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Abstract: Conventional and intensive agriculture systems represent an environmental challenge.
This research aims at evaluating the economic and environmental implications of conventional and
organic durum wheat production in Southern Italy by applying material flow analysis and the crop
accounting method. The purpose is to evaluate and compare the natural resource consumption,
waste generation and economic profitability of conventional and organic durum wheat farming,
respectively. The functional unit is one hectare of cultivated land. System boundaries encompass all
agronomic operations, from cradle to gate. The research applies a bottom-up approach and relies on
either primary or secondary data. It emerges that organic durum wheat production reduces the use
of synthetic chemical and phytosanitary products, as well as plastic waste, by up to 100%. Moreover,
it decreases diesel use by 15%, with a consequent reduction in CO, emissions, and also avoids
soil and groundwater pollution. From an economic perspective, gross income for conventionally
farmed durum wheat is still 55% higher compared to organic production. Public authorities should
boost environmental sustainability by supporting organic production from either an economic or a
social perspective, by enhancing the sharing of best practices, by certification for farmers” groups, by
research and innovation, and by incentives in taxation. Overall, this research represents a further step
towards the adoption of sustainable agricultural practices.

Keywords: crop accounting; environmental sustainability; material flow analysis; resource management;
organic farming; sustainable agriculture

1. Introduction

Conventional and intensive agriculture systems represent an environmental chal-
lenge [1]. Although the food system as a whole has enhanced agricultural yields through
the adoption of monitoring crops’ growth [2], accurate weather prediction technologies [3],
and novel crop protection methods [4], to meet demand for food commodities and reduce
hunger [5], such a rapid rise in productivity has had a detrimental effect on the environ-
ment. Among other issues, agricultural production is responsible for soil degradation,
biodiversity losses, water pollution and climate change [6,7]. As reported by Ritchie and
Roser [8], half of habitable land worldwide is used for agriculture, accounting for over
51 million km?. For crop production (excluding animal feed), a figure of over 11 million
km? of land has been estimated. Further, crop production for human consumption accounts
for over 21% of food production emissions, equivalent to approximately 2.8 Gt of CO,eq [9].
In Italy, agricultural greenhouse gas (GHG) emissions have been estimated at 418 kt of
COseq and represent the highest in Europe after Germany (810 kt of CO,eq) and France
(443 kt of COzeq) in 2019.

In the field of wheat production, Ritchie and Roser [8] have estimated that more than
3.8 m?2 of land is required to cultivate one kilogram of wheat, while the entire wheat chain
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generates more than 1.5 kg of CO; per kilogram of product (i.e., more than 50% is due to
land use and farm management operations). Conventional crops are characterized by higher
yields and profits compared to organic ones [10]. However, better economic performance is
supplemented by negative externalities. From the environmental perspective, conventional
crops cause soil depletion, groundwater pollution, and atmospheric contamination, as well
as requiring extensive use of agrochemicals [11]. Further, from the economic and societal
perspective, conventional crops are less likely to meet the increasing market demand
for sustainable products [12], thereby frustrating international and national directives on
sustainable production strategies, such as the Farm to Fork Strategy [13]. On the other
hand, organic farming is defined as a system which relies on ecosystem management rather
than external agricultural inputs and which eliminates the use of synthetic inputs such as
synthetic fertilizers and pesticides, veterinary drugs, genetically modified seeds and breeds,
preservatives, and additives [14]. It provides a sustainable alternative to conventional
farming [15] since energy use per hectare of land. and levels of GHG emissions are both
lower compared with conventional crops [16]. From the ecological perspective, organic
farming does not revolutionize the soil structure, does not release polluting substances
into nearby water bodies by leaching, and does not use chemicals which damage the
ecosystem [17].

Recent studies [18] have found that although organic farming provides reliable en-
vironmental benefits and contributes towards food safety and food security goals, it also
increases variability in crop yields, producing financial risks for farmers in terms of volatile
profitability. This brings to light a critical issue in terms of environmental protection and
economic growth: organic farms promote biotic abundance, soil carbon, and profitability,
but conventional farms produce higher yields [18]. On the other hand, it has been argued
that ecological and economic outcomes depend either on the adoption of different manage-
ment systems (i.e., conventional or organic) or on crop types, underlining that each case
must be treated individually.

In the quest for a fair trade-off between economic growth and environmental protec-
tion, the present research aims at evaluating the economic and environmental impacts of
conventional and organic durum wheat (Triticum turgidum L. subsp. durum) production in
the Apulia region (Southern Italy) by material flow analysis (MFA) and by crop accounting.

To the best of the authors’ knowledge, there have been no studies which have combined
these two methodologies to assess similarities and differences between these two types of
farming systems in terms of natural resource consumption, waste generation and economic
profitability. The originality of the present research thus relies on considering these factors
in an attempt to fill in the academic data gaps. Specifically, the MFA produces transparent,
comparable and replicable data, both quantitative and qualitative, and it identifies the
hotspots of these two farming systems.

Finally, this research contributes to the integration of academic and practitioner knowl-
edge in the field of durum wheat farming, representing a further step towards the adoption
of sustainable agricultural practices.

2. Theoretical Background

Durum wheat is the tenth most important crop worldwide and is cultivated in three
main areas, namely: the Mediterranean basin; the northern United States and Canada;
and the desert areas of the southwest United States and northern Mexico [19]. In addition,
durum wheat is the most cultivated cereal crop in the Mediterranean basin [19] and is
essential in the Mediterranean diet, being the basis for the production of four different
products: pasta, couscous, bulgur and bread.

On a global scale, durum wheat annual production has declined from 37 Mt in 2018 to
33.6 Mt in 2020 (—9%) [20] and represents approx. 4% of entire wheat production (895 Mt in
2020) as reported by FAOstat [21]. It is estimated that the European Union (EU) produced
7.3 Mt of durum wheat in 2020, with a cultivated land area of 2,199,000 ha and an average
yield of 4 t/ha [22]. Italy is the largest EU producer of durum wheat, accounting for approx.
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4 Mt cultivated on 1,210,415 ha of land. The Apulia region is the biggest producer of
durum wheat in Italy, recording 0.99 Mt of durum wheat production in 2020 (24% of total
Italian production) [23]. Moreover, the Apulia region has the largest area of Italy devoted
to durum wheat farming, estimated at 344,400 ha in 2020, compared to 283,870 ha in 2010
(+21%) [24].

Several articles on durum wheat have been published in Italy in the fields of environ-
mental sciences, social sciences, energy, and business management. In terms of organic
farming, durum wheat is cultivated on more than 140,000 ha (10% of the total durum
wheat cultivated land). Southern Italy, including Apulia, Sicily, Calabria and Molise, has
contributed most to the organic conversion, covering over 50% of all organic cultivated land
in Italy [25]. From the consumption perspective, of the rate of durum wheat self-sufficiency
(apparent production/consumption) has been estimated at 56% [26].

Lately, researchers have applied the life cycle assessment (LCA) to improve the man-
agement of agri-food companies involved in whole-grain durum wheat pasta production,
and to assess the energy and environmental impacts of durum wheat bread [27]. Such
studies have estimated that the major environmental impacts along the entire wheat chain
are generated during the cultivation stage, but no comparison has yet been made between
conventional and organic farming. Furthermore, Todorovi¢ et al. [28] have investigated
the different impacts of water and nitrogen on durum wheat eco-efficiency in the Mediter-
ranean area, highlighting the need to adopt agronomic practices with low use of resources
and higher eco-efficiency. Sustainable practices must address both precision agriculture and
optimization of water and fertilizers, enhancing environmental, resources and economic
performances at the same time. Similar results have been obtained by Alhajj Ali et al. [29],
which have estimated wheat-cultivation-related GHG emissions and have evaluated lower
carbon footprints associated with improved productivity and minimum inputs. Results
like these suggest that the main contributors to negative emissions are farm inputs, as
well as nitrogen fertilizers and pest management techniques [29,30]. As regards water
footprints, several authors have stressed the importance of responsible water use [30,31]
and have highlighted organic pest control and proper manure use as drivers to reduce
water consumption towards sustainable practice levels [32,33].

As regards the comparison between conventional and organic wheat farming, several
articles have investigated organic wheat quality and consumers’ preferences [34,35] but
few authors have compared the economic and environmental impacts associated with con-
ventional and organic durum wheat farming, respectively. Montemurro and Maiorana [36]
have estimated that conservative agricultural practices such as crop rotation, shallow tillage
and organic fertilizers can reduce environmental impacts and contribute towards sustain-
able agriculture, whereas Tudisca et al. [37] highlighted a higher gross margin for organic
durum wheat compared to the conventional crop, due to lower variable costs and higher
production values. Further in-depth comparisons between conventional and organic crops
have been conducted by Fagnano et al. [38], with the aim of evaluating the agronomic,
technological, sensory and sanitary qualities of grains and pasta, but without assessing
environmental consequences. In the field of water consumption analysis in Italy, relevant
literature has considered the water footprint to evaluate the environmental and sustain-
able performance of companies. Ruini et al. [39] considered this indicator with respect
to pasta production, highlighting its role in informing better decision-making regarding
plant management, supplier collaboration and interaction between policy-makers and
communities [40].

In addition to the environmental impacts of durum wheat production, and the eco-
nomic savings arising from the adoption of innovative technologies [41], researchers have
been interested in contractual arrangements within the Italian durum wheat sector [42]. It
has emerged that Italian farmers are more likely to accept contractual clauses related to
food quality than to adopt sustainable agronomic practices, highlighting the need to align
economic incentives with environmental goals through measurable socio-environmental
targets in contractual clauses [43]. It means that farmer preferences towards conventional
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or organic practices are not only financially driven but depend on several variables, such
as social or financial ones [24].

3. Materials and Methods

The present research applies: (i) the MFA, to compare conventional and organic
durum wheat production in terms of natural resource consumption and waste generation
(Section 3.1); and (ii) the crop accounting method, to calculate economic indicators, such as
gross income, total revenues and total costs (Section 3.2). The present research adopts a
stepwise approach, as proposed by Bux and Amicarelli [44], and Hendriks et al. [45], as
follows: (a) identification of the qualitative system, including functional unit, material flows
and system boundaries definition; (b) assessment of the quantitative system along the entire
supply chain, including energy and water use; (c) calculation of either the conventional
or the organic durum wheat production level through an input—-output table [46,47]; and
(d) evaluation of the results by the crop accounting method. Section 3.3 describes the data
collection process according to a bottom-up approach, which relies both on secondary data,
taken from national and international reports, scientific research and official databases; and
primary data, provided by a Southern Italian farm located in the Apulia region.

3.1. Material Flow Analysis

The MFA can be defined as “a systematic assessment of the state and change of
materials flow and stock in space and time” [47] and has been applied with success at
micro-, meso- and macro levels [48]. Some studies have explored local cereal supply chains
from an economic, social and environmental perspective to aid decision-making [49], while
others have evaluated energy use, GHG emissions, land use, use of pesticides, and blue
water footprints associated with cereal production [50].

The authors selected one hectare of land as functional unit. Some authors have
proposed 1 t of wheat produced as a functional unit [51,52], but such a unit is excessively
influenced by the yield level, thereby compromising results and leading to incomparable
outcomes [53]. Although the analysis of conventional durum wheat was conducted from
October 2014 to June 2015, while the investigation of organic durum wheat was carried
out between October 2019 and June 2020, the research relies on common characteristics in
terms of structure and composition of the soil, organic endowment, crop in precession and
water endowment.

As regards the system boundaries, the analysis encompasses all agronomic opera-
tions [54], from agricultural production to storage and warehouse operations (i.e., from
cradle to farm gate). Conventional durum wheat production system boundaries include:
(a) plowing, harrowing, and sowing; (b) fertilization; (c) chemical weeding and phytosan-
itary treatments; (d) combine harvesting (for third parties), straw harvesting (for third
parties), and transport. Organic durum wheat system boundaries include: (a) light harrow-
ing (or false sowing), sowing, tillage, and harrowing; (b) mechanical weeding; (c) combine
harvesting (for third parties), straw shredding (for third parties), and transport. From a
circular economy perspective, the straw on the field is subjected to shredding and sent
to the fertilization phase together with the manure. The cradle-to-gate boundaries allow
researchers to replicate the MFA in other geographical areas, and to compare trends and re-
sults obtained over time [55]. As regards the organic farming, durum wheat was cultivated
according to a defined organic regime, as stated by the Council Regulation (EC) 824 /2007
on organic production and labelling of organic products [56].

As regards the investigation of material flows, the authors consider material inputs
such as seeds, fertilizers (i.e., urea, N, K, KO, O,) and herbicides, as well as plastic nets for
collecting and storing straw. Further, considering resource and energy inputs, the research
takes water and diesel consumption into consideration. On the output side, the authors
give an account of CO, emissions, plastic and paper waste (e.g., packaging), fertilizers
and pollutants, wheat losses and straw. For an assessment of water consumption, the
authors consider the average rainfall trends for the reference years (i.e., from October 2014
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to June 2015; and from October 2019 to June 2020) recorded by Protezione Civile Puglia [57].
Rainfall trends have been considered comparable in both years [58,59]. For conventional
farming, it is estimated that rainfall represents 90% of the entire water consumption by du-
rum wheat, whereas for organic farming the figure is 100%. Overall, conventional farming
requires 5225-5775 L /ha, whereas organic farming requires approx. 3610-3990 L/ha. As
regards the organic method applied in the research, it assumes no use of synthetic fertilizers
and chemicals, when ancient and indigenous grains are considered.

Figure 1 illustrates system boundaries and material flows for either conventional or
organic durum wheat production. Cultivation and seeding include operations such as
deep harrowing, ploughing, harrowing and seeding, followed by fertilization and chemical
weeding for conventional durum wheat. In addition, mechanized harvesting and transport
from field to warehouse are taken into consideration.
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Plastic Packaging
\ J CULTIVATION .
( 5. Sl Tl Wieer (6 N AND SEEDING ( h
. Seeds, Diesel, Urea, O2, .
K, Manure OP. CO», Paper Packaging,
. J & J

CP. Diesel, Urea, N, K»0, O,
Water, Herbicide

CP. COy, N, K0,
Plastic Packaging, Pollutants

Vs

FERTILIZATION

~N

OP. Diesel, Urea, O OP. CO,

CP. Diesel, Urea, N, Plant CP. COy, Plastic Packaging,

Protection Product, Water, O Pollutants
\ J _ J
s N WEEDING - J
OP. Not Applicable OP. Not Applicable
\ J _ J
e N ( )
CP. Diesel, Urea, Oy, Straw, CP. COz, NOy, Durum Wheat

Plastic Nets or Losses, Straw, Plastic Nets
S J HARVESTING, - J
1 0 TRANSPORT ( h
esel SPO OP. CO3, NOy, Durum Wheat
OF. Diesel, Urea, O, Straw or Losses, Compost Straw
. J

Figure 1. System Boundaries and Material Flows for the Durum Wheat Production. Notes:
CP = conventional durum wheat production (yellow panels); OP = organic durum wheat production
(green panels). Source: Personal elaboration by the authors.

3.2. Crop Accounting Method

As regards economic data, the authors consider a pre-pandemic scenario (i.e., baseline)
and apply an estimate, budget, and costing tool defined as crop accounting. This represents
a useful tool for crop enterprise management, since it considers all costs of growing crops
until harvesting time [60]. In the case of conventional durum wheat, such an approach
accounts for the costs of plowing, harrowing, sowing, fertilization, weeding, phytosanitary
treatment, harvesting, and transport to the collection center. For organic production,
the approach encompasses the costs of subsoiling, harrowing, sowing, fertilization (soil
improver), mechanical weeding, harvesting, shredding, and transport to the collection
center. This method calculates the gross income as the difference between total revenues
and total costs associated with 1 t of durum wheat per ha (i.e., the functional unit). Either
secondary data (i.e., national and international reports, scientific research, database), or
primary data (i.e., site-specific data provided by a Mediterranean farm) are used to calculate
the economic indicators.
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3.3. Data Collection

Data collection represents a challenging step in MFA [61]. In Southern Italy, there is a
lack of reliable, up-to-date data concerning water, nitrogen and carbon recycling, and the
same applies in the case of carbon and nitrogen dioxide emissions [62]. Moreover, some
criticalities are related to agricultural and transport operations on behalf of third parties.
Bottom-up approaches provide more detailed information on material flows, offering a
suitable empirical basis for practitioners and for academic research [63]. Furthermore,
to acquire reliable data on conventional and organic durum wheat, the authors have
adopted the research triangulation paradigm [64,65]. Such an approach combines data and
observations at farm level and helps in boosting the credibility and validity of research
findings [66]. As regards single material flows, data relating to seeds, fertilizers, diesel,
urea, electricity and herbicides have been provided by an Apulian farm and compared with
secondary data from scientific articles applying the life cycle assessment in Sicily [25], as
well as the carbon and water footprints of Italian production [27-29]. Moreover, data related
to nitrogen and water inputs have been compared to those provided by Todorovi¢ et al. [26]
in the Mediterranean area. Straw, plastic and paper waste are primary data, whereas
CO, emissions have been compared with Tedone et al. [17] and Alhajj et al. [27], which
investigated GHG emissions from durum wheat production.

Table 1 illustrates the input-output table for either conventional or organic durum
wheat production. As regards data uncertainties, the authors have determined a £ 5%
error rate which encompasses measurement errors associated with the databases needed
to conduct the MFA, data gaps due to confidentiality rules, errors due to assumptions
or simplifications, and errors due to conversions into mass weight or the downscaling
of data [67]. In addition, such an error rate takes into consideration the variability of
agricultural activities. As regards rainfall trends, data have been taken from Protezione
Civile Puglia [57]. Further, groundwater used by the crop has not been estimated, and
rainwater has not been discounted by the crop coefficient of waste use [68].

Table 1. Input-Output Table for the Durum Wheat Production (Functional Unit: 1 ha).

Conventional . .
Input-Output Table Production Organic Production
Material Flows Unit Min. Max. Min. Max.
Seeds kg/ha 142.5 157.5 142.5 157.5
N kg/ha 118 « 131 « 204 B 226 B
P kg/ha 57 63 2857 3157
K kg/ha 95 105 68.4 75.6
Input Diesel MJ/ha 148.2 163.8 127.3 140.7
Urea L/ha 114 12.6 8.6 9.5
Electricity MJ/ha 6070.5 6709.5 5198.4 5745.6
Herbicides kg/ha 47 5.2 0 0
Water L/ha 5225 ° 5775 % 3610 ¢ 3990 ¢
Durum
wheat kg/ha 3087.5 3412.5 2185 2415
Output IS)traw kg/ha 2850 3150 1995 2205
aper kg/ha 3.8 42 3.8 42
waste
Plastic kg/ha 6.4 7 0 0
waste
€Oy kg/ha 399 441 339.1 374.9
emissions

Notes: * 20% from culture in precession, 80% of synthetic nitrogen; B 12% from culture in precession, 82% from
soil conditioner, 6% from straw burial; ¥ 100% from soil conditioner and straw burial; ® 10% from water treatments,
90% from rainfall; ¢ 100% from rainfall. Source: Personal elaboration by the authors.
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4. Results and Discussion
4.1. MFA Results

Figure 2 illustrates the MFA for 1 ha of conventional durum wheat while Figure 3
shows the MFA for 1 ha of organic durum wheat. Organic farming does not rely on miner-
alized fertilization; it requires urea, K fertilizers and manure. From a circular perspective,
natural fertilizers come from straw compost and residual straw elements. Additionally, no
plastic packaging is generated during cultivation and seeding, fertilization or weeding. As
regards diesel consumption, less fuel is required either for cultivation and seeding (—25%),
or for fertilization (-55%). Considering that herbicides and plant protection products are
not applied, and a weeding stage is not carried out, an additional 8.8-9.8 L /ha of diesel are
saved. On the contrary, more diesel is required for the straw shedding stage (+43%). From
a waste management perspective, plastic waste is totally avoided (from -7 to -6.4 kg/ha),
and CO; emissions are reduced by approx. 15% (from 399441 kg/ha to 339-374 kg /ha).

As regards the results from the water consumption analysis, it emerges that 5225
5775 L of water, of which 4702-5198 L is rainfall, are required to produce 3087-3413 kg
of conventional durum wheat. The water consumption rate is estimated at 1.69 L/kg, of
which 0.17 L/kg is the result of from irrigation. On the other hand, 3610-3990 L of water
(100% rainfall) are required to produce 2185-2415 kg of organic durum wheat. The water
consumption rate is assessed at 1.65 L/kg.
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Urea: 0.7-0.9 Iha | TRANSPORT I—=» (o,
J e \ J

Figure 2. Material Flow Analysis for 1 ha of Conventional Durum Wheat. Source: Personal elabora-
tion by the authors.
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Figure 3. MFA for 1 ha of Organic Durum Wheat. Source: Personal elaboration by the authors.

Crop accounting for conventional and organic durum wheat considers average yields
of 3.2 t/ha and 2.3 t/ha, respectively, while average prices are estimated at EUR 300/t
for conventional durum wheat in 2014/2015 and EUR 420/t per organic durum wheat
in 2019/2020. As regards straw, its price has been estimated at EUR 90/t and its yield
at 3 t/ha. Table 2 illustrates the crop accounting for conventional and organic durum
wheat production. At first glance, although conventional production costs are higher
than organic production costs (+21%), it emerges that conventional durum wheat is more
profitable (in terms of gross income) compared to organic durum wheat production. From
an operational perspective, organic farming is less expensive considering that complex
and environmentally impacting operations (i.e., plowing, cover fertilization, weeding, phy-
tosanitary treatments) are absent. On the other hand, organic farming does not generate any
revenues from straw selling, since straw is used as natural fertilizer for further cultivation
and requires additional operations such as subsoiling (75-82 EUR /ha), basic fertilization
(228-252 EUR/ha), mechanical weeding (57-63 EUR/ha), and collection and shredding
(133-147 EUR/ha).
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Table 2. Crop Accounting for Conventional and Organic Durum Wheat Production in EUR /ha.

Crop Accounting Method CDW (Min.) CDW (Max.) ODW (Min.) ODW (Max.)
5‘;1‘;1‘“‘35 durum 912 1008 917.7 1014.3
Revenues Revenues straw 256.5 283.4 0 0
Total revenues (a) 1168.5 1291.5 917.7 1014.3
Plowing 190 210 0 0
Subsoiling 0 0 75.05 82.3
Harrowing 123.5 136.5 47.5 52.5
Sowing 190 210 190 210
Cover fertilization 128.3 141.8 0 0
Basic fertilization 0 0 228 252
Weeding 59.9 66.2 0 0
Costs Mechanical
. 0 0 57 63
weeding
Phytosanitary 80.8 89.3 0 0
treatments
Collection 114 126 0 0
Collection and
shredding 0 0 133 147
Transport to the 39.9 441 314 34.7
collection center
Total costs (b) 926.5 1023.8 762 842
Gross income (a—b) 242.3 267.8 156 172

Notes: CDW = Conventional durum wheat; ODW = Organic durum wheat. Source: Personal elaboration by
the authors.

4.2. Managerial Implications

Among its strengths, organic durum wheat farming enhances water retention and soil
porosity through the presence of roots and soil microfauna. Moreover, from an environmen-
tal point of view, organic farming ensures lower environmental impacts by reducing the
use of synthetic chemicals and phytosanitary products by up to 100% [69]. Similar benefits
occur in terms of plastic waste, which is also reduced up to 100%, and the use of diesel,
which is reduced by 15% (with consequent reduction in CO, emissions). In the same light,
soil and aquifer pollution is avoided, as is the use of external materials, with associated
damage to the surrounding environment (i.e., flora and fauna) [70]. From an economic
perspective, organic production guarantees a positive, albeit reduced, margin. Finally, com-
pliance with the Council Regulation EC/824 /2007 on organic production and labeling of
organic products allows for more attention, more analysis and the acquisition of experience
in soil management by agricultural operators [71]. Considering future opportunities for
organic durum wheat production, it is now possible to sign supply chain contracts cheaper
than those signed for conventional production [72]. Moreover, genetic improvement and
assisted evolution technologies, wheat grafting and the use of more efficient biostimulants
could all be used in the future [73].

On the other hand, some weaknesses in organic farming have been evaluated, which
may suggest a continuing preference for conventional rather than organic farming. Or-
ganic crops are affected by fungal diseases and erosion, and incur rather high production
costs [74,75]. Furthermore, the required land use is higher than with conventional crops. It
is estimated that, with a 25 to 64% increase in land use, there is a 20% to 45% lower yield
compared to conventional crops (i.e., conventional yield is 3.2 t/ha, whereas organic yield
is 2.3 t/ha). In terms of threats from climate change and the related consequences for crop
variability, this price differential between organic and conventional products and market
competitiveness in terms of price and/or consumer choice should not be underestimated.

From an economic perspective, organic farming provides lower gross incomes com-
pared to conventional farming. Although farmers take care of the water-energy—food nexus
in farming [76,77] and its related environmental consequences (i.e., higher waste genera-
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tion, increased CO; emissions, higher water consumption), and even if resource-efficient,
resilient and productive food systems are seen as fundamental to pursue sustainable de-
velopment, still entrepreneurs pursue financial objectives [78]. In the light of the crop
accounting results, it emerges that farmers are still more interested in cultivating conven-
tional durum wheat compared to organic, since gross incomes are approx. 55% higher.
Public authorities should boost environmental sustainability by supporting organic pro-
duction from either an economic or social perspective. Key tools to enhance sustainable
development could include networking for sharing best practices, certification for groups of
farmers rather than for individuals, research and innovation, as well as providing economic
benefits for organic producers, including incentives in taxation [79].

4.3. Limitations and Further Work

The present research provides environmental and socioeconomic data, addressing
managerial concerns regarding the adoption of sustainable agriculture practices. Although
this data concerns Southern Italian durum wheat crops, our research identifies broad
hotspots of wheat production by comparing conventional and organic farming. Due to
its replicability and comparability, it can be enlarged to other areas, as well as to other
agricultural or processing practices. From the farmers’ perspective, EU policies in the
field of organic farming should encourage production and processing by stimulating
conversion and reinforcing the entire value chain. Although the organic farming sector
of the EU has increased by approx. 66% from 2010 to 2020 [80], farmers have reported
insufficient access to stable markets for organic products, representing one of the largest
barriers to economic viability, as well as a lack in information and technical assistance [74].
As a consequence, public authorities must boost consumer demand by preventing food
frauds and strengthening consumer trust, improving traceability, reinforcing organic school
schemes and facilitating the contribution of the private sector [80].

One means of boosting organic farming and increasing farmers’ income is related to
the diffusion of the organic certification, which could increase companies’ visibility and
consumers’ trust. Starting from January 2022, the EU has activated a new organic legislation
(Regulation EU 2018/848 on organic production and labelling of organic products), which
ensures fair competition for farmers whilst preventing fraud and maintaining consumer
reliance [80]. Among other things, the EU action plan aims to introduce simplified pro-
duction rules, strengthen control systems along the entire supply chain, and implement an
easier certification system for small farmers. In the light of the crop accounting analysis and
considering the low incomes of organic durum wheat production, the adoption of group
certification could represent a suitable instrument to both promote conversion to organic
production methods, and maintain existing organic production, by reducing the costs of
certification. Farmers could reduce either the cost of the control visit or the costs associated
with bureaucratic requirements of organic certification, while maintaining quality assurance
systems, and thereby counterbalance the lower incomes of organic production [81].

This research is limited by a lack of up-to-date data on water, nitrogen, carbon recycling
and dioxide emissions by third parties. Moreover, results are influenced by meteorological
and economic variables, such as market prices or inflation. In addition, the research is
limited to a region of Southern Italy (Apulia) and does not allow the extension of its results
to national or international realities. Although MFA provides transparent, comparable and
replicable results under quantitative and qualitative perspective, and highlights hotspots
in processes and stocks, more data are essential to guarantee reliability of results.

Future research directions might include the creation of a suitable inventory of durum
wheat production in the Mediterranean area, by collecting data from as many farms
as possible, and by calculating reliable eco-efficiency indicators [82]. The adoption of
such indicators, which are based on the general concept of output maximization with
resource consumption minimization, could be useful to identify the main environmental
and economic criticalities in the organic and conventional durum wheat production, and
they could also “capture the ecological efficiency of growth by measuring the efficiency of
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economic activities and its corresponding environmental impacts” [83]. Moreover, based
on the present research, the authors are willing to apply the mass-balance approach to
organic and conventional durum wheat production at the macro level (i.e., in Italy).

5. Conclusions

This research evaluated and compared natural resource consumption, waste gener-
ation and economic profitability in conventional and organic durum wheat farming by
applying the MFA and the crop accounting method. The research focused on Southern Italy,
specifically the Apulia region, which produces 0.99 Mt of durum wheat and represents
24% of the entire Italian production and over 13% of total EU production. Durum wheat
represents a staple food, and it is the basis for the production of four essential products in
the Mediterranean diet, namely, pasta, couscous, bulgur and bread.

It emerged that organic durum wheat production has lower environmental impacts,
since the use of synthetic chemical and phytosanitary products, as well as the production
of plastic waste, are reduced by up to 100% compared to conventional organic farming.
Furthermore, such a sustainable agricultural practice allows for a decrease in diesel use
of 15%, as well as related CO; emissions, which could be reduced from 399441 kg/ha
to 399-374 kg /ha. In addition, the adoption of organic farming practices enhances water
retention and soil porosity through the presence of roots and soil microfauna. However,
organic crops are subject to fungal diseases, erosion and rather high production costs.

From an economic perspective, although organic farming represents a more sustain-
able agricultural practice, its land use requirement is still higher, compared to conventional
wheat production. It has been estimated that conventional yields are about 3.2 t/ha,
whereas organic yields have been evaluated at 2.3 t/ha. Furthermore, the increase in land
use is still associated with lower gross incomes, since the gross income for conventional
durum wheat production is 55% higher, when compared to organic production.

Overall, public authorities should boost environmental sustainability by supporting
organic production from either an economic or social perspective, and key tools to improve
sustainable development and boost economic benefits while guaranteeing environmental
protection must develop, including networking for sharing best practices among local
farms, as well as enhanced certification for groups of farmers, research and innovation, and
incentives in taxation.
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