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Abstract: Salinization is one of the main challenges of contemporary agriculture affecting food
security and sustainability. Climate change with more persistent droughts, floods and sea-level rise is
expected to increase this challenge, making it one of the most common land degradation processes.
At the same time, an increasingly complex institutional landscape has emerged across multiple issue
areas of global environmental governance related to salinization. This can be seen in a myriad of
public, private, and hybrid actors coming together by creating initiatives to address the issue of
growing salinization through saline agriculture. Therefore, the aim of this paper is to characterize the
development of a governance landscape of cooperative initiatives for saline agriculture in Europe,
North Africa, and the Middle East, and to discuss how to harness their potential and orchestrate their
efforts. The preliminary findings suggest that the fragmented landscape of initiatives is predominated
by public actors and research institutions. This potentially hampers benefit sharing and upscaling
efforts. Operational activities are most frequently the governance function, followed by information
and networking efforts thereafter. Thematically, initiatives focus on the development of new crop
varieties and water and soil management practices. Linkages to the Sustainable Development Goals
suggest saline agriculture is connected to policy debates on sustainable food systems, climate change,
water security, and land degradation.
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1. Introduction

Salinization of water and soil resources is a substantial driver of land degradation and
stresses freshwater provisions, particularly in arid and semi-arid regions [1]. It depletes
the soil of pivotal nutrients, decreases the water quality and is a significant constituent of
desertification processes [2,3]. This potentially threatens global food security and nutrition
needs [4]. Moreover, it can trigger the collapse of local fishery industries, reduce biodiver-
sity, and change local climatic conditions [3]. Salinization thus poses a significant barrier
to ensure food security under the pressures of population growth and climate change [5].
Anthropogenic salinization has occasionally contributed to the destruction of formerly
successful agrarian societies, such as ancient Mesopotamia and the Tigris–Euphrates val-
ley [6]. Effective management can mitigate factors accounted both to high environmental
and social costs [3].

The extent of salinized land is difficult to determine accurately. One billion hectares of
land, divided over more than 100 countries, can be classified as salt-affected [7]. Around
10% of the global arable land [8] and 20% of irrigated lands [9] are salt-affected. However,
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estimates vary widely among different countries. In some countries, up to 50% of irrigated
land is salt-affected as mapped through remote sensing [10].

Current academic research focuses on the identification and exploration of strategies
that mitigate or adapt to salinization. Saline agriculture often translates to mitigation
techniques that aim to either move soluble salts to lower soil depths through leaching,
natural or artificial drainage systems, or by removing salt through mechanical or biological
means [11]. Moreover, halophytic plants with desalinizing properties have been utilized
successfully for soil reclamation [12]. Furthermore, humic substances [13] and microorgan-
isms [14] may also mitigate salinity stress. Next to saline mitigation techniques, there is a
growing field of knowledge and practice on saline adaptation. Saline agriculture seems
feasible for crops that can withstand relatively large amounts of salts that have been built
up in root zones [15]. This could be achieved by using salt resistant rootstocks, either by
genetic modification or classical breeding [15].

In order to mitigate salinization and freshwater shortage, a sustainable transition needs
to occur in the environmental policy landscape. A sustainable transition can be set in motion
by a collective effort of experimental niche initiatives [16]. Transitions require system
innovations that transcend individual actors and construct relationships between private
and public entities [17]. Sustainable development can occur in innovative environments
through these initiatives. One of the earliest examples of an initiative investigating the
potential of saline agriculture dates back to 1954, when the U.S. Salinity laboratory was
launched. The number of initiatives exploring saline agriculture has exponentially increased
over the past two decades, highlighted by examples such as the International Centre for
Biosaline Agriculture (ICBA), founded in 2000 in the United Arab Emirates.

Salinization on a global scale is a problem positioned in a complex and fragmented
institutional landscape [18]. No clear pathway or solution can solve the issues caused by
salinity, threatening global food and water security. Many stakeholders are involved, with
volatile perceptions regarding associated problems and solutions. These characteristics
make this a vital problem [19] which must be resolved by incorporating design thinking in
the process [20]. To achieve this, a systematic, structured, and interdisciplinary approach
must be taken. This short paper aims to structure and explore the field of saline agriculture
by mapping and analyzing suitable initiatives in a comprehensive way. At the time of
writing, this approach has never been adopted with regard to saline agriculture.

2. Materials and Methods

Using a systematic approach, we created a database of cooperative initiatives for
saline agriculture by internet snowballing and expert interviews. Further, we applied a
semi-automated content analysis to the mission and vision statements and about sections
of initiatives websites in order to validate their link with saline agriculture.

To describe the evolving institutional landscape and make policy recommendations,
we code characteristics of each initiative including inter alia, their members, governance
functions, goals, and geographic coverage. We analyzed the characteristics of these initia-
tives using descriptive statistics to illustrate the patterns across the sample. The data were
collected from publicly available online data sources.

3. Preliminary Results

The preliminary results show a few overarching trends in the sample of ca. 100 ini-
tiatives selected for the analysis. There is an increasing number of cooperative initiatives
focusing on saline agriculture over time, particularly in years 2019–2020. The majority
of initiatives lasted for a finite period of time, with an average duration of 3 years. The
initiatives are often led by diversified sets of actors, but the public actors are predomi-
nant. A significant number of initiatives are related to research institutions. Their main
governance functions focus on operational activities followed by information sharing and
networking. The main themes for the initiatives are cultivation of conventional crops under
saline conditions and water management practices. Around 20% of the initiatives incorpo-
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rate halophytic plants for saline mitigation within their operations. The key sustainable
development goals (SDGs), i.e., global goals for sustainable development constructed by
the United Nations [21], addressed are SDG2 “Zero hunger”, SDG13 “Climate action”,
SDG6 “Clean water and sanitation”, and SDG8 “Decent work and economic growth”. Our
preliminary results indicate that most of the initiatives do not report publicly, but those
with reports exhibit high verification rates.

4. Discussion and Conclusions

Our findings suggest that the governance landscape for saline agriculture is dom-
inated by public and research initiatives. This may indicate a high interest of national
government and international organizations, as well as good access to the public funding.
This could indicate a low involvement of other stakeholders such as farmers, distributors,
or environmental associations can influence access and benefit sharing and potentially
hamper upscaling efforts. Further research in a form of network analysis could help in
understanding connections between main actors.

The main governance functions of saline agriculture initiatives indicate high interest
in practical application, field trials, and experiments. This is consistent with the main
themes discussed in the literature on saline agriculture, which focuses on the development
of new crop varieties and soil and water management practices [22,23]. Although of
great importance in the field of saline agriculture, and often tackled with a scenario-based
approach [24], the analysis of salinity parameters within the governance landscape falls
outside the scope of our contribution. The second most common function, information
sharing and networking, points to an increased interest in building a saline agriculture
community [25], which is also reflected in a rising number of initiatives in recent years.

The key SDGs partially correspond with previous research [26]. However, climate
change adaptation is found to have a more prominent role in our analysis of initiatives.
This could serve as a link to increase the presence of saline agriculture as a point on the
policy agenda. As a multifaceted topic, saline agriculture is connected to policy debates
on climate change, sustainable food systems, water security, and land degradation. Inte-
gration of saline agriculture in these policy domains can contribute to addressing multiple
SDGs through synergistic actions and instruments. Furthermore, the orchestration of this
fragmented landscape potentially led by international organizations, such as FAO, could
provide a pathway to harness the potential of international initiatives for saline agriculture
for addressing climate change, water, and food security.
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