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Abstract: Soil salinization and land abandonment pose significant socio-economic and
environmental challenges, particularly in the Iberian Peninsula, where traditional saltworks
and agricultural lands have been increasingly degraded. Innovative approaches, such as
the implementation of halotolerant crops and microorganisms, offer a promising strategy
to revitalize these underutilized areas. This study applies the Social Life Cycle Assessment
(S-LCA) methodology to evaluate the socio-economic benefits of halotolerant agriculture
in abandoned saltworks and salinized lands. Data were collected through interviews
with key stakeholders, literature reviews, and case studies of four enterprises actively
engaged in sustainable salina restoration. Key social indicators, including employment
creation, community participation, and cultural heritage conservation, were assessed using
an expert-based weighting system. The findings indicate that enterprises involved in these
initiatives demonstrated strong contributions to local economic resilience and cultural
heritage preservation. However, challenges related to scalability and external economic
influences remain key considerations. These results highlight the potential of biosaline
agriculture as a viable solution to address land abandonment and food security challenges,
while also contributing to rural socio-economic development.

Keywords: social life cycle assessment (S-LCA); halotolerant crops; microorganisms;
salinized lands; sustainable agriculture; Iberian Peninsula saltworks; environmental
sustainability; cultural heritage conservation; land degradation; food security

1. Introduction

Mainstream agricultural practices face important challenges in the south of Europe,
due to a variety of factors. The combined conditions of high rates of land abandonment on
the one hand and, on the other, the prevalence of saline soils, are very specific to the Iberian
Peninsula at a continental scale. According to an EU Joint Research Centre report [1], in
the period 2015-2030, about 11% (more than 20 million ha) of agricultural land in the EU
is at high potential risk of abandonment, being particularly severe in countries like Spain
and Portugal, where farming conditions are difficult due to poor soil quality and climate
change [2]. Spain will be the only EU country to lose more than 1 million ha (around
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20% of all EU expected losses). Arable land is projected to account for the largest share of
abandoned land, followed by pastures and permanent crops [1].

The salinization of soils occurs when there is an accumulation of salts in the soil profile
due to high evaporative demand, sometimes worsened by factors such as the existence
of shallow salt deposits, marine intrusions, or poor drainage of irrigation water. When
soil salinity reaches a certain level, crops suffer reduced growth, and this may result in
crop failure. Over 833 million hectares of soils worldwide—corresponding to more than
10% of cropland—is already salt-affected, according to the Global Map of Salt-affected
Soils launched by the FAO [3]. The eastern half of Spain—where most of its inland solar
evaporation saltworks are located—is rich in natural saline soils. Added to these, 3% of the
3.5 million hectares of irrigated land is severely affected by salinity [4]. Spain is the only
European country identified as being at risk of soil salinization in the Desertification Map
of the World by UNESCO [5]. Soil salinization in Portugal affects around 100,000 hectares,
most of which is found around the estuaries of the Tagus, Sado, Mondego, and Vouga
rivers [6], where the solar evaporation salinas of Alcochete, Sado, Figueira, and Aveiro,
respectively, are found.

The issue of waste management in Iberian salinas is a crucial yet underexplored
challenge that affects both environmental sustainability and local economies. In Spain, the
total amount of urban waste collected in 2022 reached 23.0 million tons, with Andalusia,
the Valencian Community, and the Murcia region—areas home to significant salt pan
ecosystems—being among the top contributors to waste generation [7]. The improper
disposal of waste in these areas can pose serious threats to the fragile biodiversity of
salinas and hinder their potential for sustainable economic activities. Additionally, the
generation of textile waste in Spain approaches one million tons annually, with only 12.16%
collected separately for potential reuse or recycling, highlighting significant challenges in
waste management systems [8]. Furthermore, a Greenpeace investigation revealed that a
substantial portion of used clothing deposited in recycling containers is not adequately
processed; instead, these garments often travel extensive distances, averaging over 8917 km,
only to end up in landfills or be incinerated in developing countries [9]. These challenges
emphasize the urgent need for tailored waste management strategies in Iberian salinas,
ensuring the preservation of these unique environments while promoting circular economy
models that benefit local communities.

Salinas, traditionally known for salt extraction [10], are unique ecosystems that hold
untapped socio-economic potential beyond their historical function. These environments,
characterized by their saline soils, have long been neglected, especially in regions like the
Iberian Peninsula, where the economic viability of traditional salt production has significantly
declined. Over recent decades, many of these areas have been abandoned [11,12] leading
to a loss of cultural heritage and biodiversity. However, innovative agricultural practices,
specifically the use of halotolerant crops and microorganisms [13], offer new possibilities for
the revitalization of these lands. These practices can add significant value to the agricultural
sector by leveraging biological mechanisms to thrive in saline conditions, which is increasingly
important in the context of modern environmental challenges.

Agriculture is one of the primary drivers of economic and social development, but
it also faces profound challenges, including the degradation of arable land due to poor
irrigation practices, climate change, and the unsustainable use of natural resources. Soil
salinization is becoming a critical issue globally, reducing the fertility and productivity
of agricultural lands [14]. The continued increase in soil salinity threatens global food
security by limiting the availability of arable land, especially as the world’s population
continues to rise and the demand for food escalates. As the amount of unusable land due
to salinization expands, innovative solutions like halotolerant crops and microorganisms
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are emerging as essential tools for addressing this issue [15,16]. These biological tools can
improve the productivity of degraded soils [17,18], thus expanding the agricultural frontier
and contributing to the overall sustainability of the agricultural sector.

The significance of this research lies not only in its local impact on Iberian saltworks
and salinized lands but also in its global implications for sustainable agriculture. Halotoler-
ant [19] crops—plants that can tolerate high salinity—and microorganisms that support
plant growth in saline conditions represent a novel approach to enhancing food production
in challenging environments. While halotolerant crops inherently withstand salt stress,
halotolerant microorganisms can interact symbiotically with non-tolerant crops to improve
their growth in saline soils, making them a viable and versatile option for salinized soils too.
By implementing these tools, we can transform abandoned saline lands into productive
areas, supporting food production while simultaneously restoring ecosystems that are vital
for biodiversity.

This research is closely aligned with the United Nations’ 2030 Agenda for Sustainable
Development [20], which calls for global action to eradicate poverty, protect the planet,
and ensure prosperity for all. Specifically, this study contributes to the achievement of
several Sustainable Development Goals (SDGs), including SDG 2, “Zero Hunger”; SDG 9,
“Industry, Innovation, and Infrastructure”; SDG 11, “Sustainable Cities and Communities”;
and SDG 12, “Responsible Consumption and Production”. Addressing these objectives
requires innovative approaches like halotolerant crops and microorganisms to increase
food production on lands that are otherwise deemed unfit for cultivation [21]. Additionally,
these tools provide a transformative perspective for agriculture initiatives facing the chal-
lenge of salinized arable lands, which aligns with the goals of innovation and sustainable
infrastructure. The creation of new, sustainable ecosystems around these once-abandoned
lands also supports the development of sustainable communities, particularly in rural areas
that have experienced depopulation due to agricultural decline.

The primary objective of this study is to explore the positive socio-economic impacts of
implementing halotolerant crops and microorganisms in the salinized lands and abandoned
saltworks of the Iberian Peninsula. Utilizing the framework of Social Life Cycle Assessment
(S-LCA), this research evaluates the potential benefits that these practices could offer to
local communities, businesses, and the environment. The S-LCA method, as applied here,
provides a holistic view of the social implications of agricultural innovations, assessing how
these practices can enhance community well-being, create employment, and contribute to
sustainable rural development. Moreover, this study aims to promote broader awareness of
these innovative tools, encouraging their adoption by farmers, policymakers, and investors
who seek to develop resilient, climate-adaptive agricultural systems.

As agricultural conditions worsen due to ongoing climate change and unsustainable land
management practices, the need for sustainable solutions is becoming more pressing. In the
Iberian Peninsula, where large swaths of land have already been lost to salinization [19-22], the
adoption of halotolerant crops and microorganisms offers a timely solution. These tools not
only enhance soil fertility and resilience but also create new opportunities for local economies
and contribute to broader ecological sustainability. By revitalizing saline landscapes, this
research aims to foster a socio-economic model that integrates environmental conservation with
agricultural productivity, helping to mitigate the risks of food insecurity and land degradation.

In summary, the introduction of halotolerant crops and microorganisms represents a
key innovation in the drive towards sustainable agriculture. These biological tools offer
significant promise in reversing the degradation of salinized arable lands, transforming
abandoned saltworks into productive, sustainable ecosystems [23-25]. Through this study,
the aim is to highlight the socio-economic benefits of these innovations, advocating for their
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broader implementation as part of a comprehensive strategy to meet global agricultural
challenges and achieve sustainable development.

2. Material and Methods
2.1. Definition and Conceptual Framework

The Social Life Cycle Assessment (S-LCA) is a methodology developed to evaluate
and communicate the social conditions and impacts associated with the production and
consumption of products or services throughout their life cycle [26]. According to the
United Nations Environment Programme (UNEP), S-LCA is designed to measure these
social impacts by focusing on the stakeholders involved, such as workers, local communi-
ties, consumers, and society at large [27]. This tool is particularly valuable for assessing the
broader socio-economic effects of productive activities, helping decision-makers to foster
sustainable development in various industries.

As a relatively novel methodology, S-LCA has only just been fully standardized [28], of-
fering flexibility in its application [29]. This adaptability can be seen as an opportunity to tailor
the assessment framework to the specific characteristics of each project, allowing for a more
versatile and context-specific analysis. The flexibility of S-LCA is crucial when addressing
complex socio-ecosystems, such as those related to halotolerant crops and microorganisms,
where social impacts can vary significantly across regions and stakeholder groups.

The origins of the broader Life Cycle Assessment (LCA) methodology date back to
1969, when it was first developed as a pioneering technique to evaluate the environmental
impacts of products across their life cycles [30]. Over the years, LCA has been refined and
established as a key tool for assessing environmental sustainability [31]. However, the
recognition of the need to include social dimensions in life-cycle thinking emerged in the
1990s, leading to the development of S-LCA as a complementary tool to LCA [32].

In 2009, the UNEP published a set of guidelines for the practical implementation of
S-LCA [33], providing professionals with essential tools to assess social impacts. More recently,
the “Methodological Sheets for Subcategories in Social Life Cycle Assessment” (2021) [34]
were released, offering further clarification on how to measure and quantify social impacts.
These methodological sheets include indicators, units of measurement, and potential data
sources, providing a structured approach to S-LCA that is applied in this study.

S-LCA typically addresses three main dimensions of social impact:

e  Behaviors: The social impacts that result from specific behaviors or decisions.

e  Socio-economic processes: The broader socio-economic effects that emerge from deci-
sions made at different levels of society.

e  Human, social, and cultural capital: The attributes and resources that individuals or
groups possess, which influence their ability to respond to socio-economic changes.

In this study, a bibliometric study was conducted by analyzing a set of scientific doc-
uments related to S-LCA from the Scopus database. The dataset included 428 documents
published between 2008 and 2023, with a significant increase in publications over the last five
years. Figure 1 presents the word map generated from this analysis, highlighting the most fre-
quent terms, such as “local community”, “needs”, “worker”, “indicator”, and “development”.
These terms offer a conceptual structure that supports the S-LCA framework and indicates

the growing relevance of social life-cycle thinking in various sectors.
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Figure 1. Word map of Social Life Cycle Analysis.

2.2. Methodology

The S-LCA methodology employed in this study follows the guidelines established
by ISO 14040 [26,35], which also underpin traditional LCA. This standardized approach
consists of four main phases:

e  Definition of goal and scope;
e Inventory analysis;

. Impact assessment;

e Interpretation of results.

2.2.1. Definition of Goal and Scope

The first phase involves defining the specific objectives of the study, the motivations
behind addressing the selected topic, and the need for measuring social impacts. The goals
of an S-LCA study can range from comparing the social impacts of different products or
services to evaluating the potential for innovation or improvements in existing systems. In
this study, the goal was to assess the social impacts of implementing halotolerant crops and
microorganisms in salinized lands and abandoned saltworks within the Iberian Peninsula.

In this study, we defined the scope by focusing on local communities affected by
salinization and assessing the potential of halotolerant organisms to address these socio-
economic challenges. The boundaries of the system being studied were clearly defined
to ensure that the analysis would cover all relevant aspects of the social impact of these
innovative agricultural tools.

2.2.2. Inventory Analysis

The inventory phase involves the collection of relevant data to measure the social
impacts under consideration. This is typically the most time-consuming stage, as it requires
a thorough investigation of the socio-economic conditions related to the project. For this
study, data were gathered from a variety of sources, including the scientific literature, policy
documents, and media reports. Key for a deeper understanding were the in-depth online
interviews conducted in the period 2023-2024 with the CEOs of the initiatives researched
in the case studies, such as Carlos Moreno Cdmara, managing partner of La Espelta y la Sal;
Susana Martinez, CEO of La Sald; José Luis Sotillo Membibre, manager of Sal de Saelices; and
Mércia de Carvalho Vaz Pinto, CEO of Salina Greens. These interviews were complemented
by insights from representatives of research institutions and experts.
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The interview process was designed to gather qualitative insights from key stakehold-
ers, including corporate representatives and experts involved in halotolerant crop and
microorganism initiatives. Given the small sample size, a structured interview guide was
developed to ensure consistency across responses. The questions focused on key social
impact indicators, such as employment generation, cultural heritage conservation, and com-
munity participation, aligning with the Social Life Cycle Assessment (S-LCA) framework.
While data triangulation was not employed due to the limited number of interviewees,
the validation of responses was conducted through expert assessment within the research
team. This approach allowed for a critical review of the collected information, ensuring
coherence and alignment with the existing literature and policy documents. Although this
method has inherent limitations, it provides a focused, expert-driven validation process
appropriate for exploratory research in this field.

Additionally, relevant contributions and documents from organizations like Salt Doc-
tors, an independent social enterprise based in the Netherlands and specializing in resilient
farming systems for salt-affected areas, provided valuable context.

The S-LCA approach often encounters challenges related to the availability and quality
of data. In cases where data are lacking or difficult to quantify, assumptions may be made
based on analogous sectors or regions. However, care was taken to minimize the use of
assumptions and ensure transparency in the data collection process.

To enhance the reliability and accuracy of the data, a rigorous review process was
employed to cross-check the information obtained from different sources. This process was
essential to ensure the transparency and reproducibility of this study’s findings. Further-
more, detailed documentation of the data collection methods, as well as the instruments
used to measure social impacts, was maintained to support the validity of the results.

2.2.3. Impact Assessment

The third phase involves the evaluation of the collected data to determine the social
impacts. In S-LCA, two main approaches can be used for impact assessment [26]:

e  Type I—Reference Scale Approach: This approach focuses on describing the current
and historical states of a system or product, providing a baseline for comparison.

e  Type [I—Impact Pathway Approach: This approach seeks to predict the long-term
consequences of social impacts based on current or projected conditions. It often
involves mapping causal relationships between variables to understand how social
outcomes evolve over time.

Given the innovative and experimental nature of halotolerant crops and microorgan-
isms, this study adopted the Type [I—Impact Pathway Approach to predict the potential
long-term social impacts on local communities in Spain and Portugal. The primary aim was
to assess how these practices can improve social well-being, employment, and community
resilience in areas affected by salinization.

The selection of the Impact Pathway Approach (Type II S-LCA) in this study was
grounded in its ability to establish causal relationships between specific social indica-
tors and the broader socio-economic impacts of implementing halotolerant crops and
microorganisms in Iberian salinas. This method enables the identification of cause—effect
mechanisms by mapping how changes in one factor (e.g., employment opportunities) prop-
agate through social structures to generate long-term outcomes (e.g., regional economic
revitalization). The chosen indicators—employment creation, community participation,
cultural heritage conservation, access to resources, public sustainability commitments, and
economic development contribution—align with this approach, as they reflect both direct
and indirect effects on local communities. For instance, an increase in employment in
salt-pan-related activities leads to greater financial stability among workers, which, in turn,



World 2025, 6, 38

7 of 21

fosters higher community engagement in environmental conservation and sustainable
tourism initiatives. This example illustrates how the Impact Pathway Approach allows
us to trace the evolution of social benefits, offering a comprehensive understanding of the
systemic effects of introducing halotolerant crops and microorganisms.

In line with the UNEP’s guidelines, social impact categories were selected based
on stakeholder groups and decision-makers. Table 1 outlines the main categories and
subcategories used in this study, following the latest UNEP classification from the 2021
“Methodological Sheets for Subcategories in Social Life Cycle Assessment”.

Table 1. Social impact categories and subcategories.

Groups of Interest Subcategories

Access to resources, cultural heritage,

Local Community community participation and employment

Public commitments to sustainability and

Societ . o
y economic development contribution

2.2.4. Interpretation

The final phase of the S-LCA involves interpreting the results, identifying key insights,
and offering conclusions and recommendations. Throughout this process, any limitations
or challenges encountered are documented, including the assumptions made during the
inventory phase and any constraints in data availability or quality.

A thorough evaluation was conducted to ensure the transparency and consistency of
the findings, with special attention given to aligning the results with the original goals of
this study. The interpretation phase also included a critical reflection on the limitations of
the methodology, particularly in terms of the subjective nature of certain social indicators
and the need for future refinement of the S-LCA framework.

2.3. Limitations and Considerations

As a relatively new methodology, S-LCA presents several challenges. First, the lack of
standardized procedures can lead to variability in how different practitioners apply the
tool, making it essential to clearly define the study’s scope and methodology. Moreover,
the social data required for S-LCA are often difficult to obtain and quantify, adding to the
complexity of the assessment process. Many social impacts are inherently subjective and
context-dependent, requiring careful documentation of assumptions and methods.

Until recently, the absence of a universally accepted methodological framework re-
sulted in inconsistencies in its application, making it difficult to compare findings across
different studies. However, with the publication of ISO 14075:2024, S-LCA now has an
internationally recognized standard that provides guidelines for its implementation. This
standardization is expected to enhance the consistency and credibility of S-LCA applica-
tions, facilitating more robust comparisons and broader adoption of this methodology in
sustainability assessments.

Finally, the involvement of stakeholders is crucial in S-LCA, as their participation
ensures that the social impacts are accurately represented. Nevertheless, this engagement
can introduce biases depending on which stakeholders are included in the process.

3. Results

This section presents the detailed results of the Social Life Cycle Assessment (S-LCA)
applied to halotolerant crops and microorganisms in the Iberian Peninsula. The goal
of the S-LCA was to evaluate the social impacts of these innovative practices on local
communities, with particular attention to indicators such as employment, community
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participation, cultural heritage conservation, access to resources, public sustainability
commitments, and economic development contribution. The results are presented through
a series of tables, each offering quantitative insights into the social effects measured across
four case studies: La Espelta y la Sal, La Sald, Saelices de la Sal, and Salina Greens.

The selection of case studies in this research was inherently constrained by the limited
number of operational salt-related enterprises in the Iberian Peninsula. Given the spe-
cific ecological and economic characteristics of these environments, the chosen cases were
selected to represent the main types of saline ecosystems and business models currently
present in the region. These include traditional salt extraction (Sal de Saelices), diversified
agricultural initiatives incorporating halophytes (La Espelta y la Sal), experimental sustain-
able practices in abandoned salinas (La Sald), and commercial cultivation of halotolerant
species (Salina Greens). While the sample size is small, it encompasses a diversity of
approaches within the sector, offering a meaningful perspective on the socio-economic
potential of halotolerant crop and microorganism applications. However, we must ac-
knowledge the limitation that unsuccessful or discontinued initiatives were not included in
the analysis. Future research should explore these cases to provide a more comprehensive
assessment of the challenges and barriers faced in the implementation of such projects.

3.1. Social Life Cycle Inventory

As agricultural practices evolve, halotolerant crops and microorganisms represent
a promising solution to combat soil salinization and its detrimental effects on arable
land. Given the increasing threat of salinization due to climate change and unsustainable
irrigation practices, these organisms offer a way to revitalize abandoned lands while
addressing broader socio-economic challenges.

The social indicators selected for this study provide a comprehensive framework to
assess the social benefits and potential drawbacks of implementing halotolerant organisms
in agricultural systems. Table 2 provides a summary of the key social indicators used in the
S-LCA, each chosen for its relevance to improving the well-being of local communities and
promoting sustainable agricultural practices.

Table 2. Social indicators measured.

Indicator Definition

Employment

Creation of jobs directly or indirectly through the
implementation of halotolerant crops/microorganisms

Community Participation

Involvement of the local population in decisions and
activities related to the project

Cultural Heritage Conservation

Actions taken to preserve cultural heritage, particularly
related to traditional salt harvesting

Access to Material Resources

Improvement in access to resources such as water, land,
and other necessary inputs

Public Commitments to Sustainability Engagement with public sustainability goals and policies

Economic Development Contribution Contribution to the local economy and poverty alleviation

The selection of social indicators in this study followed established S-LCA frame-
works, prioritizing aspects most relevant to rural communities engaged in agricultural and
environmental restoration activities. Employment, community participation, and cultural
heritage conservation were chosen as key indicators because they are directly impacted by
local economic and environmental initiatives rather than broader macroeconomic trends.
While it is acknowledged that social well-being can be influenced by multiple factors,
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the assessment methodology used in this study relied on direct stakeholder input from
individuals actively involved in halotolerant crop and microorganism initiatives. This ap-
proach ensured that the improvements reported were closely linked to these interventions,
although we recognize that further research incorporating comparative control groups
could provide additional validation.

These indicators are critical to understanding the broader social implications of intro-
ducing halotolerant crops and microorganisms. Employment directly reflects the number
of jobs created, while community participation reflects the involvement of local populations
in project activities. Cultural heritage conservation is especially relevant in areas where tra-
ditional agricultural practices, such as salt production, are part of the local history. Access
to material resources ensures that communities benefit from enhanced use of water, land,
and other inputs. Public commitments to sustainability and economic development reflect
the broader social and environmental policies that these innovations align with, especially
in relation to national and global sustainability goals.

3.2. Social Impact Assessment of Case Studies

Four companies—La Espelta y la Sal, La Sald, Sal de Saelices, and Salina Greens—were
selected as case studies to assess the social impacts of halotolerant crops and microorgan-
isms. La Espelta y la Sal, located in the region of Siglienza (Guadalajara), offers organic
spelt flour, flour made from ancient revived grains, and high-quality pasta. La Sald, part of
the Central Research Services in Salt Pans at the University of Cadiz, is dedicated to the
artisanal collection of salt and Salicornia, as well as the development of innovative food
products made with Salicornia. Sal de Saelices, salt pans located in the town of Saelices de
la Sal (province of Guadalajara), is a salt production site specializing in the harvesting of
virgin salt, fleur de sel, and gourmet salt. The primary objective of the foundation is to
create employment opportunities in the area surrounding the salt pans, a region severely
affected by depopulation. Salina Greens is a company based in the Alcochete region of
Portugal. Its business model focuses on the cultivation of native edible halophyte species
and the diversification of products and services. Figures 2 and 3 present the locations and
images of these sites.
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Figure 2. The map (adapted from d-maps.com, 2023) highlights the locations relevant to this study.
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Figure 3. Authors’ photo (2024). Photograph of the salt pans of Saelices de la Sal.

Each company was evaluated based on the six social indicators outlined in Table 2,
with scores assigned on a scale from 0 to 3, where 3 represents high performance and
0 indicates no impact or very low performance. Figure 4 summarizes the social performance
of each company.

Indicators - Radar chart

Employment La Espeltay la Sal
La Sala
Sal de Saelices

Salina Greens

10048

Community Development

. )
Sustainability

Heritage

Resources

Figure 4. Radar chart comparison of the four salt companies analyzed.

La Espelta y la Sal and Salina Greens were the top performers, scoring consistently
high across all social indicators, especially in employment, cultural heritage conservation,
and access to material resources. These companies have shown strong leadership in
adopting sustainable practices and generating local economic benefits. La Sald and Sal de
Saelices, while still contributing positively, showed slightly lower scores in several categories,
particularly in community participation and economic development contribution.
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3.2.1. Indicator Weighting

To account for the relative importance of each indicator, weights were assigned to
reflect their significance in promoting social sustainability. As shown in Table 3 employment,
cultural heritage conservation, and access to material resources were weighted more heavily
due to their critical role in revitalizing communities and promoting sustainable livelihoods.

Table 3. Weighting of social indicators.

Indicator Weighting (%)
Employment 20%
Community Participation 13.3%
Cultural Heritage Conservation 20%
Access to Material Resources 20%
Public Commitments to Sustainability 13.3%
Economic Development Contribution 13.3%

This weighting system allows for a more precise evaluation of the impact of each company,
as not all social indicators carry the same level of importance for sustainable development.

The weighting of social indicators in this study was based on expert judgment within
the research team, reflecting the specific socio-economic dynamics of salt pan ecosystems.
Given the absence of universally accepted weighting standards in Social Life Cycle As-
sessment (5-LCA), expert-driven allocation remains a widely used approach in studies
applying this methodology. The assigned weights prioritize key impact areas such as
employment generation and cultural heritage conservation, which are particularly relevant
in the studied context. However, we acknowledge that this weighting system is not defini-
tive, and further refinement through more quantitative methods (e.g., stakeholder surveys,
multi-criteria decision analysis) could strengthen future analyses. The primary contribution
of this study lies in the application of the S-LCA framework to halotolerant crop- and
microorganism-based projects, while the development of a standardized weighting scheme
remains an open avenue for future research.

3.2.2. Adjusted Indicator Scores by Company

By applying the weightings to the raw scores, the adjusted scores for each company
were calculated. Figure 5 shows the adjusted scores, which provide a more accurate
representation of each company’s social impact.

The adjusted scores further highlight the strengths of La Espelta y la Sal and Salina
Greens, with both companies achieving the highest possible scores in several categories.
These scores reflect their strong commitment to creating jobs, improving access to material
resources, and preserving cultural heritage.

3.2.3. Total Social Impact per Company

Adding up the scores across all indicators provides the total social impact for each
company. Table 4 shows the total social impact score for each company, indicating the
overall contribution each company makes to local communities.
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Indicators - Radar chart
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—— La Sala

Sal de Saelices
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Figure 5. Adjusted scores by company after weighting.

Table 4. Total social impact of each company.

Company Total Social Impact Score
La Espelta y la Sal 17.4
La Sala 14
Sal de Saelices 14
Salina Greens 16.4

As mentioned above, the total social impact scores in this study were derived from the
weighted sum of six individual social indicators: employment, community participation,
cultural heritage conservation, access to material resources, public commitments to sus-
tainability, and economic development contribution. Each indicator is scored on a scale
from 0 to 3, where 0 represents no impact, 1 indicates limited impact, 2 corresponds to
moderate impact, and 3 denotes high impact. The total social impact score ranges from
0 (no social impact) to 18 (maximum social impact). To facilitate interpretation, the scores
were categorized into five levels: 0-3 (no impact), 4-7 (low impact), 8-11 (moderate impact),
12-15 (significant impact), and 16-18 (high impact). These values were established based
on expert judgment within the research team, ensuring a meaningful distinction between
different levels of social impact. The values are relative in the sense that they are calibrated
to the specific cases analyzed in this study and do not constitute an absolute or universally
applicable classification system for all S-LCA studies. Rather, they serve as a practical
framework for comparing the social impact of halotolerant crop- and microorganism-based
initiatives within the context of Iberian salinas. Future studies could refine these thresh-
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olds by incorporating a larger dataset or employing statistical methods to establish more
standardized cut-off points applicable to a broader range of contexts.

3.2.4. Social Impact Classification

Based on the total social impact scores, each company was classified into different
levels of social impact. As shown in Table 5, La Espelta y La Sal and Salina Greens fall
within the “High” impact category, and La Sald and Sal de Saelices into the “Significant”
category, demonstrating that these companies are making meaningful contributions to
social sustainability in their communities.

Table 5. Social impact classification.

Range Impact
0-3 None
4-7 Low

8-11 Moderate
12-15 Significant
16-18 High

The classification ranges presented in Table 5 were determined through a combination
of empirical data from the case studies and expert judgment, ensuring that they reflect
meaningful distinctions in social impact levels within the specific context of halotolerant
crop- and microorganism-based initiatives in Iberian saltworks. It is important to note
that these values are relative rather than absolute, meaning that they are intended as a
comparative framework within the scope of this study rather than a universally applicable
classification for all Social Life Cycle Assessment (S-LCA) studies. The thresholds were
defined to facilitate interpretation of the results and provide a structured way to compare
different initiatives in the context of sustainable agriculture in saline environments. How-
ever, these classifications should not be extrapolated beyond the specific conditions and
methodological approach used in this research without further validation.

3.3. Innovation Potential

An innovation potential indicator was introduced to assess the companies’ capacity to
adopt halotolerant crops and microorganisms. This is a qualitative indicator to understand
how open and involved each company is with respect to implementing new technologies.
Table 6 defines the levels of innovation potential, while Table 7 presents the scores assigned
to each company.

Table 6. Innovation potential indicator.

Value Description
0 Initial curiosity and awareness
1 Interest and consideration
2 Commitment to exploring and planning implementation
3 Active implementation and support

The innovation potential indicator values were assigned based on qualitative assess-
ments conducted through direct interviews with company representatives and an expert
evaluation within the research team. The scoring system (0-3) reflects the level of engage-
ment and commitment demonstrated by each company toward the adoption of halotolerant
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crops and microorganisms. A score of 0 corresponds to companies with only an initial
curiosity or awareness of the approach, while a score of 3 indicates active implementation
and support for innovation in the field. This classification was developed based on ob-
servable company activities, including investments in halotolerant agriculture, research
collaborations, and participation in sustainability initiatives. Given the exploratory nature
of this assessment, these values are relative to the studied cases and are not intended as a
universally applicable innovation metric. Future studies could refine this indicator through
stakeholder surveys or quantitative scoring methodologies to enhance its robustness.

Table 7. Innovation potential scores of participating companies.

Company Innovation Potential
La Espelta y la Sal 2
La Sala 3
Sal de Saelices 2
Salina Greens 3

Both La Sala and Salina Greens demonstrated a high level of innovation potential,
actively engaging in the implementation and support of halotolerant crops and microor-
ganisms. La Espelta y la Sal and Sal de Saelices showed strong interest and commitment to
adopting these new technologies, albeit at a slightly slower pace.

3.4. Interpretation of Results

The results of this Social Life Cycle Assessment provide significant insights into
the social benefits and challenges associated with the introduction of halotolerant crops
and microorganisms in the Iberian Peninsula. Overall, the findings suggest that these
innovations can have a substantial positive social impact, particularly in terms of job
creation, community engagement, cultural preservation, and sustainability.

One of the most significant findings of this study is the potential for job creation. The
implementation of halotolerant organisms can directly generate employment opportunities,
particularly in agricultural production, processing, and distribution. This is crucial in rural
areas where unemployment and outmigration are often major challenges. Companies
like La Espelta y la Sal and Salina Greens demonstrated a strong capacity to generate
employment, helping to revitalize local economies.

Another important finding is the role of these innovations in cultural heritage conserva-
tion. In regions where traditional salt production has been a cornerstone of local culture, the
introduction of new agricultural practices can help preserve this heritage. For example, Sal
de Saelices and La Espelta y la Sal scored highly in this area, showing a clear commitment to
safeguarding local traditions while embracing modern sustainable practices.

The results also highlight the importance of community participation in ensuring the
success of these innovations. By involving local populations in decision-making and project
activities, companies can foster stronger social cohesion and a greater sense of ownership over
the projects. Additionally, access to material resources was improved in areas where halotolerant
crops were implemented, ensuring more efficient use of water, land, and other inputs.

In terms of public commitments to sustainability and economic development, this
study found that companies are aligning their operations with broader national and global
sustainability goals. This alignment not only improves the environmental outcomes of their
activities but also contributes to long-term economic development in rural areas.

Finally, the innovation potential of halotolerant organisms presents exciting opportu-
nities for the future. As seen in La Sald and Salina Greens, companies that are proactive
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in adopting these new technologies are better positioned to lead in the fight against land
degradation and food insecurity. The readiness of these companies to implement innova-
tive practices underscores the broader relevance of halotolerant organisms for sustainable
agriculture globally.

In conclusion, the introduction of halotolerant crops and microorganisms offers a pow-
erful tool to address the dual challenges of environmental degradation and socio-economic
development. The results of this S-LCA demonstrate that these innovations can deliver
significant social benefits, particularly in employment, cultural heritage conservation, and
economic development, while aligning with global sustainability goals.

4. Discussion and Conclusions

The implementation of halotolerant crops and microorganisms offers significant socio-
economic and environmental benefits, particularly in regions affected by soil salinization.
The findings from this study provide an opportunity to discuss the broader implications of
the Social Life Cycle Assessment (5-LCA) conducted, its relevance to sustainable develop-
ment, and the potential for future expansion of these practices in the Iberian Peninsula.

4.1. Discussion

The results of the S-LCA presented in the previous section demonstrate that halo-
tolerant crops and microorganisms contribute positively to local communities, fostering
employment, enhancing cultural heritage preservation, and improving access to material
resources. These findings align with the overarching goals of sustainable development,
particularly the United Nations’ Sustainable Development Goals (SDGs), which emphasize
environmental protection, socio-economic progress, and innovation.

The results of the Social Life Cycle Assessment (S-LCA) reveal notable differences
in the social impact scores across the four case studies, highlighting the varying degrees
of socio-economic benefits derived from the implementation of halotolerant crops and
microorganisms. The highest-scoring cases, La Espelta y la Sal and Salina Greens, achieved
strong performance in employment generation and cultural heritage conservation, reflecting
their well-established business models and commitment to sustainable practices. In contrast,
La Sald and Sal de Saelices obtained slightly lower scores in categories such as community
participation and economic development contribution, suggesting potential areas for further
engagement and investment. These results emphasize the role of business structure, market
positioning, and community involvement in shaping social impacts. Additionally, the
findings support the argument that halotolerant agriculture and salt pan revitalization can
serve as viable strategies for socio-economic development in degraded and abandoned
saline landscapes. While these results provide valuable insights, they are specific to the
selected case studies, and future research should explore a broader range of cases, including
those with different operational challenges, to further validate these observations.

While this study has identified positive socio-economic changes linked to the imple-
mentation of halotolerant crops and microorganisms in salt-affected lands, we acknowledge
that external economic and social factors may also contribute to improvements in employ-
ment, community engagement, and local economic development. This study is case-specific
and does not seek to isolate the impact of halotolerant agriculture from broader macroe-
conomic trends. However, direct interviews and case study assessments indicate that the
observed improvements were directly associated with these initiatives. Future research
could further strengthen this analysis by incorporating control groups or statistical ap-
proaches to quantify the relative contributions of these interventions compared to other
economic factors.
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4.1.1. Employment and Economic Development

One of the key findings from this assessment is the capacity of halotolerant practices
to generate employment in rural areas where job opportunities are limited. As seen in the
case studies of La Espelta y la Sal and Salina Greens, the introduction of halotolerant crops
can stimulate local economies by creating new agricultural jobs, increasing productivity, and
encouraging long-term investment in these regions. For example, both companies were
able to provide jobs not only in agriculture but also in related industries such as processing,
marketing, and distribution. This can have a cascade effect on other local businesses in the
services sector, such as hospitality or wellness, which can be significant in areas with extremely
low population density, such as where La Espelta y la Sal or Sal de Saelices are located.

This positive impact on employment is particularly relevant for regions struggling
with depopulation and economic stagnation. By reviving abandoned salinized lands, these
initiatives create a sustainable agricultural model that benefits both the environment and the
local workforce. Additionally, these jobs are tied to a broader development strategy aimed
at reducing poverty and fostering inclusive economic growth, as seen in the economic
contributions made by these companies. Former traditional salinas are gradually moving
from a paradigm of salt production to a multifaceted production- and service-based activity,
where the harvesting of salt and other byproducts such as muds, brine, mother clay, or halo-
phytes coexists with tourism, gastronomy, wellness, education, and innovation. Gradually,
these onsite activities have a cascade effect on the local economy and build synergies with
other businesses that strengthen the local socio-economic fabric [35,36]. Areas like Aveiro
in Portugal, Guérande in France, or Se¢ovlje in Slovenia have recovered saltscapes and
generated businesses around salt after decades of decline in the old-fashioned production
of industrial salt [12].

4.1.2. Community Participation and Cultural Heritage Conservation

Community participation is another crucial element highlighted by this study. The
success of these projects hinges on the active involvement of local populations in decision-
making processes and day-to-day activities. By engaging the community, companies like
Saelices de la Sal and La Sald were able to foster a sense of ownership and responsibility
among local residents. This not only helps ensure the sustainability of the projects but also
promotes social cohesion within the community.

Traditional salt-making has shaped landscapes and identities across the world and
over the centuries. In many regions, local identity is tightly linked with the production
of salt and even bears it in the name. In Spain and Portugal alone, toponyms of varied
linguistic origin, such as Salinas de Afiana, La Malahd, Leintz Gatzagak, O Salnés, and
Alcécer do Sal, give an idea of the diversity of saltscapes and cultures found in the Iberian
Peninsula. The loss of salt-making activity in over 90% of the salinas in the past decades
has triggered an interest in recovering them with more diversified activity that involves
tourism, gastronomy, well-being, and innovation. This diversification has enabled local
communities to engage in businesses that support these uses [12,37].

Hence, a significant social benefit is the preservation of cultural heritage. In many
of these regions, traditional salt production methods have been passed down through
generations and are integral to local history and culture. Reviving these practices through
sustainable approaches such as halotolerant crops can help maintain these cultural tradi-
tions while simultaneously introducing innovative agricultural techniques. The case of
Saelices de la Sal, where historical salt extraction practices were reintroduced, exemplifies
how cultural heritage and sustainability can coexist.
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4.1.3. Environmental Sustainability and Access to Material Resources

From an environmental standpoint, the introduction of halotolerant crops and microor-
ganisms also contributes to the preservation of ecosystems and the sustainable use of natural
resources. As discussed in the results, these practices enhance access to material resources,
particularly water and land, which are critical in regions affected by salinization. The ability
of halotolerant organisms to thrive in saline environments reduces the need for freshwater
resources, a key advantage in regions facing water scarcity due to climate change.

Halophytes are an underutilized type of plants with nutritional value or that can
be used as a healthier form of green salt [38]. Harvesting wild populations of Salicornia
ramossisima in former saltworks may seem to be unattractive, as shown by a study in the
Odiel saltworks in Spain. Plants found at higher elevations showed denser stands than
those at lower elevations, where the salt pans are usually located [39]. However, irrigation
with natural brackish water may prove useful to enhance the success of these crops. Culti-
vated plants seem to have a higher nutritional value than their wild counterparts. A study
in Portugal with six species of halophytes showed the viability of these highly nutritious
and healthy crops [40,41].

The cultivation of halotolerant crops or crops aided by halotolerant microorganisms in
arid and semiarid regions is envisioned as a sustainable agriculture solution and has been
widely applied across these areas (e.g., [42,43]). However, no studies have been conducted for
the application of halotolerant microorganisms or crops for the recovery of former saltworks.

These practices support the regeneration of degraded soils, improving their fertility
and long-term productivity. This not only helps ensure food security but also mitigates
the environmental impact of unsustainable agricultural practices. The alignment of these
practices with SDG 15 (Life on Land), which focuses on protecting, restoring, and promot-
ing the sustainable use of terrestrial ecosystems, underscores the broader environmental
significance of these findings.

4.1.4. Innovation and Long-Term Potential

One of the most exciting aspects of this study is the innovation potential associated
with halotolerant crops and microorganisms. As shown in the innovation scores of compa-
nies like La Sala and Salina Greens, there is a high level of interest in and commitment to
adopting new technologies that can address the challenges posed by land degradation and
salinization. This innovative potential is crucial for the long-term success of these projects,
as it enables companies to remain adaptable and responsive to emerging environmental
and economic conditions.

The cultivation of halophile microorganisms for the obtention of novel, functional
foodstuffs, bioactive pharmaceutical compounds, or substances for other uses is a common
activity in former saltworks, or even in active ones. Initiatives exist across the world,
with nearby examples in Spain (e.g., Odiel, Huelva) or Portugal (e.g., Necton, in Olhao,
Algarve) [44,45]. These activities are included in what is known as the “blue economy”,
where innovation is key to supporting communities linked to water in one way or another,
with sustainability as a key parameter linking the production of food and energy [46].
However, the “blue economy” or water-based economy is not that common in inland
regions or in former saltworks. No references have been found on the potential of inland
saltworks for sustainable and innovative food production.

In the broader context, the innovative nature of these practices positions them as key
solutions for addressing global agricultural challenges, including climate change, food se-
curity, and resource management. The potential for scaling up these practices is substantial,
particularly in regions like the Iberian Peninsula that face significant agricultural pressures
due to changing climate patterns.
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4.2. Conclusions

The results of the S-LCA clearly indicate that the introduction of halotolerant crops
and microorganisms can deliver substantial socio-economic and environmental benefits to
regions affected by soil salinization. By promoting sustainable agricultural practices, these
innovations offer a pathway toward restoring degraded lands, enhancing food security,
and fostering local economic development. The following key conclusions can be drawn
from this study:

Positive Socio-Economic Impacts: Halotolerant crops and microorganisms generate
employment, boost local economies, and foster community participation. These practices
provide a sustainable solution to revitalizing abandoned lands, creating job opportunities
in regions facing depopulation and economic decline.

Cultural and Environmental Benefits: These agricultural practices contribute to the
preservation of cultural heritage by maintaining traditional methods of land use, such as
salt production, while introducing modern techniques. At the same time, they enhance
environmental sustainability by reducing freshwater usage, improving soil fertility, and
supporting ecosystem regeneration.

Alignment with Global Sustainability Goals: The findings of this study align with
several SDGs, including SDG 2 (Zero Hunger), SDG 8 (Decent Work and Economic Growth),
SDG 12 (Responsible Consumption and Production), and SDG 15 (Life on Land). The
integration of halotolerant crops into agricultural systems offers a sustainable approach to
addressing global challenges related to food production, environmental protection, and
economic development.

Innovation and Future Potential: There is significant innovation potential associated
with halotolerant crops and microorganisms, particularly in terms of scaling up these
practices to meet the challenges posed by climate change and resource scarcity. Companies
that embrace these innovations are better positioned to lead in the global effort to combat
land degradation and ensure food security.

4.3. Recommendations for Future Research and Implementation
The study highlights several areas where further research and action are needed:

e  Expansion of Case Studies: While this study focused on four companies, expanding
the scope of future research to include more case studies across different regions would
provide a more comprehensive understanding of the social and environmental impacts
of halotolerant practices.

e Longitudinal Studies: Future research should also focus on conducting longitudinal
studies to assess the long-term socio-economic and environmental benefits of these
practices over time. This would provide valuable insights into the sustainability and
scalability of halotolerant crops and microorganisms.

e  Government and Policy Support: The successful implementation of halotolerant prac-
tices requires support from policymakers. Future efforts should focus on advocating
for policies that incentivize the use of sustainable agricultural practices, such as pro-
viding subsidies or tax incentives for companies adopting halotolerant technologies.

e  Scaling and Replicability: There is a need to explore the potential for scaling up these
practices beyond the Iberian Peninsula and into other regions facing similar challenges.
Research into the replicability of these practices in different climatic and geographic
contexts would be beneficial for global agricultural sustainability.

In conclusion, halotolerant crops and microorganisms represent a transformative
approach to addressing the challenges posed by soil salinization, land degradation, and
climate change. The findings of this study demonstrate the substantial social, economic,
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and environmental benefits that these practices can deliver, along with their potential to
contribute to a more sustainable and resilient future for agriculture.

Author Contributions: Conceptualization: S.G.L., M.d.M.C.C., KH.K. and J.C.R.; methodology:
S.G.L.; writing—original draft preparation: S.G.L.; writing—review and editing: M.d.M.C.C., K.H.K.
and J.C.R,; supervision: K.H.K. and J.C.R. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.
14.

15.

16.

Castillo, C.P; Kabalov, B.; Diogo, V.; Jacobs-Crisioni, C.; Batista e Silva, F.; Lavalle, C. Agricultural Land Abandonment in the EU
Between 2015 and 2030. In Territorial Facts and Trends in the EU Rural Areas within 2015-2030; European Commision, Publications
Office: Brussels, Belgium, 2018. Available online: https://data.europa.eu/doi/10.2760/525571 (accessed on 31 January 2025).
Pawlewicz, K. The Risk of Agricultural Land Abandonment as a Socioeconomic Challenge for the Development of Agriculture in
the European Union. Sustainability 2023, 15, 3233. [CrossRef]

Global Map of Salt-affected Soils | FAO SOILS PORTAL | Food and Agriculture Organization of the United Nations. Available
online: https://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/ global-map-of-salt-affected-soils /en/ (accessed
on 31 January 2025).

Adbhikari, K. Updated map of salt affected soils in the European Union. Threat. Soil Qual. Eur. EUR 2008, 23438, 65-77.
Castafieda, C.; Herrero, J.; Latorre, B. Chapter Six—The vanishing legacy of soil salinity data from irrigated districts: A case
study from Spain and a call for action. In Advances in Agronomy; Sparks, D.L., Ed.; Academic Press: Cambridge, MA, USA, 2020;
Volume 161, pp. 325-355. [CrossRef]

Ramos, T.B.; Gongalves, M.C.; van Genuchten, M.T. Soil salinization in Portugal: An in-depth exploration of impact, advancements,
and future considerations. Vadose Zone J. 2024, 23, e20314. [CrossRef]

INEbase/Agricultura y Medio Ambiente/Residuos y Proteccién Ambiental/Estadisticas Sobre Generacién de Residuos/ Ultimos
Datos. INE. Available online: https://ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C&cid=1254736176841&menu=
ultiDatos&idp=1254735976612 (accessed on 12 March 2025).

Caritas, Céritas. Available online: https://www.caritas.es/noticias/moda-re-publica-un-informe-pionero-sobre-el-reciclado-
textil-en-espana/ (accessed on 12 March 2025).

Greenpeace, Greenpeace, ES | Greenpeace Esparia. Available online: https://es.greenpeace.org/es/en-profundidad/una-
segunda-vida-para-tu-ropa/siguiendo-la-pista-a-29-prendas-de-ropa/ (accessed on 12 March 2025).

The Ecological Importance of Mediterranean Salinas. Available online: https://conferences.gnest.org/Conferences/Saltworks_
post/081-095.pdf (accessed on 26 December 2024).

Puche Riart, O. Estado Actual del Patrimonio Salinero Espafiol. In Explotacién Histérica de la Sal. Nuevas Investigaciones |
IT Congreso Internacional Sobre la Sal, 15-16 Noviembre 2018, Madrid, Spain; E.T.S.I de Minas y Energia: Madrid, Spain, 2019;
pp. 329-366. Available online: https://oa.upm.es/56489/ (accessed on 26 December 2024).

Hueso-Kortekaas, K.; Carrasco-Vaya, J.-F. The Patrimonialization of Traditional Salinas in Europe, a Successful Transformation
from a Productive to a Services-Based Activity. Land 2024, 13, 772. [CrossRef]

Munns, R.; Tester, M. Mechanisms of salinity tolerance. Annu. Rev. Plant Biol. 2008, 59, 651-681. [CrossRef] [PubMed]
Rodriguez Aristizdbal, M.A. Aportes Desde el Enfoque Agroecolégico para el Manejo de la Salinizacién del Suelo con Bacterias Haléfilas
en Séachica-Boyacd. 2017. Available online: https:/ /repository.udca.edu.co/handle/11158 /768 (accessed on 26 December 2024).

de Vos, A.C.; Bruning, B.; van Straten, G.; Oosterbaan, R.; Rozema, J.; van Bodegom, P. Crop Salt Tolerance under Controlled
Field Conditions in The Netherlands, Based on Trials Conducted at Salt Farm Texel. 2016. Available online: https:/ /research.wur.
nl/en/publications/crop-salt-tolerance-under-controlled-field-conditions-in-the-neth (accessed on 26 December 2024).

de Vos, A.C.; Broekman, R.; Guerra, C.C.d.A.; van Rijsselberghe, M.; Rozema, J. Developing and testing new halophyte crops: A
case study of salt tolerance of two species of the Brassicaceae, Diplotaxis tenuifolia and Cochlearia officinalis. Environ. Exp. Bot.
2013, 92, 154-164. [CrossRef]


https://data.europa.eu/doi/10.2760/525571
https://doi.org/10.3390/su15043233
https://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/global-map-of-salt-affected-soils/en/
https://doi.org/10.1016/bs.agron.2019.12.002
https://doi.org/10.1002/vzj2.20314
https://ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C&cid=1254736176841&menu=ultiDatos&idp=1254735976612
https://ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C&cid=1254736176841&menu=ultiDatos&idp=1254735976612
https://www.caritas.es/noticias/moda-re-publica-un-informe-pionero-sobre-el-reciclado-textil-en-espana/
https://www.caritas.es/noticias/moda-re-publica-un-informe-pionero-sobre-el-reciclado-textil-en-espana/
https://es.greenpeace.org/es/en-profundidad/una-segunda-vida-para-tu-ropa/siguiendo-la-pista-a-29-prendas-de-ropa/
https://es.greenpeace.org/es/en-profundidad/una-segunda-vida-para-tu-ropa/siguiendo-la-pista-a-29-prendas-de-ropa/
https://conferences.gnest.org/Conferences/Saltworks_post/081-095.pdf
https://conferences.gnest.org/Conferences/Saltworks_post/081-095.pdf
https://oa.upm.es/56489/
https://doi.org/10.3390/land13060772
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://www.ncbi.nlm.nih.gov/pubmed/18444910
https://repository.udca.edu.co/handle/11158/768
https://research.wur.nl/en/publications/crop-salt-tolerance-under-controlled-field-conditions-in-the-neth
https://research.wur.nl/en/publications/crop-salt-tolerance-under-controlled-field-conditions-in-the-neth
https://doi.org/10.1016/j.envexpbot.2012.08.003

World 2025, 6, 38 20 of 21

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Khan, M.A; Sahile, A.A ; Jan, R.; Asaf, S.; Hamayun, M.; Imran, M.; Adhikari, A.; Kang, S.-M.; Kim, K.-M.; Lee, L.-J. Halotolerant
bacteria mitigate the effects of salinity stress on soybean growth by regulating secondary metabolites and molecular responses.
BMC Plant Biol. 2021, 21, 176. [CrossRef]

Asif, S.; Jan, R,; Kim, N.; Asaf, S.; Lubna; Khan, M.A.; Kim, E.-G.; Jang, Y.-H.; Bhatta, D.; Lee, I.-].; et al. Halotolerant endophytic
bacteria alleviate salinity stress in rice (Oryza sativa L.) by modulating ion content, endogenous hormones, the antioxidant system
and gene expression. BMC Plant Biol. 2023, 23, 494. [CrossRef]

Gonzélez-Hernandez, ].C.; Pefia, A. Estrategias de Adaptacion de Microorganismos Haléfilos y Debaryomyces hansenii (Levadura
haléfila). Rev. Latinoam. Microbiol. 2002, 44, 137-156.

The Future of Food and Agriculture—Trends and Challenges. Available online: https://openknowledge.fao.org/items/f09ad1d4
-63e1-4ede-94f1-1419ef57945¢ (accessed on 26 December 2024).

Ministerio para la Transicion Ecolégica y el Reto Demogréfico. Estrategia Nacional de Lucha Contra la Desertificacion. Available
online: https://www.miteco.gob.es/es/biodiversidad/temas/desertificacion-restauracion/lucha-contra-la-desertificacion/
enld.html (accessed on 31 January 2025).

Lasanta, T.; Nadal-Romero, E.; Khorchani, M.; Romero-Diaz, A. Una revisién sobre las tierras abandonadas en Esparia: De los
paisajes locales a las estrategias globales de gestion. Cuad. Investig. Geogr. Res. Lett. 2021, 47, 477-521. [CrossRef]

U. G. A. (70th Sess.: 2015-2016). Transforming Our World: The 2030 Agenda for Sustainable Development: Resolution/Adopted by the
General Assembly. October 2015. Available online: https://digitallibrary.un.org/record /3923923 (accessed on 26 December 2024).
Egamberdieva, D.; Wirth, S.; Li, L.; Abd-Allah, E.F.; Lindstrém, K. Microbial cooperation in the rhizosphere improves liquorice
growth under salt stress. Bioengineered 2016, 8, 433-438. [CrossRef] [PubMed]

Qadir, M.; Oster, J.; Schubert, S.; Noble, A.; Sahrawat, K. Phytoremediation of Sodic and Saline-Sodic Soils. In Advances in
Agronomy; Academic Press: Cambridge, MA, USA, 2007; Volume 96, pp. 197-247. [CrossRef]

Social Life-Cycle Assessment: A Review by Bibliometric Analysis. Available online: https:/ /www.mdpi.com/2071-1050/12/15/
6211 (accessed on 26 December 2024).

Séanchez Blanco, J. Analisis del Ciclo de Vida (ACV) Social del Proyecto Reagritech (Regeneracién y Retiso del Agua de Escorrentia
en Parcelas Agrarias Mediante Sistemas Naturales de Tratamiento). Master’s Thesis, Universitat Politecnica de Catalunya,
Barcelona, Spain, 2015. Available online: https://upcommons.upc.edu/handle/2117/77833 (accessed on 26 December 2024).
ISO 14075:2024; Environmental Management—Principles and Framework for Social Life Cycle Assessment. International
Organization for Standardization: Geneva, Switzerland, 2024.

Martinez-Blanco, J.; Lehmann, A.; Chang, Y.-].; Finkbeiner, M. Social organizational LCA (SOLCA)—A new approach for
implementing social LCA. Int. |. Life Cycle Assess. 2015, 20, 1586-1599. [CrossRef]

Hunt, R.G,; Franklin, W.E. LCA—How it came about. Int. J. Life Cycle Assess. 1996, 1, 4-7. [CrossRef]

ISO 14040:2006; Environmental Management-Life Cycle 596 Assessment-Principles and Framework. International Organization
for Standardization: Geneva, Switzerland, 2006. Available online: https://www.iso.org/standard /37456.html (accessed on
26 December 2024).

Jorgensen, A.; Finkbeiner, M.; Jorgensen, M.S.; Hauschild, M.Z. Defining the baseline in social life cycle assessment. Int. |. Life
Cycle Assess. 2010, 15, 376-384. [CrossRef]

U. N. Environment. Guidelines for Social Life Cycle Assessment of Products | UNEP—UN Environment Programme. Available online:
https:/ /www.unep.org/resources/report/ guidelines-social-life-cycle-assessment-products (accessed on 26 December 2024).
Methodological Sheets for Subcategories in Social Life Cycle Assessment (S-LCA) 2021—Life Cycle Initiative. Available on-
line: https:/ /www.lifecycleinitiative.org/library /methodological-sheets-for-subcategories-in-social-life-cycle-assessment-s-
lca-2021/ (accessed on 26 December 2024).

Pedrosa, A.; Martins, F,; Breda, Z.; Rodrigues, C. Innovation in Saltpans of Aveiro: The Academia Role for Touristic Development.
J. Tour. Dev. 2021, 36, 25-37. [CrossRef]

Hueso-Kortekaas, K.; Iranzo-Garcia, E. Salinas and “Saltscape” as a Geological Heritage with a Strong Potential for Tourism and
Geoeducation. Geosciences 2022, 12, 141. [CrossRef]

Nistoreanu, P; Aluculesei, A.-C.; Dumitrescu, G.-C. A Bibliometric Study of the Importance of Tourism in Salt Landscapes for the
Sustainable Development of Rural Areas. Land 2024, 13, 1703. [CrossRef]

Agudelo, A.; Carvajal, M.; Martinez-Ballesta, M.d.C. Halophytes of the Mediterranean Basin—Underutilized Species with the
Potential to Be Nutritious Crops in the Scenario of the Climate Change. Foods 2021, 10, 119. [CrossRef]

Polo-Avila, A; Infante-Izquierdo, M.D.; Sdnchez-Gullén, E.; Castillo, ].M.; Mufioz-Rodriguez, A.F. Population Dynamic of the
Annual Halophyte Salicornia ramosissima in Salt Pans: Towards a Sustainable Exploitation of Its Wild Populations. Plants 2022,
11,1676. [CrossRef]

Castafieda-Loaiza, V.; Oliveira, M.; Santos, T.; Schiiler, L.; Lima, A.R.; Gama, F; Salazar, M.; Neng, N.R.; Nogueira, J.; Varela, J.;
et al. Wild vs cultivated halophytes: Nutritional and functional differences. Food Chem. 2020, 333, 127536. [CrossRef]


https://doi.org/10.1186/s12870-021-02937-3
https://doi.org/10.1186/s12870-023-04517-z
https://openknowledge.fao.org/items/f09ad1d4-63e1-4e4e-94f1-14f9ef57945c
https://openknowledge.fao.org/items/f09ad1d4-63e1-4e4e-94f1-14f9ef57945c
https://www.miteco.gob.es/es/biodiversidad/temas/desertificacion-restauracion/lucha-contra-la-desertificacion/enld.html
https://www.miteco.gob.es/es/biodiversidad/temas/desertificacion-restauracion/lucha-contra-la-desertificacion/enld.html
https://doi.org/10.18172/cig.4755
https://digitallibrary.un.org/record/3923923
https://doi.org/10.1080/21655979.2016.1250983
https://www.ncbi.nlm.nih.gov/pubmed/27780398
https://doi.org/10.1016/S0065-2113(07)96006-X
https://www.mdpi.com/2071-1050/12/15/6211
https://www.mdpi.com/2071-1050/12/15/6211
https://upcommons.upc.edu/handle/2117/77833
https://doi.org/10.1007/s11367-015-0960-1
https://doi.org/10.1007/bf02978624
https://www.iso.org/standard/37456.html
https://doi.org/10.1007/s11367-010-0176-3
https://www.unep.org/resources/report/guidelines-social-life-cycle-assessment-products
https://www.lifecycleinitiative.org/library/methodological-sheets-for-subcategories-in-social-life-cycle-assessment-s-lca-2021/
https://www.lifecycleinitiative.org/library/methodological-sheets-for-subcategories-in-social-life-cycle-assessment-s-lca-2021/
https://doi.org/10.34624/rtd.v36i2.24526
https://doi.org/10.3390/geosciences12030141
https://doi.org/10.3390/land13101703
https://doi.org/10.3390/foods10010119
https://doi.org/10.3390/plants11131676
https://doi.org/10.1016/j.foodchem.2020.127536

World 2025, 6, 38 21 of 21

41.

42.

43.

44.

45.

46.

Duarte, B.; Feijao, E.; Pinto, M.V.; Matos, A.R; Silva, A.; Figueiredo, A.; Fonseca, V.F; Reis-Santos, P.; Cacador, I. Nutritional
valuation and food safety of endemic mediterranean halophytes species cultivated in abandoned salt pans under a natural
irrigation scheme. Estuarine, Coast. Shelf Sci. 2022, 265, 107733. [CrossRef]

Kumar, M.; Etesami, H.; Kumar, V. (Eds.) Saline Soil-Based Agriculture by Halotolerant Microorganisms; Springer: Singapore, 2019.
[CrossRef]

Navarro-Torre, S.; Garcia-Caparrés, P.; Nogales, A.; Abreu, M.M.; Santos, E.; Cortinhas, A.L.; Caperta, A.D. Sustainable
agricultural management of saline soils in arid and semi-arid Mediterranean regions through halophytes, microbial and soil-
based technologies. Environ. Exp. Bot. 2023, 212, 105397. [CrossRef]

Kholany, M.; Coutinho, J.A.P; Ventura, S.PM. Carotenoid Production from Microalgae: The Portuguese Scenario. Molecules 2022,
27,2540. [CrossRef] [PubMed]

Martinez, R.; Beltran, A.G.; Kapravelou, G.; Guzman, A.; Lozano, A.; Gémez-Villegas, P.; Leén, R.; Vigara, ].; Galisteo, M.;
Aranda, P et al. Nutritional and functional assessment of haloarchaea and microalgae from the Andalusian shoreline: Promising
functional foods with a high nutritional value. J. Funct. Foods 2024, 116, 106194. [CrossRef]

Choudhary, P.; Venkata Subhash, G.; Khade, M.; Savant, S.; Musale, A.; Raja Krishna Kumar, G.; Chelliah, M.S.; Dasgupta, S.
Empowering blue economy: From underrated ecosystem to sustainable industry. J. Environ. Manag. 2021, 291, 112697. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ecss.2021.107733
https://doi.org/10.1007/978-981-13-8335-9
https://doi.org/10.1016/j.envexpbot.2023.105397
https://doi.org/10.3390/molecules27082540
https://www.ncbi.nlm.nih.gov/pubmed/35458744
https://doi.org/10.1016/j.jff.2024.106194
https://doi.org/10.1016/j.jenvman.2021.112697

	Introduction 
	Material and Methods 
	Definition and Conceptual Framework 
	Methodology 
	Definition of Goal and Scope 
	Inventory Analysis 
	Impact Assessment 
	Interpretation 

	Limitations and Considerations 

	Results 
	Social Life Cycle Inventory 
	Social Impact Assessment of Case Studies 
	Indicator Weighting 
	Adjusted Indicator Scores by Company 
	Total Social Impact per Company 
	Social Impact Classification 

	Innovation Potential 
	Interpretation of Results 

	Discussion and Conclusions 
	Discussion 
	Employment and Economic Development 
	Community Participation and Cultural Heritage Conservation 
	Environmental Sustainability and Access to Material Resources 
	Innovation and Long-Term Potential 

	Conclusions 
	Recommendations for Future Research and Implementation 

	References

