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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.
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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 concomitant 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
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(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) show an 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 environment. 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 responsible 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 sustainable approaches. As reported in Ozkan et al. (2004), considerable 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 MalatyaTurkey 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 tradimuṣ (2006)
tionally applied apricot agriculture and Gündog
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 developed rapidly in the agro-food sector as a major tool to ﬁnd sustainable 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 farm manure, 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 performance of agricultural productive systems and to steer the stakeholders towards the most opportune crop management
alternatives. So, the aim of the present research was 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, 40120 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). Integrated production is the most common way to manage fruit orchards 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 reported 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 5 m  5 m for
Ninfa and Rubis, respectively) and irrigation systems (with regard
to materials and typology). On the contrary, the biodynamic system
was managed in a completely different way: it was in a greenhouse;
its trees, trained to “ypsilon-transverse”, were planted at distances
of 5 m  2 m; 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
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Table 1
Main features of the examined apricot orchard systems: Integrated systems (cvs Ninfa and Rubis) and Biodynamic system (cv Ninfa Bio).
Orchard characteristics

Cultivar
Planting density
Training system
Trees age (years)
Soil characteristics
Cultivation system
Covering structures
Irrigation
Soil management
Pruning method
Pruning residues management
Fertilization
Disease control
Harvesting method
Average yield (ton ha1 year1)
over 2010e2013

Integrated systems

Biodynamic system

Ninfa

Rubis

Ninfa Bio

Ninfa
330 trees ha1
(6 m  5 m)
Vase
16
Eutric vertisols (clay loam)
Integrated
e
Micro-jet
Temporary natural grass
cover - Disk harrowing
Manual
Used as soil mulching
Mineral/annual
Conventional products
Manual
20.0

Orange Rubis
400 trees ha1
(5 m  5 m)
Vase
6
Eutric vertisols (clay loam)
Integrated
e
Drip emitter
Temporary natural grass
cover - Disk harrowing
Manual
Used as soil mulching
Mineral/annual
Conventional products
Manual
13.5

Ninfa
1000 trees ha1
(5 m  2 m)
Y-transverse
17
Haplic luvisols (clay loam)
Biodynamic
Greenhouse
Micro-jet
Seeded grass cover
e Mulching e shallow milling
Manual
Used as soil mulching
e
Natural products
Manual
20.0

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 associated 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 environmental 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 inventory data is normalized, 1 kg of apricots and 1 ha of farm land
were chosen in order to improve the interpretation of the environmental 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; irrigation; harvesting and explant), the active ingredient of each product,
the quantity of machines utilized and the amount of fuel and lubricants 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 particular, considering the air temperature occurred at the organic nitrogen 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 nitrogen, 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 management (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
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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

Fertilizers (kg ha1)
Humus
Perphosphate
Potassium nitrate
Ammonium nitrate
Urea
NPK
Organic nitrogen
Potassium organic
Chemicals (kg ha1)
Idrorame
Bordeaux mixture
Judo
Nimrod
Sulphur
Tmtd
Folicur
Caddy
Glyphosate
Propoli
Irrigation water (m3 ha1)
Irrigation system (kg ha1)
Supporting structures (kg ha1)
Human labour (h ha1)
Machinery and farm tools (h ha1)
Diesel (kg ha1)
Lubricants (kg ha1)

Biodinamic system

Ninfa

Rubis

Ninfa Bio

330
1000
1260
1800
1080
7200
e
e

400
1000
1440
1800
1080
7200
e
e

e
e
e
e
e
500
100
25

218
324
4.6
27
54
45
32.4
2.25
54
e
90,000
1397
3113
17,719
4011
8097
133

218
324
4.6
27
54
45
32.4
2.25
54
e
45,000
1315
3340
18,259
4011
8097
133

2
e
e
e
54
e
e
e
e
86.4
72,000
1603
23,902
11,661
1892
3910
64

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 corresponding 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 evaporation in the same period is not greater than soil water holding
capacity. Moreover, drip irrigation was 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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€gi (2007), who underlined
be calculated following Nemecek and Ka
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 pesticides 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 organic material
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, potassium 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 complete production process of fertilizers and pesticides. So, data on
the production process of some fertilizer products (humus, organic
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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 pesticides at regional storehouse. Propoli was excluded from the analysis 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 climatic data (1999e2012) was collected from a meteorological station 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 permanent 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 ha1,
aboveground part ¼ 86.1 tons CO2 ha1) and plum orchards (TC
Sun/Mirabolan 29C, Y-transverse 1481 plants ha1, aboveground
part ¼ 104.4 tons CO2 ha1) (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,

Table 3
Direct ﬁeld emissions in the examined apricot orchard systems (Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference period (20 years).
Agricultural operation

Fertilization (kg ha1)

Chemicals (kg ha1)

On-ﬁeld emissions

Integrated systems

Biodinamic system

Ninfa

Rubis

Ninfa Bio

Ammonia (NH3)
Dinitrogen oxide (N2O) from fertilizers
Dinitrogen oxide (N2O) from crop residues
(grass cover and pruning residues)
Carbon dioxide (CO2) from urea

126.71
36.03
28.19

127.22
43.34
28.19

2.49
1.12
64.32

704

704

e

Air
Water
Groundwater

169.37
0.12
0.08

169.37
0.12
0.08

36.19
0.03
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 were weighted 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%=100ÞðC%x=100ÞKCO2 ¼ 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
ha1). 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.

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, fertilizers, 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 energy 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 (34 MJ kg1) taken from Rovira 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 kg1) 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.,

Table 4
Life cycle impacts per kg of product from the different apricot orchard systems (Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference
period (20 years).
Impact categories

Inclusive of the plantation phase
Abiotic depletion
Abiotic depletion (fossil fuels)
Global Warming (GWP100)
Ozone layer depletion (ODP)
Human toxicity
Fresh water aquatic ecotox.
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation
Acidiﬁcation
Eutrophication
Without the plantation phase
Abiotic depletion
Abiotic depletion (fossil fuels)
Global Warming (GWP100)
Ozone layer depletion (ODP)
Human toxicity
Fresh water aquatic ecotox.
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation
Acidiﬁcation
Eutrophication

Unit kg1

Integrated systems

Biodynamic system

Ninfa

Rubis

Ninfa Bio

kg Sb eq
MJ
kg CO2eq
kg CFC-11eq
kg 1,4-DBeq
kg 1,4-DBeq
kg 1,4-DBeq
kg 1,4-DBeq
kg C2H4eq
kg SO2eq
kg PO4-3eq

4.30E-06
3.99Eþ00
3.64E-01
1.66E-08
7.13E-01
9.32E-02
3.15Eþ02
1.46E-03
1.00E-04
2.62E-03
1.82E-03

2.05E-06
2.61Eþ00
2.62E-01
1.13E-08
5.38E-01
5.99E-02
2.05Eþ02
1.02E-03
6.32E-05
1.88E-03
9.82E-04

2.55E-04
4.88Eþ00
4.22E-01
1.27E-08
3.67E-01
1.92E-01
6.07Eþ02
4.69E-03
1.51E-04
3.50E-03
1.82E-03

kg Sb eq
MJ
kg CO2eq
kg CFC-11eq
kg 1,4-DBeq
kg 1,4-DBeq
kg 1,4-DBeq
kg 1,4-DBeq
kg C2H4eq
kg SO2eq
kg PO4-3eq

1.33E-06
3.65Eþ00
3.52E-01
1.64E-08
7.10E-01
9.11E-02
3.09Eþ02
1.41E-03
9.63E-05
2.55E-03
1.72E-03

8.61E-07
2.35Eþ00
2.52E-01
1.11E-08
5.36E-01
5.89E-02
2.02Eþ02
9.94E-04
6.03E-05
1.83E-03
9.37E-04

4.77E-07
1.87Eþ00
1.91E-01
7.66E-09
8.32E-02
3.05E-02
9.83Eþ01
3.05E-04
4.34E-05
8.44E-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 ecotoxicity (FWE); marine aquatic ecotoxicity (MAE); terrestrial ecotoxicity (TE); air acidiﬁcation (AA) and eutrophication (EU). Moreover,
in order to compare the different impact categories, the Normalization procedure was carried out using as “Normal” value the re, various authors, 2015).
gion “Europe 25” (PRe
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 impacts 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
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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 the major 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 operations and of trees explant (normalized data without the plantation phase), the biodynamic system evidently impacted less than
the integrated ones (Table 4 and Fig. 3).
Between the integrated systems, the Ninfa orchard management had the greatest impact because it required higher quantities
of inputs. In addition, unlike the Rubis orchard, the micro-jet irrigation 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

Fig. 2. Normalization of the impact categories of the examined apricot orchard systems (Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference
period (20 years).
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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 ha1 y1 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 kg1;
a semi-intensive apple system for 0.11 kg CO2eq kg1, while an
organic kiwifruit in New Zealand impacted for 0.13 kg CO2eq kg1
(Page et al., 2011). This occurrence can be probably due to the

period of analysis considered (whole production cycle against one
year of full crop production) and to the carbon emissions coefﬁcients used in the cited studies.
The energy analysis shows that the biodynamic system
consumed more energy per kg of harvested apricots than the integrated 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 integrated 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 kg1.
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 kg1 for traditionally applied apricot agriculture
in Malatya (region of Turkey) (Gezer et al., 2003); from 1.04 to
1.08 MJ kg1 for apricot production in Turkey (Esengun et al., 2007);
1.11 and 1.68 MJ kg1 for Turkish organic and conventional apricot
muṣ, 2006). The differences
production, respectively (Gündog
among our results and literature data could be due to some factors.

Fig. 3. Normalization of the impact categories of the examined apricot orchard systems (Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference
period (20 years) without the plantation phase.
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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
muṣ (2006), who showed that the prodata reported by Gündog
duction of organic apricots needed 62% of the energy required for
conventional productions.
In all the systems under observation, harvesting was the operation 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
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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 represented 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 kg1) as that embedded (structures, fertilizers,
machinery, etc.) (about 1.43 MJ kg1), while biodynamic system
consumed more indirect energy (3.96 MJ kg1) than direct
(0.61 MJ kg1) 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 kg1 for the
integrated systems and 4.49 MJ kg1 for the biodynamic one)
which is considered by Acosta-Alba et al. (2012) as a resourcedepletion 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 biocides 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, eutrophication, acidiﬁcation and water and soil pollution.

Fig. 4. Contribution of the agricultural operations to the impact categories per kg of product obtained from each apricot orchard system (Integrated systems: cvs Ninfa and Rubis;
Biodynamic system: cv Ninfa Bio) in the reference period (20 years) without the plantation 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 ha1, are reported in Table 6. The CO2
sequestered by the Ninfa Bio orchard, grown under the Y-transverse 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 ha1. At the end of the orchard life cycle, this apricot orchard was able to ﬁx 112 tons CO2 ha1 (aboveground
part þ belowground part) corresponding to a mean annual increase
of 5.6 tons CO2 ha1.
Ninfa and Rubis orchards, trained to vase, in 20 years sequestered on average 72 tons CO2 ha1 of which 58.0 in the aboveground part. The mean annual CO2 sequestration by the vase
trained orchards was equal to 3.6 tons CO2 ha1. 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

materials with nutrient and structuring functions. In the biodynamic 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
ha1).
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, contrary 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 ha1,
are reported in Table 7. In accordance with the above, after 20 years
of cultivation, Ninfa Bio was the system gained more energy both in
soil (855 GJ ha1) than in trees (859 GJ ha1) for a total of

Table 5
Energy consumption per kg of product from the examined apricot orchard systems (Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference
period (20 years).
Integrated systems
Ninfa

Biodynamic system
Rubis

Ninfa Bio

0.06
0.38
0.09
0.45
0.26
0.42
0.86
0.08
2.60
2.22

0.02
3.24
0.03
0.19
0.16
0.23
0.60
0.09
4.56
1.32

MJ kg1
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

0.07
0.43
0.12
0.55
0.32
0.52
0.90
0.10
3.00
2.57

Fig. 5. Energy consumption of the examined apricot orchard systems (Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) without the plantation phase in
the reference period (20 years).
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1714 GJ ha1. 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 system. 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 orchards were the least energy consuming systems and had the least
impact in terms of MJ kg1 and CO2eq kg1 of harvested apricots
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(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 kg1) and CO2 (0.27 kg kg1).

5. Conclusions
Methodologies analyzing the life cycle of a product or a production system, such as LCA and EA, are very useful to evaluate
environmental impacts.
The transition from one kind of cultivation system to another

Fig. 6. Comparison of the energy inputs per kg of the examined apricot orchard systems (Integrated systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio) in the reference
period (20 years).

Table 6
Total C-CO2 sequestered in the soil and in the apricot permanent structures in the reference period (20 years) and CO2 balance of the examined orchard systems (Integrated
systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio). Values are expressed as ton CO2eq per ha1. Negative values indicate a CO2 gain by the system.
Integrated systems

Soil (year 0)
Soil (year 20)
Soil C-CO2 variation (20-0 year)
A - above ground stock (permanent structures)
B - below ground stock (root biomass)
C-CO2 storage in trees (A þ B)
Total C-CO2 stock (soil þ trees)
Global Warming (GWP100)
CO2 balance

Biodynamic system

Ninfa

Rubis

Ninfa Bio

204.1
193.6
11.5
58.0
14.0
72.0
60.5
99.4
38.9

156.0
161.2
3.2
58.0
14.0
72.0
75.2
87.7
12.5

185.3
277.6
92.3
80.6
31.4
112.0
204.3
124.6
79.7

Table 7
Energy incorporated in the soil and in apricot permanent structures in the reference period (20 years) and energy balance of the examined orchard systems (Integrated
systems: cvs Ninfa and Rubis; Biodynamic system: cv Ninfa Bio). Values are expressed as GJ ha1. Negative values indicate an energy gain by the system.
Integrated systems

Soil (year 0)
Soil (year 20)
Soil Energy variation (20-0 year)
A - above ground stock (permanent structures)
B - below ground stock (root biomass)
Energy storage in trees (A þ B)
Total Energy stock (soil þ trees)
Total Energy Input (TEI)
Energy balance

Biodynamic system

Ninfa

Rubis

Ninfa Bio

1891
1794
97
445
107
552
455
818
363

1445
1493
48
445
107
552
601
871
270

1717
2572
855
618
241
859
1714
1346
368
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Table 8
Energy consumption (Total Energy Input e 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

1

Total yield (kg of apricots ha )
Without energy and CO2 biogenic balance
TEI (MJ kg1 of apricots)
GWP 100 (kg CO2eq kg1 of apricots)
TEI (MJ ha1)
GWP 100 (kg CO2eq ha1)
With energy and CO2 biogenic balance
TEI (MJ kg1 of apricots)
CO2 balance (kg CO2eq kg1 of apricots)
Energy balance (MJ ha1)
CO2 balance (kg CO2eq ha1)

Biodynamic system

Ninfa

Rubis

Ninfa Bio

272,800

335,100

295,000

3.03
0.36
818,200
99,408

2.63
0.26
871,334
87,719

4.66
0.42
1,346,426
124,634

1.33
0.14
363,000
38,900

0.81
0.04
270,000
12,500

1.25
0.27
368,000
79,700

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 processing 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 systems being lesser under the former system. However, the above
described situation is reversed when ﬁxed structures are considered. 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.
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