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Technical-scientific report for the environmental
and socio-economic sustainability assessment of
the legumes selected in Project MEDIET

Gianluigi Cardone, Annalisa Carignani

Centre International d’Hautes Etudes Agronomiques Méditerranéennes Bari (CIHEAM Bari), Italy

Abstract. The main objective of the study is to conduct an initial and comprehensive assessment and
quantification of the environmental and socio-economic impacts associated with the cultivation of five food
legumes-chickpea (Cicer arietinum), lentil (Lens culinaris), bean (Phaseolus vulgaris), fava (Vicia faba) and
black-eyed pea (Vigna unguiculata)-on a large scale across target countries in the Mediterranean region, with
a particular focus on local and indigenous varieties. Specific objectives include quantifying the environmental
and socio-economic impact for each species and variety per country, identifying the key drives of these
impacts, formulating recommendations to reduce environmental footprint and improve profitability in the
cultivation of the target legumes. Regarding environmental sustainability, results highlight that most of the
analysed legume systems have a lower environmental impact than the benchmarks found in existing
literature, confirming the value of traditional farming systems. In term of socio-economic sustainability, the
results show that profitability is overall positive for the selected crops, and agricultural labour costs exceed
the guaranteed minimum threshold of agricultural wages, except in Albania and Jordan.

Keywords. Legumes, Local varieties, Sustainability, Environmental impact, Socio-economic analysis,
Traditional system.

Title: Rapport technico-scientifique pour I'évaluation de la durabilité environnementale et socio-
économique des légumineuses sélectionnées dans le cadre du projet MEDIET

Résumé. L'objectif principal de cette étude est de mener une évaluation et une quantification initiales et
exhaustives des impacts environnementaux et socio-économiques associés a la culture a grande échelle de
cing légumineuses alimentaires — le pois chiche (Cicer arietinum), la lentille (Lens culinaris), le haricot
commun (Phaseolus vulgaris), la féve (Vicia faba) et le niébé (Vigna unguiculata) — dans les pays cibles de
la région méditerranéenne, avec un accent particulier sur les variétés locales et autochtones. Les objectifs
spécifiques comprennent la quantification de l'impact environnemental et socio-économique pour chaque
espece et variété par pays, l'identification des principaux facteurs de ces impacts, ainsi que la formulation de
recommandations visant a réduire I'empreinte environnementale et a améliorer la rentabilité de la culture des
légumineuses cibles. En ce qui concerne la durabilité environnementale, les résultats soulignent que la
plupart des systemes de légumineuses analysés présentent un impact environnemental inférieur aux valeurs
de référence trouvées dans la littérature existante, confirmant ainsi la valeur des systémes agricoles
traditionnels. En termes de durabilité socio-économique, les résultats montrent que la rentabilité est
globalement positive pour les cultures sélectionnées et que les colts de la main-d'ceuvre agricole dépassent
le seuil minimum garanti des salaires agricoles, a I'exception de I'Albanie et de la Jordanie.

Mots-clés: Légumineuses, Variétés locales, Durabilité, Impact environnemental, Analyse socio-économique,
Systeme traditionnel.

| — Introduction

This report builds upon the work undertaken during the second and the third year of MEDIET
project with an expanded analytical scope integrating both environmental and socio-economic
dimensions. The study focuses on the principal food legumes cultivated across the Mediterranean
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region, namely chickpea (Cicer arietinum), lentil (Lens culinaris), common bean (Phaseolus
vulgaris), faba bean (Vicia faba), and black-eyed pea (Vigna unguiculata). These crops are of
particular relevance due to their agronomic adaptability, nutritional value, and recognized role in
sustainable food systems.

The analysis forms part of OUTPUT 3 “Environmental and Socio-Economic Impact Analysis of
Legumes” of the Project, for Activity A.3.1 “Collect and process data on environmental impact”
and for Activity A.3.2 “Collect and process data on environmental impact”’, which address the
collection and processing of environmental and socio-economic data. The assessment period
extended from June 2024 to May 2025, ensuring temporal continuity with previous project phases
while enabling the refinement of methodological approaches.

While the second-year evaluation was based on a broad dataset comprising 108 questionnaires,
the third-year assessment adopted a more targeted strategy. The sustainability analysis was
conducted using a subset of 20 detailed questionnaires designed to capture agronomic practices,
input use, yield performance, and economic variables. This focused sampling approach allowed
for deeper exploration of variability among selected legume varieties while maintaining analytical
robustness. Data collection concentrated on 20 legume varieties previously identified during
earlier project stages and cultivated across experimental or production fields in eight
Mediterranean basin countries: Albania, Algeria, Jordan, Mauritania, Morocco, Serbia, Syria,
Tunisia. The selection of these sites ensured geographical diversity and reflected contrasting
agro-ecological conditions representative of Mediterranean farming systems. Moreover, the
decision to resample from the same fields enabled longitudinal comparison and supported Activity
A.2.2"“To deepen the nutritional characterization of selected varietal accessions”.

Overall, this integrated assessment framework strengthens the evidence base for understanding
the environmental performance, economic viability, and social relevance of Mediterranean
legumes within sustainable agri-food systems.

Il —Environmental impact assessment

The environmental sustainability assessment was carried out following the Life Cycle Assessment
(LCA) methodology approach, using the SimaPro software in line with EPD method (2018), and
in compliance with the guidelines of the ISO 14040 and 14044 standards.

LCA is recognized worldwide as the primary tool for assessing the environmental performance of
a product or service; it provides an in-depth analysis of a product's life cycle environmental impact.
Conducting an LCA assessment requires the collection of comprehensive data covering each
stage of the product's life cycle. For this study, data were specifically collected on the cultivation
of chickpeas, lentils, beans, and faba beans for Albania, Algeria, Jordan, Morocco, Serbia, Syria,
and Tunisia, as well as cowpeas for Mauritania.

The SimaPro software was used to calculate the main environmental impact categories. The
SimaPro software allows for the collection, analysis, and monitoring of data relating to emissions
and environmental damage caused by the production process.

The specific objectives of this goal were as follows:

e Quantify the environmental impact for each species and variety in each country:
Measure and evaluate the environmental effects of growing food legumes, taking into
account key impact categories such as greenhouse gas emissions, acidification,
eutrophication, and land use.

¢ Identify key environmental impact factors: Key factors include fertilizer and pesticide use,
fuel and irrigation water consumption, as well as yield for each legume type

e Produce recommendations to reduce environmental impact: Provide recommendations
or information on sustainable practices or interventions that can help limit the
environmental impact associated with growing legumes in the target area.
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1. Functional Unit

The functional unit (FU) in life cycle assessment (LCA) is the object of the study; therefore, in the
inventory phase of the LCA, all inputs used to produce it are taken into account; the FU serves
as a reference point against which the inputs and outputs of the stock are measured (ISO, 2006).
For this study, the functional unit chosen is one kilogram (kg) of legumes harvested per hectare
(ha).

In this assessment, all inputs were calculated per kilogram. This includes the quantification of
chemical inputs, such as pesticides and their active ingredients, as well as fertilizers used, based
on fertilizer titters and units, the energy consumption associated with the cultivation process, and
the amount of water used.

It should be noted that, in many cases, the assessment did not explicitly include electricity and
water consumption for irrigation, as the areas were predominantly rainfed, where irrigation
requirements were generally minimal or non-existent, or in areas where there were no available
and/or usable water sources for irrigation.

2. System limitations

The system boundaries were set as "cradle to farm," taking into account, as inputs, the energy
and products used in the system for field activities such as cultivation operations, type of fertilizer
application and nutrient fate in the environment, land use and transformation, and the underlying
system that includes the production processes of chemicals, fuels, materials, and infrastructure.

3. Work plan, life cycle inventory analysis

Life Cycle Inventory (LCI) analysis is an inventory of all input data related to UF production in the
studied systems.

Conducting a life cycle assessment (LCA) requires the collection of comprehensive data covering
each stage of the crop's life cycle. For this study, specific data were collected on the cultivation
of chickpeas, lentils, faba beans, and kidney beans.

Finally, to collect the data necessary for the survey, traditional tools such as questionnaires and
Excel spreadsheets were used, which allowed us to obtain relevant information for the life cycle
analysis (Annex 1).

A questionnaire was developed to collect farm and crop information (inventory) from farmers. The
questionnaire included a general description of the farm (location, georeferenced location,
altitude, area, species and varieties being evaluated, soil quality, irrigation water, etc.), the data
collection field (cultivation method, rotation or intercropping, etc.), information on the inputs used
in growing the species and varieties being analysed for cultivation operations (tillage, sowing,
fertility management, insect and pathogen control, irrigation, harvesting), production yields, and
an inventory of the capital employed in cultivation (machinery, inputs, and equipment), as well as
producers' opinions on productivity and market issues.

Primary data were collected directly in the field, in close collaboration with local farmers in the
same fields where grain samples of the legume were taken for the laboratory evaluation of the
organoleptic and nutritional characteristics of the target legumes (Activity 2.2).

After being collected by local technicians and sent by Project focal points, the questionnaires
were reviewed by CIHEAM Bari experts. If they were deemed unacceptable, they returned them
to the focal point and local compiler for appropriate revisions and updates.
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4. Selected indicators and specific activities carried out

The SimaPro computer program was used as a tool for calculating the main environmental impact
categories based on the life cycle analysis (LCA).

SimaPro allows you to collect, analyse, and monitor data on the environmental performance of
products and services. The software enables various applications, such as calculating carbon
and water footprints, biodiversity, and provides the basis for product eco-design and
environmental product declarations (EPDs).

The impact assessment was conducted using the Middle-Point EPD (Environmental Product
Declaration) method in accordance with ISO 14040 to assess the environmental impacts of
legumes throughout their life cycle. In addition to the EPD method (2018), the environmental
assessment was also integrated using Eco-Indicator 99, an End-Point method.

The EPD method (2018), closely linked to the EPD certification (Environmental Product
Declaration), divides the overall impact of the production process into fixed impact categories:

e  Global warming (GWP100) - measured in kilograms of carbon dioxide equivalent (kg
CO2 eq): this category assesses the potential impact of inputs (in agriculture, particularly
fertilizers and fuels) on greenhouse gas emissions and their contribution to global
warming. The higher the indicator, the greater the impact on global warming generated
by the analysed production process (life cycle);

e Ozone depletion (ODP) - measured in kilograms of trichlorofluoromethane equivalent
(kg CFC-11 eq): This category assesses the potential impact of substances used in
production to deplete the ozone layer. The higher the indicator, the greater the potential
of the inputs used to deplete the ozone layer;

e  Photochemical oxidation - measured in kilograms of ethylene equivalent (kg C2H4 eq):
this category assesses the potential of substances used in production to contribute to
the formation of photochemical smog. The higher the indicator, the greater the potential
impact of substances used throughout the life cycle on the photochemical smog
formation process;

e Acidification - measured in kilograms of sulphur dioxide equivalent (kg eq SO2): this
category assesses the potential of substances used (in agriculture, particularly fertilizers
rich in nitrogen and sulphur, as well as fuels) to cause acid rain. The higher the indicator,
the greater the contribution of the substances used to the acid rain formation process;

e  FEutrophication - measured in kilograms of phosphate equivalent (kg PO4 eq): this
category assesses the potential impact of substances used (in agriculture, particularly
fertilizers rich in nitrogen, phosphorus, and sulphur, as well as fuels) throughout the
product's life cycle, causing nutrient enrichment and eutrophication of water bodies. The
higher the indicator, the greater the negative impact the substances used have on the
eutrophication process of water bodies;

e Abiotic depletion, fossil fuels / components - measured in megajoule equivalent (MJ eq)
for fossil fuels (oil, gas, etc.), and in kilograms of antimony (kg Sb eq) for components
(sand, solar energy, wind, etc.): this category evaluates the consumption of non-
renewable fossil resources as well as naturally occurring and non-natural elements. The
higher the indicator, the greater the negative contribution the substances used have to
the abiotic depletion process;

o  Water scarcity - measured in cubic meters equivalent (m3 eq): this category, based on
the AWARE Method, represents the amount of available water remaining per area in a
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river basin after human and aquatic ecosystem demand has been met. The higher the
indicator, the greater the amount of water removed from the available river basin.

The inclusion of Eco-Indicator 99 during the environmental assessment allows the grouping of
the different indicators, coming from the impact categories, within 3 damage categories (end-
points):

e Damage to human health - in which the various disabilities caused by diseases are
weighted; these harms are expressed in terms of years of life lost and years of life lived
with disability. These data are summarized in disability-adjusted life years (DALYs), a
measure also used by organizations such as the World Bank and the WHO. This
category includes aspects such as carcinogens, respiratory organic substances,
respiratory inorganic substances, the impacts of climate change, radiation, and ozone
depletion that impact human health;

e Damage to ecosystem quality - This is the loss of species in a given area over a given
period of time (PDF*m2yr = Potentially Disappeared Fraction of plant species). This
category includes factors such as ecotoxicity, acidification/eutrophication, and land-use
impacts that impact the ecosystem;

e Damage to resources - this is the excess energy required for the future extraction of
minerals and fossil fuels (MJ surplus energy requirement to compensate for lower future
ore grade). This category includes impacts related to the depletion of minerals and fossil
fuels (Cardone et al., 2018).

With the inclusion of Eco-Indicator 99, it was deemed useful to measure land use, an indicator
that falls within the above-mentioned damage category “Damage to ecosystem quality”.

This indicator, measured in terms of damage, is simply a measurement of land conversion or land
occupation and expressed as a fraction potentially lost (PDF)* m2*year/m2 or m2a. Land use (in
human systems) impacts species diversity. Species diversity depends on the type of land use
and the size of the area.

After being validated by CIHEAM Bari experts (Table 3), the 20 questionnaires were entered into
the SimaPro software, which allowed the relevant information to be processed for the life cycle
analysis of the legumes. This interpretation allowed the environmental impact of each cultivar to
be determined based on the main indicators.

Table 1 below identifies the 20 questionnaires deemed valid by CIHEAM Bari experts. The
validated data were entered into the SimaPro software, which allowed the environmental impact
of individual cultivars to be determined based on the key indicators identified.
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Table 1. Report of receipt and processing of questionnaires

Macro area | Country Bean Chickpea | Black- Broad Lentil TOTAL
eyed pea bean
Albania 2 - - - - 2
BALKANS
Serbia 2 - - - - 2
TOTAL BALKANS 4 - - - - 4
Jordan - 1 - - - 1
MASHREQ
Syria - - - 1 1 2
TOTAL MASHREQ - 1 - 1 1 3
Algeria 2 - - 1 1 4
Mauritania - - 3 - - 3
MAGHREB
Morocco 2 1 1 4
Tunisia - 1 - 1 - 2
TOTAL MAGHREB 4 1 4 2 2 13
5. Results

For each of the 3 macro-areas (Maghreb, Mashreq and Balkans), grain samples of the 4 species
of legumes (chickpea, bean, broad bean, lentil) were collected, as well as the black-eyed pea,
specifically of typically local or native varieties, according to their presence and diffusion in the
individual countries. Each sample was accompanied by a questionnaire for the evaluation of
environmental sustainability.

By interpreting and then entering the information into the SimaPro software, it was possible to
define the environmental impact of each cultivar as defined by the main indicators.

A. By impact category per questionnaire

Starting from Figure 1, the results of the impact categories for legume production are shown in
the following countries: Albania, Algeria, Jordan, Mauritania, Morocco, Serbia, Syria, and Tunisia.
Regarding the first impact category, acidification, the highest levels are found in Algeria, for lentil
production, with code L_DZA_Syrie229 06, equal to 0.0073 kg SO2 eq, and in bean production
in Albania, with codes B_AL_FasuleEcmeniku and B_AL_FasuleSacme, 0.0047 kg SO2 eq and
0.0044 kg SO2 eq, respectively.
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Figure 1. Acidification (kg SO2 eq)
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The second impact category is eutrophication, the highest levels of which, as shown in Figure 2,
are found in Algeria, for lentil production, with code L_DZA_Syrie229 06, equal to 0.0017 kg PO4
eq, and in bean production in Albania with codes B_AL FasuleEcmeniku and
B_AL_FasuleSacme, 0.0016 kg PO4 eq and 0.0015 kg PO4 eq respectively.

Figure 2. Eutrophication (kg PO4 eq)
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The third impact category is Global Warming, the highest levels of which, as shown in Figure 3,
are found in Algeria, for the production of lentils, with code L_DZA_Syrie229 06, equal to 3.7622
kg CO2 eq, and in the production of beans in Albania with codes B_AL_FasuleEcmeniku and
B_AL_FasuleSacme, respectively 0 0.9856 kg CO2 eq and 0.9273 kg CO2 eq.
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Figure 3. Global Warming (kg CO2 eq)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

The fourth impact category is Photochemical oxidation, the highest levels of which, as shown in
Figure 4, are found in Algeria, for the production of lentils, with code L_DZA_Syrie229 06, equal
to 0.0107 kg NMVOC, and in the production of beans in Albania with codes
B_AL_FasuleEcmeniku and B_AL_FasuleSacme, respectively 0.0040 kg NMVOC and 0.0035 kg
NMVOC.

Figure 4. Photochemical oxidation (kg NMVOC)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

The fifth impact category is Abiotic depletion - elements, the highest levels of which, as shown in
Figure 5, are found in Algeria, for the production of lentils, with code L_DZA_Syrie229 06, equal
to 0.000066 kg Sb eq, and in the production of beans in Albania with codes
B_AL_FasuleEcmeniku and B_AL_FasuleSacme, respectively 0.000013 kg Sb eq and 0.000012
kg Sb eq.
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Figure 5. Abiotic depletion, elements (kg Sb eq)
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The sixth impact category is Abiotic depletion — fossil fuels, the highest levels of which, as shown
in Figure 6, are found in Algeria, for the production of lentils, with code L_DZA_Syrie229 06, equal
to 69 MJ, and in the production of beans in Albania with code B_AL_FasuleEcmeniku, and in
Serbia with code B_SRB_Gradistanac, respectively 17 MJ and 14 MJ.

Figure 6. Abiotic depletion, fossil fuels (MJ)
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The seventh impact category is Water Scarcity, the highest levels of which, as shown in Figure
7, are found in Mauritania, for cowpea production, with code Cw_MRT_AD1, equal to 678 m3 eq,
and in lentil production in Syria with code L_SYR_SYO08, and in lentil production in Algeria with
code L_DZA_Syrie229 06, respectively 193 m3 eq and 170 m3 eq.
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Figure 7. Water Scarcity (m3 eq
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The eighth and final impact category is Ozone layer depletion, the highest levels of which, as
shown in Figure 8, are found in Algeria for lentil production, with code L_DZA_Syrie229 06, equal
to 0.00000011 kg CFC-11 eq, and in bean production in Albania with codes
B_AL_FasuleEcmeniku and B_AL_FasuleSacme, respectively 0.0000000223 kg CFC-11 eq and
0.0000000186 kg CFC-11 eq.

Figure 8. Ozone layer depletion (kg CFC-11 eq)
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B. By impact category for legume

Starting from Figure 9, the same impact categories were analyzed among the selected cultivated
legumes, with the aim of identifying, for each, which legume has the greatest environmental
impact. In Figure 9, regarding the level of acidification, lentils have the highest level of
acidification, equal to 0.0028 kg SO2 eq.

Figure 9. Acidification (kg SO2 eq)
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In Figure 10, as regards the level of eutrophication, lentils are the ones with the highest level of
eutrophication, equal to 0.000805 kg PO4 eq, slightly higher than chickpeas, equal to 0.000801
kg PO4 eq.

Figure 10. Eutrophication (kg PO4 eq)
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In Figure 11, as regards Global Warming, lentils have the greatest impact, equal to 1.35 kg CO2
eq.
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Figure 11. Global warming (kg CO2 eq)
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In Figure 12, as regards Photochemical oxidation, lentil is the one with the highest impact, equal
to 0.0038 kg NMVOC.

Figure 12. Photochemical oxidation (kg NMVOC)
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In Figure 13, as regards Abiotic depletion - elements, lentil is the one with the highest impact,
equal to 0.000023 kg Sb eq.

Figure 13. Abiotic depletion, elements (kg Sb eq)
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In Figure 14, as regards Abiotic depletion — fossil fuels, lentils have the greatest impact, equal to
23.75 MJ.
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Figure 14. Abiotic depletion, fossil fuels (MJ)
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In Figure 15, as regards Water Scarcity, cowpea has the greatest impact, equal to 193.5 m3 eq.

Figure 15. Water scarcity (m3 eq)
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In Figure 16, as regards Ozone layer depletion, the lentil is the one with the greatest impact, equal

to 0.00000004047 kg CFC-11 eq.
Figure 16. Ozone layer depletion (kg CFC-11 eq)
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Source: CIHEAM Bari elaboration on data from the SimaPro software
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C. By impact category for macro-area
Starting from Figure 17, the same impact categories were analyzed by macro-area, with the aim
of identifying, for each category, the area that has the greatest environmental impact.
In Figure 17, as regards the level of acidification, the Balkans are the area with the highest level
of acidification, equal to an average value of 0.0033 kg SO2 eq.

Figure 17. Acidification (kg SO2 eq)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

In Figure 18, as regards the level of eutrophication, the Balkans are the area with the greatest
impact, equal to an average value of 0.0011 kg PO4 eq.

Figure 18. Eutrophication (kg PO4 eq)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

In Figure 19, as regards Global Warming, the Balkans are the area with the greatest impact, equal
to an average value of 0.66 kg CO2 eq.
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Figure 19. Global warming (kg CO2 eq)

07 0.661787726
0.6
05 0.421552089
0.4
0.3
02
0.089463967
0.1
0 .
MASHREQ MAGHREB BALKANS

Source: CIHEAM Bari elaboration on data from the SimaPro software

In Figure 20, as regards Photochemical oxidation, the Balkans are the area with the highest
impact, equal to an average value of 0.0032 kg NMVOC.

Figure 20. Photochemical oxidation (kg NMVOC)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

In Figure 21, as regards Abiotic depletion - elements, the Balkans are the area with the highest
impact, equal to an average value of 0.000012 kg Sb eq.

Figure 21. Abiotic depletion, elements (kg Sb eq)
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Source: CIHEAM Bari elaboration on data from the SimaPro software
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In Figure 22, as regards Abiotic depletion - fossil fuels, the Balkans are the area with the greatest
impact, equal to an average value of 14.59 MJ.

Figure 22. Abiotic depletion, fossil fuels (MJ)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

In Figure 23, as regards Water scarcity, the MAGHREB is the area with the greatest impact, equal
to an average value of 80 m3 eq.

Figure 23. Water scarcity (m3 eq)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

In Figure 24, as regards Ozone layer depletion, the Balkans are the area with the greatest impact,
equal to an average value of 0.0000000185 m3 eq.

Figure 24. Ozone layer depletion (kg CFC-11 eq)
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Source: CIHEAM Bari elaboration on data from the SimaPro software
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D. By impact category for cultivation
To complete the environmental analysis, thus also including a so-called endpoint method, Eco-
Indicator 99 was used, which, starting from Table 2, shows the different results obtained by
damage category, crop and macro-area.
Table 2 shows that, for the category of damage related to Human Health, measured by DALY,
lentil production in Algeria L_DZA_Syrie229 06 is the one that generates the greatest damage on
human health, equal to 0.000002180 DALY.

Table 2. Human Health (DALYs)

Human Health

SAMPLES
DALY
Cw_MRT_BR1 0.000000005
Cw_MRT_GU1 0.000000005
Cw_MRT_AD1 0.000000008
Cp_JOR_JOO02 0.000000077
F_SYR_SY09 0.000000184
B_DZA_Whitecoco 0.000000191
F_DZA_Seville04 0.000000202

B DZA Praguecoco

0.000000230

L_MAR_Cing 0.000000242
L _SYR SY08 0.000000315
Cw_MAR Hamera 0.000000333
B_MAR_Ghelid 0.000000368
B_MAR_Reguig 0.000000368
F_TN_Malti 0.000000458

B SRB Gradistanac

0.000000509

B SRB Tetouac

0.000000612

Cp_TN_Amdoun

0.000001059

B_AL_FasuleEcmeniku

0.000001290

B_AL_FasuleSacme

0.000001345

L_DZA Syrie229 06

0.000002180

Source: CIHEAM Bari elaboration on data from the SimaPro software

Table 3 shows that, for the damage category related to Ecosystem Quality, measured by
PDF*m2yr, lentil production in Syria L_SYR_SY08 is the one that generates the greatest damage

on ecosystem quality, equal to 8.027529 PDF*m2yr.
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Table 3. Ecosystem quality (PDF*m2yr)

SAMPLES Ecosystem quality
PDF*m2yr
Cw_MAR Hamera -0.102902
B_MAR_Ghelid -0.039414
B_MAR_Reguig -0.039389
F_SYR_SY09 -0.037873
B_AL_FasuleSacme -0.006572
B_SRB_Tetouac -0.006399
B_SRB_Gradistanac -0.005017
Cw_MRT_AD1 -0.004720
Cw_MRT_BR1 -0.004433
F_DZA Seville04 -0.004386
Cw_MRT_GU1 -0.003724
B AL FasuleEcmeniku -0.002383
F_TN_Malti -0.000690
B_DZA_Whitecoco 0.001684
Cp_JOR_JO02 0.001956
B_DZA_Praguecoco 0.002528
Cp_TN_Amdoun 0.104233
L_DZA Syrie229 06 1.556672
L MAR Cing 3.031932
L SYR SY08 8.027529

Source: CIHEAM Bari elaboration on data from the SimaPro software

Table 4 shows that, for the damage category related to Resources, measured by MJ surplus,
lentil production in Algeria L_DZA_Syrie229 06, is the one that generates the greatest damage
on resource availability, equal to 6.06360957 MJ surplus.
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Table 4. Resources (MJ surplus)

SAMPLES Resources

MJ surplus
Cw_MRT_BR1 0.002648841
Cw_MRT_GU1 0.003299723
Cw_MRT_AD1 0.004815249
Cp_JOR_JO02 0.056445479
L_MAR Cing 0.06815662
L _SYR_SYO08 0.123998789
Cw_MAR_Hamera 0.19097279
B_MAR_Ghelid 0.264993949
B_MAR_Reguig 0.26695918
F_SYR _SY09 0.320359695
B_DZA Whitecoco 0.44410321
F_TN_Malti 0.47512374
F_DZA_Seville04 0.484253717
B_DZA_Praguecoco 0.520655778

Cp_TN_Amdoun

0.787968448

B AL FasuleEcmeniku

1.167059692

B SRB Tetouac

1.172080854

B SRB Gradistanac

1.220074871

B_AL_FasuleSacme

1.454539845

L_DZA Syrie229 06

6.06360957

Source: CIHEAM Bari elaboration on data from the SimaPro software

E. By damage categories for legumes

Starting from Figure 25, the same damage categories were analyzed among legumes, with the
aim of identifying, for each, which of the five cultivars causes the greatest damage.
In Figure 25, as regards the Human Health damage category, lentils are the ones that cause the

greatest damage, equal to 0.000000912 DALYs.
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Figure 25. Human Health (DALY)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

In Figure 26, as regards the Ecosystem Quality damage category, lentil is the one that causes
the greatest damage, equal to 4.21 PDF*m2yr.

Figure 26. Ecosystem Quality (PDF*m2yr)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

In Figure 27, for the Resources damage category, lentil is the one that causes the greatest
damage, equal to 2.09 MJ Surplus.

Figure 27. Resources (MJ Surplus)
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Source: CIHEAM Bari elaboration on data from the SimaPro software
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F. By damage categories for macro-area

Starting from Figure 28, the same damage categories were analyzed by macro-area, with the aim
of identifying, for each category, the area that causes the greatest damage in terms of human
health, ecosystem quality, and resource availability.

Figure 32 shows that in the Balkans, on average, production causes greater damage to the
Human Health category, equal to 0.000000939 DALYs.

Figure 28. Human Health (DALY)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

Figure 29 shows that in MASHREQ, production, on average, causes greater damage to the
Ecosystem Quality category, equal to 1,998 PDF*m2yr.

Figure 29. Ecosystem Quality (PDF*m2yr)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

Figure 30 shows that in the Balkans, on average, production causes greater damage to the
Resources category, equal to 1.25 MJ Surplus.
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Figure 30. Resources (MJ Surplus)
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Source: CIHEAM Bari elaboration on data from the SimaPro software

G. Normalization and single score
By automatically normalizing the results, performed by the software, it was possible to standardize
the damage categories and obtain a final result of the damage generated by each sample, which
indirectly identifies a different field production system used based on the cultivar and country.
Table 5 shows that the field production system that causes the most damage is that relating to
lentils in Syria with code L_SYR_SYO08, equal to 580.

Table 5. Single score

SAMPLES Single score
Cw_MRT_BR1 -0.38137175
Cp_JOR_JO02 5.648094517
Cw_MAR_Hamera 14.73010893
F_SYR_SY09 17.12048831
B_MAR_Ghelid 23.37041451
B_MAR_Reguig 23.45713098

B_DZA Whitecoco

24.65064706

F_DZA_Seville04

26.14992078

B_DZA_Praguecoco

29.22539038

F_TN_Malti

37.69228988

B_SRB_Gradistanac

66.33658789

B_SRB_Tetouac

69.17033971

Cp_TN_Amdoun 83.41811243

B_AL_FasuleEcmeniku 99.97852249

Cw_MRT_GU1 100.240349

B_AL FasuleSacme 112.4546074

Cw_MRT_AD1 186.3586516

L_MAR_Cing 225.3820075
34
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L_DZA_ Syrie229 06 424.3745911
L_SYR_SYO08 580.0025987

Source: CIHEAM Bari elaboration on data from the SimaPro software

6. Comparison with the results obtained with the first phase of the
Project

Results obtained with the 20 questionnaires relating to legumes from the 2024 harvest were
compared with the same ones collected in 2023, and reported below for each impact category,
each variety, and each Country (see Table 6).

Table 6. Comparison of impact categories by Country and legume in 2024 and 2023 crop

years
Year | 24 | 23 | 24 | 23 | 24 | 23 | 24 | 23 | 24 | 23 | 24 | 23 | 24 | 23 | 24 | 23
s - Abiotic Abiotic
1 Lo Eutrophicati Global Photochemi . N Water Ozone layer
e acldifcaton on warmin cal oxidation dopledon? depietion] scarcity depletion
o elements fossil fuels .
U.m. kg SO2eq kg PO4-eq kg CO2eq kg NMVOC kg Sheq mJ m3eq kg CFC-11eq
ALBANIA
Bea 4.56E 2.59E 1.58E 5.78E 9.60E 1.80E 3.73E 1.45E 1.25E 1.45E 1.51E 5.49E 1.26E 2.00E 2.04E 1.08E
n -03 -03 -03 -04 -01 -01 -03 -03 -05 -03 +01 +00 +01 02 08 08
SERBIA
Bea 2.04E 4.87E 5.74E 5.32E 3.70E 2.60E 259E 1.56E 7.70E 1.92E 141E 1.71E 3.28E 1.10E 1.66E 241E
n -03 -03 -04 -04 -01 -01 -03 -03 -06 05 +01 +00 +01 -01 -08 -08
JORDAN
Chic
M 9.90E 1.14E 1.32E 1.53E 2.00E 2.00E 1.44E 1.66E 2.00E 2.00E 6.70E 7.80E 7.00E 8.00E 1.40E 1.60E
pe -05 -04 -04 -04 -02 -02 04 04 07 07 -01 -01 -02 02 09 09
a
SYRIA
Fab
a 8.09E 5.26E 231E 2.65E 1.40E 5.00E 7.46E 3.87E 4.20E 2.10E 3.62E 9.50E 3.00E 3.60E 1.78E 2.40E
bea -04 -04 -04 -04 -01 -02 -04 04 -06 06 +00 -01 02 +01 -08 09
n
Lent | 477 4.35E 3.97E 350E 1.80E 1.60E 4.63E 4.40E 1.50E 1.30E 1.46E 152E 193E 1.00E 8.20E 7.40E
il -04 -04 -04 -04 -01 -01 -04 -04 -06 -06 +00 +00 +02 -02 -09 -09
ALGERIA
Bea 1.51E 501E 394E 6.70E 6.40E 4.00E 1.86E 2.46E 1.64E 9.00E 1.09E 1.28E 571E 1.00E 1.89E 3.00E
n -03 -04 -04 -05 -01 -02 -03 -04 -05 -07 +01 +00 +01 -02 -08 09
Fab
a 6.90E 1.84E 1.96E 5.10E 3.30E 3.00E 9.43E 1.85E 5.70E 6.00E 5.47E 9.60E 1.84E 1.00E 9.20E 2.20E
bea -04 -04 -04 -05 -01 -02 04 04 -06 07 +00 -01 +01 -02 09 09
n
Lent | 733 1.96E 1.73E 3.80E 3.76E 3.50E 1.07E 223E 6.58E 3.00E 6.91E 1.48E 1.70E 6.00E 1.10E 5.60E
il -03 -03 -03 -04 +00 -01 -02 -03 -05 -06 +01 +01 +02 02 07 08
MAURITANIA
Blac
k-
eve 2.60E 4.81E 1.30E 3.40E 0.00E 1.00E 3.19E 7.02E 1.00E 2.00E 4.00E 8.00E 2558E 7.36E 2.00E 6.00E
dy -05 -04 -05 -05 +00 -02 -05 -05 -07 -07 02 02 +02 +01 -10 -10
pea
MOROCCO
Bea 2.62E 8.69E 1.07E 3.78E 5.70E 1.70E 2.03E 7.79E 5.50E 1.90E 6.14E 2.11E 2.00E 5.00E 1.56E 5.80E
n -03 -04 -03 -04 -01 -01 -03 -04 06 -06 +00 +00 -01 02 08 09
Blac
k-
1.25E 9.43E 5.54E 4.05E 2.30E 1.70E 1.11E 8.07E 2.90E 2.10E 219 1.68E 7.00E 5.00E 7.30E 5.10E
Zy € -03 -04 -04 -04 -01 -01 -03 -04 -06 -06 +00 +00 02 02 -09 09
pea
Lent | 593 3.75E 2.90E 1.80E 1.00E 8.00E 3.07E 2.18E 2.80E 2.60E 7.10E 5.40E 8.00E 2.00E 3.40E 5.00E
il -04 -04 -04 -04 -01 -02 04 04 06 06 -01 -01 02 02 09 09
TUNISIA
Chic
kpe 261E 9.06E 1.47E 1.07E 3.30E 2.10E 2.05E 8.27E 101E 1.90E 9.04E 2.80E 7.80E 5.60E 145E 8.20E
P -03 -04 -03 -03 -01 -01 -03 04 05 06 +00 +00 -01 -01 08 09
a

Source: CIHEAM Bari elaboration on data from the SimaPro software

"1.C.= Impact categories.
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As highlighted in Table 6, the values for the impact categories are generally higher in 2024 than
in the first year. The exceptions are chickpea cultivation in Jordan and cowpea in Mauritania, for
which values for all environmental impact categories are reduced in 2024 compared to 2023.

Table 7. Comparison of impact categories for lequmes in the 2024 and 2023 vintages

Impact . Black-eyed "
categories Year Bean Chickpea pea Faba bean Lentil

2024 2.68E-03 1.35E-03 6.40E-04 1.08E-03 2.80E-03
Acidification

2023 2.21E-03 5.10E-04 7.12E-04 6.15E-04 9.22E-04
Eutrophicatio 2024 9.04E-04 8.01E-04 2.84E-04 3.42E-04 8.05E-04
@ 2023 3.89E-04 6.11E-04 2.19E-04 3.01E-04 3.03E-04
———_— 2024 6.35E-01 1.77E-01 1.15E-01 2.27E-01 1.35E+00
warming 2023 1.61E-01 1.14E-01 9.12E-02 1.01E-01 1.97E-01
P — 2024 2.55E-03 1.10E-03 5.70E-04 1.02E-03 3.83E-03
glexcaen 2023 1.01E-03 4.97E-04 4.38E-04 5.12E-04 9.64E-04
Abiotic 2024 1.10E-05 5.10E-06 1.50E-06 5.60E-06 2.33E-05
elements 2023 3.67E-04 1.10E-06 1.10E-06 1.80E-06 2.30E-06
Abiotic 2024 1.16E+01 4.85E+00 1.11E+00 4.84E+00 2.37E+01
fossil fuels 2023 2.65E+00 1.79E+00 8.83E-01 1.78E+00 5.61E+00

2024 2.57E+01 4.25E-01 1.29E+02 6.21E+00 1.21E+02
Water scarcity

2023 4.85E-02 3.23E-01 3.68E+01 2.16E+01 2.98E-02
Ozone  layer 2024 1.79E-08 8.00E-09 3.80E-09 1.17E-08 4.05E-08
Cepletion 2023 1.09E-08 4.90E-09 2.90E-09 3.10E-09 2.28E-08

Source: CIHEAM Bari elaboration on data from the SimaPro software

Looking at the data from a more general perspective (Table 7), considering the averages for each
legume without geographical distinction, some interesting trends emerge:
e Cowpea shows a lower value in 2024 than in 2023 for the Acidification category;
e Beans show a lower value in 2024 than in the previous year in the Abiotic Depletion —
Elements category.

By applying the Eco-Indicator Method, it was also possible to analyze the three macro-categories
of damage: Human Health, Ecosystem Quality, and Resources. As highlighted in Table 8, the
results of the second year show an overall improvement, both in terms of environmental impact
and damage to human health, compared to the first year.

In particular, progress is observed in the following cases:

e Bean production in Serbia: improvements in the Human Health and Ecosystem Quality
categories;

e Chickpea production in Jordan: improvements in all three damage categories;

e Faba bean production in Syria: improvement in the Ecosystem Quality category;

e Lentil production in Syria: improvement in the Resources category;

e Cowpea Production in Mauritania: Improvements in Human Health and Resources
Categories;

e Cowpea production in Morocco: improvement in the Ecosystem Quality category;

e Faba bean production in Tunisia: improvement in the Human Health category.
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Table 8. Comparison of damage categories by country and legume in 2024 and 2023

Year [ 2024 | 2023 | 2024 [ 2023 | 2024 [ 2023
Damage categories Human Health Ecosystem Quality Resources
U.of M. DALY PDF*m2yr MJ surplus
ABANIA
Bean | 1.32E-06 | 350E-07 [ -448E-03 [ -7.38E-02 [ 1.31E+00 [ 4.80E-01
SERBIA
Bean | 560E-07 | 1.00E-06 | -5.71E-03 [ -4.89E-03 [ 1.20E+00 [ 5.00E-01
JORDAN
Chickpea | 7.70E-08 [ 9.00E-08 | 1.96E-03 | 2.26E-03 [ 5.64E-02 [ 7.00E-02
SYRIA
Faba bean | 1.84E-07 1.40E-07 -3.79E-02 -1.64E-02 3.20E-01 9.00E-02
Lentil 3.15E-07 2.80E-07 8.03E+00 7.02E+00 1.24E-01 1.30E-01
ALGERIA
Bean 2.11E-07 4.70E-08 2.11E-03 -7.66E-03 4.82E-01 1.10E-01
Faba bean | 2.02E-07 3.40E-08 -4.39E-03 -6.06E-03 4.84E-01 8.00E-02
Lentil 2.18E-06 4.00E-07 1.56E+00 1.38E+00 6.06E+00 1.25E+00
MAURITANIA
g:c"'ey ed | 590E-09 1.30E-08 -4.29E-03 -1.20E-02 3.59E-03 1.00E-02
MOROCCO
Bean 3.68E-07 2.40E-07 3.68E-07 -6.23E-02 2.66E-01 1.60E-01
gézc"'eyed 3.33E-07 2.60E-07 41.03E01 | -6.60E-02 | 1.91E-01 1.50E-01
Lentil 2.42E-07 1.70E-07 3.03E+00 3.02E+00 6.82E-02 5.00E-02
TUNISIA
Chickpea 1.06E-06 6.30E-07 1.04E-01 1.95E-02 7.88E-01 2.40E-01
Faba bean | 4.58E-07 5.60E-07 -6.90E-04 -4.92E-03 4.75E-01 2.80E-01

Source: CIHEAM Bari elaboration on data from the SimaPro software

7. Comments and recommendations

As specified in the analysis for legume crops in 2023, it is also important to note that for 2024,
legume samples and the related questionnaires for different species and/or native varieties were
collected, based on availability, primarily from fields belonging to different farms, and therefore
under different soil, climate, and pedoclimatic conditions. The variability of exogenous conditions,
such as environmental ones, and the variability of endogenous conditions, such as the cultivation
techniques adopted, at the local and national level, significantly impacted the results between the
same species and by country.

In fact, the multiplicity of these variables across countries and selected fields has not allowed to
draw definitive conclusions and to state with certainty that one cultivated variety is more
environmentally sustainable than another based solely on its genetic characteristics. However,
we have been able to obtain some general indications or evidence that can be further explored
and confirmed in future studies.

In conclusion, the current study shows with good reliability that it is possible to correlate the
greater or lesser environmental impacts of the legumes harvested and analyzed with different
cultivation techniques. Indeed, growers in some countries and on some farms are using more
inputs such as fertilizers for fertility management, more fuels for mechanized cultivation, more
pesticides for plant protection, and more water for irrigation, even though legumes generally do
not require much water or nutrients. These substantial differences in cultivation methods across
countries, and even within the same countries, in the fields where the samples were collected,
are the basis for the different environmental impacts (emissions and damage) in the study. This
is likely not strictly attributable to the variety (local variety or landrace), but rather to the production
techniques and the soil and climate conditions of the cultivation field.
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Table 9 and Table 10 show the complete picture of what emerged, with some differences from
the previous year, with reference to the environmental indicators developed for each country and
species.

From the analysis in the Mediterranean area by indicator, calculated according to the EDP method
(2018), and by species of the legume samples analysed, the following average results are
highlighted:

e Global Warming: Lentils have higher GW indicator values than beans, broad beans,
chickpeas and cowpeas, this is essentially due to the greater use of inorganic fertilizers,
machinery (fuel) and pesticides.

e Acidification: lentils have higher indicator values than beans, broad beans, chickpeas
and cowpeas, this is mainly due to a greater use of inorganic N-based fertilizers and
machinery (fuel).

e  Eutrophication: lentils and chickpeas have, almost equally, higher impacts than the
others, due to a substantially greater application of nitrogen and phosphoric fertilizers,
and to greater use of machinery (fuel).

e Ozone depletion: the highest values are for lentils.

e  Photochemical oxidation: the highest values are for lentils.

e  Abiotic depletion from fossil fuels: the highest values are for lentils.

e Abiotic depletion, components: the highest values are for lentils.

e  Water scarcity: the highest value is for black-eyed peas, due to the greater quantities of
water used, followed at a distance by lentils and beans.

With reference to the Eco-Indicator 99 method, depending on the indicators, the main findings,
as reported in Table 10, are:

e Damage to human health: lentils have the highest values, having a particularly strong
impact on the respiratory system, carcinogenic, the other crops have the lowest values.

e Damage to ecosystem quality: lentils have the highest values, having the greatest impact
on land use; others have values more or less close to zero, which indicates that they are
to be considered more or less positive in land use.

e Damage to resource availability: lentils have the highest value, due to a greater use of
fossil fuels.

However, it is worth noting that the environmental indicator values calculated for each species
are often lower than the respective benchmarks, as documented in the limited literature available.
This demonstrates that the harvest fields in the eight countries adopt agricultural practices that
have a lower overall environmental impact. This is the normal consequence of cultivating typical
local varieties, often underutilized, which are often grown only by small producers (so-called
custodians), and in some cases only for family use.

In other words, the aforementioned producers of local varieties generally adopt more traditional
cultivation techniques. In fact, they follow less intensive cultivation methods. In some cases, many
operations are still done by hand (sowing, weed control, pesticide application, harvesting). In
general, they use fewer inorganic fertilizers and synthetic chemical pesticides. This is compared
to those producers who adopt more productive cultivation methods on farms that produce
primarily for the market, primarily growing "international” varieties for a higher yield per hectare.

Furthermore, it is important to recognize that, in general, the deterioration in environmental
sustainability in the cultivation of key crops such as cereals, tree crops, and horticultural crops is
essentially the result of a trend toward increased yields, and thus the increased use of fossil fuels
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and inorganic fertilizers, as well as irrigation water. It is also important to recognize that,
specifically among legumes, local or native varieties are grown more for their rural and local food
traditions, and therefore for their uniqueness, as well as for their adaptation to unfavorable local
soil and climate conditions, rather than for high yields. The confirmation of this second study on
the environmental impact of legumes in eight Mediterranean countries, conducted as part of the
MEDIET Project, likely confirms that growing local or native varieties using traditional and less
intensive cultivation methods can contribute to mitigating climate change and reducing
biodiversity loss.

In conclusion, the comparative analysis between data collected in 2023 and those for the 2024
crop year highlights a general trend of increasing environmental impacts, with some notable
exceptions. Chickpea cultivation in Jordan and cowpea cultivation in Mauritania, for example,
showed a significant reduction in environmental impacts across all categories analyzed.

These differences are not solely attributable to the genetics of the varieties, but are strongly
influenced by external factors, in particular:
e the different origin of the samples (farms with variable soil and climate conditions,
orography and cultivation techniques);
e and the intensity of use of agricultural inputs (fertilizers, fuels, pesticides, water).

The 2024 analysis therefore confirms that cultivation techniques are the primary determinant of
environmental impact, more than the variety grown alone. Specifically, crops such as lentils
continue to register the highest scores in the main environmental impact categories and in
damage according to the Eco-Indicator 99 method, due to more intensive cultivation practices.
Conversely, chickpeas, cowpeas, and other local varieties, in contexts where they are grown
using traditional methods, exhibit a significantly lower environmental impact. Overall, the data
collected in 2024 reinforces some strategic indications that emerged in the first year of the study.
In light of this evidence, the following recommendations are proposed:

1. Promote low environmental impact agricultural practices: it is essential to
encourage the adoption of sustainable techniques in contexts with high levels of
chemical inputs and resources. Training, technology transfer, and technical assistance
could guide producers toward more efficient and less impactful systems.

2. Promote local varieties and small custodian producers: evidence shows that native
varieties, grown extensively and often manually, are more environmentally sustainable.
Policies to protect and promote these crops, including commercially, are needed.

3. Standardize data collection and strengthen multi-annual monitoring: it is desirable
to maintain continuous and harmonized monitoring of crops and production contexts, in
order to more clearly isolate the effects linked to agricultural practices and improve
comparability between years.

4. Systematically integrate environmental analysis with socio-economic analysis:
starting in 2024, a complementary socioeconomic analysis has been introduced,
confirming the importance of a multidimensional approach to sustainability. Only by
simultaneously examining environmental impacts, producers' economic conditions, and
social aspects is it possible to develop realistic, effective, and local-specific strategies.

5. Making the results accessible and usable: the data collected and the evidence that
emerges must be translated into dissemination and communication tools for the
productive world, research, institutions and consumers, in order to guide decisions
towards more sustainable production and consumption models.
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Table 9. Values by Country and cultivar 2024, EPD Method (2018)

- Photochemi Abiotic Abiotic
caltr: pzf.:s Acidification Eu'ro:nh'ca" Gal:":.?: cal depletion, depletion, S‘g;:':.r O;:nlx: ‘I:?:r
el e oxidation elements fossil fuels ity (S
kg CFC-11
U. of M. kg SO2 eq kg PO4 eq kg CO2eq kg NMVOC kg Sb eq MmJ m3eq &
ALBANIA
2;?;{35“'6 4.42E-03 1.55€-03 9.30E-01 3.46E-03 1.24E-05 1.34E+01 8.53E+00 1.86E-08
BALFasue | 4 70603 1.60E-03 9.90E-01 4.00E-03 1.25€-05 1.68E+01 1.67E+01 2.23E-08
Ecmeniku
SERBIA
Si;tsaiSEGra 1.98E-03 5.44E-04 3.70E-01 2.56E-03 8.70E-06 2.38pm 2.97E+01 1.69E-08
S;CSRBJE'O 2.10E-03 6.05E-04 3.70E-01 261E-03 6.80E-06 1.38E+01 3.50E+01 1.62E-08
JORDAN
gzp—JOR—JO ‘ 9.90E-05 l 1.32€-04 ‘ 2.00E-02 I 1.44E-04 I 2.00E-07 ‘ 6.70E-01 | 7.00E-02 ‘ 1.40€-09
SYRIA
'g—SYR—SVO 4.77E-04 3.97E-04 1.80E-01 4.63E-04 1.50E-06 1.46E+00 1.93E+02 8.24E-09
;—SYR—SYO 8.09E-04 231E-04 1.40E-01 7.46E-04 4.20E-06 3.62E+00 3.00E-02 1.78E-08
ALGERIA
5 BE:ZA—SS"" 6.90E-04 1.96E-04 3.30E-01 9.43E-04 5.70E-06 5.47E+00 1.84E+01 9.21E-09
'Egég—sy"e 7.33E-03 1.73-03 3.76E+00 1.07E-02 6.58E-05 6.91E+401 1.70E+02 1.10E-07
:Cf(?ciAfWh” 6.75E-04 1.79E-04 3.00E-01 8.54E-04 7.00E-06 5.03E+00 2.81E+01 8.69E-09
ngzcﬁfp'ag 8.30E-04 2.15E-04 3.40E-01 1.01E-03 9.30E-06 5.90E+00 2.89E+01 1.02E-08
MAURITANIA
g‘;vfMRTfA 3.30E-05 1.60E-05 1.00E-02 4.10E-05 1.00E-07 6.00E-02 6.78E+02 2.70E-10
g‘;vfMRT B | 220805 1.30E-05 0.00E+00 2.60E-05 1.00E-07 3.00E-02 2.01E+01 2.20E-10
8‘;” MRTG | 2.40e-05 1.20E-05 0.00E+00 2.90E-05 1.00E-07 4.00E-02 7.61E+01 2.00E-10
MOROCCO
[_MAR Cinq_| 5.93E-04 2.90E-04 T.00E-01 3.07E-04 2.80E-06 7A0E-01 8.00E-02 337E-09
I?JMARthe 1.31E-03 5.36E-04 2.90E-01 1.01E-03 2.80E-06 3.06E+00 1.10E-01 7.78E-09
SiaMAR—Reg 1.31E-03 5.37E-04 2.90E-01 1.02E-03 2.80E-06 3.08E+00 1.00E-01 7.80E-09
S:’:;!AR—H 1.25E-03 5.54E-04 2.30E-01 1.11E-03 2.90E-06 2.19E+00 7.00E-02 7.32E-09
TUNISIA
F_TN_Malti_| 1.74E-03 5.98E-04 210501 T37E-03 6.80E-06 5.42E+00 210E-01 8.12E-09
SS;TNfAmd 261E-03 1.47€-03 3.30E-01 2.05E-03 1.01E-05 9.04E+00 7.80E-01 1.45€-08
AVERAGE DATA FOR MACRO-AREA
BALKANS 3.30E-03 1.08E-03 6.60E-01 3.16E-03 T.01E-05 2.59pm 2.27E+01 1.85E-08
MASHREQ | 3.71E-04 2.23E-04 9.00E-02 3.74E-04 1.50E-06 T.61E+00 4.82E+01 7.21E-09
MAGHREB | 1.42E-03 5.27E-04 4.20E-01 1.50E-03 8.30E-06 7.72E+00 8.00E+01 1.32E-08
AVERAGE DATA PER SPECIES
BEAN 247E-03 7.21E-04 4.80E-01 2.07E-03 7.80E-06 9.43E+00 1.85E+01 1.36E-08
CHICKPEA | 1.35E-03 8.01E-04 1.80E-01 1.10E-03 5.10E-06 4.85E+00 430E-01 7.97E-09
BLACK-
EveD BEAN | 3-33E-04 1.48E-04 6.00E-02 3.01E-04 8.00E-07 5.80E-01 1.94E+02 2.00E-09
BEAN 1.08E-03 3.42E-04 2.30E-01 T.02E-03 5.60E-06 4.84E+00 6.21E+00 T7E-08
LENTIL 2.80E-03 8.05E-04 T.35E+00 3.83E03 2.33E-05 2.38E+01 T21E+02 4.05E-08

Source: CIHEAM Bari elaboration on data from the SimaPro software
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Table 10. Values by country and cultivar 2024, Eco-Indicator Method

DAMAGE CATEGORIES | Human Health [ Ecosystem Quality [ Resources [ SINGLE SCORE
U. of M. [ DALY [ PDF*m2yr [ MJ surplus [ Mpt
ALBANIA
B_AL_FasuleSacme [ 1.30E-06 [ -6.57E-03 [ 1.45E+00 [ 1.13E+02
B_AL_FasuleEcmeniku | 1.30E-06 | -2.38E-03 [ 1.17E+00 | 1.00E+02
SERBIA
B_SRB_Gradistanac [ 5.10E-07 [ -5.02E-03 [ 1.22E+00 [ 6.63E+01
B_SRB_Tetouac | 6.10E-07 | -6.40E-03 [ 1.17E+00 | 6.92E+01
JORDAN
Cp_JOR_JO02 [ 7.70E-08 [ 1.96E-03 [ 5.64E-02 [ 5.60E+00
SYRIA
L_SYR_SY08 [ 3.15E-07 [ 8.03E+00 [ 1.24E-01 [ 5.80E+02
F_SYR_SY09 | 184E-07 | -3.79E-02 | 3.:20E-01 | 171E+01
ALGERIA
F_DZA_Seville04 2.02E-07 -4.39E-03 4.84E-01 2.61E+01
L_DZA_Syrie229 06 2.18E-06 1.56E+00 6.06E+00 4.24E+02
B_DZA_Whitecoco 1.91E-07 1.68E-03 4.44E-01 247E+01
B_DZA_Praguecoco 2.30E-07 2.53E-03 5.21E-01 2.92E+01
MAURITANIA
Cw_MRT_AD1 8.00E-09 -4.72E-03 4.82E-03 1.86E+02
Cw_MRT_BR1 5.00E-09 -4.43E-03 2.65E-03 -4.00E-01
Cw_MRT_GUT1 5.00E-09 -3.72E-03 3.30E-03 1.00E+02
MOROCCO
L_MAR_Cing 2.426-07 3.03E+00 6.82E-02 2.25E+02
B_MAR_Ghelid 3.68E-07 -3.94E-02 2.65E-01 2.34E+01
B_MAR_Reguig 3.68E-07 -3.94E-02 2.67E-01 2.35E+01
Cw_MAR_Hamera 3.33E-07 -1.03E-01 1.91E-01 1.47E+01
TUNISIA
F_TN_Malti [ 4.58E-07 [ -6.90E-04 [ 4.75E-01 [ 3.77E+01
Cp_TN_Amdoun | 1.06E-06 [ 1.04E-01 | 7.88E-01 | 834E+01
AVERAGE DATA FOR MACRO-AREA
BALKANS 9.39E-07 -5.09E-03 1.25E+00 8.70E+01
MASHREQ 1.63E-07 2.00E+00 1.39E-01 1.52E+02
MAGHREB 4.48E-07 2.87E-01 6.78E-01 8.84E+01
AVERAGE DATA PER SPECIES
BEAN 6.14E-07 -1.19E-02 8.14E-01 5.61E+01
CHICKPEA 5.68E-07 5.31E-02 4.22E-01 4.45E+01
BLACK-EYED BEAN 8.78E-08 -2.89E-02 5.04E-02 7.52E+01
BEAN 2.81E-07 -1.43E-02 4.27E-01 2.70E+01
LENTIL 9.12E-07 4.21E+00 2.09E+00 4.10E+02
Source: CIHEAM Bari elaboration on data from the SimaPro software
lll— Socio-economic impact assessment

The economic sustainability assessment was carried out using the cost-benefit analysis (CBA)
methodology, through the identification of economic indicators reported per unit of surface area,
which was indicated as the hectare.

8. Methodology, selected indicators and tools

Using a specially constructed questionnaire (Annex 1), technical-economic data were collected
from the producer on the quantities of production inputs and their unit prices, based on the chosen
indicators (Table 11), to process them in a specially constructed spreadsheet; therefore,
production costs, called variable or direct costs, were calculated for seeds, agrochemicals,
fertilizers, fuels, irrigation water, labor, as well as interests; then, data on production yields and
the selling price were collected to calculate the revenues from the final products (Kay et al., 2011;
Torquati, 2015).

Specifically, the cost of labor was calculated based on the hours of work spent in the field and the
cost per working hour.

Finally, gross income was calculated from the difference between revenues and variable costs,
with the aim of evaluating the profitability of growing these legume species.

For the social assessment, based on the FAQO's Sustainability Assessment of Food and
Agriculture Systems (SAFA) methodology, agricultural labour income per hectare, per hour, and
per day was calculated to assess whether it was equitable compared to the average cost of
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agricultural labour in the country, understood as the opportunity cost, known as the shadow price.
Labor efficiency was also calculated by dividing revenue by labour hours and labour costs. Labor
efficiency was also calculated as the ratio of gross income divided by the labour hours required
to cultivate the crop, or as the ratio of gross income divided by labour costs. Therefore, if in the
first case the value obtained is higher than the hourly cost, and if in the second case the value is
positive, social sustainability is considered positive.

Due to the limited availability and difficulty of economic data in scientific literature and in official
databases by country and crop, it was only possible to gather information from unofficial
databases, alternative sources, such as Chat GPT and Google Al Studio, and interviews with
some national experts.

Table 11. Selected socio-economic indicators

Socio-economic indicators Values

Revenue/ha

-€
Variable Costs/ha

-€
Gross Income/ha

-€
Labor Cost/Hour

-€
Labor Cost/Day

-€
Total Labor Cost/ha

-€
Revenue/Work Hours

-€
Revenue/Labor Cost -€
Gross Income/Hour Worked

-€
Gross Income/Labor Cost -€
Minimum Labor Cost/Hour (Country)

-€
Company/Country Delta Labor Cost

-€

Table 12 has been produced, which collects indicative and general information on some economic
indicators, considering that there is a high variability depending on the varieties grown, the
cultivation techniques, the climate, the use of manpower and the level of mechanization.

42 Options Méditerranéennes B 76



Table 12. Indicative economic data in the Mediterranean area

Variable . . Gross
Crop costs (€) Yield (t/ha) || Price (€/kg) || Revenue (€) Margin (€)
. 2,700 —
Chickpea 800 - 1,200 1.5-2.0 1.8-2.2 4.400 1,500~ 3,000
2,880 —
Faba Bean 700 - 1,100 1.8-25 1.6-2.0 5 000 1,500- 3,800
Lentil 850 — 1,300 1.0-15 20-24 2,000 ~ 800 - 2,300
3,600
Common 4,000 —
Bean 1,200 - 1,800 20-30 20-25 7,500 2,200-5,700

Source: CIHEAM Bari elaboration on data from interviews with experts

9. Results

The comparison of the economic values obtained from the selected indicators is highlighted in
graph 31.

It can be noted that the highest revenues per hectare are obtained on average from broad beans
at 5,833 euros and from beans at 4,845 euros, particularly higher in Algeria with 15,050 euros per
broad bean and 18,750 euros per bean.

While the highest average production costs per hectare, also known as variable or direct costs,
are found in the cultivation of beans at 1,361 euros, particularly in Serbia at 2,430 euros, the
lowest for broad beans at 765 euros.

The profitability indicator as gross margin, calculated as the difference between revenues and
variable costs, highlights (Table 13 and Figure 31) the highest average values among the species
for beans at 5,944 euros with a maximum of 14,103 euros in Algeria, followed by broad beans at
5,068 euros, thanks to good yields and excellent selling prices, with a highest value of 13,017
euros in Algeria; while the average profitability is lower at 1,302 euros for lentils and 729 euros
for chickpeas.

Table 13. Mean values processed by species in the fields of selected countries in the
Mediterranean area

Socio- Bean Faba bean Lentil Chickpea Black-eyed
economic pea
indicators

Revenue/ha €8,485.42 €5,833.33 €2,419.50 €1,150.00

€2,650.95
Variable €1,361.11 €765.34 €659.34 €421.32
costs/ha €468.99
Gross €5,944.31 €5,068.00 €1,301.93 €728.68
Income/ha €2,181.96

Source: CIHEAM Bari elaboration on data from interviews with experts
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Figure 31. Economic indicators by legume and by country
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Source: CIHEAM Bari processing of data from interviews with producers

From what has been said above, it can be noted that, in general terms, the comparison with the
general socio-economic data in the Mediterranean area (Table 12) confirms the higher revenues
deriving from beans and broad beans, and the higher production costs for beans, in addition to a
higher gross profitability for beans and broad beans.

Inputs must take into account the diversity of the species examined, local farming methods, and
therefore the degree of mechanization, as well as the use of irrigation, which is very useful for
increasing production yields and varies depending on seasonality and availability. In some fields,
cultivation is done by hand, increasing the labor burden on inputs.

Generally speaking, for chickpeas the greatest impact on input costs depends on the purchase
of seeds and irrigation, if used.

For lentils, which generally require fewer inputs than chickpeas, the higher costs are due to seeds,
fertilizers and mechanization, where present.

The cost of beans is mainly due to seeds and irrigation, often used to ensure good yields, as well
as fertilizers (Algeria) and agrochemicals (Morocco).

For broad beans, input costs are fairly distributed, with a prevalence for seeds.

For cowpeas, the white one shows higher irrigation costs, while for the grey and brown ones,
labour costs are the most expensive item.

The analysis of labour requirements and their cost in relation to surface area, revenues, and
income allows us to draw conclusions, as can be seen in the following graphs.

Labor requirements (Figure 32) vary from crop to crop and based on cultivation techniques and
the degree of mechanization in the fields of the selected countries and farms. Generally, the
highest labour hours were required for growing faba beans and lentils in Syria, at 322 hours and
292 hours per hectare, respectively, followed by cowpea cultivation in Mauritania, at 131 hours
per hectare.
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Figure 32. Labour requirements by legume and by country
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Source: CIHEAM Bari elaboration on data from interviews with producers.

In terms of labor costs or income from work for agricultural workers (Figure 33), the highest values
were recorded for bean cultivation in Serbia but also in Algeria, while the value for broad beans
was quite high in Algeria and Syria.

Figure 33. Labor costs by legume and country
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Source: CIHEAM Bari processing of data from interviews with producers

Figure 34 shows that labour costs per hour and per hectare are higher in Serbia, while the return
on labour costs (revenue), which expresses labour productivity, is higher in Algeria for faba beans
and beans, but also in Morocco for lentils. The return on labour costs (revenue), which expresses
labour profitability, is also higher in Algeria for faba beans and beans, as is the aforementioned
productivity.
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Figure 34. Labour efficiency by legume and by country
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Source: CIHEAM Bari processing of data from interviews with producers

The hourly labour cost (Figure 35), and therefore the labour income for workers employed in the
selected fields, shows that it is higher than the minimum guaranteed income in the countries
considered, particularly in Algeria, which leads to the conclusion that social sustainability is
positive in the selected countries, while only in Albania and Jordan is the labour cost in the fields
under analysis slightly lower than the minimum guaranteed income in the country.

Figure 35. Social indicator by legqume and by country
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Source: CIHEAM Bari processing of data from interviews with producers

10. Comments and recommendations

The socioeconomic analysis carried out in 2024 was based on 20 case studies in 8 Mediterranean
countries. The selection was made based on their relevance to the nutritional and environmental
analyses conducted in 2023.

In a context where farm-level socioeconomic sustainability studies on native legumes are lacking
or of limited relevance, the study provided an initial overview of the socioeconomic sustainability
of growing native varieties of the most important legumes in the selected countries. However, it
does not claim to provide comprehensive and representative results on the socioeconomic
sustainability of the selected legumes. In any case, a methodology and tools were developed to
interview, collect, and process technical and economic data, even in diverse regional contexts,
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without having comprehensive and representative regional statistical data that could be used as
benchmarks.

In any case, the study results show that profitability is positive for all crops. Interestingly, beans
and broad beans have the highest yields per hectare, despite higher production costs, but they
still yield higher gross profitability than lentils and chickpeas. The labour analysis highlights higher
costs for growing beans and broad beans, despite their greater potential for increased productivity
and profitability.

From a social sustainability perspective, the study highlighted that hourly labour costs are slightly
below the minimum guaranteed threshold in agriculture only in Albania and Jordan, leading to the

conclusion that in these case studies, agricultural workers should be given greater protection in
terms of wages.

In any case, producers of native legumes are encouraged to inform and promote, when selling
their legumes at local markets, that these typical, locally sourced products offer the intrinsic added
value of economic sustainability, providing a fair return to the producers themselves. They also
offer environmental and social sustainability, with a positive impact on the local area and
community, which will be able to purchase sustainable, typical, and traditional, locally sourced
legumes.

In conclusion, the following recommendations are made to ensure the sustainability of native

legume cultivars in Mediterranean countries:

1. Promote low-impact agricultural practices through training, technology transfer, and support in
high-input areas, involving extension services and vocational training (AKIS).

2. Improve genotype and phenotype analysis on local varieties and landraces.

3. Standardize and monitor environmental and socioeconomic data collection over time and
across countries for comparability and better understanding.

4. Support native varieties and small farmers (custodians) through targeted policies (such as
targeted interventions for cover crops), market development (such as the agricultural market
for traditional zero-mile products) and valorization strategies (such as public procurement for
canteens).

5. Translating results into concrete actions by creating accessible tools for farmers, researchers,
policy makers and consumers, promoted by BEANS META NETWORK.

6. Cooperation between local farmers of traditional products for a transition towards a sustainable
local agri-food system.
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Annex
Annex 1

A - GENERAL INFORMATION ABOUT THE FARM AND THE COLLECTION FIELD
FARM PROFILE

Information referring to the whole farm area

Value

FARM NAME

FOUNDATION (year)

BUSINESS SIZE (micro - small - medium)

SITE LOCATION
TOTAL FARM SURFARCE (ha or m2)

Utilized Agricultural Area UAA (ha or m2)

Farm ownership (private/institutional
property/cooperative/other)

Rainfall (average mm/year and average of harvest year)

Information referring exclusively to the experimental area or collection field

Geographical coordinates (N ...) (E ...)

Legume (Species)

Legume (Cultivar/Landrace)

Year of harvesting and season

Average altitude (m)

Average distance from farm centre (km)

Organic agriculture method (Y/N)

Sandy

Loam
Silt/Clay

Other

Soil fertility (estimation poor, fairly, good)

Poor

Fair

Good

IF AVAILABLE

Organic matter

N




Morphological configuration

Terrace
Valley
Plane
Average inclination (%)
Irrigation system (drip, sprinkler, border, etc.)
Irrigation planning (seasonable, emergency)
Quality of irrigation water (good or poor)
IF AVAILABLE
pH
Salinity
Hardness

Sodium Absorption Ratio — SAR

Type of rotation applied (crops of yearly or seasonable rotation)

B - INFORMATION RELATED TO FIXED CAPITAL OR FIXED ASSETS USED IN LEGUME

motocoltivator, carriage,
eletricity generator, etc.)

CULTIVATION*

Machinery Owned
Type (tractor, tiller, ripper, Description (HP, Brand and model, type of
pesticide sprayer, fuel, weight, etc.)

Age (years)

0
0
0
0
0
Systems (investments) Owned
Type (irrigation system, water Description (m2, m, etc.) Age (years)
well, drenage, terrace, etc.)
0
0
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0
Buildings (investments) Owned
Type (family house, worker Description (m2, m3, floors, etc.) Age (years)
house, storage, garage, etc.)
0
0
Other info
Type Description Age (years)
0
C - FIELD PRACTICES (INPUTS AND OUTPUT)
Area
. (ha Sample
Legume: or code**
m2):
Cultivar/Landrace:
Item description
(details on seeds,
fertilizer,
P, pesticide, trap,
Activity erbicide, fuel, Inputs Output
eletricity, rent or
owned machine,
Date water, yield, etc.)
(month)
Units
(kg, Units
1, m3, Unite o | (kg Unit Val
n., Price r?t?ta cof & 1, m3, Price r?t:‘t; ue*
KWh (€ Y n.. (€) e
, etc.)
etc.)
0.0
0.00 0.00 0.00 0.00 0.00 0
0.00 0.00 0.00 0.00 0.00 O(')O
0.00 0.00 0.00 0.00 0.00 O(')O
0.00 0.00 0.00 0.00 0.00 O(')O
0.00 | 000 | 0.00 000 | 000 | %°
0.00 0.00 0.00 0.00 0.00 O(')O
0.00 0.00 0.00 0.00 0.00 O(')O
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0.0

000 | 000 | 0.00 000 | 000 | %
000 | 000 | 0.00 000 | 000 | %0
000 | 000 | 0.00 000 | 000 | %0
000 | 000 | 000 000 | 0.00 O(')O
000 | 000 | 0.00 000 | 000 | %°
000 | 000 | 0.00 000 | 000 | %°
000 | 000 | 0.00 000 | 000 | %°
000 | 000 | 0.00 000 | 000 | %0
000 | 000 | 0.00 000 | 000 | %0
000 | 000 | 0.00 000 | 000 | %0
000 | 000 | 0.00 000 | 000 | %0
000 | 000 | 0.00 000 | 000 | %0
000 | 000 | 0.00 000 | 000 | %°
000 | 000 | 0.00 000 | 000 | %°
000 | 000 | 0.00 000 | ooo | %°
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