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Abstract

This interdisciplinary thesis explored-tillageadoption and its impacts on soils.np-tillagefarming,
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 Atletwork Theory, understanding adoption as a negotiated
outcome of interconnected human and ndnmuman actors. Their interaction aweated their multiple

roles and knowledges. The assemblage of astworks was informed by serstructured interviews

with conventonal andno-tillage neighbours from Spain and the UK. Results shotliednultiplicity

of no-tillage as a tool, technological package and system. Moreover, adoption to reduce production
costs linked to meteorological risks and financial sustainapbditdwas changing the role of yield as
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bonds with global farnmg communities supportethe long-term adoptionof no-tillage.
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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 enhamgsoils life and setfrganising capabilities. Second,
soil structure and compactiowere assessed scientifically with éarm tests and laboratory analysis.
Results showed that tillage management had a lower influence on soil structure than other soil
properties. Nonetheless, on comparable sails: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 enrichtheundér$ Y RAYy 3 2F &a2Af aQ Ydz ALK AC
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Figurel. Chapter 1 cover photo: sunset during fieldwork aicetillagefield in East of England



1.1. Soils and tillage management: an introduction to why they matter

Global agriculture iacing the challenges of growing enough food to feed a grgwopulation with
more caloriedemanding diets, doing this under a changing climate while reducing the environmental
impacts. Indeed, the global populatigpredicted tareach 9.1 billion in 280, which requires a 70 %
increase in food productiofFAO, 2009)Furthermore, the effects of climate change on crop
production are already evident in many regioff®orter et al, 2014) particularly because tlyeare
affecting already degraded soi(&assam, Friedrich & Derpsch, 2018hese challenges urgently
demand sustainable approaches to farming, considering not only yield and produdbiititglso

environmental and social welfare.

About 10,000 years ago, settled farming civilisatistasted developingools to place and cover seeds
in the soil(Lal, Reicosky & Hanson, 200imilar developments leading to the plough occurred around
the globe(Lal, Reicosky & Hanson, 200&) the beginning of the 20century, technological advances
on tractors and the mechanisation of agriculture fostered the spread of cast irogipdOImstead

& Rhode, 2001fal, Reicosky & Hanson, 200This way, tillage had become th8onventionaf

practice.

Conventional agriculture uses tillage to prepare soils deeding which has beereffective in
producinghighyields Argumentdor ploughing the soils are based on the reduction of weeds and on
obtaining a uniform and smooth bed for root growth and plant developnielabbs, Sayre & Gupta,
2008) Specificallyconventional tillage loosens topsoil, ensuring a good ssmdcontact that
improves crop establishment. Additionally, it mixes fertilisers and mantwesnsure they are
homogeneously distributedFurthermore, it mechanically tears weeds and buries weed seeds
deeper layersllowing crops to grow without compéion in the early stage@Hobbs, Sayre & Gupta,
2008) It also incorporates crop residues increasing soil organic matter throughout the ploughed
depth. Moreover, it aerates soileading to the decomposition afrganic matter, and in doingsit
releases nutrient§Hobbs, Sayre & Gupta, 200&)eration can also be used tontrol moisture for
optimum seeding conditions. Besides these benefits, crops easily develop a deep root system without
mechanical resistances and have sgedied 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 preparatiohi¢weac

optimal conditions for farming.
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However, physical disturbance of the soil generates many environmental problems. Indeed, it has
negative impacts on biodiversitgxidisesorganic matter and destroys soil structufidolland, 2004;

Hobbs, Sayre & Gupta, 2008hose processes lead to erosion, compaction and theatéah in water

infiltration, andwater retention (Holland, 2004; Hobbs, Sayre & Gupta, 2@8)gaseous exchange

(Holland, 2004)Furthermore, these processes have-feaching consequences such as increasing

water pollution, flooding and greenhouse gas concentratigalland, 2004)These problems are not

only ecological, but thewlso affect the economy and socidigcause they affect ecosystem services

provided by naturg(Kassam, Friedrich & Derpsch, 2018)classic example is the catastrophic soil
SNRPaA2y S@SydG 1y2éy la GKS wWsdzad .26tQ Ay GKS | {
of years of drought anthe expansion of tillage in the Great Plains. There, the loss of fertile soil caused
important migratory movements. After that catastrophfermer USA presideri. D. Roosevelt stated,

WL yIGA2y GKFG RSaiGNRea AidautéoddofisenRibaliediB. &8 a AGaSt T
Conservation agriculture develspthis target on soil conservation and offers alternatives to
conventional tillage. Conservation agriculture is a family of practices that combineaégover

(cover crops, mulching, etcgrop diversification(growing different species in the same field at the

same time or consecutively) and the reduction of soil disturbgKessam, Friedrich & Derpsch, 2019)

This last is éhievedby reducing the depth of th@lough associating tillage to only one gravithin a

rotational systemploughingin rows orswitching tono-tillage (also known as ndill, zero tillage, direct

drilling or directseeding. Inno-tillage¥T I N¥ Ay 33 WONRLJA | NB az2¢y 6A0K2dzi
by cultivation other than the very shallow disturbance (<5 cm) which may arise by the passage of the

drill coulters and after which usually @0 % of the surface remains covered with plaasidues'

(Soane et al. 2012, p. 6@o-tillageis the most extreme alternative to conventional tillage and aims

to solve its environmental problems through thevelopmentof soil structure and protection of soil

biota andsoil surfacevhile not compronising yields.

Despite its claimed environmental benefits, tepreadof no-tillage in the world is geographically
uneven. In the USAo-tillage has been adopted in 25% of its arable lan¢Derpschet al., 2010)
while in Europe, e percentage wasnly 3%in 2010(EUROSTAT, 2018)d increased to 3.7 % in
2016 (EUROSAT, 2016)In Europeconventional tillage was used in 66.83 % of the arable land, and
other conservation tillage practices in 19.53BAJROSTAT, 201B)gure2 showsno-tillage adoption
ratesin 2013, by subnational leve(data from 2020 agricultural census will be available in 202k,

it can be seen that there waw cleargeographicapattern for no-tillage adoption. Despite the need

to adapt practices to local agirenvironmental conditions, the different adoption rates in countries
located at the same latitudes (where similar climatological conditeorsexpectefl suggest the need

to study no-tillage adoption, including other factors than the agemvironmental. These kinds of
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studies aboutthe adoption of conservation agriculture, taking into account seamitiural and
economic influences, have been conducted mainly in the USA or in thdogewg countries,
identifying factors as diverse as farm@xge, education level, gross income, land ownership, farm size,

management scale, cropping system, erosion rates and soil charactefigticserset al,, 2010)
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1.2. Tillage management adoption and soils

This PhD project assesikthe potential ofno-tillage adoption in Europe,aking an interdisciplinary
and ActorNetwork Theory (ANTgpproach to identify which socienvironmental actorsirove and

constrairedadoption across different regions. Additionally, it asseltbe impact of conventional and
no-tillageon soil qualityacording toF | NI S N&eftifid-cytdRia. Thus, this PhD project contritaite

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

1.2.1. Research questions

T Which are the drivers and constraints of-titage adoption?

1 How does ndillage impact soitjuality?

These research questions contirtli® be shapedn the following two chapters, in which | discuss in
detail the current understanding of the topics, the chosen overarching approach and the available

methods.

1.3. Thesis structure

In this section, | eain the structure of the remaining chapters of ttieesis. The rationale behind the
structure is to present theéhesis as a whole, as an interdisciplinary work. Therefore, the literature
review and the methodology, despite presenting detailed discipfitlaeoretical and methodological
information, cover both research questions (adoption of tillage management practice and impact on
az2AtaqQ LKeaAOlt |jdz £ AGe into disciplhansiwldghundin@rd physcél | LG S NE
geography) althoudh they are interconnected. These chaptemoceed from the broader
understanding of the many actors (and their relations) involved in farming and tillage management to
the detailed investigation of therelationshis between farmers and soils. This, in turimforms
FILNYSNRQ | #Hlags inandgenfeint ingdct on soils and thgency ofsoils influencing

T | NJIviBaktieen addition, thethesis presents theoil scientific assessment oib-tillage impacts

on soil physical qualitylhese three chapterare brought together in the concluding discussion and

remarks. In more detail:

Chapter 2 is the literature review in which | provide the current understandimgp-tiflage adoption
and impact on soils, the theoretical approaches to study these topicshamdthese frame my
research questions. First, | present the identified drivers and constraims-tifiage adoption and

tilage management impact on soil properties. Additionally, | discuss the various approaches to study
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the adoption of innovations andhy | decided to use Acta¥etwork Theory (ANT). Basically, due to
FOly26t SRIAYI FINYVSNEQ | yR & rkdtdn f inhoafion @vBichiR £ Sa A
the first step to study these roles. Further, | deepen into the literature about gsMi€iples that are

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

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

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

Chapter 3 is the methodology, in which | explain how empirical data informing the findings of this
dGdzRe Aa LINBRAzOSR IyR lFylfteaSRY RA&aOdzaaiy3d YSiIK:
the overarching approach of ANT to the details of satmictured interviews with farmers and en

farm and laboratory tests and how these were analysed through thematic coding and statistics. To
further frame the research, | discuss my positionality, the local character of the research and the need

to conduct onfarm research despite its difficulties.

Chapter 4 addresses the research question aboatillage adoption drivers and constraints.
Following ANT, the analytical approach understands adoption as a negotiated outcome of actor
networks. As these actaretworks were limited and described by farmers, | called them farming-actor
networks. Indeed, the configurations of the actors and the relations that constitute the farming actor
networks were informed by the serstructured interviews with farmers and theanalysis. | follow

the paths or chains of actors that lead to decisions regarding tillage management in Spain and the UK,
and in doing so, | present the relevant actors and the multiple roles they might take, triggering change.
Particularly, | focus on farers, the values and roles that motivate their negotiations, and how multiple

roles ofno-tillagederive from different configurations of farming actoetworks.

Chapter 5 addresses soils infarmingagfo 1 6 2 NJ] a® ¢ KA a Ay Of diRihpactT I NI S NJ
ofnotilage2 y &2 Af &nflubngeR yAAAE & QIS YI yI ISYSy i niilaGer 3 A 2y a
adoption. Following ANT, first, | analyse what soils are in farming-aetarorks, what they do and

which properties are relevant inRY SNEQ (GSN¥xad ¢KSys L F2tt2¢ (KS
tilage management outcomes. Results show multiple and sometimes conflicting roles of soils, which

differ betweenno-tillageand conventional tillage more than geographically.

Chapter 6 addreses the question afo-tillageimpact on soil physical properties through the scientific
assessment. These results stem from the analysis of tHaromand laboratory tests determining soil
structure parameters and soil compaction at fields of neighbaattillage and conventional tillage
farmers in Spain and the UK. I situate this analysis in the real world by assessing the impontance of
tillage between other aggregation and disaggregation agents. However, | encountered difficulties

related to the onfarm 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,eypessible, | assess the
impact ofno-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 quajitbut, at the same time, an increase in compaction withtillage.

Chapter 7 is the conclusion chapter. | briefly discuss the main findings of chapters 4, 5 and 6rand the
implications for farming and science. | discuss methodological limitations but also opportunities from
FOly26tft SRIAYI FINNSNEBQ YR a2Af aQ-creabdnAnk8ch a2 Sa
messy world, | come back to the definition oflsas multiple, and | conclude my work with a reflection

on the role of soil science in the future.
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2.1. Introduction to the literature review

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

a justification for my choice.

In the previous chapter, | discussed thatides potential environmental benefits, the adoptionrad-
tillage in Europe is low. Moreover, tillage is considered the conventional practicenadtitiage an
innovation. From there, | start this chapter by reviewing the identified factors that act aetsaor

drivers forno-tillage adoption as an innovation.

However, | move awafrom linear models of innovation diffusion. The reasavere the need to
acknowledge farmefactive roles in the creation of innovations, as well as the participation of agro
environmental noFhuman actors. These reasons led me to Adetwork Theory (ANT), whose
relevant properties | review tdepth as they constitute the overall approach for this interdisciplinary

research and inform my methodology.

| continue by highliglimg the importance of soils, as | have already in the introduction, particularly in
food production and how it is threatened by increasing intensification demands. Between the
different soil properties, | choose to focus on soil physical quality. Therdfprevide background of

soil structure, aggregation and disaggregation processes and the agents that influence these
processes, including tillage management and highlighting geographical variability. Moreover, |

introduce the problem of soil compactioma how it relates to soil structure.

| 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 sectiosummarisehiow different agreenvironmental, sociaultural and economic factors have
influencedthe spread ofno-tillage across Europe and which are the current interestgartillage

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 @&dust bowl in the 1930&Kassanet al, 2015;

Kassam, Friedrich & Derpsch, 2Q0Mhich lead to he invention ofno-tillage seedng machines and
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herbicides (19@s1950s)Derpsch, 1998 onservation agriculture spread is consideegarmers led

process, that eventually gathered public, private and civil supf{i@sughenour, 2003; Kassat 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
Mppnas O2yaSNBIFGAZ2Y | INK Odzt { deeBtionGFAGIVKoidld Bank,i S NI/ | {
CIRAD, GIZ and CGIAR), who contributed to its worldwide sf@&sietet al, 2009; Kassarat al.,

2015; Kassam, FriedrichBerpsch, 2019)

In Europe, due to relatively stable weather, soil conservation was not a major cofBasaret al.,,

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

The spread oo-tillagein Europe was voluntg, farmerdriven and Lahma{2010)claims that it was

because of economic benefits due to fuel and labour savidgsNY SNE Q |  ( kovazRS & | Yy R
soils andheir awareness of degradation due to farmialgo influence adoptioCamboni & Napier,

1993) However, adoption should not be oversimplified along a dualistic psefiking or stewardship

divide(Marr & Howley, 2019Regarding the influence of policies and subsidiesig is no consensus

abodziT K2¢g GKS /2YY2y ! ANROdzZ (GdzNI f t 2t A0& o/ !to | ¥F°
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-tillageadoption rates in South America. By contrast, Kassam Gil5)mention a positive effect

2F GKS /1tQ&a adzoaARASAE FT2N) FINXYSNE ¢K2 | R2LJI D2;
a different focusthe constraints of global markets to farm€&woduction choices (deciding inputs

and outputs: seeds, breeds, livestock and grains etgye them to make unethical choices regarding

the environmental or social impacts of their industfidlendrickson & James, 2005; James &
Hendrickson, 2008)

Research has exposed the environmental actg 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 erodfenheijenret al,,

2009 G KAOK Aa (KS 2yS GKIFG R2Sa y23G O2YLINRBYAAS |\
formation, 1.4 Mg ha yr! (Verheijenet al, 2009) By contrastminimumtillage and no-tillage

represent a decrease of 75% of erosion compared to conventional ti(Rgeagoset al., 2015)

Research has also focusedtbe potential ofno-tillageto reduce greenhouse gas (GHG) emissions of
agriculture. Indeed, agriculture accounts globally for 15% of the GHG emiéBisasteet al., 2010)

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

! whereasno-tillage uses 10L ha! (Pisanteet al, 2010) Fuel consumption should be added to

oxidative soil organic matter breakdown through mechanical tillijsanteet al., 2010) However,
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GHG emissions, including £0d NO, depend on the synergic effect of different soil properties and
management practices that still need reselarto be completely understoo{Soaneet al., 2012)
However, environmental benefits and the sustainability narratigé no-tillage are starting to &

contested due to high herbicide depender(®juller, 2021)

Additionally, research has compared yield production, which varies due to local conditions and the
combination of management practices. Considering global detdillage decreases yields by 5.7 %
compared to conventional tillagéPittelkow et al., 2014) being the crop type the most important
factor for performancéPittelkowet al,, 2015) In Europe, in general, on poor and medium fertile soils
yield does not change dramatically, but it slightly decreases on very fertile(lsalimar, 2010)In
particular conditions, yields can be higher unde-tillage (Lahmar, 201Q)and its suitability is
highlighted in rainfed fields in dry climates, also increasing climate change adapf@iitaikow et

al.,, 2014; Kassarmt al,, 2012; Kuhret al., 2016) By contrastno-tillage struggles in temperate areas
when spring is wet and col@.al, Reicosky & Hanson, 200Mpnetheless, changes in yields do not
seem to be critical factors for farmershen deciding about conservation agriculture adoption
(Lahmar, 201Q)and Soane et a{2012)argue that yield reduction is acceptable if mirsation in

production costs is achieved.

Adoption ofno-tillage requires a fundamental change in production system thinKiKgssanet al.,
2015) which finds different barriers in established agricultural practices. First, the difficulty of
disassociating fertility and tillag@®asclet al., 2009) Second, fughing is seen as a good praetio

O2y GNREf | ANRY2YAO LINRG6tSYa &dzOK | a ¢ 8difges LIS&
highlights the particular constraint of weed control. Despite the UK being a pioneer country adopting
no-tillage at the beginnings of its expansidhahmar, 201Q)restrictions on straw burning forced
farmers to return to plough for weed contr¢Derpsch, 1998; Baseh al., 2009; Alskaét al., 2020)

This experience led to the current scepticism around weed control without ploughing. This scepticism
becomes even stronger when considering higher herbicide use mattillage practice and the
increasing restrictions on herbicide use coming from environmental regulations, pushed by strong
environmental lobbie¢Basclet al., 2009) Indeed, in generathe spreadof no-tillagehas been linked

to herbicide efficiency, availability and pridedtuations(Coughenour, 2003; Lahmar, 20H0)d even
nowadays, herbicideare not efficient for all climatic conditions and all cr@@saneet al,, 2012) The

lack of knowledge about alternative biological control methods can be an additional constraint for
wider no-tillageadoption(Lahmar, 2010)Third, residue retention isonsidered bad practice because

crop residues are seen as a setting for pests and disease proliferation. This is accentuated under
European conditions, which produce abundant resid(Baschet al., 2009; Powlsoret 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 cerealsraaide (Baschet al., 2009) These
changes in production system thinking are complex and involve manysaciamelythere is a lack

of manufacturers who build suitableo-tillage machinery for temperate climatdinancial support is
needed to conduct research about adaptation to local conditiars] how to combat pests and
diseases with alternative practicé@asctet al,, 2009; Lahrar, 2010; Soanet al., 2012) Accordingly,
the spread ofno-tillage requires the active involvement of stakeholders, including administrative
authorities, political agencies and food and agricultural engineering industries, amongst @hsch

et al, 2009)

CFNXYSNEQ fAFS OANDdzyadlyoOSa yR ARSYGAGASA | a&:
practices.Korsching etl. (1983)found that younger farmers, owning large farms with higher gross
income, hiring more labour, having more complex farm organisaaoiishaving greater involvement
with knowledge exchange organisations adopted minimum tillage earlier than other farmers in the
USA.CI N¥SNE Q a 2 (Bdludifg agyicBlilural 2exdnsgioh workerand the wider farming
community, also have a great infloee on he generation andspread of innovationgCoughenour,
2003; Prokopyet al, Hnny T 52t Ayail 9 5Q!ldAAy22 HamcT {1FF
Furthermore,under the hypothesis of the capability to exploit lotagm benefits, landownership
(Boardman, Poesen & Evans, 2003; Sklerétlka., 2015)and generational replacemeriMarzban,
Allahyari & Damalas, 2016; Marr & Howley, 20&8h drive conservadn practices adoption. By
contrast, poverty makes farmers concentrate on immediate benéBardman, Poesen & Evans,
2003; Gilleret al,, 2009) Boardman et al2003)claim that power and social status are not relevant
factors in Europe, although these can be discussed through the reaffirmation of faidearsty. For
example, how farmers see themselves retural andcultural heritage keepers as presented by
Marzban et al(2016)or Burgess et al2000)There is a large diversity of situations resulting from
driving forces and constraints, which are different from country to couatrgl cannot be applied
globally (Knowler & Bradshaw,@®7; Lahmar, 2010; Bijttebiest al., 2018) Indeed, severalmeta-
analysihave shown inconsistenci@sthe importance of particular factorsshich could be explained

not only by the diversity of methodsised to studyadoption but also due to the importance of
geographical variabilitysee: Knowler & Bradshaw, 2007; Prokoeyal., 2008;Wauters & Mathijs,
2014) It is the objective of this PhD to obtain a compeasive understanding of how multiplactors

interact and lead too-tillage adoptionin the UK and in Spain
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2.3. Theories of adoption of agricultural innovations

In this sectionan 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 theqi@#Heret al,,
2008)

In innovation diffusion models, a successful technology or management innovation is developed by
scientists, transferred by iatmediaries 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 informatiofAdesina, 1993; Dijk, Kemp & Valkeringl@0In 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 smalled best available practice, it was due to a
knowledge gap. Inn@tion was fostered by social contacts and marketiDigk, Kemp & Valkering,
2013) Although sme of the epidemic innovation diffusion models included the need to adapt
technologies to local agrenvironmental conditions, the valuable knowledge producers andatied
experts in these models were the scientists and the agronomists, who educatéatiiners. However,
inconsistencies in thiong 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 constrainia innovation models.

This led to the inclusion of soegonomic factors in the economic constraint mod@édesina, 1993)

which dominated in the 1950¢Burton, 2004a) Those models were based on the hypothesis that
FIENYSNEQ RSOA&A2Y A ¢2dZ R ordmicvresRt@Burtdn? 20048 Kbt S G K S
models are also referred to as the rational choice models or threshold models, meaning that users

would adoptan innovation as soon as it became an economic advantage compared to the existing
practicegDik, Kemp & Valkering, 2013Jhose models were sensitive to economic inequalities, which

were responsible for uneven access to resoufgatesina, 1993nd so explained inconsistent uptake

of the innovation. Nonetheless, these models still did not explain well enough long term adoption.
DNJ Rdzl £ £ & FFENNYSNBQ Odzf dzNI f O2y GSEG | y(Burton)SNA 2 v |
2004a; Wauterst al,, 2010) and the adopter perception paradigm aro@sdesina, 1993)In these

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

adoption (Prager & Posthumus, 201@ | N S NE Q valuésiahdindzR$Saiezassessed through
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behavioural economics, which takes into account the subjective characteristiws gdods or actions

as perceived by the decisianaker(Wossinket al., 1997, namely, the farmerSeveral studies in the

USA extended the focus from psychological and personal characteristics of the farrtiegirto

perception ofsocial structures, such as national farm struct(@amboni & Napier, 1993¢conomic

pressures and complexity and compatibility of faeming innovationgSmit & Smithers, 1992n the

WO dzf G dzNduring thed4980%) and 1990$anguage,meaning, representation, ideity, and

difference gained importanceg(Burton, 2004a)But still, in thesestudies WI NI}y3IsS 2F | 3
G§SOKy2t23ASa KIFra o0SSgYy RBASt AKSR T RyY(WogsinRetradl, WA A i R 2 |
1997:p.410) highlighting a passive role of farmers in agricultural innovation as mere adopters of

sciencebased policy solutions and not participating in the design proceas cnnovation.

A more dynamic framework was proposed by the evolutionary or-equilibrium models. Those
Y2RSta AyOfdzZRSR FTSSRoFO1l LINRPOSaasSa FTNRBY (GKS dza$s
learning processes, although the economic focusaiaed (Dijk, Kemp & Valkering, 2013)indrum

and Birchenhal2005)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(2013F G KS YSNAG 2F 2AYyRNHzY YR . NANDKSYKIF f ¢
technology as a sedf characteristics, which madi a variable multfaceted, mediating device

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

meanings of a technology and imitation of adopti@ijk, Kemp & Valkering, 2013)

2.3.2. Co-creation of innovation

Two main arguments can be followed towards the increasitgyanceof other thantechnoscientific
knowledgein agricultural innovationThe firstsupports thenotion that conservation practicebave
more complex nature than other innovatiorend advocates for local participatioto adapt the
innovations to dferent geographies(Coughenour, 2003)In these cases, the linear model of
innovation diffusion still applies anparticipation is a tool foigreater acceptance of an external
innovation (Pretty, 1995) Alternatively,the researchfocusmight be on thediffusion aspect of the
external hnovation and how it is transmittednside farmer communitienceit has been adopted
by early adoptersThesecondargument questions the linearity of innovatialiffusion andsupports

a new paradigm of knowledge goduction

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

traditional knowledgesParticipatory models, farmeto-farmer interactions Agricultural Innovation
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Ystems, T | NIysBdiEn&twork and Communities ofPracticehave been studied and developéa

understand and enhancsocial orcollective learningind foster innovation.

Accordinglyparticipatorymodels included stakeholders participation in innovation design in order to

ensure contextual knowledge, values and perspecti@ker et al,, 2008) Those participatory models

arose from the realisation of the necessity to deal with multiple realities in societal presdéring

efforts (Chambers, 1997; Gillaat al, 2008) contrasting with the previously dominant positivist

paradigm of researcBruges & Smith, 2008) 2y aSljdz2Sy if e FIN¥SNEQ |yR f
innovation adopters chaged into first a collaborative and then participative role. Indeed, first, the
involvement was to collaboratively negotiate the methods to achievedafned goals and then to

negotiate the project goals in participatory sessigBsuges & Smith, 2008Another consequence

was the changing role of the scientists, from objective experts to facilitdBnges & Smith, 2008)
SyO02dz2Ny 3SR G2 GF{1S | &aARS 2y (Gilkrét alf 2808)Stil la)gadge NJF dzf |
of different typologies of participationleveloped 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@roaches utilising.JS 2 LIt SQa& oy @2f @SY

increaseacceptance of external solutiofBretty, 1995)

The Agricultural Innovation Systermodel Ol y2 6t SR3ISa T NXpbobkksesin & 2 OA | €
networks formed bythe farmingcommunityand other human actorgKlerkx, Aart& Leeuwis, 2010;

52t Ayaill 9 5Additiprdrly,ythis ramenighlightssystems$rontinuous need to reassess

their context to develop the innovatignwhichis accomplishetly forming effective connectionsvith

this contextby particularactors (Klerkx, Aarts & Leeuwis, 2010Yithin this frame¥ I N¥ SNE Q & 2 O
networks characteristics andspatial and temporal dynamics have been studtedimprove the
understandng ofimplementation of netillage (see:Skaalsveen, Ingram & Urquhart, 2028)milarly

some researchers linkefigricultural Innovation Systemgth Communities of Practicén relation to

knowledge productionresearchfocusing on Communities of Practiteoks into the ways that

knowledge emerges from within groups of farmers tehare gpractice andsocialnorms,meanings,

vocabulary, tools, etc(see: Wenger, 2000 Goulet, 2013) Some studies also look into how
Communities of Practicmteract with technoscientific knowledgésee:5 2t Ayail 9 5Q! ljdzAy

Krzywoszynska, 2019l of these approaches integrate a relational aspect of knowledgauction.

Theco-creation of innovation approaclassumes that knowledge is-pooducedin social interaction
not transfered. This is a shift in knowledge production paradigmigchclaims that kowledge isot
universal butemerges from interactiorwithin socialand natural contexts(Gibbonset al,, 2012;

Mauser et al, 2013) This claim implies that science and technologis alsosocially shaped or
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constructad (more on this in the next sectioscience and interdisciplinary researdWhich in turn,
reducestechnoscientific knowledgauthority compared with othelknowledges.The distributed
power relatonsin terms of which knowledge is valuabladicatesthe need to include stakehders

in the innovation processMausers et al.(2013) model of cocreation of innovation includes
stakeholders in all stages of the innovati@esign, knowledge production and diffusioheconcept

of co-creation of innovation has been usedarvariety ofways,Elkjaer et alsystematically reviewed

the use of the concept in relation to wind energy transitions and fotmede different meanings‘A

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 mtajevelopment{Gjartler Elkjaer, Horst &

Nyborg, 2021:p.60nly the first meaning acknowledges material agency as capable to induce change.

Cocreation of innovation integratingnaterial agency understands realitas co-constructed by
humans and nothumans. Materialityis conceptualised as active and relatiortaying an influence
in social liferather than being the background where social life occufereral researchershave
recurred toActor-Network Theory (ANT)to include materiality irsocial constructivismand used this
frame to understand innovatiarindeed, ANT does not only allow to bredéwn the nature/society
and the expert/lay knowledge but also other dualisnidozal/global and individual/structre. In the
sectionActor-Network Theory as a research ontoldggview ANTprinciples to then translate them
into applicationin the sectionActor-Network Theory as a methodology to study-@eation of

innovation in agreenvironmental studies

2.4.  Science and interdisciplinary research

Science, as producing scientific knowledge, has a different value in the different adoption theories. As
seen n the previous section, linear models stress knowledge origin in science, and participatory
approaches highlight local knowledge and leave scientists as facilitators. This chaptelisisuts
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 knowrmaodigh in different scientific disciplines,

it might change, rost of the natural scientists are realist positividiglieving ina reatworld, and a

real and universal truth. Furthermore, the truth can be accessed through empirical observation and
experierce. Therefore, for scientists, it is taken for granted that they produce representations of how

the world really is(Pickering, 1993)Karl Poppe 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 ordetuoae
ambiguity(Turnhout, Tuinstra & Halfmann, 2019hose delimitations and simplification of reabrld
situations lead to controlled environments to carry out experiments that test the hypoth€his.
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.

| 26 SAGSNE & OA Sy O S®destidagdi i@t &lkidtofical adalysid.I Tiomas K@12)

argued that science is produced in dominant scientific paradigms, which represent a consensus among
scientists. Kuhn sustained those paradigms change in time with scientific revolutionadiraite
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

sciencegClark &urdoch, 1997)Accordingly, the validity of methods and interpretations of scientific

Of FAYa INB aaSaaSR gA0GKAY SIFOK LI NIRAIYAQ 24V

Moreover, norms of moral, scientific knowledge production regulating that it should nawaiy

l."]

LISNAR2Ylf AyuSNBataz 0SS AYyRSLISYRSyid 2F GKS NBaSlHh|

made openly available and subjected to organised scepti@ienton & Storer, 1973re rather idyllic
GKFYy NBFfAAGAO® Cdzy RAy3d NBaz2dz2NOSaszx O2YLISiAy3
greatly affect the choice of the research topic, thenfiiag 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.
Onthe 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 isalbto practice science and what constitutes
good sciencéGibbonset al,, 2012) This does not mean that science is purely a human construction
and that there is no interaction between scientistsdathe 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 rdedtruth objectivelyfrom the real world;

there is alvays 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 sienceas a social practicdoes not deny the value of scientific knowledge, but it helps to
situate itas one from form of social activity amongst othdesirthermore, it helps to understand the
posttruth 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 &knowledge gap is not always best to only way to addrepsoalem. The
challenges can arise frothe controversiesarounddifferent ways of knowing that exist in society.
Scientific claims are not always trusted because trust is not granted through sciantifiority. Trust
Ifa2 RSLISYRa 2y WiKS o0SKI@A2dzN)J 2F aOASY(GATFAO
FRRNBaasSa |yR NBazyl (S a(Tunkhditk TuiiskeSandOHal§mand, \Nep1a, p.2

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

O w»
> My

between different ways of producing knowledge in an interactibat 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 alsacross 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 complewoelal issues that can

not be solved from one discipline alorflacMynowski, 2007)Such problems have been called
wicked problems, and examples are climate change, loss in biodiversity or, indeedhahistéood
production. In those scenarios, we find controversies among sometimes competing for knowledge
claims from heterogeneous sourcisahsen & Beck, 2009)he difficulty is in finding common ground
between disciplines that have different ontological and epistemicumggions, 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 undeethxisting 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 relevace of conclusions for policymake(MacMynowski, 2007) Too often, natural
scientists have dominated research whilst social scientists have been left to a science communication
role to close the kowledge 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 ethiceverdifferent
cultures make sense of the environment they inhabibh Q D 2 #M.1-2§719) Those approaches are

essential not only to situate natural scientists knowledge in society or to understand thenslaip
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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 interdisciplititgris then to set new norms about how knowledge should

be produced. Besides the possibiliof a conflict scenario that would prevent the successful
development of the project, MacMynowsk2007)identifies three ways of doing interdisciplinary
research on environmental issues. The first one is a cooperatiavhich 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 ldne 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 articalaienmetry between sail
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 theraxching approach for this research. This section

describes and discusses the relevant principles of ANT for this interdisciplinary study. This section is
YEAyte oFaSR 2y wwSlaaSyoftaya (KS a20A1fQs Ay 6|
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 themselvessstabili

the uncertainties by building formatndstandards Third, make aonfigurationby seeing how these
assemblages give new values of collectiveness. Accordingly, in the subsections that follow, | discuss
those steps though the redefinition of agency, the traceability of social relations sewrching for

LI GGSNYya Ay (KS 2dzid2YS8a 2F ySie2N1aQ 2LISNI (A2y3

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 fimllow the actors which bring 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. Additionatithe¢ne

way around applies as well; anything that causes an impact exists, whereas what does not have an
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impact does notexistinactof SG 62NJ] ad® ¢KA& gl &> ! beQa SLIAaildSyz2f
sense that analysts have to make explicit the cansespirically noticed, observable and even tested

changes in the state of affairs or social or@esitour, 2005)

| OO2NRAy3Ités Iy | OG2NNna SEAaGSyOS o6802YS8a || NBf
only exist in a networkSayes, 2014)hen, while Mol states that an associatiomniade or it is ng

and an element is either inside or outside a netw(vlol 2002, cited in Watson®7), in this project,

'y FOU2NBEQ SEAaGSYyOS Aad | yS323GAL (A 2¢6dnetwolkkA & A & ¢
or actornetwork - exists while it is in motion, changing, reassembling, performing and disappears

when it stopgLatour20050 ! b¢ A& y20 AYGSNBaAalGSR Ay (KS wW2dzi
and then, that bond is always negotiated by the heterogeneous network. Indeed, l(aGfF)called

plasmay 2 i ¢KIF G A& W2dzi GKSNBQ edmdsdcialgsif, ot hidden Buy o6 S &
unknown. ANT is to account what it is for an actor to come into existéna®ur, 1999, cited in

Watson, 2007)Existence is not binary either; an actatwork, and therefore existence, is always
negotiated, dynamic, unstd and can vanish. Actors depend on other entities allowing them to exist,

which makes them traceablgatour, 2005)It requires work to maintain the relations that maintain

an actornetwork, and the maintenance is its existence.

For ANT, acts act and are enacted at the same time. Law and (2@08)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 netwQiknd also specific in time and spacéf

leaving the network, the actor is in danger of losingritegrity (Watson, 2007)

Additionally, Law and M0o[2008)discuss the idea of an actor beimgultiple. They analyse four

LIN} OGAO0Sa Ay 6KAOK | aKSSL)I FNBY [/ dzYoNRIF Ay al ND
actions and enactments but also its mplitity. 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 ad®version is different; moreover, it is different from plural,

as it is still the same actor and the versions of itself are reldtad/ & 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 an@2®@8)conclude that

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

GKFEG A& KIFILLWSYAYy3 YR K2g GKS ySiég2Ny1aQ | OG2NA A

In conclusion, eliminating preconceptions about actdentities (Nimmo, 2011)and their world

building capacitiegLatour, 1999)s necessary to identify unknown (for the analystjoas and the
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relations that bind them to otheé 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 netwodefexplain. For ANT, actoksnow about their
ySGig2N]l ax 6KSNBFa GKS lFylrfeada I NB ySglabbd, G§KSY |
2005) This notion, in addition to networks being the ones emarthe actors and brinigg them into

existence, leads to the methodugical ruleof actorsbeing the onesvho 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 rtiques have their origin in the dualism nature/society and the drive Hioman

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 betweagture and the human body but with the
human mindMcGregor, 2014and the social construction of the world. Goldblé®oldblatt 1996 in:
Murdoch, 2001)argues that the divide has its origins in a historical context in which social theorists
were experencing a liberatiorirom natural constraints and notet the challenges of environmental
degradation. On another note, the strong argument in favouthoiman distinctiveness or human
exemptionalisn@hat searches distance fromaterialforces can also be interpreted as a consequence
of the effort to separa W (i K S a& aéhhdepeihdent sphere to justify a dedicated scientific discipline
(Macnaghten and Urry, 1998; cited in Murdoch, 200mh)any case, the two realms distinction was

followed by a discijmhary 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, ay #we
constraired 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
dzaS&a ! b¢ Qa NBRSTAY A diagehey ag@neratiKgSan id@agt, @ Shiadige dn yn@thedza S
actor or, by extension, to the network. Therefore, in this project, regardless of the existence of these
RATFSNBYOSa 0650 sR&Y KaxTl i AnOryabsyaReiaForeyhasatial life.

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

non-human an active role in social-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 endeavougMurdoch, 2001)ANTSs objective is still to describe the social. ANT does not engage
in questions about wht nature does alone 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) andhuomans (classically studied by natural sciences).

[ FG2dzNREA LINAYFNE Y20AQFGA2Y 61 & -doBstructO<odrdifid & T 2 NJ
knowledge and enables scientists to operate effectig@lyrdoch, 2001)Thus, how networks operate

is an analytical focus of ANTo be able to do this, ANT does not deny differences, but refuses to
separate elements according to the ontological categofdardoch, 2001)and therefore does not
engage in the endless and frustrating duali@@ray & Gibson, 2013) 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 naworks selfexplain. Indeed, Rach€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

Thechallenge of incorporating material agency is discussed and criticised extensively in the existing
literature. However, for me as a natural scientist, forgetting the nfegd body for an actor to exist
¢ in the Euclidean version of reality in which atigeare things that take up space and can be touched

(Watson, 200) ¢ was a greater task to overcome.

It might even be a controversy among ANT theorists. For example(1982)writes that actors,

among other tlings, possess a body and Say2814)excludes not only humans but also the
supernatural and entities composed of humans and-hamans from the concept of nenuman.

However, with he notion of hybridity, humans stop being seen as purely humans andhuamans

purely objects; they are networkdackson, 201450, even the boundary between humans and-non

humans is negotiated and empirio@rout 2000, cited in Jackson, 20®4) !  Of 2 ASNJ I y I f & &)
Yo 2rBv@als that the set of elements that an actor inhabits stretches out into the nédvemd thus,

an agent actually is that patterned netwotkaw, 1992p C dzNJi K SReasgeiiik tha FocHP
Latour(2005)himsef 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
FTAIANI GA2yayY WFESaK FyR TSI (dNBa GKIK2 gy FIS3 diKB Y
(Latour, 2005, p. 53)
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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 includeW| 6 a @ NH d@N,Ja tevmuged Iy Latour MReassembling the So&2005)to include

ideo-, techne and biomorphisms. Indeed, what an actor is, is an empirical mgerolin & 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 areheld 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 émepirical 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, somethinghas 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 thro(igatitur, 2005)

To hold the network, attachments are first, and actors are seddadour, 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 aboptunctualisation which ishow networks become stabilised in a way that

their action is recognised as from a single actor.

Networksare stabilisedbut thatdoes 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 afracnd relationgLatour, 2005)
Methodologically this means that networks are not only spatially but also-tiise unique; this is

furthermore discussed in the last subsection.

Sometimes, it is easier to discuss what relations are not, rattar what they are. So, Lato(2005

pp. 199204) identifies five properties that do not define relations:

91 Interactions are notHomogeneouQthey are between heterogeneous actors.
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1 Interactions are notisotopidactors are always unique and have unexpected wobuiding

capabilities, resulting from many layers, negotiated in many networks.
1 Relations are noynchroni@time is always folded.

1 Bonds are not®ynopti® very few of the participants in given course of action are

simultaneously visible at any given point.

1 Interactions are noti$obari®@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

Translationis 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 @winformation flows

through the network. A translation is a connection that transports transformalcatour, 2005)

' b¢Qa LIzN1LI2&aS FNRY | YSiGiK2R2t23A0Ft LRAYyG Aa G2
(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 mobilesre actornetworks that maintain their shape

as they pass through different networksaw, 2002) Nonetheless, in the analysis, it is too easy to
overlook an agency (especially from the Awmman, nommaterial, norsynchronic, norsynoptic,
non-isobaric actors) and just label it as an intermediary. Indeed, ANT potemihkichness 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 categérie$ R A, (i 2 N& Q
WA Y (S NYaBARM F'YNOJAI 3 8 ff SBnor @seéd.

Additionally, translations can come from differeattor-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 inh&n, 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 exampie;tillage farmers are also members af

community in a specific village, growing particular crops, etc. If an information exchange does not
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then the link with the netillage network was only temeprary.

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
macrao and micrestructures and the direction of thiiows (top-down or bottomup) in the analysis.

In ANT, power and domination are also outcomes of the network; they too have to be produced
(Latour, 2005)Therefore, as La@@992, p. 3905 Gi I 4G SayY ! b¢ WRSY2adGATASE (KS
odzii 2yfteé (2 &aK2¢ GKIFIG WIiKSNB INB NBIf RATFTFSNBY(
methods and the material G KS& SYLX 2& G2 3ISy SN20GRo sayKitaty 3 St @S 2
something is constructed means that it is not a mystery. How an actor, a relation, knowledge, power,

etc., hasemerged out of inexistence can be explained because it requieeadtion of the network.
ANT explains network generation in four sté@sllon, 1986)

1. Problematisatiorstarts with an identification of the problem and the recruitment of actors

who agree ¢ a problemsolution equation;

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

defined for them;
3. Enrolmentwhen the actors accept their negotiated roles;
4. Mobilisationis the final step in which actors commit to the networks endeavour.

t26SNJ Aa OSYidNIf (G2 GKS yS3Iz2dAaldAzya 2F GKS | OGz2
property, but as an outcome of the negotiations and agreements. Enrolment iswiotgosition; it is

a negotiation (Callon, 1986) Moreover, actors can renegotiate or betray the roles previously
negotiated(Jackson,201® ! & GNJI yafl A2y A& GKS Y2RATFTAOFGAZ2Y
convenience and interests, in order to convince others to join their own benefit, power is an issue of

GNI yatliAz2yod t 2SN YR &AT S | NBcalingandcbidieQualisifgk A S 3 S 'Y
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 choice@Burgess, Clark & Harrison, 200Dhus, power is eelational effect, not an intrinsic
characteristics of some actors. Power is an effect, not a céi.ese, 1992) Part of the assumptions

an analyst has téorget are the power assumptions regarding size. Rather, through thEBnalyst

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 calculatios, 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 relateda the critique of ANT as giving too much power to natural
sciences as representatives of nbaman actors. However, scientists are embedded in a network with
their object or subject oftady. Therefore they are boun@onnected. Scientific networks creaeset

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 thaakp for noFhumans, but

they have a voice. However, the translationsientists offer regarding nehumans 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 pover is not granted but produce@lLaw, 1992)

2522 . AOx1T OEOGG BOT AOOAI EQAQET 1
Networks are dynamic because action is constant: new actors enrol, roles are renedjotither
actors leave, ett 2 OA I £ Q GKSyX A& 2yfeé | Y2YSyidl NB aazoA
together (Latour, 2005) At the same time, social change or stability is not achieved by people nor
objects alone(Law, 1992)ut negotiated in heterogeneous networks. Stability is not the same as
static; it is not exempt from action. dFreaching and longasting associations require constant
investment, work, and effortLatour, 2005)The investment is in the group delineation by comparison
with other competing tiegLatour, 2005) Effort goes not only in overcongrthe external threats to
ySio2NLaQ SEA&GSYOS odzi Ftaz2 Ay 2@SND2YAy3 AydsSh
translations. Moreover, social ties have to be constantly renegotiated because they have no inertia;
they do not spread in spaa# 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 gerjeeated
1992)

A networks stabilisation leads to its punctualisation. It occurs when a network operates as a single
0ft2012 YSIyAy3a (KIG GKS ySGé2N1 Qa LI GGSNya I NB ¢
the actornetwork (Law, 1992)which means that through punctualisation, the network becomes an

actor. Thus, all actors aprinctualised networksNetwork formation, or tle 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 aimenough 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 awbw~orks, analysing the many

actors and interactions, that the origins of tensions and change beadear.

Moreover, punctualisations are used to simplify aetetworks under the appearance of a unit or
when they achieve the status of taken for granfgaw, 1992) In normal life, it would be impossible

to operate without punctualisationsin social analysis, whereas some aatetworks are fully
deployed or untangled, others are treated as punctualisations or Hlagks, 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 whichdtasko
open and which ones to keep close is not the an@ydecion either; it is, again, by following the

actors that the networksleployor not.

One of the duties of ANT is then to search for strategies that stabilise networks. L(A@05)
identifies one of them in the use of durable materials. The explanat@mes 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 floatour, 2005)
Durable matemls, 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.
2523.. AOx1 OEO8 1 EI EOO

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, \&thereas ANT has been criticised

as not recognising its own partial perspect{Véatson, 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 illtexsénaaller 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 dimergis.
bSGig2N]l a4Q ReylYAaY |yR AKAFOAYy3a akKlkLSa 02YS FN
stabilised, they continue being dynamic entities, constantly redefined by fluctuating relations that

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

is never complete; @xisting divergent strategigsteract (Law, 1992and require effort to overcome
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or bring change. As suggested earlier, a different netveorkfigurationwould appear to the analyst

each time the description task is faced.

Additionally, to the momenin 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 negotiatiflratour, 2005) They might even have
circulated through a chain of agencies. Thus, action, and therefore, the network, is always dislocated,
articulated, delegated and translatétlatour, 2005)ANT is a representation of a different spatiality.
Place is a pruct of the network and should be part of the research enq(ligtour, 2005and time

as well.

This new spatiality is the way ANT faces the dichotomy miaonacro-. Local and global become
irrelevant as sources of action. No assumptions are endta f 2o0l\ elxi€ds in the local while a
connection can be traced. This makes it possible to trace connections outside the definition of the
research fieldRuming, 2009and the research scale. However, Lat(@005)integrates scale in the
analysis by proposing the ternafigopticaand panoramato focus on the narrow details or the wider
pictures, respectively. Whilstligopticaare the extremely narrow connections necessary to hold the
whole together panoramas are the big pictures of the whdleatour, 2005)Whereas oligoptica are
constantly revealing fragility, lack of control and what is left between what is sedygyanoramas
provide wholeness and centralifiatour, 2005)Panoramas become relevant as it is from their stories

that metaphors for what binds society together ar{gatour, 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-areation of innovation seeing farmers, soils, and
sciertists 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 ackmation betweenstakeholders. ANT take on
knowledge is as an outcome of the network: it isateated in the interaction between the different
actors in a morghan-human social network. As seen, meanings, values, and identities of the involved
actors are built in negadtion between the actors themselves and the surrounding network members.
This accounts for humans and rbomans. As the networks are dynamic, with changing relations,
limits, and members, so are the products of the negotiations (knowledge, identitiess, retc.).

Knowledge, then, is not universal; it is situated in particular social networks. Additionally, knowledge
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is not static; as networks are in constant evolution, knowledge is constantly translated by the
YySGi62N]l aQ YSYOSNEZI Y 2Rikdates Rroughythe neddrk. (TBea, inSARIT, | &
knowledge diffusion entails a translation by the actors, and therefore, it is part of the collective

knowledge production.

Moreover, due to AN@ refusal of the dualism natw®ociety, scienceulture, exgrt-lay knowledge,
ANT is a powerful tool for environmental questiofidurgess, Clark & Harrison, 20@0)d more
generally innovation in fields as dispaas urban planningsee: Farhangit al, 2020) energy(see:
Krzywoszynskat al., 2016; van der Waal, van der Windt & van Oost, 20it8)rmation technology
(see:Yooet al,, 2005; Wangt al,, 2015)or international relationgsee:Barry, 2013)

This potential of ANT has been used previously tdysagricultural networks. Gray ai@ibson(2013)
identified actors in the industrial agriculture actoetwork in Kansas, USA. They conclude that
financing institutions, crop insurances, eguignt and technology, soils, fertilisers, experts, and the
hatrtftrlfl OFNRBY SKAOK 4FGSNI F2NI ANNAIAIGAZY 61t &

LJ

OK2A0Sad 'y AydSNBadAy3d O2YLINRAazy 0Si68Sy O2vya

nature has been done by Burge€00)for agroenvironmental scheme participation in English
wetlands farms. Fem this study, it is worth noting not only the different knowledge generation,
fly3dzZZ 3S dzaS yR AYGSNLINBGFGA2ya 2-EnvignméndaNS T
schemes are determined by governmental institutions and not always accepted byerfarm
(appearance of resistance). Finally, Schneider é2@lL2)applied ANT to study ntillageadoption in
Switzerland, concluding that the spreadnoftillagerequires fundamental transfonations 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 areb 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,
Shneider 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 noinuman actors.

In summary, the important distinction that, accandito ANT, farmers, nenumans (including soils)
and scientists can take active roles in innovation, whereas with other theoretical approaches, it is not

even possible.

47

0 dz



2.7. Focus on soils

Soilsare facing increasing threads as foods demands grow. Indeed,%&8 human caloric intake
comes from soil (2849 Kcal per capifidppittkeet al,, 2019) Therefore, with a growing population
(projected to reach 10.9 billion in 2,100) and caloric intakerease due to growing wealth and

changing diets, the pressure on soils to match food demands is grédampgitkeet al., 2019)

Historically, increasing food production has been achieheoughexpansionismand intensification
(Kopittkeet al, 2019) Expansionisstrategies implied an expansion of agricultural land; overtaking
competing land uses such as forests or maogthile with the Green Revolution, food production
increased through an intensification of agricultural land by adding fertilisers and controlling pests and
weeds with agrechemicals. These strategies, in turn, resulted in environmental dansagesodl

costs. Thalternative agriculturgparadigmarose agrioritising the environmental and sociaspects,
althoughits potentialto feed the growing population isinclear(Mahonet al, 2017) Sustainable
intensificationis conceptualised as the strategy to increase food production within the planetary
boundaries deliverig more food, better ecosystems and iroped livelihood¢Rockstromet al., 2017;
Mahonet al, 2017)

No-tillage has been enclosed in boththe alternative agriculture andustainable intensification

strategies. Nonethelesshe potentialagronomic.environmental and sociddenefits of netillage are

being questioned due to iteduction in yelds(Pittelkowet al., 2014) reliance on herbicidegMller,
2021)anditsA YL SYSyYy Gl GA2Yy 6A(GK2dzi 0 S@Giichet dl,RO0QTHER (2 T
thesis contributes toK 2 ¢ T I NY SNBA Q [|-ddaptida af hefillage yedtonstract/ these

different food productionnarratives anchow theyrelate tosoils.

Following the ANT approach, soils are actors@ostructed by the network in which they are enrolled

in, actornetworks themselves that can be deployed, and multiple because they pertain to different
ySig2Nla +Fd GKS &aFYS GAYS® {2Af aQ NR-heBvarksliny R G KS.
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 tchet 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 | was trained (my soil sciencenatiark), soils a
natural entities with threedimensional bodies differentiated into horizons of mineral and organic
constituents(Joffe, 1936 cited idenny, 1941jesult 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 humang)Jenny, 1941Due to diverse combinations of these factors around the Globe, soils

are geographically varied.

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

2

a 2 O forfatianSdantandi(lyariez, 2011)Moreover, definitions coexist depending on the

area of interest that engages with so{lbarez, 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 actometworks while in other actenetworks those properties remain in the plasma

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

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

=A =/ =4 =4 4 4 -4 -

Ly

Geological entities

Medium for plant growth

Natural Bodies

Structural material

Water-transmitting mantle

Ecosystem or ecosystem component

Holistic entities or geoderma (continuusoilregolith-landforms)

Selforganising earth surface system (geoderma + hydrologic system + biological system)

part of its multiple facets, being tieéS F 2 NB y S OS a &(baidzf2811)A y O2 YL SGSQ

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 dojjuaditly is soils capability to

fulfil any of its functions which, in practice, have been related to humantestig and are listeds
(Blum, 1998 and 2002, cited Bilum & Swaran, 2006:p.39)

)l
il

WLINB RdzOGA2Y 2F O0A2YFaa GKNRdzZAK | 3NR OdzZ  dzNB
protect the groundwater and the food chain against pollution and maintaining biodiversity by
filtering, buffering, and trasformation 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, reciieat 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
LI f S2yd2t23A0Ff YIGSNRAEFE a0Q
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From a multifunctional soilLISNE LISOG A @Sz az2AataqQ | 3SydOeé R2Sa yz2i
matter also has the potential to condition and change the social as relationships develop. This notion

is opposed to Ingold2008)who advocates for a morthan-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 mas@act on the

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

material flow, energy, knowledge, etc.).

Ly GKS dO0ASYGATAO tAGSNI GdzNBX (GKS 02y OSLIi 2F az
different from soil fertility and soil health. Séertility ¥ 2 Odza Sa 2y a2At aQ OF LI 6oAf A
historically it has a connotatioto refer to chemical characteristics, mainly nutrieffidizutaet al,,

2021) On the contrary, sollealthdistinguishesPt A Ay 3 &a2Af aQ Fdzy QaAz2yl fAle
therefore emphasises the importance of soil biological propeffnkhurst, Dube & Gupta, 1997)
SoilsecurityA & F Yy SgSNJ O2yOSLJi yR fAyla G2 azAataqQ {Se
food production is only onBoumaet al, 2014) Additionally, soil security is a muttimensional and

multi-RA A OA LI Ayl NEBE O2y OSLIi § Komic and Didbysival Jecierices arkdS & 2 C
NEO23ayAasS LRt AOe (McBraney, Belll&{KocH, RA1H Soib @MeRpél€ss used in

scientific publications is soil caftMizutaet al., 2021) Soilcarerelates to the ethical and practical
commitment to the soil which develops in a relational manner through attentiveness to soils
(Krzywoszynska, 2019aBearing a soil ethics involves personal and collective soil valuing, and
cognitive (knovng) and emotional (feeling) empathies towards s@sunwald, 2021)Each concept

reflects social, cultural, and political needs and evélttigutaet al., 2021)and the use of them reflect
NBEaSINOKSNBRQ LISNB2YLFf o0AlFlaSao

Ly GKA& LINR2SOGST L dzasS az2Aiat TFTSNIAtAGE sKSYy NBTSN
(but the tem includes biological and physical properties); soil quality in a broader sense when
FaaSaaAry3a az2rataQ FdzyOdAz2zylrtAlGASasT 2FGSy tAYy(1SR
functions are relevant for farmers; and soil health when referringfts @s 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, | focus on soil physical properties. Finssgsaibphysical
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 agri@uion,

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, | discuss the theoretical understanding of soil physical quality in soil science.
Accordingly, first, | discuss the importance of soil structure and aggregation to understand physical
quality. Then, | imoduce the different actors that impact soil structure dynamics. These are the main
drivers of aggregation and disaggregation processes. Furthermore, | introduce the geographical
perspective in the variability of soil aggregation and disaggregation agentse end, | relate soil
structure to soil compaction and provide an overview of soil compaction, a major problem in
agriculture. For the first three sections, | use the materials of the book chaptér ldzi K2 NS RY Wt K& :
and hydrological processegi 42 A f & dzy RSNJ O2 y & 8/bdddtral El@yyand iManorf, I 3 S A
in presy, in brackets are minor changes to theginal text:
281. 031 E1 OOOOAOOOAR Ai OA O1 O ElI DEUOEA/
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 constituemesbound 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 biologicpépres, regulating the sail
water cycle and sustaining a favourable rooting medium for plégiisblewnhiteet 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 soll
quality, as in welbtructured soils with stable aggregates, watand 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 aorlygen deficits for plant roots and other

organisms.

There are many factors influencing aggregate dynamics. These factors are from the solil itself
(e.g. organic matter, clay, sand and salts content), the environment in which it develops (e.g.
climate or ppography) 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 ar@nsbil
site-specific. Thus, tillage management practices have different effects oilnphysical
properties, and in turn, how these influence agricultural production, depending as well on the

geographical locatiorw X 6
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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 Oadegl982) 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. Meover, 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 brid@€ay1990, 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 pum
diameter), whose labile characteristiegplain why macroaggregates break down into smaller
particles easier than mroaggregates (< 250 um diameter), which arermbtogether by more

recalcitrant organic matter or more stable aggregation agents.

Further development of the hierarchical modellped 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 minergSolchin et al, 1994) which represent
consecutively increasing carbon sequestration potential. Afterwards, it was shown tha
microaggregates form inside macroaggregai&sgers, Recous & Aita, 199%jnce the latter
provide physial 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, 20Q4Moreover, organic matter increases irHaggregate
cohesion and hydrophobicit{fBlanceMoure et al. 2012, cited in Bariket al., 2014) which

provides furtter protection and facilitate bnding 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 turnoverates in cultivated land are only between 5 and 33 d@lante &
McGill, 2002b, 2002a)Even the hiarchical model highlighted the vulnerability of
macroaggregates to tillage since their binding agents are lahfterwards the disruptive
effects of tillage have been ratified by other researchers, proving that tillage disturbance
increases macroaggregate turnover and carbon mineralisatiqi®ix et al, 1998)

Notwithstanding the generally accepted slower turnover rates in microaggregates,evialo



(2010)found similar ages of organic matter from within size microaggregates and from
outsidethose siltsize 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, aggregatibn and
breakdown is a complex process influenced by many other factors. Even the authors of the
hierarchical model highlighted that aagic matter becomes the majorrding agent only in

soils where other binding agents are absent. Amézke#®9)showed there are many intrinsic

or extrinsic factors affecting soil aggregate stability in different soils, making it-aasesoit
specific property. Among the binding agents are calcium carbonateycaktilfate (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), roptsoil 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 expénent 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($alboadaet al., 2004)
Therefore, the importance of the sgrgies 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 €]

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, Regeliak (2015)describe the importance

of Fe(hydr)oxides in Austria, Czech Republic and Greece; and-Byposet al (2001)stresses

the importance of calcium carbonate in Spain. Furthermore;, sineralogy 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:hy$, 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 teusad¢hange.

However, themportance 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 FernandetJgaldeet al. (2013)showed that microaggregates tend to form
between the more reactive 2:1 clays than the kaolifiitpe clays (1:1 type) or quartz.

[Therefore,] in thesame soil, the latter are more abundant in raggregated 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 physicechemical dispersion, slaking, differential swelling and the impact of mechanical
forces (Le Bissonnais, 19B6Physicechemical 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
floccdants. Physicehemical dispersion leads to aggregates breaking down into elemental
particles. Several researchers observed that soil management history influenced clay
dispersibility(Kay and Dexter, 1990; and Watt996 cited in Amézketa, 1999Furthermore,
slaking disrupt aggregates during wetting due to forces generated by trapped air; it occurs at
the same ime 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 at@mrxternal

F2NDOSa AYLI OG 2y &az2Af | 33aINB3IFGESaxr adsOK Fa GKS
GAff1F3aASd | OO2NRAYy3I (2 az2AfaqQ O2YLRAAGA2YS &2V

naturally more vulnerable to any of these aggate disruptive processes and therefore, they

have to be treated with special care in agricultural land (®engasamy & Olsson, 19®19

Thisthesisfocuses on two distinct biogeographical regions: the Meditereamand theAtlantic. Soils

in these biogeographicaregions are the product of different soil formation processasl have

contrasting characteristics(more detailed reviers in section Soils in -geographical regions

Accordingly, the impact of tillage management o stiucture can not be generalised@urthermore,

s2 A dpatidbvariabilityinfluence thempactof no-tillage and conservatioagriculture on soil structure

and physical propertiesven at a field scaléSkaalsveen & Clarke, 202Mpnethelessno-tillage has

shown to increasestructural stability due to the increase in soil organitatter and the reduction of

mechanical disturbancén both, the Mediterranean regior{Sidiras, Balis & Vavoulidou, 2001,

Hernanzet al, 2002; AlvareFuenteset al, 2008; Plaz#onillaet al., 2013; Apesteguiat al., 2017;
Barut & Celik, 2017And theAtlantic regiond 5 Q| kt&ly2808; Pulido Moncadet 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 decreaspsere space affecting gases, water and carbon
stocks and flows, inducing runoff and erosigtolland, 2004)Moreover, soil compaction &gling to
anaerobic conditions can be toxic for some species, changing biological commthitiesid, 2004)
Furthermore, soil compactioalso comes with an agultural cost affecting seedmergence, crop

establishment, root growth and might even lead to drought stress due to increased (lagfi985)

Anthropogenic soil copaction occurs due to compressive forces derived from wheels, tillage tools
and livestock trampling acting on vulnerable s@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 rigatey, 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 smesors (Sharifi et al., cited by Batey, 200However, several authors consider it

essential to examine the soil profile to identify compact{Batey, 2009)

Soil compaction and soil structure are related in several ways. First, soil aggregati@aséscirgra
aggregate density, but the intexggregate space also increases. Second, soil aggregation (in a range
of aggregate sizes) increases compaction complexity, as compaction depends on the friction points
between particles(Ricknagekt al, 2007) Thus, soils with similar bulk densities might present
different vulnerabilities to soil compaction depending on structural stal{ifgumgartl & Horn, 1991)

Third, wvhen compaction forces are applied (such as machinery traffic or livestock trampling), soil
aggregates rearrange, and the int@ggregate pore space decreases with further compaction,

macroaggregates breakdm, which in turn decreases intaiggregate spac@venonet al., 2015)

Root systems also interfere with compactifhitamza & Anderson, 2003hdeed, 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 mecheai soil strengti{Cannell, 1985)Different crop species

and cultivars have different ability to penetrate compacted;sa@ot systems with a deep taproot
usually possess the greatest ability to grow through compacted soil and can be used to minimise soll
compaction risk by including them in the crop rotatigHamza & Anderson, 20057 better
understanding of root responses to soil compaction will be possible thanks to research using
computed tomography(Tracyet al, 2011)p . SAARS&a NR2GQa RATFTFSNBYI

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 systeisee:da Silva, Kay and Perfect, 1994; Batal, 1998; Benjamin,
Nielsen and Vigil, 2003)

In relation to tllage management, many research studies have reported an increase in soil compaction
under conservation tillage avo-tillagearound the globde.g. Da Silva, Kay and Perfect, 1997; Schluter
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 (congxdayers beneath the regularly ploughed depth)
that appear in conventional tillage might diminish when conservation tillageodillageis adopted

(e.g. Rilewet al, 2005)

This research aims to contribute to the existing soil adsitecific literature on soil structure and soil

compaction about how they are influenced by tillage management

2.9. Key messages and research gaps

9 Sustainable tillage management is essential to guarantee sustainable food production.

1 Conservation tillage practices, particulang-tillage, have shown to reduce environmental
impacts of conventional tillage, especialodeasing 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.

T al SIHtdKe az2ata FNBE ¢Sttt aiGNHzOGdz2NBERE GAGK KA
systems, enabling air and water flows and benefiting crop growth. Therefore, maintaining
0KSasS a2Af LINPLISNIASaA KFa G2 0S (Veenstrda CIBYSNBER |
and Menon,n pres$

G/ 2yaSNBFGA2y GAETEF3AS STFSOGa 2y az2AifaQ LKea.
intrinsic and environmental factors that influence aggregate stability, soil structure and
O2yaSldsSSyiafes G§KS L2 NP di¥eerstéaiiop and Me@dimpdess 3 S 2 I NI |

f GhNBFYAO YIFIGGSNILXleé&a Fy AYLRNIIFIYG NBES Fa |
but in some locations, other agents have this major role. Conservation tillage practices have
OLINBEQOA2dzatee akKz2gy G2 AYyONBFAS 33INBILGS aidl
NEIAZ2yazZ AYONBlFraAy3a aziaft ad NHzOUAMMI K S I1add oW QK
(Veenstra, Cloy and Menom, pres$

1 Conventional tillage is the dominant tillage managementcpica in Europe.

1 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 literaturdgtmco-creation of farming innovation,
including generally obviated actors such as farmers andmamans (particularly soils). This
means to leave behind farmeand norhumangYassive roles and acknowledge them as
active agents in innovation and social change.

ANT is an adequate framework to werthke this kind of interdisciplinary research focused on

agro-environmental innovation practices.
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Figured. Chapter 3 cover photo: soil sample preparation for laser particle size analysis



3.1. Introduction to the methodology

In this section, | summarise the key elements of the overarching conceptual framework and how they

translate into thepracticalities of the researcliprovidingan overview of the structure of the chapter.

| start the chapterdescribing in detail théANT basednalytical frameworkwhich 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 és@mpias.

Additionally, the appropriateness of conducting-famm research is discussed.

Thereafter,| describe in detail the methods to collect and analyse the empirical dagaries of pilot
studies helped taselectthe methods anddevelop theresearch designSemistructured interviews

with farmers were used toatlect data fromwithin farming ator-networksto analyse ndillage
adoption and the assessment of its impact their soils. Additionally,soil science methods were
applied to analyse theampact of natillage onstructural quality and compaction of thmse studie®

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 eexisting approaches to innovation diffusion andareation of innovation
(described in th& heories ofadoption ofagricultural innovationg the approach takem this project
considers longerm or sustainable adoption as a process that actively modifies the innovation, and
therefore farmers are part of the knowledge productighdditionally, norshumans are part of the
social and can influe® social changANT allows farmerand norrhumansto adopt theseroles, as

discussed in the literature review.

Using ANT as an overarching framework for understanding innovation adoption means that tillage
managementpractices(no-tillage or conventimal tillage) takethe form of actor-networks. Those
networks are then analysed to identify chains of actoradoption paths whose relations explain
tillage managemenadoption Bycompaing farming actornetworksit is possibleto find repeated

patterns and changes to those patterns.

To assemblethe farming actometworks, actors ath relations were investigated, applying the
definitions discussed in the literature review. In summary, actors are any humans drunmems
possessing bodies or abstract figurations that deploy in aottworks themselves and cause a

traceable impact intte investigated actenetwork. Furthermore, actors are enacted by the aetor
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networks, meaning that what they are is-constructed by themselves and the other act@twork
members. Because actors pertain simultaneously to multiple networks, actors at@lsuDn
another note, relations between actors are dynamic, might extent through time and space, and the
heterogeneous nature of the actaretworks results in heterogeneous and diverse relations.
Additionally, actors translate messages into their termsoducing their interests as information
circulates through the networkAgreement or rejection of those messages determines power
relations and the appearance of network tensions. Therefbrelentified actors and relation®
compose the farming actenetwork configurations andpaid special attentiorto translations to

identify paths of tillage management decisions.

The methodology to identify actors and relations was also based on ANTI pédgrmed a series of

pilot studiesto obtain an initial understanding of the topic. Thémppliedthe! b ¢ NXzf S 2 F WT 2§
0 KS I Toidwihe drtor§imeans to pursue the understanding of a social issue based on the

actors that are involved in it, and not applying pestablish& structures Following the actorss to

dza S -t WAKFE®INASQ (G2 06S02YS | GGSY(GADS tatRenvskthal | OG 2 1
FOG2NBRQ €1 y3dz 38z YSil LisembleQheir reajtiBs. 1Si& talfolloylori A 2 v &
investigate thelinks that connect them with other actors as given by tlsetwes This process
acknowledgsthat actors know more about their realities than an external researcher (Latour, 2005).

In practicethat translates into not having a piestablished structure imvhich 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 thenises (Latour, 2005). Following the actors is also undersasod

networks beingan@ 8 SR FTNRBY GAUKAY 06SOFdzaS WGKS 0SKIF @A 2 dzND
FNBE yS320AF0GSR gAGKAY (GKS ySiig2N]l Q 6adz2NR2OKI mdd

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. Therefdiagused on farmers to

describe their farming actemetworks. Semstructured interviews were performed to be able to

discuss the networks in depth. Because Ald@&s not limitwhat counts asn actor and how wide the

network can spread, in practicé K2a4S fAYAGlI GA2ya gSNBE aSi oe& T NJ
what is part of their farming practice and has impacted their behaviour. H&HcEl} NY Ay 3 | O 2
y S (i 4 addhéin@tworks describedna limited by the farmers around their farm management.

Semid i NHzOG dzNBER Ay GSNWDASSGEA F RRNBAASR T dhmenyds,Q GAf €
and other actors involved in the practice according to previously reviewed literature and pilot studies.

During the interview and the analysis | focused on identifying actors and how they relate to each other.

Details of the method interview design, condi and analysisare explained in sectionSemi
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structured interviewsStakeholder interviews have been usdensively in ANT studies. For example,
Ruming (2009)isedstakeholder interviewstogether with textual ad discursive document analysis
Van der Waal et a{2018)used them together witlother sources of information such as websites and
documents anevi and Kumaf2018)with ethnographic methodsThe benefits of using interviews
comparedto other methodswere that non-human actorsavere identified through human ecounts
from within the network it was possible to collect data from different study cases in a shan®unt

of time and combine them with soil samplirgnd through interview recording, coding and analgs

eased the traceability of the results.

From each interview, | rassembled a farming actoretwork configuration. An analogy | used to
visualise ANT were molecules: each actor as an element, hold in position through theitin&ggher

actors, together developing an action. For example, proteins can conduct different processes
depending on the position of their elements and groups. Therefore, | visualised the changing practices
as a change in the actors or the links that hiblem together. The goal wde re-assemble individual
farming actornetworks from each interview and compare all of them to identify similastiend
differences. In practicdrom each interview | identified the actors (with names as given by farmers)
anddescribed their roles (as given by the farmer but assuming, according to ANT, thatarece

constructed by thector-networkin which they are enrolled).

Figure5 shows the difference between a list of actors and the farming aatiwork configuration.
In the list theactors are plain spheres and theaesin the wider network relatiors with other actors
or power are not definedOn the contrary, in the farming actoretwork configurationsactors
(spheres)kre situated within their actenetworks and their rolegposition and layers)power(size)

and relationglines)are defined.

FARMER ||

Figureb. Lists and etor-network configurationsa: list of actors. b: farming acteretwork configurations (farmer ceated)
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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 aod-human actorgLatour, 1992)Each pair

of actors is bond together through a link through which circulates some Kifldw (Latour, 2005)

Each actor receives, translates, and pass the flow in a transformed way. What is circulating can be of
different nature, ands modified and ce&onstructed 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 wordsyidfindhese relations actors

are enacted by the actametwork. | used chains as a methodological tool to simplify the actor
networks and focus the research on part of the wider and complex acttwork. Because | focused

on the relations that caconstructedadoption of netillage or sustained the adoption in the long term,

| referred to those chains addoption path€

In practice chains were built by adding to thaatrix the links to tillage managemergractices if
mentioned during the interviewl his were answers to direct questions about tillage management and
the early stages of the agtion of no tillage, and other responsesated to tillage managemenin

the wider sense of the actametwork, which provided details of the shape, roleand relationships

that enabled andustained adoptiomr nonadoption This way, the link between tillage management
practice to an actor was established by the farmlarthe thesis| distinguisted different adopton

paths byfollowingthe links between actotsas specified by the farmem;ound a particular theme or

flow related to the tillage managemenfThis way, | r@assembled the farming actaretwork
configurations and | identified patterns in the form of 208 Q NRBf Sa 'y R OKI Ay &

paths) which could be recognised in several actetworks.

™

Figure6. Adoption paths
Figure6 illustrates theidea ofan adoption path within the farming actemetwork. The redrectangle
highlights the focus of the analysis. Téheuble-headed arrowgrelations) symbolise the flows and

negotiations between the spheres (actarSpanish and British Atllage adoption paths are analysed
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in detail in chapter 4, except those adoptipaths in which soils pj&d a key role which weranalysed

in chapter 5.

Soils were key actors in the analyfis both research questions { 2laif theCadoltidn of tillage
management practice was investigatgrying specieaattention to the relation between farmers and
the soils on their farm The soil path for ngillage adoption(and noradoption) was researched in
detailin chapter 51focused orf I NY S NE Q | Qékfodagdiing2hait tha farmdrsiwere acting
as spokespersons of soimit understanding that the langage and ideas used by farmenss
influenced by the farming actaretworks in which they are enrollggHinchliffe, 200Y. Additionally, |
dza SR (G KS 02y 0S Ll (LavR Mol QOoSiNsFudys2 M dzta(OA LtdAT I gedindiltiSle NB £ S &
roles greatly influencedhe soil path for ndillage adoption and how impact of the tillage
management practices on soils is understood within the farming awttworks.| used the data
collected through the senstructured interviewswith farmersandin the analysid focused on the
roles soils had in farmg actornetworks, which soil kewledges sustained those rolgsurthermore,

| deployed soils as actmetworks themselves,opening theblack boxes ompunctualised actor
networksin which they had become did thisby analysingsoil classification, assement andthe soil
propertiesthat became importanin each farming actenetwork from the interview dataOnly by
establishingwhat soils are and what they are able to do within the farming anetworks it was
possible to understand théarming actory” S (i & 2adédssn@nt of the tillage managemeirtgpact

on soils.
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Figure7. Deploying soilsNotillage impact on soils assessment from within
farming actornetwork

Figure7 illustrates the exercise of deploying soilghin farming actometworks The ed rectangls
representthe focus of the analysisoil anda zoom mto soilasanactor-network. The layering around
0KS &aLIKSNBa NIBLINS sxChaptér 5lprovidesNide § 1 Y @z8 G A L2 FORERHRD 4 Q |
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a 2 inbltiplity, soilLleploymentand the impact assessment of-tilageon soilgand conventional

tillage)within farming actometworks in Spain and the UK.

Furthermore, as a soil scientist assesad the impact on soil structure and compaction. This
assessment was performetb soils as natural entitiess€e section Focus on soijsunder the
theoretical models discussed in the literature review that understand soil structure as being dynamic
and influenced by many aggregation agents and bid@kn factors(see sectionBackgroundn soil
physical quality | did the soil assessment independently, without the participation of the farmers.
Therefoe, it is understoodhat it constitutes a differentsoil science actenetwork. Details of the
methods used for the soil science assessment of impact on soil physical properties are ¢neen in

sectionSoil assessment
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Figure 8 Deploying soils. Scientific assessment of no ti
impact on soils

Figure8 illustrates the scientific assessment as a different aaiwork in which soils are enrolled
occupyinga different positionandrole than in the farming actoinetworks.The deployment exercise
performed in this cas& 2 O dz& S aphyiyal piopektiedstart with the assessment of soil structure
because it is fundanmmeal to understandsoil functionalities and a better structured soil is more
resilient towardscompacton. As explained later in the chaptémnsed aggregate stability and mean
wide diameter to assess soil structuhapter 6 is the scientific assessment oftilage impact on

soil aggregates and compaction.

Throughout the thesis | provide multiple relef soi in farming actoy’ SG 6 2NJ & Ay | RRAUGA

understood as natural entities Boil science. Ithe conclusionghapter(chapter7) | summarise those

roles together with the main findings ardliscuss the difficulties of putting into conversatian2 A £ a Q
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multiple ontologiesFigure9 illustrates soil® Y dzf GALX AOAG& Ay GKS fl &@SNRY:

to different actornetworks and the different deployments those make of soils
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Figure9. Reassembling the multiple soils

The ANT based analytical framework is summarised-igure10. The figure includes data inputs:
Preliminary studies, data collectipand data analysis methods used for reassembling farming -actor
network configurationsdoing the external soil science assessment ermbsembling the multiple

soils.
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Reassembling Farming Actor-Network
configurations:

Preliminary studies: Data collection: Data analysis:
HEl Literature review :
[ on NT adoption [IHH Semi- Thematic
8 structured i
H Expert - interviews H [
interviews Hl  with farmers |||] bean |
Participant HE ll: i
observation Field : H
: H management H i
H Lit. Rev. on H i i Matrices H . eerreernnsnneasd
H R hror e HH questionnaires : Adoption paths: " Deploy soils in F A-N: soil
Hll farmer identities M 3 .
: i : H . chains of actors | roles, adoption paths and
e —— H H l_ . impact of CT and NT on soils
External soil assessment (Soil Sc.): Q1: ADOPTION

Laboratory data —
Preliminary studies: Field data collection: collection: Data analysis:

"
Descriptive
statistics

Lit. Rev.onNT  HH
impact on soils

Penetration Bulk Density
H resistance

Methods pilot study H

Lit. Rev. on soil

structure and Aggregate size

compaction VESS distribution &
: i stability

Random Forest
Cluster analysis

| structure and compaction

Lit. Rev. Soils in

H Non-linear
regression

ﬂl]l:> : CT and NT impact on soil I

Biogeographical I Soil samples Complementary = I
Regions analysis | ’_‘ Empirical
. . data N
Soil : .
_ >onmap Two-way ANOVA
interpretation
Aeresmresnrannrasnrnarnnad esrsmrreerranranaaaas

Reassembling the multiple soils:

Preliminary studies:

Lit. Rev. on Lit. Rev. on soil

interdisciplinary concepts and I"]I:>

research frameworks

Lit. Rev. on Science as

a social practice

Q2: IMPACT

—

FigurelO. ANT based analytical framewofkaN: Farming ActeNetwork. CT: Conventional Tillage. NT:tNage.

3.3. Positionality and local character of research

This sectiomeflects on howmy identity, therelation with the farmers during the interviews, anay
backgroundhave affected the research produced. As commented previously, different disciplines
have diverse approaches to subjectivity. However, it has also been pointed out thaiemdific
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 producedutwerstand bettemot 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. Wto the researcher is in terms of race, class, gender, éb@s necessarily influence

the interview dynamic¢Sharp & Kremer, 200&ill & Maclean, 2002)n this section, discus how

my identity and background (picture Figurell) affected the relationship with the interviewees, and

thus, the qualitative data collection.

Figurell Myselfduring fieldwork

Age and gender are important aspects of interviewing. Especially if the interviewer is female
considering farming is a matlominant industryChiswell & Wheeler, 2018n this study, all farmers
were male. The age and gender difference often result in the younger female interviewer playing a
subordinate role toweds the dominant malg¢Sharp & Kremer, 2006 hat power relation cabe
beneficial for the data collection as the participant does not feel intimidated and talks more openly
about his practices with less fear of judgemeThis is related to the stereotypical gender discourses
GKAOK aSS ¢g2YSyQa NRtS Ay 02y &SndEativasiPiy2005) & S Y LJ
Moreover, the interviewer being a femalmight also encourage farmers to shawlnerability and

talk more openly about feelings and attitudes compared to men interviews. However, this
subordinated role due tthe female gender has its limits and camt lead to male participants taking
control over the interview(Sharp & Kremer, 20068)r leading to sexual harassme(tthiswell &
Wheeler, 2016; Ikarp & Kremer, 2006; Gill & Maclean, 2002)

In this research, interviews and sample collections were performeadyselfalone and offarm. That

was decided to increase farm&ksomfort a being in a known environmer{their homes orfarm
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offices)andnot inviting them to a setting in which the p@&wbalance would have benefitade (e.g.

the university). However, thaneant that lwas entering environments controlled by male farmers
with an added risk of sexual harassmdfhiswell & Wheeler, 2016 herefore, a protocol was
developed to decreasmy risk exposure. A detailed list of farm locations and overnight stays with
contact numbers was shared with supervisors and family. Additionally, phone contasupghvisors

or family members was done during fieldwork after each farsit. Participants were either recruited
through an intermediaryor through farming forums. The angmity of the farming forumgovered
sexist remarks from other forumembers. Consagently, the visit ofwo neighbour farmersecruited
through a farming forumwvas coordinated with anale ceworker (another PhD studentand the first
meeting took placen a public space, even if in a small village that decision compromised the
anonymityof 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 anonymifghey are not uncommon in sociakience researchand Ethis

I 2YYAGGSSa LINRA 2 NR {Chidvell &NBheeer, RODANSHeE e ok thiF rEséaich,
even if the malescortwas a silent presence on the side, it possibly affected the datectiolh in two

ways: a restrain towards sharing sentiments and a search for validation from an agronomist.

Me being part or nobf the farming industry was perceived differently among the farmestared

my background in soil science amaly intent to colect and analyse soil samples. Additionally, the
interviews included questions about the farm@rslation 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 farmehat field of expertisdinkedto 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 fam@amners

that could be perceived as a benefit for the farmebDuring the interviewd, handledthe power
assumptions regarding scientific epistemic authof®yni, 2004petween farmer and soil scientist by
avoiding any knowledge clai(Ryen, 20Q), presentingmyselfas 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 outgler 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
GermanDutch origin was diluted due to growing up in Spain and sharing soiheal 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 interiews but also in sharing food and beverages or information about their places
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outside of the interviews. Therefore, in the Spanish casgscultural background helped to build

NI LILI2 NI FyR 200 A@RyeF RPORNOS Ml contrérgatthadPeginning & the data
collection,the cultural differences with the British farmers were a barrier to the interview process.
This was so becauseterviewingrequires the analyst to be able to leathrough difficut 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 pursuddirgying the pradefined questions. Those capabilities
were compromisd in the beginningwhenmy English domain and exposure to different accents and
cultural habits were limited. Indeed, misunderstandings and lack of comprehension can arise from
both langiage and non-verbal communicatior(Ryen, 2001)Nonetheless] followed astrategy of
WoSAYy3d | (A& 203638l dnteiewing improvedvith increasing understanding of

British language and culture and with experience.

3.3.2. The local character of this research

It is important to acknowledgethat researchinstitutions, funding bodies available resources,
networks, political situation, etcinfluenceresearch. Accordingly, | include further reflectionstba
LINE 2S00 Qa oF O] ANRdzyRD

First, mentionthe interdisciplinary starting point of this research. The project was proposed by a
multidisciplinary supervisory team and funded by a centre witltlear orientation to tackle
sustainability issues from an interdisciplinary perspective. This provided access to resources (funding,
training, information, supervision, etc.) and the required tinmedevelop a new interdisciplinary
researchidentity. Indeal, the process of performing interdisciplinary research is not only challenging
at a technical level but does also require gellexivity to develop a new and interdisciplinary
academic identityKnaggard, Ness & Harnesk, 20183condthe initial framing of no-tillage as the
innovative and sustainable practiees influenced byny institutions andinternationalorganisation§
narratives (e.g. FAO) that support conservation agriculflings framing changed intcknowledging
farmerQcapabilities tof 8 A Sa & ¢ KI (0 irtheir Mrinszind theél gbnfliotingSfarts in the
scientific literature aboutno-tillage. Third, my home department being Geographghaped the
research in terms of highlighting the importance of the geographical and local aspetirming.
Additionally, the department composition of human andypltal geography researchdrgluencel

the balance of the soil and social aspects of the project. In this sense, also the availability and
limitations of equipment and materialshapel the selection of methodsFinally, mentionthe

Euwopean context of the research, whielasal my mobility across borderandsoil samplesransport.
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3.4. On-farm research

Traditional agricultural researcimvestigates one or two factors at a time d@ontrolled stations.
Despiteits importance in increasing food and fibre production, it has shown to be insuffirient
addressing complex environmental and economic systems, which require integrated approaches
(Wuestet al., 1999)or to accounffor economic, societal, or environmental changes topheductivist

paradigm that has been dominant since the Second World (®ark, Christie & Weise, 1996)

Alternatively, s-farm research is performed on commercial or working farms. Many timesrmmn
research has been reducedvalidationof crop varieties, agrochemicals, or technological packages
local environmentsvith little involvement of farmers, othethan providing labour and maybe sharing
a reaction towards the innovation compared with their traditional practig®smberg & Okali, 1988)
Nonetheless, e potential of orfarm research liesn the realism of the farms in terms of scale,
management practices, and constraints faced by the farr{erimkwater, 2002)The combination of
all of those parameters cannot eproduced in research stations, even if they are set as commercial
farms, just because of social factors. Additionallyfanm research does not establish managerh
guidelines and includes farméksxperimentationsn the analysisand therefore, it isecommended

to study socieeconomic interactions and management decisidixinkwater, 2002) On-farm
research accounts for real far@somplexity and initiates a mutually beneficial dialogue between
farmers and researcher@d.uscheiet al, 2009) This dialogue is even more beneficialnimtillage

research, as farmers have led its spread around the Globe.

Despite its benefits, ofarm research is not extensively performed due to the added difficulties to
access farms and to generalise tHata produced. In conventional laboratory or field trials, the
environmental factors leading to aimpact are controlled and manipulated to test hypotheses. The
lack of control of influencing factors in the real world leads to difficulty in testing hyseth
(Drinkwater, 2002) Detailed descriptions of sites characteitst are requiredto improve the
hypothesis testingwith its consequent increase in research cq@snkwater, 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 afienno

examples of soil management impact on soil he@thlliams, Colombi & Keller, 2020)

However, in light of the advantagdsat onfarm research offers to study innovation, this strategps

applied in this project. Additionally, neighbour farmere selected to reduce physical and social
variability, focusing on different management practi¢Bsinkwater, 2002)Nonethelessthis wasnot

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 farmitgxe in the

UK,and particularities related to ntillage farmingwhich helped to shape the consequent research.

3.5.1. Participant observation

| attended wo onF I N g2 NJ aK2LJA F2NJ FINXY¥SNARZ 2NBINHYA&SR 0
February and March@®.7 Figurel2) andano-tillageon-farm farming fair (Groundswelih June 2017.

Participant observation is an ethnographic research method that puts the reserawhere the action

is, taking parin LIS 2 LIt S&aQ RIFAf & | OUGAGAGASA 2N dzyO2YY2y S@
routines or their culture(DeWalt & DeWalt, 2010)t 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 interviewdaguestionnaire guidefDeWalt & DeWalt, 2010)

Figurel2. Onfarm workshoporganised by SRUC.

| attended the events to & introduced to farming practices and communities and gain a holistic

dzy RSNBGFYRAY3I 2F FINNSNBQ LIKEaA OMfieldngt€sXoblBed Y Sy (i a
onfarmeNE& Q I G { A (i dzR S d sciéngfig kndldedge. A @dRidnally, duying the workshops,

handed outshort questionnaires abouho-tillage drivers and barriers to farmers and extension
serviceswvorkers.l used the preliminaryesultsof the collected datdo shapethe in-depth inteniew

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 res€Aran, 2009a)Experts
in the research area of the project share an understanding of the sedéalance of the topiowhich

motivates them to participate, resulting in useful entry conduits to the investigated(#aldn, 2009a)

The aim was to enrich my knowledgeloK S ! YQa LIKe&aAOlf FyR &a20Alf Sy
no-tillage adoption as perceived by agronomic and social researchers. Tiheswiews were

performed mainly on the telephone, recorded but not transcribed. Answers were not used as results

to build the farmingactor-networks but as exploratory data to further design the research, particularly

the semistructured interviews withthe farmers and widen the scope of the literature review.
Therefore, the disadvantages of telephone interviewing regarding reduced social cues such as body
language, waeutbalanced by the advantages of accessing a wide geographicasavaay travel cds

and being more timeefficient (Opdenakker, 2006)

3.5.3. Soil assessment pilot study

| participatedin master and undergraduate projects abawt-tillagein the UK which lused as a pilot
experiencefor the scientific soil quality assessmeiiheteamwasintegrated byJo WilkinsonSarah
Stewart Jim HeatonandPedro Almeidaunder the supervision dlanoj Menon and the assistance

of laboratory technicians Alan Smalley and Robert Ashurst. Results of the pilot study influenced the
sampling design and soil propertieeludedin this research projeciThe changes emerged from the
results of the assessmenombined with the work load®Rarticularly the soil assessment pilot study
validated the research design comparing neighbour fields dhd focus on soil structure and
compaction However,it rejecteda focus on nutrients and soil organic carbon fracsiand a depth

of analysis up to 60 cm.

For the soil assessment pilot stushil samples were collected during October and November 2016 in
three cereal farms ithe UK with soils classified as freely draining slightly acid sandy, sty
drainingslightly acid loamy soilnd feely draining limeich loamy soils. In each locatigiive pits

were opened imo-tillagefieldsand three in tillage fields. In each pit, soil samples were taken in layers

of 10 cm depth until 60 cm. Additional cylindemngaes 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 lon Chomatography analyser. Wet aggregate stability was analysed using wet sieving for samples
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until 40 cm depthwith sieve size§.6 mm, 2 mm, 1 mm, 0.250 mm and 0.065 nhross orignition
was used to measure soil organic matt&oil organic carbowas calcudted for all aggregate sizes,

andtotal organic carbonvas 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.

Frst, | assumedarming actornetwork configurationsbetween netillage and conventional tillage
were different and that those differences explained tillage management decisions. Accordingly,
farmers were identified aso-tillage and conventional tillagéarmers Second, agr@nvironmental

and socieeconomicactors and their relations were assumed to vary geographictilgrefore,
biogeographical regions were selectddird, participants were recruited as neighbours to reduce the
factorial variability andocus on tillage management to assess the impact on soil propehti¢stal,

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 assieption

that theywould present diverse agrenvironmental and socieconomic conditions. This way, it was
possible to studytwo different contexts in whicho-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, climateglggic, 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 Mab I G dzNJ f +S3SGlGA2y 2F GKS YSYoSNI O02d
FYR GKS [/ 2dzy OAf 2F 9 dARBekasri3, 2G0R)R Yesulite?] in BB mdp shavih | &>
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 administraiboundaries or drainage basifibaiez, Zinck and Dazzi,

2013)
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Participant farmsvere notselected tarepresent typical Atlantic and Mediterranean conditions, but a
variety of canditions found in each region. Furthermgiecal administrative units (LAU) for territorial
statistic atthe European Union were used to provide local context for farms. LAU level 1 are territorial
units that join several municipalities with similar seeimonomic conditions. In Spain, LAU 1 units are

referred to as agricultural region®¢marcas agricoldp

Biogeographic regions
in Europe, 2011
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Figurel3. Biogeographical regions in Europe. Source: European Environmental Agency.

To account fodifferent tillage managemerimpact on soil physicalurther reduction of the internal
heterogeneity of agreenvirormental ®nditions wasmade, assuminghat neighbour farms shar
major agreenvironmentd and sociecultural conditions. fierefore research locations encomgsed
a pair ofno-tillage and conventional tillage farmexto compare the effect of tillage management
between neighbour fielddHowever after analysing collectediata, thesedid not alwaysupport those

assumptions anded to regrouping soils to allow the assessmentsmilarsoiks.

Soil samplingnd field measurements wereonductedn one field from each farm, which was seledt
by the correspondingarmer. VESS was performed three randomsiteswithin the field,where soil
samples were collected at € 5 cm and 5¢ 10 cm depthfor aggregate stabilityaggegate size
RAGGNRAOGdzAA2Yy A | YR 20 FSthermaraii & 1 rddRdaiSieletra&edsoil vy I £ & &
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block,at each sitetwo (initially three) bulk density samples were taken fromg@® cm and from &

10 cm and three penetration resistanggasurements 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 recrufive pairs ofno-tillage and conventional tillage neighbouns the UK andive
pairs in Spain (twentfarmers in total) All cases were cerefdrmsand nectillage sampling fields were
at least one year under ntillage.No other criteriaregardingfarmsnor farmers were applied resulting
in a variety offarm sizesland tenures, crop rotationdyusiness models etc. and a variety of farmers
regarding age, education eteven their main source of income was not always farmimgachieve
the recruitment of netillage and conventional tillage neighboutse focus was omecruiting no-
tillagefarmersfirst becausehis practice is less extended than conventional till&gguestssearching
for participantswere posted on two farming forums, The Farming Fofédmon, n.d.Jn the UK and
Foros AgroterrgAnon, n.d.Jn Spainnoting thatinternet-based recruitment lads to a bias towards
farmers familiar with the internet and social medidditionally, in Navarra, some participants were
recruitedthroughan agricultural extension service worker who acted as a gatekeeper. The thee of
gatekeeperspeedd up the recritment processbut it introduceda bias in the selection process as
those farmers had a link with the extension serviéerther recruitment was done hrough
snowballing or responderdriven access byecruitingneighbours whoseetails were provided byne
no-tillagefarmers Moreover,clustered recruitment was followeid complete pairs of farmergased

on the first participantfarm 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, 2013However, as it is not a random selection, a bias regarding the probability of being
selected from the population is introducé8edgwick, 2013and therefore does not lend to statistical
inference(Maertens & Barrett, 2013However, it is a common practice to recruit commercial farmers
for interviewing purposes in innovation studies and farming social network anggess Carolan,
2006; Diazloséet al,, 2016) Additionally, in this research, it was not the only recruiting method, and
in the resulting sample of farmers, participants were ndt iaterconnected. 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 waspiecajly

clustered on purposé compareno-tillageand 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 beeirviewed, recordedand 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 stbje protect participants from possible
damages caused by their participation or their opinions. An opposite alternative, particularly in the
frame of ceproduction of knowledge, is eauthoring research outputs, but that requsehe
involvement of farners in output production. In the case of this research, no names are prowuded
complete anonymity cannot be granted. This is because of the recruitment processes, the
geographical character of the researgbhich requires details of farms and their ¢ert 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 thissection | justify the use of sermtructured, inrdepth, qualitative interviews as a methodology

to collelOd FIFINN¥SNBQ | 002dzyia 2F y2 GAfTElI3IS FyR 02y 0
networks and their relations with soilszurthermore, | provide details about how | designed,
conducted and analysed the interviewdinish the section by acknowlgthg the limitations to the

generalisation of the findings.

3.7.1. Semkstructured interviews as a research method

Semid 0 NHzOG dzNBR Ay G SNIASga | Wason 20RYTHSaNEsItaigatifesii. ¢ A 0 K
depth informaion of informant€accounts on themselves, their lived experiences, values, ideology,
cultural knowledge, decisions and perspecti@inson, 2001)n qualitative interviews, participants

are seen as meaning makeas opposed to passively providing pestablished answerf/Narren,

2001) Semustructured interviews are appropriate for research questions in which the knowledge

sowght is often taken for granted or in which different conflicting perspectives on the same topic exist

(Johnson, 2001)hesereasons justifiedhe use of this methodo collect datain this project

Semistructured interviewdollow thematic topics or a set of preefined questions but have a flexible

structure to enable new topics emergen@ason, 2002) Therefore, it requires the interviewer to
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critically reflect orthe conversation that is occurring to assegssiff worthfollowingthe paths opened
by the interviewes in their responsse. Moreover, t is the interviewe® responsibility to buildhe
required rapportfor the intervieweesto feel comfortable sharingnformation. Mainly by using a

relatively informal styléMason, 2002anda relaxed tone in verbal and nererbal communication

In-depth interviewswere 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 importaftvale 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, jestdecide whichnformation

is sharedto portrayingthemselves in a certain manner. In the case of farmers, this is often related to

portrait themselves a8/ 3 2 2 R FHANINELEah MBo®De in any other way that might be

important for them (Kuehne, 2016% CIF N¥SNBEQ YI aO0dzZ AyAdGe YAIKG | fa&
themselves as heterosexual, powerful and knowledgeable n{leimi, 2005) Moreover, he

information given is subjedb a moment in time and to the interviewees own truth. Therefore,

LI NOAOALI yiaQ @ASsga YAIKEG OKI yAS 2WNI VRI KNS &2 NID K

3.7.2. Semistructured interviews design

| designed the interview questiormsound several thematic topics. Those topics were framethby
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:

1 Network descriptionFarmers are situated in agricultural networks. The overall aim of the
interviews was to identify and describe the actdosming these networks, their roles and
NBfldA2yas FTNRY GKS FTENYSNBRQ LRAYydG 2F OASs60
and the farming tradition and community and questions addressing soilmeatitlage as
actor-networks (what they are, howhey are articulated, where and how they act, how the
farmers engage with them, etcy. dzSa A2y a | o02dzi FIFINXY¥SNBRQ @I f dzf
actors wergncludedii 2 RSFAY S T NI S NEnSwokB.Qussiionsivére aisoNY A y 3
designed from a lisdf possible actors (e.g. innovative farmers, media, contractors, policies,
etc.), collected from the literature review and pilot studdarmers were asked regarding their
experiences in the interain with those actors to clarify roles and relatioriBhe flexible
structure in the interviewingmeart that it was more of a conversatipand questions were

not read but constituted a checklist of the scope of the interview. Nonetheless, explicit
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guestions about the potential actors were magben thesewere na discussed in the course
of the conversation.

1 Following adoption in the networksAttention was paid to the networlconfiguration
differences that could reveal relationthat Sy I 6t S 2NJ O2yaGNI Ay FI N¥YS
management practices. As choig® 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
implicitroles 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 enobl Linked
02 0KS -selutbidraniing ¥re knowledge production and circulation. For this reason,
guestions about knowledge generation, the ways it is shased processes of learning were

made during the interviews.

These were the guidelines fdhe semistructured interview design. The application of those
guidelines resulted in 28 questions with follayw questions to search detail andl additional
guestions for conventional tillage farmers regarding-tillage. The complete list of interview

guestions can be checked Appendix A

3.7.3. Interview conduct

| designedthe interviewto be a face to face conversation with one farmer. However, the reality of
farmingis complexandon two occasiongnterviews weredone 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, otheryaméimbers or business partners.

Where consent was given, interviews were recorded. In {@hlinterviews wereonducted,and 20

were recorded. There is no exact number of needed interviews to complete a qualitative research
project. By contrast, it is gerally accepted that # & | (i dzNJ- (hds 2o e ach@esed, ivifich means

that topics and views presented in new interviews had already been discussed in other interviews and
that no new relevant information is generatédbhrson, 2001)In this study, the ANT approasbught

to give rich accounts of the networks rather than compare them with a huge amount of other
networks. Additionally, the interdisciplinary naturé the research required balancirge workload
betweensocial and soil analysis. Therefore, each farm was treated as a case study and effort was put

into enriching the descriptions of those actoetworks rather than in increasing the number of
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participants. Thus, the number of participants was fixed from ltleginning at 10 interviews per

country.

In the UK, 12 7 min and 38 sec of recorded material were produced in 9 interviews. One interview
was not recordedbut notes about the responses were taken during the interyiewd further
reflexive fieldnotes were taken after the day spéon the farm. In Spain, 11 interviews were produced.
One of theno-tillage interviewed farmers did mimumt-tillageall his fieldsand therefore he was not
included in the soil assessment. In total, in SphAith 10 min and 33ec of recording were produced.
Being recorded inhibited farmers relaxed conversation in the first minutes of the interviber.
recording quality was generally good, except for a couple of interviews which were done in cafes with
occasionally high levelsf 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 vierescribed into text formats.
+SNDBFGAY OGN YyAONRLIIA2Y A& dzaSR (2 YFAYyGl Ay LI NI,
or farmer) and time since the beginning of the interview. Transcriptions from the British interviews
were done by a transcrption service and Spanish transcriptions were done royself.In the latter
casesthe transcription proceswsas also aeminder of the lived experience and evakdetails not
recorded, and at the same timan opportunity to review the answers and contato make sense of

the data as part of the analysis. However, transcriptions are very-t¢imnsuming and in the case of

this research, the quality of the transcriptions obtained and the time saved reassured the worth of the
GNF YAONRLIIA2Y &aSNBAOSaQ O2adaod

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 textolnglso, several errors might
occur. Those errors and problems, as identifiegl Poland(2001) are in sentence structure, use of
guotation marks, omissions, and mistaking words or phrases for others. Additionallys thefean
argued that transcriptions are constructs of the audio recordings rather than representations of them
(Hammersley, 2010)aking 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 transiprmed
every step and every actor involved. Therefore, the interview, the audio record and the transcript are

different things. However, the transformations ththe information undergoes dmot necessarily
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diminishits value. In the casef the transcriptsthe value consists 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 interviewsasinductively analysed. Thateans that rather than fitting the

data into preestablished theoretical frames or searching for evidence that confirms assumptions
(deductive analysis), theoretical models arise from the d&taomas, 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 maBarticularly applying the ANT based analytical frame

I contemplated the possibility efon-humans having agency, actors being multipledactor-network
configurations determining tillage managemeand | contrasted these assumptions with the data.
Furthermore, fronthe list of possible actorsdeveloped from the pilot studies and literature review
their enrolment in thefarming actor-networks and their roles emergefdom the interviews rather

than from previous materialsTherefore, this is a suitable approachdata 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 Ograssigning codes to
segments ofext. 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 transcriptd #re results and enabling the

development of a model from the da@homas, 2006)

As mentioned, the analysis is influenced by the aintbabjectives of the research and the theoretical
approach. In the case of this research, the aim was to describe the-retworks in terms of

identifying the actors in each network and their relations. Therefore, the codes correspond to actors
andtoath G dzZRSa G246 NRa GKSY FTNRBY (GKS FINYSNEQ &ARSO
resulting from grouping topics of preliminary analysis, the descriptive codes (in the inter@wee

words) are interpreted by the analyst and transformed iatwalytical 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 reflectiohretworks dynamic where actors are intinked between

different domans. 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 actmrklde 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. Spanighdivelanguage

and translations would have been tire®nsuming, 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 qualitatdeta analysis software NVivo. This resulted
particularly usefubecausethe softwareallows accessingll text segments assigned to a particular
code. Then, it was possible to compare how similar or dissimilar farmers talked about certain actors

in theirfarming actornetworks.

3.7.4.3. Reconstructing the actor -networks: cognitive maps and matrices

Through the coding proceghe network actors were identified, and some of the attitudes described
FIENNSNEQ NBtFGA2Yy A G K soinétsny doe like aiSt f AdtEs rathér than NI & dzt
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 sed. 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 actmetworks from the codes of each interview through building
O023aYyAGAGS YIFLA® [/ 23ayAGAGS YILA NB 3INFLKAO A
representations about how they understand the external wq@ayet al., 2015) Individuals use

those mental models to reason and make predieti@Joneset al., 2011) Thispotential of cognitive

maps has been widely used in a range of fighiduding system analysis in ecology and agriculture.

In those fields, they are used to synthesize expert knowledge in a grapgitession about how key

concepts (nodes) are connected through relationships (lines). They organise those concepts in a way

that provides hierarchies and inteonnections between different domaif€anas, 2010Because 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 actonetworks (e.@ | OG2NB Q Ydzf GALIX S 2y (2t 23ASa 2NJ (
actors) and additionally they rapidly deloped into complex and unreablle maps which were not
seltexplanatory anymore. Therefore, this methodology was dropped as a representatiotoof ac

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 antworks. Matrices are common

tools to assess the environmental impact of project actionssystem components and to indicate
interdependence among system compone&opley Sowman & Fuggle, 1990n 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 mdividual networksand rows generic actors (eg.F G KSND 2 NJ aLISOATFAO | O
extension service from a particular region) descriptions and roles in each network. This arrangement
f22asSte 7T2f@REYORIJSaliAd2NRa2F gNAGAY I | OG2NARQ RSa
shuffled around. Additionally, Lato2005)I t 42 RSTSYRSR
606 AGK aGNRYy3aISN) O2yOSLlJia GKIy @K 'yl f@ignioBh Q 2y Se
LI NOIAOALI yiGa o2NRa 6AUGK a20A1t @20F06dz I NBEd ¢KAA
OFIF NY¥SNEQOU 26y RSaAONARLIIAz2ya Ay GKS O2AYyOARAY3

0KS @Qangudge 2F | O

misrepresentations. In conclusion, the matrix methodabled the comparison between actor

networksconfigurationsn a systematicmanneY I Ay G F Ay Ay 3 FIF NYSNRQ f | y3dz =

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 neith@ctime
contextfree and that it is not its purpose to lggeneralizabléWilliams, 200). 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 glitative 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 researsht many sociological investigations
generalise their result2t  Wa A Y A £ I (Willia®,2000; Rayre & Hviliams, 2005; Gobo, 2008)

The problem with generalisability is sample representativeness of the target wider population. While

some researchers maintain that representativeness aamy be assured through statistically
YSIYAY3IFdzA al YL Sa 2NJ LINPOolFOoAfAAGAO al YLX Saszx 2
adzoa2aS0otaQ aidl ddzza NBIFNRAY I LI NIAOdzZ NI (§8d& S NOK
2008 ¢ KSy> 3ISYSNIftAalGA2y A& LkRaaraoftsS G2 I Y2RSN
ASYSNIfA&FGAZ2Y QS WINIYATSNIOAfAGEQS WHyYylFf@dAO 3S
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 ratbenservative 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 studsoiHdata

is treated is further discussed in the corresponding section. In the case of the farmingnastarks,
individual actometworks are drawn for each farmunderstanding there might be individual
particularities thatare notrepeated in other cags. Nonetheless, actaretworks are compared in
search of repeated patterns in and differences betweeach category By acknowledging
heterogeneity a moderate generalisation to each category is made in the extent, or accuracy level, of

the description othose 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 darm approah. 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 casethe 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 intefesfuestionnaire was developed

to account for the possible influences of a variety of field maeamnt operations Those
guestionnaires 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 intervieweédlecided this procedur& provide time to the
farmers to collect the informadin of the lastfive years of any farm operation p®rmed 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, e&xplainand discusshe 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 intersabif
different aggregation agents. Results are presented in the empirical chaggeassoil science actor
network, layered to the farming actemetwork and connected to it through theaultiplicity of soils

and the relations researcherfarmer.
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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 cification at scale 1 : 2,000,0qCSIC/IRNAS, 2030J the
Spanish locationsvhilst for the British locons, the online SoilSape view@&ranfiet-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 diérent methods used to assess soil structure are explained and discussed. Details
about soil structure and soil aggregation were provided in the literature review chapéekround
on soil physical quali}y 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 Evalation of Soil Struetre (VESS} a field method to assess topsoil structure. Because soill
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 examinatiend stfructure are
useful to provide information about land use impact on physical soil propehigslifferent available

indexes do not always agree on the resyRsllido Moncadat al,, 2014a)

The VESS method consists of breaking down, describingcandg a spade of topsoHifurel4). The
description is focused athe size, shape and strength of aggregates, visible porosity, and presence of
roots (Ballet 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 possibleablock 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 visiblifferent aggregation patterns are identified. Then, those
horizons are assessed and scored separately with tkestasnce of a score chaftppendix B That

chart describes the characteristics of each of the categories, thagerdrom 1 (healthy) to 5
(compacted). Finally, each scorenisightedwith the thickness of the horizon to provide an overall
score for the topsoil. Besides thithe 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
(Ballet al.,, 2017)

1 -\ T A
Figureld. Pedro Leitdo perfoning i/EéS during pilot studieg

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(Badile

et al,, 2017) In practice, however, in this research and many other projects involving a highenum

of locations, it is not possible to #asit the fields or wait fosuitabke conditions, which also disrupt

FINYSNEQ aOKSRdzZ Sa a GKz2asS FINB GKS GAYSa gKSy T

research, notes about the moisture conditis 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 eachdiedverall 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
6588y 6ARSEE dzaSR (2 O2YLINB fFyR dzadaQ AYL} OG 2
used to study soil vulnerdty to soil erosion(e.g. Garci@reneset al, 2009) surface crustinge.g.

Lipiecet al,, 2018) tillage(e.g. Watts and Dexter, 199@hd compactione.g. Baumgartl and Horn,

1991) Alternatively, soil aggregation can be used as a key indicator fosygtem resilience to
disturbance({Cammeraat & Imeson, 199&)f interest are the proportion of aggregates in the bulk soil

that resists a particular disruption and their size. Besides being used extensively, there is ngalinive
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standard protocol used across research, which has been highlighted as a handicap to compare
different studies(Obalum, UteatPuschmann & Peth, 2019 onetheless, it also has been pointed

that a standard might be counterproductive as different methods enhance particular aggregate
breakdown forcesnd flexibility to perform diverse tests might allow the detection of impacts caused

by soil management that involve diverse forcéSbalum, UteatPuschmann & Peth, 2019)
Accordingly, soil sample storage, preparation and testing can be adjusted to the specific research

objectives.

In sieving methos the final aggregate stability is given by the proportimfithe aggregates that resist

the mechanical or watedisruption and is calculated through different indexes to compare soil
samplesSieving methods can be classifeestiry or wet. Dry sievingiused 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, 20078t sieving methods are used to study the
disruptive forces caused by water as a proxy to rain, flooding or other welksted scenarios. Wet
sieving isalso adequate to assess the impacts of land use transformation fronfedito irrigated

land (Amézketeet 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 artififiilmmo & Perkins, 2002and therefore,
results have to be trdad as outcomes of experimental seps and not as representative of real

circumstances.

There are additional considerations concerning soil sample storagergament and the sieving
method itself. Storing aidried aggregates for long time periods also increases aggregate stability due
to the increase in contact points between particleglancreasing concentrations of cementing agents

such as calcium carbonates or siliE@mper & 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 ovedry sanples at 105Cto dry them completely, buthis
temperature increases aggregate stability in clayey soith might createartificial stability for some
soils.To reach a desirediater content (e.g. field capdty) requires tensile plate equipment and more
time, therefore it is rarely usedn the contrarysaturatingthe soil is a timeeffective approach and
therefore used in this study. Theeare many ways to saturatbe soil sampls, quick submersion in
water enhanceshe disruptive process of slakingshereascapillary rewettingcan be done by gently
misting with a difuser or by spraying the sample quicker, but less precisely, by matching the water

level to the level of the sieve with the soil sample on top. Le Bisso(i28&)proposed comparing
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quick and slow pravetting methods to understand aggregate stability behaviour of different soils
under different circumstancedvioreover, Le Bissonnais and other researchers suggest the use of

ethanol, instead of water, to reduce the disruption after different pretting methods.

Differentwet sieving machine designs serve to account for different processes. For example, rainfall
simulation (e.g. Huet al, 2018)or continuous water flowHowever, the most commonly used
approach is to stugwet aggregate stability by submerging the sieiresvater by hande.g. Sixt 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 favthe research rplicability. 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.

1

Sieve
t Can
Moator
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Bearing --y-3cm $troke
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Figurel5. Kemper and Rosau 1986 diagram of the wet sieving apparatus

Different data can be collected when sieving through a stack of nested sieves ofslegnegsh 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 aggre@amsmean wide
diameter(MWD) can be calculated followingquationsl (Carmeis Filhet al., 2016) The method of
Kemper and Rosend1986)to determine aggregate size distribution with a sieving appardtigufe

15) is one of themost 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 250n to differentiate micre and macroaggregates. For calculations, sand correction

is performed by dispersing the sample in sodiumdraetaphosphate and sieving on the same mesh

size to subtract sand and coarse elements from the actual aggregate weight.
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' i ' (Eq.1)
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Where® @ the mean diameter of the aggregate fraction calculated as the mean between mesh sizes
andw "@he weight of the aggregates retained on the sieve after oven drying and sand correction in

proportionto the total sasmple 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 procss is done on the same mesh size or nested sjstaasing 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 equati@nHere, sand correction should also be performed to increase
precision

@Yo (Eq.2)

5 =
° oyo PTH

Wherew "Yds the sand corrected weight of stable aggregates after wet sievin@adivds the sand

corrected weight of aggregates after dry sieving.

CtKA&a GSald OlFly 0SS dzaSR 6KSYy Ay@SaitAdthélesnide2 At &aQ
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 Bissonnai§1988, cited in Le Bissonnais, 199@)nd that there are no significant differences
between using initial aggregate sizes in thage of 2 to 20 mm. However, when using a specific macro
aggregate sizenly that particular soil fraction is represented, whilst using the bulk tha&lwhole of

the soil aggregate fractions are included. This is relevant when studying microaggregeaesdif

using only a bigger macroaggregate soil fraction, then smaller WSA such as microaggregates (from 250
-53um) resulting from the test would only represent the WSA microaggregates inside this soil fraction

aggregated in large macroaggregates, antithe proportion of microaggregates from the bulk soil.



3.9.2.3. Aggregate stability test

In this research, samples from three locations were colleateghch 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¢® cm and & 10 cm deph. After fieldwork, samples were

stored at 4 C until further analysis tdimit biological activity. Samples were -giiied and gently
disaggregated into aggregates smaller than 2 cm in diameter. Those samples were subjected to the

sieving tes

Figurel6. Sieving process. a: dry sieving; b: aggregate fractions after dry sieving; c: macroa
re-wetting; d: wet sieving.

A combination of dry and wet sieving analysis wagormed EFigurel6). Selectedsieves sizes were
2 mm, 25Qum and 53um 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 afRetchineat an amplitude of 1
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mm, for 5 minutes. The resulting fractions were rewetted using a mist sprayer, except fonbidA
in the initial tests showed they require longer rewetting periods to achieve saturdtidghis case, DI

water level was ratched with the 2 mm sievand capillary rewetting was allowed for 3 hours.

Wet sieving was performed using a wet sieving machine, speed was set to 30 cycles peranuhute
sieving duration was for 5 minutes. Before wet sieving started, alleied agregates 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 transfedréo the next sieve size and sieved again for 5 minutes. Silt
and clay fractions in water tanks were discarded, all other fractions were-dned at 105C for 24

h, and weight was recorded. To account for the moisture difference between those aggregate
fractions andhe initial bulk soil sample, another subsample of 20 g was @irezd 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 alipthiem to disperse for 18 h before
sieving orthe corresponding sieve mesh. This way, coarse elements and debris were alsdrigeen

and their weight subtracted from the overall aggregate weight. From these procedures, MWD and AS

for different aggregatesizes were calculated.

3.9.2.4. Aggregate stability limitations

On a general account, Young, Crawford and Rapg@0dtl)questioned the use of aggregate stability

as an indicator for soil structure, stressing the absence of information about spatial and temporal
heterogeneity. Instead, theyrpposed a focus on topology, which is the thidienensional 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 inclugituirmethods such

as environmental scanning electron microscopy (ESEM), nuclear magnetic resonance (NMR), ground
penetrating radar (GPR), electromagnetic induction (EMI), proximal or remote sensing-aitd ex
methods such as sequenced thin sectionsay)or gamna-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 persectives: the solid matrix (pedology), the pore system (soil hydrology), or the habitats
and interfaces (soil biology and biogeochemis{tyh, 2012) However, the mentioned technologies

are still onstricted in terms of detectable soil features, required sample size, penetrating depth,

spatial resolution, temporal frequency, cdgin, 2012and sample preparation time, when required.
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Nonethdess, visual descriptions of soil profiles and indexes such as VESS can provide qualitative or
semiqualitative information about the mentioned soil architecture, integrating the solid aggregates
with the porous system. Therefore, in this resealaligeda combination of the two to provide a more

comprehensive description of the soil structure.

3.9.3. Soil compaction assessment

In this section, | explainow soil compaction was assessed. Details about what soil compaction is and

the impacts it has on farming aprovided in the literature review chaptes6il compactioh

5 pairs of netillage ¢ conventional tillageneighbour farms were studied in each country. On their
farms one rainfed field was studied at 3 sites. At each site§ Bulk Density (BD) samples were taken
from 0¢ 5 cm and & 10 cm; and 3 penetration resistance profiles were recorded. More details on
the penetration resistance and bulk density methods asdegssment 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 penetroraetee iof the most extensively
used methodsThe device has a standard wegghhammer incorporated in the equipmerand the
penetration achieved is measured against the number of blows requitgd method is widely used

in engineering in studies related to trafficability and constructigee: Innocenet al, 2015) Another
extensively used method is with a pocket penetrometer which contains a small retractable foot that
marks maximum sength. This is applied in soil science to assess surface crusiay Zobeckt al,,

2003)or in smaller soil samples in the laboratgsge: Martinezt 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 plongthanics. In this case,

a handheld MEXE soil assessment cone penetromEtguiel?7) was used. Although this equipment

was developed by the Military Engima®y Experimental Establishment (MEXE) to assess soll
trafficability, it has been widely used to assess soil compaction for agricultural purposes. The handheld
penetrometer is a piece of light equipmersuitabke for a single person to perform multiple
measirements. Itenablesreadings 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 time & Cone Index (ClI), which was

used in this project. The Cl 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 peetration angle. The cone used in this project &80 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,
commonlyaccepted at 2 MPalthough reported values vary between 1.8 and 3 MEhenet al,
2005) Ehlers et al(1983)even found that oats root elongation was limited on tilled soil at 3.6 MPa
and between 4.& 5.1 MPa on not tilled soils. These higher values wereiblesdue to the greater

amount of bioporeghat acted as conduits for root elongation on-tillagefields(Ehlerset al., 1983)

For this research, three penetration resistance profiles were recordetthrate locations in each
sampled field. Nowadays, modern penetrometers include automatic logging devices, althdtigh

the MEXE penetrometehand notes can be made, requiring to stop and resume the pressure exerted.
In this case, penetration resistancefiles were made from the maximum Cl values recorde@ach

5 cm depth increase, which were marked previously on the extension rods. Afterwards, readings in ClI

were converted to MPa.

Figurel7. 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 relatiorttwsoil 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 mebeale a density between 2.00 and
2.60 Mgm™ whereas minerals rich in metals have a density between 4.90 and 5.3@Mgorta
Casanellas,slpezAcevedo Reguerin & Roquero de Laburu, 2088fitionally, soil bulk density is
related tosoil structure and depends on the same aggregation factors. Thus, soil texture also influence
bulk density, clay loam and silt loam normal values vary between 1.0t#gnd 1.60 Mgn?
whereas sand and sandy loam values vary between 1.20 and 1.80°N8arkar, 2005)The lower

bulk density in findextured soils is attributed tdhe higher aggregation capacity of clays. Similarly,
organic matter decreases soil bulk density because of its lower density and because aufdid
aggregation capacity. Bulk density critical values in compacted soils, according to soil, tasdure
listed inTablel.

Tablel. Critical bulk density values for root development

Soil texture (USDA)  Critical bulk density (Mg m)
Clay loam 1.55
Silty loam 1.65
Fine sandy loam 1.80
Loamy fine sand 1.85

Sourcei(Bowen, 1981 cited in Porta, LopAzevedo and Roquero, 199

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 atC186d weiged, and thenequation3 is
applied This method is widely applied in agricultural and ecological studies. However, for ecological
and forestry purposest has a limit related to the stoniness of the soil, as theeawes not perforate

the stone. In case stone or gravel content prevent core insertion, a soil pit is excaradéite volume

of the extracted soil is calculated by layering an impermeable material to the pit and adding a known
amount of water. In compason, the core method is quicker and simpler, although it might be less

representative of spatial variability hroopet al., 2012) In this research, took three repetitions of
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core samples around each of the three field locations gt®cm and at & 10 cm with a marked

cylinder Figurel8).

&0 (Ea.3)

o
()

®w ‘1 (Eq.4)

Whered is the dry weight of the soil sample adidthe volume of the cylinder, calculated from
equationdwherei A & GKS Oef ANRBNIRE NI RAdza | YR

H’\ L NI ‘ /2 W
Figure18. Bulk density sampling equipment. a: marked cylinder, hammer and wood slat; b: handle; c: sampling
wood stick to extract sample from cylinde

Bulk density is used to infer compaction and soil hydrological and aeration properties, but it is also
used to calculate SOC stocks and iemir 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) imease bulk density values blodve little or no capacity to store carbor nutrients
(Throopet al, 2012) When coarse elements represent over 15 % (in volume) of the soll, it is
considered to affect soil functioning and has to be considered as a texture mdAifiaset al., 2017)
Depending on the method used to calculate bulk density, organic carbon stocks can be overestimated
up to 20 %{Ariaset al.,, 2017) Methods that account for both the fine particleapacity to bindwith

SOC and nutrients and the voluroécoarse 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| useda 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 volumeltd coarse elements and coarse organic matter

calculate the fine particles bulk densitin this research, the separation of fine soil and coarse

96



elements was done on adlried samples before drying both fine soil and coarse elements atCL0b
the oven for 48 h. The physical separation was done by sieving thiriadf field cores through a 2
mm mesh.As nost of the samples required disaggregatidrrrushedthese samples in a mortar or
with a rolling pin on paper. Additionalljyneasured the coarsglementg¥olume bysubmerginghem

in water in a measuring cylinder and recmgithe displacement in the water level. Then, to calculate
fine particles bulk density appliedequation5:

50 2 (Eq.5)
W W

Whered s the weight of the dry fine soih the volume of the cylinder ané the volume of the
coarse elementsAdditionally, sealed soil samples were weaidhwhen arriving at the laboratory
station. Therefore soil moisture conditions during sampling could be calculated from equ@tion

a a a (Ea.6)

0 - T
a p

Wherea is the wet weight of the sample arid  the dry weight of the coarse elements.

Finally, to compare the bulk density of thadisoil with the bulk density from the bulk sdigpplied
equation(Eq.7:

& & (Eq.7)

60 ,
w

3.9.4. Soil properties analyses

Complementary soil analysavere performed to measuraggregation agents.took dl samples for

these soil analysis at the same sites where VESS was assessed, BD samples wesndaken
penetration resistance was measured in the corresponding 20 fields. Samples were taken at depths 0
¢ 5 cm and & 10 cm. After fieldwork, they were stored atQ} airdried and sieved through a 2 mm

mesh before analysis.

3.9.4.1. Particle size distribution a nd texture

CKS a2AftaqQ LINIAOES aAl S RAAGNROdziAZ2Y Ada 2yS 27
YSI &dzNBYSy(d T2NJ 42Af RSEONRLIIAZ2YA | yR FTdzNIKSNI &2
ofthefinesoil (<2mm)prola AYF2NXIF GA2Yy | 02dzi a2Af&3Q KE@RNRf 2:
the risk for wind and water erosion or surface crusting and ability to retain nutrients or contaminants

(Porta CasanellasshezAcevedo Reguerin & Roquero de Lab2aQ3.
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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. Ther&pean limits for each particle size are describe@able2.

Table2. European particle size limits

Particle UpperLimit Limit justification
Sand < 2,000 Bigger particles do not maintain cohesion even in moist conditit
Silt 50¢ 63um Arbitrary limit. 50um is the limit most widely used, also applied

the European physical topsoil maps, whereas ISO standards as

63 um andthe British Soil Classification system doegu6Q

Clay < 2um Smaller particlefiavea surface charge and high specific surface

(surface per weight).

Source: Adapted frorfPorta Casanellass hezAcevedo Reguerin & Roquero de Laburu, 2003)

Soil textural classes are established by the relative abundance of each of the fine soil particle sizes.
Then, the sum afand, silt and clay content is always 10@#@ those parameters are interdependent.
Soil textural classes limits also vary slightly between classification systems. In this rdsesedthe

British Soil Classification texture triangle to determine téaural classes.

100 0
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Figurel9. Soil texture triangle. Sourc@atural England, 2008)
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There are different methods to study soil particle size distribution. Field methods, touching and
mouldinga 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 Swariais method appliestS8kesdaw of sedimentation

and consists of a series of density measurements of a suspended soil s(fRartmCasanellass pez
Acevedo Reguerin & Roquero de Laburu, 2088yvever, this method is not time effective. Therefore,

in this researchthe particle size distribution was analysed by laser diffraction.

In the Laser Diffraction Method (LDM) small subsample (0¢30.5 g) is used for the measurement.
Therefore, it is important that this subsample is representative of the whoike This is achieved by
using a riffle box that splits the samplgdrtwo homogeneous subsamplegs seen irFigure20. In

this project,l used theriffle box repeatedly to achieve a subsample af 50 g. Samples were then
treated so that aggregates broke downftteeir single particles. Soil organic matteasvremoved by
adding hydrogen peroxide £§&) ~ 30 % in reiterated additions until no visible nor audible reaction in
the form of fumes and bubbles was presefilgure21 shows the typical reaction of soils to hydrogen
peroxide. Then, samples were-diied, and sodium hexametaphosphate ((NajRP0.1 % was added
as dispersant, until the soil sample achievguhate consistency which was then mixadd a further

subsample was fed to the analyser.

Figure20. Riffle box.
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Figure21. Samples reacting to hydrogen peroxide in the fume hood.

To analyse theaill, it is fed to the Horiba partica 1950, whose system configuration can be followed

on the diagram and redife settingFigure22. An aligiot of the subsample is added to a sampling bath
which has an agitatorThis is connected to a closed circuit with sodium hexametaphosphate solution
0.1 % todisperse further the soil aggregateAdditional ultrasound is applied for 30 seconds to
disaggregte further the soil samples. In the LDNparticle 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 kgse 650 nm) and a LED light are used (

= 405 nm), and particle size are calculated based onsihgtering theory(Horiba, n.d.) These
settings enable the machine to measure particles ranging from 0.01 to gy@Q®oriba, 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 disggdaon 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 wae made, and if results showed discrepancies, further repetitions were made.
Otherwise, it is an automated procesand the particle size analyser provides the particle size

distribution.
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Figure22. Horiba partica LAR50 systen configuration. a: diagram, Source (Horiba, no date); b:likeal

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. Additjofralty those

percentages| calculatedhe 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
107 mol protons and 10 mol hydroxide ion (Offat equilibrium conditions (750 mmHg and@p This

is the threshold to distinguish acid, with more than’18" mol-L%, from base, with less than Y0H"
mol-L1. In agueous solutions, protons are associated with water moledatesing hydronium ions,

which are the measurable ions for the pH probe. Then mdlsulatedas shown by equatio@:

no 1100 (Eq.8)
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on the interaction of the protons with surrounding electrical charges. In dilute solutionsdfinty

is used as equal to concentration. Therefore, soil pH measurements with a pH probe are given as
concentrations. However, in soil solutignens are attracted to the charged solid phasead not all

of them dispersed in the solution. Therefopdican be measured in distilled water to account thoe

protons inthe solution, or in a salt solution (potassium chloride KCI or calcium chloride;)aaCl

account forthe exchangeable proton€onklin, 2014)In the latter, the Kand C&' cations exchange

with the protons and bring them into the solution where they are measyfaohklin, 2014)Because

of this, measurements in salt solutions provide more acidic readings.

Table3. Major soil pH effects for crop development

pH Assessment Expected effects

<45 Extremely acid Adverseconditions.

4.5¢5.0 Very strongly acid Possible toxicity by Aland Mr#*.
5.1¢5.5 Strongly acid Excess: Co, Cu, Fe, Mn, Zn.

Deficit: Ca, K, N, Mg, Mo, P, S.
Soils without CaGO
Low bacteria activity.

5.6¢6.0 Medium acid Appropriate range fomost crops.
6.1¢6.5 Slightly acid Maximum availability of nutrients.
6.6¢ 7.3 Neutral Minimum toxic effects.

pH <7.0, CaC@®is unstable in soils.
7.4¢7.8 Medium base Generally containing CagO
7.9¢8.4 Base Availability of P and B decreases.

Increasing deficit o€o, Cu, Fe, Mn, Zn.
Calcareous soils. Iron chlorosis due to EICO
8.5¢9.0 Slightly alkaline In calcareous soils, these pH values can be related to
presence of MgCO
Major problems of ferric chlorosis.

9.1¢10.0 Alkaline Presence of sodic carbonate /43
>10.0 Strongly alkaline A high presence of exchangeable sodium.
Toxicity: Na, B.

P mobility in the form of N#Q.
Low microorganism activity.

Scare micronutrients availability except for Mo.
Source(Porta CasanellasshezAcevedo Reguerin & 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,



GlobalSoilMap) call to harmonise this pH measurementdl:®y and numerous transformation
equations are use(kee: Libohovatal> H n m n t al.yY2D16)linthis 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, areshown inTable3. 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 saiblution in a 1:5 ratio was used for Electrical Conductivity (EC)
measurement. EC is related to salts in the Ja@ible4 providesa 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 stinity affects cropsegativelybecause crops requimaore energy for water uptake becaugey

need to maintain the osmotic potential they need to absorb water plus an additional energy expense
to separate water molecules from iorfPorta @sanellas, ipezAcevedo Reguerin & Roquero de
Laburu, 2003)In the worst caseshis leads to physiological drougfRorta Casanellass hezAcevedo
Reguerin & Roquero de Laburu, 200&uditionally, soil salinity affects the sailructure as ions
interfere in the attractionrepulsion processes between clay particles. The nature of this interference
depends on the salt catiorBvalent cations such as €and Mg* have a flocculant effectvhereas

monovalent, especially Nahavea dispersant action.

Table4. Australian soil salinity classification

Assessment EC 1:5 dilution (d&?)

Sand Loam Clay
Non saline 0c0.14 0¢0.18 0¢0.25
Low 0.15¢0.28 0.19¢0.36 0.26¢0.50
Moderate 0.29¢ 0.57 0.37¢0.72 0.51¢1.00
High 0.58¢1.14 0.73¢1.45 1.01¢ 2.00
Severe 1.15¢2.28 1.46¢ 2.90 2.01¢4.00
Extreme >2.28 >2.90 >4.00

Source{Anon, 2009b)
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In this casethe determination of pH was performed following the British Standard procedBf,
2005) Soil solutions 1:%ivolume were prepared with fine adtried 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 stoppprblge HANNA Hi

8424 was calibrated with buffer solutiorfer pH 4 and pH 7. pH probeseasure the electrical
potential between a reference electrode and the pH electrode (a selective bulb for pH). The probe
used in this test incorporates a temperatureope (because pH is dependent on the temperature)
and the pHmeter provides a calibrated and temperature compensated pH readf@NNA
instruments, n.d.)According to the British standard, readings with the pH meter are considered stable
if, in 5 secondsthe variation on the pHneter is less tharD.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 measurementd,took EC measurements with a Jenway 3540 probe. For EC, the probe has
two electrodes and measures tlgdectric 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 forQinuS cmt and converted to dé?

Allmeasurements for pH and EC were taken in the decanted superndtastdecision 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 sasnpldis test showed that differences
between the sample treatments remained in the range of the standard replicabitftyl6 for pHX

7.00 and 0.20 for 7.08KpH >X7.50 (BSi, 2005) Therefore, the most preventive and time effective
method of simple decantation was ed. After EC measurements, the supernatant liquid was mixed
with the solids and 250L of CaGlLM were added with a 1.00aL micropipette to achieve a solution

of CaCGl0.01 M. Samples were shaken for another 60 minutes and left for settling for 60 iant

pH readings were repeated in the salt solution.

3.9.4.3. Organic Carbon/ Nitrogen ratio and total carbonates

The organic Carbon: Nitrogen [g/ratio is related to soil organic matter decomposition, soil structure
FYyR LX I yGaQ ydzi NR imidifefent plartkEhavy diverseiNBaiids. FEde®xample N2
legumes have C/N ratios ~ 20, whileorn strawit is ~ 60, wheat straw ~ 88nd sawdust > 25@Porta
Casanellas,slpezAcevedo Reguerin & Roquero de Laburu, 20D8compositia of organic matter
with a lower @N ratio is quicker, while higher/ ratios translate into more recalcitrant organic

matter and lower pH levels. Generally, it is accepted that bacteria @/Mratios ~ 4¢ 5) increase
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their activity when organic mattewith lower C/Nratios is added to the soil, whereas breakdown of
lignin, cellulose and hemicellulose (with higl@Nratios) is dominated by fungi (witB/Nratios ~ 9)
(Chavarriaet al,, 2018; Grosso, Baath & De Nicola, 20469 can translocate N through their hyphae,
overcoming potential limitationgGrosso, Baath & De Nicola, 20I8)erefore, the addition of organic

matter can induce changes in micrganism communities.

Additionally, it is generally accepted that for plant nutrition, organic matter has to be previously
mineralised by microorganisms, as plants only absorb mineral subst@hoda Casanellassphez
Acevedo Reguerin & Roero de Laburu, 2003Yhen, in the case of plant nutrition, organic matter
with lower C/Nratios are preferred, as then the organic matter is broken down and mineradisad
quicker rate making nutrients available for plants. Conversely, when de@simg organic matter
with highC/Nratios, microorganisms use available nitrogehich might lead to a nitrogen deficit for
the following crop(Porta CasanellassphezAcevedo Reguerin & Roquero de Laburu, 2008gn,
organic matter adition to the fields can be coupled with mineral N addition to increase organic matter

decomposition ratiogPorta CasanellasshezAcevedo Reguerin & Roquero de Laburu, 2003)

Nonetheless, organic matter decomposition ratios are ndyaetermined by N availability. Research
has shown that aggregates physically protect C stoltkghis aspect, soil structure complexity
increases with higher sdil/Nratios (Falsone, Bonifacio & Zanini, 201Bpwever, these are also soil
specific processes, as different egknic processes interfere in Carbon sequestratipalsone,
Bonifacio & Zanini, 2012)The importance of Carbon and Nigen stocks and how they relate,
expressed irthe C/Nratio, is necessaryt 2 I OO02dzy i F2NJ GKS &d2AfaQ LRGSy
mitigate Climate Chang&Vhen studying Carbon and Nitrogen stocks, it is important to account for
soil depth, as amounts vary across the soil pro@lratios, stocks and stratification ratios are a way
to assess the impact of different soil management practiésrnandeZzRomero et al, 2016)
Nowadgs, it is accepted that overall Carbon stocks are similapitilage and conventional tillage
practices, but in no tilled fieldshe stratification ratio is highemwhereas 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, | prepared samples to be analysed in an external laboratory with a CN a(\éyseiEL

Cube, Elementar, Hanau, Germany). For this purpose,1B8 g of airdried representative soll
subsamples were bathilled for 3 minutesKigure23). From those samples, 60 + 1 mg were weighed

in 1.5 mL tubes on a precision scale (4 decimal digitsi-lgime23). Samplesverethen acid stripped

to eliminate inorganic carbon. For that, to each sample, {l0@f 6 M HCI were added, stirred with a

needle, left 15¢ 30 min, and another 10QL were added; this was repeated until no effervescence
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was visible. After 24 h, samples wgalaced in an oven at 10€ for 24 h to eliminate residual moisture

and acid. From these, 196623 mg was weighed in tin boats previously weighed and then folded,
ensuring they were sealed (¢ and drigure23). Additionally, 56 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).

Figure23. Sample preparation fa€/Nanalysis. aball milling samples. b: weigig samples to be acid stripped. c: detail on
tin boat filling with 20 mg of soil. d: weigig samples in tin boats to be fed into CN analyser.

In the external laboratory, prepared samples were analysed withGhenalyser (Vario EL Cube,
Elementar, Hanau, Germany). Thus, samples vget@mitted to high temperature in an Oxygen
environmentfurnaceto ensure total oxidation. The resulting gas rahe containing carbon dioxide
(CQ) and nitrogen oxide species (NGre transported with an inert gas flow through different
columns to that absorb #, SQand CQ, which then have to be desorbed for determination, while

nitrogen is directly determinedsaN (Elementar Analysensysteme GmbH, 2005)

Additionally, due to the COVID19 pandemic and related lockdowns, there was high uncertainty

regarding the CN analysis in an exteradloratory. Therefore, | analysed soil organic matter (SOM)
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through loss on ignitiofGale &Hoare, 19913s backup data covering soil orgéc matter. This was
done weigling 5¢ 9 g of representative aidried soilsamples (< 2mm) into preeighedceramic
crucibles, which were ovedried at 105°C to eliminate soil moisture, before recordinglsseight.
Then, those samples were subjected to 480for 18 hri a Carbolite furnace and weighadain to be
able to calculate the organic matter based on equat{&y. 9). Samples cooled down to room

temperature after oven and furnace in desiccators.

O
YO Ob —  PTm (Ea9)

Where® is the weight of the ovemried soil sample and the weight of the soil sample aftéhe
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 measuyiedias possible to calculate

the empirical conversion factor for the data through linear regression analysis.

CARBOLITE

Figure24. Soil organic matter determinatiothrough loss on ignition. a: weighing ovdried soil samples in ceramic
crucibles. b: furnace. c: soil samples after loss on ignition

3.9.4.4. Calcium carbonate analysis

Calcium carbonate (Cag)@s related to aggregate stability, as precipida of secondary carbonates

can act as cementing agents, increasing stabilibyal CaC@were analysed with the titration method
(ICARDA, 2013n which CaCs dissolved in hydrochloric acid (HCI), and the excess of HCl is titrated
with sodium hydroxide (NaOH) solution. In summary, 1 g edréd soil samples were weighed in a

250 mL Erlenmeyer flask, 10 mL of 1 N HCI solution was added with a volumetric pipette (repeated in
soils with high reactions, after initial reaction settled). Samples were left overnight. Afterwards, 50
100 mL DI water was added, and to thig,2dropsof 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 pigetted into a 250 mL Erlenmeyer flask, 2 drops of metighge indicator were added, and this
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solution was titrated against the HCI solution until the colour changed from light to dark orange. From
the standardised HCI solution, 10 mL were pipetted intd58 mL Erlenmeyer flask, 2 drops of
phenolphthalein indicator were addednd the solution was titrated against the NaOH solution until

the colour turned pink. Calculations followeduations(Eq.10)(Eq.11) and(Eg.12.

. pm 0 (Eq.10)
o
5 prt 0 (Eq.11)
o
Tt
EH6B pm Y b % 81 U (Ea.12)

Wherew 0is the weight of the aidry soil (g),Y is the volume of NaOH used (mL). Note that 0.05
stands for the equivalent weight @faC@ This formula was adjusted in the cases in which more HCI

solution was added.

b

.

é
;]

Figure25. Total calcium carbonates determination through titration. a: addition of HCI tengighec
soil samples. b: addition of DI water apdenolphthalein indicator. C: soil mixtures turned pink du
phenolphthalein indicator at the end of the titrations

3.9.4.5. Elemental analysis: X-Ray Fluorescence

Xwl & Cf d2NB5aOSyOS ¢6-wCuO Aad | GSOKyAldzS dzaSR Ay i
composition andjuantification. WhenanXll @ o6St+Y AYLI} OGa | al YL S A
which, as a consequencare displaced fronthe inner-shell, leaving a voi(Kalnicky & Singhvi, 2001)

This electron void is then occupied by an otgbell electron, generating-Ray fluorescencgalnicky

& Singhvi, 2001)Each chemical element has a uniquRa§ spectrum, which enables the qualitative
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analysis, whereaghe intensity of the detected fluorescence is proportional to the element
concerration (Kalnicky & Singhvi, 2001; Ribedtoal, 2017) Nowadays, two typesf XRF analysers

are available: wavelength dispersion XRF and energy dispersive XRF. The first one enables readings of
a wider range of elementsbwever, it requires synchronised systems between crystals and detectors,
whereas the latter uses supercondimg detectors and has higher detection efficiency using lower
power XRay sourcegRibeiro et al., 2017)Figure26 illustratesthe typical energydispersive XRF

analyser system

EXCITATION SOURCE
(RADIOISOTOPE)

PROCESSING
ELECTRONICS AND
MICROPROCESSOR

DETECTOR

S

FLUORESCENT
X-RAYS
(SAMPLE)

INTENSITY
SAMPLE

ENERGY
(X-RAY SPECTRUM)

INCIDENT X-RAYS
(SOURCE)

RESULTS

Figure26. Block diagram for typical Energy Dispersive XRF analyser. S&atoeky & Singhvi, 2001)

XRF is recommended for soil pollution assessment and to evaluate reclamation projehes in
laboratory andfield (Olympus, 2012)However, its relation to other soil propégs has been studied.

For example, XRF has the potential to be used to determine parental material and pedogenic
processes for classification and cartographic purpdRéseiroet al., 2017) XRF has also been related

to pH (see: Sharmat al., 2014) Cation Exchange Capacfsee: Sharmat al, 2015)and Cation
Exchange Capacity in compgste: Let al, 2018) salinity(see:Swanhart et al. 2014 cited Liet al.,
2018)and salinity in compogsee: Weindorgt al,, 2018) soil texture(see: Zhu, Weindorf and Zhang,
2011) secondary carbonatesee: Chakrabortet al, 2017) among others. In this researchused

XRF for elemental analysis to disctisspresence and concentrations of elements potentially acting

as aggregation agents.
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Figure27. XRF analyser mounted tre stand and connected tthe PC

In this project, an OlympuSELTA 50 Premium handheld XRF analyser was used mounted on the test
stand and coupled to a PC in the laboratdfig(re27). Baggedair-dried fine (< 2 mm) soil subsamples

of 5¢ 10 g were placed in the test chamband analysis was operated through a PC. Two repetitions
for each subsample were performe@ample thickness was greater than 15 mend Compton
normalisation was performed against standatdsensure the best reading€ompton normalisation
reduces backsttering of XRays and automatically corrects readings for soil matrix variations,
including those caused by moisture contef@lympus, 2012) Samples with greater than 20 %
moisture content should be drie@Kalnicky & Singhvi, 2001dditionally, smaller particle sizes might
increase intensitfMaruyamaet al, 2008) resulting in higher concentrations for finely milled soils
compared to structured soils. Therefore it is recommended to perform laboratorlysisan < 2 mm

soil samplegLaiho & Peramaki, 2005) his has to be taken into account if readings @oee in the

field or if comparing results from field and laboratory. Nonetheless, in the case of this research, all
samples were previously ailried and sieved through & mm mesh. Results are given in

concentrations by weight in ppm and(@Ilympus, 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

| used @scriptive statistics, such as the mean and standard deviation of the samples, to describe the
characteristics ofS I OK  Hhdsé¢déd Sbil. To visually understand the dalifferent graphic
representatiors were usedadapted to the nature of the soil pameter. Additionally, outliers were
identified, removed and measures repeated when possitluring data analysis, outliers for each
dataset were identified through the 1.5 interquartile range method and the ROUT method performed
in the statistical packag 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

graphswere made in the statistics software GraphPad Prism 8.

3.9.5.2. Tillage manage ment comparison: two-way ANOVA

The reseech design waset to compare multiple soil parameters betweeartillageand conventional

tillage neighbours. Howevemn doing onfarm research, | encountered some difficultiés the initial
statistical approachglata fromfield measurements and laboratory experimentgre to begrouped
according to three variables: tillage managemext-{illage and conventional tillage), depth (from O

¢ 5 cm and & 10 cm) and location (hnumbered frong110, being X 5 Spanistocationsof neighbour
farmsand 6¢ 10 Britishlocationg, and threeway ANOVA would have been applied. Nonetheless, data
were pooled by depth because of its similarity, and shésl to bere-grouped tobe able toaccount

for differences caused by tillagnanagement on similar soilBhe latter was in responge neighbour
az2zAafta Ay SIFOK Wi20FGA2yQ LINBaSy Ay IfamiesctrSiNB v
In this senseW i A f £ I 3 S Y IngtlacBdbint BrytheaifectRdf arsingle &ctor as in controlled

experimentsbut includedany other difference between fields, such as fertilisation mlaorops

The aim oANOVAcomparisonsvasto see if there are significant differences between the data from
the fields. When testing hypothesgthe null hypothesis @) 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, thatas the pvalue reported by many statistical packages,
corresponding to the chance that the test rejects when it is actually true (error type | 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 A& | R2dza SR (2 (sKfertgkdaYlasS prbjeRtl pedi@nveltidoay AIRQVA

with complete datasts (for each soil parameter)
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To applyatwo-way ANOVAhe data has to fulfil some requirements. Each grouped data has to follow

a Gaussian or normal distributioffhis is tested together with #atwo-way ANOVA on GraphPad Prims

8, performing ShapiraVilko and Kolmogore®mirnov tests, which can run for small groups.
Additionally, normality tests for each location are performed to plot readable QQ graphs. Other
requirements fortwo-way ANOVA arehe independence of variables, which is difficult to test and

depends on the research design, and constant variance. Homogeneity of variance is tested in

DN} LKt R tNARAY y dzaAy3 {LISIEN¥IYyQa NIyl O2NNBfI
hypothess no heteroscedasticity in the datadditionally, 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 mearable soil properties with other soil propertiaghich 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
Regressins 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.
| collected he data & each farmon 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 pedotransferiimaén 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 fourtte best fitting results applying equatidr8 developed by Jakobsen and
Dexter(Jakobsen & Dexter, 1983hd Busscher and Sojke987) Other researchergsee: da Silva, Kay
and Perfect, 1994; Be# al., 1998; Benjamin, Nielsen and Vigil, 2008Yye used the same equation:

0Y Ag®h o (Eq.13
Where &, ®and Gare soil constants; the bulk density of the bullsoil (in g crf) andf the
gravimetric water content (in g%9. In this research, other proposed equations in Vaz ef2al11)
were assessed. After preliminary data analysis with nonlinear regression using SPSS, the best and
logical values for penetration resistance were obtained by equdtiin13). 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 Mnid.lead to the decision to include

an additional term to equatiod 3, resulting in equatiori4:

0Y AG® ©” ¢ Q60 (Eq.14)

Where” 4is the fine soil bulk density arii Qhe 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 variablegBreiman, 2001) Decision trees are predictors that follow consecutive binary
decisions where the tree splits into two branches. Randoredbis suitable for soil pedotransfer
functions because it can handle numerical, ordinal and categorical data variables and nonlinear
relationshipgRamcharamt al., 2017) Accordingly, in this projecthé 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 tillamanagement. 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 valugethat 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
F2NBadxs SIHOK RSOAaA2Yy (NBSQA QinitieOdi¥t@p s@rdptizy/aied | & |
used to test the fitting from the built random forest.
However, | mainly used the random forest models to assess the relative importance of tillage
management rgo-tillage and conventional tillage) among other soil properties explaining soil
structure indexes. To that purposeanable 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 batpd hot included in the bootstrap). First, MSE is calculated
0SG6SSy (KS LINBRAOGSR @I fdzSa FTNRY GKS Y2RSt | yR
are randomised in different positions (data entries, rows, or soil samipliethis case) whé
maintaining all other predictive variables unchangdis 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, | found that some neighbour farms presented soil
differences that could influence aggregation. Therefore, comparing tillage management between
neighbours assuming that other variables were simjlarould have been incorrect. To solve this

problem, | decided to group soils according to similar characteristics.
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For that purpose, | performed modbhsed clustering for the Spanish and the British soil datasets
after visually analysing scatter plaibaggregation agents. Reasonable agreement between the initial
visual analysis and the modeased clustering was achieved by selecting aggregation agents that had
a significant correlation (fwalues < 0.05) and Pearson correlation coefficie@5 for themodel

fitting.

Model-based clustering uses a probabiligsed approach. As explained by Broehmke and Greenwell
(2019) this means that the method assumes thatal@omes from probabilistic distributionandthe
modeltries to find these distributions. | employdlle modelbased clustering package Mclust in R.

This package compares a range of models that assume multivariate normal (also known as Gaussian)
distributions. Accordingly, each clustexgubset of data) has a multivariate normal distribution, with

a different mean and cariance matrix. The further the data points are from that mean, the lower

the probability they pertain to that particular cluster. Mslualgorittm models randomly choes
Gaussian parameters and fit thetm 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
haveanequd or variable variance for volume (same number of values), shape (spherical distributions),
or orientation (axisaligned) in all possible combinations. Furthermore, the way Mclust chooses the
best model is based on BIC (Bayesian Information Criteriors)isTbalculated 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 equatigiqg.15.

"Y# ¢l Tl allg (Eq.15)
Where0 is the maximised likelihood for the model and daitathe number of parameters angl 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 @insions. PCA, as explained by Broehmke and
Greenwell(2019) analyses the covariance between variables and combines several variables in new
uncorrelated variablesgalled principal eamponents (PC). These are weighcombinations 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 agadare selected to
perform further analysis fothe data. Nonetheless, in this projed@CA was only used to visualise

multivariate clusters in a twdimensional form (PC1 vs PC2).
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Figure28. Chapter 4 cover photo: Ploughed fielctla¢ Bardenas Reales in Navarre, Spain
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4.1 Introduction to the farming actor -networks

In this chapter, | address the research question

1 Which arethe drivers andconstraintsof no-tillage adoption?

P
THE SUSTAINED ADOPTION OF ATILLAGE MANAGEMENT PRACTICE TAKES THE
5 FORM OF A FARMING ACTOR-NETWORK
i ™
- ~, ' . )
The adoption of a tillage EA-M Farmers’ values |r'|f.luer'u::e_
management practiceisan Configurations are therolestheyplay intheF
outcome ofthe F A-N. determined by the L A-N )
Oncethe practiceis rolethe actors play
established, ithbecomesaF and therelations " How actorsrelateto each )
A-M itself, which can be they haveto other otherand the roles they
described by its members oftheF co-construct constitute
configuration. A-M. i
g \_ A \ adoption paths )
\. J

Figure29. Main arguments to understand adoption of a tillage management practiceNFFarming ActoNetwork.

To answer this question, | used the evidence from the ssroctured interviews witmo-tillageand

conventional tillage farmers fror8pain and the UK. My analysis viased onANT, through which |

reassembld farming actornetwork configurationsFigure29 shows the main arguments for the
analysisFarming actoinetworks are the networks described and limited by the farmers around their

farm managementl did this by iéntifying the actors and the relations thaind them together in
configurations that operatedccording taepeated patternsbut whichalso created tensions.rCthe

base of the farming actemetwork configurations, | traced back particular causalitieBpfving the

OANDdzZE F GA2Yy 2F Y2ySe@&> YIGSNAFfAaZ AYTF2NNIOGA2Y | YF
translations. In doing so, | also analysed how farming awttworks ceconstruct actors and the
YySG62NLaQ GKSYaSt g@siandrdlesy SI20G A1 GAYy 3 YSEYAY

In line withthe ANTconception of actors as networksassume actors are multiple and can adopt
multiple roles as a consequence of being enrolled in multiple awtworks. Moreover, | assume
farming actornetworks become actors themselvemce they operate in coordinated patterns
(referred to as punctualisatignBased on these assumptions, | present the first two sections focusing

on farmergand no-tillageQ @ultiple roles similar in both countries.

Thefollowingsubsectionsre separated by country aridcusonf I NY SNB Q @I t dzSasx (G KS f
FyYyR SEFYLX S&a 2F FASER 2LINIiGA2y&as yR GKS YSyiaA:s
their multiple roles, enable the understanding of their translations and nagotis in the farming
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actor-network. Additionally presentingfarmsQocationand providing examples of field operatigris
anchorthe farming actometworks to place and further descrilibem. This chapte® coreare theno-

tillage adoption paths, which summarise in table®llowed by detailed descriptions

| finish the chapter by comparimgp-tillage adoption paths in Spain and the UK.

4.2. Farmers dmultiple roles

This section outlines the multiple roles farmers adopted in the farming awttworks based on
patternsfound in the interviewed group. Research studies focusing on farsteow( K I G F I NI S N&
identities are varied, complexand overlap (Sulemana & James, 2014Vhen @plying the ANT

F LILINEF OKZ FINYSNEQ NRfS&a NP 2dz2id2YS&a 2FcoyS3IA2iGAl
evolve with the network¢Schneideet al,, 2012) Moreover,as farmers are enrolled in different actor

networks, farmers become multipliaw & Mol, 2008)Thus, the following farmenolesare not to

categorise farmers in exclusive categodssor examplgntheWT I NY A y 3 & ( @éeS\van | LILINE |
der Ploeg, 1992; Vanclay al., 2006) insteadshow the multiple roles they occupy in the farming
actor-networks, sometimes simultaneously. Moreover, the diverse roles a farmer might adopt do not

always sharevalues and meanings, resulting in tensions and conflictaeigotiating their own

identities.

4.2.1. Business farmers

Ly GKSANI odzaAySaa FIENNSNEQ NRESsS FFENNSNE (K2dAaAKIG
dominant, the engagement with their ecomic balances went beyond the need to sustain their

lifestyles. Indeed, they made emphasisforancialdetails, profit maximisation and risk minimisation.

Thus, they were economically driven and wanted to maximise yield, but not at any cost. The farm
needal to be economically sustainable the long term, whichincluded investing in machinery,

infrastructure, etc,and caring for thednd® longterm productivity.

As business farmers, sog@gonomic 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 appliedtbmse problems were constituting partnerships,
diversifying income by doing contracting work, reducing investments, applyingdeernment

financial suppo 2 NE Ay { LI YyA&aK OF&aSazx 06SO02YAy3a | OGABS

the products. Asan example LNT reflected on their business partnership.
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2SS &adGFNISR 06SAy3 nX y26 | LINIYSN KFra fS¥idz
owned by each of us is included in the partnership. We continue being landowners
individually, butwe havetht YR Ay G KS LI NIYSNBKALD ¢KSYy>X wX|
the same quantity and quality of land, what we did was weighing the land since the first

RIe w2 RAAGNAROGdzZIS LINPFAGBD® wXB 2SS 0d22 SOSNEI
much betterth & g+ &8T AG OFyQl O2YLINB gAGK FIFENYAYy3I |

4.2.2. Small farmers

In this role, farmers were subjugated by seeimnomic and agrenvironmental constraintdn this
role, farmers accepted that they were at the mercy of grain market prices, policesyfacturers

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 cooperative dorms and conditions.
GoX8 Y2NB2OFNRNXaXZiKSIROEABARY QG 0SS 2% 2F | 02
would have left already to the companies. Obviously! There is a lot of logistics! Storage,
K2g G2 aSttx ¢S KIFI@S 0SSy Ay (GKS O22LISN} GA D
cooperatives!
OX8Il dz8® ¢S IINB avittsz ¢S KI@S (2 aSaatST GKSN,

4.2.3. Hobby farmers

Not all farmland was worked by professional farmers; some was worked bimparor hobby farmers.
Moreover, their socieeconomic constraints were different, althougheih hobby had to be profitable

to sustain itself or add to thprimaryincome. When the role was dominant, farmers did not see their
activity as part of industrial farming but as a hobby. Nonethelpssfessional farmers also occupied

this rolewhenthe joy of farming drove their negotiations

doX8 Al KISATF FIR0GoADS GRISAIOA & 0SOFdzasS 20KSNBAaA:
488 Al SEOtdaAgSte a Fy AYRAAGNE® ¢KS ONERLM
way. | like it; I ke the azy i NE AARSS 884> L Syez2e AlGH 998y AT

(2NT)

4.2.4. Traditional farmers

Tradition was deeply internalisedy” G KS FIFNXYAYy3 O02YYdzyAded 2 KSy GKE
dominant, farmers strongly advocated for the slow pace and adlnural lifestyles and traditional,

experiential, inherited and local knowledge. Moreover, the producivas diversified (e.gineyards,

119



olive, and almond orchards) and often included some kind of husbandry or beekeeping, although

many products were foselfconsumption.

G. SOFdzaS &2dz ANBg dzLd KSNB FyR @2dz t AGS OSNE 4°¢
¢tKSe (Stf YS W 2dz FNB GKS KIFLIWLASald LISNER2Z2Y AY
GL YSIFyYy>S Y2ald 27F 2dzNJ y Xiodnhk od deRcbeen fdising/ 2 6 NB JSN

for the last 100 years really on the farm. We farm virtually the same way as my
AN YRFFGKSNI FINYSRTI gAGK I 0Ad0 2F YAESR FI NXYA

Spanish farmers could adopt this ra@encerningparticular 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 specifimiecatio

(e.g. the Bardenas Reales).
b2 AlG A& | GKAy3dX AdG A& + fFYyR GKFEG Yeé FI i
g2dzf Ry Qi O2yiAydzS FINXAYI Al ©XB8 odzi Ye
GNIRAGAZ2Y 6AGK (K2a$sS f difigfrenfiadthereSaredioFacidrS,y

'..F
UK
theywet 6 A G K K2NBRS&a FyR I ff  i(akd$Peoflkspefidthere a¢ K S NB
$SS1T SFEGAYy3aIX 22Ny AYy3IAI odzi 6KSYy (KSe& FAYAAK

4.2.5. Innovative farmers

In their innovative rolefarmers searched for innovations from external sources and tested them or
implemented them on their farms. The innovations took the fornmdefas machinery, technologies,

bio-engineered and different crops or farming practices.

Farmers always adapted innations to their farm. Consequently, innovating involved learning about
the innovations (e.g. the details of a machine) and adjgthem to the local environment or farming
needs (e.g. DIY work on drillers to cut through crop residues). Testing andnesging 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 varietiel this sense, Blarmerstestedvarieties 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 aghusinesses and manufacturers, magazines¢heery fairs, and in Spain
through the cooperatives. Additionally, new informatisources such as the internet or smartphones,

were integrated into farming lifestyleexcept fora 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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guestioned and criticised by the local farming community. The peessure and the lack of
experiential knowledge generateinsecurity in innovative farmers. The pride came, then, from

overcoming those insecurities and taking risks, as 3NT mentioned.

LY GKS&AS dGKAy3aazx fA1S AYy Yl ye!BesiddsSohT &2dz Kl
NAajl @2dzNJ Y2y SeX 06SOldzasS y2o02Re LXleéa 6AGKX @
2T GKS adlyRFNR y2i Fftglreéea o0SAy3a Y2NB>X o6SdidSN.

4.2.6. Environmentalist farmers

All farmers had a nature stewardship role, independently of the practices th@joged, which linked
to the relationship between farmers and nature that develops from working outdoors.

doX8 (KS 20KSNJ RFe GKS S0z
2 &4

f23A
¢tK2aS 6Kz OFNB GKS Y I 6 2 dzi

é',é GSNBE Gt 1A
YIEGdzNBPE on/ ¢0
Nonetheless, whethe environmentalist role was dominant, farmers were more conscious about the

potential harm of some of their activities or the agthemicals they used, and these potential impacts

drove their farming decisions. Some farmers linked environmentalism aridgcéor nature to
conservation agriculture, others taiodiversity,organic production or the reduction of agathemical

inputs.

ahyS 27 (KX wheehitybagank | staletl in 2007, then it was purely for
biodiversity. Because at the time, weould have stubble left after the combined crop.

WX8 ¢KSNB ¢la | @FtdzS Ay GKIFIGX o6dzi L adl NISR
we sow somethingth®fastANR g Ay 33 FE 26SNA YR LINRPOBARS Y2NB
(10CT)

4.3. The multiple no-tillag e practices

In this section, | discuss the multiplicityrai-tillage. The theoretical background for the analysis was
that tillage management decisions are negotiated outcomes of particular configurations of farming
actor-networks (Schneideret al., 2012) Furthermore, practices reshape and regroup to adapt to
different conditions(Hinchliffe, 2007)Nonetheless, Wwen a tillage management becomegpactice

the farming actometwork operates in repeated patterns that hold the actors together over time in
the particular configuration that enaldt¢he practice. Wthin these configurationsactors share similar
values, meanings and objectives. Then, acieworks achieve punctualisation (as discussed in the
literature review sectiorb SG ¢ 2 NJ & Q LJdmyd(bécdrhet astérshamaeR/gs.Thus, tillage
management practices are created andawmlve in the form of farming acteretwork configurations.

Through this understanding, | was able to distinguish diffekentillagepradices
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The analysis of the interviews distinguished thnedtillagepractices that ceexisted in both countries.
No-tillage was not a homogeneous practicBlo-tillage was multiple: a machine, a technological

package and a farming system.

4.3.1. No-tillage as atool

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 usedo-tillage very flexibly; some farmers took advantagenoftillage seeddrills
to improve seeding depth aftgrloughing or doingninimumnttillage becauseno-tillage machines were
more accurate than conventional oneSther farmers used thao-tillage drill for specific crops or
specific fields without foreseeing a complete farm conversiomadillage management. In these
circumstances, some had a sharmatillage drill, and others approached themo-tillage neighlours
to do the seeding for them.

GOX8 odzi dzy RSNJ GKIFG ylFYST LS2LS R2 a2 Ylye
doing no-tillage for 20 years, but it turns out that they use the chiselpower harrow

R

FYR gKIG SftasSxXx |yR #KBYZazSadkNmald RRYyRiy Kit 352 dr

(2NT)
. SOlIdzaS ¢S KI R LINRwSWrkingkVa ako gbaved that If wes vy 2

wanted to drill in a mirtill situation for jo-tillageg8 RNAf f g2dzf R R2 AGdPE 06 b

G,SaH L KIgS K o XYSYSNESRNIING d2a#/1Gs G2 y2i

N.

notilagep wX® ! YR (GKSy>X AT a2YSRIe& L Kla®S | avl ff

work better withno-tillage, or those [fields] in the paramount always turn out to establish
gStftHE o600/ ¢CO

4.3.2. No-tilla ge as a technological package

As a technological packagm-tillagewas practised in a stricter pattern, in a combination of farming
practices that included herbicide uggarticularseeds etc. As a technological package;tillagewas
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 semilage was often
adopted through the influence of agbusinessesuggetingthe use of their products and seeds and

made agronomic recommendations.

No-tillage as a technological packageas mainly used by business farmers with high planning
requirements. These included big farms in which practices were adapted to soleiitess flexible

to adiust the preestablished plans to changing field conditions.
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and think | will do this. You just have to plan it out. You®daave 500 hectaes of sugar

beets all committed to one technique, and then the weather changes, and ydddmn

it,andyoudodd KI @S | ONRLIDPE OTb¢O

4.3.3. No-tillage as a system

As a farming systemrmo-tillage was part of the conservation agriculture paradighuo-tillage, cover

crops, rotations, leaving crop residues on the surface etc., were practices adopted to increase soil
health (particularly soil biological properties). Moreover, whentillage was adopted as a system,

the interest was in the interactions betweehd different farm components to increase overall system
health and functionality. The objective was to mimic @ystems, which were productive by nature.

Farmergook a proactive approach to prevent problems (weeds, pests, diseasdsherease yields

instead ofsolving those problems separately when they appeared.

Figure30. Rural landscape near location 2
44. 3DAT EOE £AOI A0OOS OAI OAO

CtKA&a aSOGA2Yy LINRPOGARSA |y 20SNIBASS 2F (GKS NBadzZ b
Ry y2@F (A 2nfaRing YrBdess inyha analysed Spanish farming awtworks. Results help
dy RENBR G YR (GKS 02y aid NHzO G te@withirethe fafminglactnefivaiks a2 T S & & A

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

aKF LIS ¥ Naddd\Ehdhegbtidilons af 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 valueascentral to their valuing of farmingValues are co

constructed in the farmingactef S 62 NJ & | YR | NB O2 NtBeir difererfidtiotly S N&E Q
from other actors. Thus, values shavhich relationswere meaningful innegotiating and building

FIENYSNBEQ NRf Sa-nétworkdi KS FIFNYAyYy3I I OG2NJ

What the participant farmers enjoyed most about their work was ¥teedonfland the pride of
WINER gAY 3 . BrredBvEsAmedithed in relation to theontrol overtheir own time and
regardingworking dzi R2 2 NER X Ay O2y Gl Ot 6AGK Yyl Gdz2NB® ' GK

referred to how effort and care translatdeinto crops developing in the field and obtaigi yields,

N

which eventually beaae nutritious food. These values were reported as ingat both byno-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 undiemandingconditions. Additionally,

those values show the iportance of norK dzY I 'y | OG2NA Ay RSFAYAYy3 FI N¥SH

GoXe L tA1S SOSNRBOKAY3A FNRY (GKS &adFNIL ¢6KSy L

ISNX¥YAYLFGSa yR KIFIGAy3d G2 GF1S OFNB 2F Al IyR

beautiful, is i AGKEé onb¢o

G2Stfx AF y2¢ L 3IF2 G2 &asSS (GKS LISIrax L 32 G2 |
GKFGX L &4SS I NBS RSSNE a2YS NrooAalaz | gAfrF

Y6 GdzZNBEXeE on/ ¢0

GCNBSR2Y® ¢KS FTNBSR2Y admetin&ityisessyuoliwih FASE R |
0KS Y2aljdAaid28Sa FyR it GKS NBadX FyR @2dz KI @S
@2dzZ OKIG o0dz2NYy& @&2dzXé om/ ¢0

The concept of freedom regarding time management relates to the freedom of choice in rural
sociology literd dzZNBE® Ly GKS f I (3G SNEcorkdriinytieNsEin®ol oveMBabrR2 ¥ A &
management decisions and how it has been increasingly conceded to public administrations and
private food manufacturers and retailers by means of the establishment of stda(dikkola, 2017)

In the course of the interviews, farmers acknowledged secionomic constraints and referred to

their coping or negotiation strategies, which involved human and-imeman actors and, in some

cases, included the adoption nb-tillage. Trese strategiesrelate to the idea o ¥ I NI A witich 4 St ¥ Q
Ay Of dzRSa GKS FINN AyG2 GKS NBE b (Stack &orniek 20G4) Sy I 6t &
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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 tookening social constraints and experiencing the

freedom to becomehe true self(Stock & Forney, 2014Moreover, research also highlights farm@rs

self and cultural identification 88 ¥ 2 2 R LINS2dR dii§liSghidh hemselves from environmental

stewards or forester¢Burgess, Clark & Harrison, 2000; Burton, 200€a)ytainly, farmeiSdentity

and what is generally considereddad 2 2 R i§ btrhdgl$ dNified by food productionand high

yields were a symbol of that rol@urton, 2004b; McGuire, Morton & Cast, 2013; Marr & Howley,

20190 ¢ KS AL GAATFTIOGAZ2Y YR LINARS 2F WIANRghI a2YSI

Moreover, all participant farmers acknowledgebat 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. TRNSYf& N& a dF 6 SR G KF G GKS

Fa + aevyozf 2F o0SAy3I I WwW3I22R FTIFNYSNR 6K2 62N &

farmers and those who take advantage of the subsidies:
GoOX86 2Kz FNB 6S FINY¥SNEK ¢K2&geoplgdea andl 1 S O NB
'-F2l\’|\]§IS['{ I Q2dzU 7\AUY AT UKASVN\B I NB fz'iSSRvé ,AT, AUV SéAUI
KF@S8 GKFd Y2y$S& F&aadNBRT gK& ¢2df R GKS& OF NB
you produce, it means the more you took care, the more youlwrRX A ay Qu A UK @XB6 ¢

In summary, freedom in relation to choice and working in nature, together with the pride of growing

food, are valueshat RS FAY S Tl NXYSNE Q Ndtvibeks. MoyeoverKigey ShawNBEA v 3 | (

importance of the relationshipwith both human and nofmuman actors as enabling and constraining
T | NJvr8ldsmeagotiations and actions.

4.4.2. Spanish farming innovation characteristics

In this subsection | discusdand consolidation and irrigation modernisation as they haigaificarn

impact on how Spanish farmers related and conceptualised innovations. In the regides study

land consolidation, including irrigation modernisation, when applicable, were done between 7 and 30
@SEFENER 32> YSIyAy3a (KI Giedcés. 61 a LI NI 2F FFNY¥SNAQ
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 techngécignowledge and with the
involvement of the farming community. The process started with farrdersding which fields would
be included. Then, the land was assessed and classified according to its agricultural productivity

potential. Soil scientistslid this assessmenbut farmers attendedhe fieldwork. These experiences,
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in turn, had asignificai A YLI OG0 2y FIFENXYSNBRQ NBtlFliA2ya 6A0K &
O2yaz2tARIFGA2Y ¢l a LRYRSNAY3I I fsiz€dohhnt Saukdrcoddh St R&
choose between extending their land property (with the land of a lower class) or increasing their land
guality (by decreasing their farm size). Finally, the land was consolidated and distributed, together
with infrastructure wok. 3CT claimed that if it had not been for land consolidation, he would not have
continued farming. Other farmers agree with thes®dernisation claims, how it improved farming
infrastructure, decreased workload, and even helpegintain the rural lifesty.
GaoX8 2S g2y o0& R2AYy3 (UKS O2ydaz2fARINGAZ2YX L 672
.SOldzaS UKSNB 6SNB FTAStRa 2F% KFEEF | KSOUlF NBo®
f,ieldsAof one and a half or one, but there are also of 10 or 9. Well, thg field dperaf ? X 3
GKSNBE Aada y2 O2YLI NR&2YH X6 !yR &2dz Oy LINERG
there was water e\{erywhere, and now we have, but it is not the same. They did ditches
FYR O2dzyuNEB flFySaxé oo/ ¢
In other places, land consolidation was done, idoig landuse changes from raifed 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 meaignificantOK I y3Sa Ay T N
actor-networks. Farmers had to change their machinery to adapt to the new field sizes and the
irrigation infrastructure (as 4CT explained), incurring magsts despitesome regional government
aid availability
G{AyOS ¢6S RAR (GKS ANNAIIGAZ2Y Y2RSNYAAlLGAR2YyS !

change the majority of our machinery. Before, a flood irrigated field had no obstacles
within it, and nowwe havd LINA Yy 1 f SNE wX8¢ o6n/ ¢0

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 unexplorgzhths. These paths included new actors, the manufacturers, who
negotiated their own ways into crop production. Manufacturers prodidbe seeds, which they
chargal for after harvest, which wa also done by them. Additionally, manufacturers prodide
recommendations from professional agronomists regarding fertilisation and irrigation plans.
G1 SNBEz tFGStes airyoOS (KSet OKNEBLIES RK GKES OKNNATS Rid
is almoﬂst not grown, as vnowvth,e profit is very low. tht is grown also aps ¢oo deep 3 A
TNRI SY LINRRdzOUa Y|l ydzfl OUdzZNENRY aLAyYyl OKXZ LISI| a

F2N} IAYI FNBFT FEFIEFEX @©X86 28 4gSNB oftS G2 C
f20x ONRLBE (GKIG 0ST2NB ¢S RARYQO 1y26 | 02dzi oé
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However, land consolidation did not affect all regions in Spain. Somdeghiland remained with
traditional fields. Thus, not all types of farmihgdthe same priority in the administration to foster
innovation strategies, as 5SNT comments suggested.

dland consolidationf K SNB A &y Q{ In fiS &&rDthing $asBeeryddrie: it is

ranf SR fFyR®E Opbeo
The analysis of land classification and consolidation, and irrigation modernisation, enables to list their

characteristics whicimade them positie innovationsn the farming actomnetworks:

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),
1 Support from the public administratien

1
1
1
1

Those changes were celebrated as rural development despite:

Learning requirements,

Machinery and equipment upgrading costs,
Property modifications,

Landscape change

= =4 —a A

4.5. The Spanish farms

This section introduces Spahi farms by presenting research locations and examples of field

operations conducted at mo-tillageand 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 irfrigure31.

Most of the farmers farmed alone or with a family member. Some farmers occasionally hired
contractors for specific field operationsxcept fortwo farmers who were in business partnerships.
ANT was in a twgersa partnership, and INT was in a thrpersa partnership with two permanent
employees and provided contracting work for ethfarmers. The partnershipsorked more land
(around 600 ha INT and 240 ha 4Nahjle when the farmer workedlone, the farm sizevas 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
O2YYdzyltf fFyR NRGFGSR 0S06SSycq 16 Kebrs, ¥ndizsométimes: £ A ( A S
shepherd 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 thembwatiler farming

experiences, although these are not included irs tmalysis.
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Topography

Research locations in Navarre and Aragon

Research location in Castille and Leon
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Figure31. Topographic map of research locations in Spain
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4.5.2. Farm operations: an example of the investigated fields

Table5. Example of a cropping calendar foma-tillage field in Spain

SEP [ OCT [ NOV | DEC [ JAN | FEB | MAR | APR | MAY [ JUN [JUL [AUG
2017 BARLEY 7

2016 WHEAT

2015 BARLEY

2014 WHEAT

2013 BARLEY

: Herbicides : Fertiliserp; : Pesticides

Not all farmers prticipating in the researcfilledin the questionnaires about field history. However,
as examplesTable5 illustrates field operations performed byreo-tillage farmer andTable6 by a
corventional tillage farmer. Those farmers were not neighbours, and tables do not represent general

cropping calendar models.

Table6. 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 WHEAT
2016 OAT
2015 WHEAT
ou [T TI]T]]] sowmows
2013 WHEAT | |
: Herbicideg; :Fertiliserls; : Pesticides; : Tillage; : Cultivator; : Harrow; : Roller

4.6. Spanish no-tillage adoption paths

This section presents the results of the differemttillage adoption paths across chains of actors in
different Spanishdrming actornetwork configurations. The analysis focuses first on identifying actors
and their bonds forming different farming actoetwork configurations; second, how they operate
and which tensions appear; and third, how thermaldynamism or the tensns favour or limiino-
tillageadoption. The section starts with a summary table, to then explain in detail the actors enrolled
in particular patls, how they are related and how they-construct each other, holding the farming

actor-network or creatingénsion and favouring change.
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Table7. No-tillage adoption paths in Spain

income

Path How farming actornetwork operated Tensions Adoption barriers and drivers
Income, | CAPsubsidies were core to farme@subsistence CAP subsdies were decoupled from yield and land NT aopted as misconduct by large landowners
subsidies, Cooperatives had central roles in farming aetc Farmers competed in international markets with lo benefit from subsidies
networks and economic flows grain prices NT adopted as an optimisation strategy to redu
mark_ets’ Occasionally accessed niche markets directly thror Farmers complied with public standards, whi production costs
cooperatives| manufacturers increased production costs Il A3K 8ASftRaAaQ aévyozfAay
and yields| Farmers adopted nofood praducer roles to negotiate Epansioniststrategies were constrained due to hic 8 i I NI SR G2 06S SEOKF¥38

land prices

favouring less pductive practices

Weather and

Climate patterns and soil conditions ruled fie
operation timings, translated by experiential, local a

Narrow time window with right conditions for fielc
operations increased stress due to increasi

NT adopted as it required fewer field operations
NT not adopted as it required better field conditior

rotation and
cover crops

Crop innovation created highgtielding and more
resistant varieties
CAP introduced rotation and greening areas

Wat?r' traditional knowledge workload per farmer (longlasting compaction consequences)
ma“ag'”g The Mediterranean climate had irregular rain patteri Meteorological events disrupted and constrained fie NT adopted as a risk managenestrategy to reduce
the risks | and droughts operations production costs and potential losses
Insurances and crop diversification as strategies Climate change challenged farmé&sowledge NT not adopted to avoid investment and rslanaged
manage meteorological risks Crop development was uncertain reducing field operations
Crops: crop Experiential, local and traditional knowledge rul¢ Introducing new and different crops was constrain: Introducing cover crops or different crops in rotatio
innovation, crop selection due to difficulties in buying seeds or selling produr was constrained, favouring most common crops

through cooperatives
CAP restrictetherbicide use in greening areas

Conservation agriculture practices adopted to com
with CAP, favouring NT adoption

Leguminous crops (e.g. peas) abandongde to
agronomic and economic constraints, returned
fallow, favouring conventional practices

¢KS YSFIyAay3a 2F WONBL )
include systemic approaches, favouring conservat
practices and NT adoption

Weeds and
herbicides

Total andspecific herbicides were used

Traditional straw burning for weed management hi
been banned, increasing herbicide use

CT relied mainly on tillage for weed management
NT relied on glyphosate as a total and cheap herbic

Glyphosate safety for human healttas questioned,
threatening being banned

Roles of herbicides as necessary phytosanit
products or toxic agrochemicals products creat
O2y ¥t A00Ga NBIIFNRAY3I FIN
| SNDAOARSEAQ LINAOSa oSN
becoming resistant to herbicides, questioninc
herbicides efficiency and becoming just agribusin
marketed products

Traditional fallow meant land not producing benefits

NT not adopted due to reliance on herbicide
particularly glyphosate

Herbicides role as necessary phytosary product
favoured NT adoption

Herbicides roles as toxic agrochemicals and as
business marketed products favoured conventiof
weed management strategies, including fallow &
tillage

NT and the conflicting roles of herbicides we
changing theW§ I (i  Tad & $yREoIOW (i K S
Tl NYSND
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Path
(continued)

How farming actornetwork operated

Tensions

Adoption barriers and drivers

Machinery Machinery embodied technological innovation ar Huge NTdrill had high prices and required additioni NT not adopted due to high investment requiremer
and followed expansionist and optimisation strategies, investments in powerful tractors for bigdrills
becoming bigger and improving precision NTdrill had higher maintenance costs NT adopted as costffective in the long term
contractors Experiential, local and traditional knowledge togeth Sharinglrillsconstrained due to narrow time window NT adopted through smadlrills
with price and pride ruled machinery suitabilit with optimal conditions to perform seeding NT tested through contractors
assessment NT as machinery innovation wasc@ated by farmers
Machinery markets were widely spread, and acct
was not limiting
Contractos were hired when not owning the
appropriate machine or testing practices and crops
Farmers cecreated innovation by always adaptin
machines to their farm needs
Knowledge Experiential, local and traditional knowledge acquir Research trials were seen as unrealistic farming Regional extension institutes, with longterm
and trust through interaction with the farm, family anc Regional extension institutes were distant to farme relationships with farmers through their advisor
neighbour farmers and had low budgets (with the exception of Navarr were trusted and favoured NT adoption
20! ¢ Tl NYAY3 O2 YYdzy A (i 7 not producing locally validated data Distant and low budget regional institutes, resear
FINYSND Y2RSt Trust inagronomists was compromised by shtetm centres, or farming associations were not particula
Bars and social spaces in cooperatives were place relations favouring NT adoption
farmerto-farmer knowledge exchange Agronomists working for aghiusinesses provided frer The hternet and global farming communities favoure
Agronomists were available in cooperatives to provi but mistrusted information due to marketing bias NT adoption and maintenance in time
advice; in Navarre, they were from the region Information needed to be empirically validated t
extension institute farmers
The nternet was used to search and contra The hternet was not a source of trustfuhfiormation
information due to the lack of control
Global farming communities were crated onlin NT or conservation agriculture farmé€xsssociations
particularly by NT farmers who followed or becan were distant or lacked funding
influential farmers through social media Magazines were considered publicity pamphlets, w
Global communities supported NT innovativdesy the exception of Navari@ regional extension institute
y2i RANBOGte NBfIFGISR (2
*NT: netillage
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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.

aL KFE@S F /'t wadzodARASaAE GKIFIdG Aa GKS aLRAyl f
aSO0dzNB G(KFidE oO60bc¢O

GLT Al g2dz RyQil 0SS ITF2NI (6kSS F/ I N SiNERdzogE2AdK ARS/AB(S 06
|.

YR GKFEG Aa GKS /1ts YR SOSNE (GAYS (KS& NBR:
The CAP was created in 1955 to stabilise agricultural markets by increasing agricultural productivity,

to ensure food availability at reasonablegas for consumers and a fair standard of living for farmers

(Cong & Brady, 201202005, a European Council Regulation added food safety andjbigty non

food products, the protection of the environment and the harmonious development among the
RATFSNBY (G NBIA 2 y(@ongi&Bratlyl 202EAP Mideetige® WereZi@piemented by

member states with some flexibility, including subsidies distribution.

Interviewedfarmers disagreed with how subsidies were being distributed. Initially, Spain translated

the European directives in subsidies linked to ldred surface and production by region. So, subsidies
0SOIYS RSO2dzL) Sdtual prodRcvon. MeadivgStivBubsidies did not compensate
FINYVSNEQ STF2NIa (G2 AYyONBlIaS &ASttRanBmaleKdddsB |l &8 0 A
Afterwards CAP word with entitlements, linked to people who declat¢éo work the land instead of

to the land itself. That wagntitlements coveedaland surfacainder a particular use, but the physical

fields were exchangeableMoreover, from this modela market of entitlementsdeveloped,and
peoplespeculatel 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 farmingnattarks

because of the barriers to access entitlements to obtain CAP subsidies.

CAP did not promotao-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
normsto obtain subsidies. This practice usth@ reduction in petrol costawith no-tillage compared
to conventional tillage. Eveno-tillage farmers admitted that this practice afio-tillage existed
However, it was never acknowledged as a farming activity. It was described as misconduct of large
landowners, intuding nobility, taking advantage of subsidies intended for farmers.

Gl 2¢g AG Ay Tt dzSy Obtildge adoption] & IdzadachRentBlementsy

would seed witmo-tillagel Y R g2 dzZf Ry Qi OIF NS Fo62dzi ¢KI G GdzNYSF
I NB R@GTY I3 HE
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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 actornetworks, especially for small farmers. Cooperatives could achieve better deals than
individud 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). Additionallypmeratives 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 ingumces. 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 actemetworks.

Occasionally, some farmers dedirectly with manufactures for specific products accessing niche
markets. The manufacturers mentioned during theterviews were deegrozen vegetable
manufacturers and wine breweries. Those experiencesewnot related to cereal crop, buhey
AYONBIF &SR T N¥SN& e riesfid manSge BeymentItiskd, WRh otherwise was
shared by the cooperativ€members.Moreoverz Y I Y dzF | O (i dzNBltores conshraidéds | v R
how those crops were grown. So, farmers experienced how in niche markets, one of their core values,
their Weedom of choic@(see section:{ LI YA & K F | NMW& N@s@ictedd byt piaéte
YIEydzFlF OGdzNBENEQ | yR (Mikkadld, 20075 NEQ & 0GF yYRIFNRAAI GAZ2Y

Ly GKS OFrasS 2F OSNBlIfas TFENYVSNEQ 3IANIAY LINRRdzOG A
global market. In this sense, food safety and environmental regulations affecting agrochemicals were
GKS Lzt AO adl yRINRA& (MkRojaR01MMdrgovern/ tHeyA Tyl ONWSS NBSCR - GFK: 2NAYC
production costswhich, in turn, increased their grain pricscover costs and eventually make a
LINEFAOGD CKSNBF2NBS KAIK LINPRdAzOGAZ2Y 02434 KAYRS
competitiveness against international prodscproduced under different regulation frames.
Economic pressures can drive farmers to unethical environmental and social prédecesickson &
James, 2005; James & Hendrickson, 2008his sense3NT speculated that this tension would end
with Spanish farmers producing for niche markets of high price products. In any casée priva
standardisation foniche markets offered farmersertain financial security.
G2S INB Ay GKS 3Ft20lFf YIFENYSG 2F OSNBFf LINROS:
have to compete with Argentina, with Brazil, Africa, with Australia, with Ukrania,

Kazagtan, with all Christ! If you want to produce in Europe, protect the farming it has
WXBDPE OH/ CO
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G!' YR 9dzNRBLIS KIF& F LINRPoOofSY gAGK GKIGX @2dz (Y246
fA1S GKAAZT wXB83XZ G4KSNB g A fdverythiigvery gediybltity G KS 3 dz
gAftt 0SS SELISyargSsy 2N GkKSe gAftt oNAy3ad aKpfp TN

In addition to pertaining to cooperatives or accessing niche markets, faratkngteda variety of

strategies to relieve the economic tensions sad by low grain prices in global markdtstheir farms,

farmers followed expansionism intensification, diversification or optimisation rationales, or a
combination of them, as explained in the next section. Outside the farms, farmers ddek that
RAFTSNBR T NBENE RoKESINNEgotisFepoickRs or grain prices. Examples were their
involvement incooperative§tirectivesti 2 Yy S32GA LGS LINAOSa gAGK YI ydzFl

unions to deal with local and national polmgkers.

4.6.1.3. Expansionism and optimisation: land access and production costs

In the productivistfarming paradigm, higher income is guaranteed through higher yields. In turn, this
is accomplished through intensificatioby( means ofinnovations) and lanaéxpansion Therefore,

some farmer§&eactionto 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 whigrafiessional

farmers could benefit (hobby farmersHigh land prices (tdouy or rent)resulted fromspeculation,

taking advantage of the monekat circulated because of tle 2 dzy 3 FI N¥YSNEQ 3I2 SNy Y

suppord® mMb ¢ NB T SO0 Sertenl scredgko Mk QliviggD& Bf faimihg and the lack

of access to buland as theiprimaryproblem at the farm. Indeed, extending farmland was almost a

requirement to sustain their farming business, particularly for business farmers.
dZASf tz 0dKS YEAY LJN\B()tAS\( aKI G ,éé Kk QS Aa yz2u
acaa 02 flFyR® 2KeK 2S Utksihgughtto &le Bubsidigs td a d
everyone, so all those lords that have those big land extensions maintain them, make

NS s

l.:.l

Y2ySe YR R2y QiU ¢2N] FyedGKAYy3IsS Ay ListAy € y3dz
Ly 2LIGA2Y uaneeddmdtmwﬁonkyrlﬁaﬁlshnqum Bnd | am fed up with the

flryRE2NR OFffAYy3a YR al@Ay3aY WiAaaSys e&2dz KI @
GAYS GKSNBE IINB FTS6SN LIS2LX S Ayahgyg ®TKEGReaxd
SEF3I3ISNFGSR: (G2 YI1S I tAGAy3a:T IyR GKSNB AayQ

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 pragtitteenvironmental and
agronomic benefits, such as fallptbecause farmers could not afford to implement land uses that did
not generate any income, as 3NT expresséanetheless, raditional and environmentalist farmers

had positive attudes towards tlese practices.
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L YSIys AG Aa I+ f
8SIFNH , 2dz GKAY ] I
G2X AF @2dz LI & (K
SOSNE &SI NH¢ odobt¢

Ay3daxX CANRGZ
R wgSttx L fSI
ke dipkofity 3a X @ 2 dz

22L) 2F Ylyeé GK
o2dzi I FASER |y
S NBy i loitityYRu have B &n
0

Different farming actomnetwork configurations were those of hobby farmers, including those farmers
with part-time or fultime jobs outside farming. In these cases, farming might still represent tiee co
income in their household. Nonetheless, their relation witklgiwas less dependent, whidiad
consequences regarding the risks that they were willing to take to experiment with innovations and
how they budgeted investments, as 2NT explained:
é,( WXB8 haye?alqiz'ncome frqm another side, that is so. Nonetheless, nquers have to o
UdzNy 2dzi> 20@0A2dzat éH wX6 ¢ Kdzdrdl w¥@bmighte 2 dz & LISY R
FTAYFYOS AU FNRBRY UKS 20KSNJ aARSZ |fUuK2dzaK e2dz
Nonegheless, the majority of the farmers, due to low grain prices and high climdd¢ed risks,
decided for optimisation strategies on their raied land, reducing production costs to increase their
benefit margin. Interestingly, in some instances, optirdisaz y NXBIj dzZA NER T N¥YSNAQ
innovationsthat ensured producing the highest yields at the lowest costniong farmers who
followed this path wereno-tillage farmers. Cost reduction was achievéarough reducing fuel
consumptioncompared to conventinal tillage, in which fuel was used liepeated ploughing and
associatedfield operations. Indeed, iimost of the Spanish interviewed cases, cost reduction,

compared to conventional tillage, was the first reastriving the adoptiorof no-tillage.

GCKSNBE Aa y2 20KSNJ glFeH 2A0K GKS 26 LINAOSasz .
AGKEé o6nbc¢o
GOX6 ¢KdzaX L FaaSaaSR GKS 02ad 2F FIENXAYy3I gAl
could turn out by organising the conservation agricultumeg dsaw it suited me. So | did
GKFddé opbceco
In these farming actenetworks, there was a ruptuneith the productivistfarming paradigm, in which
more inputs meanhigher yields, and these meant highmofits. 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 livengen if yields were highue to low grain

prices Therefore, economic sustainability relied on CAP sudssidi

Albeit yield had lost itsignificancein farm income, it was still maintaining its traditional role as a
advyoz2ft YR YSIFadiNBE 2F GKS WF22R LINPRdAzOGAZ2YQ @A NJ
the interviews,it was rare fomo-tillage farmersto share thatno-tillage produced lower yield than

conventional tillage Inmost cases, farmers valued the reductionproduction costs but wanted to

maintain or even increaseyields compared with conventional tillage. Interestingly some

environmenalist 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 wgstiating with norhuman 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 dominaroles in Spanish farming actoetworks. Those actors
determined crop development and the amount of yidldcal and traditiongtnowledge 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 raifed agriculture was at the mercy of irregular rain patterns. Rethland
dependedentirely on pluviometry as its water source for crop development. In ne@asgsn Spain,
low rainfall, irregularities from standard rain patters droughts were the main causes of yield losses
0St29 GKS LINBTFAGlIOf S §KNBurdmpritsRaridd with2eNipeza@n® Bidd O NP LJ:
a bad combination of both produced additional yield lossks.different climatic regions, the
meteorological risks were related tnexcess of water, cold temperatures, or frost, whereas hail was
a general concern agss SpainConsequently, farmers in Spain dealt with highly erratic weather and
the potential loss of yields and investment.
GOXB8 ¢KS YI 22N LINE o-fedSand is vater Matdt Gainkverglitie, 2 y NI A Y
very Iitt[e. Now we had a fgvy yeaﬂsgt pIuviome}ry has, increased, but Ehg norm here isv o
UKFad e2dz KIFIFgS €SI NAR uUKlFIhu e2dz aSSRX FyR AU R2S
To assess how climate impacted their farming, farmers relied on local, traditional and experiential
knowledge, although these were chaltged 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 productiviMoreover, climate change was affecting the

possibility to enter the fields at the right timings.
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Figure32. It almost rained on-CT field

GwX8 AT €2dz R2 SOSNRBUOKAY3A G AG&Ethéenseebr G KSNB |
l'd Ada GAYSH 2KSyYy Al A& GKS RFEGS F2N) aSSRAy3
hOG20SNE &aSSR® 52yQi 6FAG F2NI b28SYOSNH Ly hO
! Oldz f t e KSNBX GKS FSStAy3da 2sée. Beats¥l 4GS OKI y
Al A& NIAYyAYy3a Y2NBE® L R2 FSSt (KS aSrazyasz (K
GKS F2dzNJ aSlaz2zyax y2¢ A0 Aa Y2NBX ¢Stftx y2a 01
OwX8 S KIFEIR Al GNRO1e G2 SyidSNI GKS FAStRaé OH/

Actual weather and weather forecast determined, on a daily basis, which farm operatiens w
suitable. For example, seied) was unsuitable after heavy rains because it caused soil compaction
(further discussed in the next chapter) or if there was a negative wedtiecast that compromised

crop emergence. Similarly, applications of fertilisers or herbicides were not suitable if rain was
forecasted because it could leach the agtemicals causing environmental problems and the loss of
the required effect. Therefa, 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 faprs managing meteorological risks. In this sense, new
technologies such as the internet and smartphones allowed farmers to accessinreal
meteorological information and weather forecast. As sediove this information was crucial for

farmers to decided 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, croptiamexpected yield with

saving banks and through cooperatives. If the damage had been done, an insurance expert verified

and assessed the damage in a figldit and farmers receivefinancial compensation. This way,

farmers ensured some income to cover costs and reduced stress associated with unexpected weather
ANNBIdzAE  NAGASad b2y SGiKStSaaz FFENYSNERQ GGAGdRS i
G2 GKS w3izzR I NMSND LINRITSL AKNRYHZAK WLINRER RdzOAYy 3 ¥

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 interiews 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 n
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 k&ctices.

Farmers also managed weatheslated risks through crop diversification. With irregular weather
patterns or unexpected eventbavingdifferent crops reduced overall farm losses, as different crops
would be at different vulnerability stages due having different growing cycleMoreover, 4NT
explains the potential of irregular rain patterns benefiting at least one of the seeded crops.

oBecausehereX | always repeat the same thing, here everything deygeon rainfall.

Then there are years when you say thadrley comes out well, which comearlier, and

maybe it comes out betteone year, better than wheatdzause ... because it has rained

earlier, but maybe the spring rairtame later and maybé has rushedhe barleyand the
wheat... | mean.itis.. It is very difficult herél o6 nb ¢ 0

Finally, farmersnanaged potential yield losses due to meteorological risksebycingproduction

costs on rairfed land,especially in regions with a high incidencedobught or irregudr rainfalls.
Advisors from extension institutes and cooperatives also recommend this strategy with the objective
of minimising the potential economic loss and ensuring economic sustainability.

{2 6S ltglea 32 GKAY &AlKe [@&eBsioFserndeplf A & SNBE ®
YStys GkKSe& 02YS IyR (Sftft dza WwWOIFKNBTFdA = OFNBT
LY dzdA2YSUONEX KSNB Al A& OSNE ANNBIdA | NPE onb¢
In relation to cost reduction, farmers adopted-tillageor 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 mo-tillage machinery. Whereaspf no-tillage farmers, changing
their tillage management was the only option in the long term.

G2 KFEid O2y@AYyOSR YS glazx FANRGEI GKS n&l OG GKI G

tillage] reduces costs and then, if you yield the same with fewets;aken it is the only
2LIA2y GKFG 6S KI@Sdé onbc¢o

4.6.3. Crops: crop innovation, rotation and greening areas

4.6.3.1. Crops and crop innovation

/ NBLJA 6SNB (G(KS I Oi2NE GKIG SY62RASR WaNRgAy3d a
Additionally, farmers drew on traon and experience regarding crop requirements to assess their
suitability on their farmsNonetheless, it was a generalised preetamong farmers to keep informed

about new varieties and test them at their farms. Sometimes farmers relied on sharedesxjz

1y26ft SRIS FTNRBY yYySAIKO2dzNI FI N¥SNAR 2NJ O22LISNF GABSQ

based on trust; it involved empirical validation by the farmer visiting the fields.

G2Stftx Ylyed ONRBLA INBE RAaAOFNR$Q(H KENBEIA DIdait Sys:
0S0OIFdzasS e2dz OFyQild 3INRBg GKSYX Al Aa GKS Aaadzs
R2y Qi KIFI@S (GKS YIFIOKAYSNEIZ yR GKS OfAYIGS R2S
Farmers valued crop innovation because it resulted in an increase in yields andfeaep 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 pestslaiseases.
L GKAY]l GKFG oX8 GKFEG o0& AYyONBlFraiAy3d GKS @ASft
fAYAGX G2 are Ad a2YSK2god ,2dz t221 G AGZ FYyR
more at their limit of production, and when anything&N& > RA &SIk asSa FF¥SO d

(2CT)

Farmers learned aboutrap innovationsthrough cooperatives ortheir direct engagementvith
research cetres and extension institutesCooperatives informed farmers through their agronomist

or through talks and wdishops organised by extension services or-bgsinesses. Furthermore,
farmersmaintained contact witlesearch and extension institutes te Imformed about new varieties
Additionally to searchinfpr crops and varieties that maximised productivity and resistance, farmers
searchedor 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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Howeverwhen farmers tried to introduce new crops, they faced many challenges: lack of traditional
and experiential knowledge regarding particular cr@ps Y I y I Jd8kvoBspecific machinery, lack

of recurrent access to seeds and lack of commercialisation faththe new productsindeed, rew
crops or varieties challenged traditional knowledge, which normally providedinks between crop
production, local climate and farm operations. The adoption of different crops or new varieties
increased stress levelsrfdarmers because of the risk of not getting the right fit between crop
requirements and climate that could end in economic loSkreover, introducing new crops
increased the difficulties to commercialise production becairsthe cooperativedess attetion was

paid to the marketing of marginal crops. Thus, climateather, cooperativesand the markethad

also major roles in influencing the adoption of different crops or crop varieties.

GONI LISESSRE OX68 Ad Y2NB LINERkesd UsGUf@ Rloh & Aa Y2
580 dzaS AdG A& Y2NB RAFTFAOdA G G2 SadlotArAaked LT
SYSNBSa Ay (GKS GAYAY3IS ¢S aSSR GKSY Al Aa RAT

4.6.3.2. Rotation and greening areas

CAP introducedotation and greening areas, affecting crop management. Those were included in
/1t Qa -co@pli@éanorms, which required farmers to follow Statutory Management
Requirements and ensure Good Agricultural and Environmental Conditions to qualify fobsidliss
payments. The firstonceptwas crop rotation withat leastthree different crops This applied to the
whole surface that was declared. The second concept was greeniag areenvironmental focus
areas, where rany restrictions applied to ensure @nonmental benefits. In this case, the surface only
represented up to Po of the totalarea declared. Beforefarmers generally grew onlgereals,
alternating between wheat and barley. Therefore, both CAP condérpteasedoressure on farmers

to grow a dversity ofcrops.

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 foration by CAP norms, which were then fulfilled

with fields growing? N2 (0 | (i AoefgflonO NB LJ& Q

G¢KS YI22N) ONRLI Aa 6KSIFdod . I NX¥Se&z NIYLSaSSR:
LISNOSyGF3Sad LG A& | ae2adsSy (Kl GoreS&S2F2tt 26 ahi
com> S R2 NRGOGIFGST G2 y20G aINRgS Ftogleéa OSNBIT a.
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Figure33. Rural landscape near location 3

Despitefarmers dedicating major surface to cereal production, they saw rotations as beneficial in two
ways: legumes fixing nitrogen and the possibility to use $ipeoerbicidesFurthermore, for some
farmers, having a profitable legume was the clue for farntinginess success in the current farming
actor-networks.
GOoX8 ¢KIFG FfAIya | oAl gAGK GKS NRGFOGA2Yya OGKI
are nitrogen fixators, then, well, this is why we use them. Then, at the same timp, because )
thereare somelSISOA TAO ¢gSSRA UKl U e2dz OFy@Qprayd Aff gAUK
specific herbicide. But with a different crop, you cspraythat hgrbicide that, kills that ) o
KSNb>X a2 UKSAS INB UKS O2yauNXAyua uKFda fSFER
Greening policies applied restrictions on the use of agrochemicals, and therefore they were seen as
causing negative impacts dhe farm economyThe fist impact was the difficulty adchieving profit
with leguminous crops because it could be almost impdedi 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 proliferafy 2 F LISada> RA&SIFasSa FyR 6SSRAX G6KA
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 estaldjigenmg

areas on productive land but leave it on marginal land.
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