (45.3%), water river 16.2 uPt (44.0%), and water,
well 10.3 pPt (28.0%), partly balanced by water, unspecified (-16.9 uPt; -45.9%). The main additional
contributors are minor output inventories (2.705 uPt; 7.3%), ammonia (1.731 pPt; 4.7%), occupation,
permanent crop, irrigated, intensive (1.59 uPt; 4.3%), and carbon dioxide, fossil (1.12 uPt; 3.0%). Overall, the
eco-indicator is consistently driven by irrigation-related water withdrawals and return flows, while the main
secondary contributions are associated with air emissions, particularly ammonia and fossil carbon dioxide,
and with agricultural land occupation. Compared with the conventional systems, the organic systems show
a lower contribution from non-water substances, whereas the uncovered systems exhibit higher endpoint

values mainly due to the stronger incidence of irrigation-related flows.

5.8 Concluding remarks on the Life Cycle Impact
Assessment

The Life Cycle Impact Assessment performed with the EF 3.1 methodology shows a consistent environmental
profile across the four table grape production systems, while also highlighting clear differences related to
management type and cultivation conditions. Overall, the results indicate that the main environmental
pressures are associated with irrigation demand, direct field emissions, and, to a lesser extent, input-related

processes such as fertiliser, pesticide, and energy use.

Across the characterisation, normalization, and weighting steps, water use emerges as the most relevant
impact area in all systems, confirming the central role of irrigation in shaping the overall environmental

footprint of table grape production. This aspect is particularly evident in the uncovered systems, which
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generally show a higher burden than the corresponding covered systems. In parallel, on-field emissions are
a recurrent hotspot for categories related to acidification, eutrophication, particulate matter, and part of the
toxicity-related impacts, confirming the importance of emissions generated directly during the agricultural

phase.

The comparison between management systems shows that the conventional systems are more influenced
by the contribution of fertilisers and pesticides, especially in impact categories linked to climate change and
resource use, whereas in the organic systems the relative importance shifts more clearly towards irrigation-
related activities, diesel use, and field emissions. In general, the organic covered system shows the most
favourable environmental profile among the four scenarios, while the uncovered systems tend to be more

burdening, mainly because of the stronger relevance of irrigation.

The contribution analyses carried out at both process and substance level confirm these patterns. At process
level, the dominant contributors are consistently irrigation and other agricultural activities, followed by on-
field emissions, while agrochemical inputs are more relevant in the conventional systems than in the organic
ones. At substance level, the results show that the eco-indicator is largely driven by water-related flows, with
secondary contributions associated with air emissions, particularly nitrogen-related compounds and fossil

carbon dioxide, as well as with land occupation.

Taken together, these findings indicate that the environmental performance of table grape production is
mainly determined by a limited number of recurring hotspots. This provides a clear basis for improvement
priorities, which should focus primarily on optimizing irrigation management, reducing direct field emissions,
and improving the efficiency of input use, especially under conventional cultivation. Overall, the assessment
confirms that the cultivation system and field management practices play a decisive role in the environmental

footprint of table grapes under the EF 3.1 framework.
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