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Abstract  

This interdisciplinary thesis explored no-tillage adoption and its impacts on soils. In no-tillage farming, 

seeding is performed directly into the soil, causing minimal disturbance and representing an 

alternative to conventional tillage in which seedbeds are prepared with various field operations.  

The analytical approach was based on Actor-Network Theory, understanding adoption as a negotiated 

outcome of interconnected human and non-human actors. Their interaction co-created their multiple 

roles and knowledges. The assemblage of actor-networks was informed by semi-structured interviews 

with conventional and no-tillage neighbours from Spain and the UK. Results showed the multiplicity 

of no-tillage as a tool, technological package and system. Moreover, adoption to reduce production 

costs linked to meteorological risks and financial sustainability, and was changing the role of yield as 

ŀ ǎȅƳōƻƭ ƻŦ ƎƻƻŘ ŦŀǊƳƛƴƎΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ǇŀǘƘǎ ŘǊƛǾƛƴƎ ƻǊ ŎƻƴǎǘǊŀƛƴƛƴƎ ŀŘƻǇǘƛƻƴ ŎƻƴƴŜŎǘŜŘ ŦŀǊƳŜǊǎΩ 

ƭŀƴŘ ǎǘŜǿŀǊŘǎƘƛǇ ǿƛǘƘ ǎƻƛƭǎΩ ŀƴŘ ƘŜǊōƛŎƛŘŜǎΩ ǊƻƭŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ŦŀǊƳŜǊǎΩ ƛƴƴƻǾŀǘƛǾŜ ǊƻƭŜǎ ŀƴŘ their 

bonds with global farming communities supported the long-term adoption of no-tillage. 

The assessment of no-tillage ƛƳǇŀŎǘ ƻƴ ǎƻƛƭǎ ŎƻƴǎƛŘŜǊŜŘ ǎƻƛƭǎΩ ƳǳƭǘƛǇƭƛŎƛǘȅΦ CƛǊǎǘΣ ǎƻƛƭǎΩ ƳǳƭǘƛǇƭŜ ǊƻƭŜǎ ƛƴ 

ŦŀǊƳƛƴƎ ǿŜǊŜ ŘŜǎŎǊƛōŜŘ ŦǊƻƳ ƛƴǘŜǊǾƛŜǿǎΩ ŘŀǘŀΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘƻǎŜ ǊƻƭŜǎΣ ŦŀǊƳŜǊǎ assed their 

management positively, whether it was through enacting soils as natural entities to be tamed using 

the right tool after analysing field conditions, by applying a technological package based on 

conservation agriculture principles or by enhancing soils life and self-organising capabilities. Second, 

soil structure and compaction were assessed scientifically with on-farm tests and laboratory analysis. 

Results showed that tillage management had a lower influence on soil structure than other soil 

properties. Nonetheless, on comparable soils, no-tillage presented similar or better structure but also 

similar or higher compaction. Finally, it is argued that soil science should engage with the different 

actor-networks that enact soils to enrich the undersǘŀƴŘƛƴƎ ƻŦ ǎƻƛƭǎΩ ƳǳƭǘƛǇƭƛŎƛǘȅΦ  
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Figure 1. Chapter 1 cover photo: sunset during fieldwork at a no-tillage field in East of England 
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1.1. Soils and tillage management: an introduction to why they matter  

Global agriculture is facing the challenges of growing enough food to feed a growing population with 

more calorie demanding diets, doing this under a changing climate while reducing the environmental 

impacts. Indeed, the global population is predicted to reach 9.1 billion in 2050, which requires a 70 % 

increase in food production (FAO, 2009). Furthermore, the effects of climate change on crop 

production are already evident in many regions (Porter et al., 2014), particularly because they are 

affecting already degraded soils (Kassam, Friedrich & Derpsch, 2019). These challenges urgently 

demand sustainable approaches to farming, considering not only yield and productivity but also 

environmental and social welfare. 

About 10,000 years ago, settled farming civilisations started developing tools to place and cover seeds 

in the soil (Lal, Reicosky & Hanson, 2007). Similar developments leading to the plough occurred around 

the globe (Lal, Reicosky & Hanson, 2007). At the beginning of the 20th century, technological advances 

on tractors and the mechanisation of agriculture fostered the spread of cast iron ploughs (Olmstead 

& Rhode, 2001; Lal, Reicosky & Hanson, 2007). This way, tillage had become the ΨconventionalΩ 

practice.  

Conventional agriculture uses tillage to prepare soils for seeding, which has been effective in 

producing high yields. Arguments for ploughing the soils are based on the reduction of weeds and on 

obtaining a uniform and smooth bed for root growth and plant development (Hobbs, Sayre & Gupta, 

2008). Specifically, conventional tillage loosens topsoil, ensuring a good seed-soil contact that 

improves crop establishment. Additionally, it mixes fertilisers and manures to ensure they are 

homogeneously distributed. Furthermore, it mechanically tears weeds and buries weed seeds in 

deeper layers allowing crops to grow without competition in the early stages (Hobbs, Sayre & Gupta, 

2008). It also incorporates crop residues increasing soil organic matter throughout the ploughed 

depth. Moreover, it aerates soils, leading to the decomposition of organic matter, and in doing so, it 

releases nutrients (Hobbs, Sayre & Gupta, 2008). Aeration can also be used to control moisture for 

optimum seeding conditions. Besides these benefits, crops easily develop a deep root system without 

mechanical resistances and have so diverted more energy into yield production. In that sense, modern 

cultivars have been developed and are adapted to conventional tillage soil preparation conditions. 

Thus, in farms where conventional tillage is applied, soils require seedbed preparation to achieve 

optimal conditions for farming.  
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However, physical disturbance of the soil generates many environmental problems. Indeed, it has 

negative impacts on biodiversity, oxidises organic matter and destroys soil structure (Holland, 2004; 

Hobbs, Sayre & Gupta, 2008). Those processes lead to erosion, compaction and the reduction in water 

infiltration, and water retention (Holland, 2004; Hobbs, Sayre & Gupta, 2008) and gaseous exchange 

(Holland, 2004). Furthermore, these processes have far-reaching consequences such as increasing 

water pollution, flooding and greenhouse gas concentrations (Holland, 2004). These problems are not 

only ecological, but they also affect the economy and society because they affect ecosystem services 

provided by nature (Kassam, Friedrich & Derpsch, 2019). A classic example is the catastrophic soil 

ŜǊƻǎƛƻƴ ŜǾŜƴǘ ƪƴƻǿƴ ŀǎ ǘƘŜ Ψ5ǳǎǘ .ƻǿƭΩ ƛƴ ǘƘŜ ¦{! ƛƴ ǘƘŜ мфолǎΣ ǿƘƛŎƘ ǿŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ 

of years of drought and the expansion of tillage in the Great Plains. There, the loss of fertile soil caused 

important migratory movements. After that catastrophe, former USA president F. D. Roosevelt stated, 

Ψŀ ƴŀǘƛƻƴ ǘƘŀǘ ŘŜǎǘǊƻȅǎ ƛǘǎ ǎƻƛƭ ŘŜǎǘǊƻȅǎ ƛǘǎŜƭŦΩΣ ŀƴŘ ǘƘŜ ŎƻƴŎŜǊƴ ŀōƻut soil conservation begun. 

Conservation agriculture develops this target on soil conservation and offers alternatives to 

conventional tillage. Conservation agriculture is a family of practices that combine any soil cover 

(cover crops, mulching, etc.), crop diversification (growing different species in the same field at the 

same time or consecutively) and the reduction of soil disturbance (Kassam, Friedrich & Derpsch, 2019). 

This last is achieved by reducing the depth of the plough, associating tillage to only one crop within a 

rotational system, ploughing in rows or switching to no-tillage (also known as no-till, zero tillage, direct 

drilling or direct seeding). In no-tillage ŦŀǊƳƛƴƎΣ ΨŎǊƻǇǎ ŀǊŜ ǎƻǿƴ ǿƛǘƘƻǳǘ ŀƴȅ ǇǊƛƻǊ ƭƻƻǎŜƴƛƴƎ ƻŦ ǘƘŜ ǎƻƛƭ 

by cultivation other than the very shallow disturbance (<5 cm) which may arise by the passage of the 

drill coulters and after which usually 30-100 % of the surface remains covered with plant residues' 

(Soane et al. 2012, p. 66). No-tillage is the most extreme alternative to conventional tillage and aims 

to solve its environmental problems through the development of soil structure and protection of soil 

biota and soil surface while not compromising yields. 

Despite its claimed environmental benefits, the spread of no-tillage in the world is geographically 

uneven. In the USA, no-tillage has been adopted in 25.5 % of its arable land (Derpsch et al., 2010), 

while in Europe, the percentage was only 3 % in 2010 (EUROSTAT, 2010) and increased to 3.7 % in 

2016 (EUROSTAT, 2016). In Europe, conventional tillage was used in 66.83 % of the arable land, and 

other conservation tillage practices in 19.53 % (EUROSTAT, 2016). Figure 2 shows no-tillage adoption 

rates in 2013, by sub-national level (data from 2020 agricultural census will be available in 2022). Here, 

it can be seen that there was no clear geographical pattern for no-tillage adoption. Despite the need 

to adapt practices to local agro-environmental conditions, the different adoption rates in countries 

located at the same latitudes (where similar climatological conditions are expected) suggest the need 

to study no-tillage adoption, including other factors than the agro-environmental. These kinds of 
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studies about the adoption of conservation agriculture, taking into account socio-cultural and 

economic influences, have been conducted mainly in the USA or in the developing countries, 

identifying factors as diverse as farmersΩ age, education level, gross income, land ownership, farm size, 

management scale, cropping system, erosion rates and soil characteristics (Wauters et al., 2010). 

 

Figure 2. No-tillage share of arable land in Europe. Source EUROSTAT, data from 2013 
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1.2. Tillage management adoption and soils  

This PhD project assessed the potential of no-tillage adoption in Europe, taking an interdisciplinary 

and Actor-Network Theory (ANT) approach to identify which socio-environmental actors drove and 

constrained adoption across different regions. Additionally, it assessed the impact of conventional and 

no-tillage on soil quality according to ŦŀǊƳŜǊǎΩ ŀƴŘ scientific criteria. Thus, this PhD project contributes 

to understanding the no-tillage potential in Spain and the UK. 

1.2.1. Research questions 

¶ Which are the drivers and constraints of no-tillage adoption? 

¶ How does no-tillage impact soil quality? 

These research questions continued to be shaped in the following two chapters, in which I discuss in 

detail the current understanding of the topics, the chosen overarching approach and the available 

methods.  

1.3. Thesis structure  

In this section, I explain the structure of the remaining chapters of the thesis. The rationale behind the 

structure is to present the thesis as a whole, as an interdisciplinary work. Therefore, the literature 

review and the methodology, despite presenting detailed disciplinary theoretical and methodological 

information, cover both research questions (adoption of tillage management practice and impact on 

ǎƻƛƭǎΩ ǇƘȅǎƛŎŀƭ ǉǳŀƭƛǘȅύΦ ¢ƘŜ ŜƳǇƛǊƛŎŀƭ ŎƘŀǇǘŜǊǎ ŀǊŜ ŘƛǾƛŘŜŘ into disciplinary fields (human and physical 

geography), although they are interconnected. These chapters proceed from the broader 

understanding of the many actors (and their relations) involved in farming and tillage management to 

the detailed investigation of the relationships between farmers and soils. This, in turn, informs 

ŦŀǊƳŜǊǎΩ ŀǎǎŜǎǎƳŜƴǘ ƻŦ tillage management impact on soils and the agency of soils influencing 

ŦŀǊƳŜǊǎΩ practice. In addition, the thesis presents the soil scientific assessment of no-tillage impacts 

on soil physical quality. These three chapters are brought together in the concluding discussion and 

remarks. In more detail:  

Chapter 2 is the literature review in which I provide the current understanding of no-tillage adoption 

and impact on soils, the theoretical approaches to study these topics and how these frame my 

research questions. First, I present the identified drivers and constraints of no-tillage adoption and 

tillage management impact on soil properties. Additionally, I discuss the various approaches to study 
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the adoption of innovations and why I decided to use Actor-Network Theory (ANT). Basically, due to 

ŀŎƪƴƻǿƭŜŘƎƛƴƎ ŦŀǊƳŜǊǎΩ ŀƴŘ ǎƻƛƭǎΩ ŀŎǘƛǾŜ ǊƻƭŜǎ ƛƴ ǎƻŎƛŀƭ ŎƘŀƴƎŜ ŀƴŘ Ŏƻ-creation of innovation, which is 

the first step to study these roles. Further, I deepen into the literature about ANT principles that are 

the foundation for the interdisciplinary task of this project, and I discuss how I understand them. Then, 

I come back to soils and their importance in food production. Particularly in relation to soil quality, I 

am focusing on soil structure and introducing the problem of soil compaction.  

Chapter 3 is the methodology, in which I explain how empirical data informing the findings of this 

ǎǘǳŘȅ ƛǎ ǇǊƻŘǳŎŜŘ ŀƴŘ ŀƴŀƭȅǎŜŘΣ ŘƛǎŎǳǎǎƛƴƎ ƳŜǘƘƻŘǎΩ ǳǎŜŦǳƭƴŜǎǎΣ ōƛŀǎ ŀƴŘ ƭƛƳƛǘŀǘƛƻƴǎΦ L Řƻ ǘƘƛǎ ŦǊƻƳ 

the overarching approach of ANT to the details of semi-structured interviews with farmers and on-

farm and laboratory tests and how these were analysed through thematic coding and statistics. To 

further frame the research, I discuss my positionality, the local character of the research and the need 

to conduct on-farm research despite its difficulties.  

Chapter 4 addresses the research question about no-tillage adoption drivers and constraints. 

Following ANT, the analytical approach understands adoption as a negotiated outcome of actor-

networks. As these actor-networks were limited and described by farmers, I called them farming actor-

networks. Indeed, the configurations of the actors and the relations that constitute the farming actor-

networks were informed by the semi-structured interviews with farmers and their analysis. I follow 

the paths or chains of actors that lead to decisions regarding tillage management in Spain and the UK, 

and in doing so, I present the relevant actors and the multiple roles they might take, triggering change. 

Particularly, I focus on farmers, the values and roles that motivate their negotiations, and how multiple 

roles of no-tillage derive from different configurations of farming actor-networks.  

Chapter 5 addresses soils in farming actor-ƴŜǘǿƻǊƪǎΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ŦŀǊƳŜǊǎΩ ŀǎǎŜǎǎƳŜƴǘ ƻŦ the impact 

of no-tillage ƻƴ ǎƻƛƭǎ ŀƴŘ ǎƻƛƭǎΩ influence ƻƴ ǘƛƭƭŀƎŜ ƳŀƴŀƎŜƳŜƴǘ ŘŜŎƛǎƛƻƴǎ ƻǊ ǘƘŜ Ψǎƻƛƭ ǇŀǘƘΩ ǘƻ no-tillage 

adoption. Following ANT, first, I analyse what soils are in farming actor-networks, what they do and 

which properties are relevant in faǊƳŜǊǎΩ ǘŜǊƳǎΦ ¢ƘŜƴΣ L Ŧƻƭƭƻǿ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴǎ ōŜǘǿŜŜƴ ŀŎǘƻǊǎ ǘƻ 

tillage management outcomes. Results show multiple and sometimes conflicting roles of soils, which 

differ between no-tillage and conventional tillage more than geographically.  

Chapter 6 addresses the question of no-tillage impact on soil physical properties through the scientific 

assessment. These results stem from the analysis of the on-farm and laboratory tests determining soil 

structure parameters and soil compaction at fields of neighbour no-tillage and conventional tillage 

farmers in Spain and the UK. I situate this analysis in the real world by assessing the importance of no-

tillage between other aggregation and disaggregation agents. However, I encountered difficulties 

related to the on-farm nature of the research, namely the differences in soil properties that hindered 
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comparisons between pairs of neighbours, isolating management as the major explanatory agent. 

After overcoming these by regrouping soils according to their properties, where possible, I assess the 

impact of no-tillage on physical soil quality compared with conventional tillage. Results show that in 

some cases, practices have a similar impact, but when significant differences appear, these are an 

increase in structural quality but, at the same time, an increase in compaction with no-tillage.  

Chapter 7 is the conclusion chapter. I briefly discuss the main findings of chapters 4, 5 and 6 and their 

implications for farming and science. I discuss methodological limitations but also opportunities from 

ŀŎƪƴƻǿƭŜŘƎƛƴƎ ŦŀǊƳŜǊǎΩ ŀƴŘ ǎƻƛƭǎΩ ŀŎǘƛǾŜ ǊƻƭŜǎ ƛƴ ǎƻŎƛŀƭ ŎƘŀƴƎŜ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ Ŏƻ-creation. In such a 

messy world, I come back to the definition of soils as multiple, and I conclude my work with a reflection 

on the role of soil science in the future. 



 

#ÈÁÐÔÅÒ ςȢ  
,ÉÔÅÒÁÔÕÒÅ ÒÅÖÉÅ× 
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Figure 3. Chapter 2 cover photo: detail from the Diamond building, holds part of UoS library collection 
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2.1. Introduction to the literature review  

In this chapter, I provide an overview of the research topic, the coexisting theoretical approaches and 

a justification for my choice.  

In the previous chapter, I discussed that besides potential environmental benefits, the adoption of no-

tillage in Europe is low. Moreover, tillage is considered the conventional practice and no-tillage an 

innovation. From there, I start this chapter by reviewing the identified factors that act as barriers or 

drivers for no-tillage adoption as an innovation.  

However, I move away from linear models of innovation diffusion. The reasons were the need to 

acknowledge farmersΩ active roles in the creation of innovations, as well as the participation of agro-

environmental non-human actors. These reasons led me to Actor-Network Theory (ANT), whose 

relevant properties I review in-depth as they constitute the overall approach for this interdisciplinary 

research and inform my methodology.  

I continue by highlighting the importance of soils, as I have already in the introduction, particularly in 

food production and how it is threatened by increasing intensification demands. Between the 

different soil properties, I choose to focus on soil physical quality. Therefore, I provide background of 

soil structure, aggregation and disaggregation processes and the agents that influence these 

processes, including tillage management and highlighting geographical variability. Moreover, I 

introduce the problem of soil compaction and how it relates to soil structure.  

I finish the chapter by summarising the literature review in key messages, research gaps and existing 

debates, which lead to the research questions that this project aims to fulfil or add a contribution. 

2.2. No-tillage  spread across ploughed land: drivers and constraints in 

Europe 

This section summarises how different agro-environmental, socio-cultural and economic factors have 

influenced the spread of no-tillage across Europe and which are the current interests in no-tillage 

research. 

No-tillage existed since ancient times, although in modern agriculture, farmers have led its spread 

worldwide. Indeed, no-tillage was developed by the indigenous cultures from Central and South 

America (Derpsch, 1998). However, the development of the modern technology was strongly linked 

to the concern about soil conservation after the USAΩs dust bowl in the 1930s (Kassam et al., 2015; 

Kassam, Friedrich & Derpsch, 2019), which lead to the invention of no-tillage seeding machines and 
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herbicides (1940s-1950s) (Derpsch, 1998). Conservation agriculture spread is considered a farmers led 

process, that eventually gathered public, private and civil support (Coughenour, 2003; Kassam et al., 

2015). The scientific publications of the 1960s and 1970s contributed to the evaluation and 

certification of the technology, which was transferred by agricultural extension workers. During the 

мффлǎΣ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀƎǊƛŎǳƭǘǳǊŜ ŎŀǳƎƘǘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƻǊƎŀƴƛǎŀǘƛƻƴǎΩ attention (FAO, World Bank, 

CIRAD, GIZ and CGIAR), who contributed to its worldwide spread (Giller et al., 2009; Kassam et al., 

2015; Kassam, Friedrich & Derpsch, 2019). 

In Europe, due to relatively stable weather, soil conservation was not a major concern (Basch et al., 

2009), and the adoption of conservation practices was not promoted by governments until recently. 

The spread of no-tillage in Europe was voluntary, farmer-driven and Lahmar (2010) claims that it was 

because of economic benefits due to fuel and labour savings. CŀǊƳŜǊǎΩ ŀǘǘƛǘǳŘŜǎ ŀƴŘ ǾŀƭǳŜǎ towards 

soils and their awareness of degradation due to farming also influence adoption (Camboni & Napier, 

1993). However, adoption should not be oversimplified along a dualistic profit-seeking or stewardship 

divide (Marr & Howley, 2019). Regarding the influence of policies and subsidies, there is no consensus 

aboǳǘ Ƙƻǿ ǘƘŜ /ƻƳƳƻƴ !ƎǊƛŎǳƭǘǳǊŀƭ tƻƭƛŎȅ ό/!tύ ŀŦŦŜŎǘŜŘ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎΩ ŀŘƻǇǘƛƻƴΦ CƻǊ .ŀǎŎƘ 

et al. (2009), it may have influenced negatively in need for innovation to achieve competitive market 

prices and reduce production costs with alternative practices, as indicates the comparison with higher 

no-tillage adoption rates in South America. By contrast, Kassam et al. (2015) mention a positive effect 

ƻŦ ǘƘŜ /!tΩǎ ǎǳōǎƛŘƛŜǎ ŦƻǊ ŦŀǊƳŜǊǎ ǿƘƻ ŀŘƻǇǘ DƻƻŘ !ƎǊƛŎǳƭǘǳǊŀƭ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ /ƻƴŘƛǘƛƻƴǎΦ ²ƛǘƘ 

a different focus, the constraints of global markets to farmersΩ production choices (deciding inputs 

and outputs: seeds, breeds, livestock and grains etc.), drive them to make unethical choices regarding 

the environmental or social impacts of their industry (Hendrickson & James, 2005; James & 

Hendrickson, 2008). 

Research has exposed the environmental impacts of conventional agriculture and looks into 

conservation practices as sustainable alternatives. Accordingly, research has shown that erosion rates 

for tilled land are 3 to 40 times greater than the upper limit for tolerable soil erosion (Verheijen et al., 

2009)Σ ǿƘƛŎƘ ƛǎ ǘƘŜ ƻƴŜ ǘƘŀǘ ŘƻŜǎ ƴƻǘ ŎƻƳǇǊƻƳƛǎŜ ŀƴȅ ƻŦ ǘƘŜ ǎƻƛƭǎΩ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ƛǎ ǎŜǘ ŀǎ Ŝǉǳŀƭ ǘƻ ǎƻƛƭ 

formation, 1.4 Mg ha-1 yr-1 (Verheijen et al., 2009). By contrast, minimum-tillage and no-tillage 

represent a decrease of 75% of erosion compared to conventional tillage (Panagos et al., 2015). 

Research has also focused on the potential of no-tillage to reduce greenhouse gas (GHG) emissions of 

agriculture. Indeed, agriculture accounts globally for 15% of the GHG emissions (Pisante et al., 2010). 

In this sense, tillage is intensive in energy use based on fossil fuels; thus, ploughing consumes 80 L·ha-

1, whereas no-tillage uses 10 L ha-1 (Pisante et al., 2010). Fuel consumption should be added to 

oxidative soil organic matter breakdown through mechanical tillage (Pisante et al., 2010). However, 
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GHG emissions, including CO2 and N2O, depend on the synergic effect of different soil properties and 

management practices that still need research to be completely understood (Soane et al., 2012). 

However, environmental benefits and the sustainability narrative of no-tillage are starting to be 

contested due to high herbicide dependency (Müller, 2021).  

Additionally, research has compared yield production, which varies due to local conditions and the 

combination of management practices. Considering global data, no-tillage decreases yields by 5.7 % 

compared to conventional tillage (Pittelkow et al., 2014), being the crop type the most important 

factor for performance (Pittelkow et al., 2015). In Europe, in general, on poor and medium fertile soils, 

yield does not change dramatically, but it slightly decreases on very fertile soils (Lahmar, 2010). In 

particular conditions, yields can be higher under no-tillage (Lahmar, 2010), and its suitability is 

highlighted in rainfed fields in dry climates, also increasing climate change adaptation (Pittelkow et 

al., 2014; Kassam et al., 2012; Kuhn et al., 2016). By contrast, no-tillage struggles in temperate areas 

when spring is wet and cold (Lal, Reicosky & Hanson, 2007). Nonetheless, changes in yields do not 

seem to be critical factors for farmers when deciding about conservation agriculture adoption 

(Lahmar, 2010), and Soane et al. (2012) argue that yield reduction is acceptable if minimisation in 

production costs is achieved.  

Adoption of no-tillage requires a fundamental change in production system thinking (Kassam et al., 

2015) which finds different barriers in established agricultural practices. First, the difficulty of 

disassociating fertility and tillage (Basch et al., 2009). Second, ploughing is seen as a good practice to 

ŎƻƴǘǊƻƭ ŀƎǊƻƴƻƳƛŎ ǇǊƻōƭŜƳǎ ǎǳŎƘ ŀǎ ǿŜŜŘǎΣ ǇŜǎǘǎ ŀƴŘ ŘƛǎŜŀǎŜǎΦ ¦YΩǎ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ no-tillage 

highlights the particular constraint of weed control. Despite the UK being a pioneer country adopting 

no-tillage at the beginnings of its expansion (Lahmar, 2010), restrictions on straw burning forced 

farmers to return to plough for weed control (Derpsch, 1998; Basch et al., 2009; Alskaf et al., 2020). 

This experience led to the current scepticism around weed control without ploughing. This scepticism 

becomes even stronger when considering higher herbicide use with no-tillage practice and the 

increasing restrictions on herbicide use coming from environmental regulations, pushed by strong 

environmental lobbies (Basch et al., 2009). Indeed, in general, the spread of no-tillage has been linked 

to herbicide efficiency, availability and price fluctuations (Coughenour, 2003; Lahmar, 2010) and even 

nowadays, herbicides are not efficient for all climatic conditions and all crops (Soane et al., 2012). The 

lack of knowledge about alternative biological control methods can be an additional constraint for 

wider no-tillage adoption (Lahmar, 2010). Third, residue retention is considered bad practice because 

crop residues are seen as a setting for pests and disease proliferation. This is accentuated under 

European conditions, which produce abundant residues (Basch et al., 2009; Powlson et al., 2012). 

Fourth, changing to rotation systems that include legumes and other broadleaved crops is challenging 
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in many agricultural areas in Europe that focus on cereals and maize (Basch et al., 2009). These 

changes in production system thinking are complex and involve many actors, namely: there is a lack 

of manufacturers who build suitable no-tillage machinery for temperate climate; financial support is 

needed to conduct research about adaptation to local conditions; and how to combat pests and 

diseases with alternative practices (Basch et al., 2009; Lahmar, 2010; Soane et al., 2012). Accordingly, 

the spread of no-tillage requires the active involvement of stakeholders, including administrative 

authorities, political agencies and food and agricultural engineering industries, amongst others (Basch 

et al., 2009). 

CŀǊƳŜǊǎΩ ƭƛŦŜ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ŀƴŘ ƛŘŜƴǘƛǘƛŜǎ ŀƭǎƻ ƛƴŦƭǳŜƴŎŜ ǘƘŜƛǊ ŘŜŎƛǎƛƻƴ ŀōƻǳǘ ǎƻƛƭ ƳŀƴŀƎŜƳŜƴǘ 

practices. Korsching et al. (1983) found that younger farmers, owning large farms with higher gross 

income, hiring more labour, having more complex farm organisations and having greater involvement 

with knowledge exchange organisations adopted minimum tillage earlier than other farmers in the 

USA. CŀǊƳŜǊǎΩ ǎƻŎƛŀƭ ƴŜǘǿƻǊƪǎΣ including agricultural extension workers and the wider farming 

community, also have a great influence on the generation and spread of innovations (Coughenour, 

2003; Prokopy et al., нллуΤ 5ƻƭƛƴǎƪŀ ϧ 5Ω!ǉǳƛƴƻΣ нлмсΤ {ƪŀŀƭǎǾŜŜƴΣ LƴƎǊŀƳ ϧ ¦ǊǉǳƘŀǊǘΣ нлнлύ. 

Furthermore, under the hypothesis of the capability to exploit long-term benefits, land ownership 

(Boardman, Poesen & Evans, 2003; Sklenicka et al., 2015) and generational replacement (Marzban, 

Allahyari & Damalas, 2016; Marr & Howley, 2019) can drive conservation practices adoption. By 

contrast, poverty makes farmers concentrate on immediate benefits (Boardman, Poesen & Evans, 

2003; Giller et al., 2009). Boardman et al. (2003) claim that power and social status are not relevant 

factors in Europe, although these can be discussed through the reaffirmation of farmersΩ identity. For 

example, how farmers see themselves as natural and cultural heritage keepers as presented by 

Marzban et al. (2016) or Burgess et al. (2000).There is a large diversity of situations resulting from 

driving forces and constraints, which are different from country to country and cannot be applied 

globally (Knowler & Bradshaw, 2007; Lahmar, 2010; Bijttebier et al., 2018). Indeed, several meta-

analysis have shown inconsistencies in the importance of particular factors, which could be explained 

not only by the diversity of methods used to study adoption but also due to the importance of 

geographical variability (see: Knowler & Bradshaw, 2007; Prokopy et al., 2008; Wauters & Mathijs, 

2014). It is the objective of this PhD to obtain a comprehensive understanding of how multiple factors 

interact and lead to no-tillage adoption in the UK and in Spain. 
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2.3. Theories of adoption of agricultural innovations  

In this section, an overview of different adoption theories is presented, as well as a justification of the 

selected approach.  

2.3.1. Linear models of innovation diffusion  

Traditionally, linear models of innovation diffusion dominated the adoption theories (Giller et al., 

2008).  

In innovation diffusion models, a successful technology or management innovation is developed by 

scientists, transferred by intermediaries such as agricultural extension workers and then adopted by 

farmers. Early models followed an epidemic dynamic for diffusion; the key factor for adoption was 

access to information (Adesina, 1993; Dijk, Kemp & Valkering, 2013). In other words, the farmer had 

to be informed and trained about the best available practice in order to be able to implement it on 

the farm; if the farmer did not implement the so-called best available practice, it was due to a 

knowledge gap. Innovation was fostered by social contacts and marketing (Dijk, Kemp & Valkering, 

2013). Although some of the epidemic innovation diffusion models included the need to adapt 

technologies to local agro-environmental conditions, the valuable knowledge producers and so-called 

experts in these models were the scientists and the agronomists, who educated the farmers. However, 

inconsistencies in the long term adoption of best available practices promoted by rural development 

projects and extension programmes based on epidemic innovation diffusion suggested the need to 

include social constraints in innovation models.  

This led to the inclusion of socio-economic factors in the economic constraint models (Adesina, 1993), 

which dominated in the 1950s (Burton, 2004a). Those models were based on the hypothesis that 

ŦŀǊƳŜǊǎΩ ŘŜŎƛǎƛƻƴǎ ǿƻǳƭŘ ōŜ ƳŀŘŜ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ƻǇǘƛƳŀƭ ŜŎonomic result (Burton, 2004a). Those 

models are also referred to as the rational choice models or threshold models, meaning that users 

would adopt an innovation as soon as it became an economic advantage compared to the existing 

practices (Dijk, Kemp & Valkering, 2013). Those models were sensitive to economic inequalities, which 

were responsible for uneven access to resources (Adesina, 1993) and so explained inconsistent uptake 

of the innovation. Nonetheless, these models still did not explain well enough long term adoption. 

DǊŀŘǳŀƭƭȅ ŦŀǊƳŜǊǎΩ ŎǳƭǘǳǊŀƭ ŎƻƴǘŜȄǘ ŀƴŘ ǇŜǊǎƻƴŀƭ ŦŀŎǘƻǊǎ ƎŀƛƴŜŘ ǊŜƭŜǾŀƴŎŜ ŘǳǊƛƴƎ ǘƘŜ мфтлǎ (Burton, 

2004a; Wauters et al., 2010), and the adopter perception paradigm arose (Adesina, 1993). In these 

models, acceptance of the proposed practice is acknowledged in order to achieve sustainable 

adoption (Prager & Posthumus, 2010). CŀǊƳŜǊǎΩ ŀǘǘƛǘǳŘŜǎΣ  values and norms are assessed through 
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behavioural economics, which takes into account the subjective characteristics of the goods or actions 

as perceived by the decision-maker (Wossink et al., 1997), namely, the farmer. Several studies in the 

USA extended the focus from psychological and personal characteristics of the farmer to their 

perception of social structures, such as national farm structure (Camboni & Napier, 1993), economic 

pressures and complexity and compatibility of the farming innovations (Smit & Smithers, 1992). In the 

ΨŎǳƭǘǳǊŀƭ ǘǳǊƴΩΣ during the 1980s and 1990s, language, meaning, representation, identity, and 

difference gained importance (Burton, 2004a). But still, in these studiesΣ Ψŀ ǊŀƴƎŜ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ 

ǘŜŎƘƴƻƭƻƎƛŜǎ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ƴƻǿ Ψǎƛǘ ƻƴ ǘƘŜ ǎƘŜƭŦΩ ŀǿŀƛǘƛƴƎ ŀŘƻǇǘƛƻƴ (Wossink et al., 

1997:p.410), highlighting a passive role of farmers in agricultural innovation as mere adopters of 

science-based policy solutions and not participating in the design process of an innovation.  

A more dynamic framework was proposed by the evolutionary or non-equilibrium models. Those 

ƳƻŘŜƭǎ ƛƴŎƭǳŘŜŘ ŦŜŜŘōŀŎƪ ǇǊƻŎŜǎǎŜǎ ŦǊƻƳ ǘƘŜ ǳǎŜǊǎ ǘƻ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴ ŘŜǎƛƎƴŜǊǎ ŀǎ ǿŜƭƭ ŀǎ ǳǎŜǊǎΩ 

learning processes, although the economic focus remained (Dijk, Kemp & Valkering, 2013). Windrum 

and Birchenhall (2005) used a multiagent model of firms and users in which firms had heterogeneous 

knowledge. They introduced the "technological shock" as offering a new feature to the existing set of 

service characteristics which in turn originated a new consumer class. According to Dijk, Kemp and 

Valkering (2013)Σ ǘƘŜ ƳŜǊƛǘ ƻŦ ²ƛƴŘǊǳƳ ŀƴŘ .ǊƛǊŎƘŜƴƘŀƭƭΩǎ ŀǇǇǊƻŀŎƘ ǿŀǎ ǘƘŀǘ ǘƘŜȅ ƛŘŜƴǘƛŦƛŜŘ ŀ 

technology as a set of characteristics, which made it a variable multi-faceted, mediating device 

between evolving consumers and firms. However, the approach lacked an understanding of the social 

meanings of a technology and imitation of adoption (Dijk, Kemp & Valkering, 2013). 

2.3.2. Co-creation of innovation  

Two main arguments can be followed towards the increasing relevance of other than technoscientific 

knowledge in agricultural innovation. The first supports the notion that conservation practices have 

more complex nature than other innovations and advocates for local participation to adapt the 

innovations to different geographies (Coughenour, 2003). In these cases, the linear model of 

innovation diffusion still applies and participation is a tool for greater acceptance of an external 

innovation (Pretty, 1995). Alternatively, the research focus might be on the diffusion aspect of the 

external innovation, and how it is transmitted inside farmer communities, once it has been adopted 

by early adopters. The second argument questions the linearity of innovation diffusion and supports 

a new paradigm of knowledge co-production.   

Both of these trends are based on the notion of collective learning and value local, experiential and 

traditional knowledges. Participatory models, farmer-to-farmer interactions, Agricultural Innovation 
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Systems, ŦŀǊƳŜǊǎΩ social networks and Communities of Practice have been studied and developed to 

understand and enhance social or collective learning and foster innovation.   

Accordingly, participatory models included stakeholders participation in innovation design in order to 

ensure contextual knowledge, values and perspectives (Giller et al., 2008). Those participatory models 

arose from the realisation of the necessity to deal with multiple realities in societal problem-solving 

efforts (Chambers, 1997; Giller et al., 2008), contrasting with the previously dominant positivist 

paradigm of research (Bruges & Smith, 2008). /ƻƴǎŜǉǳŜƴǘƭȅΣ ŦŀǊƳŜǊǎΩ ŀƴŘ ƭƻŎŀƭǎΩ ǇŀǎǎƛǾŜ ǊƻƭŜǎ ŀǎ 

innovation adopters changed into first a collaborative and then participative role. Indeed, first, the 

involvement was to collaboratively negotiate the methods to achieve pre-defined goals and then to 

negotiate the project goals in participatory sessions (Bruges & Smith, 2008). Another consequence 

was the changing role of the scientists, from objective experts to facilitators (Bruges & Smith, 2008) 

ŜƴŎƻǳǊŀƎŜŘ ǘƻ ǘŀƪŜ ŀ ǎƛŘŜ ƻƴ ǘƘŜ ƭŜǎǎ ǇƻǿŜǊŦǳƭ ŀƴŘ ǊŜǎƻǳǊŎŜŦǳƭ ƭƻŎŀƭǎΩ (Giller et al., 2008). Still, a range 

of different typologies of participation developed in directions as opposite as those based on the 

ethical assumption that participation is a fundamental right leading to collective action, 

empowerment and institution building; and those approaches utilising ǇŜƻǇƭŜΩǎ ƛƴǾƻƭǾŜƳŜƴǘ to 

increase acceptance of external solutions (Pretty, 1995). 

The Agricultural Innovation System model ŀŎƪƴƻǿƭŜŘƎŜǎ ŦŀǊƳŜǊǎΩ ǎƻŎƛŀƭ ƭŜŀǊƴƛƴƎ processes in 

networks formed by the farming community and other human actors (Klerkx, Aarts & Leeuwis, 2010; 

5ƻƭƛƴǎƪŀ ϧ 5Ω!ǉǳƛƴƻΣ нлмсύ. Additionally, this frame highlights systemsΩ continuous need to re-assess 

their context to develop the innovation, which is accomplished by forming effective connections with 

this context by particular actors (Klerkx, Aarts & Leeuwis, 2010). Within this frame ŦŀǊƳŜǊǎΩ ǎƻŎƛŀƭ 

networks characteristics and spatial and temporal dynamics have been studied to improve the 

understanding of implementation of no-tillage (see: Skaalsveen, Ingram & Urquhart, 2020). Similarly 

some researchers linked Agricultural Innovation Systems with Communities of Practice. In relation to 

knowledge production, research focusing on Communities of Practice looks into the ways that 

knowledge emerges from within groups of farmers that share a practice and social norms, meanings, 

vocabulary, tools, etc. (see: Wenger, 2000; Goulet, 2013). Some studies also look into how 

Communities of Practice interact with technoscientific knowledge (see: 5ƻƭƛƴǎƪŀ ϧ 5Ω!ǉǳƛƴƻΣ нлмсΤ 

Krzywoszynska, 2019). All of these approaches integrate a relational aspect of knowledge production.  

The co-creation of innovation approach assumes that knowledge is co-produced in social interaction, 

not transferred. This is a shift in knowledge production paradigms which claims that knowledge is not 

universal but emerges from interaction within social and natural contexts (Gibbons et al., 2012; 

Mauser et al., 2013). This claim implies that science and technology is also socially shaped or 
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constructed (more on this in the next section: Science and interdisciplinary research). Which, in turn, 

reduces technoscientific knowledge authority compared with other knowledges. The distributed 

power relations in terms of which knowledge is valuable, indicates the need to include stakeholders 

in the innovation process. Mausers et al. (2013) model of co-creation of innovation includes 

stakeholders in all stages of the innovation (design, knowledge production and diffusion). The concept 

of co-creation of innovation has been used in a variety of ways, Elkjaer et al. systematically reviewed 

the use of the concept in relation to wind energy transitions and found three different meanings: ΨA 

way of understanding the sociotechnical world where knowledge, values, and material things are 

intertwined. A(n analytical) tool to understand how changes in sociotechnical systems (can) happen. 

An approach to organizing social relations in concrete project development.Ω (Gjørtler Elkjaer, Horst & 

Nyborg, 2021:p.6). Only the first meaning acknowledges material agency as capable to induce change.  

Co-creation of innovation integrating material agency understands reality as co-constructed by 

humans and non-humans. Materiality is conceptualised as active and relational, having an influence 

in social life rather than being the background where social life occurs. Several researchers have 

recurred to Actor-Network Theory (ANT) to include materiality in social constructivism and used this 

frame to understand innovation. Indeed, ANT does not only allow to break-down the nature/society 

and the expert/lay knowledge but also other dualisms of local/global and individual/structure. In the 

section Actor-Network Theory as a research ontology I review ANT principles, to then translate them 

into application in the section Actor-Network Theory as a methodology to study co-creation of 

innovation in agro-environmental studies.  

2.4. Science and interdisciplinary research  

Science, as producing scientific knowledge, has a different value in the different adoption theories. As 

seen in the previous section, linear models stress knowledge origin in science, and participatory 

approaches highlight local knowledge and leave scientists as facilitators. This chapter is to discuss 

further the shifting role of science in society and how scientific disciplinary boundaries are being 

overcome. 

Natural sciences study nature. This is a simple statement, but underpinning, there are two 

assumptions about what nature is and how it can be known. Although in different scientific disciplines, 

it might change, most of the natural scientists are realist positivists, believing in a real-world, and a 

real and universal truth. Furthermore, the truth can be accessed through empirical observation and 

experience. Therefore, for scientists, it is taken for granted that they produce representations of how 

the world really is (Pickering, 1993). Karl Popper (2002) demarcated science from other types of 
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knowledge through the use of falsifiable hypothesis: truth claims that can be tested. Scientists frame 

their hypothesis by means of defining the details of the situation they are studying in order to reduce 

ambiguity (Turnhout, Tuinstra & Halfmann, 2019). Those delimitations and simplification of real-world 

situations lead to controlled environments to carry out experiments that test the hypothesis. The 

reproducibility of research conditions conveys into protocols and standards under which it is possible 

to reproduce knowledge claims. Thus, scientific knowledge is said to be universal, objective and 

reproducible.  

IƻǿŜǾŜǊΣ ǎŎƛŜƴŎŜΩǎ ǳƴƛǾŜǊǎŀƭƛǘȅ Ŏŀƴ ōe questioned from a historical analysis. Thomas Kuhn (2012) 

argued that science is produced in dominant scientific paradigms, which represent a consensus among 

scientists. Kuhn sustained those paradigms change in time with scientific revolutions instead of 

understanding science as an accumulation of knowledge. Thus, science universality is something that 

is achieved by consensus in a specific moment in time, rather than something inherent in natural 

sciences (Clark & Murdoch, 1997). Accordingly, the validity of methods and interpretations of scientific 

ŎƭŀƛƳǎ ŀǊŜ ŀǎǎŜǎǎŜŘ ǿƛǘƘƛƴ ŜŀŎƘ ǇŀǊŀŘƛƎƳǎΩ ƻǿƴ ǘƘŜƻǊŜǘƛŎŀƭ ŀǎǎǳƳǇǘƛƻƴǎΦ  

Moreover, norms of moral, scientific knowledge production regulating that it should not follow any 

ǇŜǊǎƻƴŀƭ ƛƴǘŜǊŜǎǘǎΣ ōŜ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ŀƴŘ ǘƘŜ ǇǊƻŘǳŎǘǎ ƻŦ ǊŜǎŜŀǊŎƘ 

made openly available and subjected to organised scepticism (Merton & Storer, 1973) are rather idyllic 

ǘƘŀƴ ǊŜŀƭƛǎǘƛŎΦ CǳƴŘƛƴƎ ǊŜǎƻǳǊŎŜǎΣ ŎƻƳǇŜǘƛƴƎ ǎŎƘƻƻƭǎ ƻŦ ǘƘƻǳƎƘǘΣ ǊŜǎŜŀǊŎƘŜǊǎΩ ōŀŎƪƎǊƻǳƴŘǎΣ ŜǘŎΦΣ 

greatly affect the choice of the research topic, the framing of questions, use of methods and materials, 

etc. Furthermore, publishing and peer review processes, even if improving research outputs, are no 

guarantee that the shared assumptions are universally true or just in line with the prevailing paradigm. 

On the contrary, agreeing on science following moral standards implies that scientists are subjected 

to social norms. Those norms rule how science is produced, legitimated and diffused and, therefore, 

what counts as significant problems to pursue, who is allowed to practice science and what constitutes 

good science (Gibbons et al., 2012). This does not mean that science is purely a human construction 

and that there is no interaction between scientists and the natural world. However, it means that the 

norms are not dictated by the real world that is under investigation, rather by the scientific 

communities. Then, scientists are not machines that read the truth objectively from the real world; 

there is always a certain degree of subjectivity in scientific work. The scientific community has to 

acknowledge that decisions about the research undertaken and the methods used are a distinctly 

political move (Watson, 2007). In other words, what constitutes good and bad science is not a matter 

of truth but a matter of power.  
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Seeing science as a social practice does not deny the value of scientific knowledge, but it helps to 

situate it as one from form of social activity amongst others. Furthermore, it helps to understand the 

post-truth era we are going through, in which scientific facts are questioned, and science status in 

society has been diminished. This requires understanding that more research or better 

communication to fulfil a knowledge gap is not always best to only way to address a problem. The 

challenges can arise from the controversies around different ways of knowing that exist in society. 

Scientific claims are not always trusted because trust is not granted through scientific authority. Trust 

ŀƭǎƻ ŘŜǇŜƴŘǎ ƻƴ ΨǘƘŜ ōŜƘŀǾƛƻǳǊ ƻŦ ǎŎƛŜƴǘƛŦƛŎ ŜȄǇŜǊǘǎ ŀƴŘ ǘƘŜƛǊ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ŀƴŘ ƻƴ ǘƘŜ ǿŀȅ ǎŎƛŜƴŎŜ 

ŀŘŘǊŜǎǎŜǎ ŀƴŘ ǊŜǎƻƴŀǘŜǎ ǿƛǘƘ ǘƘŜ ŎƻƴŎŜǊƴǎ ƻŦ ŎƛǘƛȊŜƴǎΩ (Turnhout, Tuinstra and Halfmann, 2019, p. 

77). Finally, instead of interpreting this as a setback, it can be seen as an opportunity to improve links 

between different ways of producing knowledge in an interaction that lead to new framings, 

meanings, methods, and in general to new ideas on knowledge production and new knowledge being 

produced. 

Those interactions between different ways of producing knowledge are not only between scientific 

and lay knowledge but also across the boundaries of different scientific disciplines. The interest in 

interdisciplinarity does not only come from a sociological interest about how knowledge is produced 

but also from the natural sciences perspective when focusing on complex real-world issues that can 

not be solved from one discipline alone (MacMynowski, 2007). Such problems have been called 

wicked problems, and examples are climate change, loss in biodiversity or, indeed, sustainable food 

production. In those scenarios, we find controversies among sometimes competing for knowledge 

claims from heterogeneous sources (Lahsen & Beck, 2005). The difficulty is in finding common ground 

between disciplines that have different ontological and epistemic assumptions, use different 

vocabulary and value different data sources and analysis methods.  

The definition of common norms and distribution of roles for interdisciplinary research is done by the 

scientist from different disciplines working together under the existing power dynamics in science. 

Power can manifest in many ways: the definition of what constitutes a valid environmental problem 

to research, inclusion or exclusion of researchers in teams, distribution of resources, or highlighting 

perceived relevance of conclusions for policymakers (MacMynowski, 2007). Too often, natural 

scientists have dominated research whilst social scientists have been left to a science communication 

role to close the knowledge gap with society, aligned to the already criticised linear knowledge 

production and innovation diffusion models. However, disciplines in the social sciences and the 

humanities provide information about environmental meanings, values and ethics or how different 

cultures make sense of the environment they inhabit όhΩDƻǊƳŀƴ et al., 2019). Those approaches are 

essential not only to situate natural scientists knowledge in society or to understand the relationship 
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between society and the natural world but also if questions of sustainability have to be translated into 

action.  

Finding common ground in interdisciplinarity is then to set new norms about how knowledge should 

be produced. Besides the possibility of a conflict scenario that would prevent the successful 

development of the project, MacMynowski (2007) identifies three ways of doing interdisciplinary 

research on environmental issues. The first one is a cooperation in which each discipline works inside 

their own boundaries, and results are shared. The second way is between disciplines that share 

philosophical foundations, and the project then approaches different issues within the same analytical 

framework. The last one is a reorganisation of different conceptual, philosophical, and methodological 

standpoints to address a common problem. This last scenario is the one adopted by this research 

project, in which the overarching approach has been selected to articulate a symmetry between soil 

science and social science, acknowledging lay knowledge production and valuing quantitative and 

qualitative data in the nexus of farming.  

2.5. Actor -Network Theory as a research ontology  

Actor-Network Theory (ANT) was selected as the overarching approach for this research. This section 

describes and discusses the relevant principles of ANT for this interdisciplinary study. This section is 

Ƴŀƛƴƭȅ ōŀǎŜŘ ƻƴ ΨwŜŀǎǎŜƳōƭƛƴƎ ǘƘŜ ǎƻŎƛŀƭΩΣ ƛƴ ǿƘƛŎƘ [ŀǘƻǳǊ ŜȄǇƭŀƛƴǎ ǘƘŜ ƧƻǳǊƴŜȅ ƻŦ ǘƘŜ ŀƴŀƭȅǎǘ ǳǎƛƴƎ 

ANT as a methodology by first deploying the many controversies (disciplinary assumptions) in order 

to incorporate new participants of the social. Second, follow the actors as they themselves stabilise 

the uncertainties by building formats and standards. Third, make a configuration by seeing how these 

assemblages give new values of collectiveness. Accordingly, in the subsections that follow, I discuss 

those steps through the redefinition of agency, the traceability of social relations and searching for 

ǇŀǘǘŜǊƴǎ ƛƴ ǘƘŜ ƻǳǘŎƻƳŜǎ ƻŦ ƴŜǘǿƻǊƪǎΩ ƻǇŜǊŀǘƛƻƴǎΦ 

2.5.1. Actors in actor -networks  

This project uses ANT to describe the actors involved in the tillage management network. ANT 

guideline for describing the networks is to follow the actors, which brings us to the question: What 

counts as an actor? 

For ANT, actors are identified because they make an impact in social life which can be traced back to 

them (Latour, 2005). Thus, any change is a consequence of the action of agents. Additionally, the other 

way around applies as well; anything that causes an impact exists, whereas what does not have an 
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impact does not exist in actor-ƴŜǘǿƻǊƪǎΦ ¢Ƙƛǎ ǿŀȅΣ !b¢Ωǎ ŜǇƛǎǘŜƳƻƭƻƎȅ ōŜŎƻƳŜǎ ŘŜǘŜǊƳƛƴƛǎǘƛŎ ƛƴ ǘƘŜ 

sense that analysts have to make explicit the causes of empirically noticed, observable and even tested 

changes in the state of affairs or social order (Latour, 2005).  

!ŎŎƻǊŘƛƴƎƭȅΣ ŀƴ ŀŎǘƻǊΩǎ ŜȄƛǎǘŜƴŎŜ ōŜŎƻƳŜǎ ŀ ǊŜƭŀǘƛƻƴŀƭ ƳŀǘǘŜǊΦ LƴŘŜŜŘΣ ŀŎǘƻǊǎ ŀǊŜ ƴŜǾŜǊ ƛǎƻƭŀǘŜŘΤ ǘƘŜȅ 

only exist in a network (Sayes, 2014). Then, while Mol states that an association is made or it is not, 

and an element is either inside or outside a network (Mol 2002, cited in Watson, 2007), in this project, 

ŀƴ ŀŎǘƻǊǎΩ ŜȄƛǎǘŜƴŎŜ ƛǎ ŀ ƴŜƎƻǘƛŀǘƛƻƴΦ ¢Ƙƛǎ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƴƻǘƛƻƴ ƻŦ ŘȅƴŀƳƛǎƳΦ ! ƎǊƻǳǇ ς or network 

or actor-network - exists while it is in motion, changing, reassembling, performing and disappears 

when it stops (Latour, 2005)Φ !b¢ ƛǎ ƴƻǘ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘŜ Ψƻǳǘ ǘƘŜǊŜΩ ǳƴǘƛƭ ŀ ǊŜƭŀǘƛƻƴǎƘƛǇ ƛǎ ŜǎǘŀōƭƛǎƘŜŘΣ 

and then, that bond is always negotiated by the heterogeneous network. Indeed, Latour (2005) called 

plasma ƴƻǘ ǿƘŀǘ ƛǎ Ψƻǳǘ ǘƘŜǊŜΩ ōǳǘ ǿƘŀǘ ƛǎ ƛƴ ōŜǘǿŜŜƴΣ ƴƻǘ ƳŀŘe of social stuff, not hidden but 

unknown. ANT is to account what it is for an actor to come into existence (Latour, 1999, cited in 

Watson, 2007). Existence is not binary either; an actor-network, and therefore existence, is always 

negotiated, dynamic, unstable and can vanish. Actors depend on other entities allowing them to exist, 

which makes them traceable (Latour, 2005). It requires work to maintain the relations that maintain 

an actor-network, and the maintenance is its existence.   

For ANT, actors act and are enacted at the same time. Law and Mol (2008) situate the origins of these 

concepts of an actor being anything that makes a difference in other actors and the idea of entities 

bringing meaning to each other in the field of material semiotics. In any case, that leads to the 

conclusion that what an actor is, is particular to a network ς and also specific in time and space -. If 

leaving the network, the actor is in danger of losing its integrity (Watson, 2007). 

Additionally, Law and Mol (2008) discuss the idea of an actor being multiple. They analyse four 

ǇǊŀŎǘƛŎŜǎ ƛƴ ǿƘƛŎƘ ŀ ǎƘŜŜǇ ŦǊƻƳ /ǳƳōǊƛŀ ƛƴ aŀǊŎƘ нллм ƛǎ ƛƴǾƻƭǾŜŘΣ ǎƘƻǿƛƴƎ ƴƻǘ ƻƴƭȅ ǘƘŜ ǎƘŜŜǇΩǎ 

actions and enactments but also its multiplicity. An actor is multiple because what it is depends on the 

network in which it is part of, and actors are part of many networks. Multiple is different from single 

and coherent, as in any network, the actorΩs version is different; moreover, it is different from plural, 

as it is still the same actor and the versions of itself are related (Law & Mol, 2008). Latour (2005) states 

that being a fully competent actor comes in patches; for the analyst to obtain them requires a 

composition of successive empirically distinct layers. However, Law and Mol (2008) conclude that 

anything can be an actor, and therefore what is interesting is not what an actor is, but what it is doing, 

ǿƘŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ŀƴŘ Ƙƻǿ ǘƘŜ ƴŜǘǿƻǊƪǎΩ ŀŎǘƻǊǎ ƛƴǘŜǊŀŎǘ ǘƻ ŎǊŜŀǘŜ ƻǊ ŘŜǎǘǊƻȅΦ 

In conclusion, eliminating preconceptions about actorsΩ identities (Nimmo, 2011) and their world-

building capacities (Latour, 1999) is necessary to identify unknown (for the analyst) actors and the 
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relations that bind them to other members of the network so that the network configurations and 

operations can be described. Forgetting what an actor should look like might be confusing, but it gains 

importance because it is the core to let the networks self-explain. For ANT, actors know about their 

ƴŜǘǿƻǊƪǎΣ ǿƘŜǊŜŀǎ ǘƘŜ ŀƴŀƭȅǎǘǎ ŀǊŜ ƴŜǿ ǘƻ ǘƘŜƳ ŀƴŘ ŀǊŜ ŀƭǿŀȅǎ ƻƴŜ ΨǊŜŦƭŜȄƛǾŜ ƭƻƻǇ ōŜƘƛƴŘΩ (Latour, 

2005). This notion, in addition to networks being the ones enacting the actors and bringing them into 

existence, leads to the methodological rule of actors being the ones who decide what counts as an 

actor in the network: anything that makes them act, a change in their behaviour. 

For me, that can be challenging in two ways: incorporating material agency and expanding the body 

to other figurations.  

2.5.1.1. Incorporating material agency  

Non-humans possessing agency and the principle of symmetry are the most disputed principles of 

ANT. The critiques have their origin in the dualism nature/society and the drive for human 

exceptionalism.  

The dualism nature/society is the distinction between a natural world that obeys natural laws and a 

society, which does not. The difference is not made between nature and the human body but with the 

human mind (McGregor, 2014) and the social construction of the world. Goldblatt (Goldblatt 1996 in: 

Murdoch, 2001) argues that the divide has its origins in a historical context in which social theorists 

were experiencing a liberation from natural constraints and not yet the challenges of environmental 

degradation. On another note, the strong argument in favour of Ψhuman distinctiveness or human 

exemptionalismΩ that searches distance from material forces can also be interpreted as a consequence 

of the effort to separate ΨǘƘŜ ǎƻŎƛŀƭΩ as an independent sphere to justify a dedicated scientific discipline 

(Macnaghten and Urry, 1998; cited in Murdoch, 2001). In any case, the two realms distinction was 

followed by a disciplinary divide that also lacks tools to integrate the other. 

Traditional approaches in Social Science grant agency solely to humans, as agency is considered to be 

related to intentionality. Intentionality is something that natural entities do not have, as they are 

constrained by natural laws. Accordingly, relations among, for example, social animals are linked to 

the satisfaction of basic needs and their behaviour is imprinted in their DNA. However, this project 

ǳǎŜǎ !b¢Ωǎ ǊŜŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘ ŀƴŘ ǳǎŜs agency as generating an impact, a change on another 

actor or, by extension, to the network. Therefore, in this project, regardless of the existence of these 

ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƘǳƳŀƴǎΩ ŀƴŘ ƴƻƴ-ƘǳƳŀƴǎΩ ŀƎŜƴŎƛŜǎΣ ƴƻƴ-humans have a role in social life.  

This redefinition of agency constitutes a tool to integrate materiality in social studies, granting the 

non-human an active role in social co-construction. ANT treats materialism as a continuity rather than 
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a dualism (Law, 1992). It is opposite to nature being the passive context of human action or victim of 

human endeavour (Murdoch, 2001). ANTs objective is still to describe the social. ANT does not engage 

in questions about what nature does alone ς as natural sciences would question. Indeed, the human 

is always the focus of the networks of associations, and ANT does not examine what is outside 

(Watson, 2007). However, with ANT, the social becomes heterogeneous, including both humans 

(classically only studied by social sciences) and non-humans (classically studied by natural sciences). 

[ŀǘƻǳǊΩǎ ǇǊƛƳŀǊȅ ƳƻǘƛǾŀǘƛƻƴ ǿŀǎ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ƳŀǘŜǊƛŀƭ ŀƎŜƴŎȅ ǘƘŀǘ Ŏƻ-constructs scientific 

knowledge and enables scientists to operate effectively (Murdoch, 2001). Thus, how networks operate 

is an analytical focus of ANT. To be able to do this, ANT does not deny differences, but refuses to 

separate elements according to the ontological categories (Murdoch, 2001) and therefore does not 

engage in the endless and frustrating dualism (Gray & Gibson, 2013) ς not in this one, nor in the 

micro/macro, local/global, etc.  In fact, dualisms and preconceptions are treated as analytical barriers 

to let the networks self-explain. Indeed, Rachel (1994) identifies ANTs productiveness in looking 

between dichotomies and examining how things come to be.  

2.5.1.2. Expanding the body to other figurations  

The challenge of incorporating material agency is discussed and criticised extensively in the existing 

literature. However, for me as a natural scientist, forgetting the need for a body for an actor to exist 

ς in the Euclidean version of reality in which objects are things that take up space and can be touched 

(Watson, 2007) ς was a greater task to overcome.  

It might even be a controversy among ANT theorists. For example, Law (1992) writes that actors, 

among other things, possess a body and Sayes (2014) excludes not only humans but also the 

supernatural and entities composed of humans and non-humans from the concept of non-human. 

However, with the notion of hybridity, humans stop being seen as purely humans and non-humans 

purely objects; they are networks (Jackson, 2014). So, even the boundary between humans and non-

humans is negotiated and empirical (Prout 2000, cited in Jackson, 2014)Φ ! ŎƭƻǎŜǊ ŀƴŀƭȅǎƛǎ ƻŦ [ŀǿΩǎ 

ΨōƻŘȅΩ reveals that the set of elements that an actor inhabits stretches out into the network, and thus, 

an agent actually is that patterned network (Law, 1992)Φ CǳǊǘƘŜǊƳƻǊŜΣ ƛƴ ΨReassembling the SocialΩΣ 

Latour (2005) himself provides the example of God as an actor because someone acknowledges God 

making her do things (causing an impact). However, at the same time, he states that agencies have 

ŦƛƎǳǊŀǘƛƻƴǎΥ ΨŦƭŜǎƘ ŀƴŘ ŦŜŀǘǳǊŜǎ ǘƘŀǘ ƳŀƪŜ ǘƘŜƳ ƘŀǾŜ ǎƻƳŜ ŦƻǊƳ ƻǊ ǎƘŀǇŜΣ ƴƻ ƳŀǘǘŜǊ Ƙƻǿ ǾŀƎǳŜΩ 

(Latour, 2005, p. 53). 
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Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘΣ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ƛŘŜŀǎΣ Ǉŀǎǘ ŜȄǇŜǊƛŜƴŎŜǎΣ ŜǘŎΦΣ ƛƴǘƻ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ΨŀŎǘƻǊ-

ƴŜǘǿƻǊƪΩ ƎƻŜǎ ōŀŎƪ ǘƻ ǘƘŜ ŜƳǇƛǊƛŎŀƭ ŜǾƛŘŜƴŎŜΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ǎǘŀǊǘŜd considering only tangible actors, 

but after drafting the first networks, there were impacts that were not explained by anyone in the 

network but could clearly be related to some event or idea by the informant. Thus, there was a need 

to include ΨŀōǎǘǊŀŎǘ ŦƛƎǳǊŀǘƛƻƴǎΩ, a term used by Latour in ΨReassembling the SocialΩ (2005) to include 

ideo-, techno- and bio-morphisms. Indeed, what an actor is, is an empirical matter (Doolin & Lowe, 

2002) explained by the network itself.  

2.5.2. Relations in actor -networks  

ANT analyses relations between actors to respond to questions about how the networks are formed 

or how they are held together. For the analyst, to answer those questions, it is equally important to 

establish what counts as an actor than what counts as an interaction. So, what is a social tie? 

Similarly to actors, relations can take many forms, but the action is their empirical proof of existence. 

Any kind of interaction between actors is a relation. This can be an exchange of information, material 

flow, energy, or any other kind of negotiation. Analytically, this translates into every time a bond is 

traced, something has to happen. No bond exists without a flow. Every time a connection is 

established, a conduit is laid down, and some type of entity is transported through it (Latour, 2005). 

To hold the network, attachments are first, and actors are second (Latour, 2005). Therefore, it is 

important to pay attention to the flows, the circulation and what is circulating. In the next subsection, 

translation is going to be discussed and how it relates to power. Translation is the action in which an 

actor modifies what is circulating so that it obeys its own interests when it continues to flow. The 

second subsection is about punctualisation, which is how networks become stabilised in a way that 

their action is recognised as from a single actor.  

Networks are stabilised, but that does not mean that they are static. Networks are dynamic, meaning 

that actors fly in and out and relations fluctuate. Sometimes social ties are ephemeral, difficult to 

grasp, and any new analysis would reveal a different set of actors and relations (Latour, 2005). 

Methodologically this means that networks are not only spatially but also time-wise unique; this is 

furthermore discussed in the last subsection.  

Sometimes, it is easier to discuss what relations are not, rather than what they are. So, Latour (2005, 

pp. 199-204) identifies five properties that do not define relations:  

¶ Interactions are not ΨhomogeneousΩ: they are between heterogeneous actors.  
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¶ Interactions are not ΨisotopicΩ: actors are always unique and have unexpected world-building 

capabilities, resulting from many layers, negotiated in many networks. 

¶ Relations are not ΨsynchronicΩ: time is always folded.  

¶ Bonds are not ΨsynopticΩ: very few of the participants in a given course of action are 

simultaneously visible at any given point.  

¶ Interactions are not ΨisobaricΩ: the pressure to be heard and taken into account by some actors 

is greater than the pressure that other actors make.  

2.5.2.1. Translation and power  

Translation is the process of negotiation in which the actors transform the message as it passes 

through them, introducing their own interests, knowledge, materials, values, etc., changing the 

original message. This is continuous, from one link to the next in the chain as information flows 

through the network. A translation is a connection that transports transformation (Latour, 2005). 

!b¢Ωǎ ǇǳǊǇƻǎŜ ŦǊƻƳ ŀ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ Ǉƻƛƴǘ ƛǎ ǘƻ ǘŜƭƭ ŜƳǇƛǊƛŎŀƭ ǎǘƻǊƛŜǎ ŀōƻǳǘ ǇǊƻŎŜǎǎŜǎ ƻŦ ǘǊŀƴǎƭŀǘƛƻƴ 

(Law, 1992); it is to identify strategies of translation that ramify and reproduce themselves through 

the network (Law, 1992). 

Latour makes the difference between mediators and intermediaries, the first translating the 

information as they carry the message, and the latter not, which grants some predictability for the 

analyst (Latour, 2005). Furthermore, immutable mobiles are actor-networks that maintain their shape 

as they pass through different networks (Law, 2002). Nonetheless, in the analysis, it is too easy to 

overlook an agency (especially from the non-human, non-material, non-synchronic, non-synoptic, 

non-isobaric actors) and just label it as an intermediary. Indeed, ANT potential and richness is in 

acknowledging those other agencies, which have been left out in other sociological approaches. 

Therefore, in this project, all network participants are actors and the artificial categories ΨƳŜŘƛŀǘƻǊǎΩ, 

ΨƛƴǘŜǊƳŜŘƛŀǊƛŜǎΩ and ΨƛƳƳǳǘŀōƭŜ ƳƻōƛƭŜǎΩ are not used.  

Additionally, translations can come from different actor-networks. As seen, actors have multiple layers 

because they are enrolled in numerous networks. Therefore, actors are influenced by the other 

networks that they are involved in. Then, they translate flows from one network to the next and into 

the network the research focuses on. The ephemeral link between the networks can be made durable, 

with the enrolment of new members or not. For example, no-tillage farmers are also members of a 

community in a specific village, growing particular crops, etc. If an information exchange does not 



43 
 

ŎƘŀƴƎŜ ǘƘŜ ŦŀǊƳŜǊǎΩ ǘƛƭƭŀƎŜ ƳŀƴŀƎŜƳŜƴǘ όƻǊ ŀƴȅ ƻǘƘŜǊ ŀŎǘƻǊǎΩ ōŜƘŀǾƛƻǳǊ ƛƴ ǘƘŜ ƴƻ-tillage network), 

then the link with the no-tillage network was only temporary.  

Translation plays an important role in how power is generated. In ANT, power and domination are not 

given properties of some kind of agencies, as in other methodological approaches, which include 

macro- and micro-structures and the direction of the flows (top-down or bottom-up) in the analysis. 

In ANT, power and domination are also outcomes of the network; they too have to be produced 

(Latour, 2005). Therefore, as Law (1992, p. 390) ǎǘŀǘŜǎΥ !b¢ ΨŘŜƳȅǎǘƛŦƛŜǎ ǘƘŜ ǇƻǿŜǊ ƻŦ ǘƘŜ ǇƻǿŜǊŦǳƭΩΣ 

ōǳǘ ƻƴƭȅ ǘƻ ǎƘƻǿ ǘƘŀǘ ΨǘƘŜǊŜ ŀǊŜ ǊŜŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǇƻǿŜǊŦǳƭ ŀƴŘ ǘƘŜ ǿǊŜǘŎƘŜŘ ƛƴ ǘƘŜ 

methods and the materialǎ ǘƘŜȅ ŜƳǇƭƻȅ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜƳǎŜƭǾŜǎΩΦ CƻǊ [ŀǘƻǳǊ (2005) to say that 

something is constructed means that it is not a mystery. How an actor, a relation, knowledge, power, 

etc., has emerged out of inexistence can be explained because it requires the action of the network.  

ANT explains network generation in four steps (Callon, 1986):  

1. Problematisation starts with an identification of the problem and the recruitment of actors 

who agree to a problem-solution equation;  

2. Interessement in which the recruiting actor seeks to lock the other actors into the roles 

defined for them;  

3. Enrolment when the actors accept their negotiated roles; 

4. Mobilisation is the final step in which actors commit to the networks endeavour.  

tƻǿŜǊ ƛǎ ŎŜƴǘǊŀƭ ǘƻ ǘƘŜ ƴŜƎƻǘƛŀǘƛƻƴǎ ƻŦ ǘƘŜ ŀŎǘƻǊǎΩ ǊƻƭŜǎ ŀƴŘ ƴŜǘǿƻǊƪǎΩ ŜƴŘŜŀǾƻǳǊǎΣ ƴƻǘ ŀǎ ŀƴ ƛƴǘǊƛƴǎƛŎ 

property, but as an outcome of the negotiations and agreements. Enrolment is not an imposition; it is 

a negotiation (Callon, 1986). Moreover, actors can renegotiate or betray the roles previously 

negotiated (Jackson, 2014)Φ !ǎ ǘǊŀƴǎƭŀǘƛƻƴ ƛǎ ǘƘŜ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ Ŧƭƻǿǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŀŎǘƻǊǎΩ ƻǿƴ 

convenience and interests, in order to convince others to join their own benefit, power is an issue of 

ǘǊŀƴǎƭŀǘƛƻƴΦ tƻǿŜǊ ŀƴŘ ǎƛȊŜ ŀǊŜ ŀŎǘƻǊǎΩ ŀŎƘƛŜǾŜƳŜƴǘǎ ǘƘǊƻǳƎƘ ǘǊŀƴǎƭŀǘƛƻƴǎΣ scaling and contextualising 

each other (Latour, 2005). Actors are made powerful where they succeed convincing about their 

interests, enrolling others in their network, sharing particular definitions and roles, or the range of 

available choices (Burgess, Clark & Harrison, 2000). Thus, power is a relational effect, not an intrinsic 

characteristics of some actors. Power is an effect, not a cause (Law, 1992).  Part of the assumptions 

an analyst has to forget are the power assumptions regarding size. Rather, through ANT, the analyst 

should explain how power is generated (Law 1992).  
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A special note has to be made regarding natural sciences, translation, and power. ANT introduces the 

concept of calculations, which is a set of social methods and relations imposed on material 

representations, as a strategy from some actors to speak on behalf of others, but in the action may 

mask them (Law, 1992) and even silence their own voices. This has been compared to political 

representation (Law, 1992). It is also related to the critique of ANT as giving too much power to natural 

sciences as representatives of non-human actors. However, scientists are embedded in a network with 

their object or subject of study. Therefore they are bound, connected. Scientific networks create a set 

of identities and values, different from other networks, which define the object/subject of study and 

the relations with it. Accordingly, scientists are not the only voice that speaks for non-humans, but 

they have a voice. However, the translations scientists offer regarding non-humans are made 

meaningful and powerful (or not) by the network in which they flow, as could happen to any other 

translation. ANT does not privilege natural sciences; rather, it treats them as centres of calculation, 

whose power is not granted but produced (Law, 1992). 

2.5.2.2. .ÅÔ×ÏÒËÓȭ ÐÕÎÃÔÕÁÌÉÓÁÔÉÏÎ 

Networks are dynamic because action is constant: new actors enrol, roles are renegotiated, other 

actors leave, etc. Ψ{ƻŎƛŀƭΩ ǘƘŜƴΣ ƛǎ ƻƴƭȅ ŀ ƳƻƳŜƴǘŀǊȅ ŀǎǎƻŎƛŀǘƛƻƴ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ǿŀȅ ƛǘ ƎŀǘƘŜǊǎ 

together (Latour, 2005). At the same time, social change or stability is not achieved by people nor 

objects alone (Law, 1992) but negotiated in heterogeneous networks. Stability is not the same as 

static; it is not exempt from action. Far-reaching and long-lasting associations require constant 

investment, work, and effort (Latour, 2005). The investment is in the group delineation by comparison 

with other competing ties (Latour, 2005). Effort goes not only in overcoming the external threats to 

ƴŜǘǿƻǊƪǎΩ ŜȄƛǎǘŜƴŎŜ ōǳǘ ŀƭǎƻ ƛƴ ƻǾŜǊŎƻƳƛƴƎ ƛƴǘŜǊƴŀƭ ǊŜǎƛǎǘŀƴŎŜǎ ŦǊƻƳ ŜŀŎƘ ŀŎǘƻǊΩǎ ƻǿƴ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ 

translations. Moreover, social ties have to be constantly renegotiated because they have no inertia; 

they do not spread in space or last in time (Latour, 2005). Thus, ANT is also an account of how networks 

become stabilised and through those relations how size, power, and organisation are generated (Law, 

1992).  

A networks stabilisation leads to its punctualisation. It occurs when a network operates as a single 

ōƭƻŎƪΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ǘƘŜ ƴŜǘǿƻǊƪΩǎ ǇŀǘǘŜǊƴǎ ŀǊŜ ǿƛŘŜƭȅ ǇŜǊŦƻǊƳŜŘ ǎƻ ǘƘŀǘ ǘƘŜ ŀŎǘƛƻƴ ƛƴ ƛǘǎŜƭŦ ōŜŎƻƳŜǎ 

the actor-network (Law, 1992), which means that through punctualisation, the network becomes an 

actor. Thus, all actors are punctualised networks. Network formation, or the process of ordering social 

life, does not necessarily mean that all actors in a network completely agree to the same endeavour 

in the mobilization phase. On the contrary, in a network, actors have conflicting interests but still share 

either the same aim, enough commonalities or some kind of pursuit to maintain negotiations, so that 
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network ties are still in place. It is by untangling the punctualised actor-networks, analysing the many 

actors and interactions, that the origins of tensions and change become clear. 

Moreover, punctualisations are used to simplify actor-networks under the appearance of a unit or 

when they achieve the status of taken for granted (Law, 1992). In normal life, it would be impossible 

to operate without punctualisations. In social analysis, whereas some actor-networks are fully 

deployed or untangled, others are treated as punctualisations or black-boxes, never opened to explore 

their operations, and only their effect on the network is taken into account. Otherwise, the analysis 

would be endless as each actor would fall into its many pieces. The choice of which black-boxes to 

open and which ones to keep close is not the analystΩs decision either; it is, again, by following the 

actors that the networks deploy or not.  

One of the duties of ANT is then to search for strategies that stabilise networks. Latour (2005) 

identifies one of them in the use of durable materials. The explanation comes from seeing form as a 

circulating entity, something that allows something else to be transported from one site to another. 

Form, then, becomes a type of translation: a piece of information is put into a form (Latour, 2005). 

Durable materials, such as texts, might be good strategies to endure relations and stabilise networks 

(Latour, 2005). However, those materials may as well have an impact on how the information is 

transmitted.  

2.5.2.3. .ÅÔ×ÏÒËÓȭ ÌÉÍÉÔÓ 

As has been suggested, networks are limitless. Actors deploy in other actors, interactions branch in 

numerous coexisting networks, actors are multiple and are enrolled in multiple networks 

simultaneously, relations are ephemeral and difficult to grasp, etc. Whereas ANT has been criticised 

as not recognising its own partial perspective (Watson, 2007), actually, as a methodology, it builds on 

the notion that only a partial perspective is possible. This means that there are vast fields of actions 

and actants which are not seen. Then, ANT is used to spotlight, to illuminate smaller parts of larger 

networks. However, to do that, it still requires a methodological decision concerning what is a part of 

and apart from the studied network. This decision has to be made understanding networks dynamism 

and time and spatial dimensions. 

bŜǘǿƻǊƪǎΩ ŘȅƴŀƳƛǎƳ ŀƴŘ ǎƘƛŦǘƛƴƎ ǎƘŀǇŜǎ ŎƻƳŜ ŦǊƻƳ Ŏƻƴǎǘŀƴǘ ŀŎǘƛƻƴΦ 9ǾŜƴ ƛŦ ƴŜǘǿƻǊƪǎ Ŏŀƴ ōŜ 

stabilised, they continue being dynamic entities, constantly redefined by fluctuating relations that 

change structures, generate new patterns or enable new voices (Law, 1992). Moreover, stabilisation 

is never complete; coexisting divergent strategies interact (Law, 1992) and require effort to overcome 
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or bring change. As suggested earlier, a different network configuration would appear to the analyst 

each time the description task is faced.  

Additionally, to the moment in which the analysis is made, network dimensions can reach far away in 

time and space. What is acting can have been transported from distant places or times, as well as the 

strategies that those actors are bringing to negotiation (Latour, 2005). They might even have 

circulated through a chain of agencies. Thus, action, and therefore, the network, is always dislocated, 

articulated, delegated and translated (Latour, 2005). ANT is a representation of a different spatiality. 

Place is a product of the network and should be part of the research enquiry (Latour, 2005) and time 

as well. 

This new spatiality is the way ANT faces the dichotomy micro- /macro-. Local and global become 

irrelevant as sources of action. No assumptions are made, ΨƎƭƻōŀƭΩ only exists in the local while a 

connection can be traced. This makes it possible to trace connections outside the definition of the 

research field (Ruming, 2009) and the research scale. However, Latour (2005) integrates scale in the 

analysis by proposing the terms oligoptica and panorama to focus on the narrow details or the wider 

pictures, respectively. Whilst oligoptica are the extremely narrow connections necessary to hold the 

whole together, panoramas are the big pictures of the whole (Latour, 2005). Whereas oligoptica are 

constantly revealing fragility, lack of control and what is left between what is surveyed, panoramas 

provide wholeness and centrality (Latour, 2005). Panoramas become relevant as it is from their stories 

that metaphors for what binds society together arise (Latour, 2005).  

2.6. Actor -Network Theory as a methodology to study co -creation of 

innovation in agro -environmental studies  

This section focuses on how ANT has been translated into this project of innovation studies. In short, 

ANT framework makes it possible to study co-creation of innovation seeing farmers, soils, and 

scientists as active agents in the process of knowledge generation and diffusion. As seen in the 

sections above, the adoption of an innovation has been studied as part of a knowledge production 

and diffusion process, and more recently, as a co-creation between stakeholders. ANT take on 

knowledge is as an outcome of the network: it is co-created in the interaction between the different 

actors in a more-than-human social network.  As seen, meanings, values, and identities of the involved 

actors are built in negotiation between the actors themselves and the surrounding network members. 

This accounts for humans and non-humans. As the networks are dynamic, with changing relations, 

limits, and members, so are the products of the negotiations (knowledge, identities, roles, etc.). 

Knowledge, then, is not universal; it is situated in particular social networks. Additionally, knowledge 



47 
 

is not static; as networks are in constant evolution, knowledge is constantly translated by the 

ƴŜǘǿƻǊƪǎΩ ƳŜƳōŜǊǎΣ ƳƻŘƛŦƛŜŘ ŀƴŘ ŎƻƴǘŜǎǘŜŘ ŀǎ it circulates through the network. Then, in ANT, 

knowledge diffusion entails a translation by the actors, and therefore, it is part of the collective 

knowledge production. 

Moreover, due to ANTΩs refusal of the dualism nature-society, science-culture, expert-lay knowledge, 

ANT is a powerful tool for environmental questions (Burgess, Clark & Harrison, 2000) and more 

generally innovation in fields as disparate as urban planning (see: Farhangi et al., 2020), energy (see: 

Krzywoszynska et al., 2016; van der Waal, van der Windt & van Oost, 2018), information technology 

(see: Yoo et al., 2005; Wang et al., 2015) or international relations (see: Barry, 2013). 

This potential of ANT has been used previously to study agricultural networks. Gray and Gibson (2013) 

identified actors in the industrial agriculture actor-network in Kansas, USA. They conclude that 

financing institutions, crop insurances, equipment and technology, soils, fertilisers, experts, and the 

hƎŀƭƭŀƭŀ όŦǊƻƳ ǿƘƛŎƘ ǿŀǘŜǊ ŦƻǊ ƛǊǊƛƎŀǘƛƻƴ ǿŀǎ ǇǊƻǾƛŘŜŘύ ǿŜǊŜ ǘƘŜ ƳŀƧƻǊ ŀŎǘƻǊǎ ŎƻƴǎǘǊŀƛƴƛƴƎ ŦŀǊƳŜǊǎΩ 

ŎƘƻƛŎŜǎΦ !ƴ ƛƴǘŜǊŜǎǘƛƴƎ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ŎƻƴǎŜǊǾŀǘƛƻƴ ǎŎƛŜƴǘƛǎǘǎΩ ŀƴŘ ŦŀǊƳŜǊǎΩ ǘǊŀƴǎƭŀǘƛƻƴǎ ƻŦ 

nature has been done by Burgess (2000) for agro-environmental scheme participation in English 

wetlands farms. From this study, it is worth noting not only the different knowledge generation, 

ƭŀƴƎǳŀƎŜ ǳǎŜ ŀƴŘ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ƻŦ ƴŀǘǳǊŜΤ ōǳǘ ŀƭǎƻ Ƙƻǿ ŦŀǊƳŜǊǎΩ ǊƻƭŜǎ ƛƴ ŀƎǊƻ-environmental 

schemes are determined by governmental institutions and not always accepted by farmers 

(appearance of resistance). Finally, Schneider et al. (2012) applied ANT to study no-tillage adoption in 

Switzerland, concluding that the spread of no-tillage requires fundamental transformations within the 

network of conventional tillage, including institutional arrangements, farm equipment, work 

organisation, concepts of agriculture and personal and professional identities. These authors also 

stated that the required transformations are too radical for many farmers. This explains why practices 

that require less transformation because they are more similar to CT networks, such as occasional 

abandoning of the plough to improve agricultural productivity, achieve broader uptake. In addition, 

Schneider et al. (2012) claimed that for the success of policy interventions, their role has to be as 

mediators in complex processes of reciprocal translations between farmers, experts, and scientists, as 

well as many non-human actors. 

In summary, the important distinction that, according to ANT, farmers, non-humans (including soils) 

and scientists can take active roles in innovation, whereas with other theoretical approaches, it is not 

even possible. 
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2.7. Focus on soils 

Soils are facing increasing threads as foods demands grow. Indeed, 98.8 % of human caloric intake 

comes from soil (2849 Kcal per capita) (Kopittke et al., 2019). Therefore, with a growing population 

(projected to reach 10.9 billion in 2,100) and caloric intake increase due to growing wealth and 

changing diets, the pressure on soils to match food demands is growing (Kopittke et al., 2019).  

Historically, increasing food production has been achieved through expansionism and intensification 

(Kopittke et al., 2019). Expansionist strategies implied an expansion of agricultural land; overtaking 

competing land uses such as forests or moor. While with the Green Revolution, food production 

increased through an intensification of agricultural land by adding fertilisers and controlling pests and 

weeds with agro-chemicals. These strategies, in turn, resulted in environmental damages and social 

costs. The alternative agriculture paradigm arose as prioritising the environmental and social aspects, 

although its potential to feed the growing population is unclear (Mahon et al., 2017). Sustainable 

intensification is conceptualised as the strategy to increase food production within the planetary 

boundaries delivering more food, better ecosystems and improved livelihoods (Rockström et al., 2017; 

Mahon et al., 2017).  

No-tillage has been enclosed in both, the alternative agriculture and sustainable intensification 

strategies. Nonetheless, the potential agronomic, environmental and social benefits of no-tillage are 

being questioned due to its reduction in yields (Pittelkow et al., 2014), reliance on herbicides (Müller, 

2021), and its ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǿƛǘƘƻǳǘ ōŜƛƴƎ ŀŘŀǇǘŜŘ ǘƻ ŦŀǊƳŜǊǎΩ ǊŜŀƭƛǘƛŜǎ (Giller et al., 2009). This 

thesis contributes to Ƙƻǿ ŦŀǊƳŜǊǎΩ ŀŘƻǇǘƛƻƴ ŀƴŘ ƴƻƴ-adoption of no-tillage co-construct these 

different food production narratives and how they relate to soils.  

Following the ANT approach, soils are actors co-constructed by the network in which they are enrolled 

in, actor-networks themselves that can be deployed, and multiple because they pertain to different 

ƴŜǘǿƻǊƪǎ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΦ {ƻƛƭǎΩ ǊƻƭŜǎ ŀƴŘ ǘƘŜƛǊ ŀƎŜƴŎƛŜǎΣ Řƻ ŀƭǎƻ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ŀŎǘƻǊ-networks in 

which they are enrolled. In other words, what a soil is and what it is able to do does not only depend 

on the soil, but also on how that soil relates to other actors. From those assumptions that set the 

overarching frame to study soils, soils are potentially different actors in farming and in soil science.  

In the soil science school of thought in which I was trained (my soil science actor-network), soils are 

natural entities with three-dimensional bodies differentiated into horizons of mineral and organic 

constituents (Joffe, 1936 cited in Jenny, 1941) result of the evolution of the soil formation factors. 

These soil formation factors are climate, parental material, landscape position, time and organisms 
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(including humans) (Jenny, 1941). Due to diverse combinations of these factors around the Globe, soils 

are geographically varied. 

Nonetheless, there is a plurality of concepts of soils in science. The notion of soil has shifted according 

ǘƻ ǎƻŎƛŜǘƛŜǎΩ ƛƴformation demands (Ibáñez, 2011). Moreover, definitions coexist depending on the 

area of interest that engages with soils (Ibáñez, 2011). Through the ANT lens, this translates into 

specific soil properties being taken out of the plasma (the unknown), and gaining relevance and power 

in particular actor-networks while in other actor-networks those properties remain in the plasma or 

play a less important role in enacting soils (what soils are and what they are able to do). Ibáñez and 

Boixadera  (2002:p.104) summarised the multiple soils in science as: 

¶ Geological entities 

¶ Medium for plant growth 

¶ Natural Bodies 

¶ Structural material 

¶ Water-transmitting mantle 

¶ Ecosystem or ecosystem component 

¶ Holistic entities or geoderma (continuum soil-regolith-landforms) 

¶ Self-organising earth surface system (geoderma + hydrologic system + biological system) 

Lƴ ŀƴȅ ŎŀǎŜΣ ǎƻƛƭǎ ŀǊŜ ΨŎƻƳǇƭŜȄΩΣ ΨƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ŜƴǘƛǘƛŜǎΩΣ ŀƴŘ ŀǎ ǎǳŎƘ Ψŀƴȅ ŘŜŦƛƴƛǘƛƻƴ ƻƴƭȅ ŎŀǇǘǳǊŜǎ 

part of its multiple facets, being theǊŜŦƻǊŜ ƴŜŎŜǎǎŀǊƛƭȅ ƛƴŎƻƳǇƭŜǘŜΩ (Ibáñez, 2011). 

Similarly to the variety of soil definitions in science, there are different concepts dealing with soil 

assessment (how good soils perform what they are supposed to do). Soil quality is soils capability to 

fulfil any of its functions which, in practice, have been related to human well-being and are listed as 

(Blum, 1998 and 2002, cited in Blum & Swaran, 2006:p.39):  

¶ ΨǇǊƻŘǳŎǘƛƻƴ ƻŦ ōƛƻƳŀǎǎ ǘƘǊƻǳƎƘ ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ŦƻǊŜǎǘǊȅΤ  

¶ protect the groundwater and the food chain against pollution and maintaining biodiversity by 

filtering, buffering, and transformation activities;  

¶ contribute to the preservation of the gene reserve by enabling the habitat for biota;  

¶ provide the physical basis for infrastructural development, such as housing, industrial 

production, transport, dumping of refuse, sports, recreation, and others;  

¶ serve as a source of raw materials, furnishing gravel, sand, clay, and other materials;  

¶ preserve the geogenic and cultural heritage by concealing and protecting archaeological and 

ǇŀƭŜƻƴǘƻƭƻƎƛŎŀƭ ƳŀǘŜǊƛŀƭǎΦΩ  



50 
 

From a multi-functional soil ǇŜǊǎǇŜŎǘƛǾŜΣ ǎƻƛƭǎΩ ŀƎŜƴŎȅ ŘƻŜǎ ƴƻǘ ƻƴƭȅ ǊŜƭŀǇǎŜ ƻƴ ǎƻƛƭ ƭƛŦŜΣ ǘƘŜ ƛƴŜǊǘ 

matter also has the potential to condition and change the social as relationships develop. This notion 

is opposed to Ingold (2008) who advocates for a more-than-human agency only in favour of living 

organisms. Nonetheless, applying ANT in this research, participants decide which other actors have an 

impact on tillage practice. This agency is neither intentional nor rational but has an impact on the 

social through their relationships, which establish with other actors when something is exchanged (e.g. 

material flow, energy, knowledge, etc.).  

Lƴ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ƭƛǘŜǊŀǘǳǊŜΣ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ǎƻƛƭ ǉǳŀƭƛǘȅΣ ŀǎ ǎƻƛƭǎΩ ŦǳƭŦƛƭƳŜƴǘ ƻŦ ƛǘǎ ŦǳƴŎǘƛƻƴǎΣ ƛǎ ǎƭƛƎƘǘƭȅ 

different from soil fertility and soil health. Soil fertility ŦƻŎǳǎŜǎ ƻƴ ǎƻƛƭǎΩ ŎŀǇŀōƛƭƛǘȅ ǘƻ ǇǊƻŘǳŎŜ ŦƻƻŘΣ ŀƴŘ 

historically it has a connotation to refer to chemical characteristics, mainly nutrients (Mizuta et al., 

2021). On the contrary, soil health distinguishes ΨƭƛǾƛƴƎ ǎƻƛƭǎΩ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ό5ƻǊŀƴ ϧ 5ƻǊŀƴΣ нллнύ ŀƴŘ 

therefore emphasises the importance of soil biological properties (Pankhurst, Doube & Gupta, 1997). 

Soil security ƛǎ ŀ ƴŜǿŜǊ ŎƻƴŎŜǇǘ ŀƴŘ ƭƛƴƪǎ ǘƻ ǎƻƛƭǎΩ ƪŜȅ ǊƻƭŜ ƛƴ ǇǊƻǾƛŘƛƴƎ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΣ ŦǊƻƳ ǿƘƛŎƘ 

food production is only one (Bouma et al., 2014). Additionally, soil security is a multi-dimensional and 

multi-ŘƛǎŎƛǇƭƛƴŀǊȅ ŎƻƴŎŜǇǘ ǘƘŀǘ ΨŜƴŎƻƳǇŀǎǎ ǘƘŜ ǎƻŎƛŀƭΣ ŜŎƻƴomic and biophysical sciences and 

ǊŜŎƻƎƴƛǎŜ ǇƻƭƛŎȅ ŀƴŘ ƭŜƎŀƭ ŦǊŀƳŜǿƻǊƪǎΩ (McBratney, Field & Koch, 2014). A soil concept less used in 

scientific publications is soil care (Mizuta et al., 2021). Soil care relates to the ethical and practical 

commitment to the soil which develops in a relational manner through attentiveness to soils 

(Krzywoszynska, 2019a). Bearing a soil ethics involves personal and collective soil valuing, and 

cognitive (knowing) and emotional (feeling) empathies towards soils (Grunwald, 2021). Each concept 

reflects social, cultural, and political needs and events (Mizuta et al., 2021) and the use of them reflect 

ǊŜǎŜŀǊŎƘŜǊǎΩ ǇŜǊǎƻƴŀƭ ōƛŀǎŜǎΦ  

Lƴ ǘƘƛǎ ǇǊƻƧŜŎǘΣ L ǳǎŜ ǎƻƛƭ ŦŜǊǘƛƭƛǘȅ ǿƘŜƴ ǊŜŦŜǊǊƛƴƎ ǘƻ ǎƻƛƭǎΩ ŦǳƭŦƛƭƳŜƴǘ ƻŦ ǘƘŜ ōƛƻƳŀǎǎ ǇǊƻŘǳŎǘƛƻƴ ŦǳƴŎǘƛƻƴ 

(but the term includes biological and physical properties); soil quality in a broader sense when 

ŀǎǎŜǎǎƛƴƎ ǎƻƛƭǎΩ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎΣ ƻŦǘŜƴ ƭƛƴƪŜŘ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎȅŎƭŜǎ ƻǊ ǿƘŜƴ ŀƴŀƭȅǎƛƴƎ ǿƘƛŎƘ ǎƻƛƭ 

functions are relevant for farmers; and soil health when referring to soils as alive. However, in all cases, 

fertile, good quality and healthy soils in agriculture entail a balance in their chemical, biological and 

physical properties. 

Nonetheless, in the scientific assessment, I focus on soil physical properties. First, because soil physical 

quality is the aim of seedbed preparation, and therefore it is sensitive to tillage management practices. 

Second, because soil compaction is one of the major threats to soils in European agriculture (Anon, 

2015) yet, soil physical quality is closely related to soil biological and chemical properties. 
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2.8. Background  on soil physical quality  

In this section, I discuss the theoretical understanding of soil physical quality in soil science. 

Accordingly, first, I discuss the importance of soil structure and aggregation to understand physical 

quality. Then, I introduce the different actors that impact soil structure dynamics. These are the main 

drivers of aggregation and disaggregation processes. Furthermore, I introduce the geographical 

perspective in the variability of soil aggregation and disaggregation agents. In the end, I relate soil 

structure to soil compaction and provide an overview of soil compaction, a major problem in 

agriculture. For the first three sections, I use the materials of the book chapter I co-ŀǳǘƘƻǊŜŘΥ ΨtƘȅǎƛŎŀƭ 

and hydrological processes iƴ ǎƻƛƭǎ ǳƴŘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ǘƛƭƭŀƎŜ ƛƴ 9ǳǊƻǇŜΩ (Veenstra, Cloy and Menon, 

in press), in brackets are minor changes to the original text:  

2.8.1. Ȱ3ÏÉÌ ÓÔÒÕÃÔÕÒÅȟ ÃÏÒÅ ÔÏ ÓÏÉÌ ÐÈÙÓÉÃÁÌ ÐÒÏÐÅÒÔÉÅÓ 

Soils are complex porous media comprised of solid, liquid and gaseous constituents. Soil 

structure is the aggregation of soil particles (sand, silt, clay and organic matter) into granules, 

crumbs or blocks. Inorganic and organic constituents are bound together, forming aggregates 

and leaving voids in between, which constitute the porous system. Soil structure is the shape 

that the soil takes based on its physical, chemical and biological properties, regulating the soil-

water cycle and sustaining a favourable rooting medium for plants (Kibblewhite et al., 2008). 

Despite the rigidity of the term, soil structure is dynamic, with cyclical aggregate breakdown 

and new aggregation, depending on many factors. Aggregate stability is an indicator of soil 

quality, as in well-structured soils with stable aggregates, water and air have no physical 

impediment to flow. On the contrary, soils with poor structure have unstable aggregates that 

break easily into smaller particles, reducing the pore space and its connectivity, inducing 

numerous problems, including waterlogging and oxygen deficits for plant roots and other 

organisms.  

There are many factors influencing aggregate dynamics. These factors are from the soil itself 

(e.g. organic matter, clay, sand and salts content), the environment in which it develops (e.g. 

climate or topography) and the land use it is subjected to (e.g. forestry, pasture or cereal 

cropping). Therefore, soil structure and the physical properties which depend on it are soil- and 

site-specific. Thus, tillage management practices have different effects on soil physical 

properties, and in turn, how these influence agricultural production, depending as well on the 

geographical location. ώΧϐ 
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2.8.2. Soil structure and aggregate dynamics  

Research advances have developed our understanding of soil structure and aggregate dynamics 

and how they are affected by numerous factors that vary geographically, including tillage 

practices.  

Tisdall and Oades (1982) introduced the importance of soil organic matter (SOM) in the 

aggregation process. They proposed a hierarchical model in which larger aggregates are formed 

by smaller aggregates. Moreover, they stated that each aggregate size had its own major 

binding agent. Indeed, the effectiveness of binding agents depends on their own dimensions in 

relation to the voids and particles they have to bridge  (Kay 1990, cited in Jastrow and Miller, 

1997). The nature of the aggregation agents leads to differences in aggregate stability. Thus, 

roots and fungal hyphae are the major binding agents for macroaggregates (> 250 µm 

diameter), whose labile characteristics explain why macroaggregates break down into smaller 

particles easier than microaggregates (< 250 µm diameter), which are bound together by more 

recalcitrant organic matter or more stable aggregation agents. 

Further development of the hierarchical model helped to relate soil structure to the carbon 

cycle, in a process that follows organic residue decay, successive integration in soil, occlusion in 

soil aggregates and sorption to clay minerals (Golchin et al., 1994), which represent 

consecutively increasing carbon sequestration potential. Afterwards, it was shown that 

microaggregates form inside macroaggregates (Angers, Recous & Aita, 1997). Since the latter 

provide physical protection from microbial attack of fresh organic matter, giving it time to 

establish chemical or physicochemical bonds with clay particles or more stable organic 

compounds (Balabane & Plante, 2004). [Moreover, organic matter increases intra-aggregate 

cohesion and hydrophobicity (Blanco-Moure et al. 2012, cited in Barik et al., 2014), which 

provides further protection and facilitates binding between mineral and organic compounds.] 

Time is precisely what conservation tillage provides, by avoiding mechanical disturbance, 

allowing, therefore, the development of [presumably] more stable aggregates. On the contrary, 

macroaggregate turnover rates in cultivated land are only between 5 and 33 days (Plante & 

McGill, 2002b, 2002a). Even the hierarchical model highlighted the vulnerability of 

macroaggregates to tillage since their binding agents are labile. Afterwards, the disruptive 

effects of tillage have been ratified by other researchers, proving that tillage disturbance 

increases macroaggregate turnover and carbon mineralisation (Six et al., 1998). 

Notwithstanding the generally accepted slower turnover rates in microaggregates, Virto et al. 
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(2010) found similar ages of organic matter from within silt-size microaggregates and from 

outside those silt-size microaggregates, questioning, therefore, the understanding of turnover 

rates of this aggregate fraction, which would be much quicker than previously thought. 

Besides, the major influence of organic matter in aggregate dynamics, aggregate formation and 

breakdown is a complex process influenced by many other factors. Even the authors of the 

hierarchical model highlighted that organic matter becomes the major binding agent only in 

soils where other binding agents are absent. Amézketa (1999) showed there are many intrinsic 

or extrinsic factors affecting soil aggregate stability in different soils, making it a site- and soil- 

specific property. Among the binding agents are calcium carbonate, calcium sulfate (gypsum), 

silica, iron or aluminium oxides, clays and organic matter. In turn, their effects can be influenced 

by the soil solution electrolyte concentration, clay mineralogy, the nature of the organic 

compounds, climate, time (or ageing), roots, soil microbes, edaphofauna and agricultural 

management (i.e. tillage, irrigation, organic matter amendments, crop type and crop rotation, 

chemical amendments, etc.). Additionally, aggregate stabilization factors have interactions. For 

example, in an experiment in Argentina investigating the interaction between water regimes 

and vegetation, the results showed that aggregate stability was higher under wet and dry cycles 

with vegetation compared to the same moisture conditions in sterile soil (Taboada et al., 2004). 

Therefore, the importance of the synergies among conservation agriculture practices, including 

soil surface protection with crop residues or cover crops, and crop rotation and diversification, 

becomes apparent.  

2.8.3. [Aggregation agents and aggregate breakdown factors: the 

geographical perspectiv e] 

Across Europe, different soils and locations have distinct combinations of aggregation agents, 

which might be dominated by one particular agent. Cementing compounds are major 

aggregation agents in different soils; for example, Regelink et al. (2015) describe the importance 

of Fe-(hydr)oxides in Austria, Czech Republic and Greece; and Boix-Fayos et al. (2001) stresses 

the importance of calcium carbonate in Spain. Furthermore, clay mineralogy has been studied 

by Norton (2006) through soils of a range of clay types and under a range of land uses, 

discovering that under cultivation, kaolintic (1:1 clays, less reactive) soils had greater aggregate 

stability than in illitic or smectitic soils (2:1 clays, more reactive) and that kaolintic clays 

associated with iron oxides provide a stability that might be resistant even to land-use change. 

However, the importance of studying the aggregation of distinct clay types stemming from the 
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same soil has been emphasised to avoid interference of other aggregation agents. Thus, Virto 

et al. (2008) and Fernández-Ugalde et al. (2013) showed that microaggregates tend to form 

between the more reactive 2:1 clays than the kaolinite-type clays (1:1 type) or quartz.  

[Therefore,] in the same soil, the latter are more abundant in non-aggregated particles. 

Aggregate dynamics also depend on aggregate breakdown, which is not exclusively linked to 

organic matter decay. The disruptive processes that lead to aggregate breakdown include as 

well physico-chemical dispersion, slaking, differential swelling and the impact of mechanical 

forces (Le Bissonnais, 1996). Physico-chemical dispersion occurs in soils containing high 

concentrations of monovalent cations such as sodium from sodium chloride salt deposits. They 

act as dispersants between clay particles, whereas polyvalent cations, such as calcium, act as 

flocculants. Physico-chemical dispersion leads to aggregates breaking down into elemental 

particles. Several researchers observed that soil management history influenced clay 

dispersibility (Kay and Dexter, 1990; and Watts, 1996, cited in Amézketa, 1999). Furthermore, 

slaking disrupt aggregates during wetting due to forces generated by trapped air; it occurs at 

the same time as differential swelling, whose origin is influenced by the diverse expanding 

behaviours among soil compounds when moist. As a result of slaking and differential swelling, 

aggregates break into smaller aggregates. Finally, mechanical disruption occurs when external 

ŦƻǊŎŜǎ ƛƳǇŀŎǘ ƻƴ ǎƻƛƭ ŀƎƎǊŜƎŀǘŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜ άǎǇƭŀǎƘ ŜŦŦŜŎǘέ ŦǊƻƳ ǊŀƛƴŘǊƻǇǎ ƻǊ ǘƘŜ ƛƳǇŀŎǘ ŦǊƻƳ 

ǘƛƭƭŀƎŜΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǎƻƛƭǎΩ ŎƻƳǇƻǎƛǘƛƻƴΣ ǎƻƳŜ ǎƻƛƭǎΣ ŦƻǊ ŜȄŀƳǇƭŜ ǎŀƭƛƴŜ ǎƻƛƭǎ ǊƛŎƘ ƛƴ ǎƻŘƛǳƳΣ ŀǊŜ 

naturally more vulnerable to any of these aggregate disruptive processes and therefore, they 

have to be treated with special care in agricultural land use (Rengasamy & Olsson, 1991)Φέ 

This thesis focuses on two distinct biogeographical regions: the Mediterranean and the Atlantic. Soils 

in these biogeographical regions are the product of different soil formation processes and have 

contrasting characteristics (more detailed reviews in section: Soils in bio-geographical regions). 

Accordingly, the impact of tillage management on soil structure can not be generalised. Furthermore, 

sƻƛƭǎΩ spatial variability influence the impact of no-tillage and conservation agriculture on soil structure 

and physical properties even at a field scale (Skaalsveen & Clarke, 2021). Nonetheless, no-tillage has 

shown to increase structural stability due to the increase in soil organic matter and the reduction of 

mechanical disturbance in both, the Mediterranean region (Sidiras, Bilalis & Vavoulidou, 2001; 

Hernanz et al., 2002; Álvaro-Fuentes et al., 2008; Plaza-Bonilla et al., 2013; Apesteguía et al., 2017; 

Barut & Celik, 2017) and the Atlantic region ό5ΩIŀŜƴŜ et al., 2008; Pulido Moncada et al., 2014b).  
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2.8.4. Soil compaction 

Soil compaction is often identified as one of the major environmental problems of conventional 

agriculture (McGarry, 2003). Soil compaction decreases pore space affecting gases, water and carbon 

stocks and flows, inducing runoff and erosion (Holland, 2004). Moreover, soil compaction leading to 

anaerobic conditions can be toxic for some species, changing biological communities (Holland, 2004). 

Furthermore, soil compaction also comes with an agricultural cost affecting seed emergence, crop 

establishment, root growth and might even lead to drought stress due to increased runoff (Lal, 1985).  

Anthropogenic soil compaction occurs due to compressive forces derived from wheels, tillage tools 

and livestock trampling acting on vulnerable soils (Batey, 2009). The main soil factor controlling 

compaction is soil water content at the moment when the pressure is applied: field capacity or wetter 

conditions increases soil compaction risk (Batey, 2009). The event produces a compacted layer with 

greater soil density, which presents higher resistance to penetration resistance. Therefore bulk density 

and penetration resistance are two common ways of measuring soil compaction along with soil 

strength and sensors (Sharifi et al., cited by Batey, 2009). However, several authors consider it 

essential to examine the soil profile to identify compaction (Batey, 2009). 

Soil compaction and soil structure are related in several ways. First, soil aggregation increases intra-

aggregate density, but the inter-aggregate space also increases. Second, soil aggregation (in a range 

of aggregate sizes) increases compaction complexity, as compaction depends on the friction points 

between particles (Rücknagel et al., 2007). Thus, soils with similar bulk densities might present 

different vulnerabilities to soil compaction depending on structural stability (Baumgartl & Horn, 1991). 

Third, when compaction forces are applied (such as machinery traffic or livestock trampling), soil 

aggregates rearrange, and the inter-aggregate pore space decreases with further compaction, 

macroaggregates breakdown, which in turn decreases inter-aggregate space (Menon et al., 2015). 

Root systems also interfere with compaction (Hamza & Anderson, 2005). Indeed, roots can only grow 

through compacted soil with pores bigger than their limiting diameter or by displacing the soil, which 

would require a greater force than the mechanical soil strength (Cannell, 1985). Different crop species 

and cultivars have different ability to penetrate compacted soil; root systems with a deep taproot 

usually possess the greatest ability to grow through compacted soil and can be used to minimise soil 

compaction risk by including them in the crop rotation (Hamza & Anderson, 2005). A better 

understanding of root responses to soil compaction will be possible thanks to research using 

computed tomography (Tracy et al., 2011)Φ .ŜǎƛŘŜǎ ǊƻƻǘΩǎ ŘƛŦŦŜǊŜƴǘ ŀōƛƭƛǘƛŜǎ ǘƻ ƎǊƻǿ ǘƘǊƻǳƎƘ 

compacted layers, a cone penetration resistance of 2 MPa has been used as a threshold limiting root 
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growth in a cereal rotation system (see: da Silva, Kay and Perfect, 1994; Betz et al., 1998; Benjamin, 

Nielsen and Vigil, 2003).  

In relation to tillage management, many research studies have reported an increase in soil compaction 

under conservation tillage or no-tillage around the globe (e.g. Da Silva, Kay and Perfect, 1997; Schlüter 

et al., 2018), among others due to a settling effect of the soil structure and the cease of repeated soil 

loosening by the plough. At the same time, research shows better soil structures under conservation 

tillage. Even the existence of plough pans (compacted layers beneath the regularly ploughed depth) 

that appear in conventional tillage might diminish when conservation tillage or no-tillage is adopted 

(e.g. Riley et al., 2005).  

This research aims to contribute to the existing soil ad site-specific literature on soil structure and soil 

compaction about how they are influenced by tillage management. 

2.9. Key messages and research gaps 

¶ Sustainable tillage management is essential to guarantee sustainable food production. 

¶ Conservation tillage practices, particularly no-tillage, have shown to reduce environmental 

impacts of conventional tillage, especially decreasing erosion. However, not all environmental 

factors have shown consistent responses, nor the penalty on yield is clearly established 

because of the complex interaction of factors, including soils.  

¶ άIŜŀƭǘƘȅ ǎƻƛƭǎ ŀǊŜ ǿŜƭƭ ǎǘǊǳŎǘǳǊŜŘΣ ǿƛǘƘ ƘƛƎƘ ŀƎƎǊŜƎŀǘŜ ǎǘŀōƛƭƛǘȅ ŀƴŘ Ŏƻƴǘƛƴǳƻǳǎ ǇƻǊƻǳǎ 

systems, enabling air and water flows and benefiting crop growth. Therefore, maintaining 

ǘƘŜǎŜ ǎƻƛƭ ǇǊƻǇŜǊǘƛŜǎ Ƙŀǎ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀƴ ŀƛƳ ŦƻǊ ŀƴȅ ŦŀǊƳƛƴƎ ǇǊŀŎǘƛŎŜΦέ (Veenstra, Cloy 

and Menon, in press) 

¶ ά/ƻƴǎŜǊǾŀǘƛƻƴ ǘƛƭƭŀƎŜ ŜŦŦŜŎǘǎ ƻƴ ǎƻƛƭǎΩ ǇƘȅǎƛŎŀƭ ώΧϐ ǇǊƻǇŜǊǘƛŜǎ ǾŀǊȅ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅ ōŜŎŀǳǎŜ ǘƘŜ 

intrinsic and environmental factors that influence aggregate stability, soil structure and 

ŎƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǇƻǊƻǳǎ ǎȅǎǘŜƳΣ ǾŀǊȅ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅΦέ (Veenstra, Cloy and Menon, in press) 

¶ άhǊƎŀƴƛŎ ƳŀǘǘŜǊ Ǉƭŀȅǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ŀǎ ŀƴ ŀƎƎǊŜƎŀǘƛƻƴ ŀƎŜƴǘ ŀƴŘ ǎǘŀōƛƭƛǎƛƴƎ ǎƻƛƭ ǎǘǊǳŎǘǳǊŜΣ 

but in some locations, other agents have this major role. Conservation tillage practices have 

ώǇǊŜǾƛƻǳǎƭȅϐ ǎƘƻǿƴ ǘƻ ƛƴŎǊŜŀǎŜ ŀƎƎǊŜƎŀǘŜ ǎǘŀōƛƭƛǘȅ ƛƴ ǘƘŜ aŜŘƛǘŜǊǊŀƴŜŀƴ ώŀƴŘϐ !ǘƭŀƴǘƛŎ ώΧϐ 

ǊŜƎƛƻƴǎΣ ƛƴŎǊŜŀǎƛƴƎ ǎƻƛƭ ǎǘǊǳŎǘǳǊŀƭ ǎǘŀōƛƭƛǘȅ ŀƴŘ ǎƻƛƭǎΩ ōŜŀǊƛƴƎ ŎŀǇŀŎƛǘȅ ŦƻǊ ƘŜŀǾȅ ƳŀŎƘƛƴŜǊȅΦέ 

(Veenstra, Cloy and Menon, in press) 

¶ Conventional tillage is the dominant tillage management practice in Europe.  

¶ Adoption of no-tillage should be analysed as social change. However, for that purpose, 

research has to go beyond nature/ society divide.  
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¶ There is a need to increase the available literature on the co-creation of farming innovation, 

including generally obviated actors such as farmers and non-humans (particularly soils). This 

means to leave behind farmersΩ and non-humansΩ passive roles and acknowledge them as 

active agents in innovation and social change. 

¶ ANT is an adequate framework to undertake this kind of interdisciplinary research focused on 

agro-environmental innovation practices. 
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Figure 4. Chapter 3 cover photo: soil sample preparation for laser particle size analysis 
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3.1. Introduction to the methodology  

In this section, I summarise the key elements of the overarching conceptual framework and how they 

translate into the practicalities of the research, providing an overview of the structure of the chapter. 

I start the chapter describing in detail the ANT based analytical framework, which is followed by a 

reflection of my positionality and the local character of the research to discuss how those might have 

influenced the research, as science is a social practice and no investigation is exempt from bias. 

Additionally, the appropriateness of conducting on-farm research is discussed.  

Thereafter, I describe in detail the methods to collect and analyse the empirical data. A series of pilot 

studies helped to select the methods and develop the research design. Semi-structured interviews 

with farmers were used to collect data from within farming actor-networks to analyse no-tillage 

adoption and the assessment of its impact on their soils. Additionally, soil science methods were 

applied to analyse the impact of no-tillage on structural quality and compaction of the case studiesΩ 

soils. How these data inputs and analysis relate to each other and the overall structure of the thesis 

chapters is explained in the next section.  

3.2. An ANT based analytical framework  

From the wider range of co-existing approaches to innovation diffusion and co-creation of innovation 

(described in the Theories of adoption of agricultural innovations), the approach taken in this project 

considers long-term or sustainable adoption as a process that actively modifies the innovation, and 

therefore farmers are part of the knowledge production. Additionally, non-humans are part of the 

social and can influence social change. ANT allows farmers and non-humans to adopt these roles, as 

discussed in the literature review.  

Using ANT as an overarching framework for understanding innovation adoption means that tillage 

management practices (no-tillage or conventional tillage) take the form of actor-networks. Those 

networks are then analysed to identify chains of actors or adoption paths whose relations explain 

tillage management adoption. By comparing farming actor-networks it is possible to find repeated 

patterns and changes to those patterns.  

To assemble the farming actor-networks, actors and relations were investigated, applying the 

definitions discussed in the literature review. In summary, actors are any humans or non-humans 

possessing bodies or abstract figurations that deploy in actor-networks themselves and cause a 

traceable impact in the investigated actor-network. Furthermore, actors are enacted by the actor-
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networks, meaning that what they are is co-constructed by themselves and the other actor-network 

members. Because actors pertain simultaneously to multiple networks, actors are multiple. On 

another note, relations between actors are dynamic, might extent through time and space, and the 

heterogeneous nature of the actor-networks results in heterogeneous and diverse relations. 

Additionally, actors translate messages into their terms introducing their interests as information 

circulates through the network. Agreement or rejection of those messages determines power 

relations and the appearance of network tensions. Therefore, I identified actors and relations to 

compose the farming actor-network configurations and paid special attention to translations to 

identify paths of tillage management decisions.  

The methodology to identify actors and relations was also based on ANT. First, I performed a series of 

pilot studies to obtain an initial understanding of the topic. Then, I applied the !b¢ ǊǳƭŜ ƻŦ ΨŦƻƭƭƻǿƛƴƎ 

ǘƘŜ ŀŎǘƻǊǎΩΦ To Ψfollow the actorsΩ means to pursue the understanding of a social issue based on the 

actors that are involved in it, and not applying pre-established structures. Following the actors is to 

ǳǎŜ ŀ ΨƛƴŦǊŀ-ƭŀƴƎǳŀƎŜΩ ǘƻ ōŜŎƻƳŜ ŀǘǘŜƴǘƛǾŜ ǘƻ ǿƘŀǘ ŀŎǘƻǊǎ ŀǊŜ ǎŀȅƛƴƎ ό[ŀǘƻǳǊΣ нллрύ, to then use the 

ŀŎǘƻǊǎΩ ƭŀƴƎǳŀƎŜΣ ƳŜǘŀǇƘȅǎƛŎǎ ŀƴŘ ŜȄǇƭŀƴŀǘƛƻƴǎ ǘƻ ǊŜ-assemble their realities. It is to follow or 

investigate the links that connect them with other actors as given by themselves. This process 

acknowledges that actors know more about their realities than an external researcher (Latour, 2005). 

In practice, that translates into not having a pre-established structure in which the actors should fit in 

but build this structure from the explanations of the actors. It is to leave the task of defining and 

ordering the social to the actors themselves (Latour, 2005). Following the actors is also understood as 

networks being analȅǎŜŘ ŦǊƻƳ ǿƛǘƘƛƴ ōŜŎŀǳǎŜ ΨǘƘŜ ōŜƘŀǾƛƻǳǊΣ ŘŜŦƛƴƛǘƛƻƴΣ ǊƻƭŜǎΣ ŀƴŘ ƛƴǘŜǊŜǎǘǎ ƻŦ ŀŎǘƻǊǎ 

ŀǊŜ ƴŜƎƻǘƛŀǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ƴŜǘǿƻǊƪΩ όaǳǊŘƻŎƘΣ мффр ǇΦтроύΦ  

To decide where to start, this research concentrated on the action of the research question, ploughing 

or direct seeding, which is carried out or arranged by farmers. Therefore, I focused on farmers to 

describe their farming actor-networks. Semi-structured interviews were performed to be able to 

discuss the networks in depth. Because ANT does not limit what counts as an actor and how wide the 

network can spread, in practice, ǘƘƻǎŜ ƭƛƳƛǘŀǘƛƻƴǎ ǿŜǊŜ ǎŜǘ ōȅ ŦŀǊƳŜǊǎΩ ƧǳŘƎŜƳŜƴǘ ŀōƻǳǘ ǿƘƻ ŀƴŘ 

what is part of their farming practice and has impacted their behaviour. Hence, ΨŦŀǊƳƛƴƎ ŀŎǘƻǊ-

ƴŜǘǿƻǊƪǎΩ are the networks described and limited by the farmers around their farm management.  

Semi-ǎǘǊǳŎǘǳǊŜŘ ƛƴǘŜǊǾƛŜǿǎ ŀŘŘǊŜǎǎŜŘ ŦŀǊƳŜǊǎΩ ǘƛƭƭŀƎŜ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜΣ ǘƘŜƛǊ ŦŀǊƳΣ challenges, 

and other actors involved in the practice according to previously reviewed literature and pilot studies. 

During the interview and the analysis I focused on identifying actors and how they relate to each other. 

Details of the method, interview design, conduct and analysis are explained in section: Semi-
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structured interviews. Stakeholder interviews have been used extensively in ANT studies. For example,  

Ruming (2009) used stakeholder interviews, together with textual and discursive document analysis; 

Van der Waal et al. (2018) used them together with other sources of information such as websites and 

documents and Devi and Kumar (2018) with ethnographic methods. The benefits of using interviews 

compared to other methods were that non-human actors were identified through human accounts 

from within the network, it was possible to collect data from different study cases in a shorter amount 

of time and combine them with soil sampling, and through interview recording, coding and analysis 

eased the traceability of the results.  

From each interview, I re-assembled a farming actor-network configuration. An analogy I used to 

visualise ANT were molecules: each actor as an element, hold in position through the links with other 

actors, together developing an action. For example, proteins can conduct different processes 

depending on the position of their elements and groups. Therefore, I visualised the changing practices 

as a change in the actors or the links that hold them together. The goal was to re-assemble individual 

farming actor-networks from each interview and compare all of them to identify similarities and 

differences. In practice, from each interview I identified the actors (with names as given by farmers) 

and described their roles (as given by the farmer but assuming, according to ANT, that those are co-

constructed by the actor-network in which they are enrolled).  

Figure 5 shows the difference between a list of actors and the farming actor-network configuration. 

In the list the actors are plain spheres and their roles in the wider network, relations with other actors 

or power are not defined. On the contrary, in the farming actor-network configurations, actors 

(spheres) are situated within their actor-networks and their roles (position and layers), power (size) 

and relations (lines) are defined.  

 

Figure 5. Lists and actor-network configurations. a: list of actors. b: farming actor-network configurations (farmer centered) 
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Actor-networks are heterogeneous chains of actors bond together through their relations. No actor 

nor relation exist by its own outside a chain of human and non-human actors (Latour, 1992). Each pair 

of actors is bond together through a link through which circulates some kind of flow (Latour, 2005). 

Each actor receives, translates, and pass the flow in a transformed way. What is circulating can be of 

different nature, and is modified and co-constructed by the chain. The interactions can be material, 

energetic, informational, economic, etc. Moreover, the interactions are constant negotiations which 

determine what actors are and what they are able to do, in other words, through these relations actors 

are enacted by the actor-network. I used chains as a methodological tool to simplify the actor-

networks and focus the research on part of the wider and complex actor-network. Because I focused 

on the relations that co-constructed adoption of no-tillage or sustained the adoption in the long term, 

I referred to those chains as Ψadoption pathsΩ. 

In practice, chains were built by adding to the matrix the links to tillage management practices if 

mentioned during the interview. This were answers to direct questions about tillage management and 

the early stages of the adoption of no tillage, and other responses related to tillage management, in 

the wider sense of the actor-network, which provided details of the shape, roles, and relationships 

that enabled and sustained adoption or non-adoption. This way, the link between tillage management 

practice to an actor was established by the farmer. In the thesis, I distinguished different adoption 

paths by following the links between actors, as specified by the farmers, around a particular theme or 

flow related to the tillage management. This way, I re-assembled the farming actor-network 

configurations and I identified patterns in the form of actƻǊǎΩ ǊƻƭŜǎ ŀƴŘ ŎƘŀƛƴǎ ƻŦ ŀŎǘƻǊǎ όŀŘƻǇǘƛƻƴ 

paths) which could be recognised in several actor-networks. 

Figure 6 illustrates the idea of an adoption path within the farming actor-network. The red rectangle 

highlights the focus of the analysis. The double-headed arrows (relations) symbolise the flows and 

negotiations between the spheres (actors). Spanish and British no-tillage adoption paths are analysed 

Figure 6. Adoption paths 
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in detail in chapter 4, except those adoption paths in which soils played a key role which were analysed 

in chapter 5. 

Soils were key actors in the analysis for both research questionsΦ {ƻƛƭǎΩ Ǌƻle in the adoption of tillage 

management practice was investigated, paying special attention to the relation between farmers and 

the soils on their farms. The soil path for no-tillage adoption (and non-adoption) was researched in 

detail in chapter 5. I focused on ŦŀǊƳŜǊǎΩ ŀŎŎƻǳƴǘ ƻŦ ǎƻƛƭǎ, acknowledging that the farmers were acting 

as spokespersons of soils but understanding that the language and ideas used by farmers was 

influenced by the farming actor-networks in which they are enrolled (Hinchliffe, 2007). Additionally, I 

ǳǎŜŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀŎǘƻǊǎΩ ƳǳƭǘƛǇƭƛŎƛǘȅ (Law & Mol, 2008) to study sƻƛƭǎΩ ƳǳƭǘƛǇƭŜ ǊƻƭŜǎ. These multiple 

roles greatly influenced the soil path for no-tillage adoption and how impact of the tillage 

management practices on soils is understood within the farming actor-networks. I used the data 

collected through the semi-structured interviews with farmers and in the analysis I focused on the 

roles soils had in farming actor-networks, which soil knowledges sustained those roles. Furthermore, 

I deployed soils as actor-networks themselves, opening the black boxes or punctualised actor-

networks in which they had become. I did this by analysing soil classification, assessment and the soil 

properties that became important in each farming actor-network from the interview data. Only by 

establishing what soils are and what they are able to do within the farming actor-networks it was 

possible to understand the farming actor-ƴŜǘǿƻǊƪǎΩ assessment of the tillage managements impact 

on soils.  

Figure 7 illustrates the exercise of deploying soils within farming actor-networks. The red rectangles 

represent the focus of the analysis: soil and a zoom into soil as an actor-network. The layering around 

ǘƘŜ ǎǇƘŜǊŜǎ ǊŜǇǊŜǎŜƴǘ ŀŎǘƻǊǎΩ ƳǳƭǘƛǇƭƛŎƛǘȅΦ Chapter 5 provides the ŀƴŀƭȅǎƛǎ ƻŦ ǎƻƛƭǎΩ ŀŘƻǇǘƛƻƴ ǇŀǘƘǎΣ 

Figure 7. Deploying soils. No-tillage impact on soils assessment from within the 
farming actor-network 
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ǎƻƛƭǎΩ multiplicity, soilsΩ deployment and the impact assessment of no-tillage on soils (and conventional 

tillage) within farming actor-networks in Spain and the UK. 

Furthermore, as a soil scientist I assessed the impact on soil structure and compaction. This 

assessment was performed to soils as natural entities (see section: Focus on soils) under the 

theoretical models discussed in the literature review that understand soil structure as being dynamic 

and influenced by many aggregation agents and break-down factors (see section: Background on soil 

physical quality). I did the soil assessment independently, without the participation of the farmers. 

Therefore, it is understood that it constitutes a different soil science actor-network. Details of the 

methods used for the soil science assessment of impact on soil physical properties are given in the 

section Soil assessment.  

Figure 8 illustrates the scientific assessment as a different actor-network in which soils are enrolled 

occupying a different position and role than in the farming actor-networks. The deployment exercise 

performed in this case ŦƻŎǳǎŜǎ ƻƴ ǎƻƛƭǎΩ physical properties. I start with the assessment of soil structure 

because it is fundamental to understand soil functionalities and a better structured soil is more 

resilient towards compaction. As explained later in the chapter, I used aggregate stability and mean 

wide diameter to assess soil structure. Chapter 6 is the scientific assessment of no-tillage impact on 

soil aggregates and compaction.  

Throughout the thesis I provide multiple roles of soils in farming actor-ƴŜǘǿƻǊƪǎ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ǎƻƛƭǎΩ 

understood as natural entities in soil science. In the conclusions chapter (chapter 7) I summarise those 

roles together with the main findings and I discuss the difficulties of putting into conversation ǎƻƛƭǎΩ 

Figure 8 Deploying soils. Scientific assessment of no tillage 
impact on soils 
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multiple ontologies. Figure 9 illustrates soilsΩ ƳǳƭǘƛǇƭƛŎƛǘȅ ƛƴ ǘƘŜ ƭŀȅŜǊƛƴƎ ƻŦ ƳǳƭǘƛǇƭŜ ǊƻƭŜǎΣ ǇŜǊǘŀƛƴƛƴƎ 

to different actor-networks and the different deployments those make of soils.  

The ANT based analytical framework is summarised in Figure 10. The figure includes data inputs: 

Preliminary studies, data collection, and data analysis methods used for reassembling farming actor-

network configurations, doing the external soil science assessment and reassembling the multiple 

soils.  

 

Figure 9. Reassembling the multiple soils 
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Figure 10. ANT based analytical framework. F a-N: Farming Actor-Network. CT: Conventional Tillage. NT: No-tillage.  

3.3. Positionality and local character of research  

This section reflects on how my identity, the relation with the farmers during the interviews, and my 

background have affected the research produced. As commented previously, different disciplines 

have diverse approaches to subjectivity. However, it has also been pointed out that no scientific 

practice is detached from social norms that determine the framing of questions, methods, and 

materials, distribution of resources, etc. Therefore, this section is also to understand in which research 

community this research has been produced, to understand better not only the local character of the 

data collected but also the local character of the research produced.  
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3.3.1. Positionality  

During an interview, the interviewer is the main research tool. The interviewer guides and controls 

the interview. Who the researcher is in terms of race, class, gender, etc., does necessarily influence 

the interview dynamics (Sharp & Kremer, 2006; Gill & Maclean, 2002). In this section, I discuss how 

my identity and background (picture in Figure 11) affected the relationship with the interviewees, and 

thus, the qualitative data collection.  

Age and gender are important aspects of interviewing. Especially if the interviewer is female, 

considering farming is a male-dominant industry (Chiswell & Wheeler, 2016). In this study, all farmers 

were male. The age and gender difference often result in the younger female interviewer playing a 

subordinate role towards the dominant male (Sharp & Kremer, 2006). That power relation can be 

beneficial for the data collection as the participant does not feel intimidated and talks more openly 

about his practices with less fear of judgement. This is related to the stereotypical gender discourses, 

ǿƘƛŎƘ ǎŜŜ ǿƻƳŜƴΩǎ ǊƻƭŜ ƛƴ ŎƻƴǾŜǊǎŀǘƛƻƴǎ ŀǎ ŜƳǇŀǘƘƛŎ ƭƛǎǘŜƴŜǊǎ ƻŦ ƳŜƴΩs narratives (Pini, 2005). 

Moreover, the interviewer being a female, might also encourage farmers to show vulnerability and 

talk more openly about feelings and attitudes compared to men-men interviews. However, this 

subordinated role due to the female gender has its limits and cannot lead to male participants taking 

control over the interview (Sharp & Kremer, 2006) or leading to sexual harassment (Chiswell & 

Wheeler, 2016; Sharp & Kremer, 2006; Gill & Maclean, 2002).  

In this research, interviews and sample collections were performed by myself alone and on-farm. That 

was decided to increase farmersΩ comfort at being in a known environment (their homes or farm 

Figure 11. Myself during fieldwork 
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offices) and not inviting them to a setting in which the power balance would have benefited me (e.g. 

the university). However, that meant that I was entering environments controlled by male farmers 

with an added risk of sexual harassment (Chiswell & Wheeler, 2016). Therefore, a protocol was 

developed to decrease my risk exposure. A detailed list of farm locations and overnight stays with 

contact numbers was shared with supervisors and family. Additionally, phone contact with supervisors 

or family members was done during fieldwork after each farm visit. Participants were either recruited 

through an intermediary or through farming forums. The anonymity of the farming forums covered 

sexist remarks from other forum members. Consequently, the visit of two neighbour farmers recruited 

through a farming forum was coordinated with a male co-worker (another PhD student), and the first 

meeting took place in a public space, even if in a small village that decision compromised the 

anonymity of participants. Indeed, for one of the participants, showing his participation in a research 

project probably contributed to his identity building as an innovator. Even if those strategies 

compromise participant anonymity, they are not uncommon in social science research, and Ethics 

/ƻƳƳƛǘǘŜŜǎ ǇǊƛƻǊƛǘƛǎŜ ǊŜǎŜŀǊŎƘŜǊǎΩ ǎŀŦŜǘȅ (Chiswell & Wheeler, 2016). In the case of this research, 

even if the male escort was a silent presence on the side, it possibly affected the data collection in two 

ways: a restrain towards sharing sentiments and a search for validation from an agronomist.  

Me being part or not of the farming industry was perceived differently among the farmers. I shared 

my background in soil science and my intent to collect and analyse soil samples. Additionally, the 

interviews included questions about the farmersΩ relation and knowledge about their soils. Even if soil 

science does not necessarily link to agriculture (e.g. soil biology, soil genesis, soil mapping, 

contaminated soil remediation, etc.), for the majority of farmers, that field of expertise linked to their 

practices and generated some expectations. The creation of those expectations was beneficial for the 

participant recruitment, as a set of soil analysis were promised to be shared with the farmers, and 

that could be perceived as a benefit for the farmers. During the interviews, I handled the power 

assumptions regarding scientific epistemic authority (Pini, 2004) between farmer and soil scientist by 

avoiding any knowledge claim (Ryen, 2001), presenting myself as a student (instead of researcher or 

professional), showing a genuine interest in farmers knowledge and the reiteration of being an 

outsider of farming. However, the success of that strategy can be debatable.   

My role as an outsider was highlighted by nationality. In the case of Spain, the difference was 

perceived in physical features (blond, blue eyes, pale). However, the possible cultural barrier due to 

German-Dutch origin was diluted due to growing up in Spain and sharing some cultural features. That 

mixture of culturally close but still foreign was an asset to drive interviews in a familiar and relaxed 

tone to build rapport, while at the same time, farmers showed their willingness to show their locality, 

not only in the interviews but also in sharing food and beverages or information about their places 
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outside of the interviews. Therefore, in the Spanish cases, my cultural background helped to build 

ǊŀǇǇƻǊǘ ŀƴŘ ƻōǘŀƛƴ ŦŀǊƳŜǊǎΩ ŎƻƻǇŜǊŀǘƛƻƴ (Ryen, 2001). On the contrary, at the beginning of the data 

collection, the cultural differences with the British farmers were a barrier to the interview process. 

This was so because interviewing requires the analyst to be able to lead through difficult questions 

related to personal or economic problems that reflect on farming decisions. Additionally, the 

interviews require interviewers to reflect on the answers while they are being given, to assess if new 

valuable topics arise and need to be pursued, changing the pre-defined questions. Those capabilities 

were compromised in the beginning, when my English domain and exposure to different accents and 

cultural habits were limited. Indeed, misunderstandings and lack of comprehension can arise from 

both language and non-verbal communication (Ryen, 2001). Nonetheless, I followed a strategy of 

ΨōŜƛƴƎ ŀ ƎƻƻŘ ƎǳŜǎǘΩ (Kuehne, 2016) and interviewing improved with increasing understanding of 

British language and culture and with experience.  

3.3.2. The local character of this research  

It is important to acknowledge that research institutions, funding bodies, available resources, 

networks, political situation, etc., influence research. Accordingly, I include further reflections on the 

ǇǊƻƧŜŎǘΩǎ ōŀŎƪƎǊƻǳƴŘΦ  

First, mention the interdisciplinary starting point of this research. The project was proposed by a 

multidisciplinary supervisory team and funded by a centre with a clear orientation to tackle 

sustainability issues from an interdisciplinary perspective. This provided access to resources (funding, 

training, information, supervision, etc.) and the required time to develop a new interdisciplinary 

research identity. Indeed, the process of performing interdisciplinary research is not only challenging 

at a technical level but does also require self-reflexivity to develop a new and interdisciplinary 

academic identity (Knaggård, Ness & Harnesk, 2018). Second, the initial framing of no-tillage as the 

innovative and sustainable practice was influenced by my institutions and international organisationsΩ 

narratives (e.g. FAO) that support conservation agriculture. This framing changed into acknowledging 

farmersΩ capabilities to ŀǎǎŜǎǎ ǿƘŀǘ ƛǎ ΨǎǳǎǘŀƛƴŀōƭŜΩ in their farms and the conflicting facts in the 

scientific literature about no-tillage. Third, my home department being Geography, shaped the 

research in terms of highlighting the importance of the geographical and local aspects of farming. 

Additionally, the department composition of human and physical geography researchers influenced 

the balance of the soil and social aspects of the project. In this sense, also the availability and 

limitations of equipment and materials shaped the selection of methods. Finally, mention the 

European context of the research, which eased my mobility across borders and soil samples transport. 
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3.4. On-farm research  

Traditional agricultural research investigates one or two factors at a time in controlled stations. 

Despite its importance in increasing food and fibre production, it has shown to be insufficient in 

addressing complex environmental and economic systems, which require integrated approaches 

(Wuest et al., 1999) or to account for economic, societal, or environmental changes to the productivist 

paradigm that has been dominant since the Second World War (Clark, Christie & Weise, 1996).   

Alternatively, on-farm research is performed on commercial or working farms. Many times on-farm 

research has been reduced to validation of crop varieties, agrochemicals, or technological packages in 

local environments with little involvement of farmers, other than providing labour and maybe sharing 

a reaction towards the innovation compared with their traditional practices (Sumberg & Okali, 1988). 

Nonetheless, the potential of on-farm research lies in the realism of the farms in terms of scale, 

management practices, and constraints faced by the farmers (Drinkwater, 2002). The combination of 

all of those parameters cannot be reproduced in research stations, even if they are set as commercial 

farms, just because of social factors. Additionally, on-farm research does not establish management 

guidelines and includes farmersΩ experimentations in the analysis, and therefore, it is recommended 

to study socio-economic interactions and management decisions (Drinkwater, 2002). On-farm 

research accounts for real farmsΩ complexity and initiates a mutually beneficial dialogue between 

farmers and researchers (Luschei et al., 2009). This dialogue is even more beneficial in no-tillage 

research, as farmers have led its spread around the Globe. 

Despite its benefits, on-farm research is not extensively performed due to the added difficulties to 

access farms and to generalise the data produced. In conventional laboratory or field trials, the 

environmental factors leading to an impact are controlled and manipulated to test hypotheses. The 

lack of control of influencing factors in the real world leads to difficulty in testing hypotheses 

(Drinkwater, 2002). Detailed descriptions of sites characteristics are required to improve the 

hypothesis testing, with its consequent increase in research costs (Drinkwater, 2002). Even then, the 

same degree of certainty cannot be achieved due to the number of interactions between the factors 

and the quality of the data collected. Those might be the reasons why there are only a few on-farm 

examples of soil management impact on soil health (Williams, Colombi & Keller, 2020).  

However, in light of the advantages that on-farm research offers to study innovation, this strategy was 

applied in this project. Additionally, neighbour farms were selected to reduce physical and social 

variability, focusing on different management practices (Drinkwater, 2002). Nonetheless, this was not 

always successful as soils are spatially highly variable. Details on research design and issues of 

generalisability are discussed in upcoming sections. 
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3.5. Pilot studies  

This subsection describes the preliminary work undertaken to understand the farming context in the 

UK, and particularities related to no-tillage farming, which helped to shape the consequent research.  

3.5.1. Participant observation  

I attended two on-ŦŀǊƳ ǿƻǊƪǎƘƻǇǎ ŦƻǊ ŦŀǊƳŜǊǎΣ ƻǊƎŀƴƛǎŜŘ ōȅ {ŎƻǘƭŀƴŘΩǎ wǳǊŀƭ /ƻƭƭŜƎŜ ό{w¦/ύ, in 

February and March 2017 (Figure 12) and a no-tillage on-farm farming fair (Groundswell) in June 2017. 

Participant observation is an ethnographic research method that puts the researcher where the action 

is, taking part in ǇŜƻǇƭŜǎΩ Řŀƛƭȅ ŀŎǘƛǾƛǘƛŜǎ ƻǊ ǳƴŎƻƳƳƻƴ ŜǾŜƴǘǎ ŀǎ ƳŜŀƴǎ ƻŦ ƭŜŀǊƴƛƴƎ ŀōƻǳǘ ǘƘŜƛǊ ƭƛŦŜ 

routines or their culture (DeWalt & DeWalt, 2010). It can be the only method applied for data 

collection, but it is often used to approach the fieldwork, gain an understanding of fundamental 

processes and provide context for interview and questionnaire guides (DeWalt & DeWalt, 2010).  

 

Figure 12. On-farm workshop organised by SRUC. 

I attended the events to be introduced to farming practices and communities and gain a holistic 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŦŀǊƳŜǊǎΩ ǇƘȅǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎ ŀƴŘ ǎƻŎƛŀƭ ǊŜŀƭƛǘƛŜǎ ƛƴ ǘƘŜ ¦YΦ My field notes focused 

on farmeǊǎΩ ŀǘǘƛǘǳŘŜǎ ǘƻǿŀǊŘǎ ǎƻƛƭǎ ŀƴd scientific knowledge. Additionally, during the workshops, I 

handed out short questionnaires about no-tillage drivers and barriers to farmers and extension 

services workers. I used the preliminary results of the collected data to shape the in-depth interview 

protocols.  
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3.5.2. Experts interviews  

Context interviews were performed with researchers in the UK. Interviews with experts are considered 

an efficient method of gathering data at the exploratory phases of the research (Anon, 2009a). Experts 

in the research area of the project share an understanding of the social relevance of the topic, which 

motivates them to participate, resulting in useful entry conduits to the investigated field (Anon, 2009a). 

The aim was to enrich my knowledge of ǘƘŜ ¦YΩǎ ǇƘȅǎƛŎŀƭ ŀƴŘ ǎƻŎƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƛǘǎ ƛƴŦƭǳŜƴŎŜ ƻƴ 

no-tillage adoption as perceived by agronomic and social researchers. These interviews were 

performed mainly on the telephone, recorded but not transcribed. Answers were not used as results 

to build the farming actor-networks but as exploratory data to further design the research, particularly 

the semi-structured interviews with the farmers and widen the scope of the literature review. 

Therefore, the disadvantages of telephone interviewing regarding reduced social cues such as body 

language, was outbalanced by the advantages of accessing a wide geographical area, saving travel cost 

and being more time-efficient (Opdenakker, 2006). 

3.5.3. Soil assessment pilot study 

I participated in master and undergraduate projects about no-tillage in the UK, which I used as a pilot 

experience for the scientific soil quality assessment. The team was integrated by Jo Wilkinson, Sarah 

Stewart, Jim Heaton, and Pedro Almeida, under the supervision of Manoj Menon and the assistance 

of laboratory technicians Alan Smalley and Robert Ashurst. Results of the pilot study influenced the 

sampling design and soil properties included in this research project. The changes emerged from the 

results of the assessment combined with the work loads. Particularly, the soil assessment pilot study 

validated the research design comparing neighbour fields and the focus on soil structure and 

compaction. However, it rejected a focus on nutrients and soil organic carbon fractions and a depth 

of analysis up to 60 cm.  

For the soil assessment pilot study soil samples were collected during October and November 2016 in 

three cereal farms in the UK, with soils classified as freely draining slightly acid sandy soils, freely 

draining slightly acid loamy soils and freely draining lime-rich loamy soils. In each location, five pits 

were opened in no-tillage fields and three in tillage fields. In each pit, soil samples were taken in layers 

of 10 cm depth until 60 cm. Additional cylinder samples to measure bulk density were taken in the 

same 10 cm layers until 30 cm depth. Visual Evaluation of Soil Structure analysis was performed at 

each pit. Nitrates, Ammonium, orthophosphates and potassium were analysed for the first 50 cm with 

an Ion Chromatography analyser. Wet aggregate stability was analysed using wet sieving for samples 
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until 40 cm depth, with sieve sizes 5.6 mm, 2 mm, 1 mm, 0.250 mm and 0.065 mm. Loss on ignition 

was used to measure soil organic matter. Soil organic carbon was calculated for all aggregate sizes, 

and total organic carbon was measured in samples until 60 cm depth.  

3.6. Research design 

This section provides the rationale behind the selection of researched farms in Spain and the UK and 

the participant recruitment process.  

First, I assumed farming actor-network configurations between no-tillage and conventional tillage 

were different and that those differences explained tillage management decisions. Accordingly, 

farmers were identified as no-tillage and conventional tillage farmers. Second, agro-environmental 

and socio-economic actors and their relations were assumed to vary geographically; therefore, 

biogeographical regions were selected. Third, participants were recruited as neighbours to reduce the 

factorial variability and focus on tillage management to assess the impact on soil properties. In total, 

20 farms were distributed in pairs of neighbours (referred to as research locations) in two countries 

from different biogeographical regions: the UK and Spain.  

3.6.1. Biogeographical regions 

Research locations were selected from different biogeographical regions based on the assumption 

that they would present diverse agro-environmental and socio-economic conditions. This way, it was 

possible to study two different contexts in which no-tillage and conventional tillage are practised. 

Ideally, a range of biogeographical regions would have been sampled, but in the scope of the project, 

it was only possible to visit Spain and the UK.  

Biogeographical regions integrate vegetation, climatic, geologic, geomorphologic, edaphic and land 

cover information. European biogeographical regions were delimited for Natura 2000 network by the 

European Environment Agency. The biogeographical regions were based on interpretation and 

generalisation of the Map ΨbŀǘǳǊŀƭ ±ŜƎŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ƳŜƳōŜǊ ŎƻǳƴǘǊƛŜǎ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳǳƴƛǘȅ 

ŀƴŘ ǘƘŜ /ƻǳƴŎƛƭ ƻŦ 9ǳǊƻǇŜΩ ŦǊƻƳ bƻƛǊŦŀƭƛǎŜ !ΦΣ мфут (Roekaerts, 2002) and resulted in the map shown 

in Figure 13. Because of the integration of various soil formation factors in the delimitation of 

biogeographical regions, they are adequate frameworks for the analysis of soil geography at a 

European scale, better than administrative boundaries or drainage basins (Ibáñez, Zinck and Dazzi,  

2013).  
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Participant farms were not selected to represent typical Atlantic and Mediterranean conditions, but a 

variety of conditions found in each region. Furthermore, local administrative units (LAU) for territorial 

statistic at the European Union were used to provide local context for farms. LAU level 1 are territorial 

units that join several municipalities with similar socio-economic conditions. In Spain, LAU 1 units are 

referred to as agricultural regions (Ψcomarcas agrícolasΩ).  

 

Figure 13. Biogeographical regions in Europe. Source: European Environmental Agency. 

To account for different tillage management impact on soil physical, further reduction of the internal 

heterogeneity of agro-environmental conditions was made, assuming that neighbour farms shared 

major agro-environmental and socio-cultural conditions. Therefore, research locations encompassed 

a pair of no-tillage and conventional tillage farmers to compare the effect of tillage management 

between neighbour fields. However, after analysing collected data, these did not always support those 

assumptions and led to re-grouping soils to allow the assessment on similar soils. 

Soil sampling and field measurements were conducted in one field from each farm, which was selected 

by the corresponding farmer. VESS was performed at three random sites within the field, where soil 

samples were collected at 0 ς 5 cm and 5 ς 10 cm depth for aggregate stability, aggregate size 

ŘƛǎǘǊƛōǳǘƛƻƴǎ ŀƴŘ ƻǘƘŜǊ ǎƻƛƭ ǇǊƻǇŜǊǘƛŜǎΩ ŀƴŀƭȅǎŜǎ. Furthermore, in a 1 m radius of the extracted soil 
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block, at each site, two (initially three) bulk density samples were taken from 0 ς 5 cm and from 5 ς 

10 cm and three penetration resistance measurements were taken. 

3.6.2. Participant recruitment and data management  

The participant recruitment process followed a mixture of clustered and snowball sampling strategies. 

The aim was to recruit five pairs of no-tillage and conventional tillage neighbours in the UK and five 

pairs in Spain (twenty farmers in total). All cases were cereal farms and no-tillage sampling fields were 

at least one year under no-tillage. No other criteria regarding farms nor farmers were applied resulting 

in a variety of farm sizes, land tenures, crop rotations, business models etc. and a variety of farmers 

regarding age, education etc. even their main source of income was not always farming. To achieve 

the recruitment of no-tillage and conventional tillage neighbours, the focus was on recruiting no-

tillage farmers first because this practice is less extended than conventional tillage. Requests searching 

for participants were posted on two farming forums,  The Farming Forum (Anon, n.d.) in the UK and 

Foros Agroterra (Anon, n.d.) in Spain, noting that internet-based recruitment leads to a bias towards 

farmers familiar with the internet and social media. Additionally, in Navarra, some participants were 

recruited through an agricultural extension service worker who acted as a gatekeeper. The use of the 

gatekeeper speeded up the recruitment process, but it introduced a bias in the selection process as 

those farmers had a link with the extension service. Further recruitment was done through 

snowballing or respondent-driven access by recruiting neighbours whose details were provided by the 

no-tillage farmers. Moreover, clustered recruitment was followed to complete pairs of farmers, based 

on the first participant farm location, contacting commercial farms in the neighbourhood through 

email, phone or in person.  

Snowball recruitment is useful when the studied population is not known or difficult to access 

(Sedgwick, 2013). However, as it is not a random selection, a bias regarding the probability of being 

selected from the population is introduced (Sedgwick, 2013), and therefore does not lend to statistical 

inference (Maertens & Barrett, 2013). However, it is a common practice to recruit commercial farmers 

for interviewing purposes in innovation studies and farming social network analysis (see: Carolan, 

2006; Díaz-José et al., 2016). Additionally, in this research, it was not the only recruiting method, and 

in the resulting sample of farmers, participants were not all interconnected. On another note, 

clustered recruitment does also introduce a bias regarding the categorical variable the 

subjects/objects are clustered around. Nonetheless, in this case, the sampling was geographically 

clustered on purpose to compare no-tillage and conventional tillage neighbour farms.  
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All participants were emailed or handed in an information sheet. Those contained details about the 

research, what participation entailed, the possibility to withdraw at any moment, and contact details 

of the researchers and supervisors if questions or complaints arose during the project. Additionally, 

farmers were asked to sign a consent form to give written proof of understanding the extent of the 

confidentiality and anonymity, and written consent to be interviewed, recorded, and their answers 

shared among the research group. Those consent forms and other data collected during the research 

was stored in secure lockers and computers with passwords.  

It is a common practice among studies involving human subjects to protect participants from possible 

damages caused by their participation or their opinions. An opposite alternative, particularly in the 

frame of co-production of knowledge, is co-authoring research outputs, but that requires the 

involvement of farmers in output production. In the case of this research, no names are provided, but 

complete anonymity cannot be granted. This is because of the recruitment processes, the 

geographical character of the research, which requires details of farms and their context and the fact 

that it was performed in farming communities in which those details might stand out or be known.  

3.7. Semi-structured interviews  

In this section, I justify the use of semi-structured, in-depth, qualitative interviews as a methodology 

to colleŎǘ ŦŀǊƳŜǊǎΩ ŀŎŎƻǳƴǘǎ ƻŦ ƴƻ ǘƛƭƭŀƎŜ ŀƴŘ ŎƻƴǾŜƴǘƛƻƴŀƭ ǘƛƭƭŀƎŜ ŀŘƻǇǘƛƻƴΣ ǘƘŜƛǊ ŦŀǊƳƛƴƎ ŀŎǘƻǊ-

networks and their relations with soils. Furthermore, I provide details about how I designed, 

conducted and analysed the interviews. I finish the section by acknowledging the limitations to the 

generalisation of the findings.  

3.7.1. Semi-structured interviews as a research method  

Semi-ǎǘǊǳŎǘǳǊŜŘ ƛƴǘŜǊǾƛŜǿǎ ŀǊŜ ΨŎƻƴǾŜǊǎŀǘƛƻƴǎ ǿƛǘƘ ŀ ǇǳǊǇƻǎŜΩ (Mason, 2002). The aim is to gather in-

depth information of informantsΩ accounts on themselves, their lived experiences, values, ideology, 

cultural knowledge, decisions and perspectives (Johnson, 2001). In qualitative interviews, participants 

are seen as meaning makers as opposed to passively providing pre-established answers (Warren, 

2001). Semi-structured interviews are appropriate for research questions in which the knowledge 

sought is often taken for granted or in which different conflicting perspectives on the same topic exist 

(Johnson, 2001). These reasons justified the use of this method to collect data in this project.  

Semi-structured interviews follow thematic topics or a set of pre-defined questions but have a flexible 

structure to enable new topics emergence (Mason, 2002). Therefore, it requires the interviewer to 
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critically reflect on the conversation that is occurring to assess if it is worth following the paths opened 

by the interviewees in their responses. Moreover, it is the interviewerΩs responsibility to build the 

required rapport for the interviewees to feel comfortable sharing information. Mainly by using a 

relatively informal style (Mason, 2002) and a relaxed tone in verbal and non-verbal communication. 

In-depth interviews were opportunities for participants to construct their worlds and their self-

identities. Interviews are occasions in which interviewees can describe themselves and their world in 

their own words and stress what they find important (Kvale and Brinkmann, 2009 cited in Kuehne, 

2016). However, by doing so, participants shape the world in which they live and how they are 

according to their truth, at best. Participants can also manipulate, lie or just decide which information 

is shared, to portraying themselves in a certain manner. In the case of farmers, this is often related to 

portrait themselves as ΨƎƻƻŘ ŦŀǊƳŜǊǎΩ, ΨƛƴƴƻǾŀǘƻǊǎΩ, but can also be in any other way that might be 

important for them (Kuehne, 2016)Φ CŀǊƳŜǊǎΩ ƳŀǎŎǳƭƛƴƛǘȅ ƳƛƎƘǘ ŀƭǎƻ ōŜ ŘƛǎǇƭŀȅŜŘ ōȅ ǇǊŜǎŜƴǘƛƴƎ 

themselves as heterosexual, powerful and knowledgeable men (Pini, 2005). Moreover, the 

information given is subject to a moment in time and to the interviewees own truth. Therefore, 

ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǾƛŜǿǎ ƳƛƎƘǘ ŎƘŀƴƎŜ ƻǊ ƳƛƎƘǘ ƴƻǘ ōŜ ǎƘŀǊŜŘ ōȅ ƻǘƘŜǊ ΨƛƴǎƛŘŜǊǎΩ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘŜŘ ǘƻǇƛŎΦ 

3.7.2. Semi-structured interviews design  

I designed the interview questions around several thematic topics. Those topics were framed by the 

overall ANT approach and the specificities of tillage management that were highlighted in the 

literature and during the pilot studies. The selected topics can be clustered around two 

methodological aspects:  

¶ Network description: Farmers are situated in agricultural networks. The overall aim of the 

interviews was to identify and describe the actors forming these networks, their roles and 

ǊŜƭŀǘƛƻƴǎΣ ŦǊƻƳ ǘƘŜ ŦŀǊƳŜǊǎΩ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜŘ ƻǾŜǊŀƭƭ ŘŜǎŎǊƛǇǘƛƻƴǎ ŀōƻǳǘ ǘƘŜ ŦŀǊƳ 

and the farming tradition and community and questions addressing soils and no-tillage as 

actor-networks (what they are, how they are articulated, where and how they act, how the 

farmers engage with them, etc.). vǳŜǎǘƛƻƴǎ ŀōƻǳǘ ŦŀǊƳŜǊǎΩ ǾŀƭǳŜǎ ŀƴŘ ǊŜƭŀǘƛƻƴǎ ǘƻ ƻǘƘŜǊ 

actors were included ǘƻ ŘŜŦƛƴŜ ŦŀǊƳŜǊǎΩ ǊƻƭŜǎ ƛƴ ŦŀǊƳƛƴƎ ŀŎǘƻǊ-networks. Questions were also 

designed from a list of possible actors (e.g. innovative farmers, media, contractors, policies, 

etc.), collected from the literature review and pilot study. Farmers were asked regarding their 

experiences in the interaction with those actors to clarify roles and relations. The flexible 

structure in the interviewing meant that it was more of a conversation, and questions were 

not read but constituted a checklist of the scope of the interview. Nonetheless, explicit 
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questions about the potential actors were made when these were not discussed in the course 

of the conversation.  

¶ Following adoption in the networks: Attention was paid to the network configuration 

differences that could reveal relations that ŜƴŀōƭŜ ƻǊ ŎƻƴǎǘǊŀƛƴ ŦŀǊƳŜǊǎΩ ŎƘƻƛŎŜ ƻŦ ǘƛƭƭŀƎŜ 

management practices. As choice is a matter of power and in ANT this is a negotiated 

outcome, it was important to formulate questions regarding the attitudes or links of different 

actors towards the different tillage practices, their relations with farmers and their explicit or 

implicit roles in adoption. Additionally, technological innovation has been framed as providing 

solutions to existing problems. Therefore, farmers were questioned about problematic or 

challenging situations on their farms, independently of the nature of those problems. Linked 

ǘƻ ǘƘŜ ΨǇǊƻōƭŜƳ-solutionΩ framing are knowledge production and circulation. For this reason, 

questions about knowledge generation, the ways it is shared, and processes of learning were 

made during the interviews.  

These were the guidelines for the semi-structured interview design. The application of those 

guidelines resulted in 28 questions with follow-up questions to search detail and 4 additional 

questions for conventional tillage farmers regarding no-tillage. The complete list of interview 

questions can be checked in Appendix A.  

3.7.3. Interview conduct  

I designed the interview to be a face to face conversation with one farmer. However, the reality of 

farming is complex, and on two occasions, interviews were done with multiple interviewees. This was 

considered enriching to the data collection and reflecting on the complex farming networks in which 

farm responsibilities might be shared among spouses, other family members or business partners. 

Where consent was given, interviews were recorded. In total, 21 interviews were conducted, and 20 

were recorded. There is no exact number of needed interviews to complete a qualitative research 

project. By contrast, it is generally accepted that a ΨǎŀǘǳǊŀǘƛƻƴ ǇƻƛƴǘΩ has to be achieved, which means 

that topics and views presented in new interviews had already been discussed in other interviews and 

that no new relevant information is generated (Johnson, 2001). In this study, the ANT approach sought 

to give rich accounts of the networks rather than compare them with a huge amount of other 

networks. Additionally, the interdisciplinary nature of the research required balancing the workload 

between social and soil analysis. Therefore, each farm was treated as a case study and effort was put 

into enriching the descriptions of those actor-networks rather than in increasing the number of 
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participants. Thus, the number of participants was fixed from the beginning at 10 interviews per 

country. 

In the UK, 12 h 7 min and 38 sec of recorded material were produced in 9 interviews. One interview 

was not recorded, but notes about the responses were taken during the interview, and further 

reflexive field notes were taken after the day spent on the farm. In Spain, 11 interviews were produced. 

One of the no-tillage interviewed farmers did minimum-tillage all his fields, and therefore he was not 

included in the soil assessment. In total, in Spain, 17 h 10 min and 33 sec of recording were produced. 

Being recorded inhibited farmers relaxed conversation in the first minutes of the interview. The 

recording quality was generally good, except for a couple of interviews which were done in cafes with 

occasionally high levels of background noise. Additional field notes were taken about farm visits, 

describing the interviewing experience in a personal diary style.  

3.7.4. Interview analysis  

3.7.4.1. Interview transcriptions  

To further analyse the data collected in audio format, interviews were transcribed into text formats. 

±ŜǊōŀǘƛƳ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ƛǎ ǳǎŜŘ ǘƻ Ƴŀƛƴǘŀƛƴ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǿƻǊŘǎ ŀƴŘ ǊŜŦŜǊŜƴŎƛƴƎ ǎǇŜŀƪŜǊ όƛƴǘŜǊǾƛŜǿŜǊ 

or farmer) and time since the beginning of the interview. Transcriptions from the British interviews 

were done by a transcription service, and Spanish transcriptions were done by myself. In the latter 

cases, the transcription process was also a reminder of the lived experience and evoked details not 

recorded, and at the same time, an opportunity to review the answers and continue to make sense of 

the data as part of the analysis. However, transcriptions are very time-consuming and in the case of 

this research, the quality of the transcriptions obtained and the time saved reassured the worth of the 

ǘǊŀƴǎŎǊƛǇǘƛƻƴ ǎŜǊǾƛŎŜǎΩ ŎƻǎǘǎΦ  

Besides the practicalities of time and money, a note on the manipulation of the original data has to be 

made. Through transcription, the audio data is transformed into text. In doing so, several errors might 

occur. Those errors and problems, as identified by Poland (2001), are in sentence structure, use of 

quotation marks, omissions, and mistaking words or phrases for others. Additionally, it has been 

argued that transcriptions are constructs of the audio recordings rather than representations of them 

(Hammersley, 2010). Taking an ANT approach to the flow of information through a research process, 

as discussed in previous sections when ANT was presented, the information is always transformed by 

every step and every actor involved. Therefore, the interview, the audio record and the transcript are 

different things. However, the transformations that the information undergoes do not necessarily 
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diminish its value. In the case of the transcripts, the value consists in the data that is maintained from 

the interviews, the possibility of storing, sharing and further manipulating the data by coding and 

analysing it.  

3.7.4.2. Interview coding  

Qualitative data from the interviews was inductively analysed. That means that rather than fitting the 

data into pre-established theoretical frames or searching for evidence that confirms assumptions 

(deductive analysis), theoretical models arise from the data (Thomas, 2006). This does not mean that 

the analysis is not influenced by the theoretical framing or the research question, but it means that 

no prior assumptions about the results are made. Particularly, applying the ANT based analytical frame 

I contemplated the possibility of non-humans having agency, actors being multiple, and actor-network 

configurations determining tillage management, and I contrasted these assumptions with the data. 

Furthermore, from the list of possible actors I developed from the pilot studies and literature review, 

their enrolment in the farming actor-networks and their roles emerged from the interviews rather 

than from previous materials.  Therefore, this is a suitable approach to data analysis to follow when 

applying ANT.  

Additionally, thematic coding was applied. This is a systematic method in which the analyst reads the 

interview transcripts and groups data into topics and themes. This is done by assigning codes to 

segments of text. Those codes refer to the topic discussed. Because this is applied to all interviews, a 

comparison between codes is possible. In conclusion, thematic coding is a means by which the data is 

condensed, establishing clear links between the transcripts and the results and enabling the 

development of a model from the data (Thomas, 2006).  

As mentioned, the analysis is influenced by the aims and objectives of the research and the theoretical 

approach. In the case of this research, the aim was to describe the actor-networks in terms of 

identifying the actors in each network and their relations. Therefore, the codes correspond to actors 

and to attƛǘǳŘŜǎ ǘƻǿŀǊŘǎ ǘƘŜƳ ŦǊƻƳ ǘƘŜ ŦŀǊƳŜǊǎΩ ǎƛŘŜΦ bƻǊƳŀƭƭȅΣ ƛƴ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ƴŜǿ ŎŀǘŜƎƻǊƛŜǎ 

resulting from grouping topics of preliminary analysis, the descriptive codes (in the intervieweeΩs 

words) are interpreted by the analyst and transformed into analytical codes. Those analytical codes 

refer to broader themes, attitudes or meanings. However, organising the actors in the hierarchical 

manner of coding trees is not a reflection of networks dynamic where actors are inter-linked between 

different domains. Multiplying the codes for the same actors would also have been confusing. 

Therefore, the resulting categories and coding trees in this project does not represent the themes 
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arising from the interviews but present a single possibility about how actors could be grouped and 

maintained throughout the coding phase.  

A series of decisions were made about the practicalities of coding the interviews. Spanish interviews 

were coded and analysed in their original language without translations. Spanish is my native language, 

and translations would have been time-consuming, required a professional translation to avoid 

mistakes, and it would have added another layer of transformation to the data from the interviews. 

Additionally, coding was assisted by the qualitative data analysis software NVivo. This resulted 

particularly useful because the software allows accessing all text segments assigned to a particular 

code. Then, it was possible to compare how similar or dissimilar farmers talked about certain actors 

in their farming actor-networks.  

3.7.4.3. Reconstructing the actor -networks: cognitive maps and matrices  

Through the coding process, the network actors were identified, and some of the attitudes described 

ŦŀǊƳŜǊǎΩ ǊŜƭŀǘƛƻƴ ǿƛǘƘ ǘƘŜƳΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǊŜǎǳƭǘŜŘ ƛƴ something more like a list of actors rather than 

in an actor-network configuration. Further analysis had to be made to understand the nature of the 

actors, their roles in the particular networks and how they relate to the other actors. For this, 

additional tools were used. Although it could have been understood as part of the grouping exercise 

in coding, in the analysis of this project, coding and building the networks were understood as two 

distinct phases.  

Initially, it was planned to build the actor-networks from the codes of each interview through building 

ŎƻƎƴƛǘƛǾŜ ƳŀǇǎΦ /ƻƎƴƛǘƛǾŜ ƳŀǇǎ ŀǊŜ ƎǊŀǇƘƛŎ ƛƭƭǳǎǘǊŀǘƛƻƴǎ ƻŦ ǇŜƻǇƭŜΩǎ ƳŜƴǘŀƭ ŀǎǎƻŎƛŀǘƛǾŜ 

representations about how they understand the external world (Gray et al., 2015). Individuals use 

those mental models to reason and make predictions (Jones et al., 2011). This potential of cognitive 

maps has been widely used in a range of fields, including system analysis in ecology and agriculture. 

In those fields, they are used to synthesize expert knowledge in a graphic expression about how key 

concepts (nodes) are connected through relationships (lines). They organise those concepts in a way 

that provides hierarchies and inter-connections between different domains (Cañas, 2010). Because of 

their potential in analysing systems and networks, they were produced from data from initial 

interviews with MindMap software. Nonetheless, in practice, they were not representing some of the 

complexities of actor-networks (e.gΦ ŀŎǘƻǊǎΩ ƳǳƭǘƛǇƭŜ ƻƴǘƻƭƻƎƛŜǎ ƻǊ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ 

actors) and additionally they rapidly developed into complex and unreadable maps which were not 

self-explanatory anymore. Therefore, this methodology was dropped as a representation of actor-

networks, although simplified cognitive maps were still produced throughout the whole analysis.  
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Then, matrices were created to be able to compare different actor-networks. Matrices are common 

tools to assess the environmental impact of project actions on system components and to indicate 

interdependence among system components (Shopley, Sowman & Fuggle, 1990). In this study, MS 

Excell sheets were created opposing the list of coded actors to the list of interviewed farmers. In the 

coinciding cells, a summary of the coded responses was provided. In this arrangement, columns 

represented individual networks and rows generic actors (e.g. ŦŀǘƘŜǊύ ƻǊ ǎǇŜŎƛŦƛŎ ŀŎǘƻǊǎΩ όŜΦƎΦ ǘƘŜ ǊǳǊŀƭ 

extension service from a particular region) descriptions and roles in each network. This arrangement 

ƭƻƻǎŜƭȅ ŦƻƭƭƻǿŜŘ [ŀǘƻǳǊΩǎ (2005) ǎǳƎƎŜǎǘƛƻƴ ƻŦ ǿǊƛǘƛƴƎ ŀŎǘƻǊǎΩ ŘŜǎŎǊƛǇǘƛƻƴǎ ƛƴ ŀ ǿŀȅ ǘƘŀǘ ŎƻǳƭŘ ōŜ 

shuffled around. Additionally, Latour (2005) ŀƭǎƻ ŘŜŦŜƴŘŜŘ ǘƘŜ ǾŀƭǳŜ ƻŦ ŀŎǘƻǊǎΩ ƻǿƴ ƳŜǘŀ-language 

όǿƛǘƘ ǎǘǊƻƴƎŜǊ ŎƻƴŎŜǇǘǎ ǘƘŀƴ ǘƘŜ ŀƴŀƭȅǎǘǎΩ ƻƴŜǎύ ŀƴŘ ǊŜŎƻƳƳŜƴŘŜŘ ŀǾƻƛŘƛƴƎ ǘƘŜ ǎǳōǎǘƛǘution of 

ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƻǊŘǎ ǿƛǘƘ ǎƻŎƛŀƭ ǾƻŎŀōǳƭŀǊȅΦ ¢Ƙƛǎ ǿŀǎ ǇƻǎǎƛōƭŜ ƛƴ ǘƘŜ ƳŀǘǊƛȄ ŦƻǊƳŀǘ ōȅ ƛƴŎƭǳŘƛƴƎ ŀŎǘƻǊǎΩ 

όŦŀǊƳŜǊǎΩύ ƻǿƴ ŘŜǎŎǊƛǇǘƛƻƴǎ ƛƴ ǘƘŜ ŎƻƛƴŎƛŘƛƴƎ ŎŜƭƭǎΣ ŀǾƻƛŘƛƴƎ ǇǊƻōƭŜƳǎ ƻŦ ŀǎǎǳƳǇǘƛƻƴǎ ŀƴŘ 

misrepresentations. In conclusion, the matrix method enabled the comparison between actor-

networks configurations in a systematic manner, ƳŀƛƴǘŀƛƴƛƴƎ ŦŀǊƳŜǊǎΩ ƭŀƴƎǳŀƎŜΦ 

3.7.4.4. The generalisation of qualitative research  

The generalisation of qualitative research results is often questioned. In the past, it has been claimed 

that qualitative research cannot be generalised at all because social phenomena are neither time- nor 

context-free and that it is not its purpose to be generalizable (Williams, 2000). On the contrary, it was 

said that the purpose of qualitative research is to deepen into the causal relations of particular 

instances (Gobo, 2008). Therefore, research projects with qualitative methods direct resources 

towards detail rather than scope and rely on small sample sizes, compared to quantitative methods. 

The focus on detail is common to all qualitative research, but many sociological investigations 

generalise their results tƻ ΨǎƛƳƛƭŀǊ ŎƻƴŘƛǘƛƻƴǎΩ (Williams, 2000; Payne & Williams, 2005; Gobo, 2008).  

The problem with generalisability is sample representativeness of the target wider population. While 

some researchers maintain that representativeness can only be assured through statistically 

ƳŜŀƴƛƴƎŦǳƭ ǎŀƳǇƭŜǎ ƻǊ ǇǊƻōŀōƛƭƛǎǘƛŎ ǎŀƳǇƭŜǎΣ ƻǘƘŜǊǎ ŎƭŀƛƳ ǘƘŀǘ ΨǘƘŜƻǊŜǘƛŎŀƭ ǎŀƳǇƭƛƴƎΩ ōŀǎŜŘ ƻƴ ǘƘŜ 

ǎǳōƧŜŎǘǎΩ ǎǘŀǘǳǎ ǊŜƎŀǊŘƛƴƎ ǇŀǊǘƛŎǳƭŀǊ ǊŜǎŜŀǊŎƘ ŎǊƛǘŜǊƛŀ Ŏŀƴ ƭŜŀŘ ǘƻ ǘƘŜƻǊŜǘƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘ (Gobo, 

2008)Φ ¢ƘŜƴΣ ƎŜƴŜǊŀƭƛǎŀǘƛƻƴ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ŀ ƳƻŘŜǊŀǘŜ ŘŜƎǊŜŜ ŀƴŘ Ƙŀǎ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ ΨƴŀǘǳǊŀƭƛǎǘƛŎ 

ƎŜƴŜǊŀƭƛǎŀǘƛƻƴΩΣ ΨǘǊŀƴǎŦŜǊŀōƛƭƛǘȅΩΣ ΨŀƴŀƭȅǘƛŎ ƎŜƴŜǊŀƭƛǎŀǘƛƻƴΩΣ ΨŜȄǘǊŀǇƻƭŀǘƛƻƴΩΣ ΨƳƻŘŜǊŀǘǳƳ ƎŜƴŜǊŀƭƛǎŀǘƛƻƴΩΣ 

etc. (Gobo, 2008). Nonetheless, the problem of representativeness persists, as inferences are made 

for populations of unknown characteristics.  
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The approach taken in this research is rather conservative regarding the generalisation claims made 

for both the soil science and the sociological results. This is so because the complexity and uncertainty 

of the real world (population) applies to both. Thus, each farm is treated as a case study. How soil data 

is treated is further discussed in the corresponding section. In the case of the farming actor-networks, 

individual actor-networks are drawn for each farm, understanding there might be individual 

particularities that are not repeated in other cases. Nonetheless, actor-networks are compared in 

search of repeated patterns in and differences between each category. By acknowledging 

heterogeneity, a moderate generalisation to each category is made in the extent, or accuracy level, of 

the description of those categories regarding the factors regulating the patterns.  

Results are discussed in the empirical chapters, arranged by country and structured around network 

configurations.  

3.8. Soil management history questionnaires  

This research had an on-farm approach. As explained, this kind of research has to deal with high 

variability in the factors that affect the measured variables. Accordingly, it is important to account for 

the range of possible causes of the differences in the measured variable.  

In this case, the variables of interest were related to soil physical quality. Thus, how the field was 

managed in the past had a direct impact on the variable of interest. A questionnaire was developed 

to account for the possible influences of a variety of field management operations. Those 

questionnaires were handed to the participants in person on the day of the interview and returned by 

email or post by 12 of the 20 farmers interviewed. I decided this procedure to provide time to the 

farmers to collect the information of the last five years of any farm operation performed on the 

selected field. Data was not investigated further but served to provide examples of farm operations 

in no-tillage and conventional tillage farms.  

3.9. Soil assessment 

In this section, I explain and discuss the different methods used to describe and assess soils. Those 

methods were aimed to assess soil physical quality. Additionally, complementary tests and soil 

descriptions were produced to enrich the discussion and understand the many interactions of 

different aggregation agents. Results are presented in the empirical chapters as a soil science actor-

network, layered to the farming actor-network and connected to it through the multiplicity of soils 

and the relations researcher ς farmer.  
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3.9.1. Soil descriptions  

Soil maps from the UK and Spain were consulted to obtain information about soils in the research 

areas according to their classification. For this purpose, the digitalised version of the Spanish national 

soil map from 1992 in Soil Taxonomy classification at scale 1 : 2,000,000 (CSIC/IRNAS, 2000) for the 

Spanish locations, whilst for the British locations, the online SoilSape viewer (Cranfield-University, n.d.) 

was used, which is a simplified version of the 1 : 250,000 scale Digital National soil map for England 

and Wales and in turn uses a simplified version of the British classification.  

3.9.2. Soil structure assessment 

In this section, the different methods used to assess soil structure are explained and discussed. Details 

about soil structure and soil aggregation were provided in the literature review chapter (Background 

on soil physical quality). The applied methods included field assessment through Visual Evaluation of 

Soil Structure (VESS) and wet sieving to measure aggregate stability.  

3.9.2.1. Visual evaluation of soil structure  

Visual Evaluation of Soil Structure (VESS) is a field method to assess topsoil structure. Because soil 

structure is related to a number of soil properties, this test provides inferable information to assess 

soil quality and assist management decisions. In general, visual examinations of soil structure are 

useful to provide information about land use impact on physical soil properties, but different available 

indexes do not always agree on the results (Pulido Moncada et al., 2014a). 

The VESS method consists of breaking down, describing and scoring a spade of topsoil (Figure 14). The 

description is focused on the size, shape and strength of aggregates, visible porosity, and presence of 

roots (Ball et al., 2017). Because the method is intended to be used by professionals but also by 

farmers and land managers, it is designed as simple as possible. First, a block of soil is extracted from 

the field by cutting three of the sides and subtracting the block as integer as possible. From the less 

altered side, layers or soil horizons of visibly, different aggregation patterns are identified. Then, those 

horizons are assessed and scored separately with the assistance of a score chart Appendix B. That 

chart describes the characteristics of each of the categories, that range from 1 (healthy) to 5 

(compacted). Finally, each score is weighted with the thickness of the horizon to provide an overall 

score for the topsoil. Besides this, the overall score enables comparison between soils, providing 

information from each horizon identifies possible problems overseen by means as, for example, 
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specific locations of compacted layers in the soil profile causing diverse effects on water infiltration 

(Ball et al., 2017).  

Additionally, it is recommended to perform the test when the soils are not too wet nor too dry so that 

visible porosity can be easily identified, the aggregates do not smear nor are too hard or fragile (Ball 

et al., 2017). In practice, however, in this research and many other projects involving a high number 

of locations, it is not possible to re-visit the fields or wait for suitable conditions, which also disrupt 

ŦŀǊƳŜǊǎΩ ǎŎƘŜŘǳƭŜǎ ŀǎ ǘƘƻǎŜ ŀǊŜ ǘƘŜ ǘƛƳŜǎ ǿƘŜƴ ŦƛŜƭŘ ƻǇŜǊŀǘƛƻƴǎ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘƛǎ 

research, notes about the moisture conditions were made and water content calculated from bulk 

density samples to be able to frame and discuss VESS scores.  

For this project, VESS was performed on three sites in each field, and overall scores were calculated.  

3.9.2.2. Aggregate stability as a measure of soil structure quality  

Aggregate stability is a measure of the resistance of soil aggregates against disruptive forces and has 

ōŜŜƴ ǿƛŘŜƭȅ ǳǎŜŘ ǘƻ ŎƻƳǇŀǊŜ ƭŀƴŘ ǳǎŜǎΩ ƛƳǇŀŎǘ ƻƴ ǎƻƛƭ ǎǘǊǳŎǘǳǊŜΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ŀƎƎǊŜƎŀǘŜ ǎǘŀōƛƭƛǘȅ ƛǎ 

used to study soil vulnerability to soil erosion (e.g. García-Orenes et al., 2009), surface crusting (e.g. 

Lipiec et al., 2018), tillage (e.g. Watts and Dexter, 1997) and compaction (e.g. Baumgartl and Horn, 

1991). Alternatively, soil aggregation can be used as a key indicator for geo-system resilience to 

disturbance (Cammeraat & Imeson, 1998). Of interest are the proportion of aggregates in the bulk soil 

that resists a particular disruption and their size. Besides being used extensively, there is no universal 

Figure 14. Pedro Leitão performing VESS during pilot studies 
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standard protocol used across research, which has been highlighted as a handicap to compare 

different studies (Obalum, Uteau-Puschmann & Peth, 2019). Nonetheless, it also has been pointed 

that a standard might be counterproductive as different methods enhance particular aggregate 

breakdown forces and flexibility to perform diverse tests might allow the detection of impacts caused 

by soil management that involve diverse forces (Obalum, Uteau-Puschmann & Peth, 2019). 

Accordingly, soil sample storage, preparation and testing can be adjusted to the specific research 

objectives.  

In sieving methods, the final aggregate stability is given by the proportion of the aggregates that resist 

the mechanical or water disruption and is calculated through different indexes to compare soil 

samples. Sieving methods can be classified as dry or wet. Dry sieving is used as a proxy of mechanical 

disruption in studies simulating tillage or focusing on the proportion of soil aggregates susceptible to 

wind erosion (e.g. Hevia, Mendez and Buschiazzo, 2007). Wet sieving methods are used to study the 

disruptive forces caused by water as a proxy to rain, flooding or other water-related scenarios. Wet 

sieving is also adequate to assess the impacts of land use transformation from rain-fed to irrigated 

land (Amézketa et al., 2003). In any case, even if the underlying justification of the chosen method is 

to determine soils behaviour against specific disruptions that could affect their stability in the field, 

the forces of the experimental methods are always artificial (Nimmo & Perkins, 2002), and therefore, 

results have to be treated as outcomes of experimental set-ups and not as representative of real 

circumstances.  

There are additional considerations concerning soil sample storage, pre-treatment and the sieving 

method itself. Storing air-dried aggregates for long time periods also increases aggregate stability due 

to the increase in contact points between particles and increasing concentrations of cementing agents 

such as calcium carbonates or silica (Kemper & Rosenau, 1984).  

Moisture content affects aggregate stability. Therefore, it is important to equalise moisture content 

across samples. Options are to dry samples completely, adjust water to a desired content or achieve 

water saturation. It is necessary to oven-dry samples at 105°C to dry them completely, but this 

temperature increases aggregate stability in clayey soils and might create artificial stability for some 

soils. To reach a desired water content (e.g. field capacity) requires tensile plate equipment and more 

time, therefore it is rarely used. On the contrary, saturating the soil is a time-effective approach and 

therefore used in this study. There are many ways to saturate the soil samples, quick submersion in 

water enhances the disruptive process of slaking, whereas capillary rewetting can be done by gently 

misting with a diffuser or by spraying the sample or quicker, but less precisely, by matching the water 

level to the level of the sieve with the soil sample on top. Le Bissonnais (1996) proposed comparing 
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quick and slow pre-wetting methods to understand aggregate stability behaviour of different soils 

under different circumstances. Moreover, Le Bissonnais and other researchers suggest the use of 

ethanol, instead of water, to reduce the disruption after different pre-wetting methods. 

Different wet sieving machine designs serve to account for different processes. For example, rainfall 

simulation (e.g. Hu et al., 2018) or continuous water flow. However, the most commonly used 

approach is to study wet aggregate stability by submerging the sieves in water by hand (e.g. Six et al., 

2000) or automatically. Even if deionised water can have a greater disruptive effect on the aggregates 

than tap water, it is preferred to use deionised water to favour the research replicability. Further 

variations in the method exist in the number and sizes of the sieves, the number of strokes per minute, 

the height of stroke and sieving duration.  

Different data can be collected when sieving through a stack of nested sieves of decreasing mesh sizes 

or a single sieve. Sieving through a tower of nested sieves or consecutive sieving through decreasing 

mesh sizes is used to measure the size distribution of water stable aggregates. Then, mean wide 

diameter (MWD) can be calculated following equations 1 (Carmeis Filho et al., 2016). The method of 

Kemper and Rosenau (1986) to determine aggregate size distribution with a sieving apparatus (Figure 

15) is one of the most widely used and modified analysis methods, as described in Nimmo and Perkins 

(2002). Conversely, single sieves are used to contrast water stable aggregates with a threshold mesh 

size such as the 250 µm to differentiate micro- and macroaggregates. For calculations, sand correction 

is performed by dispersing the sample in sodium hexametaphosphate and sieving on the same mesh 

size to subtract sand and coarse elements from the actual aggregate weight.  

Figure 15. Kemper and Rosenau 1986 diagram of the wet sieving apparatus 
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Where ὢὭ is the mean diameter of the aggregate fraction calculated as the mean between mesh sizes 

and ὡὭ the weight of the aggregates retained on the sieve after oven drying and sand correction in 

proportion to the total sample weight. 

Finally, bulk soil or targeted aggregate sizes can be used. In the latter case, samples are first dry sieved, 

and the selected aggregate fraction subsample is then subjected to the wet sieving process. The wet 

sieving process is done on the same mesh size or nested sieves, starting with the same mesh size. Thus, 

results show water stable aggregates in a ratio compared to dry aggregates, and aggregate stability 

(AS) is calculated following equation 2. Here, sand correction should also be performed to increase 

precision

ὃὛϷ
ὡὛὃ

ὈὛὃ
  ρππ 

(Eq. 2)  

Where ὡὛὃ is the sand corrected weight of stable aggregates after wet sieving and ὈὛὃ is the sand 

corrected weight of aggregates after dry sieving. 

¢Ƙƛǎ ǘŜǎǘ Ŏŀƴ ōŜ ǳǎŜŘ ǿƘŜƴ ƛƴǾŜǎǘƛƎŀǘƛƴƎ ǎƻƛƭǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ ŘƛŦŦŜǊŜƴǘ ŘƛǎǊǳǇǘƛǾŜ ŦƻǊŎŜǎΦ The Mean Wide 

Diameter (MWD) of the WSA can be calculated as well. MWD and AS (or WSA) are both widely used 

also to establish the impact of soil management practices and tillage intensity.  

Le Bissonnais (1988, cited in Le Bissonnais, 1996) found that there are no significant differences 

between using initial aggregate sizes in the range of 2 to 20 mm. However, when using a specific macro 

aggregate size, only that particular soil fraction is represented, whilst using the bulk soil, the whole of 

the soil aggregate fractions are included. This is relevant when studying microaggregates because if 

using only a bigger macroaggregate soil fraction, then smaller WSA such as microaggregates (from 250 

- 53 µm) resulting from the test would only represent the WSA microaggregates inside this soil fraction 

aggregated in large macroaggregates, and not the proportion of microaggregates from the bulk soil. 
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3.9.2.3. Aggregate stability test  

In this research, samples from three locations were collected in each field. Those locations were the 

same as where VESS was performed. Samples for aggregate stability were collected from the extracted 

soil block or the surrounding soil from 0 ς 5 cm and 5 ς 10 cm depth. After fieldwork, samples were 

stored at 4 C until further analysis to limit biological activity. Samples were air-dried and gently 

disaggregated into aggregates smaller than 2 cm in diameter. Those samples were subjected to the 

sieving test.  

A combination of dry and wet sieving analysis was performed (Figure 16). Selected sieves sizes were 

2 mm, 250 µm and 53 µm to distinguish four fractions from the bulk soil: large macroaggregates (LMA), 

small macroaggregates (SMA), microaggregates (MiA) and silt and clay fraction (SC). First, 20 g of bulk 

air-dried soil samples were dry sieved on a stack of sieves with a Retsch machine at an amplitude of 1 

Figure 16. Sieving process. a: dry sieving; b: aggregate fractions after dry sieving; c: macroaggregate 
re-wetting; d: wet sieving. 
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mm, for 5 minutes. The resulting fractions were rewetted using a mist sprayer, except for LMA, which 

in the initial tests showed they require longer rewetting periods to achieve saturation. In this case, DI 

water level was matched with the 2 mm sieve, and capillary rewetting was allowed for 3 hours.  

Wet sieving was performed using a wet sieving machine, speed was set to 30 cycles per minute, and 

sieving duration was for 5 minutes. Before wet sieving started, all re-wetted aggregates were 

submerged in DI water for 3 minutes. The wet sieving machine automatically submerges up to 6 sieves 

into water tanks. DI water was used for replicability reasons. Water from the tanks of wider mesh sizes 

containing SMA and MiA were transferred to the next sieve size and sieved again for 5 minutes. Silt 

and clay fractions in water tanks were discarded, all other fractions were oven-dried at 105°C for 24 

h, and weight was recorded. To account for the moisture difference between those aggregate 

fractions and the initial bulk soil sample, another subsample of 20 g was oven-dried at 105 °C for 24 h. 

Additionally, sand correction or coarse element correction was performed by adding sodium 

hexametaphosphate solution 0.1 % (w) to aggregates and allowing them to disperse for 18 h before 

sieving on the corresponding sieve mesh. This way, coarse elements and debris were also oven-dried, 

and their weight subtracted from the overall aggregate weight. From these procedures, MWD and AS 

for different aggregate sizes were calculated.  

3.9.2.4. Aggregate stability limitations  

On a general account, Young, Crawford and Rappoldt (2001) questioned the use of aggregate stability 

as an indicator for soil structure, stressing the absence of information about spatial and temporal 

heterogeneity. Instead, they proposed a focus on topology, which is the three-dimensional soil 

structure, or where the aggregates and pores locate themselves in the soil continuum. Some of the 

available technologies to study soil structure and its related properties include in-situ methods such 

as environmental scanning electron microscopy (ESEM), nuclear magnetic resonance (NMR), ground-

penetrating radar (GPR), electromagnetic induction (EMI), proximal or remote sensing and ex-situ 

methods such as sequenced thin sections, X-ray or gamma-ray Computed Tomography and electrical 

resistivity tomography (ERT). Developments of these new technologies make it possible to look at the 

topology in undisturbed soils. Uniting the features that previously were studied from different 

disciplinary perspectives: the solid matrix (pedology), the pore system (soil hydrology), or the habitats 

and interfaces (soil biology and biogeochemistry) (Lin, 2012). However, the mentioned technologies 

are still constricted in terms of detectable soil features, required sample size, penetrating depth, 

spatial resolution, temporal frequency, cost (Lin, 2012) and sample preparation time, when required. 
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Nonetheless, visual descriptions of soil profiles and indexes such as VESS can provide qualitative or 

semi-qualitative information about the mentioned soil architecture, integrating the solid aggregates 

with the porous system. Therefore, in this research, I used a combination of the two to provide a more 

comprehensive description of the soil structure.  

3.9.3. Soil compaction assessment 

In this section, I explain how soil compaction was assessed. Details about what soil compaction is and 

the impacts it has on farming are provided in the literature review chapter (Soil compaction).  

5 pairs of no-tillage ς conventional tillage neighbour farms were studied in each country. On their 

farms, one rainfed field was studied at 3 sites. At each site, 2 - 3 Bulk Density (BD) samples were taken 

from 0 ς 5 cm and 5 ς 10 cm; and 3 penetration resistance profiles were recorded. More details on 

the penetration resistance and bulk density methods and assessment criteria are explained in the 

following subsections.  

3.9.3.1. Penetration resistance  

Penetration resistance methods are widely used to measure soil strength. Different methods and 

indexes exist in a range of applications. The dynamic cone penetrometer is one of the most extensively 

used methods. The device has a standard weighed hammer incorporated in the equipment, and the 

penetration achieved is measured against the number of blows required. This method is widely used 

in engineering in studies related to trafficability and construction (see: Innocent et al., 2015). Another 

extensively used method is with a pocket penetrometer which contains a small retractable foot that 

marks maximum strength. This is applied in soil science to assess surface crusting (see: Zobeck et al., 

2003) or in smaller soil samples in the laboratory (see: Martínez et al., 2008).  

The interest of this research in soil strength is related to compaction with a focus on crop root 

development, although soil strength is also related to trafficability and plough mechanics.  In this case, 

a handheld MEXE soil assessment cone penetrometer (Figure 17) was used. Although this equipment 

was developed by the Military Engineering Experimental Establishment (MEXE) to assess soil 

trafficability, it has been widely used to assess soil compaction for agricultural purposes. The handheld 

penetrometer is a piece of light equipment suitable for a single person to perform multiple 

measurements. It enables readings in California Bearing Ratio (CBR), which is a ratio of the strength 

required for the assessed soil against the strength required to penetrate a reference standard. 

However, the MEXE penetrometer also enables readings in the form of Cone Index (CI), which was 

used in this project. The CI is an account of the strength required to penetrate the soil. Each CI unit on 
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the MEXE penetrometer represents 11.12 N. Different cones provide different results due to the base 

area and the penetration angle. The cone used in this project had a 30 degree angle mounted on a 

12.83 mm diameter cone base. Then, readings were converted to MPa.  

Conversion to MPa enabled comparisons with thresholds at which root elongation is inhibited, 

commonly accepted at 2 MPa, although reported values vary between 1.8 and 3 MPa (Chen et al., 

2005). Ehlers et al. (1983) even found that oats root elongation was limited on tilled soil at 3.6 MPa 

and between 4.6 ς 5.1 MPa on not tilled soils. These higher values were possible due to the greater 

amount of biopores that acted as conduits for root elongation on no-tillage fields (Ehlers et al., 1983). 

For this research, three penetration resistance profiles were recorded at three locations in each 

sampled field. Nowadays, modern penetrometers include automatic logging devices, although, with 

the MEXE penetrometer, hand notes can be made, requiring to stop and resume the pressure exerted. 

In this case, penetration resistance profiles were made from the maximum CI values recorded for each 

5 cm depth increase, which were marked previously on the extension rods. Afterwards, readings in CI 

were converted to MPa.  

 

 

Figure 17. MEXE cone penetrometer 
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3.9.3.2. Bulk density  

Soil bulk density is a measurement of the undisturbed dry soil weight contained in a known volume. 

Therefore, bulk density accounts for the solid phase and the porous media in between soil particles. 

Thus, bulk density has a direct relation with soil compaction: the more compacted a soil is, the higher 

the bulk density values.  

However, there are many other factors than tillage influencing bulk density. One of them is the density 

of soil mineral and organic components. For example, clay minerals have a density between 2.00 and 

2.60 Mg·m-3 whereas minerals rich in metals have a density between 4.90 and 5.30 Mg·m-3 (Porta 

Casanellas, Lƽpez-Acevedo Reguerín & Roquero de Laburu, 2003). Additionally, soil bulk density is 

related to soil structure and depends on the same aggregation factors. Thus, soil texture also influence 

bulk density, clay loam and silt loam normal values vary between 1.00 Mg·m-3 and 1.60 Mg·m-3 

whereas sand and sandy loam values vary between 1.20 and 1.80 Mg·m-3 (Sarkar, 2005). The lower 

bulk density in fine-textured soils is attributed to the higher aggregation capacity of clays. Similarly, 

organic matter decreases soil bulk density because of its lower density and because of the added 

aggregation capacity. Bulk density critical values in compacted soils, according to soil texture, are 

listed in Table 1.   

Table 1. Critical bulk density values for root development 

Soil texture (USDA) Critical bulk density (Mg m-3) 

Clay loam 1.55 

Silty loam 1.65 

Fine sandy loam 1.80 

Loamy fine sand 1.85 

Source: (Bowen, 1981 cited in Porta, López-Acevedo and Roquero, 1999) 

 

The most common method to measure bulk density is the core method, in which a cylinder of known 

volume is used to sample soils. Then, the soil is dried at 105 C and weighed, and then equation 3 is 

applied. This method is widely applied in agricultural and ecological studies. However, for ecological 

and forestry purposes, it has a limit related to the stoniness of the soil, as the core does not perforate 

the stone. In case stone or gravel content prevent core insertion, a soil pit is excavated, and the volume 

of the extracted soil is calculated by layering an impermeable material to the pit and adding a known 

amount of water. In comparison, the core method is quicker and simpler, although it might be less 

representative of spatial variability (Throop et al., 2012). In this research, I took three repetitions of 
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core samples around each of the three field locations at 0 ς 5 cm and at 5 ς 10 cm with a marked 

cylinder (Figure 18). 

ὄὈ  
ά

ὠ
 (Eq. 3) 

 

ὠ “ὶὬ (Eq. 4) 

Where ά  is the dry weight of the soil sample and ὠ the volume of the cylinder, calculated from 

equation 4 where ὶ ƛǎ ǘƘŜ ŎȅƭƛƴŘŜǊΩǎ ǊŀŘƛǳǎ ŀƴŘ Ὤ its height. 

Bulk density is used to infer compaction and soil hydrological and aeration properties, but it is also 

used to calculate SOC stocks and nutrient application rates. In this case, it is important to distinguish 

global bulk density and fine particles bulk density (< 2mm). Coarse elements such as gravel and 

pebbles (> 2 mm) increase bulk density values but have little or no capacity to store carbon or nutrients 

(Throop et al., 2012). When coarse elements represent over 15 % (in volume) of the soil, it is 

considered to affect soil functioning and has to be considered as a texture modifier (Arias et al., 2017). 

Depending on the method used to calculate bulk density, organic carbon stocks can be overestimated 

up to 20 % (Arias et al., 2017). Methods that account for both the fine particles capacity to bind with 

SOC and nutrients and the volume of coarse elements occupy either dilute the density of the fine 

particles in the total core volume or correct the calculations that account only for the fine particles 

weight and volume (Throop et al., 2012). In this research, focusing on soil structure and soil 

compaction, I used a simple account of fine particles bulk density together with the volume of coarse 

elements understood as not compressible.  

It is necessary to know the weight and volume of the coarse elements and coarse organic matter to 

calculate the fine particles bulk density. In this research, the separation of fine soil and coarse 

Figure 18. Bulk density sampling equipment. a: marked cylinder, hammer and wood slat; b: handle; c: sampling bags and 
wood stick to extract sample from cylinder. 
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elements was done on air-dried samples before drying both fine soil and coarse elements at 105  C in 

the oven for 48 h. The physical separation was done by sieving the air-dried field cores through a 2 

mm mesh. As most of the samples required disaggregation, I crushed these samples in a mortar or 

with a rolling pin on paper. Additionally, I measured the coarse elementsΩ volume by submerging them 

in water in a measuring cylinder and recording the displacement in the water level. Then, to calculate 

fine particles bulk density, I applied equation 5:  

ὄὈ
ά

ὠ ὠ
 (Eq. 5)

Where ά  is the weight of the dry fine soil, ὠ the volume of the cylinder and ὠ  the volume of the 

coarse elements. Additionally, sealed soil samples were weighed when arriving at the laboratory 

station. Therefore soil moisture conditions during sampling could be calculated from equation 6: 

ὓ  
ά ά ά

ά
 ρππ 

(Eq. 6)

Where ά  is the wet weight of the sample and ά   the dry weight of the coarse elements.  

Finally, to compare the bulk density of the fine soil with the bulk density from the bulk soil, I applied 

equation (Eq. 7: 

ὄὈ  
ά ά

ὠ
 

(Eq. 7)

3.9.4. Soil properties  analyses 

Complementary soil analyses were performed to measure aggregation agents. I took all samples for 

these soil analysis at the same sites where VESS was assessed, BD samples were taken, and 

penetration resistance was measured in the corresponding 20 fields. Samples were taken at depths 0 

ς 5 cm and 5 ς 10 cm. After fieldwork, they were stored at 4 C, air-dried and sieved through a 2 mm 

mesh before analysis.  

3.9.4.1. Particle size distribution a nd texture  

¢ƘŜ ǎƻƛƭǎΩ ǇŀǊǘƛŎƭŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǎǘŀōƭŜ ǎƻƛƭ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀ ōŀǎƛŎ 

ƳŜŀǎǳǊŜƳŜƴǘ ŦƻǊ ǎƻƛƭ ŘŜǎŎǊƛǇǘƛƻƴǎ ŀƴŘ ŦǳǊǘƘŜǊ ǎƻƛƭ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ǎƻƛƭΩǎ ǊŜƭŀǘƛǾŜ ǇŀǊǘƛŎƭŜ ǎƛȊŜ ŎƻƳǇƻǎƛǘƛƻƴ 

of the fine soil (< 2 mm) providŜǎ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǎƻƛƭǎΩ ƘȅŘǊƻƭƻƎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΣ ŜŀǎŜ ǘƻ ōŜ ǇƭƻǳƎƘŜŘΣ 

the risk for wind and water erosion or surface crusting and ability to retain nutrients or contaminants 

(Porta Casanellas, Lƽpez-Acevedo Reguerín & Roquero de Laburu, 2003).  
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The thresholds to distinguish different particle sizes in the fine soil correspond to the particle size 

properties. However, the limit for the silt size fraction is difficult to establish and varies between 

different soil science schools. The European limits for each particle size are described in Table 2.  

Table 2. European particle size limits 

Particle Upper Limit Limit justification 

Sand  < 2,000 Bigger particles do not maintain cohesion even in moist conditions. 

Silt 50 ς 63 µm Arbitrary limit. 50 µm is the limit most widely used, also applied to 

the European physical topsoil maps, whereas ISO standards assume 

63 µm and the British Soil Classification system does 60 µm. 

Clay < 2 µm Smaller particles have a surface charge and a high specific surface 

(surface per weight). 

Source: Adapted from (Porta Casanellas, Lƽpez-Acevedo Reguerín & Roquero de Laburu, 2003) 

 

Soil textural classes are established by the relative abundance of each of the fine soil particle sizes. 

Then, the sum of sand, silt and clay content is always 100 %, and those parameters are interdependent. 

Soil textural classes limits also vary slightly between classification systems. In this research, I used the 

British Soil Classification texture triangle to determine the textural classes.  

 

Figure 19. Soil texture triangle. Source: (Natural England, 2008) 
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There are different methods to study soil particle size distribution. Field methods, touching and 

moulding a small soil sample, provide preliminary measurements that can then be confirmed and 

refined with laboratory analysis. The most accurate method for particle size analysis is the densimeter 

method from Boyoucos and modified by Swartz. This method applies StokesΩ law of sedimentation 

and consists of a series of density measurements of a suspended soil solution (Porta Casanellas, Lƽpez-

Acevedo Reguerín & Roquero de Laburu, 2003). However, this method is not time effective. Therefore, 

in this research, the particle size distribution was analysed by laser diffraction.  

In the Laser Diffraction Method (LDM), a small subsample (0.3 ς 0.5 g) is used for the measurement. 

Therefore, it is important that this subsample is representative of the whole soil. This is achieved by 

using a riffle box that splits the sample into two homogeneous subsamples, as seen in Figure 20. In 

this project, I used the riffle box repeatedly to achieve a subsample of 5 ς 10 g.  Samples were then 

treated so that aggregates broke down to their single particles. Soil organic matter was removed by 

adding hydrogen peroxide (H2O2) ~ 30 % in reiterated additions until no visible nor audible reaction in 

the form of fumes and bubbles was present. Figure 21 shows the typical reaction of soils to hydrogen 

peroxide. Then, samples were air-dried, and sodium hexametaphosphate ((NaPO3)6) 0.1 % was added 

as dispersant, until the soil sample achieved a paste consistency which was then mixed, and a further 

subsample was fed to the analyser.  

 

 

Figure 20. Riffle box. 
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Figure 21. Samples reacting to hydrogen peroxide in the fume hood. 

To analyse the soil, it is fed to the Horiba partica LA-950, whose system configuration can be followed 

on the diagram and real-life setting Figure 22. An aliquot of the subsample is added to a sampling bath 

which has an agitator. This is connected to a closed circuit with sodium hexametaphosphate solution 

0.1 % to disperse further the soil aggregates. Additional ultrasound is applied for 30 seconds to 

disaggregate further the soil samples. In the LDM, particle size is calculated from the scattering 

patterns of the incident light. Those patterns are related to particle size and the wavelength of the 

incident light. In the particle size analyser model used, a laser (˂  = 650 nm) and a LED light are used ( ˂

= 405 nm), and particle size are calculated based on Mie-scattering theory (Horiba, n.d.). These 

settings enable the machine to measure particles ranging from 0.01 to 3,000 µm (Horiba, n.d.). The 

only caution that has to be taken by the analyst is to feed enough sample without reaching the 

obscuration of the flow cell, which is indicated by the software displayed on a PC. The PC software 

also allows to display and overlap results from different samples in a frequency graph of each particle 

size. This is used as a measure to decide on the number of repetitions for each sample. In this project, 

two repetitions were made, and if results showed discrepancies, further repetitions were made. 

Otherwise, it is an automated process, and the particle size analyser provides the particle size 

distribution. 
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From the data provided by the particle size analyser in the form of frequencies for different particle 

sizes, cumulative frequencies of sand, silt and clay were calculated. Additionally, from those 

percentages, I calculated the corresponding soil textural class for each reading.  

3.9.4.2. pH and electrical conductivity  

pH is the measurement of the hydrogen ion or proton (H+). One litre of pure, neutral water contains 

10-7 mol protons and 10-7 mol hydroxide ion (OH-) at equilibrium conditions (750 mmHg and 25 C). This 

is the threshold to distinguish acid, with more than 10-7 H+ mol·L-1, from base, with less than 10-7 H+ 

mol·L-1. In aqueous solutions, protons are associated with water molecules forming hydronium ions, 

which are the measurable ions for the pH probe. Then pH is calculated as shown by equation 8: 

ὴὌ  ÌÏÇ Ὄὕ  (Eq. 8)

Figure 22. Horiba partica LA-950 system configuration. a: diagram, Source (Horiba, no date); b: real-life. 



{ǘǊƛŎǘƭȅ ǎǇŜŀƪƛƴƎΣ ǇI ƳŜŀǎǳǊŜƳŜƴǘ ƛǎ ǘƘŜ ǇǊƻǘƻƴΩǎ ŀŎǘƛǾƛǘȅ ƻǊ ŜŦŦŜŎǘƛǾŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴΣ ǿƘƛŎƘ ŘŜǇŜƴŘǎ 

on the interaction of the protons with surrounding electrical charges. In dilute solutions, the activity 

is used as equal to concentration. Therefore, soil pH measurements with a pH probe are given as 

concentrations. However, in soil solutions, ions are attracted to the charged solid phase, and not all 

of them dispersed in the solution. Therefore, pH can be measured in distilled water to account for the 

protons in the solution, or in a salt solution (potassium chloride KCl or calcium chloride CaCl2) to 

account for the exchangeable protons (Conklin, 2014). In the latter, the K+ and Ca2+ cations exchange 

with the protons and bring them into the solution where they are measured (Conklin, 2014). Because 

of this, measurements in salt solutions provide more acidic readings.  

Table 3. Major soil pH effects for crop development 

pH Assessment Expected effects 

< 4.5 Extremely acid Adverse conditions. 

4.5 ς 5.0 Very strongly acid Possible toxicity by Al3+ and Mn2+. 

5.1 ς 5.5 Strongly acid Excess: Co, Cu, Fe, Mn, Zn.  

Deficit: Ca, K, N, Mg, Mo, P, S.  

Soils without CaCO3. 

Low bacteria activity. 

5.6 ς 6.0 Medium acid Appropriate range for most crops. 

6.1 ς 6.5 Slightly acid Maximum availability of nutrients. 

6.6 ς 7.3 Neutral Minimum toxic effects.  

 pH < 7.0, CaCO3 is unstable in soils. 

7.4 ς 7.8 Medium base Generally containing CaCO3. 

7.9 ς 8.4 Base Availability of P and B decreases. 

Increasing deficit of Co, Cu, Fe, Mn, Zn. 

Calcareous soils. Iron chlorosis due to HCO3
-. 

8.5 ς 9.0 Slightly alkaline In calcareous soils, these pH values can be related to the 

presence of MgCO3.  

Major problems of ferric chlorosis.  

9.1 ς 10.0 Alkaline Presence of sodic carbonate Na2CO3 

> 10.0 Strongly alkaline A high presence of exchangeable sodium. 

Toxicity: Na, B.  

P mobility in the form of Na3PO4. 

Low microorganism activity.  

Scare micronutrients availability except for Mo. 

Source: (Porta Casanellas, Lƽpez-Acevedo Reguerín & Roquero de Laburu, 2003) 

 

Different methods for soil pH measurements use different soil: distilled water ratios. For example, 

saturated paste 1:1 is used in USDA procedures, while in many European countries, the standard is 

1:2.5. The requirement of harmonised databases for international soil maps (e.g. European Soil map, 
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GlobalSoilMap) call to harmonise this pH measurements to 1:5, and numerous transformation 

equations are used (see: Libohova et al.Σ нлмпΤ YŀōŀƱŀ et al., 2016). In this research, pH measurements 

were done directly in a soil: water ratio 1:5 in volume.  

Soil pH is related to many chemical, biological and physical processes. Major soil pH effects, especially 

related to crops, are shown in Table 3. Those effects are related to the availability and mobility of 

nutrients. Additionally, each crop has a range of optimal pH and tolerable pH values, which are 

discussed together with the results in the following chapters.  

In this research, the same soil solution in a 1:5 ratio was used for Electrical Conductivity (EC) 

measurement. EC is related to salts in the soil. Table 4 provides a salinity classification based on EC 1:5 

measurements for different soil textures. Soil texture is considered because values are correlated to 

EC measured from the saturated paste extract, which is the standard procedure but more time-

consuming.  

Soil salinity affects crops negatively because crops require more energy for water uptake because they 

need to maintain the osmotic potential they need to absorb water plus an additional energy expense 

to separate water molecules from ions (Porta Casanellas, Lƽpez-Acevedo Reguerín & Roquero de 

Laburu, 2003). In the worst cases, this leads to physiological drought (Porta Casanellas, Lƽpez-Acevedo 

Reguerín & Roquero de Laburu, 2003). Additionally, soil salinity affects the soil structure as ions 

interfere in the attraction-repulsion processes between clay particles. The nature of this interference 

depends on the salt cation. Bivalent cations such as Ca2+ and Mg2+ have a flocculant effect, whereas 

monovalent, especially Na+, have a dispersant action.  

Table 4. Australian soil salinity classification 

Assessment EC 1:5 dilution (dS·m-1) 

Sand Loam Clay 

Non saline 0 ς 0.14 0 ς 0.18 0 ς 0.25  

Low 0.15 ς 0.28 0.19 ς 0.36  0.26 ς 0.50  

Moderate 0.29 ς 0.57 0.37 ς 0.72 0.51 ς 1.00 

High 0.58 ς 1.14 0.73 ς 1.45 1.01 ς 2.00 

Severe 1.15 ς 2.28 1.46 ς 2.90 2.01 ς 4.00 

Extreme > 2.28  > 2.90 > 4.00 

Source: (Anon, 2009b) 
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In this case, the determination of pH was performed following the British Standard procedure (BSi, 

2005). Soil solutions 1:5 in volume were prepared with fine air-dried soil and distilled water in 50 mL 

centrifuge tubes. These solutions were shaken for 60 minutes at 200 rpm and then left to settle for 

another 60 minutes. Readings were taken before 3 hours since shaking stopped. pH probe HANNA HI-

8424 was calibrated with buffer solutions for pH 4 and pH 7. pH probes measure the electrical 

potential between a reference electrode and the pH electrode (a selective bulb for pH). The probe 

used in this test incorporates a temperature probe (because pH is dependent on the temperature), 

and the pH-meter provides a calibrated and temperature compensated pH reading (HANNA 

instruments, n.d.). According to the British standard, readings with the pH meter are considered stable 

if, in 5 seconds, the variation on the pH-meter is less than 0.02 units (BSi, 2005). In this case, 

stabilisation for most of the samples took less than 1 minute. Calibration was repeated every 12 

samples.  

After pH measurements, I took EC measurements with a Jenway 3540 probe. For EC, the probe has 

two electrodes and measures the electric current between them, related to salinity. EC also depends 

on the temperature, and the Jenway 3540 probe has a temperature sensor included in the EC probe 

and provides standardized readings for 25 C in µS cm-1 and converted to dS·m-1 

All measurements for pH and EC were taken in the decanted supernatant. This decision was made to 

preserve probes from abrasion by the solid particles in soil solution and after testing with the solids in 

suspension, decanted and centrifuged and decanted samples. This test showed that differences 

between the sample treatments remained in the range of the standard replicability (Җ 0.15 for pH Җ 

7.00 and 0.20 for 7.00 Җ pH Җ 7.50 (BSi, 2005)). Therefore, the most preventive and time effective 

method of simple decantation was used. After EC measurements, the supernatant liquid was mixed 

with the solids and 250 µL of CaCl2 1M were added with a 1.000 µL micropipette to achieve a solution 

of CaCl2 0.01 M. Samples were shaken for another 60 minutes and left for settling for 60 minutes, and 

pH readings were repeated in the salt solution.  

3.9.4.3. Organic Carbon/  Nitrogen ratio and total carbonates  

The organic Carbon: Nitrogen (C/N) ratio is related to soil organic matter decomposition, soil structure 

ŀƴŘ ǇƭŀƴǘǎΩ ƴǳǘǊƛǘƛƻƴΦ hǊƎŀƴƛŎ ǊŜǎƛŘǳŜǎ ŦǊƻm different plants have diverse C/N ratios. For example, 

legumes have C/N ratios ~ 20, while in corn straw it is ~ 60, wheat straw ~ 80, and sawdust > 250 (Porta 

Casanellas, Lƽpez-Acevedo Reguerín & Roquero de Laburu, 2003). Decomposition of organic matter 

with a lower C/N ratio is quicker, while higher C/N ratios translate into more recalcitrant organic 

matter and lower pH levels. Generally, it is accepted that bacteria (with C/N ratios ~ 4 ς 5) increase 
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their activity when organic matter with lower C/N ratios is added to the soil, whereas breakdown of 

lignin, cellulose and hemicellulose (with higher C/N ratios) is dominated by fungi (with C/N ratios ~ 9) 

(Chavarria et al., 2018; Grosso, Bååth & De Nicola, 2016) who can translocate N through their hyphae, 

overcoming potential limitations (Grosso, Bååth & De Nicola, 2016). Therefore, the addition of organic 

matter can induce changes in microorganism communities.  

Additionally, it is generally accepted that for plant nutrition, organic matter has to be previously 

mineralised by microorganisms, as plants only absorb mineral substances (Porta Casanellas, Lƽpez-

Acevedo Reguerín & Roquero de Laburu, 2003). Then, in the case of plant nutrition, organic matter 

with lower C/N ratios are preferred, as then the organic matter is broken down and mineralised at a 

quicker rate, making nutrients available for plants. Conversely, when decomposing organic matter 

with high C/N ratios, microorganisms use available nitrogen, which might lead to a nitrogen deficit for 

the following crop (Porta Casanellas, Lƽpez-Acevedo Reguerín & Roquero de Laburu, 2003). Then, 

organic matter addition to the fields can be coupled with mineral N addition to increase organic matter 

decomposition ratios (Porta Casanellas, Lƽpez-Acevedo Reguerín & Roquero de Laburu, 2003).  

Nonetheless, organic matter decomposition ratios are not only determined by N availability. Research 

has shown that aggregates physically protect C stocks. In this aspect, soil structure complexity 

increases with higher soil C/N ratios (Falsone, Bonifacio & Zanini, 2012). However, these are also soil 

specific processes, as different pedogenic processes interfere in Carbon sequestration (Falsone, 

Bonifacio & Zanini, 2012). The importance of Carbon and Nitrogen stocks and how they relate, 

expressed in the C/N ratio, is necessary ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ǎƻƛƭǎΩ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎŜǉǳŜǎǘŜǊ ŎŀǊōƻƴ ŀƴŘ 

mitigate Climate Change. When studying Carbon and Nitrogen stocks, it is important to account for 

soil depth, as amounts vary across the soil profile. C/N ratios, stocks and stratification ratios are a way 

to assess the impact of different soil management practices (Fernández-Romero et al., 2016). 

Nowadays, it is accepted that overall Carbon stocks are similar in no-tillage and conventional tillage 

practices, but in no tilled fields, the stratification ratio is higher, whereas, in the conventionally tilled 

soils, the carbon stocks are equally distributed across the ploughed layer. 

There are many methods to analyse soil carbon and nitrogen; among them are CN analysers. In this 

research, I prepared samples to be analysed in an external laboratory with a CN analyser (Vario EL 

Cube, Elementar, Hanau, Germany). For this purpose, 5 ς 10 g of air-dried representative soil 

subsamples were ball milled for 3 minutes (Figure 23). From those samples, 60 ± 1 mg were weighed 

in 1.5 mL tubes on a precision scale (4 decimal digits, b in Figure 23). Samples were then acid stripped 

to eliminate inorganic carbon. For that, to each sample, 700 µL of 6 M HCl were added, stirred with a 

needle, left 15 ς 30 min, and another 100 µL were added; this was repeated until no effervescence 
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was visible. After 24 h, samples were placed in an oven at 105 °C for 24 h to eliminate residual moisture 

and acid. From these, 19.5 ς 23 mg was weighed in tin boats previously weighed and then folded, 

ensuring they were sealed (c and d in Figure 23). Additionally, 5-6 mg acetanilide and empty (blanks) 

tin boats were prepared for calibration. Those samples were arranged for the CN analyser running 

order and brought to the external laboratory (Department of Animal and Plants, University of 

Sheffield).  

 

Figure 23. Sample preparation for C/N analysis. a: ball milling samples. b: weighing samples to be acid stripped. c: detail on 
tin boat filling with 20 mg of soil. d: weighing samples in tin boats to be fed into CN analyser.  

In the external laboratory, prepared samples were analysed with the CN analyser (Vario EL Cube, 

Elementar, Hanau, Germany). Thus, samples were submitted to high temperature in an Oxygen 

environment furnace to ensure total oxidation. The resulting gas mixture containing carbon dioxide 

(CO2) and nitrogen oxide species (NOx) are transported with an inert gas flow through different 

columns to that absorb H2O, SO2 and CO2, which then have to be desorbed for determination, while 

nitrogen is directly determined as N2 (Elementar Analysensysteme GmbH, 2005).  

Additionally, due to the COVID ς 19 pandemic and related lockdowns, there was high uncertainty 

regarding the CN analysis in an external laboratory. Therefore, I analysed soil organic matter (SOM) 
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through loss on ignition (Gale & Hoare, 1991)as back-up data covering soil organic matter. This was 

done weighing 5 ς 9 g of representative air-dried soil samples (< 2mm) into pre-weighed ceramic 

crucibles, which were oven-dried at 105 °C to eliminate soil moisture, before recording soil weight. 

Then, those samples were subjected to 430 °C for 18 h in a Carbolite furnace and weighed again to be 

able to calculate the organic matter based on equation (Eq. 9). Samples cooled down to room 

temperature after oven and furnace in desiccators.  

Ὓὕὓ Ϸ
ὡ  ὡ

ὡ
ρππ 

(Eq. 9) 

Where ὡ  is the weight of the oven-dried soil sample and ὡ  the weight of the soil sample after the 

furnace. The typical conversion factor between SOM and SOC is 1.724, although up to 2 have been 

used (Pribyl, 2010). Nonetheless, in this project, as both were measured, it was possible to calculate 

the empirical conversion factor for the data through linear regression analysis. 

 

Figure 24. Soil organic matter determination through loss on ignition. a: weighing oven-dried soil samples in ceramic 
crucibles. b: furnace. c: soil samples after loss on ignition 

3.9.4.4.  Calcium carbonate analysis  

Calcium carbonate (CaCO3) is related to aggregate stability, as precipitation of secondary carbonates 

can act as cementing agents, increasing stability. Total CaCO3 were analysed with the titration method 

(ICARDA, 2013). In which CaCO3 is dissolved in hydrochloric acid (HCl), and the excess of HCl is titrated 

with sodium hydroxide (NaOH) solution. In summary, 1 g of air-dried soil samples were weighed in a 

250 mL Erlenmeyer flask, 10 mL of 1 N HCl solution was added with a volumetric pipette (repeated in 

soils with high reactions, after initial reaction settled). Samples were left overnight. Afterwards, 50 ς 

100 mL DI water was added, and to this, 2 ς 3 drops of phenolphthalein indicator. These were titrated 

with 1 N NaOH solution until the phenolphthalein indicator turned pink, then readings were taken. 

Additionally, the 1 N HCl and 1 N NaOH solutions were standardised. First, 10 mL 1 N Na2CO3 solution 

was pipetted into a 250 mL Erlenmeyer flask, 2 drops of methyl-orange indicator were added, and this 
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solution was titrated against the HCl solution until the colour changed from light to dark orange. From 

the standardised HCl solution, 10 mL were pipetted into a 250 mL Erlenmeyer flask, 2 drops of 

phenolphthalein indicator were added, and the solution was titrated against the NaOH solution until 

the colour turned pink. Calculations followed equations (Eq. 10)(Eq. 11) and (Eq. 12. 

ὔ
ρπ  ὔ

ὠ
 

(Eq. 10)

ὔ
ρπ  ὔ

ὠ
 

(Eq. 11) 

ὅὥὅὕϷ ρπ  ὔ Ὑ  ὔ   
ρππ

ὡὸ
 πȢπυ 

(Eq. 12)

Where ὡὸ is the weight of the air-dry soil (g), Ὑ  is the volume of NaOH used (mL). Note that 0.05 

stands for the equivalent weight of CaCO3. This formula was adjusted in the cases in which more HCl 

solution was added. 

3.9.4.5. Elemental analysis: X-Ray Fluorescence 

X-wŀȅ CƭǳƻǊŜǎŎŜƴŎŜ ό·wCύ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǳǎŜŘ ƛƴ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ŀƴŘ ŦƛŜƭŘ ǘƻ ŀǎǎŜǎǎ ǎŀƳǇƭŜǎΩ ŜƭŜƳŜƴǘŀƭ 

composition and quantification. When an X-Ǌŀȅ ōŜŀƳ ƛƳǇŀŎǘǎ ŀ ǎŀƳǇƭŜΣ ƛǘ ŜȄŎƛǘŜǎ ǘƘŜ ŀǘƻƳǎΩ ŜƭŜŎǘǊƻƴǎ 

which, as a consequence, are displaced from the inner-shell, leaving a void (Kalnicky & Singhvi, 2001). 

This electron void is then occupied by an outer-shell electron, generating X-Ray fluorescence (Kalnicky 

& Singhvi, 2001). Each chemical element has a unique X-Ray spectrum, which enables the qualitative 

Figure 25. Total calcium carbonates determination through titration. a: addition of HCl to pre-weighed 
soil samples. b: addition of DI water and phenolphthalein indicator. C: soil mixtures turned pink due to 
phenolphthalein indicator at the end of the titrations 
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analysis, whereas the intensity of the detected fluorescence is proportional to the element 

concentration (Kalnicky & Singhvi, 2001; Ribeiro et al., 2017). Nowadays, two types of XRF analysers 

are available: wavelength dispersion XRF and energy dispersive XRF. The first one enables readings of 

a wider range of elements. However, it requires synchronised systems between crystals and detectors, 

whereas the latter uses superconducting detectors and has higher detection efficiency using lower 

power X-Ray sources (Ribeiro et al., 2017). Figure 26 illustrates the typical energy dispersive XRF 

analyser system. 

 

Figure 26. Block diagram for typical Energy Dispersive XRF analyser. Source: (Kalnicky & Singhvi, 2001). 

XRF is recommended for soil pollution assessment and to evaluate reclamation projects in the 

laboratory and field (Olympus, 2012). However, its relation to other soil properties has been studied. 

For example, XRF has the potential to be used to determine parental material and pedogenic 

processes for classification and cartographic purposes (Ribeiro et al., 2017). XRF has also been related 

to pH (see: Sharma et al., 2014), Cation Exchange Capacity (see: Sharma et al., 2015) and Cation 

Exchange Capacity in compost (see: Li et al., 2018), salinity (see: Swanhart et al. 2014 cited in Li et al., 

2018) and salinity in compost (see: Weindorf et al., 2018), soil texture (see: Zhu, Weindorf and Zhang, 

2011), secondary carbonates (see: Chakraborty et al., 2017), among others. In this research, I used 

XRF for elemental analysis to discuss the presence and concentrations of elements potentially acting 

as aggregation agents.  
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Figure 27. XRF analyser mounted on the stand and connected to the PC 

In this project, an Olympus DELTA 50 Premium handheld XRF analyser was used mounted on the test 

stand and coupled to a PC in the laboratory (Figure 27). Bagged air-dried fine (< 2 mm) soil subsamples 

of 5 ς 10 g were placed in the test chamber, and analysis was operated through a PC. Two repetitions 

for each subsample were performed. Sample thickness was greater than 15 mm, and Compton 

normalisation was performed against standards to ensure the best readings. Compton normalisation 

reduces backscattering of X-Rays and automatically corrects readings for soil matrix variations, 

including those caused by moisture content (Olympus, 2012). Samples with greater than 20 % 

moisture content should be dried (Kalnicky & Singhvi, 2001). Additionally, smaller particle sizes might 

increase intensity (Maruyama et al., 2008), resulting in higher concentrations for finely milled soils 

compared to structured soils. Therefore it is recommended to perform laboratory analysis on < 2 mm 

soil samples (Laiho & Perämäki, 2005). This has to be taken into account if readings are done in the 

field or if comparing results from field and laboratory. Nonetheless, in the case of this research, all 

samples were previously air-dried and sieved through a 2 mm mesh. Results are given in 

concentrations by weight in ppm and % (Olympus, 2012). 

3.9.5. Statistical analysis  

In this section, the different statistical analyses performed are explained to understand the results and 

data visualisation presented in the empirical chapters.  
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3.9.5.1. Descriptive statistics  

I used descriptive statistics, such as the mean and standard deviation of the samples, to describe the 

characteristics of ŜŀŎƘ ŦŀǊƳǎΩ assessed soil. To visually understand the data, different graphic 

representations were used, adapted to the nature of the soil parameter. Additionally, outliers were 

identified, removed, and measures repeated when possible. During data analysis, outliers for each 

dataset were identified through the 1.5 interquartile range method and the ROUT method performed 

in the statistical package. Nonetheless, identified outliers were reviewed and assessed in the context 

of the whole data before the decision of removing the data was taken. All descriptive statistics and 

graphs were made in the statistics software GraphPad Prism 8.  

3.9.5.2. Tillage manage ment comparison: two-way ANOVA 

The research design was set to compare multiple soil parameters between no-tillage and conventional 

tillage neighbours. However, in doing on-farm research, I encountered some difficulties. In the initial 

statistical approach, data from field measurements and laboratory experiments were to be grouped 

according to three variables: tillage management (No-tillage and conventional tillage), depth (from 0 

ς 5 cm and 5 ς 10 cm) and location (numbered from 1 ς 10, being 1 ς 5 Spanish locations of neighbour 

farms and 6 ς 10 British locations), and three-way ANOVA would have been applied. Nonetheless, data 

were pooled by depth because of its similarity, and soils had to be re-grouped to be able to account 

for differences caused by tillage management on similar soils. The latter was in response to neighbour 

ǎƻƛƭǎ ƛƴ ŜŀŎƘ ΨƭƻŎŀǘƛƻƴΩ ǇǊŜǎŜƴǘƛƴƎ ŘƛŦŦŜǊŜƴǘ ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ƻƴ-farm research. 

In this sense, ΨǘƛƭƭŀƎŜ ƳŀƴŀƎŜƳŜƴǘΩ ŘƛŘ not account for the effects of a single factor as in controlled 

experiments but included any other difference between fields, such as fertilisation plan or crops.  

The aim of ANOVA comparisons was to see if there are significant differences between the data from 

the fields. When testing hypotheses, the null hypothesis (H0) is that data comes from the same 

population, and therefore there are no significant differences between sample distributions. In 

running a test, a significance level is set, that is  hor the p-value reported by many statistical packages, 

corresponding to the chance that the test rejects H0 when it is actually true (error type I or false 

positive). This error increases when performing multiple comparisons between multiple attributes or 

even testing the same hypothesis repeatedly, increasing the likelihood to get a false positive. 

Therefore, instead of performing repeated tests, it is recommended to perform a single test in which 

ʰ ƛǎ ŀŘƧǳǎǘŜŘ ǘƻ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎƻƳǇŀǊƛǎƻƴs undertaken. In this project, I performed two-way ANOVA 

with complete datasets (for each soil parameter).  
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To apply a two-way ANOVA, the data has to fulfil some requirements. Each grouped data has to follow 

a Gaussian or normal distribution. This is tested together with the two-way ANOVA on GraphPad Prims 

8, performing Shapiro-Wilko and Kolmogorov-Smirnov tests, which can run for small groups. 

Additionally, normality tests for each location are performed to plot readable QQ graphs. Other 

requirements for two-way ANOVA are the independence of variables, which is difficult to test and 

depends on the research design, and constant variance. Homogeneity of variance is tested in 

DǊŀǇƘtŀŘ tǊƛǎƳ у ǳǎƛƴƎ {ǇŜŀǊƳŀƴΩǎ Ǌŀƴƪ ŎƻǊǊŜƭŀǘƛƻƴ ǘŜǎǘ ŦƻǊ ƘŜǘŜǊƻǎŎŜŘŀǎǘƛŎƛǘȅΣ ōŜƛƴƎ ǘƘŜ ƴǳƭƭ 

hypothesis no heteroscedasticity in the data. Additionally, homoscedasticity plots are generated. 

However, in some cases, single data sets were too small to testing for requirements. 

3.9.5.3. Pedotransfer functions and model -based analysis 

Pedotransfer functions relate measurable soil properties with other soil properties, which are more 

difficult, tedious or expensive to measure. Their importance lies in being able to infer and predict soil 

properties from existing or easily obtainable data.  

3.9.5.3.1. Nonlinear regression  

Regressions are statistical tools that search the best fitting line or curve (the pedotransfer function) to 

the data, using predefined models.  

Nonlinear regression with multiple independent variables was used to model penetration resistance. 

I collected the data at each farm on different dates, under different moisture conditions, influencing 

the results. Therefore, to be comparable, penetration resistance data had to be homogenised to a 

certain soil moisture level. Then, the objective of using a pedotransfer function, in this case, was to be 

able to fit the curves to each farm properties and then infer penetration resistance values at a 

particular moisture content.  

Vaz et al. (2011) compared 23 different models which relate penetration resistance with water content 

and bulk density. They found the best fitting results applying equation 13 developed by Jakobsen and 

Dexter (Jakobsen & Dexter, 1987) and Busscher and Sojka (1987). Other researchers (see: da Silva, Kay 

and Perfect, 1994; Betz et al., 1998; Benjamin, Nielsen and Vigil, 2003) have used the same equation:  

ὖὙ ÅØÐ ὥ ὦ” ὧʃ  (Eq. 13)  

Where ὥ, ὦ and ὧ are soil constants, ”  the bulk density of the bulk soil (in g cm-3) and ʃ the 

gravimetric water content (in g g-1). In this research, other proposed equations in Vaz et al. (2011) 

were assessed. After preliminary data analysis with nonlinear regression using SPSS, the best and 

logical values for penetration resistance were obtained by equation (Eq. 13). After preliminary data 

analysis using bulk density measures from the full sample and the fine soil, worse fitting was detected 
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on farms with a higher percentage of coarse elements ( > 2 mm). This lead to the decision to include 

an additional term to equation 13, resulting in equation 14: 

ὖὙ ÅØÐ ὥ ὦ” ὧʃ ὨὅὉ (Eq. 14) 

Where ”Æ is the fine soil bulk density and ὅὉ the coarse elements (% in volume). 

3.9.5.3.2. Random forest  

Random forest is a combination of decision trees built from a random and independent sample of 

predictor variables (Breiman, 2001). Decision trees are predictors that follow consecutive binary 

decisions where the tree splits into two branches. Random forest is suitable for soil pedotransfer 

functions because it can handle numerical, ordinal and categorical data variables and nonlinear 

relationships (Ramcharan et al., 2017). Accordingly, in this project, the R RandomForest algorithm was 

used to build models that predict soil structure indexes (MWD and AS) from the relevant soil 

properties that act as aggregation agents and tillage management. Decision trees are built with 

bootstrap samples, which are same size subsamples randomly selected from the original data with 

replacement. Splitting thresholds are selected by calculating regressions for each subsample and 

selecting those values that minimize the square residuals from each regression (best fitting). Splitting 

continues until no further reduction in the squared residuals is obtained. Then, to predict with the 

ŦƻǊŜǎǘΣ ŜŀŎƘ ŘŜŎƛǎƛƻƴ ǘǊŜŜΩǎ ƻǳǘŎƻƳŜ Ŏƻǳƴǘǎ ŀǎ ŀ ǾƻǘŜΦ 5ŀǘŀ ƴƻǘ ƛƴŎƭǳŘŜd in the bootstrap samples are 

used to test the fitting from the built random forest. 

However, I mainly used the random forest models to assess the relative importance of tillage 

management (no-tillage and conventional tillage) among other soil properties in explaining soil 

structure indexes. To that purpose, variable importance was calculated for each model as the 

percentage of increase of mean squared error (MSE). The calculation of the percentage of increase in 

MSE is done with the OOB data (out of bag data - not included in the bootstrap). First, MSE is calculated 

ōŜǘǿŜŜƴ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ǾŀƭǳŜǎ ŦǊƻƳ ǘƘŜ ƳƻŘŜƭ ŀƴŘ ǘƘŜ hh. ŘŀǘŀΦ ¢ƘŜƴΣ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ ǾŀǊƛŀōƭŜΩǎ ǾŀƭǳŜǎ 

are randomised in different positions (data entries, rows, or soil samples in this case) while 

maintaining all other predictive variables unchanged. This way, the original association between the 

variable and the response is broken. Then, MSE is calculated again as well as its increase, which is 

averaged for all trees.  

3.9.5.3.3. Model -based cluster analys is 

After statistical analysis of soil variables per farm, I found that some neighbour farms presented soil 

differences that could influence aggregation. Therefore, comparing tillage management between 

neighbours, assuming that other variables were similar, would have been incorrect. To solve this 

problem, I decided to group soils according to similar characteristics.  
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For that purpose, I performed model-based clustering for the Spanish and the British soil datasets 

after visually analysing scatter plots of aggregation agents. Reasonable agreement between the initial 

visual analysis and the model-based clustering was achieved by selecting aggregation agents that had 

a significant correlation (p-values < 0.05) and Pearson correlation coefficients җ 0.5 for the model 

fitting.  

Model-based clustering uses a probability-based approach. As explained by Broehmke and Greenwell 

(2019), this means that the method assumes that data comes from probabilistic distributions, and the 

model tries to find these distributions. I employed the model-based clustering package Mclust in R. 

This package compares a range of models that assume multivariate normal (also known as Gaussian) 

distributions. Accordingly, each cluster (a subset of data) has a multivariate normal distribution, with 

a different mean and covariance matrix. The further the data points are from that mean, the lower 

the probability they pertain to that particular cluster. Mclust algorithm models randomly choose 

Gaussian parameters and fit them to data. Then, iteratively it optimises the parameters to improve 

the fit.  

The different models that Mclust compares differ in the covariance matrix. Particularly they might 

have an equal or variable variance for volume (same number of values), shape (spherical distributions), 

or orientation (axis-aligned) in all possible combinations. Furthermore, the way Mclust chooses the 

best model is based on BIC (Bayesian Information Criterion). This is calculated from the loglikelihood 

(which returns the best fit) but also the number of parameters and the number of observations in the 

fitting data, as shown in equation (Eq. 15.  

")# ςÌÏÇὒ ά ÌÏÇὲ (Eq. 15) 

Where ὒ is the maximised likelihood for the model and data, ά the number of parameters and ὲ the 

number of observations in the data.  

3.9.5.3.4. Principal components analysis  

Principal components analysis (PCA) was performed to represent clustering results and how the 

different clusters are situated regarding multivariate dimensions. PCA, as explained by Broehmke and 

Greenwell (2019), analyses the covariance between variables and combines several variables in new 

uncorrelated variables, called principal components (PC). These are weighed combinations of the 

original variables. The method generates the number of original variables minus one PCs, to explain 

100 % of the variance. Generally, the first PCs explain the majority of the variance and are selected to 

perform further analysis of the data. Nonetheless, in this project, PCA was only used to visualise 

multivariate clusters in a two-dimensional form (PC1 vs PC2).  
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Figure 28. Chapter 4 cover photo: Ploughed field at the Bardenas Reales in Navarre, Spain 
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4.1 Introduction to the farming actor -networks  

In this chapter, I address the research question  

¶ Which are the drivers and constraints of no-tillage adoption? 

 

Figure 29. Main arguments to understand adoption of a tillage management practice. F A-N: Farming Actor-Network. 

To answer this question, I used the evidence from the semi-structured interviews with no-tillage and 

conventional tillage farmers from Spain and the UK. My analysis was based on ANT, through which I 

reassembled farming actor-network configurations. Figure 29 shows the main arguments for the 

analysis. Farming actor-networks are the networks described and limited by the farmers around their 

farm management. I did this by identifying the actors and the relations that bind them together in 

configurations that operated according to repeated patterns, but which also created tensions. On the 

base of the farming actor-network configurations, I traced back particular causalities, following the 

ŎƛǊŎǳƭŀǘƛƻƴ ƻŦ ƳƻƴŜȅΣ ƳŀǘŜǊƛŀƭǎΣ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ƻǘƘŜǊ ŦƭƻǿǎΣ ǘƘǊƻǳƎƘ ŎƻƴŘǳƛǘǎ όǊŜƭŀǘƛƻƴǎύ ŀƴŘ ŀŎǘƻǊǎΩ 

translations. In doing so, I also analysed how farming actor-networks co-construct actors and the 

ƴŜǘǿƻǊƪǎΩ ǘƘŜƳǎŜƭǾŜǎ ōȅ ƴŜƎƻǘƛŀǘƛƴƎ ƳŜŀƴƛƴgs and roles. 

In line with the ANT conception of actors as networks, I assume actors are multiple and can adopt 

multiple roles as a consequence of being enrolled in multiple actor-networks. Moreover, I assume 

farming actor-networks become actors themselves once they operate in coordinated patterns 

(referred to as punctualisation). Based on these assumptions, I present the first two sections focusing 

on farmersΩ and no-tillageΩǎ multiple roles, similar in both countries. 

The following subsections are separated by country and focus on ŦŀǊƳŜǊǎΩ ǾŀƭǳŜǎΣ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ŦŀǊƳǎ 

ŀƴŘ ŜȄŀƳǇƭŜǎ ƻŦ ŦƛŜƭŘ ƻǇŜǊŀǘƛƻƴǎΣ ŀƴŘ ǘƘŜ ƳŜƴǘƛƻƴŜŘ ŀŘƻǇǘƛƻƴ ǇŀǘƘǎΦ CŀǊƳŜǊǎΩ ǾŀƭǳŜǎΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ 

their multiple roles, enable the understanding of their translations and negotiations in the farming 
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actor-network. Additionally, presenting farmsΩ location and providing examples of field operations, I 

anchor the farming actor-networks to place and further describe them. This chapterΩs core are the no-

tillage adoption paths, which I summarise in tables followed by detailed descriptions. 

I finish the chapter by comparing no-tillage adoption paths in Spain and the UK.  

4.2. Farmersȭ multiple roles  

This section outlines the multiple roles farmers adopted in the farming actor-networks based on 

patterns found in the interviewed group. Research studies focusing on farmers show ǘƘŀǘ ŦŀǊƳŜǊǎΩ 

identities are varied, complex, and overlap (Sulemana & James, 2014). When applying the ANT 

ŀǇǇǊƻŀŎƘΣ ŦŀǊƳŜǊǎΩ ǊƻƭŜǎ ŀǊŜ ƻǳǘŎƻƳŜǎ ƻŦ ƴŜƎƻǘƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ƴŜǘǿƻǊƪ ƳŜƳōŜǊǎ ŀƴŘ co-

evolve with the networks (Schneider et al., 2012). Moreover, as farmers are enrolled in different actor-

networks, farmers become multiple (Law & Mol, 2008). Thus, the following farmer roles are not to 

categorise farmers in exclusive categories as for example, in the ΨŦŀǊƳƛƴƎ ǎǘȅƭŜǎ ŀǇǇǊƻŀŎƘŜǎΩ(see: Van 

der Ploeg, 1992; Vanclay et al., 2006), instead show the multiple roles they occupy in the farming 

actor-networks, sometimes simultaneously. Moreover, the diverse roles a farmer might adopt do not 

always share values and meanings, resulting in tensions and conflicts in negotiating their own 

identities.  

4.2.1. Business farmers 

Lƴ ǘƘŜƛǊ ōǳǎƛƴŜǎǎ ŦŀǊƳŜǊǎΩ ǊƻƭŜΣ ŦŀǊƳŜǊǎ ǘƘƻǳƎƘǘ ŀōƻǳǘ ǘƘŜ ŦŀǊƳ ƛƴ ŜŎƻƴƻƳƛŎ ǘŜǊƳǎΦ ²ƘŜƴ ǘƘƛǎ ǊƻƭŜ ǿŀǎ 

dominant, the engagement with their economic balances went beyond the need to sustain their 

lifestyles. Indeed, they made emphasis on financial details, profit maximisation and risk minimisation. 

Thus, they were economically driven and wanted to maximise yield, but not at any cost. The farm 

needed to be economically sustainable in the long term, which included investing in machinery, 

infrastructure, etc., and caring for the landΩs long-term productivity.  

As business farmers, socio-economic constraints were seen as the primary threats to their farms. 

These constraints were low grain prices, difficulties to access land, difficulties to market their products, 

etc. The solutions the participants had applied to those problems were constituting partnerships, 

diversifying income by doing contracting work, reducing investments, applying for government 

financial supportΣ ƻǊΣ ƛƴ {ǇŀƴƛǎƘ ŎŀǎŜǎΣ ōŜŎƻƳƛƴƎ ŀŎǘƛǾŜ ƛƴ ǘƘŜ ŎƻƻǇŜǊŀǘƛǾŜǎΩ ƳŀƴŀƎŜƳŜƴǘ ƳŀǊƪŜǘƛƴƎ 

the products. As an example, 1NT reflected on their business partnership. 
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ά²Ŝ ǎǘŀǊǘŜŘ ōŜƛƴƎ пΣ ƴƻǿ ŀ ǇŀǊǘƴŜǊ Ƙŀǎ ƭŜŦǘΣ ŀƴŘ ǿŜ ŀǊŜ ƻƴƭȅ оΦ ²Ƙŀǘ ǿŜ Řƻ ƛǎΧ ǘƘŜ ƭŀƴŘ 
owned by each of us is included in the partnership. We continue being landowners 
individually, but we have the ƭŀƴŘ ƛƴ ǘƘŜ ǇŀǊǘƴŜǊǎƘƛǇΦ ¢ƘŜƴΣ ώΧϐ ōŜŎŀǳǎŜ ƴƻǘ ŀƭƭ ƻŦ ǳǎ ƘŀǾŜ 
the same quantity and quality of land, what we did was weighing the land since the first 
Řŀȅ ώǘƻ ŘƛǎǘǊƛōǳǘŜ ǇǊƻŦƛǘϐΦ ώΧϐ ²Ŝ ōǳȅ ŜǾŜǊȅǘƘƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ǇŀǊǘƴŜǊǎƘƛǇΦ ²Ŝ ǘƘƛƴƪ ƛǘ ƛǎ 
much better thƛǎ ǿŀȅΤ ƛǘ ŎŀƴΩǘ ŎƻƳǇŀǊŜ ǿƛǘƘ ŦŀǊƳƛƴƎ ŀƭƻƴŜΦ ώΧϐέ όмb¢ύ 

4.2.2. Small farmers  

In this role, farmers were subjugated by socio-economic and agro-environmental constraints. In this 

role, farmers accepted that they were at the mercy of grain market prices, policies, manufacturers 

lobbying, and weather or soil conditions because of their small size.  

Small farmers in Spain saw agricultural cooperatives as their means to subsist, despite having to follow 

the cooperativeΩǎ norms and conditions.  

άώΧϐ ƳƻǊŜƻǾŜǊΣ ǿƛǘƘ ǘƘŜǎŜ ŦŀǊƳǎΣ ǿŜ ŎƻǳƭŘƴΩǘ ōŜ ƻǳǘ ƻŦ ŀ ŎƻƻǇŜǊŀǘƛǾŜΦ ²ƛǘƘ ǘƘƛǎ!? You 
would have left already to the companies. Obviously! There is a lot of logistics! Storage, 
Ƙƻǿ ǘƻ ǎŜƭƭΧ ǿŜ ƘŀǾŜ ōŜŜƴ ƛƴ ǘƘŜ ŎƻƻǇŜǊŀǘƛǾŜǎ ŀƭƭ ƻǳǊ ƭƛŦŜΧ ǎƻΣ ŀƭƭ ƻǳǊ ƭƛŦŜ ƛƴ ǘƘŜ 
cooperatives! 
ώΧϐ ōŜŎŀǳǎŜ ǿŜ ŀǊŜ ǎƳŀƭƭΣ ǿŜ ƘŀǾŜ ǘƻ ǎŜǘǘƭŜΤ ǘƘŜǊŜ ƛǎƴΩǘ ŀƴȅǘƘƛƴƎ ŜƭǎŜΗέ όм/¢ύ 

4.2.3. Hobby farmers  

Not all farmland was worked by professional farmers; some was worked by part-time or hobby farmers. 

Moreover, their socio-economic constraints were different, although their hobby had to be profitable 

to sustain itself or add to the primary income. When the role was dominant, farmers did not see their 

activity as part of industrial farming but as a hobby. Nonetheless, professional farmers also occupied 

this role when the joy of farming drove their negotiations. 

άώΧϐ ƛǘ Ƙŀǎ ǘƻ ōŜ ŀ Ŏƻǎǘ-ŜŦŦŜŎǘƛǾŜ ŀŎǘƛǾƛǘȅ ōŜŎŀǳǎŜ ƻǘƘŜǊǿƛǎŜΣ ƛǘ ŘƻŜǎƴΩǘ ǿƻǊƪΣ ōǳǘ L ŘƻƴΩǘ 
ǎŜŜ ƛǘ ŜȄŎƭǳǎƛǾŜƭȅ ŀǎ ŀƴ ƛƴŘǳǎǘǊȅΦ ¢ƘŜ ŎǊƻǇǎ ŀǎ ŀƴ ƛƴŘǳǎǘǊȅΣ ƛǎƴΩǘ ƛǘΚ L ǎŜŜ ƛǘ ƛƴ ŀ ŘƛŦŦŜǊŜƴǘ 
way. I like it; I like the coǳƴǘǊȅǎƛŘŜΣ ȅŜǎΣ L ŜƴƧƻȅ ƛǘΗ 9ǾŜƴ ƛŦ ƛǘ ƛǎ ƴƻǘ Ƴȅ Ƴŀƛƴ ŀŎǘƛǾƛǘȅ ώΧϐέ 
(2NT) 

4.2.4. Traditional farmers  

Tradition was deeply internalised ƛƴ ǘƘŜ ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǘȅΦ ²ƘŜƴ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŦŀǊƳŜǊǎΩ ǊƻƭŜ ǿŀǎ 

dominant, farmers strongly advocated for the slow pace and calm of rural lifestyles and traditional, 

experiential, inherited and local knowledge. Moreover, the production was diversified (e.g. vineyards, 
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olive, and almond orchards) and often included some kind of husbandry or beekeeping, although 

many products were for self-consumption.  

ά.ŜŎŀǳǎŜ ȅƻǳ ƎǊŜǿ ǳǇ ƘŜǊŜ ŀƴŘ ȅƻǳ ƭƛǾŜ ǾŜǊȅ ǿŜƭƭΦ !ǘ ƭŜŀǎǘ L ƭƛǾŜ ǾŜǊȅ ǿŜƭƭΦ ²ƛǘƘƻǳǘ ǎǘǊŜǎǎΧ 
¢ƘŜȅ ǘŜƭƭ ƳŜ Ψ¸ƻǳ ŀǊŜ ǘƘŜ ƘŀǇǇƛŜǎǘ ǇŜǊǎƻƴ ƛƴ ǘƘŜ ²ƻǊƭŘΩ ŀƴŘ L ǎŀȅ Ψȅƻǳ ŀǊŜ ǊƛƎƘǘΩέ όр/¢ύ 
άL ƳŜŀƴΣ Ƴƻǎǘ ƻŦ ƻǳǊ ƴŜƛƎƘōƻǳǊǎ ŀǊŜ ƴƻǿ ǊŜǾŜǊǘƛƴƎ ōŀŎk to the way weΩve been farming 
for the last 100 years really on the farm. We farm virtually the same way as my 
ƎǊŀƴŘŦŀǘƘŜǊ ŦŀǊƳŜŘΣ ǿƛǘƘ ŀ ōƛǘ ƻŦ ƳƛȄŜŘ ŦŀǊƳƛƴƎ ŀƴŘ ŀ ƭƛǘǘƭŜ ƻŦ ƭƛǾŜǎǘƻŎƪΦέ όу/¢ύ 

Spanish farmers could adopt this role concerning particular practices or locations. For example, when 

they talked about fallow, straw burning or rotating the land between farmers and shepherds or when 

stating that farming was maintained as a symbolic value of the traditional land use in specific locations 

(e.g. the Bardenas Reales).  

άbƻΣ ƛǘ ƛǎ ŀ ǘƘƛƴƎΣ ƛǘ ƛǎ ŀ ƭŀƴŘ ǘƘŀǘ Ƴȅ ŦŀǘƘŜǊ ŀƭǿŀȅǎ ǿƻǊƪŜŘΧ ƛŦ ƛǘ ŘŜǇŜƴŘŜŘ ƻƴ ƳŜΣ L 
ǿƻǳƭŘƴΩǘ ŎƻƴǘƛƴǳŜ ŦŀǊƳƛƴƎ ƛǘ ώΧϐ ōǳǘ Ƴȅ ŦŀǘƘŜǊΧ ƘŜǊŜ ǘƘŜǊŜ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ŀ ƭƻǘ ƻŦ 
ǘǊŀŘƛǘƛƻƴ ǿƛǘƘ ǘƘƻǎŜ ƭŀƴŘǎΦ tŜƻǇƭŜ ǿŜƴǘ ǘƘŜǊŜΧ ƛǘ ǿŀǎ different as there were no tractors, 
they went ǿƛǘƘ ƘƻǊǎŜǎ ŀƴŘ ŀƭƭ ǘƘŜ ǘƘƛƴƎǎΧ ¢ƘŜǊŜ ǿŜǊŜ Ƙǳǘǎ, and people spend there a 
ǿŜŜƪ ŜŀǘƛƴƎΧ ²ƻǊƪƛƴƎΣ ōǳǘ ǿƘŜƴ ǘƘŜȅ ŦƛƴƛǎƘŜŘ ǿƻǊƪ ΨƭŜǘΩǎ Ǝƻ ǘƻ ǘƘƛǎ Ǝǳȅǎ ƘǳǘΩ ώΧϐέ όп/¢ύ 

4.2.5. Innovative farmers  

In their innovative role, farmers searched for innovations from external sources and tested them or 

implemented them on their farms. The innovations took the form of ideas, machinery, technologies, 

bio-engineered and different crops or farming practices. 

Farmers always adapted innovations to their farm. Consequently, innovating involved learning about 

the innovations (e.g. the details of a machine) and adjusting them to the local environment or farming 

needs (e.g. DIY work on drillers to cut through crop residues). Testing and experimenting with 

innovations also included mixing inputs, such as seeds or agrochemical products or recovering 

abandoned practices. The innovations that were more widely adopted and easier accepted were 

linked to machinery or crop varieties. In this sense, all farmers tested varieties on their land and shared 

experiences with local communities.  

Access to new information regarding those kinds of innovations was through familiar means such as 

organised talks from agri-businesses and manufacturers, magazines, machinery fairs, and in Spain 

through the cooperatives. Additionally, new information sources, such as the internet or smartphones, 

were integrated into farming lifestyles, except for a few older farmers.  

When the innovative role was dominant, farmers took pride in their drive for innovation, 

distinguishing themselves from traditional farmers. However, their innovative activities could be 
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questioned and criticised by the local farming community. The peer pressure and the lack of 

experiential knowledge generated insecurity in innovative farmers. The pride came, then, from 

overcoming those insecurities and taking risks, as 3NT mentioned.  

άLƴ ǘƘŜǎŜ ǘƘƛƴƎǎΣ ƭƛƪŜ ƛƴ Ƴŀƴȅ ƻǘƘŜǊǎΣ ȅƻǳ ƘŀǾŜ ǘƻ ƘŀǾŜ ǎƻƳŜ ǇŜǊǎƻƴŀƭƛǘȅ! Besides, you 
Ǌƛǎƪ ȅƻǳǊ ƳƻƴŜȅΧ ōŜŎŀǳǎŜ ƴƻōƻŘȅ Ǉƭŀȅǎ ǿƛǘƘΧ ȅƻǳ ƴŜŜŘ ǇŜǊǎƻƴŀƭƛǘȅ ŀƴŘ ōŜŎƻƳŜ ŀǿŀǊŜ 
ƻŦ ǘƘŜ ǎǘŀƴŘŀǊŘ ƴƻǘ ŀƭǿŀȅǎ ōŜƛƴƎ ƳƻǊŜΣ ōŜǘǘŜǊΧέ όоb¢ύ 

4.2.6. Environmentalist farmers  

All farmers had a nature stewardship role, independently of the practices they employed, which linked 

to the relationship between farmers and nature that develops from working outdoors.  

άώΧϐ ǘƘŜ ƻǘƘŜǊ Řŀȅ ǘƘŜ ŜŎƻƭƻƎƛǎǘǎ ǿŜǊŜ ǘŀƭƪƛƴƎ ƻƴ ¢±Χ ōǳǘ ǿŜ ŀǊŜ ǘƘŜ Ƴŀƛƴ ŜŎƻƭƻƎƛǎǘǎΗ 
¢ƘƻǎŜ ǿƘƻ ŎŀǊŜ ǘƘŜ Ƴƻǎǘ ŀōƻǳǘ ƴŀǘǳǊŜΦέ όп/¢ύ 

Nonetheless, when the environmentalist role was dominant, farmers were more conscious about the 

potential harm of some of their activities or the agro-chemicals they used, and these potential impacts 

drove their farming decisions. Some farmers linked environmentalism and caring for nature to 

conservation agriculture, others to biodiversity, organic production or the reduction of agro-chemical 

inputs.  

άhƴŜ ƻŦ ǘƘŜ ǘƘƛƴƎǎΧ ǘƘŀǘΩs where it began, I started in 2007, then it was purely for 
biodiversity. Because at the time, we would have stubble left after the combined crop. 
ώΧϐ ¢ƘŜǊŜ ǿŀǎ ŀ ǾŀƭǳŜ ƛƴ ǘƘŀǘΣ ōǳǘ L ǎǘŀǊǘŜŘ ǘƻ ǘƘƛƴƪΣ ΨǿŜ Ŏŀƴ ǇǊƻōŀōƭȅ ƎŜǘ ƳƻǊŜ ǾŀƭǳŜ ƛŦ 
we sow something thatΩs fast-ƎǊƻǿƛƴƎΣ ŦƭƻǿŜǊǎ ŀƴŘ ǇǊƻǾƛŘŜ ƳƻǊŜ ƘƛŘŜǎΣ ƳƻǊŜ ŎƻǾŜǊΩ ώΧϐΦέ 
(10CT) 

4.3. The multiple no-tillag e practices  

In this section, I discuss the multiplicity of no-tillage. The theoretical background for the analysis was 

that tillage management decisions are negotiated outcomes of particular configurations of farming 

actor-networks (Schneider et al., 2012). Furthermore, practices reshape and regroup to adapt to 

different conditions (Hinchliffe, 2007). Nonetheless, when a tillage management becomes a practice, 

the farming actor-network operates in repeated patterns that hold the actors together over time in 

the particular configuration that enables the practice. Within these configurations, actors share similar 

values, meanings and objectives. Then, actor-networks achieve punctualisation (as discussed in the 

literature review section bŜǘǿƻǊƪǎΩ ǇǳƴŎǘǳŀƭƛǎŀǘƛƻƴ) and become actors themselves. Thus, tillage 

management practices are created and co-evolve in the form of farming actor-network configurations. 

Through this understanding, I was able to distinguish different Ψno-tillageΩ practices.  
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The analysis of the interviews distinguished three no-tillage practices that co-existed in both countries. 

No-tillage was not a homogeneous practice. No-tillage was multiple: a machine, a technological 

package and a farming system.  

4.3.1. No-tillage  as a tool  

Farmers possessed numerous farming equipment to do different field operations according to field 

conditions. Field conditions included soil moisture, weeds, crop residues, etc. Each field had particular 

needs, and those were assessed individually.  

As a tool, farmers used no-tillage very flexibly; some farmers took advantage of no-tillage seed drills 

to improve seeding depth after ploughing or doing minimum-tillage because no-tillage machines were 

more accurate than conventional ones. Other farmers used the no-tillage drill for specific crops or 

specific fields without foreseeing a complete farm conversion to no-tillage management. In these 

circumstances, some had a shared no-tillage drill, and others approached their no-tillage neighbours 

to do the seeding for them.  

άώΧϐ ōǳǘ ǳƴŘŜǊ ǘƘŀǘ ƴŀƳŜΣ ǇŜƻǇƭŜ Řƻ ǎƻ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǘƘƛƴƎǎΗ tŜƻǇƭŜ ǎŀȅ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ 
doing no-tillage for 20 years, but it turns out that they use the chisel or power harrow 
ŀƴŘ ǿƘŀǘ ŜƭǎŜΧ ŀƴŘ ǘƘŜƴΣ ǿŜ ŀƭǎƻ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ōŜ ǎƻ ǎǘǊƛŎǘ ŀƴŘ ƴƻǘ ǘƻǳŎƘ ŀƴȅǘƘƛƴƎΗ ώΧϐέ 
(2NT) 
ά.ŜŎŀǳǎŜ ǿŜ ƘŀŘ ǇǊƻǾŜŘ ǘƘŜ ŦŀŎǘ ǘƘŀǘΣ ƴƻ-till was working, weΩd also proved that if we 
wanted to drill in a min-till situation for [no-tillageϐ ŘǊƛƭƭ ǿƻǳƭŘ Řƻ ƛǘΦέ όфb¢ύ 
 ά¸ŜǎΗ L ƘŀǾŜ ŀ о ƳŜǘŜǊǎ ŘǊƛƭƭΦ ¢Ƙŀǘ LΧ ƛƴ ǘƘŜ ǇŀǊŀƳƻǳƴǘΣ ǘƻ ƴƻǘ ǊŜƳƻǾŜ ǘƘŜ ǎǘƻƴŜǎΣ L Řƻ 
no-tillageΦ ώΧϐ !ƴŘ ǘƘŜƴΣ ƛŦ ǎƻƳŜŘŀȅ L ƘŀǾŜ ŀ ǎƳŀƭƭ ǇƛŜŎŜ ŀƴŘ ǘƻ ƴƻǘΧ ώΧϐΣ L ǘƘƛƴƪ ǇŜas 
work better with no-tillage, or those [fields] in the paramount always turn out to establish 
ǿŜƭƭΗέ όо/¢ύ 

4.3.2. No-tilla ge as a technological package 

As a technological package, no-tillage was practised in a stricter pattern, in a combination of farming 

practices that included herbicide use, particular seeds etc. As a technological package, no-tillage was 

recommended in the productivist agriculture paradigm to enhance yields. Although due to local 

conditions, other factors came into play, such as the dry climate. In this sense, no-tillage was often 

adopted through the influence of agri-businesses suggesting the use of their products and seeds and 

made agronomic recommendations. 

No-tillage as a technological package, was mainly used by business farmers with high planning 

requirements. These included big farms in which practices were adapted to soils but were less flexible 

to adjust the pre-established plans to changing field conditions. 
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άbƻΣ ȅƻǳ ƘŀǾŜ ǘƻ Ǉƭŀƴ ƛǘ ōŜǘǘŜǊ ǘƘŀƴ ǘƘŀǘΤ ȅƻǳ ŎŀƴΩt just sort of wake up in the morning 
and think I will do this. You just have to plan it out. You canΩt have 500 hectares of sugar 
beets all committed to one technique, and then the weather changes, and you canΩt do 
it, and you donΩǘ ƘŀǾŜ ŀ ŎǊƻǇΦέ όтb¢ύ 

4.3.3. No-tillage  as a system 

As a farming system, no-tillage was part of the conservation agriculture paradigm. No-tillage, cover 

crops, rotations, leaving crop residues on the surface etc., were practices adopted to increase soil 

health (particularly soil biological properties). Moreover, when no-tillage was adopted as a system, 

the interest was in the interactions between the different farm components to increase overall system 

health and functionality. The objective was to mimic eco-systems, which were productive by nature. 

Farmers took a proactive approach to prevent problems (weeds, pests, diseases) and increase yields 

instead of solving those problems separately when they appeared.  

 

Figure 30. Rural landscape near location 2 

4.4. 3ÐÁÎÉÓÈ ÆÁÒÍÅÒÓȭ ÖÁÌÕÅÓ 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ǇǊƻǾƛŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ ǊŜƎŀǊŘƛƴƎ {ǇŀƴƛǎƘ ŦŀǊƳŜǊǎΩ ǾŀƭǳŜǎ ŀƴŘ ŀƴ ƛƳǇƻǊǘŀƴǘ 

ΨƛƴƴƻǾŀǘƛƻƴΩ ƳŜŀƴƛƴƎ-making process in the analysed Spanish farming actor-networks. Results help 

ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŦŀǊƳŜǊǎΩ ǇǊƻŦŜǎǎƛƻƴŀƭ ƛŘŜƴǘƛties within the farming actor-networks and 

the influence of land consolidation and irrigation modernisation in building ideas of farming 
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innovations. Furthermore, these insights provide the base to understand how values and experiences 

ǎƘŀǇŜ ŦŀǊƳŜǊǎΩ ǘǊŀƴǎlations and negotiations of tillage management practices.  

4.4.1. Values of freedom, naturalness and pride of growing food  

In this section, freedom, naturalness and pride of growing food are discussed. During the interviews, 

Spanish farmers identified those values as central to their valuing of farming. Values are co-

constructed in the farming actor-ƴŜǘǿƻǊƪǎ ŀƴŘ ŀǊŜ ŎƻǊŜ ǘƻ ŦŀǊƳŜǊǎΩ ƛŘŜƴǘƛǘƛŜǎ ŀƴŘ their differentiation 

from other actors. Thus, values show which relations were meaningful in negotiating and building 

ŦŀǊƳŜǊǎΩ ǊƻƭŜǎ ƛƴ ǘƘŜ ŦŀǊƳƛƴƎ ŀŎǘƻǊ-networks.  

What the participant farmers enjoyed most about their work was the ΨfreedomΩ and the pride of 

ΨƎǊƻǿƛƴƎ ǎƻƳŜǘƘƛƴƎΩ. ΨFreedomΩ was mentioned in relation to the control over their own time and 

regarding working ƻǳǘŘƻƻǊǎΣ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ƴŀǘǳǊŜΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ǇǊƛŘŜ ƛƴ ΨƎǊƻǿƛƴƎ ǎƻƳŜǘƘƛƴƎΩ 

referred to how effort and care translated into crops developing in the field and obtaining yields, 

which eventually became nutritious food. These values were reported as important both by no-tillage 

and conventional tillage farmers. Moreover, it was not an idealistic view of the rural lifestyle. Farmers 

appreciated their freedom working the land, even if it was under demanding conditions. Additionally, 

those values show the importance of non-ƘǳƳŀƴ ŀŎǘƻǊǎ ƛƴ ŘŜŦƛƴƛƴƎ ŦŀǊƳŜǊǎΩ ƛŘŜƴǘƛǘƛŜǎΦ 

άώΧϐ L ƭƛƪŜ ŜǾŜǊȅǘƘƛƴƎ ŦǊƻƳ ǘƘŜ ǎǘŀǊǘ ǿƘŜƴ L ǇǊŜǇŀǊŜ ǘƘŜ ǎƻƛƭΣ ǘƘŜƴ ǎŜŜŘƛƴƎΣ ǘƘŜƴ Ƙƻǿ ƛǘ 
ƎŜǊƳƛƴŀǘŜǎ ŀƴŘ ƘŀǾƛƴƎ ǘƻ ǘŀƪŜ ŎŀǊŜ ƻŦ ƛǘ ŀƴŘ ǿŀǘŎƘƛƴƎ ƛǘ ƎǊƻǿΣ ŦƻǊ ƳŜ ǘƘŀǘ ƛǎΧ ƛǘ ƛǎΧ ǾŜǊȅ 
beautiful, isnΩǘ ƛǘΚέ όпb¢ύ 
ά²ŜƭƭΣ ƛŦ ƴƻǿ L Ǝƻ ǘƻ ǎŜŜ ǘƘŜ ǇŜŀǎΣ L Ǝƻ ǘƻ ŀ ŦƛŜƭŘ ƛƴ ǘƘŜ .ŀǊŘŜƴŀǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŀƴŘ L ǎŜŜ 
ǘƘŀǘΧ L ǎŜŜ ŀ ǊƻŜ ŘŜŜǊΣ ǎƻƳŜ ǊŀōōƛǘǎΣ ŀ ǿƛƭŘ ōƻŀǊΧ L Ǝƻ ǎƻƳŜǿƘŜǊŜ ŜƭǎŜΣ ŀƴŘ L ǎŜŜ 
ƴŀǘǳǊŜΧέ όп/¢ύ 
άCǊŜŜŘƻƳΦ ¢ƘŜ ŦǊŜŜŘƻƳ ƻŦ ōŜƛƴƎ ƛƴ ǘƘŜ ŦƛŜƭŘ ŀƭǘƘƻǳƎƘ sometimes it pissess you off with 
ǘƘŜ ƳƻǎǉǳƛǘƻŜǎ ŀƴŘ ŀƭƭ ǘƘŜ ǊŜǎǘΧ ŀƴŘ ȅƻǳ ƘŀǾŜ ǘƻ ōŜΗ ¢ƘŜ ǎǳƴ ǘƘŀǘ Ŝŀǘǎ ȅƻǳΣ ǘƘŀǘ ōŜŀǘǎ 
ȅƻǳΣ ǘƘŀǘ ōǳǊƴǎ ȅƻǳΧέ όм/¢ύ 

The concept of freedom regarding time management relates to the freedom of choice in rural 

sociology literaǘǳǊŜΦ Lƴ ǘƘŜ ƭŀǘǘŜǊΣ ŦŀǊƳŜǊǎΩ ŦǊŜŜŘƻƳ ƛǎ ǘǊŜŀǘŜŘ concerning the control over farm 

management decisions and how it has been increasingly conceded to public administrations and 

private food manufacturers and retailers by means of the establishment of standards (Mikkola, 2017). 

In the course of the interviews, farmers acknowledged socio-economic constraints and referred to 

their coping or negotiation strategies, which involved human and non-human actors and, in some 

cases, included the adoption of no-tillage. These strategies relate to the idea of ΨŦŀǊƳƛƴƎ ǎŜƭŦΩ, which 

ƛƴŎƭǳŘŜǎ ǘƘŜ ŦŀǊƳ ƛƴǘƻ ǘƘŜ ǊŜƭŀǘƛƻƴǎ ǘƘŀǘ ŜƴŀōƭŜ ŀƴŘ ŎƻƴǎǘǊŀƛƴ ŦŀǊƳŜǊǎΩ ŀŎǘƛƻƴǎ (Stock & Forney, 2014).  
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Furthermore, their freedom linked to working outdoors, in contact with nature. Research focusing on 

the farming self links the activity in nature to loosening social constraints and experiencing the 

freedom to become the true self (Stock & Forney, 2014). Moreover, research also highlights farmersΩ 

self and cultural identification as ΨŦƻƻŘ ǇǊƻŘǳŎŜǊǎΩ, used to distinguish themselves from environmental 

stewards or foresters (Burgess, Clark & Harrison, 2000; Burton, 2004a). Certainly, farmersΩ identity 

and what is generally considered a ΨƎƻƻŘ ŦŀǊƳŜǊΩ is strongly defined by food production, and high 

yields were a symbol of that role (Burton, 2004b; McGuire, Morton & Cast, 2013; Marr & Howley, 

2019)Φ ¢ƘŜ ǎŀǘƛǎŦŀŎǘƛƻƴ ŀƴŘ ǇǊƛŘŜ ƻŦ ΨƎǊƻǿƛƴƎ ǎƻƳŜǘƘƛƴƎΩ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦŀǊƳŜǊǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘƛǎ role. 

Moreover, all participant farmers acknowledged that they work to obtain high yields. This was to 

distinguish themselves from the wrongdoing, unprofessional, or not even farmers, who seed the land 

to access EU subsidies without caring for food production. Thus, faǊƳŜǊǎ ǎǘŀǘŜŘ ǘƘŀǘ ǘƘŜȅ ΨƎƻ ŦƻǊ ȅƛŜƭŘΩ 

ŀǎ ŀ ǎȅƳōƻƭ ƻŦ ōŜƛƴƎ ŀ ΨƎƻƻŘ ŦŀǊƳŜǊΩ ǿƘƻ ǿƻǊƪǎ ƘŀǊŘ ŀƴŘ ŎŀǊŜǎΦ п/¢ ƳŀŘŜ ǘƘƛǎ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ 

farmers and those who take advantage of the subsidies: 

άώΧϐ ²Ƙƻ ŀǊŜ ǿŜ ŦŀǊƳŜǊǎΚ ¢ƘƻǎŜ ǿƘƻ ǘŀƪŜ ŎŀǊŜ ƻŦ ǘƘŜ ȅƛŜƭŘǎΗ ¢ƘƻǎŜ people seed and 
ŦƻǊƎŜǘ ŀōƻǳǘ ƛǘΥ ƛŦ ǘƘŜǊŜ ŀǊŜ ǿŜŜŘǎ ƛŦ ƛǘ ŜǎǘŀōƭƛǎƘŜǎ ƻǊ ƴƻǘΧ ¢ƘŜȅ ǿƛƭƭ ŎŀǎƘ ƛƴ ŀƴȅǿŀȅǎΗ ¢ƘŜȅ 
ƘŀǾŜ ǘƘŀǘ ƳƻƴŜȅ ŀǎǎǳǊŜŘΤ ǿƘȅ ǿƻǳƭŘ ǘƘŜȅ ŎŀǊŜ ƛŦ ǘƘŜȅ ŘƻƴΩǘ ƎŜǘ ŜƴƻǳƎƘΚ ώΧϐ ǘƘŜ ƳƻǊŜ 
you produce, it means the more you took care, the more you worƪŜŘΣ ƛǎƴΩǘ ƛǘΚ ώΧϐέ όп/¢ύ 

In summary, freedom in relation to choice and working in nature, together with the pride of growing 

food, are values that ŘŜŦƛƴŜ ŦŀǊƳŜǊǎΩ ǊƻƭŜǎ ƛƴ ǘƘŜ ŦŀǊƳƛƴƎ ŀŎǘƻǊ-networks. Moreover, they show the 

importance of the relationships with both human and non-human actors as enabling and constraining 

ŦŀǊƳŜǊǎΩ roles, negotiations and actions. 

4.4.2. Spanish farming innovation characteristics  

In this subsection, I discuss land consolidation and irrigation modernisation as they had a significant 

impact on how Spanish farmers related and conceptualised innovations. In the regions under study, 

land consolidation, including irrigation modernisation, when applicable, were done between 7 and 30 

ȅŜŀǊǎ ŀƎƻΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ƛǘ ǿŀǎ ǇŀǊǘ ƻŦ ŦŀǊƳŜǊǎΩ ƭƛŦŜ ŜȄǇŜǊiences.  

For the interviewed farmers, land consolidation indicated progress and was seen as beneficial for 

professional farming. It was part of agricultural modernisation and innovation.  

Land consolidation was an administrative process based on technoscientific knowledge and with the 

involvement of the farming community. The process started with farmers deciding which fields would 

be included. Then, the land was assessed and classified according to its agricultural productivity 

potential. Soil scientists did this assessment, but farmers attended the fieldwork. These experiences, 
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in turn, had a significanǘ ƛƳǇŀŎǘ ƻƴ ŦŀǊƳŜǊǎΩ ǊŜƭŀǘƛƻƴǎ ǿƛǘƘ ǎƻƛƭǎ όŎƘŀǇǘŜǊ рύΦ ¢ƘŜ ƴŜȄǘ ǎǘŜǇ ƛƴ ƭŀƴŘ 

ŎƻƴǎƻƭƛŘŀǘƛƻƴ ǿŀǎ ǇƻƴŘŜǊƛƴƎ ŀƭƭ ŦŀǊƳŜǊǎΩ ŦƛŜƭŘǎ ƛƴ ŀ ƳǳƴƛŎƛǇŀƭƛǘȅ ōȅ Ŏƭŀǎǎ ŀƴŘ size so that farmers could 

choose between extending their land property (with the land of a lower class) or increasing their land 

quality (by decreasing their farm size). Finally, the land was consolidated and distributed, together 

with infrastructure work. 3CT claimed that if it had not been for land consolidation, he would not have 

continued farming. Other farmers agree with these modernisation claims, how it improved farming 

infrastructure, decreased workload, and even helped maintain the rural lifestyle.  

άώΧϐ ²Ŝ ǿƻƴ ōȅ ŘƻƛƴƎ ǘƘŜ ŎƻƴǎƻƭƛŘŀǘƛƻƴΧ L ǿƻǳƭŘ ƘŀǾŜ ƭŜŦǘ ŦŀǊƳƛƴƎ ƻǘƘŜǊǿƛǎŜΦ ώΧϐ 
.ŜŎŀǳǎŜ ǘƘŜǊŜ ǿŜǊŜ ŦƛŜƭŘǎ ƻŦ ƘŀƭŦ ŀ ƘŜŎǘŀǊŜΦ bƻǿŀŘŀȅǎ ŀǘ ƭŜŀǎǘΧ ǿŜƭƭΣ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ 
fields of one and a half or one, but there are also of 10 or 9. Well, the field operatƛƻƴǎΧ 
ǘƘŜǊŜ ƛǎ ƴƻ ŎƻƳǇŀǊƛǎƻƴΗ ώΧϐ !ƴŘ ȅƻǳ Ŏŀƴ ǇǊƻŘǳŎŜ ƳƻǊŜΦ ¢Ƙƛǎ ƛǎ ŀ ƘǳƳƛŘ ǾƛƭƭŀƎŜΦ .ŜŦƻǊŜΣ 
there was water everywhere, and now we have, but it is not the same. They did ditches 
ŀƴŘ ŎƻǳƴǘǊȅ ƭŀƴŜǎΧέ όо/¢ύ 

In other places, land consolidation was done, including land-use changes from rain-fed to irrigated 

land and irrigation modernisation. In these cases, land consolidation, access to irrigation and irrigation 

modernisation were equally seen as beneficial innovations for professional farming. However, access 

to irrigation or the modernisation of new irrigation systems meant significant ŎƘŀƴƎŜǎ ƛƴ ŦŀǊƳŜǊǎΩ 

actor-networks. Farmers had to change their machinery to adapt to the new field sizes and the 

irrigation infrastructure (as 4CT explained), incurring major costs despite some regional government 

aid availability.  

ά{ƛƴŎŜ ǿŜ ŘƛŘ ǘƘŜ ƛǊǊƛƎŀǘƛƻƴ ƳƻŘŜǊƴƛǎŀǘƛƻƴΣ ŜƛƎƘǘ ȅŜŀǊǎ ŀƎƻΧ ¢Ƙŀǘ ƭŜŀŘǎ ǳǎ ǘƻ ƘŀǾŜ ǘƻ 
change the majority of our machinery. Before, a flood irrigated field had no obstacles 
within it, and now we have ǎǇǊƛƴƪƭŜǊǎ ώΧϐέ όп/¢ύ 

With irrigation changes, new market opportunities arrived. Opportunities that farmers seized, even if 

they meant learning about new crop cycles and growing requirements, to later market the products 

through new, previously unexplored paths. These paths included new actors, the manufacturers, who 

negotiated their own ways into crop production. Manufacturers provided the seeds, which they 

charged for after harvest, which was also done by them. Additionally, manufacturers provided 

recommendations from professional agronomists regarding fertilisation and irrigation plans. 

άIŜǊŜΣ ƭŀǘŜƭȅΣ ǎƛƴŎŜ ǘƘŜȅ ŎƘŀƴƎŜŘ ǘƘŜ ƛǊǊƛƎŀǘƛƻƴ ǎȅǎǘŜƳǎΣ ŀƭƭ ŎǊƻǇǎ ƘŀǾŜ ŎƘŀƴƎŜŘΦ ώΧϐ aŀƛȊe 
is almost not grown, as now the profit is very low. What is grown also are crops for deep-
ŦǊƻȊŜƴ ǇǊƻŘǳŎǘǎ ƳŀƴǳŦŀŎǘǳǊŜǊǎΥ ǎǇƛƴŀŎƘΣ ǇŜŀǎΣ ƎǊŜŜƴ ōŜŀƴǎΧ ώΧϐ ¢Ƙƛǎ ǿŀǎ ƳƻǊŜ ƻŦ ŀ 
ŦƻǊŀƎƛƴƎ ŀǊŜŀΣ ŀƭŦŀƭŦŀΧ ώΧϐ ²Ŝ ǿŜǊŜ ŀōƭŜ ǘƻ ŎƘŀƴƎŜ ǘƻ ŎǊƻǇǎ ǘƘŀǘ ōŜŦƻǊŜΧ ǿŜ ƭŜŀǊƴŜŘ ŀ 
ƭƻǘΣ ŎǊƻǇǎ ǘƘŀǘ ōŜŦƻǊŜ ǿŜ ŘƛŘƴΩǘ ƪƴƻǿ ŀōƻǳǘΦέ όп/¢ύ 
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However, land consolidation did not affect all regions in Spain. Some rain-fed land remained with 

traditional fields. Thus, not all types of farming had the same priority in the administration to foster 

innovation strategies, as 5NT comments suggested. 

ά[land consolidation] ¢ƘŜǊŜ ƛǎƴΩǘ ƘŜǊŜΣ ƘŜǊŜ ƴƻǘ. In this area nothing has been done: it is 
rain-ŦŜŘ ƭŀƴŘΦέ όрb¢ύ 

The analysis of land classification and consolidation, and irrigation modernisation, enables to list their 

characteristics which made them positive innovations in the farming actor-networks:  

¶ Reduction of workload, 

¶ Introduction of new products and technologies, 

¶ Introduction of new crops with higher economic profits, 

¶ In relation to the above, optimisation of farming resources (land, time, water),  

¶ Support from the public administrations. 

Those changes were celebrated as rural development despite: 

¶ Learning requirements, 

¶ Machinery and equipment upgrading costs, 

¶ Property modifications, 

¶ Landscape changes. 

4.5. The Spanish farms  

This section introduces Spanish farms by presenting research locations and examples of field 

operations conducted at a no-tillage and a conventional tillage field.  

4.5.1. Spanish farms 

Spanish farms were located in the agricultural regions of Ejea de los Caballeros (Aragon), Navarra 

media, Ribera alta Aragon, Ribera baja (Navarre) and Pisuerga (Castille and Leon) as shown on the 

topographic map in Figure 31. 

Most of the farmers farmed alone or with a family member. Some farmers occasionally hired 

contractors for specific field operations, except for two farmers who were in business partnerships. 

4NT was in a two-person partnership, and 1NT was in a three-person partnership with two permanent 

employees and provided contracting work for other farmers. The partnerships worked more land 

(around 600 ha 1NT and 240 ha 4NT), while when the farmer worked alone, the farm size was smaller 

(between 26 ha and 170 ha).  
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Farmers owned their land, or part of it, working also rented and communal land. Rights to work 

ŎƻƳƳǳƴŀƭ ƭŀƴŘ ǊƻǘŀǘŜŘ ōŜǘǿŜŜƴ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎΩ ŦŀǊƳŜǊǎ ŜŀŎƘ у ς 15 years, and sometimes 

shepherds had the right to graze (sheep) after harvest. The exception was 1CT, who worked solely on 

communal land.  

Farmers at location 1 and 4 also worked irrigated land, which provided them with broader farming 

experiences, although these are not included in this analysis.  
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Figure 31. Topographic map of research locations in Spain 
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4.5.2. Farm operations: an example of the investigated fields 

Table 5. Example of a cropping calendar for a no-tillage field in Spain 

 SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 

2017                         

2016                         

2015                         

2014                         

2013                         

 : Herbicides;  : Fertilisers;   : Pesticides 

 

Not all farmers participating in the research filled in the questionnaires about field history. However, 

as examples, Table 5 illustrates field operations performed by a no-tillage farmer and Table 6 by a 

conventional tillage farmer. Those farmers were not neighbours, and tables do not represent general 

cropping calendar models. 

Table 6. Example of a cropping calendar for a conventional tillage field in Spain 

 SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 

2017                         

2016                         

2015                         

2014                         

2013                         

 : Herbicides;  : Fertilisers;  : Pesticides;  : Tillage;  : Cultivator;  : Harrow;  : Roller 

4.6. Spanish no-tillage  adoption paths  

This section presents the results of the different no-tillage adoption paths across chains of actors in 

different Spanish farming actor-network configurations. The analysis focuses first on identifying actors 

and their bonds forming different farming actor-network configurations; second, how they operate 

and which tensions appear; and third, how the normal dynamism or the tensions favour or limit no-

tillage adoption. The section starts with a summary table, to then explain in detail the actors enrolled 

in particular paths, how they are related and how they co-construct each other, holding the farming 

actor-network or creating tension and favouring change. 

BARLEY 

WHEAT 

BARLEY 

WHEAT 

BARLEY 

WHEAT 

OAT 

WHEAT 

WHEAT 

SUNFLOWER 
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Table 7. No-tillage adoption paths in Spain 

Path How farming actor-network operated Tensions Adoption barriers and drivers 

Income, 
subsidies, 
markets, 

cooperatives 
and yields 

CAP subsidies were core to farmersΩ subsistence 
Cooperatives had central roles in farming actor-
networks and economic flows 
Occasionally accessed niche markets directly through 
manufacturers 
Farmers adopted non-food producer roles to negotiate 
income 

CAP subsidies were decoupled from yield and land 
Farmers competed in international markets with low 
grain prices 
Farmers complied with public standards, which 
increased production costs 
Expansionist strategies were constrained due to high 
land prices 

NT adopted as misconduct by large landowners to 
benefit from subsidies 
NT adopted as an optimisation strategy to reduce 
production costs 
IƛƎƘ ȅƛŜƭŘǎΩ ǎȅƳōƻƭƛǎƳ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ΨƎƻƻŘ ŦŀǊƳŜǊΩ 
ǎǘŀǊǘŜŘ ǘƻ ōŜ ŜȄŎƘŀƴƎŜŘ ŦƻǊ ōŜƛƴƎ ΨŎƻǎǘ-ŜŦŦŜŎǘƛǾŜΩΣ  
favouring less productive practices 

Weather and 
water: 

managing 
the risks 

Climate patterns and soil conditions ruled field 
operation timings, translated by experiential, local and 
traditional knowledge 
The Mediterranean climate had irregular rain patterns 
and droughts 
Insurances and crop diversification as strategies to 
manage meteorological risks 

Narrow time window with right conditions for field 
operations increased stress due to increasing 
workload per farmer 
Meteorological events disrupted and constrained field 
operations 
Climate change challenged farmersΩ knowledge 
Crop development was uncertain 

NT adopted as it required fewer field operations  
NT not adopted as it required better field conditions 
(long-lasting compaction consequences) 
NT adopted as a risk management strategy to reduce 
production costs and potential losses 
NT not adopted to avoid investment and risk-managed 
reducing field operations 

Crops: crop 
innovation, 

rotation and 
cover crops 

Experiential, local and traditional knowledge ruled 
crop selection 
Crop innovation created higher-yielding and more 
resistant varieties 
CAP introduced rotation and greening areas 

Introducing new and different crops was constrained 
due to difficulties in buying seeds or selling products 
through cooperatives 
CAP restricted herbicide use in greening areas 

Introducing cover crops or different crops in rotations 
was constrained, favouring most common crops 
Conservation agriculture practices adopted to comply 
with CAP, favouring NT adoption 
Leguminous crops (e.g. peas) abandoned due to 
agronomic and economic constraints, returned to 
fallow, favouring conventional practices 
¢ƘŜ ƳŜŀƴƛƴƎ ƻŦ ΨŎǊƻǇ ƛƴƴƻǾŀǘƛƻƴΩ ǿŀǎ ǎǘŀǊǘƛƴƎ ǘƻ 
include systemic approaches, favouring conservation 
practices and NT adoption 

Weeds and 
herbicides 

Total and specific herbicides were used 
Traditional straw burning for weed management had 
been banned, increasing herbicide use 
CT relied mainly on tillage for weed management 
NT relied on glyphosate as a total and cheap herbicide 

Glyphosate safety for human health was questioned, 
threatening being banned 
Roles of herbicides as necessary phytosanitary 
products or toxic agrochemicals products created 
ŎƻƴŦƭƛŎǘǎ ǊŜƎŀǊŘƛƴƎ ŦŀǊƳŜǊǎΩ ŜƴǾƛǊƻƴƳŜƴǘŀƭƛǎƳ 
IŜǊōƛŎƛŘŜǎΩ ǇǊƛŎŜǎ ǿŜǊŜ ƛƴŎǊŜŀǎƛƴƎΣ ŀƴŘ ǿŜŜŘǎ ǿŜǊŜ 
becoming resistant to herbicides, questioning 
herbicides efficiency and becoming just agribusiness 
marketed products 
Traditional fallow meant land not producing benefits 
 

NT not adopted due to reliance on herbicides, 
particularly glyphosate 
Herbicides role as necessary phytosanitary product 
favoured NT adoption 
Herbicides roles as toxic agrochemicals and as agri-
business marketed products favoured conventional 
weed management strategies, including fallow and 
tillage 
NT and the conflicting roles of herbicides were 
changing the ΨƴŜŀǘ ŦƛŜƭŘǎΩ as a symbol of ΨǘƘŜ ƎƻƻŘ 
ŦŀǊƳŜǊΩ 
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Path 
(continued)  How farming actor-network operated Tensions Adoption barriers and drivers 

Machinery 
and 

contractors 

Machinery embodied technological innovation and 
followed expansionist and optimisation strategies, 
becoming bigger and improving precision 
Experiential, local and traditional knowledge together 
with price and pride ruled machinery suitability 
assessment 
Machinery markets were widely spread, and access 
was not limiting 
Contractors were hired when not owning the 
appropriate machine or testing practices and crops 
Farmers co-created innovation by always adapting 
machines to their farm needs 

Huge NT drill had high prices and required additional 
investments in powerful tractors 
NT drill had higher maintenance costs 
Sharing drills constrained due to narrow time windows 
with optimal conditions to perform seeding 

NT not adopted due to high investment requirements 
for big drills 
NT adopted as cost-effective in the long term 
NT adopted through small drills 
NT tested through contractors 
NT as machinery innovation was co-created by farmers 

Knowledge 
and trust 

Experiential, local and traditional knowledge acquired 
through interaction with the farm, family and 
neighbour farmers 
LƻŎŀƭ ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǘƛŜǎ ƴŜƎƻǘƛŀǘŜŘ ǘƘŜ ΨƎƻƻŘ 
ŦŀǊƳŜǊΩ ƳƻŘŜƭ 
Bars and social spaces in cooperatives were places of 
farmer-to-farmer knowledge exchange 
Agronomists were available in cooperatives to provide 
advice; in Navarre, they were from the regional 
extension institute 
The internet was used to search and contrast 
information 
Global farming communities were crated online, 
particularly by NT farmers who followed or became 
influential farmers through social media 
Global communities supported NT innovative roles, 
ƴƻǘ ŘƛǊŜŎǘƭȅ ǊŜƭŀǘŜŘ ǘƻ ΨŦƻƻŘ ǇǊƻŘǳŎǘƛƻƴΩ 

Research trials were seen as unrealistic farming 
Regional extension institutes were distant to farmers 
and had low budgets (with the exception of Navarre), 
not producing locally validated data 
Trust in agronomists was compromised by short-term 
relations 
Agronomists working for agri-businesses provided free 
but mistrusted information due to marketing bias 
Information needed to be empirically validated by 
farmers 
The internet was not a source of trustful information 
due to the lack of control 
NT or conservation agriculture farmersΩ associations 
were distant or lacked funding 
Magazines were considered publicity pamphlets, with 
the exception of NavarreΩs regional extension institute 
 
 

Regional extension institutes, with long-term 
relationships with farmers through their advisors, 
were trusted and favoured NT adoption 
Distant and low budget regional institutes, research 
centres, or farming associations were not particularly 
favouring NT adoption 
The internet and global farming communities favoured 
NT adoption and maintenance in time 

*NT: no-tillage 
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4.6.1. Income: subsidies, markets, cooperatives and yields 

4.6.1.1. Common Agriculture Policy subsidies and entitlements  

The EU subsidies stemming from the CAP were core to the economy of Spanish agricultural businesses.  

άL ƘŀǾŜ ŀ /!t ώǎǳōǎƛŘƛŜǎϐ ǘƘŀǘ ƛǎ ǘƘŜ ǎǇƛƴŀƭ ŎƻƭǳƳƴ ƻŦ Ƴȅ ŜŎƻƴƻƳȅΣ ƻŦ Ƴȅ ŦŀǊƳΣ ŀƴŘ L 
ǎŜŎǳǊŜ ǘƘŀǘΦέ όоb¢ύ  
άLŦ ƛǘ ǿƻǳƭŘƴΩǘ ōŜ ŦƻǊ ǘƘŜ /!t ώǎǳōǎƛŘƛŜǎϐΣ ǾƛǊǘǳŀƭƭȅ ǿŜ ŦŀǊƳŜǊǎ ǿƻǳƭŘƴΩǘ ōŜ ŀōƭŜ ǘƻ ǎǳōǎƛǎǘΣ 
ŀƴŘ ǘƘŀǘ ƛǎ ǘƘŜ /!tΣ ŀƴŘ ŜǾŜǊȅ ǘƛƳŜ ǘƘŜȅ ǊŜŘǳŎŜ ƛǘ ƳƻǊŜΦέ όпb¢ύ 

The CAP was created in 1955 to stabilise agricultural markets by increasing agricultural productivity, 

to ensure food availability at reasonable prices for consumers and a fair standard of living for farmers 

(Cong & Brady, 2012). In 2005, a European Council Regulation added food safety and high-quality non-

food products, the protection of the environment and the harmonious development among the 

ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƻƴǎ ǘƻ /!tΩǎ ƻōƧŜŎǘƛǾŜǎ (Cong & Brady, 2012). CAP directives were implemented by 

member states with some flexibility, including subsidies distribution. 

Interviewed farmers disagreed with how subsidies were being distributed. Initially, Spain translated 

the European directives in subsidies linked to the land surface and production by region. So, subsidies 

ōŜŎŀƳŜ ŘŜŎƻǳǇƭŜŘ ŦǊƻƳ ŦŀǊƳŜǊǎΩ actual production. Meaning that subsidies did not compensate 

ŦŀǊƳŜǊǎΩ ŜŦŦƻǊǘǎ ǘƻ ƛƴŎǊŜŀǎŜ ȅƛŜƭŘǎΣ ǿƘŜǊŜŀǎ ōƛƎƎŜǊ ŦŀǊƳǎ ǊŜŎŜƛǾŜŘ ƳƻǊŜ ƳƻƴŜȅ than smaller ones. 

Afterwards, CAP worked with entitlements, linked to people who declared to work the land instead of 

to the land itself. That way, entitlements covered a land surface under a particular use, but the physical 

fields were exchangeable. Moreover, from this model, a market of entitlements developed, and 

people speculated with them, while interviewed farmers struggled to acquire enough entitlements to 

cover the surface they were farming. That is to say, there were tensions in the farming actor-networks 

because of the barriers to access entitlements to obtain CAP subsidies.  

CAP did not promote no-tillage, but entitlement owners took advantage of subsidies being decoupled 

from production. No-tillage was used as a tool to seed fields at minimum cost to comply with the 

norms to obtain subsidies. This practice used the reduction in petrol costs with no-tillage compared 

to conventional tillage. Even no-tillage farmers admitted that this practice of no-tillage existed. 

However, it was never acknowledged as a farming activity. It was described as misconduct of large 

landowners, including nobility, taking advantage of subsidies intended for farmers.  

άIƻǿ ƛǘ ƛƴŦƭǳŜƴŎŜǎΚ ώ9¦ ǎǳōǎƛŘƛŜǎ ƻƴ no-tillage adoption] If I had 600 ϵ entitlements I 
would seed with no-tillage ŀƴŘ ǿƻǳƭŘƴΩǘ ŎŀǊŜ ŀōƻǳǘ ǿƘŀǘ ǘǳǊƴŜŘ ƻǳǘΗ ²ƘƛŎƘ ƛǎ ǿƘŀǘ Ƴŀƴȅ 
ŀǊŜ ŘƻƛƴƎΗέ (3CT) 
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4.6.1.2. Cooperatives, markets and grain prices  

All interviewed farmers were members of an agricultural cooperative that played a central role in the 

farming actor-networks, especially for small farmers. Cooperatives could achieve better deals than 

individual farmers would. Thus, cooperatives marketed grain production and negotiated better prices 

for grain with higher protein content (e.g. with breweries), which in turn required adapting farm 

operations and inputs (e.g. higher fertilisation). Additionally, cooperatives bought inputs in bulk (seeds 

and agrochemicals) so that individual farmers could access them at lower prices. Moreover, 

cooperatives provided consultancy on CAP legal requirements, subsidies, and some provided 

connections to banks for crop insurances. Finally, all cooperatives had a technical advisor for 

agronomic advice. For all these reasons, farmers were members of cooperatives and those played 

central roles in farming actor-networks.  

Occasionally, some farmers dealt directly with manufacturers for specific products accessing niche 

markets. The manufacturers mentioned during the interviews were deep-frozen vegetable 

manufacturers and wine breweries. Those experiences were not related to cereal crop, but they 

ƛƴŎǊŜŀǎŜŘ ŦŀǊƳŜǊǎΩ ƪƴƻǿƭŜŘƎŜ ǊŜƎŀǊŘing the need to manage payment risks, which otherwise was 

shared by the cooperativesΩ members. MoreoverΣ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ǘŜǊƳǎ ŀƴŘ Ŏƻnditions constrained 

how those crops were grown. So, farmers experienced how in niche markets, one of their core values, 

their Ψfreedom of choiceΩ (see section: {ǇŀƴƛǎƘ ŦŀǊƳŜǊǎΩ ǾŀƭǳŜǎ), was restricted by private 

ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ŀƴŘ ǊŜǘŀƛƭŜǊǎΩ ǎǘŀƴŘŀǊŘƛǎŀǘƛƻƴ (Mikkola, 2017).  

Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ŎŜǊŜŀƭǎΣ ŦŀǊƳŜǊǎΩ ƎǊŀƛƴ ǇǊƻŘǳŎǘƛƻƴ ǳƴŘŜǊ 9ǳǊƻǇŜŀƴ ǎǘŀƴŘŀǊŘǎ ƘŀŘ ǘƻ ŎƻƳǇŜǘŜ ƛƴ ǘƘŜ 

global market. In this sense, food safety and environmental regulations affecting agrochemicals were 

ǘƘŜ ǇǳōƭƛŎ ǎǘŀƴŘŀǊŘǎ ŎƻƴǎǘǊŀƛƴƛƴƎ ŦŀǊƳŜǊǎΩ ŎƘƻƛŎŜ (Mikkola, 2017). Moreover, they ƛƴŎǊŜŀǎŜŘ ŦŀǊƳŜǊǎΩ 

production costs, which, in turn, increased their grain prices to cover costs and eventually make a 

ǇǊƻŦƛǘΦ ¢ƘŜǊŜŦƻǊŜΣ ƘƛƎƘ ǇǊƻŘǳŎǘƛƻƴ Ŏƻǎǘǎ ƘƛƴŘŜǊŜŘ {ǇŀƴƛǎƘ ŀƴŘΣ ƛƴ ƎŜƴŜǊŀƭΣ 9ǳǊƻǇŜŀƴ ŦŀǊƳŜǊǎΩ 

competitiveness against international products produced under different regulation frames. 

Economic pressures can drive farmers to unethical environmental and social practices (Hendrickson & 

James, 2005; James & Hendrickson, 2008). In this sense, 3NT speculated that this tension would end 

with Spanish farmers producing for niche markets of high price products. In any case, private 

standardisation for niche markets offered farmers certain financial security. 

ά²Ŝ ŀǊŜ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ƳŀǊƪŜǘ ƻŦ ŎŜǊŜŀƭ ǇǊƛŎŜǎ ǿƘŜǊŜ /ƘƛŎŀƎƻ ǊǳƭŜǎΣ tŀǊƛǎ ǊǳƭŜǎΣ ŀƴŘ ǿŜ 
have to compete with Argentina, with Brazil, Africa, with Australia, with Ukrania, 
Kazajistan, with all Christ! If you want to produce in Europe, protect the farming it has 
ώΧϐΦέ όн/¢ύ 



135 
 

ά!ƴŘ 9ǳǊƻǇŜ Ƙŀǎ ŀ ǇǊƻōƭŜƳ ǿƛǘƘ ǘƘŀǘΣ ȅƻǳ ƪƴƻǿΚ .ŜŎŀǳǎŜ ƘŜǊŜΣ ǾŜǊȅ ǎƻƻƴ ƛŦ ƛǘ ŎƻƴǘƛƴǳŜǎ 
ƭƛƪŜ ǘƘƛǎΣ ώΧϐΣ ǘƘŜǊŜ ǿƛƭƭ ƻƴƭȅ ǊŜƳŀƛƴ ǘƘŜ ƎǳŀǊŀƴǘŜŜǎ ƻŦ ƻǊƛƎƛƴΣ everything very good, but it 
ǿƛƭƭ ōŜ ŜȄǇŜƴǎƛǾŜΣ ƻǊ ǘƘŜȅ ǿƛƭƭ ōǊƛƴƎ ǎƘϝϝ ŦǊƻƳ ƻǘƘŜǊ ǇƭŀŎŜǎΦ ¢Ƙŀǘ ŎƭŜŀǊΦέ όоb¢ύ 

In addition to pertaining to cooperatives or accessing niche markets, farmers adopted a variety of 

strategies to relieve the economic tensions caused by low grain prices in global markets. In their farms, 

farmers followed expansionism, intensification, diversification or optimisation rationales, or a 

combination of them, as explained in the next section. Outside the farms, farmers took roles that 

ŘƛŦŦŜǊŜŘ ŦǊƻƳ ǘƘŜƛǊ ΨŦƻƻŘ ǇǊƻŘǳŎŜǊΩ role to negotiate policies or grain prices. Examples were their 

involvement in cooperativesΩ directives ǘƻ ƴŜƎƻǘƛŀǘŜ ǇǊƛŎŜǎ ǿƛǘƘ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ƻǊ ƛƴ ŦŀǊƳŜǊǎΩ ǘǊŀŘŜ 

unions to deal with local and national policymakers.  

4.6.1.3. Expansionism and optimisation: land access and production costs  

In the productivist farming paradigm, higher income is guaranteed through higher yields. In turn, this 

is accomplished through intensification (by means of innovations) and land expansion. Therefore, 

some farmersΩ reaction to low profits was to increase their investments in technology or land.  

However, land access was constrained because of low land availability and high land prices. The low 

land availability in the market was a consequence of CAP subsidies from which non-professional 

farmers could benefit (hobby farmers).  High land prices (to buy or rent) resulted from speculation, 

taking advantage of the money that circulated because of the ȅƻǳƴƎ ŦŀǊƳŜǊǎΩ ƎƻǾŜǊƴƳŜƴǘŀƭ ŦƛƴŀƴŎƛŀƭ 

supportΦ мb¢ ǊŜŦƭŜŎǘŜŘ ƻƴ ŦŀǊƳǎΩ ƴŜŜŘ ǘƻ extend acreage to make a living out of farming and the lack 

of access to buy land as their primary problem at the farm. Indeed, extending farmland was almost a 

requirement to sustain their farming business, particularly for business farmers. 

ά²ŜƭƭΣ ǘƘŜ Ƴŀƛƴ ǇǊƻōƭŜƳ ǘƘŀǘ ǿŜ ƘŀǾŜ ƛǎ ƴƻǘ ƻƴ ǘƘŜ ŦŀǊƳΦ Lǘ ƛǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀƭƳƻǎǘ ƴƻ 
accŜǎǎ ǘƻ ƭŀƴŘΦ ²ƘȅΚ ²Ŝ ǘƘƛƴƪ ǘƘŀǘ ƛǘ ƛǎ ŘǳŜ ǘƻ /!t ώΧϐ It is thought to give subsidies to 
everyone, so all those lords that have those big land extensions maintain them, make 
ƳƻƴŜȅ ŀƴŘ ŘƻƴΩǘ ǿƻǊƪ ŀƴȅǘƘƛƴƎΣ ƛƴ Ǉƭŀƛƴ ƭŀƴƎǳŀƎŜΧ ōǳǘ ǘƘŜ ŦŀǊƳŜǊ ǿƘƻ ǿƻǊƪǎ ƴŜǾŜǊ Ƙŀs 
ŀƴ ƻǇǘƛƻƴ ǘƻ ōǳȅ ώƭŀƴŘϐΦ ώΧϐ I need land to work. That is my job! And I am fed up with the 
ƭŀƴŘƭƻǊŘ ŎŀƭƭƛƴƎ ŀƴŘ ǎŀȅƛƴƎΥ ΨƭƛǎǘŜƴΣ ȅƻǳ ƘŀǾŜ ǘƻ Ǉŀȅ ƳƻǊŜΩΦ ώΧϐ Lǘ Ƙŀǎ ōŜŜƴ ǎŀƛŘ ǘƘŀǘ ΨŜǾŜǊȅ 
ǘƛƳŜ ǘƘŜǊŜ ŀǊŜ ŦŜǿŜǊ ǇŜƻǇƭŜ ƛƴ ǘƘŜ ŦƛŜƭŘΩ ōǳǘ ǿƘƻ ǎǘŀȅǎ ƴŜŜŘǎ ŀƴ ŜȄǘŜƴǎƛƻƴ ǘƘŀǘ ƛǎΧ 
ŜȄŀƎƎŜǊŀǘŜŘΣ ǘƻ ƳŀƪŜ ŀ ƭƛǾƛƴƎΣ ŀƴŘ ǘƘŜǊŜ ƛǎƴΩǘ ŀƴȅ ώƭŀƴŘϐΗέ όмb¢ύ 

High land prices and lack of access to buy land drove farmers to farm all available land even if not 

suitable. Moreover, intensive continuous cropping was chosen over practices with environmental and 

agronomic benefits, such as fallow, because farmers could not afford to implement land uses that did 

not generate any income, as 3NT expressed. Nonetheless, traditional and environmentalist farmers 

had positive attitudes towards these practices. 
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άL ƳŜŀƴΣ ƛǘ ƛǎ ŀ ƭƻƻǇ ƻŦ Ƴŀƴȅ ǘƘƛƴƎǎΧ CƛǊǎǘΣ ƻŦ ŎƻǳǊǎŜΣ ƘŜǊŜ ǿŜ ƘŀǾŜ ǘƻ ƳŀƪŜ ƳƻƴŜȅ ŜǾŜǊȅ 
ȅŜŀǊΗ ¸ƻǳ ǘƘƛƴƪ ŀōƻǳǘ ŀ ŦƛŜƭŘ ŀƴŘ ΨǿŜƭƭΣ L ƭŜŀǾŜ ƛǘ ƻƴ Ŧŀƭƭƻǿ ƻǊ ŦƻǊŀƎŜ ƻǊ ǎƻ ƻƴΩ ōǳǘ ȅƻǳ ƘŀǾŜ 
ǘƻΧ ƛŦ ȅƻǳ Ǉŀȅ ǘƘŜ ǊŜƴǘ ŀƴŘ ǘƘƻǎŜ ǘƘƛƴƎǎΣ ȅƻǳ ƘŀǾŜ ǘƻ ŜȄǇloit it! You have to make a profit 
ŜǾŜǊȅ ȅŜŀǊΗέ όоb¢ύ 

Different farming actor-network configurations were those of hobby farmers, including those farmers 

with part-time or full-time jobs outside farming. In these cases, farming might still represent the core 

income in their household. Nonetheless, their relation with yield was less dependent, which had 

consequences regarding the risks that they were willing to take to experiment with innovations and 

how they budgeted investments, as 2NT explained: 

άώΧϐ ¸ƻǳ have an income from another side, that is so. Nonetheless, numbers have to 
ǘǳǊƴ ƻǳǘΣ ƻōǾƛƻǳǎƭȅΗ ώΧϐ ¢ƘǳǎΣ ǿƘŜƴ ȅƻǳ ǎǇŜƴŘ ǎƻƳŜ ƳƻƴŜȅ ǘƻ ōǳȅ ŀ drill ώΧϐ, you might 
ŦƛƴŀƴŎŜ ƛǘ ŦǊƻƳ ǘƘŜ ƻǘƘŜǊ ǎƛŘŜΣ ŀƭǘƘƻǳƎƘ ȅƻǳ ƘŀǾŜ ǘƻ ǊŜŎƻǾŜǊ ƛǘ ƘŜǊŜ ώƛƴ ŦŀǊƳƛƴƎϐΦέ όнb¢ύ 

Nonetheless, the majority of the farmers, due to low grain prices and high climate-related risks, 

decided for optimisation strategies on their rain-fed land, reducing production costs to increase their 

benefit margin. Interestingly, in some instances, optimisaǘƛƻƴ ǊŜǉǳƛǊŜŘ ŦŀǊƳŜǊǎΩ ƛƴǾŜǎǘƳŜƴǘ ƛƴ 

innovations that ensured producing the highest yields at the lowest costs. Among farmers who 

followed this path were no-tillage farmers. Cost reduction was achieved through reducing fuel 

consumption compared to conventional tillage, in which fuel was used in repeated ploughing and 

associated field operations. Indeed, in most of the Spanish interviewed cases, cost reduction, 

compared to conventional tillage, was the first reason driving the adoption of no-tillage.  

ά¢ƘŜǊŜ ƛǎ ƴƻ ƻǘƘŜǊ ǿŀȅΗ ²ƛǘƘ ǘƘŜ ƭƻǿ ǇǊƛŎŜǎΣ ƛŦ ȅƻǳ ŘƻƴΩǘ Ŏǳǘ ŎƻǎǘǎΧ ǘƘŜƴ ƛǘΩǎ ŘƛŦŦƛŎǳƭǘΣ ƛǎƴΩǘ 
ƛǘΚέ όпb¢ύ  
άώΧϐ ¢ƘǳǎΣ L ŀǎǎŜǎǎŜŘ ǘƘŜ Ŏƻǎǘ ƻŦ ŦŀǊƳƛƴƎ ǿƛǘƘ ǘƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ǘƛƭƭŀƎŜ ǎȅǎǘŜƳ ŀƴŘ ǿƘŀǘ 
could turn out by organising the conservation agriculture, and I saw it suited me. So I did 
ǘƘŀǘΦέ όрb¢ύ 

In these farming actor-networks, there was a rupture with the productivist farming paradigm, in which 

more inputs meant higher yields, and these meant higher profits. The argument remained the same 

in the market, and higher yields turned into higher profits. However, the final profit farmers made 

from their yields was insufficient for sustaining their living even if yields were high due to low grain 

prices. Therefore, economic sustainability relied on CAP subsidies.  

Albeit yield had lost its significance in farm income, it was still maintaining its traditional role as a 

ǎȅƳōƻƭ ŀƴŘ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ΨŦƻƻŘ ǇǊƻŘǳŎǘƛƻƴΩ ǾƛǊǘǳŜ ƻŦ ǘƘŜ ΨƎƻƻŘ ŦŀǊƳŜǊΩ ǊƻƭŜΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ŘǳǊƛƴƎ 

the interviews, it was rare for no-tillage farmers to share that no-tillage produced lower yields than 

conventional tillage. In most cases, farmers valued the reduction in production costs but wanted to 

maintain or even increase yields compared with conventional tillage. Interestingly, some 

environmentalist farmers expressed a logic of intensification based on conservation agriculture 
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principles. While their farming was less intensive in inputs (e.g. agrochemicals, plough, etc.), it was 

based on technology and controlling ecological cycles. This was, negotiating with non-human actors 

to enrol as inputs and labour, with the ultimate goal of producing higher yields.  

4.6.2. Weather and water: managing risks  

4.6.2.1. Climate, weather and water translated through traditional knowledge  

Climate, weather and water had dominant roles in Spanish farming actor-networks. Those actors 

determined crop development and the amount of yield. Local and traditional knowledge gave farmers 

a frame to assess which crops were suitable to grow at their local conditions and the right timing for 

field operations. Even then, farmers had to deal with weather irregularities and meteorological events 

that damaged crops in many Spanish locations.  

Indeed, Spanish rain-fed agriculture was at the mercy of irregular rain patterns. Rain-fed land 

depended entirely on pluviometry as its water source for crop development. In many cases in Spain, 

low rainfall, irregularities from standard rain patterns, or droughts were the main causes of yield losses 

ōŜƭƻǿ ǘƘŜ ǇǊƻŦƛǘŀōƭŜ ǘƘǊŜǎƘƻƭŘǎΦ aƻǊŜƻǾŜǊΣ ŎǊƻǇǎΩ ǿŀǘŜǊ ǊŜǉuirements varied with temperature and 

a bad combination of both produced additional yield losses. In different climatic regions, the 

meteorological risks were related to an excess of water, cold temperatures, or frost, whereas hail was 

a general concern across Spain. Consequently, farmers in Spain dealt with highly erratic weather and 

the potential loss of yields and investment. 

 άώΧϐ ¢ƘŜ ƳŀƧƻǊ ǇǊƻōƭŜƳ ǘƘŀǘ ǿŜ ƘŀǾŜ ƻƴ Ǌŀƛƴ-fed land is water. That it rains very little, 
very little. Now we had a few years that pluviometry has increased, but the norm here is 
ǘƘŀǘ ȅƻǳ ƘŀǾŜ ȅŜŀǊǎ ǘƘŀǘ ȅƻǳ ǎŜŜŘΣ ŀƴŘ ƛǘ ŘƻŜǎƴΩǘ ŜƳŜǊƎŜΦέ όпb¢ύ 

To assess how climate impacted their farming, farmers relied on local, traditional and experiential 

knowledge, although these were challenged by climate change. Farmers knew which weather patterns 

translated into the highest yields in their location. This knowledge was not only based on their own 

experience, but it had also been transferred through generations inside farming families and the 

farming community. Additionally, traditional knowledge had translated the weather patterns into the 

right timings for field operations. Nonetheless, among farmers, there was an awareness of the impact 

of climate change on their farms and their productivity. Moreover, climate change was affecting the 

possibility to enter the fields at the right timings.  
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Figure 32. It almost rained on 1-CT field 

άώΧϐ ƛŦ ȅƻǳ Řƻ ŜǾŜǊȅǘƘƛƴƎ ŀǘ ƛǘǎ ǘƛƳŜΣ ǘƘŜǊŜ ŀǊŜ ƴƻ ǇǊƻōƭŜƳǎΦ LŦ ƛǘ ƛǎ ǘƛƳŜ ǘƻ ǎŜŜŘ, then seed. 
!ǘ ƛǘǎ ǘƛƳŜΗ ²ƘŜƴ ƛǘ ƛǎ ǘƘŜ ŘŀǘŜ ŦƻǊ ǎŜŜŘƛƴƎΣ ǘƘŜƴ ǎŜŜŘΣ ŘƻƴΩǘ ǿŀƛǘ ŦƻǊΧ ǎŜŜŘΗ IŜǊŜΣ ƛƴ 
hŎǘƻōŜǊΣ ǎŜŜŘΦ 5ƻƴΩǘ ǿŀƛǘ ŦƻǊ bƻǾŜƳōŜǊΗ Lƴ hŎǘƻōŜǊΣ ǎǘŀǊǘ ǎŜŜŘƛƴƎΦέ όр/¢ύ  
ά!ŎǘǳŀƭƭȅΣ ƘŜǊŜΣ ǘƘŜ ŦŜŜƭƛƴƎǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ŀǘ ǘƘŜ ƛƴǾŜǊǎŜΧ ŦƻǊ ǿƘŀǘ L see. Because 
ƛǘ ƛǎ ǊŀƛƴƛƴƎ ƳƻǊŜΦ L Řƻ ŦŜŜƭ ǘƘŜ ǎŜŀǎƻƴǎΣ ǘƘŜȅ ŀǊŜ ƴƻǘ ƭƛƪŜ ōŜŦƻǊŜΣ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴǎ ŀǊŜ ƳƻǊŜΧ 
ǘƘŜ ŦƻǳǊ ǎŜŀǎƻƴǎΧ ƴƻǿ ƛǘ ƛǎ ƳƻǊŜΧ ǿŜƭƭΣ ƴƻǘ ǘǊƻǇƛŎŀƭ Ǌŀƛƴǎ ŀƴŘ ŘǊȅΣ ōǳǘ ƛǘ ŘƻŜǎƴΩǘ ǊŜǎŜƳōƭŜ 
ώΧϐ ǿŜ ƘŀŘ ƛǘ ǘǊƛŎƪȅ ǘƻ ŜƴǘŜǊ ǘƘŜ ŦƛŜƭŘǎέ όн/¢ύ 

Actual weather and weather forecast determined, on a daily basis, which farm operations were 

suitable. For example, seeding was unsuitable after heavy rains because it caused soil compaction 

(further discussed in the next chapter) or if there was a negative weather forecast that compromised 

crop emergence. Similarly, applications of fertilisers or herbicides were not suitable if rain was 

forecasted because it could leach the agro-chemicals causing environmental problems and the loss of 

the required effect. Therefore, farmers still needed to confront the decision of entering the field with 

the pressure of crops developing successfully until harvest. 

4.6.2.2. Managing meteorological risks: insurances, diversification and cost reduction  

Monitoring weather was essential for farmers managing meteorological risks. In this sense, new 

technologies such as the internet and smartphones allowed farmers to access real-time 

meteorological information and weather forecast. As seen above, this information was crucial for 

farmers to decide to perform field operations and plan their work. 
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A generalised strategy to deal with meteorological risks affecting yield loss were insurances. There 

were many types of insurances. The interviewed farmers mainly insured for hail and wildfire and 

flooding when applicable. Insurances were made yearly per field, crop and the expected yield with 

saving banks and through cooperatives. If the damage had been done, an insurance expert verified 

and assessed the damage in a field visit and farmers received financial compensation. This way, 

farmers ensured some income to cover costs and reduced stress associated with unexpected weather 

ƛǊǊŜƎǳƭŀǊƛǘƛŜǎΦ bƻƴŜǘƘŜƭŜǎǎΣ ŦŀǊƳŜǊǎΩ ŀǘǘƛǘǳŘŜ ǘƻǿŀǊŘǎ ƛƴǎǳǊŀƴŎŜǎ ǿŀǎ ŀǎ ŀ ƭŀǎǘ ǊŜǎƻǳǊŎŜΦ ¢Ƙƛǎ ǊŜƭŀǘŜŘ 

ǘƻ ǘƘŜ ΨƎƻƻŘ ŦŀǊƳŜǊΩ ǊƻƭŜΣ ǿƘƻ ƳŀƪŜǎ ŀ ǇǊƻŦƛǘ ǘƘǊƻǳƎƘ ΨǇǊƻŘǳŎƛƴƎ ŦƻƻŘΩ ŀƴŘ ŘƻŜǎ ƴƻǘ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ 

of other ways to make money without the same effort and care. 

Besides crop insurance being a generalised practice, there were problematic circumstances. The cases 

mentioned during the interviews were low return coefficients of particular crops such as leguminous 

plants, high investment costs for comprehensive insurances, benefit loss when discontinuing 

insurance and the consequent high costs for resuming insurance. Additionally, there were no 

insurances for land left at fallow. In this case, the land was not in production; however, for example, 

flooding damage could affect the capability to grow the following crops. Those problematic 

circumstances restricted the adoption of certain crops or practices. 

Farmers also managed weather-related risks through crop diversification. With irregular weather 

patterns or unexpected events, having different crops reduced overall farm losses, as different crops 

would be at different vulnerability stages due to having different growing cycles. Moreover, 4NT 

explains the potential of irregular rain patterns benefiting at least one of the seeded crops.  

άBecause hereΧ I always repeat the same thing, here everything depends on rainfall. 
Then, there are years when you say that barley comes out well, which comes earlier, and 
maybe it comes out better, one year, better than wheat because ... because it has rained 
earlier, but maybe the spring rains came later and maybe it has rushed the barley and the 
wheat... I mean... it is... It is very difficult here!έ όпb¢ύ 

Finally, farmers managed potential yield losses due to meteorological risks by reducing production 

costs on rain-fed land, especially in regions with a high incidence of drought or irregular rainfalls. 

Advisors from extension institutes and cooperatives also recommend this strategy with the objective 

of minimising the potential economic loss and ensuring economic sustainability.  

ά{ƻ ǿŜ ŀƭǿŀȅǎ Ǝƻ ǘƘƛƴ ǿƛǘƘ ǘƘŜ ŦŜǊǘƛƭƛǎŜǊǎΦ wŜŎƻƳƳŜƴŘŜŘ ōȅ ǘƘe [extension service] I 
ƳŜŀƴΣ ǘƘŜȅ ŎƻƳŜ ŀƴŘ ǘŜƭƭ ǳǎ ΨŎŀǊŜŦǳƭΣ ŎŀǊŜŦǳƭΩ ōŜŎŀǳǎŜ ǿŜ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ǘƘŜ 
ǇƭǳǾƛƻƳŜǘǊȅΧ ƘŜǊŜ ƛǘ ƛǎ ǾŜǊȅ ƛǊǊŜƎǳƭŀǊΦέ όпb¢ύ 

In relation to cost reduction, farmers adopted no-tillage or performed fewer field operations to reduce 

production costs when profit margin could not be ensured. Conventional tillage farmers decreased 
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the number of field operations to reduce time and petrol investment. This way, they reduced 

production costs without investing in no-tillage machinery. Whereas, for no-tillage farmers, changing 

their tillage management was the only option in the long term.  

 ά²Ƙŀǘ ŎƻƴǾƛƴŎŜŘ ƳŜ ǿŀǎΣ ŦƛǊǎǘΣ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǿƘŜƴ ǘƘŜǊŜ ŀǊŜ ȅŜŀǊǎ ǘƘŀǘ Ǌŀƛƴ ƛǎ ǎŎŀǊŎŜ ώno-
tillage] reduces costs and then, if you yield the same with fewer costs, then it is the only 
ƻǇǘƛƻƴ ǘƘŀǘ ǿŜ ƘŀǾŜΦέ όпb¢ύ 

4.6.3. Crops: crop innovation, rotation and greening areas  

4.6.3.1. Crops and crop innovation  

/ǊƻǇǎ ǿŜǊŜ ǘƘŜ ŀŎǘƻǊǎ ǘƘŀǘ ŜƳōƻŘƛŜŘ ΨƎǊƻǿƛƴƎ ǎƻƳŜǘƘƛƴƎΩΣ ǿƘƛŎƘ ǿŀǎ ŎƻǊŜ ǘƻ ŦŀǊƳŜǊǎΩ ǾŀƭǳŜǎΦ 

Additionally, farmers drew on tradition and experience regarding crop requirements to assess their 

suitability on their farms. Nonetheless, it was a generalised practice among farmers to keep informed 

about new varieties and test them at their farms. Sometimes farmers relied on shared experiential 

ƪƴƻǿƭŜŘƎŜ ŦǊƻƳ ƴŜƛƎƘōƻǳǊ ŦŀǊƳŜǊǎ ƻǊ ŎƻƻǇŜǊŀǘƛǾŜΩǎ ŦƛŜƭŘ ǘǊƛŀƭǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǊŜƭƛŀƴŎŜ ǿŀǎ ƴƻǘ ƳŜǊŜƭȅ 

based on trust; it involved empirical validation by the farmer visiting the fields.   

ά²ŜƭƭΣ Ƴŀƴȅ ŎǊƻǇǎ ŀǊŜ ŘƛǎŎŀǊŘŜŘ ƘŜǊŜΣ ōǳǘ ƴƻǘ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜƴΩǘ ǇǊƻŦƛǘŀōƭŜΣ ōǳǘ 
ōŜŎŀǳǎŜ ȅƻǳ ŎŀƴΩǘ ƎǊƻǿ ǘƘŜƳΧ ƛǘ ƛǎ ǘƘŜ ƛǎǎǳŜ ǿƛǘƘ ǘƘŜ ŀƭŦŀƭŦŀǎΣ ƘŜǊŜ ǿŜ ŘƻƴΩǘ Řƻ ŀƭŦŀƭŦŀΣ L 
ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ ƳŀŎƘƛƴŜǊȅΣ ŀƴŘ ǘƘŜ ŎƭƛƳŀǘŜ ŘƻŜǎƴΩǘΧέ όнb¢ύ 

Farmers valued crop innovation because it resulted in an increase in yields and ease of crop growth. 

For example, crop innovation had produced varieties with shorter growing cycles, making it possible 

to adapt them to local climates. However, the focus of crop innovation on increasing yields had 

generated weaker varieties against pests and diseases.  

άL ǘƘƛƴƪ ǘƘŀǘ ώΧϐ ǘƘŀǘ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ȅƛŜƭŘΣ ǘƘŜ Ǉƭŀƴǘ ƛǎ ǿŜŀƪŜǊ ƻǊ ƳƻǊŜ ǎǘǊŜǎǎŜŘΣ ŀǘ ƛǘǎ 
ƭƛƳƛǘΧ ǘƻ ǎŀȅ ƛǘ ǎƻƳŜƘƻǿΦ ¸ƻǳ ƭƻƻƪ ŀǘ ƛǘΣ ŀƴŘ ƛǘ ƛǎ ƘŜŀƭǘƘȅΣ ōǳǘ ŎǊƻǇǎ ŀǊŜΧ L ǘƘƛƴƪ ǘƘŜȅ ŀǊŜ 
more at their limit of production, and when anything entŜǊǎΣ ŘƛǎŜŀǎŜǎ ŀŦŦŜŎǘ ƳǳŎƘ ŜŀǎƛŜǊΦέ 
(2CT)  

Farmers learned about crop innovations through cooperatives or their direct engagement with 

research centres and extension institutes. Cooperatives informed farmers through their agronomist 

or through talks and workshops organised by extension services or agri-businesses. Furthermore, 

farmers maintained contact with research and extension institutes to be informed about new varieties. 

Additionally to searching for crops and varieties that maximised productivity and resistance, farmers 

searched for plants that had some specific agronomic traits, provided access to niche markets or were 

different from the most common varieties to decrease disease incidence.  
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However, when farmers tried to introduce new crops, they faced many challenges: lack of traditional 

and experiential knowledge regarding particular cropsΩ ƳŀƴŀƎŜƳŜƴǘ, lack of specific machinery, lack 

of recurrent access to seeds and lack of commercialisation paths for the new products. Indeed, new 

crops or varieties challenged traditional knowledge, which normally provided the links between crop 

production, local climate and farm operations. The adoption of different crops or new varieties 

increased stress levels for farmers because of the risk of not getting the right fit between crop 

requirements and climate that could end in economic loss. Moreover, introducing new crops 

increased the difficulties to commercialise production because, in the cooperatives, less attention was 

paid to the marketing of marginal crops. Thus, climate, weather, cooperatives, and the market had 

also major roles in influencing the adoption of different crops or crop varieties.  

άώǊŀǇŜǎŜŜŘϐ ώΧϐ ƛǎ ƳƻǊŜ ǇǊƻŦƛǘŀōƭŜΤ ƛǘ ƛǎ ƳƻǊŜ ǇǊƻŦƛǘŀōƭŜΧ ōǳǘ ƛt makes us suffer a lot 
ōŜŎŀǳǎŜ ƛǘ ƛǎ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ŜǎǘŀōƭƛǎƘΦ LŦ ƛǘ ƎŜǘǎ ŜǎǘŀōƭƛǎƘŜŘΣ ǘƘŜƴ ƛǘΩǎ ǇŜǊŦŜŎǘΣ ōǳǘ ǘƘŀǘ ƛǘ 
ŜƳŜǊƎŜǎ ƛƴ ǘƘŜ ǘƛƳƛƴƎΣ ǿŜ ǎŜŜŘ ǘƘŜƳ ƛǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ōŜŎŀǳǎŜ ƛǘ ŀƭƳƻǎǘ ŘƻŜǎƴΩǘ ǊŀƛƴΦέ όн/¢ύ 

4.6.3.2. Rotation and greening areas  

CAP introduced rotation and greening areas, affecting crop management. Those were included in 

/!tΩǎ ŎǊƻǎǎ-compliance norms, which required farmers to follow Statutory Management 

Requirements and ensure Good Agricultural and Environmental Conditions to qualify for full subsidies 

payments. The first concept was crop rotation with at least three different crops. This applied to the 

whole surface that was declared. The second concept was greening areas or environmental focus 

areas, where many restrictions applied to ensure environmental benefits. In this case, the surface only 

represented up to 7 % of the total area declared. Before, farmers generally grew only cereals, 

alternating between wheat and barley. Therefore, both CAP concepts increased pressure on farmers 

to grow a diversity of crops.  

Farmers planned their rotations on the basis of the main source of income: cereal production. From 

that base, they selected crops they grew at high revenue but low quantities for niche markets. These 

fields were subtracted from the required surface for rotation by CAP norms, which were then fulfilled 

with fields growing ΨǊƻǘŀǘƛƻƴ ŎǊƻǇǎΩ or fallow.  

ά¢ƘŜ ƳŀƧƻǊ ŎǊƻǇ ƛǎ ǿƘŜŀǘΦ .ŀǊƭŜȅΣ ǊŀǇŜǎŜŜŘΣ ƻŀǘǎΣ ǇŜŀǎΧǇŜŀǎΣ ǾŜǘŎƘΧ ǘƘŜǎŜ ƛƴ ƭƻǿŜǊ 
ǇŜǊŎŜƴǘŀƎŜǎΦ Lǘ ƛǎ ŀ ǎȅǎǘŜƳ ǘƘŀǘ ǿŜ Ŧƻƭƭƻǿ ǎƛƴŎŜΧ ōǳŦŦΣ L ŎŀƴΩǘ ǊŜƳŜƳōŜǊΦ aƻǊŜ or less 25 
ς ол҈ ǿŜ Řƻ ǊƻǘŀǘŜΣ ǘƻ ƴƻǘ ƎǊƻǿ ŀƭǿŀȅǎ ŎŜǊŜŀƭǎΧέ όн/¢ύ 
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Figure 33. Rural landscape near location 3 

Despite farmers dedicating major surface to cereal production, they saw rotations as beneficial in two 

ways: legumes fixing nitrogen and the possibility to use specific herbicides. Furthermore, for some 

farmers, having a profitable legume was the clue for farming business success in the current farming 

actor-networks.  

άώΧϐ ¢Ƙŀǘ ŀƭƛƎƴǎ ŀ ōƛǘ ǿƛǘƘ ǘƘŜ Ǌƻǘŀǘƛƻƴǎ ǘƘŀǘ L ƳŜƴǘƛƻƴŜŘΦ ¢ƘŜǊŜ ŀǊŜ ŎǊƻǇǎ ǘƘŀǘ ȅƻǳ ƪƴƻǿ 
are nitrogen fixators, then, well, this is why we use them. Then, at the same time, because 
there are some sǇŜŎƛŦƛŎ ǿŜŜŘǎ ǘƘŀǘ ȅƻǳ ŎŀƴΩǘ ƪƛƭƭ ǿƛǘƘ ǘƘŜ ŎǊƻǇΣ ōŜŎŀǳǎŜ ȅƻǳ ŎŀƴΩǘ spray a 
specific herbicide. But with a different crop, you can spray that herbicide that kills that 
ƘŜǊōΣ ǎƻ ǘƘŜǎŜ ŀǊŜ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ ǘƘŀǘ ƭŜŀŘ ǳǎ ǘƻ Řƻ ǊƻǘŀǘƛƻƴǎΦ bƻǘƘƛƴƎ ƳƻǊŜΗέ όмb¢ύ 

Greening policies applied restrictions on the use of agrochemicals, and therefore they were seen as 

causing negative impacts on the farm economy. The first impact was the difficulty of achieving profit 

with leguminous crops because it could be almost impossible to grow them without pesticides and 

herbicides. Then, if the costs were not covered, farmers went back to fallow, which was another 

admitted option for the greening areas. The second reason was that greening areas were seen as 

sources of the proliferatiƻƴ ƻŦ ǇŜǎǘǎΣ ŘƛǎŜŀǎŜǎ ŀƴŘ ǿŜŜŘǎΣ ǿƘƛŎƘ ƭƛƴƪŜŘ ǿƛǘƘ ŦŀǊƳŜǊǎΩ ƛŘŜƻƭƻƎȅ ƻŦ 

controlling nature. This was even the case of farmers who adopted other conservation agriculture 

practices (see 3NT comment). Consequently, the general trend was to avoid establishing greening 

areas on productive land but leave it on marginal land. 

άώΧϐ bƻǿŀŘŀȅǎΣ ǿƘŀǘ ǎŜƴǎŜ Řƻ ƎǊŜŜƴƛƴƎ ŀǊŜŀǎ ƳŀƪŜΚ L ƳŜŀƴΣ р҈ ǿƛǘƘƻǳǘ ǎǇǊŀȅƛƴƎΣ ǘƘŀǘ 
ƛǎΧ ǘƘŀǘ ƛǎ ŀƴǘƛΧ ²ƘȅΚ tƘȅǘƻǎŀƴƛǘŀǊȅ ǇǊƻŘǳŎǘǎ ŀǊŜ ǘƻ ŦƛƎƘǘ ǇŜǎǘǎΣ ŀƴŘ ŀƎŀƛƴǎǘ ŀ ǎŀƴƛǘŀǊȅ 








































































































































































































































































































































































































































