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Abstract: The carbon footprint is an index used to assess the impact of an activity in terms of
greenhouse gas emissions. Viticulture contributes to greenhouse gas emissions due to the use of
fuels, fertilizers and pesticides, and the consequent soil erosion. Organic viticulture differs from
conventional viticulture, mainly because of the absence of synthetic products, the soil tillage, and the
level of organic carbon in the soil. The purpose of the study was to determine the actual differences
between conventional and organic vineyard management in terms of greenhouse gas emissions,
comparing multiannual data from 25 wineries in northern Italy. No statistically significant differences
were found between the overall mean values of conventional and organic management. In organically
farmed vineyards, a higher incidence of fuel consumption was observed, while in conventionally
farmed vineyards higher emissions were observed, due to the use of such products as pesticides and
fertilizers. No differences were found between the two management systems in terms of emissions
resulting from direct fertilizing. Further assessment of the potential sequestration of organic fertilizer
would be necessary.

Keywords: viticulture; organic vs. conventional management; carbon footprint; greenhouse gas
(GHG); sustainable viticulture

1. Introduction

The carbon footprint (CF) is an indicator of global warming [1]. The CF expresses
the amount of greenhouse gas emissions (GHGs) generated during the production or
consumption of goods and converted into the CO2 equivalent (CO2-eq), according to their
global warming potential [2]. It can be considered a simplified LCA, focusing on global
warming as the only impact category [3]. CF can be assessed either at the corporate level,
according to the ISO 14064 standard (2018) and the GHG Protocol for organizations (2004
and 2011), or at the product level, according to the ISO 14067 standard (2018) and the
GHG Protocol for products (2011). The corporate CF method consists of calculating direct
and indirect GHG emissions that a company generates over one year while performing
its activities. Direct emissions are generated from sources controlled by a company, while
indirect emissions are a consequence of the activities of a company [4]. All company
products are included in the assessment of the corporate CF, and only one company
product is assessed in the product CF [5]. Corporate CF is therefore a method used to
assess the sustainability of a company according to the impact of its production activities
on global warming.

Viticulture contributes to GHG emissions, due to the use of fertilizers, pesticides,
water and fuels, and soil erosion and degradation, not to mention the production of a
significant amount of organic waste [6]. In particular, the impact of fossil fuels in the
carbon footprint of the vineyard stage is always particularly relevant in all flat vineyard
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systems. [7] In addition, the production of synthetic products used in viticulture can result
in significant emissions, due to high resource and energy consumption. In addition to
the high emissions from the production of fertilizers, particularly nitrogen fertilizers [8],
there are also emissions from the production of synthetic pesticides, such as fungicides and
insecticides, which can be particularly high in viticulture [9]. Even though viticulture leads
to carbon sequestration by the vines and all cover crops, intensive vineyard cultivation
needs to be correctly managed to reduce GHG emissions [10]. From this perspective,
many wineries are now gearing towards sustainable grape-growing practices [11]. The
key sustainable measures contemplate innovation and improvement in terms of energy
and water consumption, the restricted use of environmentally harmful products such as
pesticides and fertilizers, and the limitation of other pollutants potentially released into
the ecosystem [12]. Among the certifications considering sustainable viticultural practices,
the certification of organic wine is considered the most widespread [13]. In the European
Union, this certification can be obtained if the vine grower complies with specific organic
farming rules set forth by the European Parliament and Council Regulation 2018/848/EU.
Compared to conventional management, organic viticulture management does not use
synthetic products such as fertilizers and pesticides, applies different soil-tillage practices,
and leads to a different level of organic carbon sequestered in croplands [14]. The wineries
certified for sustainable organic viticulture tend to be perceived as businesses with a
generally beneficial impact on the environment compared to those adopting conventional
viticulture [15]. The FAO has highlighted the fact that both conventional and organic
agriculture are key models for addressing global warming [16]. The question arises as to
whether conventional and organic viticulture has an impact in terms of GHG emissions.
Some authors have highlighted the fact that organic practices may not necessarily lead to
a reduction in CF values, compared to conventional ones. The lower yields, the possible
increase in the consumption of fuels necessary for the greater number of phytosanitary
treatments, the need to adopt mechanical weeding, the high number of soil management
interventions [17] and the transport of a large amount of manure and organic fertilizers
could generate higher GHG emissions than conventional farming [18]. Furthermore, a
number of studies have shown that conventional systems maximizing productivity have a
reduced environmental impact according to several indicators, including the CF [19].

The current literature shows little knowledge of the real differences in the amount of
greenhouse gas emissions in the organic versus conventional management of vineyards.
There is an emerging need for an environmental assessment that takes into account the
distinctive features of the two systems, based on a large sample of wineries with different
characteristics over several years. This paper aims to obtain a comparative overview
of organic and conventional vineyard management, focusing on the main categories of
carbon dioxide emissions. The approach used is the corporate carbon footprint, involving
25 wineries in northern Italy over nine different vintages. The extent of the dataset of the
present study, both in terms of wineries and in terms of years, allows for the obtaining of a
real comparison of the effects of organic and conventional viticulture strategies over the
long term.

2. Materials and Methods
2.1. Geographical Location and Years of Study

The study involved 25 wineries, located in four administrative regions of northern
Italy. Six wineries adopting organic management practices (ORG) were certified according
to EU Regulation 2018/848, or, while not certified, did not use synthetic products in plant
protection, weed management, fertilization, or other practices. Nineteen wineries were
conventionally managed (CONV), meaning that they used synthetic products for at least
one phase of grape production. The data collected refer to the years 2009–2017. A case
study represents the overall data collected in one year from one farm. For the years 2009,
2010, 2011, 2014 and 2016, it was possible to collect more case studies for both management
systems. Table 1 shows the administrative regions, the years and the average vineyard
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surface area managed, with maximum and minimum values, by each winery available for
CONV and ORG, for the number of case studies.

Table 1. Information about vineyard areas per number of case studies involved, years of data
collection, management system and administrative region.

Administrative Region Management Years of Data Collection Number of Case Studies
Vineyard Surface Area (ha)

Mean [min; max]

Friuli-Venezia Giulia CONV 2012, 2013, 2015, 2017 4 69.31 [38.85; 83.65]

Lombardy ORG 2009, 2010, 2011, 2014, 2015,
2016, 2017 9 49.24 [3.41; 84.65]

CONV 2009, 2010, 2011, 2012, 2013,
2014, 2016 34 57.37 [9.22; 180.63]

Piedmont CONV 2010 1 93.01 [93.01; 93.01]
Veneto ORG 2012, 2013 2 17.19 [17.18; 17.19]
Overall 50 55.96 [3.41; 180.63]

2.2. System Boundaries and Description of Viticultural Practices

Figure 1 describes the processes associated with organic and conventional vineyard
management. According to specific European Parliament and Council rules on organic
agriculture (Regulation 2018/848/EU), ORG differs from CONV in a number of agronomic
aspects: (i) control of weeds and pests is allowed only by the application of mechanical
and physical methods, (ii) the exclusive use of natural or naturally derived substances,
such as organic or mineral low-solubility fertilizers, and (iii) the exclusive use of natural
or mineral products for pest control, such as sulfur and copper for fungal treatments and
plant-extracted pyrethrins for insecticide treatments, with specific restrictions [20,21].
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Figure 1. Description of the grape production system, processes, and inputs in conventional and
organic management.

In this study, a cradle-to-gate approach is adopted, and therefore the system bound-
aries include all the main sources of GHG emissions during the production processes
in accordance with ISO 14064 [22]. The production process was considered to be from
post-harvest operations to the delivery of the following year’s grapes to the winery, regard-
less of the post-agricultural life cycle stages, as described in Figure 1. All inputs related
to the stages of grape production shown in Figure 1 were included. According to other
studies [23], co-products from grape production (e.g., pruning waste) do not fall within
the production system boundaries. Regarding direct emissions, this study did not consider
specific mechanical soil cultivation, due to the lack of information on each individual vine-
yard. Indirect GHG emissions from machinery, infrastructure (including vineyard planting)
and vehicles were excluded, because they were considered negligible compared to the
overall impact [24]. Emissions generated from waste management were also considered
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negligible as, unlike wine-making or bottling operations, they are not relevant during grape
production [25]. No complete data were available on irrigation water and energy required
by the pumps for vineyard irrigation; therefore, these sources of emissions were neglected.
The vine nursery phase was also excluded from the study, considering that the average
number of vines replaced on an annual basis is low [23].

2.3. Primary Data Acquisition

A survey was prepared and submitted to wineries in order to obtain the primary data
necessary for CF calculation: type of management (conventional/organic), total vineyard
surface area managed (ha), type and quantity of fertilizers consumed, type and quantity
of pesticides consumed, transport of purchased products, fuel consumption of vehicles
owned by the winery, rented, or owned by agricultural contractors. Data on fuel consump-
tion which related to the use of farming machinery owned by the winery or agricultural
contractors were collected directly, as the amount of fuel consumed (e.g., kilos of diesel and
petrol), whereas fuel consumption related to the use of vehicles for other activities, such
as off-road vehicles, were collected as mileage traveled. For fuel consumption, aggregate
data from the use of tractors and other vehicles were considered without separation, in a
single operation. As envisaged in the latest version of the ISO 14064 standard, the transport
of the purchased products was calculated by determining the weight of the products and
the mileage covered upstream of the supply chain. Workers’ commuting trips were not
considered, due to lack of data. The amount of specific active principle was collected for the
mineral or synthetic fertilizers, pesticides, and herbicides. The concentration stated on the
label was used to determine the amount in kg of nitrogen contained in synthetic fertilizers.
In the case of organic fertilizers (e.g., manure, compost, solid fraction of digestate), the
nitrogen content was determined using data on organic matrices collected in several Italian
geographical areas during the LIFE VITISOM Project [26].

2.4. Corporate Carbon-Footprint Method

Primary data were aggregated and classified into three categories and five subcate-
gories according to ISO 14064:2018. A total of twelve entries were defined, based on data
collected from questionnaires submitted to wineries (Table 2). Starting from the wineries’
primary data, the corporate CF was determined adopting Ita.Ca® (Italian Wine Carbon
Calculator), a tool for calculating greenhouse gas emissions specifically for the Italian wine
sector. Ita.Ca® protocol is based on the OIV-GHG (Organisation Internationale de la Vigne
et du Vin-Greenhouse Gas) emissions calculator, which is publicly available (on the OIV
website) and built on the International Wine Carbon Calculator (IWCC) guidance [27]. In
addition, the Ita.Ca® carbon calculator complies with the ISO14064 standard [22]. The
carbon footprint can be quantified using the following equation:

CF = Σ(Pd i·EFi)

where Pdi is the primary datum quantifying a specific process (i) and EFi is the emission
factor of the specific process (i).

Table 2. Breakdown of primary data and sources of emission factors used (EFs).

Categories
According to ISO 14064

Subcategories
According to ISO 14064 Entries Emission Factor Sources

Direct GHG emissions.

Direct emissions from
mobile combustion.

Fuels for field operations.
Fuels for other vehicles.

DEFRA-Department for Environment, Food Rural
Affairs, 2021 [28].

Direct fugitive emissions
arising from the release of
GHGs in anthropogenic

systems.

Synthetic fertilizing.
Organic fertilizing
(manure, compost,

digestate).

For nitrous oxide emissions from fertilizing: Joint
Research Centre (JRC), the European Commission’s
science and knowledge service provides scientific
evidence throughout the whole policy cycle [29].

For carbon dioxide emissions from urea use:
Intergovernmental Panel on climate Change. [30,31]
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Table 2. Cont.

Categories
According to ISO 14064

Subcategories
According to ISO 14064 Entries Emission Factor Sources

Indirect GHG emissions
from transportation.

Indirect emissions from
upstream transport

for goods.

Transport of
purchased goods.

DEFRA-Department for Environment, Food and
Rural Affairs, 2021 [28].

Indirect GHG emissions
from products and services

used by organization.

Indirect emissions from
purchased goods which are

associated with product
manufacturing activities.

Synthetic fertilizers.
Organic fertilizers;

Fungicides,
Herbicides,
Insecticides.

ADEME’s Bilan Carbone database [32].
The ecoinvent database [33].

Indirect emissions from
mobile combustion.

Fuels for rental or
non-owned vehicles.
Fuels for agricultural

contractors.

DEFRA-Department of the Environment, Food and
Rural Affairs, 2021 [28].

Ita.Ca® provides the use of specific emission factors (EFs) derived from the main LCA
databases, including the UK Department for Environment, Food and Rural Affairs [28], the
French ADEME, Agence de l’environnement et de la maîtrise de l’énergie, Bilan Carbone
database [32], and the ecoinvent database, as well as publications of the Joint Research
Centre (JRC), the European Commission’s science and knowledge service and the Intergov-
ernmental Panel on Climate Change (IPCC). An example of emission computation using
Ita.Ca® is shown in Figure S1 of the Supplementary Materials. The adoption of different
databases allows for the increase in accuracy and specificity of emission factors [34]. In
Table 2, EFs used for direct emissions from the use of vehicle fuels include indirect emis-
sions related to the production and transportation of fuels. A specific EF has been used
for each type of fuel or vehicle (e.g., diesel, LPG, petrol), derived from DEFRA [28]. In the
case of plant protection products, specific EFs found in the ecoinvent, and Bilan Carbone
databases were used, when available; otherwise, an average EF value was applied. For
herbicides, the glyphosate emission factor was used [35]. In the case of urea, it was taken
into consideration the fact, that during fertilizing, CO2 is also released into the atmosphere,
in addition to N2O emissions [30]. The attribution of environmental impact to organic
fertilizers can be a controversial issue in agricultural systems [23,36,37]. As for manure,
digestate, and the waste from other production systems, the approach proposed by several
authors was adopted; this includes only the impact directly related to viticultural practices,
such as the transport and direct fertilizing, in relation to the release into the atmosphere
of GHGs, such as nitrous oxide, into the atmosphere [24,38,39]. As indicated by Zampori
and Pant [29], N2O direct and indirect emissions must be estimated by taking into account
0.022 kg of N2O emitted into the atmosphere for each kg of synthetic N fertilizer and
organic fertilizer applied.

We decided to express the functional unit as mass per unit of surface area, i.e., kg of
CO2 equivalent per hectare, per year

(
kgCO2 − eq·ha−1y−1 ). A comparison among winer-

ies of different dimensions and different limits of yield defined by wine origin regulations,
as those considered in the present study, could not be performed using kg CO2-eq per kg
of grape as the functional unit [40,41].

2.5. Data Analysis

An analysis of variance (ANOVA) was conducted to assess whether the total impact
per hectare differed significantly between the two types of management, CONV and ORG.
The relevance of the crop years was also tested, given that different agronomic practices
may have been adopted due to climatic conditions and pest pressure. Therefore, the
effects of management and winery, management, and year (two-way ANOVA) and the
combination of management, winery, and year (three-way ANOVA) were tested (function
aov and TukeyHSD, R software). The second stage of analysis focused on the difference
between the CF of direct- and indirect-emission subcategories, according to management
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type. The non-parametric Wilcoxon rank-sum test for two independent groups of samples
was used (function Wilcox. Test, R software).

3. Results
3.1. Inventory Data for Vineyard Inputs

Table 3 shows the mean, standard deviation, minimum and maximum values obtained
for the key inputs in the vineyard, according to the management systems (ORG or CONV).

Table 3. Mean, standard deviation (SD), minimum and maximum values of vineyard inputs by
surface area (ha) in organic and conventional vineyards. a.s.: active substance.

Vineyard Inputs Organic Conventional
Mean (±SD) [min; max] Mean (±SD) [min; max]

Fuels for field work (kg ha−1) 324.31 (±97.44) [216.44; 475.32] 237.1 (±125.12) [0; 500.81]
Fuel for other vehicles (km ha−1) 169.22 (±197.45) [0; 459.28] 139.14 (±221.24) [0; 693.86]

Manure (q ha−1) 3659.09 (±6115.74) [0; 16,738.65] 2098.3 (±3456.63) [0; 13,731.48]
Compost (q ha−1) 562.33 (±1735.34) [0; 5781.81] 78.62 (±361.03) [0; 2029.78]

Nitrous-based fertilizers (kg N ha−1) - - 8.07 (±15.15) [0; 72.59]
Urea-based synthetic fertilizers (kg ha−1) - - 5.99 (±10) [0; 45.08]

Phospho-potassium fertilizers and others (kg a.s. ha−1) - - 20.43 (±23.81) [0; 167.72]
Sulphur-based fungicides (kg a.s. ha−1) 125.07 (±65.92) [38.16; 225.39] 47.63 (±48.94) [0; 210.06]
Copper-based fungicides (kg a.s. ha−1) 4.66 (±0.86) [3.68; 5.76] 3.43 (±2.75) [0; 10.44]

Unspecific fungicides (kg a.s. ha−1) - - 9.84 (±20.05) [0; 116.31]
Herbicides (kg a.s. ha−1) - - 0.73 (±0.88) [0; 3.38]
Insecticides (kg a.s. ha−1) - - 0.46 (±0.46) [0; 2.05]

Natural insecticides (kg a.s. ha−1) 0.59 (±1.17) [0; 3.92] 0.25 (±0.62) [0; 2.43]
Fuels for rental or non-owned vehicles (km ha−1) 21.32 (±28.38) [0; 73.99] 2.37 (±7.72) [0; 37.02]

Fuels for agricultural contractors (kg ha−1) 238.91 (±534.52) [0; 1440.00] 1213.02 (±2596.32) [0; 9489.15]

Inputs for fertilizers, fungicides, insecticides, and herbicides are reported as active
substances. Some inputs considered in the categories of fertilizers, fungicides, herbicides,
and insecticides are not considered in the case of the ORG system (-) because they cannot
be used in organic agriculture based on the specific rules and regulations set forth by the
European Parliament and Council Regulation 2018/848/EU. The minimum value recorded
in the case of fuels (direct and indirect emissions) is zero, because some wineries carry
out farming operations using owned vehicles only (direct emissions) or, conversely, using
rented or farm-contractor vehicles only (indirect emissions).

3.2. Overall Organic and Conventional Viticulture Carbon-Footprint Results

As shown in Table 4, the overall emissions from the wineries range between 690.39
and 2937.03 kg CO2-eq ha−1 y−1. The median carbon footprint is 1408.34 and 1568.77 kg
CO2-eq ha−1 y−1 for the CONV and ORG wineries, respectively. Data analysis (Figure 2)
reveals a high variability of data in the ORG system, and an even higher one in the CONV
system. The mean values of the overall impacts in the CONV and ORG systems show no
significant differences. Comparison of mean values of overall impacts by management by
single year also show no significant differences, in any year of the study.

Table 4. Mean, standard deviation (SD), minimum and maximum estimates of overall GHG emissions
(kg CO2-eq ha−1 y−1) in ORG and CONV wineries.

Management GHG Emissions
Mean (±SD)

GHG Emissions
[min/max]

ORG 1568.77 (±396.80) [876.99; 2253.34]
CONV 1408.34 (±535.27) [690.39; 2937.03]

ALL 1443.63 (±508.76) [690.39; 2937.03]
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3.3. Direct Emissions in Organic and Conventional Management

As shown in Figure 3, emissions from “Use of fuels for field operations” show a high
range of variability. This category represents the main contribution to direct emissions for
both ORG and CONV systems, with a mean value of 1199.48 kg CO2-eq ha−1 y−1 in the case
of organic management and 878.72 kg CO2-eq ha−1 y−1 in the case of conventional man-
agement. Direct nitrogen emissions generated by fertilizer distribution (Fertilizing) show
an overall average value of 205.42 kg CO2-eq ha−1 y−1; these emissions, together with the
consumption of fuels, represent the greatest contribution to the value of direct emissions.
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In Figure 3, the category “Use of fuels for field operations” refers to emissions from the
use of own agricultural machinery, while the category “Use of fuels for other vehicles” refers
to cars and vehicles, other than the winery’s own agricultural machinery. The emissions
due to “Use of fuels for field operations” resulted as statistically significant (p-value < 0.01)
between ORG and CONV, while non-statistically significance is detected for Fertilizing and
Use of fuels for other vehicles (Figure 3).

3.4. Indirect Emissions in Organic and Conventional Management

Under the categories “Fertilizers” and “Plant protection products and herbicides”
indirect emissions (Figure 4) in CONV where higher than those in ORG. The lower value in
the “Fertilizers” category for ORG vs CONV is due to the exclusion of indirect emissions
for manure and digestate, whose production emissions are excluded as waste from other
production systems. Emissions from the transport of goods purchased account for less than
1% of overall indirect emissions, in both the CONV and ORG systems.
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The Wilcoxon test (Figure 4) confirmed the existence of statistically significant differ-
ences between CONV and ORG. The indirect emissions due to fertilizers, plant protection
products and herbicides, and fuels for contractors in CONV are higher than those asso-
ciated with ORG (p-values < 0.01, <0.001, <0.001, respectively). Indirect emissions from
the transport of goods purchased are higher for the ORG system (p-value < 0.001). No
significant differences are found for “Fuels for rental or not-owned vehicles”.
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4. Discussion

Overall GHG emissions. In this study, the overall mean value of corporate CF is
1443.63 kg CO2-eq ha−1 y−1. For ORG, the mean value is 1568.77 kg CO2-eq ha−1 y−1,
while for CONV the mean value is 1408.34 of kg CO2-eq ha−1 y−1. High variability was
observed, with corporate results ranging from 690.39 to 2937.03 kg CO2-eq ha−1 y−1. No
statistically significant difference was found, probably also due to the high heterogeneity of
company CF estimated within each management system.

For a winery in the north-east of Italy, Borsato et al., 2020 [4] in a study involving
an organically managed vineyard and a conventionally managed one, showed a greater
emission n 1827 kg CO2-eq ha−1 y−1 in the organic vineyard. Different values were found
by Volanti et al., 2022 [12] who, in a study involving three Spanish wineries using different
management systems, estimated a CF ranging from 57.4 to 289.3 kg CO2-eq ha−1 y−1 for
ORG and 438.3 to 481.0 kg CO2-eq ha−1 y−1 for the CONV wineries. Average values
similar to those presented here have been found by Renaud-Gentié et al., 2020 [42] who, in
a multi-year study conducted on 12 plots using different management systems, located in
three different French wine-growing regions, found average CF values of approximately
1300 kg CO2-eq ha−1 y−1.

According to Tuomisto et al., 2012 [43] ORG and CONV should be understood not
as one viticulture system, but rather as a set of different practices. Therefore, the level
of greenhouse gas emissions depends more on the choice of winery management than
the management system. Some ORG wineries may have low CF values as a result of
minimal use of inputs, fertilizing based on the addition of organic-soil improvers and
the use of non-synthetic products with a low-emission impact, as argued by Reganold
and Wachter, 2016 [44]. Similarly, some CONV wineries may have lower CF values from
optimizing energy inputs and fertilizing with not only synthetic products but also organic-
soil improvers.

Direct GHG emissions. The contribution of the category “Use of fuels for field
operations”, with an average value of 1199.48 kg CO2-eq ha−1 y−1, accounts for 79.69%
of the main emissions in the case of ORG systems, while it accounts for 61.99% in CONV
systems, with an average value of 878.72 kg CO2-eq ha−1 y−1 (Figure 5).
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As noted by Gierling et al. [45], due to fossil fuels, the impact is particularly rele-
vant within the carbon footprint of grape production. This is, in fact, a consequence of
mechanization. In addition, Rouault et al., 2016 [46] in a study comparing the organic
and conventional system in a Chenin Blanc vineyard in the Loire Valley, noted that the
major carbon footprint impact in both management systems is due to fuel consumption,
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especially for plant protection treatments and soil management operations. The high
contribution of “Fuels for field operations” to corporate CF is confirmed also by other stud-
ies. In research involving 14 grape producers from four German administrative regions,
Ponstein et al., 2019 [35] observed the higher incidence of this category, with an aver-
age value of 565.59 kg CO2-eq ha−1 y−1, compared to the overall emissions. Litskas et al.,
2020 [17] analyzed three different vineyards in Cyprus, with high or low conventional
input and organic management, and observed a higher incidence of emissions from fuel
consumption in ORG systems than from other factors, which is in line with what has
emerged in this paper.

Increased fuel consumption in ORG systems vs CONV systems can be expected in
relation to the high number of tractor transits in ORG systems [17,47]. In fact, non-synthetic
copper-based fungicides are largely lost in foliar wash-off from vine leaves treated, due
to the action of rainfall [48], with the consequent need for numerous interventions in
rainy periods and hence greater diesel consumption. Similarly, the non-use of herbicides
entails the need for a greater number of tillage operations, such as hoeing and mowing, for
mechanical weed control [46].

Direct emissions of nitrous oxide and carbon dioxide into the atmosphere during
“Fertilizing” did not reveal any significant differences between the CONV and ORG systems.
For both operations, some companies recorded zero emissions because of a lack of fertilizing
in the study year. In accordance with the results of Venkat, 2012 [18], which compared
12 agricultural products, including wine grapes grown in California, with ORG and CONV
management systems, direct emissions for fertilizing are similar for both systems, whereas
CONV wineries limit the use of synthetic fertilizers.

As required by the legislation on organic farming, emissions related to synthetic
fertilizing only concern CONV wineries when using synthetic fertilizers such as urea. For
this reason, in ORG systems, the contribution of organic carbon is generally higher than that
of CONV systems. Although the direct emissions from organic fertilizing are significant,
it would be interesting to deepen the environmental benefits derived from the use of
these matrices, such as the improvement in the chemical–physical structure of the soil,
the stimulation of the soil microbiota [49], and the natural sequestration and maintenance
of the soil carbon stock [50,51]. Furthermore, it is to be considered that, unlike synthetic
fertilizers produced specifically for agricultural fertilizing, organic fertilizers, which are
often waste products from other activities, would still have an environmental impact.

Indirect GHG emissions. In CONV wineries, the amount of indirect emissions
due to “Fertilizers” and “Plant protection products and herbicides” is higher than that
in ORG wineries (Figure 5). A total of 99.42 kg CO2-eq ha−1 y−1 indirect emissions
from “Pesticides and herbicides” were estimated on average in the CONV, compared to
41.64 kg CO2-eq ha−1 y−1 in the ORG, while the average estimated emissions due to “Fer-
tilizers” in CONV was 75.78 kg CO2-eq ha−1 y−1, which was more than 7 times the value
measured in the ORG (10.46 kg CO2-eq ha−1 y−1). As observed by Cech et al. [9], in the
case of CONV systems, due to the production of pesticides (fungicides, herbicides and
insecticides), the impact is greater overall than that of organic fertilizers, which are also
used in the case of some CONV systems.

Our estimates are consistent with the results obtained by Chiriacò et al., 2019 [10].
The authors, who were assessing the GHG balance in an organic winery in the Lazio
administrative region (Central Italy), found that organic wineries can state emissions for
the category “Plant protection products” lower than 10 kg CO2-eq ha−1 y−1, due to the
non-use of synthetic products. In the Global Warming category, Volanti et al., 2022 [12] also
found a significant impact for conventional farming, as the result of the use of fertilizers
and synthetic products as herbicides.

Synthetic fertilizers, pesticides and herbicides are key inputs in CONV systems; in
contrast, ORG systems are based on the use of natural mineral or organic substances,
generating fewer indirect emissions [52].
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Regarding the differences highlighted in the “Fuels for contractors” category, where
high values were found in CONV cellars, it is important to note that, although they are
divided, these emissions are similar to the fuel consumption for field operations. In fact,
if the winery did not employ contractors, it would be required to directly manage the
operations in the field. This category depends very much on the strategic choices and the
winery’s specific characteristics; indeed, equipment cost and size, as well as the rapid pace
of technological innovation, all affect the choice of whether to use contractors, especially in
small and medium-sized farms [53].

5. Conclusions

In conclusion, the study of twenty-five wineries, including nineteen CONV and six
ORG, during several years of harvesting, did not reveal statistically significant differences
between the overall CF of ORG and CONV wineries. The extent of the dataset made it
possible to highlight the differences in impact of each category within the two systems.

In relation to the total amount of GHG emissions, beyond the management system
(ORG or CONV), a specific management approach is to be considered, depending on each
winery’s characteristics and production strategies. A management approach encompassing
the agricultural technical specifications according to the characteristics of the winery is
more effective in mitigating corporate emissions. In both management systems, the greatest
impact is due to fuel consumption for field operations, which suggests precise monitoring of
fuel consumption in order to optimize management strategies. This is particularly relevant
in ORG systems, due to a high number of plant protection treatments and mechanical
weed control.

Nitrogen fertilizing has an important impact on CF, both in ORG and CONV systems,
mainly in relation to the release of nitrous oxide into the atmosphere. Organic fertilizing,
which is more common in ORG vineyards, should also be considered as a mitigation action
contributing to the increase in naturally fixed carbon stock in the soil. The integration of
organic carbon sequestration in the CF analysis can consequently lead to a more complete
comparison of ORG and CONV systems. As already explored by Abad et al. [54], another
aspect that can be explored in future studies is the potential effect of the use of cover crops
in the vineyard.

In the case of indirect emissions, synthetic products have a greater impact in terms of
greenhouse gas emissions, although these emissions have a low share overall.

From what has been observed with respect to the main GHG emissions, it is possible
to adopt some mitigation strategies for both management systems: (i) the innovation in
technology, introducing agricultural machineries with a greater efficiency in fuel consump-
tion, (ii) a reduction in the number of interventions in the field, reducing the depth of
soil tillage [36], and (iii) the optimization of the number of treatments, based on weather
conditions and previous fungal infections [55].
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