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a b s t r a c t

The aim of the present research was the assessment of environmental impacts and energy consumptions
of three apricot orchards managed according to two cultivation systems (integrated and biodynamic)
through the Life Cycle Assessment (LCA) methodology and the Energy Analysis (EA). With respect to the
Global Warming, both anthropogenic CO2 emissions and biogenic carbon gains (in plant permanent
structures and soil) were considered to perform an accurate and complete analysis of the systems under
investigation.

The biodynamic system appeared more sustainable in sensu lato. Without taking into account the
plantation phase which included fixed structures such as greenhouse covering and support structures,
the biodynamic system had lesser impact and energy consumptions per kg with respect to the integrated
orchards. Taking into consideration the CO2 balance, a higher total amount of CO2 was fixed at the end of
the reference period (20 years) by the biodynamic system, especially into the soil which was the most
important CO2 pool sequestering about 45% of the total fixed CO2. This was essentially due to the soil
management techniques used which were based on a constant supply of polygenic organic materials
with nutrient and structuring functions. Similarly, the biodynamic system showed a favourable energy
balance.

The methodologies used in this study (LCA and EA) were very useful to examine the production cycle
of apricot orchards differently managed and to identify the individual process steps which were more
impactful. In addition, the CO2 balance allowed to consider within the environmental analysis also
carbon sources and sinks linked to the orchard production/management evidencing that opportune
agricultural management strategies can contrast global warming. Therefore, the present research could
suggest a methodology to include agriculture in offset schemes planned within Kyoto Protocol.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

From the second half of the last decade apricot cultivation
(Prunus armeniaca L.) showed an intense growth both worldwide
and in Italy, due to the growing market demand and the concom-
itant crisis of peach cultivation (Cricca, 2010). In 2012, the world
apricot production was about 4 million tons; 717,103 tons of which
attributable to Europe. Italy produces 247,146 tons of apricots
ranking fifth in the world and holding the European record
se@hotmail.it (A.M. Palese).
(FAOSTAT, 2013). The Italian surface planted with apricot is equal to
19,186 ha (FAOSTAT, 2013). In particular, Emilia-Romagna is the
Italian region with the largest surface (4394 ha), followed by
Basilicata (3525 ha) and Campania (2793 ha). In Italy farms which
cultivate apricot are 25,848 (ISTAT, 2010). According to the last
agricultural census, farms producing apricots in Basilicata are 1992.
These are prevalently (90%) located in Matera province (1,804) and
527 of them fall in Policoro municipality.

Apricot is characterized by a wide range of cultivars differently
distributed throughout Italy according to the different climate
needs/cold resistance. Traditional cultivars (San Castrese, Portici,
Reale d’Imola, Ninfa, Antonio Errani) provide a product of excellent
taste characteristics but it is rarely in line with the latest demands
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of the distribution systems in terms of fruit size, fruit appearance
standards and shelf life. Instead, new varieties (Wonder Cot, Bora,
Orange Rubis, Sweet Cot Toyuda, Faralia, Farbaly) showan extended
over colour of the epidermis, a good pulp consistency and a
balanced content of sugars and acids. The shape of the fruit tends to
be spherical, and this provides a better possibility of processing in
modern calibration and packaging systems (Iacona and Massai,
2013).

Apricot cultivation, as other agricultural crops, impacts envi-
ronment. Many studies have shown that the agro-food sector is one
of the largest contributors to environmental impacts, in terms of
resource depletion, land degradation, gaseous emissions and waste
generation (Tabatabaie et al., 2013). Indeed, agriculture is respon-
sible for 25% of carbon emissions (largely from deforestation), 50%
of methane emissions, and more than 75% of N2O emitted annually
by human activities (Soussana, 2014).

Energy use is one of the key indicators for developing more
sustainable agricultural practices (Mohammadi and Omid, 2010).
An energy analysis can indicate the ways to decrease energy inputs
and increase energy efficiency. Recently, there has been renewed
interest in the control of energy consumption according to sus-
tainable approaches. As reported in Ozkan et al. (2004), consider-
able researches have been carried out on energy use in agriculture
and, particularly, in the fruit sector (Banaeian et al., 2011; La Rosa
et al., 2008; Mohammadi and Omid, 2010; Namdari et al., 2011;
Ozkan et al., 2004; Polychronaki et al., 2007). Referring to apricot
production, Esengun et al. (2007) determined the amount of
inputeoutput energy used for dry apricot production in Malatya-
Turkey to investigate the efficiency of energy consumption and
make an economic analysis of this production system. In the same
region, Gezer et al. (2003) evaluated the energy budget of tradi-
tionally applied apricot agriculture and Gündo�gmuṣ (2006)
compared the energy use in apricot production on organic and
conventional farms in terms of energy ratio, benefit to cost ratio
and amount of renewable energy use.

There are several methodologies to assess the agricultural
impact on the environment, but Life Cycle Assessment (LCA) is the
only one that allows to analyze the whole life cycle of a product or
service. LCA, as pointed out by Mohamad et al. (2014), has been
developed primarily for industrial production systems (Heijungs
et al., 1992). Then, it has been adapted to agriculture (Audsley
et al., 1997) by appropriate adjustments (Cowell and Clift, 1997;
Haas et al., 2000). During the last two decades, LCA has devel-
oped rapidly in the agro-food sector as a major tool to find sus-
tainable food systems (van der Werf et al., 2014). A wide review of
LCA applications in the fruit sector can be found in Cerutti et al.
(2014). Nevertheless, to our knowledge, there are not references
in literature on the environmental impacts associated with apricot
cultivation.

At the same time, agricultural sector aims to restore the soil
carbon reservoir through more appropriate soil management
practices designed to increase carbon sequestration and/or reduce
CO2 emissions. Sequestration of CO2 in plant biomass has an
important environmental impact because of the role of CO2 in
global climate change (Arous, 2015). The use of some organic
amendments such as plant residues (pruning material), compost
and farmmanure, may be an option for carbon sequestration in soil
in addition to the improvement of crop productivity. These organic
amendments bring to the soil carbon and nitrogen (Hernandez
et al., 1992) and maintain soil fertility and structural stability
(Delas, 1971; Mays et al., 1973). Locally, soil organic carbon (SOC) is
among the major factors determining soil fertility since it enhances
both soil physical and chemical characteristics. From a global point
of view, soil represents the major terrestrial carbon reserve
(Eswaran et al., 1993). Therefore, the estimation of SOC stocks is a
need to assess the impact of land management practices on the
emission of greenhouse gases (GHGs). From a climate policy
perspective, whose goal is to keep the carbon concentration in the
atmosphere below a certain level, a ton of carbon sequestered has
the same value as a reduction in one ton of carbon emissions, so it is
very important to try to encourage soil C sequestration (Matthews,
2014).

For the authors, the combined use of all these above-described
methodologies is fundamental to evaluating the overall perfor-
mance of agricultural productive systems and to steer the stake-
holders towards the most opportune crop management
alternatives. So, the aim of the present researchwas to estimate and
compare environmental impacts and energy consumptions of
apricot orchards managed according to two cultivation systems
(integrated and biodynamic) through energy analysis and LCA
methodology. Referring to Global Warming, both anthropogenic
CO2 emissions and biogenic carbon gains were considered to
perform an accurate and complete analysis of the studied systems.

2. Description of the study area and the orchard management
systems

The study was performed in Policoro municipality (Basilicata -
Southern Italy, 40�120 N, 16�400 E) where fruit growing represents
one of the more important productive sector. The climate of the
study area is typically Mediterranean with hot and dry summers,
and mild and rainy winters. The annual rainfall (mean 1999e2012)
of 507 mm is concentrated mostly in the winter season. The mean
annual temperature is 15.9 �C. The three orchard systems are
planted on clay loam soils (Haplic luviosols and Eutric vertisols)
(FAO, IUSS, ISRIC, 2006) (Table 1).

The experiment was carried in two integrated apricot orchards
(cvs Ninfa and Rubis) and in a biodynamic one (cv Ninfa Bio). In-
tegrated production is the most common way to manage fruit or-
chards in the studied area. It is a farming system that produces high
quality crop productions using specific protocols as reported in
Decree No. 2722, 17/04/2008 (Italian Ministry of Agricultural, Food
and Forestry Policies). At the same time, biodynamic agriculture is
an alternative organic form of agriculture which treats soil fertility,
plant growth, and livestock care as ecologically interrelated tasks,
emphasizing spiritual and mystical perspectives (Koepf, 1993).

The main features of the experimental orchard systems are re-
ported in Table 1. In particular, the two integrated systems, which
fall within the same farm, were managed in a similar way with
differences only in planting distances (6 m� 5 m and 5m� 5m for
Ninfa and Rubis, respectively) and irrigation systems (with regard
to materials and typology). On the contrary, the biodynamic system
wasmanaged in a completely different way: it was in a greenhouse;
its trees, trained to “ypsilon-transverse”, were planted at distances
of 5m� 2m; disease control was organic and chemical fertilization
was absent; soil was covered by a seeded mixture of faba bean and
other herbaceous plants (about 20 species belonging to different
plant families) which were slightly buried into the soil.

3. Materials and methods

LCA is an analytical tool which allows to identify the overall
environmental impacts of a product, process or human activity
from raw material acquisition, through production and use, to
waste management (Curran, 2013). The purpose of a LCA study can
be the comparison of alternative products, processes or services;
the comparison of alternative life cycles for a certain product or
service; or the identification of steps of the life cycle where the
greatest improvements can be made (Roy et al., 2009).

The International Standardization Organization (ISO) has



Table 1
Main features of the examined apricot orchard systems: Integrated systems (cvs Ninfa and Rubis) and Biodynamic system (cv Ninfa Bio).

Orchard characteristics Integrated systems Biodynamic system

Ninfa Rubis Ninfa Bio

Cultivar Ninfa Orange Rubis Ninfa
Planting density 330 trees ha�1

(6 m � 5 m)
400 trees ha�1

(5 m � 5 m)
1000 trees ha�1

(5 m � 2 m)
Training system Vase Vase Y-transverse
Trees age (years) 16 6 17
Soil characteristics Eutric vertisols (clay loam) Eutric vertisols (clay loam) Haplic luvisols (clay loam)
Cultivation system Integrated Integrated Biodynamic
Covering structures e e Greenhouse
Irrigation Micro-jet Drip emitter Micro-jet
Soil management Temporary natural grass

cover - Disk harrowing
Temporary natural grass
cover - Disk harrowing

Seeded grass cover
e Mulching e shallow milling

Pruning method Manual Manual Manual
Pruning residues management Used as soil mulching Used as soil mulching Used as soil mulching
Fertilization Mineral/annual Mineral/annual e

Disease control Conventional products Conventional products Natural products
Harvesting method Manual Manual Manual
Average yield (ton ha�1 year�1)

over 2010e2013
20.0 13.5 20.0
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standardized the LCA practice identifying four interrelated phases:
defining the goal and scope of the study; compiling of a life cycle
inventory; evaluation of potential environmental impacts associ-
ated with identified inputs and releases; interpreting the results, as
stated by ISO 14040 series (ISO 14044, 2006a; ISO 14040, 2006b).

3.1. Goal and scope definition

One of the aims of the present research was to estimate and
compare the environmental impacts and the energy consumptions
of three apricot orchards managed according to different systems of
cultivation (integrated and biodynamic). Following suggestions
from Mil�a i Canals et al. (2006) and Cerutti et al. (2010), the whole
apricot orchard life cycle was considered. Therefore, the reference
period of the analysis was set at 20 years, equal to the average
productive cycle for apricot orchards and the following four main
farming phases were taken into account: soil preparation and trees
plantation, trees growth, full production, and trees explant. The
results obtained could be useful for farmers, farmer associations,
technicians and stakeholders to identify the agricultural operations
and the inputs which are the most critical for the environment and
to steer them towards the most opportune crop management
alternatives.

The system boundaries (Fig. 1) were from the extraction of raw
materials of inputs and machines up to the farm gate (apricots
harvesting), because the main goal of the study was to compare the
two agricultural production systems. All inputs (fuel, lubricants,
fertilizers, pest control products, water, materials for setting up the
irrigation system, etc.) were included considering their
manufacturing processes. The transportation of inputs was
excluded from the analysis due to incomplete data. The environ-
mental impact of manure and humus fertilizer production was
excluded due to the lack of appropriate information in the
databases.

As functional unit, namely the reference unit to which the in-
ventory data is normalized, 1 kg of apricots and 1 ha of farm land
were chosen in order to improve the interpretation of the envi-
ronmental results (Cerutti et al., 2011; Seda et al., 2010).

3.2. Life cycle inventory

Data associated to the studied systems (quantities of machinery,
fuel, lubricants and other items) were collected in situ using a data
collection sheet. This information was gathered from farmers. The
following farming operations were taken into account: plantation
(soil preparation, pre-plantation fertilization, trees plantation); soil
tillage; fertilization; diseases control; irrigation; harvesting and
trees explant at the end of their life cycle. Farm inputs used in the
examined orchard systems during the reference period (20 years)
are reported in Table 2.

In this study priority was given to using primary data in terms of
input material typologies and amounts used. Additionally, as a
standard practice in LCAs, for each operation taken into account
(plantation; soil tillage; fertilization and diseases control; irriga-
tion; harvesting and explant), the active ingredient of each product,
the quantity of machines utilized and the amount of fuel and lu-
bricants consumed were calculated and used in the analysis to
estimate direct and indirect emissions.

3.2.1. Direct field emissions
Direct emissions from fuel and lubricants were taken from

SimaPro's LCI databases. Referring to fertilizers, an entire mineral
balance was not undertaken to estimate emissions from them. It is
often difficult to derive exact rates of N released to the air and
water, because emission rates can greatly vary depending on soil
type, climatic conditions and agricultural management practices.
However, nitrogen emissions from the cultivation were accounted
for according to Brentrup et al. (2000) and IPCC (2006). In partic-
ular, considering the air temperature occurred at the organic ni-
trogen application time (7 �C), the timing of soil incorporation (1
day after the application) and rainfall events (no rain occur before
soil incorporation), ammonia emissions in air from organic nitro-
gen, utilized in the biodynamic system, were equal to 12% of the
applied NH4eN. Ammonia volatilization from mineral fertilizers
application (potassium nitrate; ammonium nitrate and urea for
integrated systems; NPK for all the analyzed systems) to soil
incorporation, evaluated taking into account the type of mineral
fertilizer and the geographical location of the analyzed apricot
systems, was equal to 4e5% and 2% of the applied NH4eN for the
integrated and biodynamic systems, respectively. The nitrous oxide
emissions are influenced by a lot of interactions between soil,
climate factors and parameters determined by agricultural man-
agement (soil aeration, soil water content, nitrogen availability, soil
texture, compaction, etc.) not well enough understood to propose
for them an estimation or even calculation method (Brentrup et al.,
2000). So, as proposed by Brentrup et al. (2000), N2O emissions



Fig. 1. System boundaries for Life Cycle Assessment (LCA).

Table 2
Farm inputs used in the examined apricot orchard systems (Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference period (20 years).

Integrated systems Biodinamic system

Ninfa Rubis Ninfa Bio

Fertilizers (kg ha�1)
Humus 330 400 e

Perphosphate 1000 1000 e

Potassium nitrate 1260 1440 e

Ammonium nitrate 1800 1800 e

Urea 1080 1080 e

NPK 7200 7200 500
Organic nitrogen e e 100
Potassium organic e e 25

Chemicals (kg ha�1)
Idrorame 218 218 2
Bordeaux mixture 324 324 e

Judo 4.6 4.6 e

Nimrod 27 27 e

Sulphur 54 54 54
Tmtd 45 45 e

Folicur 32.4 32.4 e

Caddy 2.25 2.25 e

Glyphosate 54 54 e

Propoli e e 86.4
Irrigation water (m3 ha�1) 90,000 45,000 72,000
Irrigation system (kg ha�1) 1397 1315 1603
Supporting structures (kg ha�1) 3113 3340 23,902
Human labour (h ha�1) 17,719 18,259 11,661
Machinery and farm tools (h ha�1) 4011 4011 1892
Diesel (kg ha�1) 8097 8097 3910
Lubricants (kg ha�1) 133 133 64
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from fertilizers were computed considering the emission factor
proposed by Bouwman (1995) equal to 0.0125. N2O emissions from
crop residues (grass cover and pruning residues) where instead
accounted for considering their annual N content and the corre-
sponding emission factor equal to 0.01 (IPCC, 2006). In the present
study, N leaching and run-off, as N loss processes, were not
considered because the analyzed fields fall in a region where
leaching/run-off does not occur; in addition, the difference
between precipitation in the rainy season and the potential evap-
oration in the same period is not greater than soil water holding
capacity. Moreover, drip irrigationwas employed within the apricot
orchards as water application method (IPCC, 2006).

CO2 emissions from urea was estimated taking into account the
annual fertilizer amount and the respective emission factor (0.20),
which is the equivalent carbon content of urea on an atomic weight
basis (20% for CO(NH2)2) (IPCC, 2006). Phosphate emissions could
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be calculated following Nemecek and K€agi (2007), who underlined
that a part of the phosphorus (P) is lost due to leaching, run-off and
soil erosion through water, causing eutrophication. On the other
hand, P leaching to the groundwater was not estimated in this
study because the same considerations made for N leaching were
validated. P run-off to surface water and P emissions through
erosion to surface waters were not considered because the three
orchard systems are planted on flat lands.

As in Mila' i Canals et al. (2006), emissions of synthetic pesti-
cides to air, surface water, groundwater and soil were estimated
according to the methodology suggested by Hauschild (2000).
These estimates considered both conditions of the site (soil organic
matter, texture, climate, etc.) and physico-chemical characteristics
of the active ingredients (vapour pressure, half life determined by
photolysis, half life in soil, adsorption coefficient to organicmaterial
in soil). In more detail, the predominant route to the surrounding
environment for the considered active ingredients has been via
volatization and re-deposition. Table 3 summarizes nutrient and
pesticides emissions in air and water.
3.2.2. Embodied emissions
Secondary data were extrapolated from international databases

of scientific importance and reliability, like the Ecoinvent 3
(Ecoinvent, 2013). In particular, this was done for:

- the production of the diesel, lubricants, fertilizers and pesticides
used in the systems investigated, including the accounting of
the resulting emissions; and

- the construction of agricultural vehicles and fixed structures
(irrigation system and supporting structures).

Referring to diesel and lubricants, the fuel consumption model
included the transportation of the product from the refinery to the
end user. With regard to the amount of tractors, equipment and
fixed structures, the necessary amounts for each field operation and
values such as life span, annual working time and working time for
each operation, have been collected at farms and used to modify
the Ecoinvent unit process. In particular, their inventory took only
into account the use of resources and the amount of emissions
during their production, maintenance, repair and final disposal. The
Ecoinvent module for the fertilizers utilized (perphosphate, po-
tassium nitrate, ammonium nitrate, urea, NPK) took into account
their production from ammonia, phosphate, potassium and carbon
dioxide. Transports of the intermediate products were included, as
well as the transport of the fertilizer products from the factory to
the regional storehouse.

As stated by Mohamad et al. (2014), LCA databases lack the
majority of agricultural input information, particularly the com-
plete production process of fertilizers and pesticides. So, data on
the production process of some fertilizer products (humus, organic
Table 3
Direct field emissions in the examined apricot orchard systems (Integrated systems: cvs N

Agricultural operation On-field emissions

Fertilization (kg ha�1) Ammonia (NH3)
Dinitrogen oxide (N2O) from fertilizers
Dinitrogen oxide (N2O) from crop residues
(grass cover and pruning residues)
Carbon dioxide (CO2) from urea

Chemicals (kg ha�1) Air
Water
Groundwater
nitrogen, organic potassium) were excluded from this analysis.
Referring to pesticides, the default values for the production of the
active ingredients of Bordeaux mixture, Tmtd, Folicur, Caddy,
Sulphur and Glyfosate were taken from the Ecoinvent 3 database
(Ecoinvent, 2013). The quantity of active ingredients of Judo and
Nimrod was associated with the production of unspecified pesti-
cides at regional storehouse. Propoli was excluded from the anal-
ysis due to the lack of appropriate information in the databases.
3.2.3. Estimation of C-CO2 stocks
The total C-CO2 storage was calculated in the compared systems

as sum of CO2 sequestered in the soil and CO2 sequestered in the
trees at the end of their life cycle (20 years). The first was estimated
across the RothC-26.3 model which is used to predict changes in
soil organic carbon stocks on agricultural lands according to soil
type, temperature, moisture content and plant cover (Coleman
et al., 1997; Coleman and Jenkinson, 1996; Jenkinson et al., 1992).
In order to run the model, climatic data, soil data, and land use and
management data were acquired. Particularly, a time series of cli-
matic data (1999e2012) was collected from a meteorological sta-
tion representative of the survey area and then it was elaborated to
provide input data for the RothC model. Soil samples were taken in
spring 2014 from the three orchard systems at 0.30 m depth.
Samples were then analyzed for clay content; total and particulate
organic matter; mineral associated fraction (Cambardella and
Elliott, 1992; Blake and Hartge, 1986). Information on land use
and management (soil cover, monthly input of plant residues and
farmyard manure, residue quality factor) was acquired by means of
questionnaires addressed to farm owners, inspections and field
measurements, and literature data. The initial soil carbon content
(year 0) of the three orchard systems was calculated using the
RothC model and the known input following an iterative and
retrospective approach.

The assessment of CO2 sequestered in the aboveground per-
manent structures of the apricot trees was performed following
two different methodological approaches. The first was a derivative
approach applied to the apricot orchard trained to Y-transverse
(Ninfa Bio). Particularly, it assessed CO2 sequestration in the
aboveground standing biomass by using data coming from
destructive measurements performed on stone fruit orchards
characterized by the same training system and similar planting
density: peach (Springcrest/GF677, Y-transverse 1111 plants ha�1,
aboveground part ¼ 86.1 tons CO2 ha�1) and plum orchards (TC
Sun/Mirabolan 29C, Y-transverse 1481 plants ha�1, aboveground
part ¼ 104.4 tons CO2 ha�1) (Celano G., personal communication).
The second methodology was a destructive approach. In particular,
the orchards trained to vase shape (Ninfa and Rubis) were at the
end of their life cycle. At the explant, five apricot trees per each
orchard were cut at the base of the trunk. Then, each tree was
divided into its different wooden parts (trunk, branches, twigs,
infa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference period (20 years).

Integrated systems Biodinamic system

Ninfa Rubis Ninfa Bio

126.71 127.22 2.49
36.03 43.34 1.12
28.19 28.19 64.32

704 704 e

169.37 169.37 36.19
0.12 0.12 0.03
0.08 0.08 0.02
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suckers) which were weighted directly in the field by means of a
portable balance (fresh weight). From each wooden part a sample
of about 10% of its fresh total weight was taken, labeled, moved to
the laboratory and put into a forced-draft oven at 65 �C for 6 days.
After drying the samples wereweighted again to calculate their dry
matter content. These values were applied to the biomass fresh
weight in order to calculate the total dry weight of the standing
plants. The dry samples were then crushed into fine powder (<200
mesh). Fifty mg of each sample was weighted in ceramic boats and
analyzed by means of the Sulphur and Carbon Analyzer LECO-SC
144.

The amount of CO2 sequestered in the different permanent
structures was calculated using the following relation:

FWx � ðDMx%=100Þ�ðC%x=100Þ�KCO2¼ CO2 (1)

where for the single wooden part, indicated as x,

FWx ¼ fresh weight expressed in grams
DM%x ¼ percentage of dry matter
C%x ¼ percentage of carbon
KCO2 ¼ 3.67 stoichiometric coefficient (from C to CO2)
CO2 ¼ CO2 equivalents expressed in grams

The CO2 sequestered in the whole aboveground part of the tree
was calculated by summing the CO2 of the different wooden
structures.

The CO2 sequestered in the whole apricot tree (aboveground
part þ belowground part) was calculated using the mean value of
the aboveground part to belowground part ratio (0.396) found in
the available literature on stone fruit orchards (Grossman and De
Jong, 1994; Rufat and DeJong, 2001; Weinbaum et al., 1994).
Finally, data were normalized with respect to the planting density
in order to calculate the CO2 sequestered per hectare (CO2 ton
ha�1). These last data were then divided for the respective years of
the orchard life cycle, according to a linear distribution procedure,
to assess the CO2 sequestered, on average, every year.
Table 4
Life cycle impacts per kg of product from the different apricot orchard systems (Integrat
period (20 years).

Impact categories Unit kg�1 I

N

Inclusive of the plantation phase
Abiotic depletion kg Sb eq 4
Abiotic depletion (fossil fuels) MJ 3
Global Warming (GWP100) kg CO2eq 3
Ozone layer depletion (ODP) kg CFC-11eq 1
Human toxicity kg 1,4-DBeq 7
Fresh water aquatic ecotox. kg 1,4-DBeq 9
Marine aquatic ecotoxicity kg 1,4-DBeq 3
Terrestrial ecotoxicity kg 1,4-DBeq 1
Photochemical oxidation kg C2H4eq 1
Acidification kg SO2eq 2
Eutrophication kg PO4-3eq 1
Without the plantation phase
Abiotic depletion kg Sb eq 1
Abiotic depletion (fossil fuels) MJ 3
Global Warming (GWP100) kg CO2eq 3
Ozone layer depletion (ODP) kg CFC-11eq 1
Human toxicity kg 1,4-DBeq 7
Fresh water aquatic ecotox. kg 1,4-DBeq 9
Marine aquatic ecotoxicity kg 1,4-DBeq 3
Terrestrial ecotoxicity kg 1,4-DBeq 1
Photochemical oxidation kg C2H4eq 9
Acidification kg SO2eq 2
Eutrophication kg PO4-3eq 1
The above-described procedure allowed to calculate the CO2
stock variations directly linked to the apricot trees. As a matter of
fact, root and epigean decay (i.e. decomposing fine roots, leaf
turnover, pruning material recycled in the orchard) as well as
compost and green manure are capitalized into the soil organic
matter along the cultivation years, while carbon included in fruits
shows a short life under organic form (except for the negligible
carbon amount due to the wooden endocarp).

3.2.4. Energy analysis
Following Namdari et al. (2011), the energy analysis technique

was used to calculate the energy involved in the production of
apricots. The data collected covered the duration of each field
operation and the quantities of each input (machinery, fuel, fertil-
izers, labour, sundry materials, etc.). Energy values of unit inputs
and outputs (trees at the end of their life cycle) were given in joules
by multiplying each input by its own coefficient of equivalent en-
ergy factors taken from the literature (Monarca et al., 2009; Page,
2009; Pimentel and Pimentel, 1979; Volpi, 1992). The energy
input was examined as direct and embodied forms, renewable and
non-renewable energies. Specifications on this methodology can be
found in Page (2009).

The energy output of the examined systems was calculated as
sum of energy gained by the soil and energy permanently fixed in
trees at the end of the orchard life cycle (20 years). The first was
estimated by multiplying the quantity of C fixed in the soil (at year
0, at year 20, and the variation) by its coefficient of equivalent
energy factor (34MJ kg�1) taken fromRovira and Henriques (2008).
The second one was determined by multiplying the dry matter of
the studied orchard trees by its coefficient of equivalent energy
factor (14.64 MJ kg�1) found in Volpi (1992).

3.3. Life cycle impact assessment

The impact assessment was performed using SimaPro 8, with
the problem oriented LCA method developed by the Institute of
Environmental Sciences of the University of Leiden (CML et al.,
ed systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference

ntegrated systems Biodynamic system

infa Rubis Ninfa Bio

.30E-06 2.05E-06 2.55E-04

.99Eþ00 2.61Eþ00 4.88Eþ00

.64E-01 2.62E-01 4.22E-01

.66E-08 1.13E-08 1.27E-08

.13E-01 5.38E-01 3.67E-01

.32E-02 5.99E-02 1.92E-01

.15Eþ02 2.05Eþ02 6.07Eþ02

.46E-03 1.02E-03 4.69E-03

.00E-04 6.32E-05 1.51E-04

.62E-03 1.88E-03 3.50E-03

.82E-03 9.82E-04 1.82E-03

.33E-06 8.61E-07 4.77E-07

.65Eþ00 2.35Eþ00 1.87Eþ00

.52E-01 2.52E-01 1.91E-01

.64E-08 1.11E-08 7.66E-09

.10E-01 5.36E-01 8.32E-02

.11E-02 5.89E-02 3.05E-02

.09Eþ02 2.02Eþ02 9.83Eþ01

.41E-03 9.94E-04 3.05E-04

.63E-05 6.03E-05 4.34E-05

.55E-03 1.83E-03 8.44E-04

.72E-03 9.37E-04 9.97E-04
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2001). The following impact potentials were evaluated according to
the selected method: abiotic depletion (AD); abiotic depletion
(fossil fuels) (AD fossil fuels); global warming potential (GWP) or
climate change; photochemical oxidation (PO); ozone layer
depletion (OLD); human toxicity (HT); fresh water aquatic ecotox-
icity (FWE); marine aquatic ecotoxicity (MAE); terrestrial ecotox-
icity (TE); air acidification (AA) and eutrophication (EU). Moreover,
in order to compare the different impact categories, the Normali-
zation procedure was carried out using as “Normal” value the re-
gion “Europe 25” (PR�e, various authors, 2015).
4. Results and discussion

4.1. Environmental impact and energy consumption per kg of
harvested apricots

Life cycle impacts per kg of harvested apricots are shown in
Table 4. The biodynamic system led to higher environmental im-
pacts and this was even more evident observing normalized data
(Fig. 2) which underlined as the marine aquatic ecotoxicity was the
category mostly affected by the impact. Such condition was mainly
due to the Ninfa Bio cultivation typology which was performed
Fig. 2. Normalization of the impact categories of the examined apricot orchard systems (Inte
period (20 years).
under greenhouse: particularly, the plantation phase (especially
covering and support structures, and irrigation system) accounted
for 100% of the abiotic resource depletion; about 86% of aquatic and
terrestrial ecotoxicity; 75% of human toxicity; 74% of acidification;
and more than 50% of photochemical oxidation, global warming
potential, and fossil fuels depletion. Just the diesel fuel consumed
during the plantation phase was themajor cause of AA, SO2 and SOx
emissions, and represented the highest contribution to GWP and
human and eco-toxicity for CO2 emissions.

Taking into account the impact of each single agricultural op-
erations and of trees explant (normalized data without the plan-
tation phase), the biodynamic system evidently impacted less than
the integrated ones (Table 4 and Fig. 3).

Between the integrated systems, the Ninfa orchard manage-
ment had the greatest impact because it required higher quantities
of inputs. In addition, unlike the Rubis orchard, the micro-jet irri-
gation in the Ninfa orchard determined a higher consumption of
water for irrigation and caused, as consequence, a significant
impact. In both integrated orchards (Ninfa and Rubis), irrigation,
diseases control and fertilization were the operations that had the
greatest impact (causing mainly eutrophication, human toxicity,
and air acidification) followed by soil tillage in the Ninfa orchard
grated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference
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(causing mainly global warming) and by harvesting in the Rubis
orchard (causing mainly terrestrial ecotoxicity) (Fig. 4).

Regarding the biodynamic system, irrigation was the operation
with the highest impact, especially causing human toxicity, and
terrestrial and aquatic ecotoxicity. On the contrary, fertilization and
soil tillage showed significantly lower impacts than those found in
the integrated systems due to the much lower use of inputs and
agricultural machinery which meant less energy consumption, less
machine wear and less field emissions. As a matter of fact, soil in
the biodynamic orchard was in its best structural condition (as a
benefit of its higher soil carbon content as shown later) making soil
tillage an easier and lighter operation (Table 1). On the other hand,
due to the higher emissions of N2O from crop residues (4.02 and
1.76 kg ha�1 y�1 in the integrated and biodynamic systems,
respectively), soil management was an impactful item which
caused a major GWP (Fig. 4).

The impact per kg of harvested apricots found by this research
was higher than data available in the literature. Referring to GWP,
an organic intensive apple system impacted for 0.09 kg CO2eq kg�1;
a semi-intensive apple system for 0.11 kg CO2eq kg�1, while an
organic kiwifruit in New Zealand impacted for 0.13 kg CO2eq kg�1

(Page et al., 2011). This occurrence can be probably due to the
Fig. 3. Normalization of the impact categories of the examined apricot orchard systems (Inte
period (20 years) without the plantation phase.
period of analysis considered (whole production cycle against one
year of full crop production) and to the carbon emissions co-
efficients used in the cited studies.

The energy analysis shows that the biodynamic system
consumed more energy per kg of harvested apricots than the in-
tegrated ones (Table 5). Also in this case, it was mainly due to the
energy required for the construction of the greenhouse which
accounted for more than 70% of the total energy consumed. On the
contrary, excluding plantation phase from the analysis, the inte-
grated systems consumed more energy (Table 5). In particular,
taking into account only the agricultural operations, the production
of 1 kilo of integrated apricots required from 2.60 to 3.00 MJ of
energy, while the production of biodynamic apricots required
1.32 MJ kg�1.

Under our experimental conditions, the energy used to obtain
1 kg of product was higher with respect to data available in the
literature: 1.20 MJ kg�1 for traditionally applied apricot agriculture
in Malatya (region of Turkey) (Gezer et al., 2003); from 1.04 to
1.08MJ kg�1 for apricot production in Turkey (Esengun et al., 2007);
1.11 and 1.68 MJ kg�1 for Turkish organic and conventional apricot
production, respectively (Gündo�gmuṣ, 2006). The differences
among our results and literature data could be due to some factors.
grated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference
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First of all, the observation period of our analysis took into account
the whole production cycle of the apricot orchard (20 years), while
the other studies considered only one year of full production. The
second factor concerns the system boundaries: the energy analysis
in the other studies considered only labour, machinery, diesel,
fertilizers, chemicals, water for irrigation and electricity, but not the
maintenance of machinery, irrigation system, covering and support
structures, as done by the present study.

Considering only the agricultural operations, the production of
apricots in the biodynamic system, required annually from 52% to
74% of the energy needed for the apricots production within the
integrated systems (Table 5). These percentages were in line with
data reported by Gündo�gmuṣ (2006), who showed that the pro-
duction of organic apricots needed 62% of the energy required for
conventional productions.

In all the systems under observation, harvesting was the oper-
ation consuming the largest amount of energy used (about 40%).
Moreover, in the integrated systems, a great deal of energy was also
due to plant protection, weed control and soil tillage, which were
all little-demanding energy items in the biodynamic system (Fig. 5).
The analysis of the distribution of the anthropogenic energy inputs
within the apricot production process suggested that diesel fuel
and lubricants were the highest energy inputs in the integrated
Fig. 4. Contribution of the agricultural operations to the impact categories per kg of produc
Biodynamic system: cv Ninfa Bio) in the reference period (20 years) without the plantation
systems, while fixed structures (greenhouse) were the highest ones
in the biodynamic system (Fig. 6).

As found in other studies (Ozkan et al., 2004; Namdari et al.,
2011; Polychronaki et al., 2007), the human labour was one of the
least demanding energy inputs for apricot production and it rep-
resented only the 2e4% of the total consumed energy.

From the above, it is clear that the integrated systems used as
much direct energy (relative to diesel fuel and human labour)
(about 1.34 MJ kg�1) as that embedded (structures, fertilizers,
machinery, etc.) (about 1.43 MJ kg�1), while biodynamic system
consumed more indirect energy (3.96 MJ kg�1) than direct
(0.61 MJ kg�1) for the presence of the greenhouse. At the same
time, as reported in Esengun et al. (2007), all the analyzed systems
used essentially non-renewable energy (about 2.67 MJ kg�1 for the
integrated systems and 4.49 MJ kg�1 for the biodynamic one)
which is considered by Acosta-Alba et al. (2012) as a resource-
depletion impact on environment. Indeed, as claimed by
Tabatabaie et al. (2013), carbon dioxide emissions result from the
energy required to produce chemical fertilizers and chemical bio-
cides plus that required for their transport and application. In
addition, generation of electrical energy from fossil fuels causes
adverse effects on environment, such as global warming, eutro-
phication, acidification and water and soil pollution.
t obtained from each apricot orchard system (Integrated systems: cvs Ninfa and Rubis;
phase.
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4.2. Energy and CO2 balance per hectare

Data of organic carbon sequestered by the systems under
observation, expressed as CO2 ha�1, are reported in Table 6. The CO2
sequestered by the Ninfa Bio orchard, grown under the Y-trans-
verse training system, was estimated by literature data on stone
fruit orchards hypothesizing a linear relationship between plant
density and CO2 sequestered in the permanent structures (trunk,
branches, etc.). The CO2 sequestered by the aboveground part of
Ninfa Bio apricot trees in their whole life cycle accounted for 80.6
tons CO2 ha�1. At the end of the orchard life cycle, this apricot or-
chard was able to fix 112 tons CO2 ha�1 (aboveground
partþ belowground part) corresponding to a mean annual increase
of 5.6 tons CO2 ha�1.

Ninfa and Rubis orchards, trained to vase, in 20 years seques-
tered on average 72 tons CO2 ha�1 of which 58.0 in the above-
ground part. The mean annual CO2 sequestration by the vase
trained orchards was equal to 3.6 tons CO2 ha�1. By comparison of
the two orchard management systems, it is clear that Ninfa Bio was
able to fix, at the end of the reference period (20 years), a higher
total amount of CO2 than the integrated systems (Table 6): this was
due to both the training system, which led the tree to a greater
growth and size, and to the soil management techniques used
which were based on a constant supply of polygenic organic
Fig. 5. Energy consumption of the examined apricot orchard systems (Integrated systems: c
the reference period (20 years).

Table 5
Energy consumption per kg of product from the examined apricot orchard systems (Integr
period (20 years).

Soil preparation
Trees plantation, irrigation system and supporting structures installation
Pruning and other manual operations
Weed control and soil tillage
Fertilization
Diseases control
Harvesting
Trees explant
Total energy input (TEI)
Energy input without the plantation phase
materials with nutrient and structuring functions. In the biody-
namic system, soil was the most important CO2 pool sequestering
about 45% of the total fixed CO2. On the contrary, the integrated
systems fixed much more tons of CO2 in trees than in soil: soil
tillage, heavier in Ninfa and lighter in Rubis, caused a loss of organic
matter in the former and a little increase in the latter.

Table 6 reports also the CO2 balance, calculated as the difference
between the global warming impact category and the total C-CO2
fixed in the studied systems (soil þ trees). Ninfa Bio was the most
environmental sustainable system: despite the construction of the
greenhouse released a lot of CO2eq (124.6 tons), its capacity to store
CO2 (204.3 tons of CO2) had made it very virtuous. On the other
hand, Ninfa integrated system was the most inefficient system per
land unit emitting more CO2eq than that fixed (about 38.9 tons
ha�1).

Our results confirmed that soil carbon sequestration is an
important and immediate sink for removing atmospheric carbon
dioxide and slowing global warming (Page et al., 2011) and, con-
trary to what takes place now, agriculture should be included in the
European Emissions Trading System.

Data of energy sequestered by the systems, expressed as GJ ha�1,
are reported in Table 7. In accordance with the above, after 20 years
of cultivation, Ninfa Bio was the system gainedmore energy both in
soil (855 GJ ha�1) than in trees (859 GJ ha�1) for a total of
vs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) without the plantation phase in

ated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference

Integrated systems Biodynamic system

Ninfa Rubis Ninfa Bio

MJ kg�1

0.07 0.06 0.02
0.43 0.38 3.24
0.12 0.09 0.03
0.55 0.45 0.19
0.32 0.26 0.16
0.52 0.42 0.23
0.90 0.86 0.60
0.10 0.08 0.09
3.00 2.60 4.56
2.57 2.22 1.32
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1714 GJ ha�1. Moreover, considering the energy balance (difference
between the total energy input and the total energy stock in the
studied systems), Ninfa Bio was the most energy sustainable sys-
tem. On the contrary, integrated systems were more inefficient for
the less energy gained in both soil (due to the little carbon fixed
therein) and trees (essentially for the vase training system)
(Table 7).

From the above, the analysis of the whole production cycle of
apricot cultivation lasted 20 years, showed that the integrated or-
chards were the least energy consuming systems and had the least
impact in terms of MJ kg�1 and CO2eq kg�1 of harvested apricots
Table 7
Energy incorporated in the soil and in apricot permanent structures in the reference p
systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio). Values are expressed a

Integrate

Ninfa

Soil (year 0) 1891
Soil (year 20) 1794
Soil Energy variation (20-0 year) �97

A - above ground stock (permanent structures) 445
B - below ground stock (root biomass) 107
Energy storage in trees (A þ B) 552
Total Energy stock (soil þ trees) 455
Total Energy Input (TEI) 818
Energy balance 363

Table 6
Total C-CO2 sequestered in the soil and in the apricot permanent structures in the refere
systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio). Values are expressed a

Integrate

Ninfa

Soil (year 0) 204.1
Soil (year 20) 193.6
Soil C-CO2 variation (20-0 year) �11.5

A - above ground stock (permanent structures) 58.0
B - below ground stock (root biomass) 14.0
C-CO2 storage in trees (A þ B) 72.0
Total C-CO2 stock (soil þ trees) 60.5
Global Warming (GWP100) 99.4
CO2 balance 38.9

Fig. 6. Comparison of the energy inputs per kg of the examined apricot orchard systems (Inte
period (20 years).
(Table 8). On the contrary, considering the energy and the CO2
balance, Ninfa integrated was the most energy consuming and
impacting system, while Ninfa Bio was the system able to gained
energy (1.25 MJ kg�1) and CO2 (0.27 kg kg�1).
5. Conclusions

Methodologies analyzing the life cycle of a product or a pro-
duction system, such as LCA and EA, are very useful to evaluate
environmental impacts.

The transition from one kind of cultivation system to another
eriod (20 years) and energy balance of the examined orchard systems (Integrated
s GJ ha�1. Negative values indicate an energy gain by the system.

d systems Biodynamic system

Rubis Ninfa Bio

1445 1717
1493 2572
48 855
445 618
107 241
552 859
601 1714
871 1346
270 �368

nce period (20 years) and CO2 balance of the examined orchard systems (Integrated
s ton CO2eq per ha�1. Negative values indicate a CO2 gain by the system.

d systems Biodynamic system

Rubis Ninfa Bio

156.0 185.3
161.2 277.6
3.2 92.3
58.0 80.6
14.0 31.4
72.0 112.0
75.2 204.3
87.7 124.6
12.5 �79.7

grated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference



Table 8
Energy consumption (Total Energy Inpute TEI) and impact assessment of the Global Warming Potential (GWP) referred to 1 kg of apricots from each examined orchard system
(Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference period (20 years). Negative values indicate a gain by the system.

Integrated systems Biodynamic system

Ninfa Rubis Ninfa Bio

Total yield (kg of apricots ha�1) 272,800 335,100 295,000
Without energy and CO2 biogenic balance
TEI (MJ kg�1 of apricots) 3.03 2.63 4.66
GWP 100 (kg CO2eq kg�1 of apricots) 0.36 0.26 0.42
TEI (MJ ha�1) 818,200 871,334 1,346,426
GWP 100 (kg CO2eq ha�1) 99,408 87,719 124,634
With energy and CO2 biogenic balance
TEI (MJ kg�1 of apricots) 1.33 0.81 �1.25
CO2 balance (kg CO2eq kg�1 of apricots) 0.14 0.04 �0.27
Energy balance (MJ ha�1) 363,000 270,000 �368,000
CO2 balance (kg CO2eq ha�1) 38,900 12,500 �79,700
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one considered more environmentally friendly by public opinion -
in this case from the integrated to the biodynamic system - is not a
guarantee of a greater sustainability. Only the segmentation of the
production processes in individual steps and the subsequent pro-
cessing of environmental impacts and energy consumptions allow
to identify the agricultural operations and the inputs which are the
most critical for the environment. The results obtained from this
research show that there is a strong difference between the set of
environmental impacts from the biodynamic and integrated sys-
tems being lesser under the former system. However, the above
described situation is reversed when fixed structures are consid-
ered. In particular, in our specific case, the greenhouse impact is
remarkable.

Referring to climate changes, the environmental analysis should
be based on the net balance approach which takes into account
carbon sources and sinks associated with the orchard production.
In this way, agriculture will no longer be tagged as an impacting
sector but as an important component to contrast global warming.
Therefore, the present research can be considered as a contribution
to the definition of a methodology able to include agriculture in the
system of emission reduction, as planned by the Kyoto Protocol.

Acknowledgements

We are grateful to Mr Leonardo Angeloni and Mr Gaetano Per-
siani for allowing us to access to their field data. This research was
financially supported by the UNIBAS-Project “Ricerca Locale 2014”
and by the project Lifeþ “CarbOnFarm” - ENV/IT/000719.

References

Acosta-Alba, I., Lop�ez-Ridaura, S., Werf, H.M.G., Leterme, P., Corson, M.S., 2012.
Exploring sustainable farming scenarios at a regional scale: an application to
dairy farms in Brittany. J. Clean. Prod. 28, 160e167.

Arous, A., 2015. Management of Soil Organic Matter and Carbon Storage in Medi-
terranean Fruit Orchards. International PhD “BioEcosystems and Biotechnoly”.
PhD thesis. University of Basilicata.

Audsley, E., Alber, S., Clift, R., Cowell, S., Crettaz, P., Gaillard, G., Hausheer, J.,
Jolliet, O., Kleijn, R., Mortensen, B., Pearce, D., Roger, E., Teulon, H.,
Weidema, B.P., Zeijts, H., 1997. Harmonization of Environmental Life cycle
Assessment for Agriculture. Final Report, Concerted Action AIR-CT94e2028.
European Commission DG VI Agriculture.

Banaeian, N., Omid, M., Ahmadi, H., 2011. Energy and economic analysis of green-
house strawberry production in Tehran province of Iran. Energy Convers.
Manag. 52, 1020e1025.

Blake, G.R., Hartge, K.H., 1986. Bulk Density. In: Klute, A. (Ed.). Methods of Soil
Analysis, Part 1, American Society of Agronomy, pp. 363e382.

Bouwman, A.E., 1995. Compilation of a Global Inventory of Emissions of Nitrous
Oxide. Ph.D. thesis. University of Wageningen, Netherlands.

Brentrup, F., Küsters, J., Lammel, J., Kuhlmamm, H., 2000. Methods to estimate on
field nitrogen emissions from crop production as an input to LCA studies in the
agricultural sector. Int. J. Life Cycle Assess. 5 (6), 349e357.

Cambardella, C.A., Elliott, E.T., 1992. Particulate soil organic-matter changes across a
grassland cultivation sequence. Soil Sci. Soc. Am. J. 56, 777e783.
Cerutti, A.K., Bagliani, M., Beccaro, G.L., Peano, C., Bounous, G., 2010. Comparison of

LCA and EFA for the environmental account of fruit production systems: a case
study in Northern Italy. In: Notarnicola, B., Settanni, E., Tassielli, G., Giungato, P.
(Eds.), Proceedings of LCA Food 2010. Bari 22-24 September 2010, pp. 99e104.

Cerutti, A.K., Bruun, S., Beccaro, G.L., Bounous, G., 2011. A review of studies applying
environmental impact assessment methods on fruit production systems.
J. Environ. Manag. 92, 2277e2286.

Cerutti, A.K., Beccaro, G.L., Bruun, S., Bosco, S., Donno, D., Notarnicola, B.,
Bounous, G., 2014. Life cycle assessment application in the fruit sector: state of
the art and recommendations for environmental declarations of fruit products.
J. Clean. Prod. 73, 125e135.

CML, Bureau, B.G., School of System Engineering, Policy Analysis and Management,
Delft University of Technology, 2001. Life cycle assessment: an operational
guide to the ISO standards.

Coleman, K., Jenkinson, D.S., 1996. RothC-26.3-A model for the turnover of carbon in
soil. In: Powlson, D.S., Smith, P., Smith, J.U. (Eds.), Evaluation of Soil Organic
Matter Models Using Existing Long-term Datasets. Springer-Verlag, Heidelberg,
pp. 237e246.

Coleman, K., Jenkinson, D.S., Crocher, G., Richter, D., 1997. Simulating trends in soil
organic C in long term experiment using RothC-26.3. Geoderma 81, 29e44.

Cowell, S.J., Clift, R., 1997. Impact assessment for LCAs involving agricultural pro-
duction. Int. J. Life Cycle Assess. 2, 99e103.

Cricca, L., 2010. Albicocco, un frutto in crescita ma Attenzione Alla qualit�a. Agri-
notizie. Giugno.

Curran, M.A., 2013. Life Cycle Assessment: a review of the methodology and its
application to sustainability. Curr. Opin. Chem. Eng. 2, 273e277.

Decree of Ministry of Agricultural, Food and Forestry Policies, No. 2722, 17/04/2008,
Gazzetta Ufficiale.

Delas, J., 1971. Evolution des propri�et�es d’un sol sableux sous l’influenced’apports
massifs etr�ep�et�es de mati�eresorganiques de diff�erentesorigines. Ann. Agron. 22,
585e610.

Ecoinvent version 3. Available on: http://www.ecoinvent.org/database/database.
html.

Esengun, K., Gündüz, O., Erdal, G., 2007. Inputeoutput energy analysis in dry apricot
production of Turkey. Energy Convers. Manag. 48, 592e598.

Eswaran, H.E., Van Den Berg, P., Reich, 1993. Organic carbon in soils of the world.
Soil Sci. Soc. Am. J. 57, 192e194.

FAO, IUSS, ISRIC, 2006. World Reference Base for Soil Resource. FAO, Rome, Italy,
p. 103. World Soil Resource Report.

FAOSTAT, 2013. Available on: http://faostat.fao.org/site/567/DesktopDefault.aspx?
PageID¼567#ancor (Accessed 14 January 2015)

Gezer, I., Acaro�glu, M., Hacisefero�gullari, H., 2003. Use of energy and labour in
apricot agriculture in Turkey. Biomass Bioenergy 24, 215e219.

Grossman, Y.L., De Jong, T.M., 1994. Peach: a simulation model of reproductive and
vegetative growth in peach trees. Tree Physiol. 14, 329e345.

Gündo�gmuṣ, E., 2006. Energy use on organic farming: a comparative analysis on
organic versus conventional apricot production on small holdings in Turkey.
Energy Convers. Manag. 4, 3351e3359.

Haas, G., Wetterich, F., Geier, U., 2000. Life Cycle Assessment framework in agri-
culture on the farm level. Int. J. Life Cycle Assess. 5, 345e348.

Hauschild, M.Z., 2000. Estimating pesticide emissions for LCA of agricultural
products. In: Weidema, B.P., Meeusen, M.J.G. (Eds.), Agricultural Data for Life
Cycle Assessments, vol. 2. LCANet Food, The Hague, The Netherlands,
pp. 64e79.

Heijungs, R., Guin�ee, J.B., Huppes, G., Lankreijer, R.M., Udo de Haes, H.A., Wegener
Sleeswijk, A., Ansems, A.M.M., Eggels, P.G., van Duin, R., de Goede, H.P., 1992.
Environmental Life Cycle Assessment of Products: Guide and Backgrounds.
CML, Leiden, p. 130.

Hernandez, A., Pascual, J., Garcia, C., Garcia, A., 1992. Use of municipal wastes as
organic fertilizers. Suel Planta 2 (3), 373e383. Centro de Edagologia y bio-
logiadel Segura (CSIC), Aparado 4195, 30080 Murcia. Spain, Soils and fertilizers,
April 1993, p 484, N�4103.

http://refhub.elsevier.com/S0959-6526(16)31628-6/sref1
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref1
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref1
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref1
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref1
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref2
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref2
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref2
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref3
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref3
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref3
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref3
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref3
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref3
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref4
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref4
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref4
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref4
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref63
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref63
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref63
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref5
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref5
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref6
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref6
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref6
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref6
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref7
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref7
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref7
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref8
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref8
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref8
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref8
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref8
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref9
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref9
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref9
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref9
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref10
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref10
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref10
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref10
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref10
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref64
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref64
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref64
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref11
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref11
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref11
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref11
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref11
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref12
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref12
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref12
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref13
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref13
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref13
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref14
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref14
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref14
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref15
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref15
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref15
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref17
http://www.ecoinvent.org/database/database.html
http://www.ecoinvent.org/database/database.html
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref19
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref19
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref19
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref19
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref20
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref20
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref20
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref21
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref21
http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor
http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor
http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref23
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref23
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref23
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref23
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref23
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref24
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref24
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref24
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref26
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref26
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref26
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref26
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref26
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref27
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref27
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref27
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref28
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref28
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref28
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref28
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref28
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref29
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref29
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref29
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref29
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref29
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref30
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref30
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref30
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref30
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref30
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref30


M. Pergola et al. / Journal of Cleaner Production 142 (2017) 4059e4071 4071
Iacona, C., Massai, R., 2013. Albicocco - L’espansione della coltura �e supportata dal
rinnovo varietale con cv adatte a filiere diversificate. Terra e vita.

International Standards Organisation, ISO 14044, 2006a. Environmental Manage-
ment Life Cycle Assessment e Requirements and Guidelines. ISO.

International Standards Organisation, ISO 14040, 2006b. Environmental Manage-
ment Life Cycle Assessment e Principles and Framework. ISO.

IPCC: Intergovernmental Panel on Climate Change, 2006. Guidelines for National
Greenhouse Gas Inventories, vol. 11. Agriculture, forestry and other land use,
USA.

ISTAT: Istituto di Statistica, 2010. Istat, Agriculture, Cultivation and Farming, Total
Area and Production. Available on: http://www.istat.it/it/censimento-
agricoltura/agricoltura-2010. Accessed 14 January 2015.

Jenkinson, D.S., Harkness, D.D., Vance, E.D., Adams, D.E., Harrison, A.F., 1992.
Calculating net primary production and annual input of organic matter to soil
from the amount and radiocarbon content of soil organic matter. Soil Biol.
Biochem. 24, 295e308.

Koepf, H.H., 1993. Research in Biodynamic Agriculture: Methods and Results. Bio-
Dynamic Farming and Gardening Association, Kimberton, PA, p. pp 78.

La Rosa, A.D., Siracusa, G., Cavallaro, R., 2008. Emergy evaluation of sicilian red
orange production. A comparison between organic and conventional farming.
J. Clean. Prod. 16, 1907e1915.

Matthews, A., 2014. Incentivising Soil carbon Sequestration. CAP Reform.eu. Avail-
able on: http://capreform.eu/incentivising-soil-carbon-sequestration/. Accessed
3 May 2015.

Mays, D.A., Terman, G.L., Duggan, J.C., 1973. Municipal compost: effects on crop
yields and soil properties. J. Environ. Qual. 2, 89e91.

Mil�a i Canals, L., Burnip, G.M., Cowell, S.J., 2006. Evaluation of the environmental
impacts of apple production using life cycle assessment (LCA): case study in
New Zealand. Agric. Ecosyst. Environ. 114, 226e238.

Mohamad, R.S., Verrastro, V., Cardone, G., Bteich, M.R., Favia, M., Moretti, M.,
Roma, R., 2014. Optimization of organic and conventional olive agricultural
practices from a Life Cycle Assessment and Life Cycle Costing perspectives. J.
Clean. Prod. 70, 78e89.

Mohammadi, A., Omid, M., 2010. Economical analysis and relation between energy
inputs and yield of greenhouse cucumber production in Iran. Appl. Energy 87,
191e196.

Monarca, D., Biondi, P., Panaro, V.N., Colantoni, A., Bartoli, S., Cecchini, M., 2009.
Analisi delle richieste di energia per la coltivazione delle colture ortive. In: IX
Convegno Naz. Dell’Ass. Italiana di Ingegneria Agraria Memoria, pp. 10e12.

Namdari, M., Kangarshahi, A.A., Amiri, N.A., 2011. Input-output energy analysis of
citrus production in Mazandaran province of Iran. Afr. J. Agric. Res. 6,
2558e2564.

Nemecek, T., K€agi, T., 2007. Life cycle Inventory of Agricultural Production Systems.
Swiss Centre for Life Cycle Inventories, Dübendorf. Ecoinvent report 15.
Ozkan, B., Akcaoz, H., Karadeniz, F., 2004. Energy requirement and economic

analysis of citrus production in Turkey. Energy Convers. Manag. 45, 1821e1830.
Page, G., 2009. An Environmentally e Based Systems Approach to Sustainability

Analysis of Organic Fruit Production Systems in New Zealand. Massey Univer-
sity. PhD thesis.

Page, G., Kelly, T., Minor, M., Cameron, E., 2011. Modeling carbon footprints of
organic orchard production systems to address carbon trading: an approach
based on life cycle assessment. Hortscience 46, 324e327.

Pimentel, D., Pimentel, M., 1979. Food, Energy and Society. John Wiley and Sons,
New York.

Polychronaki, E.A., Douma, A.C., Dantsis, T.H., Giourga, C., Loumou, A., 2007. Energy
analysis as an indicator of agricultural sustainability: the case of West
Macedonia and Epirus, Greece. Proceeding of the 10th International Conference
on Environmental Science and Technology. Kos Island, Greece, 5e7 September
2007.

PR�e, various authors, 2015. SimaPro Database Manual Methods Library. Available
on: https://www.pre-sustainability.com/simapro-database-and-methods-
library. Accessed 14 January 15.

Rovira, P., Henriques, R., 2008. Energy content of soil organic matter as studied by
bomb calorimetry. Soil Biol. Biochem. 40, 172e185.

Roy, P., Nei, D., Orikasa, T., Xu, Q., Okadome, H., 2009. A review of life cycle
assessment (LCA) on some food products. J. Food Eng. 90, 1e10.

Rufat, J., DeJong, M., 2001. Estimating seasonal nitrogen dynamics in peach trees in
response to nitrogen availability. Tree Physiol. 21, 1133e1140.

Seda, M., Assumpei�o, A., Mu~noz, P., 2010. Analysing the influence of functional unit
in agricultural LCA. LCA FOOD 2010. VII international conference on life cycle
assessment in the agri-food sector. In: Notarnicola, B., Settanni, E., Tassielli, G.,
Giungato, P. (Eds.), Proceedings of LCA Food 2010. Bari 22-24 September 2010.

Soussana, J.F., 2014. Research priorities for sustainable agri-food systems and life
cycle assessment. J. Clean. Prod. 73, 19e23.

Tabatabaie, S.M.H., Rafiee, S., Keyhani, A., Ebrahimi, A., 2013. Energy and economic
assessment of prune production in Tehran province of Iran. J. Clean. Prod. 39,
280e284.

van der Werf, M.G., Garnett, T., Corson, M.S., Hayashi, K., Huisingh, D., Cederberg, C.,
2014. Towards eco-efficient agriculture and food systems: theory, praxis and
future challenges. J. Clean. Prod. 73, 1e3.

Volpi, R., 1992. Bilanci Energetici in Agricoltura. Laruffa Editore, Reggio Calabria,
Italy.

Weinbaum, S.A., Niederholzer, F.J.A., Ponchner, S., Rosecrance, R.C., Carlson, R.M.,
Whittlesey, A.C., Muraoka, T.T., 1994. Nutrient uptake by cropping and defruited
fieldgrown ‘French’ prune trees. J. Am.. Soc. Hort. Sci. 119, 925e930.

http://refhub.elsevier.com/S0959-6526(16)31628-6/sref31
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref31
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref31
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref32
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref32
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref33
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref33
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref34
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref34
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref34
http://www.istat.it/it/censimento-agricoltura/agricoltura-2010
http://www.istat.it/it/censimento-agricoltura/agricoltura-2010
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref36
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref36
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref36
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref36
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref36
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref37
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref37
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref38
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref38
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref38
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref38
http://capreform.eu/incentivising-soil-carbon-sequestration/
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref40
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref40
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref40
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref41
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref41
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref41
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref41
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref41
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref65
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref65
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref65
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref65
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref65
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref42
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref42
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref42
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref42
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref43
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref43
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref43
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref43
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref44
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref44
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref44
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref44
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref45
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref45
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref45
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref46
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref46
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref46
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref47
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref47
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref47
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref49
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref49
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref49
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref49
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref50
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref50
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref51
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref51
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref51
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref51
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref51
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref51
https://www.pre-sustainability.com/simapro-database-and-methods-library
https://www.pre-sustainability.com/simapro-database-and-methods-library
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref54
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref54
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref54
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref55
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref55
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref55
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref56
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref56
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref56
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref57
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref57
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref57
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref57
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref57
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref57
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref58
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref58
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref58
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref59
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref59
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref59
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref59
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref60
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref60
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref60
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref60
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref61
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref61
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref62
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref62
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref62
http://refhub.elsevier.com/S0959-6526(16)31628-6/sref62

	A comprehensive Life Cycle Assessment (LCA) of three apricot orchard systems located in Metapontino area (Southern Italy)
	1. Introduction
	2. Description of the study area and the orchard management systems
	3. Materials and methods
	3.1. Goal and scope definition
	3.2. Life cycle inventory
	3.2.1. Direct field emissions
	3.2.2. Embodied emissions
	3.2.3. Estimation of C-CO2 stocks
	3.2.4. Energy analysis

	3.3. Life cycle impact assessment

	4. Results and discussion
	4.1. Environmental impact and energy consumption per kg of harvested apricots
	4.2. Energy and CO2 balance per hectare

	5. Conclusions
	Acknowledgements
	References


