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Abstract. This paper analyses energy and economic balances for different growing methods
(conventional, integrated and organic cultivation) for Protected Geographical Indications (PGI)
Clementine of Calabria, a quality-oriented citrus species in South Italy. Through a double
methodological approach, the economic and energy sustainability of each production system was
assessed by accounting for the farm net value (FNV) of farms. The energy employment in terms
of direct (D) and indirect (I) sources and in terms of renewable (R) and non-renewable (NR)
energy sources was also analysed. Regarding FNV, the results show that in the presence of
European subsidies, organic farming (with 6.06 k€ ha™!) is more profitable than other systems
(4.33 k€ ha'! for integrated farming and 4.99 k€ ha™! for conventional farming) due to the higher
sales price of organic PGI clementines, which allow producers to obtain the highest remuneration
for their capital (1.65 B/C organic, 1.48 B/C integrated, 1.61 B/C conventional). In addition, from
an energy perspective, the organic farming systems showed better performances than
conventional and integrated systems because they required the lowest average energy
employment (49.5 GJ ha! year') compared with the integrated (57.2 GJ ha'!year') and
conventional scenarios (59.1 GJ ha'! year™).
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INTRODUCTION

The sustainability of agricultural production is one of the most interesting fields of
discussion among current research frontiers (Finco et al., 2007; Zanoli et al., 2012;
De Luca et al., 2015a and 2015b; Mariani & Vastola 2015). There are many analytical
and methodological approaches to establishing criteria to measure the impact of
agricultural crops on the surrounding environment (Rigby & Caceres 2001). To that end,
since the early 1990s, many scientists have tried to establish objective standards based
on the use of specific indicators (Rigby et al., 2001), providing specific guidelines to
measure the impacts of agricultural practices both per unit surface and per unit product
(Van der Werf & Petit 2002). According to De Olde et al. (2016), even if new indicator-
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based tools for the assessment of agricultural sustainability are rapidly increasing, a lack
of consensus on how to choose sustainability indicators remains.

The ever-growing dependence of modern agriculture on synthetic chemicals, such
as fertilizers and pesticides, has certainly caused serious repercussions on public health
and on the environment (Pimentel 2005a). Therefore, the need to ensure a more rational
balance in the conservation of soil, water, energy, and biological resources has led to the
growth of organic farming. Its benefits are well established in terms of conserving the
organic matter of soil and using less fossil energy, with similar production yields as
conventional systems. The increased organic efficiency in retaining soil wetness and
water resources is also highlighted because this is particularly beneficial in drought
conditions (Pimentel et al., 2005b). In addition, more sustainable practices should have
positive effects for biodiversity and consumers. In fact, products obtained through
organic agriculture are healthier and have a lower environmental impact because they
contain a lower amount of pesticides than conventional systems (Finco et al., 2007,
D’Amico et al., 2016).

Several analyses have deepened the main features of sustainable entrepreneurship
linked to specific agricultural sectors, such as olive oil (Di Vita et al., 2015; Bernardi et
al., 2016; Stillitano et al., 2016 and 2017; Bernardi et al., 2018; De Luca et al., 2018)
and wine grape growing or the wine industry (Pellicano & De Luca 2016; Schimmenti
et al., 2016). Other studies have assessed the environmental impact of different
cultivation practices (Falcone et al., 2015; Sgroi et al., 2015a; Falcone et al., 2016; Sgroi
et al., 2015b; Nicolo et al., 2017; Strano et al., 2017). Furthermore, a large strand of
literature has evaluated the impact of organic versus conventional cultivation of citrus.
Among them, particular relevance has been found for energy and economic analyses
(Banaeian et al., 2011; Pergola et al., 2013).

Concerning the economic analysis, several methodological approaches have been
developed to evaluate economic sustainability in terms of the profitability of grain
production (Hanson et al., 1997), current Mediterranean orchards (De Gennaro et al.,
2012; De Luca et al.,, 2014; Liontakis & Tzouramani 2016) and other agro-food
productions (Strano et al., 2015). In addition, energy analysis has taken on increased
importance in the existing literature, being widely debated in several economic studies
(Ozkan et al., 2004; Wood et al., 2006; Pergola et al., 2013) and focusing on energy use
efficiency (Banaeian et al., 2011; Mohammadi et al., 2014).

However, certain aspects still deserve further attention, especially with regard to
the specificity of cultivation environments related to the quality of orchards, e.g.,
geographical indications or others certified labels identifying specific characteristics of
agricultural products. Another important aspect is measuring the sustainability levels of
the organic cultivation method versus conventional farming. With an energy,
environmental and production cost analysis, Pergola et al. (2013) evaluated the impact
of every citrus fruit product on the environment, observing that the overall production
cycles of lemons and oranges on organic farms can be considered more sustainable than
those of conventional farms. In the context of citrus, a joint application of life cycle
methodologies was performed by De Luca et al. (2014) to simultaneously assess the
environmental and economic sustainability of clementine crops by confirming the
advantages of organic orchards. Several studies comparing the energy consumption
between organic and conventional farms can be found in the literature (Ozkan et al.,
2004; Astier et al., 2014; Aguilera et al., 2015a and 2015b; Lee et al., 2015; Taxidis et
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al., 2015; Lin et al., 2016). Among these, Ozkan et al., 2004 found that the direct use of
energy as well as the emissions of greenhouse gases are higher for organic farms
compared to conventional farms. However, the contribution of indirect factors, which
exercise greater pressure on the environment, appears to be negatively correlated with
conventional farms, causing a substantially higher overall impact.

As already mentioned, because most of the relevant research has aimed to evaluate
different environmental impacts of organic and conventional cultivation of citrus fruit
(Chinnici et al., 2013; De Luca et al., 2014; Ribal et al., 2016) typical agro-food
productions have received very little attention. Further studies are needed with respect
to the specific features of growing cultivation areas, such as Protected Geographical
Indications (PGI) and Protected Designation of Origin (PDO). In fact, yields and inputs
can be strongly influenced by the production specifications of each producer association.
In this direction, we believe it would be informative to compare the results of clementine
producers derived from the three different growing methods (conventional, integrated
and organic cultivation) in a homogenous citrus growing area, i.e., the PGI Clementines
of Calabria, assessing energy and economic performances in terms of average total costs
and average net values. Clementines are a typical citrus fruit with specific characteristics
cultivated in a specific area of Calabria, a region of southern Italy. The authenticity of
this fruit has been recently demonstrated by a multi-element fingerprint (Benabdelkamel
et al., 2012), and it was also recently awarded with EU PGI designation.

This study aims to evaluate the environmental and economic effects of different
agricultural management models for quality citrus fruit production. The remainder of the
paper consists of five different sections. The next section briefly describes the specificity
of three different farming models: organic, conventional and integrated cultivation. The
third section describes the methodological approach used in the study and the data
sampling method. The fourth section presents the main economic and energy results,
whereas the fifth part discusses the main outcomes and implications in terms of farms
profitability and environmental and socio-economic sustainability. The last section
provides some conclusions and directions of future work.

MATERIALS AND METHODS

The EU agricultural management models analysed

The three different farming systems identified in this study, conventional,
integrated and organic practices, are characterized by specific regulations related to the
use of fertilizers, pesticides, fungicides, herbicides and fito-regulators.

The conventional farming system represents the freest alternative, allowing the use
of all chemical products authorized by European and national regulations. In particular,
the use of fertilizers is constrained in Europe by Council Regulation (EC) no. 2003/2003
(EC 2003), whereas the use of phytoiatric compounds is constrained by Council
Regulation (EC) no. 1107/2009 (EC 2009). Excluding other specific limitations related
to specific areas susceptible to fertilizers and chemicals leaching, synthetic agricultural
products can be used following the technical guidelines provided by fertilizer
manufacturers.

In addition, organic farming systems are specifically regulated by Council
Regulation (EC) no. 834/2007 (EC 2007) on organic production and the labelling of
organic products, which limits the typology of products allowed and in some cases the
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quantity (e.g., for copper compounds, the norm limits the quantity to 6 kg ha™! year! of
copper metal). National audit bodies, which monitor for fraud and allow companies to
use the organic labels for verified products, guarantee compliance with the rules. Organic
productions are characterized by the substitution of chemical fertilizers with organic
compounds (e.g., manure, horn meal, poultry manure etc.) and chemical phytoiatric
compounds with organic compounds, the biological control of pests and mechanical
operations (e.g., mechanical weeding). Generally, organic systems have lower yields
than conventional systems due to both the low use of inputs and the higher amount of
rejected products due to damage.

Integrated production, compared to conventional production, attempts to move the
goal from yield maximization to cost reduction and the quality of the product (Tamis &
Van Den Brink, 1999) by implementing management strategies to limit as much as
possible the use of synthetic compounds and the release of hazardous slag. In particular,
this type of farming system is normed at the local level by specific procedural guidelines
of regional authorities, which describe the most appropriate cultivation techniques for
single species and fix the typology and the quantity of inputs allowed. All products in
organic production are also allowed in the integrated production. In particular, for citrus
cultivation, and especially for clementines in the Calabria region, the production rules
fix the active ingredients allowed for each disease, the period of treatments, and the
maximum amount allowed (Regione Calabria, 2016). For fertilizers, specific limits are
fixed for nitrogen (120 kg ha™), for phosphorus pentoxide (60 kg ha™!) and for potassium
oxide (100 kg ha!). These limits are referred to as normal conditions, but incremental
values are allowed in specific contexts (e.g., for a high yield and/or for low soil fertility).
In particular, for nitrogen, the quantity can be increased up to 75 kg ha™'. For phosphorus
pentoxide, it can be increased up to 80 kg ha!. For potassium oxide, it can be increased
up to 45 kg ha™!. Specific recommendations are also made for tillage, with preference for
soft operations, low energy consumption and conservative ploughings in terms of soil
fertility and soil biodiversity.

Theory and modelling

This paper presents a double methodological approach to evaluate economic and
energy sustainability. The first part of the analyses was addressed to evaluate the
profitability among organic, integrated and conventional cultivations. According to
previous research (Di Vita et al., 2013), this first analysis was mainly oriented towards
evaluating the economic results of the sampled farms by comparing the farm net value
(FNV) of each of the production systems. The farm net value was calculated as a mean
for each homogeneous area by subtracting from total output (TO) the production costs
(PC), which include total specific costs, farming overheads and depreciation. TO
includes total crops saleable (production expressed in tons per average price). With the
aim of reducing the biases arising from changes in the level of inputs, prices and seasonal
productive trends (De Luca et al., 2014; Di Vita et al., 2014), the values of the TO and
FNV were determined using their average values for at least four years (2012-2015).

Concerning the PC, the analysis identified three main classes of costs: materials,
labour and services, and quotas and other duties (Gresta et al., 2014; Stillitano et al.,
2016). The materials item includes the costs of all non-capital inputs (fertilizers,
pesticides, herbicides, fuel, water and other crop specifics) and was calculated taking
into consideration both the amount effectively used by the farm during the accounting
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years and the current market prices. The labour and services item identifies all
expenditures for the remuneration of labour, considering all workers directly employed
in the production process as well as the external farming services. Costs for farmworkers
were evaluated in terms of opportunity cost and were equal to the employment of
temporary workers for manual and mechanical operations, assuming current hourly
wages. The expenditure for services and specialized labour provided by external
agencies was considered as rental costs of mechanical means. Furthermore, in this
typology of costs, all expenses for insurance, product sale mediation and transport were
accounted for. The quotas and other duties item include depreciation costs for
machinery, equipment, land and buildings, circulating and current capital, taxes and fees.
Direct subsidies were also included in the analysis by calculating the support of the
Common Agricultural Policy (CAP) for the citrus fruit sector provided per hectare,
according to Council Regulation (EC) no. 1307/2013 (EC 2013).

The second methodology applied in this paper focuses on an energy analysis
approach. In particular, an input-output energy analysis was applied to deepen all energy
requirements connected to agricultural production, including the indirect contribution
made by the manufacturing of agricultural inputs. With the aim to assess the energy
demand of different citrus farming techniques, an approach ‘from gate to gate’ was
chosen (Fig. 1).

Fertilizers Pesticides Herbicides
®  production | # | production | production | Ing >
Fertilizers Pesticides Herbicides
Machinery emissions emissions emissions
and
agricultural Fertilizers Pesticides Herbicides
tool transport transport transport
production
- Machinery Machinery Machinery Imigation
Diesel and and and F— system
production agricultural agricultural agricultural Human production Human
tool tool tool labour L 1 labour
Diesel ‘ production production production Energy ‘
combustion | L production
Diesel Diesel Diesel
Human production production production
labour
Diesel Diesel Diesel
combustion combustion combustion
Human Human Human
labour labour labour
Tillage Fertilization Pesticides Weeding Pruning Irrigation Harvesting

Figure 1. Flow chart of citrus farming system.
According to Ribal et al. (2016), the energy balance assessment was carried out

taking into account the full production phase of orchards, which represents the most
representative phase in terms of practices, material inputs and environmental impacts.
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A reference unit equal to 1 ha year! was adopted. In terms of comparing different land
utilizations, it appears to be more appropriate than a mass unit (e.g., kg of product),
especially for practical implications pertinent to managerial strategies for farmers and
policy makers (Cerutti et al., 2015). Data on the input quantities were directly measured
from primary sources, whereas the energy equivalent requirement for each input
(Table 1) was estimated according to Namdari et al. (2011). To note the different
typologies of employed energy, inputs connected to clementine production were
classified in direct (D) and indirect (I) sources and in renewable (R) and non-renewable
(NR) energies (Yilmaz et al., 2005).

Table 1. Energy equivalent requirement for each input and output considered

Sources Energy Measurement Characterization

Input typology typology unit factors (MJ unit™") Reference

Diesel Fuel (D) (NR) L ha’! 56.31 Mohammadi et al., 2008
Human Labor (D) (R) h ha’! 1.96 Ozkan et al., 2004
Water (D) (R) m? ha'! 1.02 Mohammadi et al., 2008
Electicity (D) (NR) kWh ha'! 11.93 Ozkan et al., 2004
Machinery D (NR) h ha'! 62.70 Ozkan et al., 2004
Manure D (R) kg ha’! 0.30 Canakci et al., 2005

N D (NR) kg ha'! 66.14 Mohammadi et al., 2008
P20s D (NR) kg ha'! 12.44 Mohammadi et al., 2008
KO D (NR) kg ha'! 11.15 Mohammadi et al., 2008
Pesticides D (NR) kg ha’! 199.00 Ozkan et al., 2004
Fungicides ) (NR) kg ha’! 92.00 Ozkan et al., 2004
Herbicides ) (NR) kg ha’! 238.00 Ozkan et al., 2004

The investigation covered the areas of clementine of Calabria PGI production.
Representative farms were identified in each of three most representative areas, Cosenza,
Reggio Calabria and Catanzaro, taking into account the characteristics of the territories
and the ordinariness of the production units. Because of the diversity of citrus cultivation
and to ensure that the sample adequately reflected this heterogeneity, we stratified the
universe of farms using the following criteria: average production, specialized farms,
age of cultivation (constant production stage) and plant density. As a consequence,
27 representative farms, equally distributed in three different areas, were totally
identified. Data were collected during face-to-face interviews with each producer using
a custom-fitted survey questionnaire. The final organization of the questionnaire was
derived using outcomes, items and information obtained in a previous focus group. The
questionnaire consisted of two main parts; the first one took into account the structural
and entrepreneurial characteristics of farms, and the second section was aimed at
gathering data on economic aspects and energy use.

Synthetically, the data gathering concerned farm production (yield), farm inputs
(types and quantities of agricultural inputs), machinery use for farm management
(e.g., fertilizer application, tillage, pruning, weed mowing, etc.), outsourced cost items
(e.g., expert consultancies, transport and outsourced cultivation operations), wages, and
all cost items not directly attributable to specific growing operations, represented by
quotas (depreciation, maintenance and insurance), levies, and interests (remuneration of
working capital) and rent (remuneration of land). Table 2 reports the main features
characterizing the sample of analysed farms.
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Table 2. Main features of sampled farms (means)

Production

systems

Cultivated ha area
Diesel Fuel (L ha'!)
Human Labor
Machinery (h ha™!)
Water (m? ha™')
Manure (kg ha™)

N (kg ha)

P,0Os5 (kg ha‘l)

K>O (kg ha™')
Pesticides (kg ha™)
Herbicides (kg ha'!)
Fungicides (kg ha™')
Energy (kW ha')
Yield (ton ha™')

Organic 5.6 302.7 432.1 66.2 6,552.0 1,6989 0.0 0.0 0.0 659 0.0 30.0 931.1 29.0
Conventional 6.1 231.9 473.7 50.4 6,685.0 0.0 217.8 142.7 168.8 19.1 5.4 16.1 966.7 36.05
Integrated 6.4 232.6 461.6 53.6 6,776.0 0.0 165.6 120.0 124.4 18.0 5.2 14.9 966.7 34.16

RESULTS AND DISCUSSION

The results are organized in two different subsections. The first analysed the
economic results in terms of FNV obtained both including and excluding CAP aids,
whereas the second part reported the energy analysis carried out according to the current
existing literature (Giindogmus 2006; Namdari et al., 2011; Pergola et al., 2013).

Economic results (comparison between organic and conventional growing)

Observing data reported in Tables 3, 4 and 5, the more profitable results were found
for organic cultivation in terms of both total output (TO) and farm net value (FNV) in
the absence of CAP aids. Obviously regarding FNV in the presence of incentives (which
include those for Mediterranean cultivation plus those for organic cultivation), the
outcome is even more favourable for organic farming. In fact, despite the total costs of
production being the highest in organic farms, the higher sale price of organic PGI
clementines allowed producers to obtain the highest remuneration of their capital.
Organic cultivation allows producers to obtain specific aid provided for the organic
method in addition to the agricultural incentives provided by the EU for each Italian
citrus fruit farm.

Differences were also observed for the three different samples with respect to
materials and quotas and other duties, whereas statistically relevant differences were
observed for the costs linked to labour and services. In organic cultivation, the
expenditures for materials, especially for fertilizers and pesticides, are lower than those
in conventional and integrated systems. Our results confirm those reported in other
studies (Padel & Lampkin, 1994). As expected in the organic cultivation, the expenditure
for quotas and other duties is the highest. This result is due to the fees for control required
by the inspection body for the certification of organic process.

Concerning the second management model based on integrated agricultural
practices, it registers the lowest economic performance compared to the others methods.
The lower profitability of the integrated management model is due mainly to the
presence of higher average costs, despite the total output of production being on average
slightly higher than conventional systems, causing a more favourable price in the final
markets. This result is strictly coherent with other studies carried out on organic farming
of perennial crops of the Mediterranean Basin (Sgroi et al., 2015a).
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Table 3. Economic results of the organic farming systems (expressed in k€ ha'!)
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Org2 099 387 386 871 1218 347 527 140 16l
Org3 098 372 384 854 1120 266 446 131 1.52

Org 4 1.53 459  3.37 9.49 14.00 4.51 6.32 1.48 1.66
Org 5 1.46 4.56  3.37 9.40 15.00 5.60 7.41 1.60 1.79
Org 6 1.44 4.61 3.80 9.85 13.75 3.90 5.71 1.40 1.58
Org 7 1.52 370 422 9.45 14.46 5.00 6.81 1.53 1.72
Org 8 1.43 397  4.66 10.06 14.80 4.74 6.54 1.47 1.65
Org9 1.55 4.51 4.30 10.36 14.21 3.85 5.65 1.37 1.55
Min 0.98 327 337 8.23 11.20 2.66 4.46 1.31 1.52
Max 1.55 4.61 4.66 10.36 15.00 5.60 7.41 1.60 1.79
Mean 1.33 4.09 3.92 9.34 13.60 4.26 6.06 146  1.65
Sd 0.24 049 042 0.72 1.28 0.88 0.88 0.09  0.10

Table 4. Economic results of the integrated farming systems (expressed in k€ ha™!)
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Int 1 1.63 4.66 2.95 9.27 11.55 2.28 3.48 1.25 1.38
Int 2 1.64 3.95 2.80 8.39 11.88 3.49 4.69 1.42 1.56
Int 3 1.50 4.09 2.77 8.35 10.85 2.50 3.70 1.30 1.44

Int 4 1.55 3.59 3.70 8.84 12.96 4.12 5.32 1.47 1.60
Int 5 1.70 4.26 3.49 9.45 12.25 2.80 4.01 1.30 1.42
Int 6 1.66 3.36 3.83 8.86 13.30 4.44 5.65 1.50 1.64
Int 7 1.53 4.04 3.48 9.04 12.16 3.12 432 1.35 1.48
Int 8 1.37 4.40 3.39 9.16 11.78 2.62 3.83 1.29 1.42
Int 9 1.65 4.63 3.27 9.55 12.35 2.80 4.01 1.29 1.42
Min 1.37 3.36 2.77 8.35 10.85 2.28 3.48 1.25 1.38
Max 1.70 4.66 3.83 9.55 13.30 4.44 5.65 1.50 1.64
Mean 1.58 4.11 3.30 8.99 12.12 3.13 4.34 1.35 1.48
Sd 0.10 0.44 0.38 0.42 0.73 0.74 074 0.09 0.09

The conventional farming system shows the lowest cost of all three samples. It is
less rentable than organic agricultural method, but it registers a higher profitability than
the integrated system. The average total costs of conventional farms amount to
8.13 k€ ha’!, with a minimum of 6.99 and a maximum of 8.95 k€ ha™'. Quotas and other
duties constitute the most significant proportion of total costs, which differs from that
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detected for the other two systems, whereas Labour and services constitute the major
cost. These last results were consistent with earlier findings reported by other authors
arguing that organic management systems are more economically sustainable than
conventional systems (Pergola et al., 2013; Sgroi et al., 2015a).

Table 5. Economic results of the conventional farming systems (expressed in k€ ha'')
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Convl 153 206 371 730 950 220 341 130 147
Conv2 141 195 363 700 924 224 345 132 149
Conv3 143 218 385 746 1050 3.04 425 141 157
Conv4 1.64 293 380 837 1144 307 428 137 151

Conv 5 1.58 2.86 3.71 8.15 11.75 3.60 481 1.44 1.59
Conv 6 1.56 2.98 3.89 8.44 12.16 373 493 1.44 1.58
Conv 7 1.54 4.44 291 8.89 14.00 5.11 6.32 1.57 1.71
Conv 8 1.68 4.28 3.00 8.95 15.00 6.05 7.25 1.68 1.81
Conv 9 1.76 4.02 2.92 8.70 13.75 5.05 6.25 1.58 1.72

Min 1.41 1.95 291 7.00 9.24 220 341 1.30 1.47
Max 1.76 4.44 3.89 8.95 15.00 6.05 7.25 1.68 1.81
Mean 1.57 3.08 3.49 8.14 11.93 379 499 1.46 1.61
Sd 0.11 0.96 0.42 0.72 2.02 1.34 1.34  0.13 0.12

Energy analysis: comparison among organic, integrated and conventional
farming

As previously observed in the economic analysis, from an energetic point of view,
the organic farming system (Table 6) shows better performances than the conventional
and integrated systems (Tables 7 and 8). Organic clementines require the lowest average
energy employment (49.55 Gl ha!year!) compared with the integrated
(57.21 GJ ha! year') and conventional scenarios (59.09 GJ ha! year!). The larger
amount of energy consumption in the organic farming systems is related to the depletion
of fossil fuels due to machinery use (on average 34.5% of total), followed by the use of
electricity and irrigation (22.3%). Fertilization represents only 1.03% whereas the use of
plant protection products accounts for 18.6%. Analysing the standard deviation, a higher
value was reached for the ‘Diesel Fuel’ category (2.6%) followed by the ‘Pesticides’
(2.1%) and ‘Electricity’ (1.8%) categories. The other categories show, on average,
values approximately 0.5%, indicating low dispersion of the distribution of results.

As mentioned above, the integrated farming system represents the second less
impactful scenario in terms of energy consumption, with a higher energy requirement in
terms of ‘fossil energy’. The ratio of this energy category consumption to the total
requirement is less than that for the organic scenario and is, on average, 24%.
Fertilization represents the most impactful operation overall, particularly nitrogen
fertilizer (20.1%), together with phosphorus pentoxide and potassium oxide, which
brings the share of total energy required for fertilizers to 25.3%.
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Table 6. Energy results of the organic farming systems
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Org 1 36.25 1.98 12.72 20.70 8.80 1.00 12.00 6.55 44.95

Org 2 37.57 1.97 12.23 19.62 9.09 1.04 12.21 6.27 4257
Org3 37.92 1.88 12.78  20.36 9.21 0.94 10.64 6.28  43.95
Org 4 30.41 1.57 14.60  23.88 7.35 1.03 15.55 5.61 52.45
Org 5 31.97 1.64 13.98  24.96 7.77 1.03 13.76 490  52.59
Org 6 32.54 1.64 13.98  21.61 790 094 16.02 537  49.68
Org 7 33.08 1.56 13.28 23.71 8.08 1.08 14.38 4.82 55.35
Org 8 35.43 1.61 13.83 2390 8.73 1.14 992 544 5242
Org9 35.80 1.65 13.54  21.79 8.74 1.04 12.14 5.31 52.02
Min 30.41 1.56 12.23 19.62 7.35 094 992 482  42.57
Max 37.92 1.98 14.60  24.96 9.21 1.14 16.02 6.55 55.35
Mean  34.55 1.72 13.44  22.28 8.41 1.03 12.96 5.62  49.55
Sd 2.64 0.17 0.75 1.88 0.65 007 2.1 0.62  4.57

Irrigation was the third most energy expensive operation, accounting for 21% of
the total energy requirement. The standard deviation was higher for electricity (2.9%)
and nitrogen fertilizer (2.5%), whereas for the other inputs, it was, on average, 0.5%.

Table 7. Energy results of the integrated farming systems
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Int8 23.83 1.52 13.14 22.09 6.36 18.66 2.74 2.75 442 260 189 56.70
Int9 2398 1.58 1324 2135 6.26 1834 2.89 2.79 5.18 247 192 55.89
Min 22.16 147 10.76 1695 553 17.02 231 207 3.76 228 1.89 49.28
Max 26.11 1.85 14.07 2530 6.62 2423 328 283 587 282 2.68 59.05
Mean 23.98 1.66 12.58 20.96 6.15 20.05 2.73 2.54 459 251 225 54.74
Sd 1.24 0.12 131 293 031 247 027 027 0.66 020 0.29 2.8

The conventional farming system has the worst results; however, the mean value is
close to that of the integrated farming system. In terms of the incidence of a single input
to total energy requirements, fertilization represents the most wasteful operation. In
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particular, the use of nitrogen share is on average 24.45% of the total, representing
overall the most impactful input. Considering phosphorus pentoxide and potassium
oxide, the use of fertilizers constitutes approximately 30.5% of the energy required. As
seen above for the integrated farming system, diesel fuel (22.1%) and electricity
(19.44%) represent the second and the third most influential inputs, respectively. The
standard deviations have higher values in the nitrogen category (3.1%) and in the
electricity category (2.55%) but generally have values comparable with the other
farming systems.

Table 8. Energy results of the conventional farming systems

= & ;\; < ;\? ;\‘; =
o, I °\; = S 7T 3
. 4 e — —_ 0 [} [}
s £ 2 £ § & g g £ 3 2z 27
e < — = = ~ ~ N7 = =
E 2 Ec2 3 3 £ & 9 % 2 % 5=
& A T2 @B = =z £ & & £ =z S
Convl 21.56 1.78 10.56 16.83 5.23 27.87 281 2.52 5.0 3.12 224 53.16
Conv2 2480 1.54 951 1545 6.03 27.41 258 231 537 254 247 57.92
Conv3 2431 157 9.84 1629 589 27.09 255 228 531 283 203 58.59

Conv4 20.79 150 1239 22.22 496 2571 242 217 3.67 224 193 61.73
Conv5 21.86 1.47 1221 2040 523 2443 245 2.19 495 236 244 5847
Conv6 19.73 157 12.64 21.68 4.77 2579 257 230 445 213 236 60.52
Conv7 21.71 158 12.08 20.17 531 21.47 4.04 5.13 4.17 233 2.01 59.15
Conv8 21.92 1.61 12.07 20.58 533 20.86 3.92 498 445 212 215 60.87
Conv9 2237 154 1229 21.36 540 1938 3.65 4.63 425 3.00 2.13 6143
Min 19.73 1.47 951 1545 477 1938 242 217 3.67 212 193 53.16
Max 2480 1.78 12.64 22.22 6.03 27.87 4.04 5.13 550 3.12 247 61.73
Mean 22.12 1.57 11.51 19.44 535 24.45 3.00 3.17 4.68 252 220 59.09
Sd 1.59 0.09 120 2.55 040 3.13 0.67 132 0.63 038 0.19 2.62

In terms of the type of energy used in the different farming systems, the share of
non-renewable energy is higher than that of renewable. For the conventional and
integrated scenarios, renewable energy represents only 13%, whereas for the organic
scenario, the share increases up to 16% (Fig. 2).

100%
80%
60%
40%
20%

Share of renewable and
non-renewable energy

0%
ORG CONV INT
ENR OR

Figure 2. Average share of renewable and non-renewable energy for different farming systems.
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In terms of direct and indirect energy, the conventional and integrated systems
show a similar trend, using 55% and 60% of direct energy and 45% and 40% of indirect
energy, respectively. Conversely, the organic farming systems use 72% of direct energy
and only 28% of indirect energy (Table 9).

Table 9. Average share of direct and indirect energy for different farming systems

(D) )

Diesel Fuel
Human Labor
Electicity
Machinery
Pesticides
Fungicides
Herbicides

Manure

Water

Z ~ 2
ORG 34.39% 1.71% 13.49% 22.42% 8.37% 1.03% 0.00% 0.00% 0.00% 13.02%5.57% 0.00%
CONV 22.10% 1.57% 11.54% 19.52% 5.35% 0.00% 24.37% 3.00% 3.18% 4.66% 2.51% 2.19%
INT 23.93% 1.65% 12.63% 21.07% 6.14% 0.00% 20.00% 2.73% 2.53% 4.57% 2.50% 2.25%

Discussion

The results confirm the differences in the energy and economic performances
among three different farming systems, and the outcomes seem to be in line with
previous research concerning these issues. The analyses showed the best economic
performance for organic farming, unlike the findings obtained in an analogous study
conducted on orange farming that showed the highest profitability for the conventional
method (Chinnici et al., 2013). These initial results, confirmed by most of the subsequent
studies (Pergola et al., 2013; Patil et al., 2014; Sgroi et al., 2015a), are due to current
availability of European Union farm support to help organic growers gain additional
value from citrus fruit production. At the same time, this result is justified by the
progressive increase in the consumer prices of clementine that benefit from a favourable
price due to it being organic and having PGI certification, confirming current trends of
modern consumers that show an increasing appreciation for organic products and the
origin of fresh fruit production (Lombardi et al., 2013). From a consumer behaviour
perspective, further analysis can be directed to evaluating a hedonic price function of the
effects of each certification on the final price of clementines. In addition, the analysis
noted that organic farming is more labour intensive than the other scenarios. As a
consequence, from a macroeconomics approach, it would seem that organic and even
integrated farming requires a larger amount of work in relation to the final output. In this
sense, our results seem to have interesting implications for rural and local development
because the outcomes show that putting more effort into the development of sustainable
practices in the agriculture of PDO and PGI areas would require greater use of
manpower. As a result, this increasing demand in terms of extra labour could be
redirected towards structural employment policies for both skilled and generic
agricultural jobs.

Therefore, we can reasonably affirm that organic agriculture produces positive
economic effects not only due to the higher prices or to EU additional payments for
organic growing, which lead to an increase in farm profitability but also because it
generates favourable social effects and benefits on the local system thanks to the major
participation of local organic stakeholders. This result appears to be in line with a study
arguing the role of organic farming in preventing the abandonment of rural areas (Testa
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et al., 2015). Therefore, the increasing demand of employment and more profitable
incomes of organic farming can ensure a more favourable impact overall on the territory,
with positive economic and social effects within the rural areas (Timpanaro et al., 2013;
Spampinato et al., 2013; Zarba et al., 2013; De Luca et al., 2015a; Frischknecht et al.,
2015). Concerning environmental sustainability, by observing the results obtained in the
energy analysis, it was found that the organic farming system requires less energy input
than the conventional system. This result appears to be consistent with earlier studies
that compared these different farming systems using energy input-output analyses
(Giindogmus et al., 2006; Pergola et al., 2013). Similar results have been obtained in
different life cycle assessment (LCA) studies in which the depletion of non-renewable
resources was considered (Falcone et al., 2015; Ribal et al., 2016); however, these energy
source generally considers only fossil fuel consumption (Frischknecht et al., 2015).
Furthermore, the results are comparable with some studies that assessed the energy
consumption of citrus orchards (Namdari et al., 2011; Pergola et al., 2013).

In particular, taking into account the study of Ozkan et al. (2004), their results
determined an energy requirement for mandarins that is lower than our findings
(48.84 GJ ha™), but they used different cultivation techniques and characterization
factors. For the energy requirements of mandarins, the results of Namdari et al. (2011)
are very similar to ours (77.50 GJ ha!), and in this case, the cultivation techniques are
different and strongly connected to the area of the survey. Considering only one year of
production, the results of Pergola et al. (2013) show a higher energy demand compared
to our findings, but their results are relative to the full production phase and a different
citrus species. In contrast, our results appear consistent, especially considering that the
area analysed by Pergola et al. (2013) is relatively close to that considered for this study.

In terms of energy demand by farming operations, as mentioned above, the
fertilization and pesticide distributions constitute approximately 40% of the total energy
requirement for the conventional and integrated scenarios, according to Ozkan et al.
(2004) and Namdari et al. (2011), whereas for the organic system, it covers
approximately 20%. Also in Beccali et al. (2010) fertilization is the most impactful
operation, but it is not possible to attribute the share of the cumulative energy demand
linked to this operation for the different reference unit used (1 kg of transformed product)
and in the absence of an in-depth analysis of the agricultural phase. Tillage and irrigation
generally represent the second and the third most energy-expensive operations, due to
the use of fossil fuels and electricity, according to Ozkan et al. (2004) and Namdari et
al. (2011). On the contrary, Pergola et al. (2013) observed that the most impactful
operation is harvesting in lemon cultivation for both the organic and conventional
systems. This result is due to the higher planting density of lemon orchards and to the
distribution throughout the year of the harvesting of lemon fruits.

Considering one ha of cultivated surface, the organic farming systems exhibited
better performances respect than the conventional and integrated systems, but these
could be subject to relevant changes considering, as a reference unit, one kilo of product.
For example, considering the mean values of energy consumption and the average yield
(organic 29,000 kg ha™!; integrated 34,167 kg ha!; conventional 36,056 kg ha!), the
results of the present study change 1.71 MJ kg! for organic, 1.64 MJkg! for
conventional and 1.60 MJ kg! for integrated farming systems. The alternative results in
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terms of the kg of products show that the integrated system performed better compared
to the conventional and/or organic systems, apparently, contrasting the results outlined
above; however, it is only a perspective question. In fact, the results expressed in terms
of mass are strictly connected to the difference in the yield between cultivation
techniques (which is lower in the organic system). The use of a mass FU favours the
integrated and conventional scenarios, according to Mattsson (1999), Nicoletti et al.
(2001) and Cerutti et al. (2015). Therefore, in terms of energy consumption, it might be
plausible to assert that organic practices are not always sustainable. A thorough
environmental assessment should consider other indicators, for example, the effects on
biodiversity at a local scale and the impact on soil quality. Only considering the energy
footprint, it would be hazardous to affirm that integrated or conventional agriculture is
in anyway better than organic agriculture (Cerutti et al., 2015).

CONCLUSIONS

This study provides empirical research on the economic and energy sustainability
of different citrus cultivation practices in Southern Italy to ascertain whether differences
exist among different agricultural management models in terms of profitability and
energy use in PGI areas. The results allowed us to compare the economic and energy
performances of each farming typology, describing the outcomes for three different
scenarios: organic, integrated and conventional farming.

Economic analysis found the highest economic and social sustainability
performances for organic farming. In terms of product quality, this production method
ensures the highest profitability and seems to be more beneficial in terms of rural
development and environmental protection. Furthermore, concerning energy analysis,
the organic farming system yields better results. The results referring to the cultivated
area could be useful for defining energy-oriented development strategies. From a
consumer perspective, referring to the assessment of the product, the results revealed
that the increase of the yield plays a key role, allowing a greater distribution of energy
consumption. Increasing the yield of the organic farming system should be the path to
obtaining more sustainable products.

Therefore, the present paper confirms the main outcomes of a large strand of
existing literature on organic farming and introduces for the first time new insights linked
to the energy balance for crops cultivated in protected geographical indication areas.

Further analysis of sustainability in other PDO and PGI areas is needed to
corroborate our results. More in-depth studies could be useful for understanding the
different levels of sustainability by investigating additional environmental and economic
indicators through life cycle methodologies and financial analysis.
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