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Abstract 

 The process of salinization will be one of the key difficulties that the global agricultural 

sector will face the coming decades as it currently affects 11% of global irrigated land and is 

expected to worsen. Both mitigative and adaptative strategies may aid in the reclamation and 

management of salinized soils. As climate change leads to rapidly increasing salinization, 

further examination and implementation of these alternative strategies needs to be accelerated. 

This research focusses therefor on the examination of cultivation of salt-tolerant crop species 

as an adaptative measure to enhance productivity of marginal soils suffering from salinization. 

As the main focus previous research is on identification of strategies rather than their feasibility, 

this study highlights two potentially salt-tolerant crops and looks at their viability and scaling 

potential from an interdisciplinary and socio-economic perspective. Semi-structured interviews 

were conducted to identify the opportunities and constraints for the scaling of both products. 

Additionally, it is indicated what is currently locking-in unsustainable measures and what 

supports a transition to ómove withô the occurrence of salinization. Findings show that currently, 

salt-tolerant cultivation of quinoa and seed potatoes is not yet perceived viable due to lacking 

economic benefits and lacking awareness. These lock-ins can be overcome by the utilization of 

the emergence of windows of opportunities such as Covid-19 and recent droughts. In order to 

do so, policy recommendations are given. These insights are of great importance in decision-

making processes of various stakeholders, ranging from farmers to governmental and political 

agents within or outside the agricultural field. 

 

Keywords: salinization, climate change, saline farming, salt-tolerant cultivation, adaptation, 

quinoa, seed-potatoes 
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1 Introduction 

1.1  Salinization: a growing threat  

As the second biggest exporter of agricultural products worldwide, the Netherlands is 

important in the global food provisioning system (Rozemeijer et al., 2017). However, the 

ongoing process of salinization is posing risks for the Dutch agricultural sector, as it threatens 

high yields and high-quality products that are considered necessary if the Dutch agricultural 

sector is to remain as profitable in the future (Dijkema et al., 2005). Salinization occurs when 

salts, dissolved in water, accumulate in (arable) soil (Jones et al., 2012). This leads to the loss 

of the emerging resources, goods and services of soil, resulting in land degradation and 

decreasing crop productivity (Daliakopolous et al., 2016). The Netherlands has a centuries-old 

tradition of dealing with salts, as a quarter of the country is located below sea level and over 

65% would potentially be flooded without the invention of dykes and polders (Huisman et al., 

1998). These characteristics make the Netherlands in essence already prone to salinization, 

however, climatic changes such as more frequent droughts and rising sea level is expected to 

increase the salinization problem (Oude Essink et al., 2010). Moreover, the availability of fresh 

water in the Netherlands is predicted to come under increasing pressure as supply is decreasing 

and demand is increasing (Stofberg et al., 2017).  

Salinization does not only pose problems for the Dutch agricultural sector but is a global 

threat. The process is estimated to affect over 11% of agricultural land worldwide in over 100 

countries (Ondrasek et al., 2009) and is expected to exacerbate rapidly (Carillo et al., 2011). 

The resulting land degradation poses severe problems for food production, as the population is 

expected to grow to 9.6 billion by 2050 (FAO, 2011), leading to a 70% rise in food demand 

(Nachshon, 2018). Concurrent, the global water demand will also increase. Already, fresh water 

is a severe concern in many parts of the world and is expected to aggravate in the coming 

decades (Nangia et al., 2008). Salinization can thus impair food production, freshwater 

resources, environmental health and potentially result into a socio-economic issue (Ondrasek 

et al., 2009) that hinders economic and generic welfare (Brevik & Sauer, 2015). The COVID-

19 crisis further revealed the insecurities of the current food system and pushed focus on local 

food production. The main challenge therefore will be to ensure sustainable growth in 

agricultural production without compromising the environment and natural resources. 

Alternative strategies and agricultural practices that incorporate salinization can thus represent 

a valid help for meeting the rising food demand, preserving the already overexploited 

freshwater and prohibiting land from severe degradation (Atzori et al., 2019).  
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1.2  Saline farming: a transition to adaptation   

Saline farming is such a strategy, which represents a method concerning the cultivation 

of salt-tolerant crops using marginal, saline soil and salt-containing water (De Vos, 2016). By 

the utilization of marginal resources, pressure on freshwater and arable land is released and 

biodiversity is increased. Thus, this strategy consolidates the rehabilitation of degraded lands, 

CO2 sequestration and improving the resilience of communities worldwide (Dijkema et al., 

2005). Saline farming is often mentioned as a promising method to support future food and 

water demand (Stuyt et al., 2016) with an estimated 400 million hectares of saline soil that 

could potentially feed up to two billion people (Wicke et al., 2011). 

 To decide whether a crop is suitable to grow under saline circumstances their salt-

tolerance is taken into account. This research focusses on two crops that have been identified 

as potentially salt-tolerant crops in recent research: (certain) seed potatoes varieties and quinoa 

(De Vos, 2016). Both important crops because of their high nutritional value and subsequently 

their increasing demand (Bazile et al., 2016; NAO, 2020). However, the scaling potential of 

their salt-tolerant varieties is not sufficiently determined in previous literature as the focus 

currently mainly lies on identification of strategies rather than their feasibility (Van Bakel en 

Stuyt, 2011; Stuyt, Blom-Zandstra & Kselik, 2016). The term scaling hereby includes upscaling 

and outscaling and is similar to increasing as well as expanding (Wigboldus et al., 2016). If the 

occurrence of salinization on agricultural parcels in the Netherlands were to become so 

pronounced that current agricultural practices are no longer possible, saline farming may pose 

an interesting alternative. However, its potential depends on the socio-economic perspectives 

that it can offer (Stuyt et al., 2016).  

 

1.3  Research question  

This research therefore examines the opportunities and constraints for the scaling of 

saline farming of quinoa and seed potatoes. With that aim in mind, the value chain of both 

products is utilized. The value chain involves all activities that add value to a certain product 

(Herr, 2007) and has not been examined for salt-tolerant cultivars before. If a weak link appears 

within the chain, the chain is at risk, especially in an environment where local companies 

compete with external businesses on both the national and export market. However, there are 

hardly insights regarding the value chain of, or the transition pathway to the scaling of saline 

farming of quinoa and salt-tolerant seed potatoes in the Netherlands to be found. This lack of 

knowledge appears makes it hard to identify opportunities and constraints. In order to fill the 
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identified knowledge gap and therefore enhance decision-making processes in the agricultural 

as well as the political field, this research will answer the following research question: 

 

Is the saline farming of quinoa and seed potatoes considered a viable option in the 

Netherlands based upon the opportunities and constraints of the scaling of both products? 

 

The following sub-questions are incorporated to answer the research question:  

1. What is the current knowledge of Dutch production of quinoa and salt-tolerant seed 

potatoes? 

2. Which properties of the value chain affect scaling possibilities of Dutch quinoa and 

salt-tolerant seed potatoes?  

3. Which opportunities and constraints for scaling are currently emerging within the 

sector? 

4. What stimulates and what obstructs the transition towards cultivation of quinoa and 

salt-tolerant varieties when facing salinization?    

5. Based on the findings of this study, what are policy recommendations that improve 

the scaling of both products as an adaptation measure to salinization? 

 Justification for this research can be found in the examination of a strategy that 

consolidates global food demand and water scarcity by the utilization of marginal resources. 

Moreover, if  saline farming becomes an important adaptation strategy, the opportunity to be a 

frontrunner in its development and the exploitation of this knowledge can benefit the Dutch 

agricultural sector as well as peripheral and developed areas worldwide. Until now, research 

concerning saline farming mainly focusses on ówhat could be possibleô, e.g. suitable strategies 

and applicable cultivars (Stuyt et al., 2016). This research therefore aims to bring a novel scope 

into the examination of saline farming; the socio-economical perspective and interdisciplinary 

approach supported by utilization of the value chain. Thus, new insights in its prospects can be 

obtained as viability and feasibility are scrutinized. As such, this research has the potential to 

offer policy-makers novel information.  
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2 Literature review  

2.1 The definition of salinization  

 Salinization is a subject researched in multiple fields; therefore, multiple definitions 

exist. In this study, salinization is defined as the accumulation of salt in (arable) soil (Jones et 

al., 2012).   

 

2.2  Salinization in the Netherlands 

 In general, within the Netherlands external and internal salinization are distinguished. 

External salinization occurs when salt surface water enters the freshwater system and internal 

salinization refers to seepage of saline groundwater (Schaap et al., 2013). Because of the 

construction of dunes, dykes and beach ramparts the seawater became locked-out, resulting in 

rainwater to locate itself as freshwater lenses on top of the old salt groundwater (Stuyt, 2011). 

The development of ópoldersô disrupted this complex system of groundwater transportation 

between soil layers. Originally, saline groundwater was immobile, but influenced by 

óverpolderingô and reclamation it slowly began to move again, resulting in deep-lying saltwater 

to move upwards as seepage (see figure 1).  

 

 

Figure 1. Conceptual visualisation of a rainwater lens on top of saline groundwater, adapted 

from De Louw et al. (2011)  
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The salt material migrates to the root zones and soil surface due to the natural process of 

evapotranspiration and capillary action. Both processes extract water out of the soil, thereby 

leaving solutes. This process continues until saturation is reached, after which the solutes start 

to precipitate (see figure 2) (Nachshon, 2018). The degree of damage to the cultivar is 

determined by the salinity, the growth phase in which exposure occurs and the duration of 

exposure. Furthermore, salinization affects the soil structure, as it decreases the permeability. 

Thus, more soil tillage is required to increase the ability of plant roots to penetrate the soil (Dam 

et al., 2007). 

 

 

Figure 2. Soil salinization: A) salt locates at deep parts of the soil and groundwater; B) capillary 

action elevates the ground water, dissolves and transports the salt to the roots; C) evaporation 

or consumption precipitate salt in or near the surface, leading to soil salinization. Adapted from 

Nachshon (2018) 

 

 This process of internal salinization largely determines the Dutch pattern and intensity 

of current salinization and its future increase (Satijn & Leenen, 2009). Because of the formation 
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of rainwater lenses the saltwater gets leached out. These lenses are also crucial as freshwater 

resource for agricultural production and biodiversity (Stofberg et al., 2016). However, because 

of more frequent droughts these lenses can vanish, which occurs mostly in summer months 

(Stuyt et al., 2016). Climatic changes are expected to result in higher intensity and frequency 

of droughts, decreasing freshwater from rivers and rising sea-level and subsidence which all 

increases the intensity of seepage salinization (De Boer & Radersma, 2011; Staveren & Velstra, 

2011; Schaap et al., 2013).  

 

2.3 Water management in the Netherlands 

 As the delta of several rivers and characterized with affluent rainfall, freshwater scarcity 

is not a common threat in the Netherlands. Most freshwater demand from provinces is obtained 

from our canals and our rivers, i.e. the main water system, with the Rhine as most important 

(Arnold et al., 2011). Since the construction of the Afsluitdijk, the Netherlands (almost always) 

had access to a large buffer of fresh water from the Ijsselmeer. Only the province of Zeeland 

and the Wadden-region lack external water supply and have limited fresh groundwater, thus are 

dependent on precipitation (Arnold et al., 2011). However, the availability of freshwater 

resources such as the Ijsselmeer is expected to become more limited due to climatic changes 

(Staveren & Velstra, 2011). Thus, the need for a shift from a freshwater dominated system to a 

water system that is influenced by salt-water intrusion is identified (Programma óNaar een rijke 

waddenzeeô (PRW), 2019). However, in general, dominant land- and water practices of 

waterboards and provinces that unintentional aggravate salinization still prevail (Beauchampet, 

2019). In most governmental reports the different responses to salinization are distinguished in 

either mitigation or adaption. The first has preference and consists counteraction, e.g. artificial 

leaching and drainage systems, whereas the latter looks at opportunities to ómoveô with the 

occurrence of salinization (Klein et al., 2007). There are regions with a future perspective for 

conventional agriculture supported by mitigative measures, but there are also regions where 

adaptative measures are needed (Prins & Zoetendal, 2011). 

 The various freshwater resources made that the distribution of water is managed through 

demand, defined as ówater follows functionô (Ter Maat et al., 2014). Supplementary, the Dutch 

water sector developed a hierarchical system defined as the ówater distribution priority 

sequenceô in order to manage the demand for water during crises (see figure 3). In times of 

imminent scarcity, this determines which sector has the highest priority for freshwater supply, 

whereas the latter have lower priority and thus higher risks of shortages (National Water Plan 
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2016-2021). The low priority of agriculture in the sequence makes constant fresh water supply 

for agricultural purposes in dry circumstances uncertain, thus the now frequently used method 

of artificial leaching1 is fragile. Looking at the increasing salinization and decreasing water 

supply, it may therefore be advisable to 'move with' the increasing salinization risks and 

cultivate crops that are less sensitive to salt (PRW, 2019). If farmers opt for more salt-tolerant 

crops in their cultivation plan, their yields will be less dependent on fluctuations and trends in 

the salinity of soil moisture and irrigation water. It will enable water managers to control the 

desired salt content in the surface water used within wider bandwidths and is therefore more 

cost-efficient. More flexible salt management is thus beneficial for the various functions that 

the water system fulfils for different users; e.g. agriculture, industry, drinking water and nature 

(Ter Maat, et al., 2014).   

Figure 3. The water distribution priority sequence, adapted from MIWM (2009b) 

 

2.4 State of the art of saline farming of quinoa  

 Quinoa is translated as: 'grain that grows where grass cannot grow'. The Andean crop 

has been recognized as climate resilient crop as it has the ability to maintain its rigidity and 

reduce transpiration (Choukr-allah et al., 2016). Its capabilites in combination with its 

nutritional value have led to global interest to introduce the crop in different (marginal) 

 
1 Artificial leaching refers to the method that prevents accumulation of excessive soluble salts in soils by the 

provisioning of more water than required to leach excessive soluble salts from the root zone (Corwin, Rhoades & 

Simunek, 2007)  
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agricultural production systems (Jacobsen et al., 2003). This is illustrated by the initiative of 

the FAO to celebrate the year 2013 as the ñYear of Quinoaò (Bazile et al., 2016).    

 Quinoa is exported and imported already on a large scale. Dominant export comes from 

Andean countries, and is mainly imported by the USA, France and the Netherlands (Michel, 

2012). Since 2013, quinoa is included in the assortment of all major Dutch supermarket chains 

and also the cultivation of quinoa is no longer unique to the Andean region, as new varieties 

are being cultivated worldwide (Wolkers, 2015). Europe counts an estimated production of 

several thousand tonnes, with France and Spain as leading producers. Al though it is hard to 

compete with the volumes and production costs of South America, local quinoa supply is 

considered more sustainable which could be perceived as a competitive advantage (Janssens, 

Van den Berg, van Leeuwen & Jukema, 2008). The Dutch Quinoa Company, recently 

rebranded as The Quinoa Company (TQC), in combination with the Wageningen University 

and Research (WUR) plays a big role in this development, as it owns the licenses of many 

varieties suitable for European cultivation. The main varieties that are used in the Netherlands 

do not contain saponins2 whereas the Andean varieties do (Choukr-allah et al, 2016). In the 

Netherlands, quinoa is cultivated by twenty breeders at approximately 100 to 250 hectare, 

resulting in a yield up to six tonnes per hectare (Wolkers, 2015; Acacia Water, 2020). In 

comparison; the average yield of wheat translates to 9-10 tonnes per hectare. However, wheat 

decreases to max. three tonnes per hectare under saline conditions, thus, making quinoa an 

interesting alternative in saline conditions (Acacia, 2020).  

 

2.5 State of the art of saline farming of seed potatoes 

 In order to grow consumption or starch potatoes, a farmer needs to obtain seed potatoes. 

The world production of potatoes is expected to rise from 380 million tonnes to approximately 

500 million tonnes by 2050 (MNLV, 2020). This development offers prospects for the entire 

Dutch potato chain (NAO, 2020), but especially for the seed potato sector as the Netherlands 

own 60% of the world trade of certified seed potatoes (MNLV, 2020). Seed potato cultivation 

is subject to strict quality requirements, i.e. needs to be free of pests and diseases. The NAK 

(Dutch General Inspection Service) regularly inspects this. As common diseases are mainly 

harmful to potato plants and not to humans or animals, rejected seed potatoes decrease in value 

but can still be sold as consumption potatoes (Nederlandse Akkerbouw, 2017). 

 
2 Plants create saponins to protect themselves against attacks from outside, for example bacteria, fungus and 

insects. They confer a bitter taste and should not be eaten (Choukr-allah et al., 2016). 
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 The cultivation of (seed) potatoes is threatened by the occurrence of salinization (Blom-

Zandstra et al., 2014). Therefore, developments started regarding breeding more salt-tolerant 

varieties. Among others the Salt Farm Foundation (SFF) on Texel has carried out successful 

trials regarding the cultivation of over 200 potato varieties under saline conditions (Acacia, 

2020). They concluded that currently fresh water remains necessary in the germination stage of 

the potato, but in further growth certain potato varieties are tolerant to salt-containing water, 

fertilizer and soil. Their trials mainly focus on table potatoes (e.g. 'Miss Mignon') since they 

are of high importance for worldwide consumption (Report Salt Farm Texel, 2016). As from 

2014 there are also trials running in Pakistan with promising results: the salt-tolerant variety 

led to 28% yield increase under moderate saline conditions compared to the local variety. Thus, 

the varieties are approved by the government and cultivated by more farmers in the region (De 

Vos, 2019). Commercial breeders also investigate salt-tolerant potato varieties. For example, 

potato breeder C. Meijer B.V. started project óProeftuin Zoet Waterô in cooperation with 

Deltares. They found moderate salt-tolerant potato varieties (i.e. óMelodyô and óMusicaô). 

However, the root development was about 30% less and the growth of the plants in the saline 

part of the plot was significantly slower than in the in the control field (Report Proeftuin Zoet 

Water, 2017). Not many of other developments of salt-tolerant varieties of trading houses are 

publicly available, therefore additional information regarding the status of developments and 

diffusion within the sector is scarce. Numbers of the SFF estimate that their most popular salt-

tolerant variety óMiss Mignonô is cultivated on 35 hectares (Interview Marc van Rijsselberghe, 

15th of May 2020).  

 

2.6 Potential for combining quinoa with potatoes in the cultivation plan 

 When interested in saline cultivation due to increasing salinization, it is important to 

take into account that the whole cultivation plan should be salt-tolerant as farmers almost never 

cultivate only one cultivar (Bakel and Stuyt, 2011). Based on research, 11 of the 23 most 

commonly grown crops are sensitive to salts; e.g. winter carrots, (iceberg) lettuce and apples 

(Bakel and Stuyt, 2011). Moderately sensitive crops are e.g. winter wheat, sowing onions, 

maize and most potatoes. Crops such as winter wheat, cabbage, leek and chicory are moderately 

tolerant. Tolerant crops are grasses, sugar beet and quinoa (Bakel and Stuyt, 2011; ICBA, 

2018). Furthermore, De Vos et al. (2018) identified white cabbage, red onion, broccoli, barley, 

seed potato and carrot varieties to be (moderately) tolerant. It is considered important to choose 

cultivars with the same salt-tolerance level. Quinoa is related to beet, thus resistant to beet 
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diseases that threaten the yield. Therefor they are suitable in rotation. However, quinoa cannot 

be grown directly after the beet because of their conformity (Janssens, Van den Berg, van 

Leeuwen & Jukema, 2008). 

Figure 4. Organic quinoa plot at Dutch Saline North Sea soil, June 2020 
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3 Methods  

3.1 Theoretical frameworks 

 Within this research, two frameworks are used that have not been combined before. 

Firstly, for the interpretation and understanding of the value chain of quinoa and seed potatoes, 

the local value chain development (LVCD) framework (Herr, 2007) is utilized. The insights 

thereby obtained are incorporated to identify opportunities and constraints of the scaling of 

agricultural innovations as saline farming, guided by the multi-level perspective (MLP) (Geels, 

2002).  

 

3.1.1 Examining the value chain 

 For the identification of opportunities and constraints of the chosen products, it is 

advisable to examine the local value chain (Herr, 2007). As defined: ñA value chain is a 

sequence of target-oriented combinations of production factors that create a marketable product 

or service from its conception to final consumptionò and involves all activities that add value 

to a product (Donovan et al., 2015, p.3). These activities can be executed by a single company, 

but often various firms are involved (Herr, 2007). LVCD aims to increase the competitiveness 

of a sector on the (international) market. To a farmer, market requirements within the value 

chain are often unknown, therefore they are unable to compete. In order to integrate themselves 

in markets and increase their competitiveness, firms need to be able to comply with market 

requirements and demand conditions. Market requirements are subject to negotiations between 

buyer and seller such as e.g.: delivery time, design and quantity, or demanded and executed 

through macro-economic policies. LVCD aids in the provisioning of insights within the sector 

and the market requirements, thus supports in the identification of opportunities for increasing 

competitiveness and scaling. 

 

Figure 5. The General Value Chain, adapted from Herr (2007) 

 

3.1.2 Examining scaling possibilities  

 The multi-level perspective examines why certain innovations scale, where others do 

not. The framework is developed to improve the interpretation and examination of the synergy 

between innovations and socio-technical transition processes (Geels, 2002). Transitions are 
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assumed to result from interactions at three different levels; 1) the fast-changing niche, e.g. 

technological innovations and start-ups (micro-level); 2) the stable socio-technical regime, i.e. 

an established sociotechnical system with the aim of fulfilling a societal function (meso-level) 

and; 3) the slow-changing socio-technical landscape, i.e. material and immaterial elements such 

as infrastructure, social values and paradigms (macro-level). The levels are illustrated in figure 

6. In general, the socio-technical regime is the result of interaction and dependency between 

actors and processes and not intentionally shaped. The rules within the sociotechnical regime 

influence and determine the interactions within the whole system. They form the starting point 

for the thinking and acting of actors, which often turns out to be focused on system optimization 

(maintaining the current regime) and not on system innovation. This results in states often being 

locked in a dominant way of doing, i.e. locked in the status quo (Rip & Kemp, 1996; Kemp & 

Geels, 2000). These lock-ins often involve power relations between groups, whereas one vest 

interest in maintaining the status quo, while others desire transition (Avelino & Wittmayer, 

2016).  

 
 

Figure 6. Formation and diffusion of an innovation, adapted from Geels (2002) 

 

 The MLP is the result of combining the described levels with the ongoing dynamics of 

six regime-dimensions: 1) industry; 2) technology; 3) policy; 4) science; 5) market, and; 6) 

culture. Inside of these dimensions there are different processes potentially slowing down or 
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accelerating the innovation. Thus, the conditions of each level as well as the different 

dimensions within the incumbent socio-technical regime affect the performance of an 

innovation (Geels, 2002); e.g. a shock at the landscape level can result in the regime level to 

open up and the niche level to take over, leading to a breakthrough of a particular innovation 

(Hermans et al., 2015).  

 

 

Figure 7. The multi-level perspective on transitions, adapted from Geels (2002)3 

 

 A regime undergoing a transformation is considered as a transition (Geels, 2004). The 

occurrence of such a transformation can be caused by pressure from either below, i.e. niche-

accumulation, or above, i.e. slow processes or sudden shocks (e.g. Tsjernobyl). The system will 

resist but also adopt innovative elements from the niches (Geels, 2002). The conditions under 

which a niche may or may not be given the opportunity to grow are largely determined by 

strategies of actors and social mechanisms. These can accelerate, slow or break down the further 

development of a novel innovation such as saline farming. It appears that transitions only 

 
3  This was the highest quality image of the framework to be found 






























































































