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ABSTRACT

This paper analyses the environmental and economic-sustainability of bergamot, a citrus crop
considered very significant for its long-standing peculiarities linked to a strong socio-economic role,
a meaningful rooting in territorial heritage and an important function in environmental and
landscape terms. A comparison between conventional and organic cropping systems has been
carried out by means of life cycle assessment and life cycle costing tools in order to assess the
impacts of different management practices. The results show positive performances of the organic
production system, from both environmental and economic points of view. Furthermore, compared
to similar studies of other citrus-crops in the same area, bergamot cultivation can represent an

economically sustainable choice for farmers with lower environmental impacts.

KEYWORDS
Bergamot; crop.management; environmental impacts; financial analysis; investment feasibility; life cycle

assessment; life cycle costing

1. Introduction

In 2013, Ttaly was the second largest citrus fruit producer in Europe, producing
approximately 2.7 million tons (FAOstat 2016), as well as the main worldwide
producer of bergamot (Citrus bergamia Risso), the production of which was
mainly concentrated in the Calabria Region (southern Italy), representing more
than 90% of the worldwide production. Grown almost exclusively in the Reggio
Calabria province, this crop has found over the centuries a suitable breeding
ground able to satisfy its exacting pedo-climatic requirements, resulting in a
one-of-a-kind agroecosystem. Therefore, a very close relationship between this
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fruit and its territory has occurred for a very long time, making bergamot a
remarkable and likely irreplaceable socio-economic asset.

Indeed, a recent survey conducted on the livelihood resilience of bergamot
farmers restates the profitability of this cultivation in comparison with other
typical permanent crops, as well as the capability to generate a significant
source of income and job opportunities for rural populations in southern
Calabria (Ciani, Huggard, and Zervas 2014). This is mainly explained by the
commercial relevance of the bergamot essential oil (Grando 2008) that flavor
and fragrance industries seek. Indeed, the international trading market has long
and widely acknowledged the highest quality of the Bergamot oil produced in
the province of Reggio Calabria (Sawamura et al. 2006), characterized by a
peculiar composition and complex aroma features (Russo et al. 2012) and by
the unique capability to fix and accord all other constituents of a scent.
Additionally, the scientific community increasingly agrees on-the numerous
pharmacological properties of bergamot essential oil (e.g:, antimicrobial, anti-
inflammatory, and analgesic effects) (Navarra et al. 2015), as well as those of
bergamot fruit components (peel, pulp, seed, and juice) as, for example, sources
of nutraceuticals (Russo et al. 2016). From a territorial or scenery point of view,
the bergamot trees create a unique and interesting landscape in the world
(Barbera 2013), whose agroecosystem stability ‘must be maintained by
guaranteeing an acceptable environmental sustainability level through the
preservation over time of the functionality of biological processes. This should
assure constant orchard productivity and the economic competitiveness of
production. In the meantime, the depletion of natural resources and the
pollution due to emissions and«waste generated by anthropogenic activities
should be contained — or better yet, avoided — as much as possible through
adequate management systems (Fenollosa et al. 2014; Nicolo et al. 2015).
Therefore, in most cases, a change in farming practices is needed to guide
agricultural entrepreneurs  toward sustainability pathways, reconciling an
efficient use of energy and natural resources and a viable trade-off level
between costs-and revenues. Therefore, to pursue this objective means that the
appropriate_knowledge must be usable by farmers, which, to answer to
consumers’ needs and to cope with the pressures of market competitors, have
to be.conscious of environmental impacts caused by their production as well as
of the/production costs dynamics (Fenollosa et al. 2014). In this sense, life
cycle-based tools for the evaluation of environmental and economic
performance of a product or process system are increasingly appreciated by
both private companies for certification strategies (EPD, database 2016), and
public bodies for green procurement (Brammer and Walker 2011; Cerutti et al.
2016; Smith et al. 2016). Such assessment methodologies, belonging to the life
cycle management (LCM) framework, allow researchers to take into account
all stages that contribute to the production of a good or service “from cradle to
grave”, throughout its entire life cycle, from design to recycling or final
disposal, considering all input and output flows of materials and energy
requirements of each production process (Guinée 2002). Focused on



environmental and economic appraisals, life cycle assessment (LCA), and life
cycle costing (LCC) are currently widely applied to different fields of study.

Furthermore, in recent years, increasing interest in combined applications of
these approaches has occurred, so much so that an ever increasing number of
scholars address integrated analysis of environmental and economic
sustainability (e.g., among the most recent works: Auer, Bey, and Schifer 2017,
Dattilo et al. 2016; Petrillo et al. 2016; Yang et al. 2016). This urgency to
reconcile different dimensions/indicators/methods is also strongly felt in the
agro-food field (Cerutti et al. 2015, 2015a; De Luca et al. 2014, 2017b, 2017a,
2015b; Falcone et al. 2015, 2016; Ren et al. 2015; Strano et al. 2013; Tamburini
et al. 2015). Notoriously, this production sector is simultaneously.responsible
for huge environmental problems (EEA 2012, 2015), but also-vulnerable to
market crises and price shocks, more so than other sectors.

LCA is a method standardized by the International Organization for
Standardization (ISO) 14040 norm (ISO 2006a).that - establishes the
methodological framework to perform, correctly, an: LCAsstudy, while the ISO
14044 norm (ISO 2006b) describes the guidelines and the fundamental steps of
the analysis.

With regard to the LCA studies on citrus-fruit cultivation and citrus-based
production, numerous applications have been carried out. In particular, the
LCA method has been implemented to.compare several farming systems such
as conventional, organic (Knudsen et.al. 2011; Nicolo et al. 2015; Pergola et al.
2013; Ribal et al. 2016) and integrated production (De Luca et al. 2014), and to
evaluate both specific citrus-fruit production systems (Basset-Mens et al. 2016;
Bessou et al. 2016; Coltro et al. 2009; Logiudice et al 2013; Sanjuén et al. 2005)
and citrus-based products,-such as juices and essential oils (Beccali et al. 2010;
Dwivedi, Spreen, and Goodrich-Schneider 2012), related to the different use of
inputs and agricultural practices. More recently, Yan et al. (2016) have
quantifiedthe GHG emissions associated with China’s orange production in
order to calculate the carbon footprint. Moreover, a recent review on the criteria
to implement an LCA in fruit production systems underlines that citrus fruit are
the most evaluated systems (Cerutti et al. 2015).

The LCC method, as the economic “alter ego” of LCA (Klopffer 2003), is a
methodological approach developed and originally applied in management
accountability in order to estimate the total life cycle cost of an investment,
including both the initial costs and other consecutive costs that will be incurred
throughout the product’s lifetime (Dhillon 1989). Over time, LCC has been
subject to improvements aimed at harmonizing and standardizing the method
(Hunkeler, Lichtenvort, and Rebitzer 2008; ISO 2008). However, especially in
connection with LCA, LCC, inevitably, must be based on a systematic analysis,
which can guarantee complementarity and coherence with parallel



environmental assessments in order to avoid practical issues in implementing
these methods contemporaneously.

For example, several scholars have noted problems with the integration of
LCA and LCC methods (Hunkeler, Lichtenvort, and Rebitzer 2008; Norris
2001; Rebitzer and Hunkeler 2003; Schmidt 2003; Settanni 2008). The main
issue regards the alignment of the computational structures between the two
models because of their different frameworks: while the LCA method is based
on steady-state models, LCC is a quasi-dynamic model. Therefore, this
nonalignment makes a direct comparison between LCA and LCC results
difficult (Huppes et al. 2004). Accordingly, considerable efforts have been
undertaken by scholars to implement increasingly efficient frameworks to unify
LCA and LCC (Ciroth and Franze 2009; Heijungs, Settanni, and Guinée 2013;
Moreau and Weidema 2015).

Regarding agricultural production systems, some scholars (Falcone et al.
2015, 2016) have integrated LCC and LCA methods by means of a common
database, the same functional unit and system boundaryand the evaluation in
monetary terms of the physical flows resulting from the life cycle inventory.
The costs of the unitary processes have been summarized for all lifecycle
phases during the whole lifetime.

Concerning LCC studies in citrus-fruit, few applications are available in the
scientific literature. To the best of our knowledge, only De Luca et al. (2014)
and Pergola et al. (2013) have evaluated the environmental and economic
performances of different farming systems by coupling LCA and LCC. Several
studies analyze the economic performance of citrus orchards by means of
production cost analysis. Sgroi‘et al. (2015) and Testa et al. (2015) performed
a financial analysis to. compare conventional and organic lemon orchards in
Sicily in order to-evaluate if organic systems may represents a strategy to
control the abandenment of many conventional Sicilian lemon orchards.
Chinnici, Pecorino, and Scuderi (2013) analyzed a sample group of organic and
conventional citrus farms from an economic and environmental point of view
through thesproduction cost and energy analyses, respectively. Peris Moll and
Julid'Tgual (2006) investigated the feasibility of the organic Clementine crop in
Spain by using production cost analysis and comparing two irrigation systems.

The aim of the present work is to analyze the economic and environmental
sustainability of conventional and organic bergamot production systems in the
Reggio Calabria province (South Italy), in order to measure both the potential
environmental impacts by means of LCA methodology and the economic
performance by using the LCC approach and specific financial indicators. The
results could be a useful starting point to undertake strategies of valorization of
bergamot cultivation both in environmental terms through green marketing
oriented tools, as environmental communication instruments, and in economic
terms to support farmers by improving investment management. To the authors’



knowledge, this work represents the first attempt at environmental and
economic analysis of bergamot cultivation. The remainder of the paper consists
of four sections. The next section describes “materials and methods” and
focuses on the farming systems, data sampling method and methodological
approaches used in the study.

The third section presents the main environmental and economic results. The
fourth part discusses the primary implications in terms of socio-economic
repercussions for farms and for the territory in general in terms of their interest
in this peculiar citrus-fruit crop and provides some conclusions and directions
of future work.

2. Materials and methods

2.1. Bergamot cultivation in the Calabria region: system description-and data
gathering

The bergamot (Citrus bergamia Risso) is an endemic citrus fruit to rural
landscapes located along the Reggio Calabria coast, precisely from Villa San
Giovanni on the Tyrrhenian coast to Monasterace on the lonian coast in South
Italy (Figure 1). The surface area cultivated.with bergamot is estimated to be
approximately 1,200 ha (Consorzio del Bergamotto 2012). This area represents
the only natural range in Italy, accounting for over 90% of the worldwide
bergamot production. Bergameot»is also cultivated in small areas of Africa
(Ivory Coast, Mali, Cameroon, Guinea) and South America (Argentina and
Brazil), although at these locations, the fragrance reaches lower quality
standards than Calabrian production (Nesci, Sapone, and Baldari 2011). As



Figure 1. Production area of the bergamot cultivation in Calabria region (southern Italy).
previously mentioned, the bergamot processing industry is a sector with key
implications for employment and farmers’ incomes for the Reggio Calabria
province. The bergamot fruit is mainly used in the perfumery industry because
of the particular characteristics-of its essential oil, which are able to fix the
aromatic “bouquet” and-degree of harmonization of other essences, imbuing
notes of freshness and. fragrance. Furthermore, the essential oil has novel
applications in the pharmaceutical and cosmetic industries. Recently, bergamot
juice, considered until a few years ago to be a waste product, has been
successfully introduced in gastronomy, confectionery, liqueurs and medical
science. The exhausted bergamot peel and pulp, which represent by-products
of the citrus processing industry, have also been used for many years as animal
feed considerably appreciated by pig farmers (Crispo 2014; Nesci, Sapone, and
Baldari 2011).

From a preliminary territorial survey, it emerged that the main bergamot
farming system is an organic one due to production subsidies that represent a
basic support to the farmers. The conventional farming system is scarcely
present because bergamot is a crop that requires no special pest control
interventions. However, in order to perform our study a comparative analysis
between the two above mentioned management systems (conventional and
organic) was carried out.

A group of eight farms was selected for data gathering and equally
distributed between the analyzed scenarios. These farms are characterized by



an average area between 5 and 10 ha, with an average plant density of 400
trees/ha. The average yield per plant is 45 kg via conventional systems and 40
kg for organic ones. The prevalent cultivar is “Fantastico”, derived from
hybridization between two ancient cultivars, “Femminello” and “Castagnaro”,
with high resistance to adversity as well as high fruit yield and quality.
Bergamot fruits are normally harvested by hand between November and
December. The choice of these farms allowed us to reconstruct the entire life
cycle of each scenario due to the prevalence of unevenly aged trees (Stillitano
et al. 2016) and dynamic management, with bergamot orchards under different
production stages over the course of the survey.

Environmental and economic data were collected through face-to-face
interviews by means of a custom-made questionnaire. The collected data
belonged to three production seasons (2012, 2013, and 2014) in order to reduce
both the degree of uncertainty related to seasonality (extraordinary operations
due to biotic and abiotic factors) and subjectivity of farm management, and to
attenuate production fluctuations (Falcone et al. 2016).

In particular, data gathering concerned production yields; types and doses of
agricultural inputs; fuel and energy consumption for all field operations (tillage,
fertilization, irrigation, pest and weed control, pruning and harvesting); and all
expenses associated with use of human labor:(i.e., remuneration), mechanical
means (i.e., maintenance and insurance), services (e.g., expert consultancies,
transport and outsourced cultivation operations), taxes, and land capital use.
Averaged data were processed for both LCC and LCA implementation. Data
pertaining to downstream - processes (transport and transformation) were
excluded.

2.2. Environmentalanalysis

According to'LCA guidelines (ISO 14040:2006a; ISO 14044:2006b), the first
phase of the LCA analysis was the identification and definition of the system
functions through the determination of the functional unit (UF) and system
boundary. A UF equal to 1 hectare of bergamot cultivation was identified and
used in the LCC implementation (De Luca et al. 2015b; Falcone et al. 2015;
Strano et al. 2013), to jointly interpret the environmental and economic results.
Successively, the system boundary “from cradle to farm gate” was defined,
considering only the bergamot production — from the plantation to bergamot
uprooting — excluding the nursery stage, bergamot processing, distribution and
consumption.

The useful life of the bergamot cultivation (40 years) was divided into four
main stages (Figure 2): i. planting stage (year 0), in which the operations to
design and plant the bergamot orchard were needed; ii. training stage (from 1st



to 4th years), where there is both an increase of input applications to support
the growing of young trees and an unproductive condition; iii. production
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Figure 2. System boundaries flow chart for.the production of bergamot.

stage (from 5th to 40th years), partitioned into three different sub-stages:
increasing production stage (from) Sth to 10th year) in which the trees reach
maturity, constant production stage (from 11th to 30th year) in which the trees
are fully developed and ensure a full production, and decreasing production
stage (from 31th to.40th year), in which the average fruit yield decreases; iv.
disposal stage (40th year), in which the plant is uprooted.

In the life cycle inventory (LCI) analysis, data related to background and
foreground processes were gathered. Data pertaining to background processes,
that is, the production of fuel, lubricant, energy, fertilizers, pesticides and
capital goods, and waste processes, were obtained from the Eco-invent V. 3.1
database (Product Ecology Consultants 2010). Data associated with foreground
processes related to water, energy, fuel and lubricant consumption, doses and
method of fertilizers and pesticides distribution, waste typology, and mass and
disposal scenarios were directly gathered by interviews. Fertilizers emissions
were estimated according to Brentrup et al. (2000), and pesticide fate was
modeled according to the assumptions of Margni et al. (2002). Allocation
criteria were defined for machinery maintenance by using lubricant and grease
consumption per real hours of use as reference criterion. The inventory data
were processed using SimaPro 8.0.5 software and the Ecoinvent V.3.1 database
(Product Ecology Consultants (PR¢) 2010). To elaborate the results from each
scenario, the ReCiPe Midpoint method (Goedkoop et al. 2013) was used. In



particular, 18 impact categories were considered to characterize the
environmental performance of organic and conventional bergamot cultivation.
A detail description of these impact categories is listed in the Appendix.

2.3. LCC implementation and financial analysis

To carry out an economic analysis that allows us to obtain compatible results
with environmental ones, the LCC approach was implemented. In particular,
each environmental input and output considered in the LCA analysis was
monetized; farm labor remuneration, capital goods and land capital were also
considered (De Luca et al. 2014), allowing us to realize inventory costs
complementary to LCA ones (Notarnicola, Settanni, and Tassielli 2009) both
in terms of system boundary and FU (De Luca et al. 2014; Falcone et al. 2015;
Strano et al. 2013). The monetization of each single component of data
inventory was obtained by multiplying their average quantity (over the three-
year period) by the unit price for the last year (2014).

The LCC approach adopted in this study was implemented according to an
equation suggested by De Luca et al. (2014), through which both initial
investment (design and plantation costs) and operating costs for each lifecycle
stage were estimated. More specifically, operating costs included all inputs
related to agricultural process, that is, seeds, fertilizers, pesticides, fuel and
lubricants consumption of machinery ownership, and the labor cost needed
during cultivating practices. To-calculate the annual total operating cost of each
single process the following cost items not directly attributable to specific
growing operations were also considered: quotas of maintenance and insurance
connected to capital /goods (the quota of depreciation was not considered
because the purchase cost of the capital goods has been accounted for in the
planting stage);. interests on advance capital (with an interest rate equal to
4.5%); remuneration of intellectual work (wages), obtained as percentage equal
to 5% of the gross production value (GPV); land capital use; external technical
services; and taxes.

To evaluate the feasibility of the two bergamot systems in terms of farm
investments, the following financial indices were determined: the net present
value (NPV) and the internal rate of return (IRR) (De Luca et al. 2014; Sgroi et
al. 2015; Testa et al. 2015). For this purpose, it was also necessary to calculate
the annual total revenues corresponding to the GPV. This latter value was
evaluated by multiplying the average bergamot production by its market price
from the last harvesting season (2013-2014) and by adding European subsidies.
To actualize the cash flows (costs and revenues) of the investments, a discount
rate equal to 1.8% (Mohamad et al. 2014; Pergola et al. 2013) was used, taking
into account the low risk and long-term features of agricultural investments.



3. Results
3.1. Results of environmental performances

Analyzing the environmental impacts by use of a ReCiPe Midpoint
characterization from a hierarchical perspective reveals that the organic
scenario shows the best performance in all impact categories, except for
“Terrestrial acidification” and “Particulate matter formation” due to the
increased use of machinery for soil and weed management (Table 1).
Comparing the environmental impacts of the organic and conventional systems
for the “Climate Change” category, organic cultivation is more sustainable
because of lower emissions of COz, equal to approximately 300% compared to
conventional systems. These emissions are mainly generated during chemical
fertilizer production and nitrogen fertilizer distribution (Figure3).

Focusing on conventional systems, chemical fertilization.represents the most
polluting agricultural operation in all categories, where the gap with respect to
the organic scenario reaches the highest values. For example, in the categories
“Ozone depletion”, “Human toxicity” and “Freshwater eutrophication” a gap of
more than 800% was estimated.

Table 1. Results of the impact categories of the bergamot cultivation systems (ReCiPe
Midpoint method).

Impact category Unit Organic bergamot system

Climate change kg CO, eq 164967.46 54244.79
Ozone depletion kg CFC-11 eq 0.02 0.01
Human toxicity kg 1,4-DB eq 43135.48 7234.77
Photochemical oxidant formation kg NMVOC 747.30 446.63
Particulate matter formation kg PMioeq 351.19 374.06
lonizing radiation kBg U%%eq 14748.83 4453.19
Terrestrial acidification kg SO, eq 1423.52 2485.85
Freshwater eutrophication kg P eq 42.07 4.89
Marine eutrophication kg N eq 504.43 292.33
Terrestrial ecotoxicity kg 1,4-DB eq 27.27 16.64
Freshwater ecotoxicity kg 1,4-DB eq 828.94 126.57
Marine ecotoxicity kg 1,4-DB eq 1069.78 122.61
Agriculturallland occupation m2*yr 427712.58 426297.11
Urban land occupation m2*yr 883.43 189.34
Natural land transformation m2 40.25 23.45
Water depletion ms 160228.40 157856.35
Minerals depletion kg Fe eq 17194.37 1135.40

Fossil depletion kg oil eq 36612.12 15041.82
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working hours in the conventional farm management. Summing all working
hours for the entire agricultural life cycle, a total of 1,242.33 h ha' was
determined, higher by 27% compared to organic cultivation.

For both systems, 50% of the total life cycle cost is mainly concentrated in
the Constant production stage, in which higher operating costs are generated by
the harvesting and pruning operations in terms of labor costs (Figure 5).
Specifically, in the conventional system harvesting absorbs around the 56% of
the total cost but only accounts for 44% in the organic system. This difference
is mainly due to a higher number of working hours required for conventional
methods, owing to its great productivity in terms of bergamot fruits yield.
Indeed, total hours of work per hectare needed during harvesting operation are
estimated as 240.0 for the conventional system, which has an average yield of
18,000 kg ha!, and 192.0 h of work for the organic system, with 16,000 kg ha”
1

For the same reasons, the pruning cost reaches values.ranging from 18% in
the conventional cultivation to 13% in the organic one. In the first farming
system, working hours per hectare are equal to 112.0, while in the second
system, this value amounts to 64.0. The higher pruning cost of the conventional
scenario is also affected by employing qualified workers for performing this
agricultural operation, assuming a compensation of 9.46 € h™ against 5.87 € h!
adopted for casual workers which are employed for the other agricultural
activities (such as harvesting, tillage, irrigation, fertilization, and pest and weed
control).

Concerning fertilization treatments, the greater economic impact in the
organic management (58%) compared to conventional (42%) is caused by the
major input use.
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Figure 5. Incidence of each cost item on the production cost in the constant production
stage.
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Figure 6. Financial analysis results.

Concerning the financial analysis.ofthe two bergamot scenarios investigated,
the results show their economic convenience in terms of long-term investments.
However, organic systems exhibit the best performance by recording an NPV
0f 91,421.60 € ha!, rather than conventional systems, which register a value of
71,921.06 € ha! (Figure'6). In this scenario, the economic components that have
a significant effect on feasibility are the lower total life cycle costs and the
higher revenues because of the subsidy to organic farms. Furthermore, the
better performance of the organic bergamot cultivation is also confirmed by an
IRR value-of 28% greater than conventional methods.

4. Discussion and conclusions

This paper has investigated the environmental and economic profiles of
bergamot cultivation in the Reggio Calabria province by the joint use of LCA
and LCC tools. The analysis showed the main hotspots within the bergamot life
cycle, in order to realize the improvement of agricultural practices and decrease
the environmental loads. Both LCA and LCC highlight that organic systems
obtain the better performance.

With regard to the environmental aspects, in accordance with the results
obtained in other studies on citrus fruits (De Luca et al. 2014; Knudsen et al.
2011; Nicolo et al. 2015; Pergola et al. 2013; Ribal et al. 2016), conventional
bergamot cultivation resulted in greater environmental impacts than organic



cultivation, chiefly due to the production and use of fertilizers and pesticides.
However, the difference in yield between conventional and organic cultivation
techniques (lower in the organic ones) could influence the findings, especially
comparing different FU. Indeed, while the use of an area-based FU allows for
the higher environmental impacts in conventional systems versus organic ones,
the use of a mass-based FU could favor the conventional scenarios. Also, Ribal
et al. (2016) declared that when the results are expressed by means a mass-
based FU, the difference in the environmental performance is lower because
mean yields under conventional production are higher.

Expressing our results by using 1 kg of bergamot citrus-fruit as FU, for
example the total contribution to the GWP amounted to 0.102 kg CO; eq. and
0.271 kg CO; eq. in organic and conventional systems, respectively, showing
that the conventional system represents once again the most impacting scenario
although the gap between the two systems is reduced. These results are
consistent with those obtained from Ribal et al. (2016), though the average yield
(kg bergamot ha! year™") both in organic and conventional systems is low with
respect to citrus fruit. Similarly, other studies (Dwivedi, Spreen, and Goodrich-
Schneider 2012; Nicolo et al. 2015; Sanjuan et al.2005) reported values similar
to our estimates. However, even when considering double yields in the
conventional system, the organic scenario. reaches once again the best
performance. This kind of result must be exclusively considered for bergamot
cultivation because, by even minimizing farm inputs (water, fertilizers and
pesticides), the yields remain high due to its greater adaptation to local pedo-
climatic conditions.

Furthermore, comparing the environmental impacts in terms of “Climate
Change” with organic clementine systems in the Reggio Calabria province,
organic bergamot cultivation generates only 1356 kg CO» eq. ha™! compared to
the 2311 kg COa eqw-ha™’ for the clementine cultivation (De Luca et al. 2014).

In terms of water use, the cultivation of bergamot is less expensive than that
of other citrus fruit. In our results, water depletion was 20% less than the better
scenario analyzed by De Luca et al. (2014).

Similar trends can be observed comparing our results whit other studies that
used similar indicators; however, bergamot cultivation is not always better. For
example, considering the acidification potential in kg SO2 eq ha™ year, Ribal
et al. (2016) obtained the best results for organic cultivation (26.90 kg SO eq
hai -1

year ), in opposition to our results in which the best scenario was the
conventional with an impact higher than Ribal et al. (2016) (35.59 kg SOz eq
ha! year). These differences could be explained both in different cultivation
techniques and, in particular, different LCIA methods used, which implies
different impact characterization factors.



LCC and financial analysis results are comparable with those of other citrus
fruits; nevertheless, there are specific peculiarities that characterize bergamot
cultivation in this area. Similar results have been reached by Pergola et al.
(2013) for orange and lemon orchards and by Testa et al. (2015) for lemons.
Indeed, the conventional system presented a total life cycle cost higher than
organic, in which the constant production stage is the most impactful due to the
higher operating costs in terms of labor costs for manual harvesting and pruning
operations.

Comparing the profitability of organic bergamot cultivation with other
typical Calabrian citrus-fruits, bergamot remains the most profitable crop by
recording a profit equal to 5,200.50 € ha™! versus a Clementine system with a
value of 2,248.12 € ha! (Gulisano et al. 2012).

A crucial role for improving bergamot farming profitability has been
performed by the “Consortium of the Bergamot”, which has stabilized the high
volatility of the market price of fruits destined for transformation, guaranteeing
to the farmers a unit price of approximately 0.52 €kg” for organic fruit and
0.50 € kg™! for conventional.

Furthermore, a key role has been played by the Agricultural Department of
the Calabria Region, who in March 2013 launched a series of measures to
support the sector. The organic farming systems take advantage of production
subsidies and, especially, the poor agronomic needs that allow them to maintain
low operating costs.

From a territorial and social point of view, bergamot cultivation plays a key
role by generating an economic activity that allows farmers to maintain a
sustainable income. Currently;the strong increase in demand of bergamot for
fresh consumption has led to an efficient solution of commercial differentiation
and an enlargement of the area cultivated. Furthermore, the consumption of
fresh fruit is increasing due to the beneficial properties of bergamot to human
health, which have led the market to identify a price of approximately 2.50 €
kg!. Thetefore, decision-makers should plan marketing strategies to incentivize
the cultivation of bergamot, through the protection of the national production
and support measures for farmers. This study may contribute to enhancing
knowledge on the achievement of sustainability levels of bergamot cultivation
systems in order to reach higher environmental and economic profiles through
the improvement of farm management.
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