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Abstract

Agriculture is necessary for providing nutrition to a growing global population. However, many
unsustainableagriculturalpracticescontributetoclimatechange,causelocalpollutionanddisrupt
naturalbiologicalandnutrientcycles.Conservationagriculture(CA)isoneofthemanypracticesthat
havebeenproposedtomeetthechallengeofsustainableagriculturalproduction.CAaimstorestore
naturalsystemswhichhelptoreduceerosion,chemicalreliance,pollutionandagriculturalemissions
whilstimprovinglongͲtermproductivity.DespiteCA’sincreasingworldͲwideuse,England’sadoption
remains low. This study utilizes the theory of planned behaviour to understand what influences
English farmers’ decision to either adopt or not adopt CA. Thus, this provides policy makers and
other relevant stakeholders with the tools necessary to increase the adoption of CA in English
farming. The study combines data from farmer communication, mixedͲstakeholder focus groups,
engagement with knowledge exchange organizations and an online survey to thoroughly examine
farmers’decisionsconcerningCA.Ofthetheoryofplannedbehaviour’sbehaviouraldeterminants,
attitude was found to be the most important in influencing the adoption of CA. This was
predominantlydrivenbythemotivationtoimprovesoilhealth. Perceived behaviouralcontrolwas
also important for the adoption of noͲtillage and crop rotations or companion cropping. This was
mainlyduetoexpensivecosts,incompatibilitywithphysicalconditionsandinadequateinformation.
InformationonCAwasfoundtolackrelevanceasmoststudiesareabroadordonotcoverarangeof
soil and climatic conditions, contributing to uncertainty of results. The corporate nature of some
data and informal farmer produced information can reduce the unreliability of information. Also,
informationisnotinaccessibleformsforfarmerstoeasilyunderstandandapplypractically.Policy
interventions should aim to improve knowledge generation and exchange as well as providing a
financialincentivesystemtoreducefearsofunknownproductivityforfarmersthatwanttoadopt
CA. However, stakeholder perceptions of the political environment revealed that policy makers
seemtobeunawareoruninterestedinCA,thuschangefromthetopͲdownmaybeunlikely.

Keywords: conservation agriculture, decision making, theory of planned behaviour, sustainable
agriculture,soilhealth,knowledgeexchange
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1.0.Introduction

Agriculture has a significant global footprint; covering 37% of the terrestrial surface (Smith et al.,
2008), using 70% of fresh water (UNESCO, 2012), requiring more human capital than any other
industry(Kiersetal.,2008),andaccountingforthelargestshareofanthropogenicgreenhousegas
emissions(Pandey&Agrawal,2014).Arablefarmingcontributesconsiderablytothisfootprint.For
example,40%ofallagriculturalemissionsarereleasedduetosoilmanagementpracticesandland
use,comparedto25%frommethaneemissionsfromlivestock (McIntyreet al.,2009).Katesetal.
(2001) defined sustainability as “meeting the needs of present and future generations while
substantiallyreducingpovertyandconservingtheplanet’slifesupportsystems”.Itisfairtosaythat
conventional arable agriculture is not meeting this definition. Arable farming contributes
significantly to climate change, which threatens current and future societies (Smith et al., 2008).
Furthermore, soil ecosystems (Hobbs, Sayre, & Gupta, 2008), levels of available phosphorous
(Steffen et al., 2015), fresh water resources and biodiversity are depleting at agriculture’s hand
(McIntyreetal.,2009).

Theunsustainabilityofagriculturecausesproblemsonglobal,regionalandlocalscales.Forexample,
conventionally ploughed fields erode 10 to 100 times faster than the rate of soil production
(Montgomery,2007),whichisthoughttobeakeyreasonwhyUKwheatyieldshavebeenstagnating
since1996(Knightetal.,2012).AlthoughEnglandisconsideredfoodsecure(EFRAC,2015),Garnett
et al. (2013) stated that a goal of developed countries is likely not to increase yields immediately,
but to create the capacity to respond to future demand increases. Moreover, the more a country
imports, the more local agricultural pollution is externalized overseas (O'Bannon et al., 2014). The
UK currently imports over half of its food and animal feed and is becoming increasingly reliant on
imports, thus the environmental impacts of UK food is progressively displaced to other countries,
withalready64%ofGHGemissionimpactsexternalized(deRuiteretal.,2016).

The unsustainability of conventional practices has called for the development of sustainable
agriculturalpractices.Sustainableagriculturehasbeendefinedas“agriculturethatwillcontinueto
conservenaturalresourcesandprotecttheenvironmentindefinitely,enhancethehealthandsafety
ofthepublic,andproduceadequatequantitiesoffoodataprofitforfarmers”(Schaller,1993,p.89).
Examples include organic farming, permaculture and conservation agriculture (CA) (Hobbs et al.,
2008; Pretty, 2008). Within this thesis, I will focus on the adoption of CA as an example of a
sustainableagriculture.CAisasetofsoilandfarmmanagementpracticesthatcouldgreatlyimprove
1

the sustainability of arable agriculture (Hobbs et al., 2008). CA provides the potential to help
mitigateclimatechangeimpacts(McIntyreetal.,2009),reducesoilerosion(Govaertsetal.,2009),
increasenutrientavailabilityandimprovelongͲtermproductivity(Hobbs,2007).

The flexibility of CA has led to it being successfully adopted in largeͲscale American farms to
smallholderfarmsacrossAfrica(Friedrich,Karami,&Sayre,2009;VandenPutteetal.,2010).The
percentageadoptionofCAincreasedineverycontinentotherthanEuropebetween1988and2008
(Kassametal.,2009).Since2008EuropeanadoptionofCAhasrisenbutremainslow(Scopeletal.,
2012), especially in England (Powlson et al., 2012). CA would help to improve the economic and
environmental sustainability of English agriculture and alleviate local agriculturalͲdriven problems,
such as flooding. Reduced soil erosion and increased water storage of CA fields reduces flood
likelihood and, in the event of a flood, prevents the inclusion of particulate matter to floodwater,
which greatly reduces severity and damage cost (Nicholson et al., 2012). UK’s annual financial
burdenofsoildegradationanditsresultingcontributiontofloodingandwaterpollutionisestimated
at £200Ͳ300 million, excluding health impacts (Ockenden et al., 2014). With England’s risk of
flooding projected to significantly increase as early as 2020 (Sayers et al., 2016), an increased
adoption rate of CA in England could help to alleviate these problems and improve economic
sustainability.

Consequently,theresearchproblemIinvestigatewithinthisthesisisthelowadoptionofCA,asan
exampleofasustainableagriculture,onEnglisharablefarms.Sustainabletransitionsinagriculture
arecomplexduetotheinterdependenciesbetweentheuseofnaturalresourcestoproduceprivate
goods,whilstbeingembeddedwithinspecificlocalcontextsandconditions(McIntyreetal.,2009).
Therefore, farmers must make informed management decisions by weighing up, potentially
contestingeconomicgoalsandenvironmentalpreservation(Beedell&Rehman,1999;Tilmanetal.,
2002). I therefore focus on addressing the research problem by investigating farmers’ decisionͲ
makingregardingtheadoptionofCA.


1.3.Aimandresearchquestions

Withinthisthesis,IaimtoinvestigatewhatinfluencesEnglisharablefarmers’decisionstoadoptor
not adopt conservation agriculture, in order to conclude what could encourage more farmers to
adoptCAinthefuture.Thiswillhelptoinformpolicymakersandotherrelevantstakeholdershowto
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encouragetheadoptionofthesesustainableagriculturalpractices.Thisisachievedbyansweringthe
followingresearchquestions(RQs):

1. How do English farmers’ beliefs and perceptions influence their decision to adopt
conservationagricultureornot?
2. Is information on conservation agriculture relevant, accessible and of a high quality for
farmers?
3. Dorelevantstakeholdersperceivethepoliticalenvironmenttobesupportiveorinhibitingof
atransitiontoconservationagriculture?

RQ1explorestheoreticallyinformedcategoriesofprominentbeliefsdrivingthebehaviouralchoice
to either adopt or not adopt CA, whilst delving further by analysing the main motivational and
challenging factors that influence farmers’ beliefs and perceptions. The analysis of challenging
factorsisfurtherusedtoimplyprobablebarrierstotheadoptionofCA.ThisleadsmeontoRQ2and
3, which both examine external factors that influence English farmers’ decisions concerning the
adoptionofCA.

TheadoptionofCAhasbeenanalysedglobally(Knowler&Bradshaw,2007)andonaEuropeͲwide
scale (Lahmar, 2010).  These conclude that there are “few if any universal variables that regularly
explaintheadoptionofconservationagricultureacrosspastanalyses”(Knowler&Bradshaw,2007,
p.25).ThisemphasisestheneedforcaseͲspecificanalysistounderstandthebarriersanddriversof
CAadoption.Thefactorsinfluencingsustainableagriculturaladoption(andnonͲadoption)inEngland
havepreviouslybeenexploredintheliteraturefororganicfarming(Burton,Rigby,&Young,1999),
integratedpestmanagement(Baileyetal.,2009)andagriͲenvironmentalschemes(Morris&Potter,
1995).However,therehasyettobeastudyonwhatinfluencestheadoptionofCAinEngland.

Icarriedoutthisresearchinaverypivotalmomentintimeastherearelikelytoberelativelyhigh
numbersofpolicyreformsduetoUK’simminentexitfromtheEU,suchasthepossibleremovalof
thecommonagriculturalpolicy(Helm,2016).Thisprovidesanopportunitytoinformpolicymakers
offactorsthatmayencourageincreasedadoptionofCA,tobeintegratedintothenewpolicies.

MythesisbeginsbyoutliningthethreemainprinciplesofCAanditssustainablepotential.Followed
by a description and justification of the two theories I draw from before introducing the methods
used to answer the RQs. The results and discussion are combined as one section, mirroring the
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structure of the research questions. This is followed by suggestions of how my results can be
translatedintointerventionstoencouragetheadoptionofCAinEngland.Finally,Iconcludewitha
summaryofthedataandbriefindicationofhowfutureresearchcanbuilduponmythesis.

1.4.Contributiontosustainabilityscience

This thesis is informed by the principles of sustainability science and contributes to the body of
literaturefromwithinthefield.Sustainabilityscienceisatransdisciplinaryfieldofresearchthataims
to gain understanding of complex interactions between natural and social systems to guide them
alongmoresustainabletrajectories(Katesetal.,2001;Miller,2013).Iexploretheseinteractionsby
uncovering the behavioural motivations behind a social choice that impacts the sustainability of
naturalsoil,biologicalandatmosphericsystems.Idrawonamultitudeofliteraturefromnaturaland
socialsciencedisciplines,overcomingthedividebetweensocialandnaturalsciences(Jernecketal.,
2011).Moreover,characteristicofsustainabilityscience,myresearchisdrivenbyaproblemͲsolving
agenda to produce useͲinspired research committed to translating knowledge into societal action
thatcanimprovenaturalandsocialwellbeing(Clark,2007;Kates,2011;Milleretal.,2014).Namely,
myfindingshelptodeciphertheproblemthatmostEnglishfarmersarenotusingCA,toadvisehow
farmerscouldbeencouragedtoadoptCAinthefuturesothatenvironmental,economicandsocial
sustainabilityisimproved.
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2.0.Conservationagricultureasasustainablealternative?

“Wejustneedtoworkwithnatureratherthanagainstit.”–Farmer(Interviewee2)

2.1.Thedefiningprinciplesofconservationagriculture
Throughoutthisthesis,Idefineconservationagriculture(CA)asasustainableagricultureproduction
system comprising a set of farming and soil management techniques that aim to protect the soil
from erosion and degradation, improve soil quality and biodiversity, and contribute to the
preservation of natural resources, while optimizing yields (revised from ECAF, 2014). CA is
characterisedexclusivelybythreeinterlinkedprinciples(Friedrichetal.,2009):
1. Continuousminimummechanicalsoildisturbance.
2. Permanentorganicsoilcover.
3. Diversificationofcropspecies.

Principle1tendstoincludepracticeslikeconservationtillageandnoͲtillage,howeverforthisthesisI
amonlyincludingnoͲtillageinthiscategory.Thisistoovercometheambiguitywithdefinitionsand
hugevarietyofpracticesundertheumbrellatermof“conservationtillage”,whichincludepractices
that still disturb and erode the soil and thus cannot be considered conservation agriculture
(Reicosky,2015).IconfirmedmydecisionwhenIaskedinterviewee1and5(table1)iftheyconsider
conservation tillage a form of CA, to which they both strongly said they did not. NoͲtillage can be
defined as a practice in which “seeds are placed into otherwise untilled soil by opening a narrow
slot, trench, or hole of only sufficient width and depth to obtain proper seed placement and
coverage.Noothersoiltillageisdone”(Derpschetal.,2014,p.18).

Principle 2 of CA is mainly achieved using cover cropping (figure 1), defined as “a temporary
vegetativecoverthatisgrownprimarilytoprovideprotectionforthesoilandtheestablishmentof
plants”(OECD,2001,p.399).Sothatnutrientsarenotremovedfromthefield,covercropsarenot
harvested, instead they are killed and decomposed back into the soil to form organic matter.
Another practice that can be used to achieve this principle is residue retention, which I define as
maximising the biomass cover of the soil through leaving past crop stubble in the field or adding
mulch.


5

Principle3includesthepracticeofcroprotation,definedas“thesystemofgrowingasequenceof
different crops on the same ground so as to maintain or increase its fertility”(Crozier, 2006). This
principlealsoincludesthepracticeofcompanioncroppingwhichis“asystemofcultivationinwhich
two or more different crops are grown together in close association”("Oxford English Dictionary,"
2010).






Figure1:photoofaconventionallyploughedfield(left)comparedtoaCAfarmedfield(interviewee2’sfarm),
withabeancovercrop(right).Authorsownphotos(February2017).

2.2.Conservationagriculture’ssustainablepotential

“Anationthatdestroysitssoil,destroysitself.”–FranklinD.Roosevelt

The combination of these principles creates a holistic system which is environmentally,
economically, and thus socially, sustainable (Pieri et al., 2002). More widespread adoption of CA
would reap numerous benefits including a reduction of GHG emissions, increase in biodiversity,
improved agricultural productivity, reduction in environmental pollution and reduced likelihood of
flooding(figure2)(McIntyreetal.,2009).

Research has demonstrated the potential for soils under CA to sequester carbon from the
atmosphere(Beheydtetal.,2008),andthusCAhasbeendiscussedasaclimatechangemitigation
strategy(McIntyreetal.,2009).ThiscanbeachievedthroughthecombinationofCAprinciplesone
andtwo.NoͲtillagepreventsthelossofsoilcarbonviaerosionandreducessoilexposuretotheair,
thusdecreasingthelikelihoodofcarbondioxidereleasethroughoxidation(Hobbsetal.,2008;Lal,
2004). Soil holds an estimated carbon content double that of the atmosphere within the top 1m
(Govaertsetal.,2009).Therefore,thecarbondioxidelostfromlandusechangeandsoildisturbance
can be substantial (MacLeod et al., 2010). Smith et al. (2000) calculated that improving the
6

managementofUKagriculturalland,throughpracticessuchasnoͲtillage,couldleadtothepotential
carbon dioxide equivalent mitigation of 6.1MtCO2e per year. Crop residues are the precursors of
organic matter, adding carbon to the soil (Smith et al., 2008). Moreover, the practice of noͲtillage
doesnotrequireatractortopassoverthefieldtoploughbeforepassingagaintoplanttheseeds,
greatly reducing fossil fuel use (Hobbs et al., 2008).  Lal (2004) found a 73% decrease in fuel
consumption of noͲtillage compared to conventional ploughing methods. He also found that
conventionalploughingproduced35.3kgcarbonemissions(CE)/ha,whereasnoͲtillagereleasedonly
5.8kgCE/ha.

The reduced number of tractor passes in noͲtillage also improves soil structure by minimising
compaction (Hobbs et al., 2008). Soil structure and porosity is further improved as the soil is not
rippedupbytheplough(Lahmar,2010),allowinglargersoilaggregatesthataremoreresistantto
windandwatererosion(McIntyreetal.,2009).Thiscreatesmoreporespacesandincreaseswater
infiltration rates, reducing soil runͲoff (FAO, n.d.; McIntyre et al., 2009), thus providing
environmental benefits by reducing water pollution (Ockenden et al., 2014). The lack of soil
disturbance in noͲtillage also means that soil organisms, such as earthworms, and beneficial
mycorrhizal fungi remain unharmed and increase in numbers over time (Reicosky, 2015). Crop
residuesfurtherstimulatesoilorganismsbyprovidingmorenutrients(Hobbsetal.,2008).Aftersoil
organisms have become reͲestablished, biological activity negates the need for tillage practices as
earthworms and microorganisms mix the soil and create channels (Lahmar, 2010). Crop rotations
andcovercropsalsocontributetobiologicaltillagebyintroducingvariousrootingpatternstocreate
anextensivenetworkofchannelsinthesoil(Hobbsetal.,2008).Thesemechanismsallpromotesoil
and plant health by increasing the nutrient content, developing larger stable soil aggregates and
stabilizingorganicmatter(Beheydtetal.,2008).

These soil improvements induced by CA have been shown to increase crop productivity (Varvel &
Wilhelm,2011).Howeverthisremainsdebatedasthescientificcommunityhavenotyetreacheda
consensus on whether yields are reduced in initial years and whether CA yields will ever exceed
thoseofconventionalfarming(Knightetal.,2012;Lahmar,2010).Thisislikelyduetodifferingsoil
and climatic conditions, as well as the state of soil health before the conversion to CA, which can
leadtodifferencesinoutcomesandtimeͲscales(Lahmar,2010).InaglobalmetaͲanalysis,Pittelkow
etal.(2015)foundwheatandmaizeyieldsdecreasedby2.6%and7.6%respectivelyinthefirstfew
years of noͲtillage, yet after 3Ͳ10 years crops achieved higher yields than conventionally farmed
fields.ProductivitycanbefurtherimprovedduetoincreasesinsoilmicrobesassociatedwithCAthat
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canimprovecrophealthbybeingantagonistictosoilpathogensandreducingthelikelihoodofplant
diseases (Leake, 2003). The greater diversity from crop rotations also increases microbial diversity
and prevents the establishment of pests, weeds and pathogenic outbreaks (Hobbs et al., 2008).
Covercropsfurtherreduceweedinfestationsviadirectcompetitionforlightandnutrients(Hobbset
al., 2008). This all increases productivity as well as reducing the need for chemical inputs, further
increasingprofitabilitythroughreducedinputcosts(Govaertsetal.,2009).

Although longͲterm fertilizer, herbicide and pesticide demand can be progressively reduced in CA
(Knowler & Bradshaw, 2007), there are often increases in agrochemical demand in the initial few
years and use of agrochemicals is rarely completely discarded (Pittelkow et al., 2015). Moreover,
England climates require the use of the broadͲspectrum herbicide, glyphosate, to kill cover crops
and any weeds that emerged over winter before planting the crop seed so that they do not
outcompete the crop (Snapp & Borden, 2005). CA’s reliance on agrochemicals sparks a debate
regarding the practice’s sustainability. However, it is debated whether a practice based on the
exclusionofsyntheticagrochemicalsandsolublemineralinputs,suchasorganicfarming(Trewavas,
2001), can compete with yields of other agricultural systems (Kirchmann et al., 2009; Trewavas,
2001).Forthisreason,organicfarminghasbeenreferredtoas“extensive”asitrequiresmoreland
than conventional methods to produce the same quantity of produce (Pretty, 2008, p. 5). CA
provides a sustainable intensification method that makes better use of existing resources whilst
havingthepotentialtobehighyielding(Garnettetal.,2013).AfarmerIinterviewed(Interviewee2Ͳ
table2)commentedthat“wecan’tfeedtheworldonorganicfarming.So,Iseethis[CA]asthebest
ofbothworldsbetweenconventionalandorganicfarming”.
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Figure2:CausalloopdiagramshowingtheeffectthatCAprinciple1(blue),principle2(red)andprinciple3(green)hasonanagroecosystemandultimatelyonthe
p
pollutionofwaterways,productivity,greenhousegasemissionsandbiodiversity.(Authorsownimage,includingnonͲcopyrightclipͲartimages)
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3.0.Theoreticalframeworks


Itheoreticallyinformthisthesisbycombiningthediffusionsofinnovationstheoryandthetheoryof
plannedbehaviour.Thediffusionsofinnovationstheoryisutilizedtobroadlyconceptuallyframethe
studyandresearchproblemandinformtheindividualistapproachofmyresearch.Iapplythetheory
of planned behaviour as an analytical framework to more explicitly inform and design my data
collectionandanalysis.Thecombinationofthesetheoriesprovidethe“significantdeterminantsof
innovationadoption”(Weigeletal.,2014,p.619).

3.1.Conceptualizingtheresearchwithdiffusionsofinnovationstheory

Aspects of the diffusion of innovations theory are used to position English CA adoption as a
disseminating agricultural system as well as theoretically informing my study as a conceptual
framework.Thistheoryfitsmystudywellasitwasoriginallydesignedtoexplainthespreadofnew
agriculturalpracticesamongstfarmers(Greenhalghetal.,2004).Thediffusionsofinnovationsisan
extensivetheoryandIwillnotbedrawingoneveryaspect,ratherdrawingonpartsthatarerelevant
tothiscase.Rogers(2010)definesdiffusionasthe“processbywhichaninnovationiscommunicated
throughcertainchannelsovertimeamongthemembersofasocialsystem”(p.5),andinnovationas
an “idea, practice or object that is perceived as new by an individual or other unit of adoption”
(p.11).FollowingthisdefinitionCAcanbeconsideredinnovations(Borges,Foletto,&Xavier,2015).

Accordingtodiffusionofinnovationstheory,therateofadoptionisthe“relativespeedwithwhich
an innovation is adopted by members of a social system”, which is measured as the number of
individuals who decide to adopt the innovation within a time period (Rogers, 2010, p. 206). The
theory states that all innovations are adopted following a normative bell curve representing the
frequency of new adopters (figure 3)(Rogers, 2010). This relates to a normative sͲcurve of
cumulative frequency of adopters that shows the rate of adoption over time (figure 3)(Rogers,
2010). The frequency distribution is used to classifies five adopter categories; innovators (initial
2.5%), early adopters (13.5%), early majority (34%), late majority (34%), laggards (16%)(Rogers,
2010).CAhasanestimatedadoptionof8%ofUKarableland(CAͲUK,2016),whichIcalculatedtobe
relativeto8%Ͳ14.6%offarms(calculationexplainedinappendix1).Thisisclosetothecriticalmass,
normally within the stage of early adopters or early majority, where the innovation becomes selfͲ
sustaining(Valente,1995).Thisjustifiestheneedtogainunderstandingatthismomentintime,as
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CAstillrrequiresworrktosustaincurrentnum
mbersofado
optersandm
movetoward sthecriticallpointof
adoption
n.

onthetheorry’sperspecttivethatind ividualsdrivethediffusionofaninnnovationas acentral
Idrawo
framing ofthisstudyybyfocusinggonindividuualfarmerdecisionstog
gainanundeerstandingoffthelow
adoption
n of CA in England. The theory fu rther clarifie
es that it is the actor’ss perception
ns of the
attributees of an innovation, rather than its true attribu
utes or those
e defined byy experts, th
hat affect
theindivvidual’sadop
ptionandthusthediffussionrateofttheinnovatio
on(Rogers,22010).Thiscconforms
to the ccritical realisst position of
o this thesiss, which sugggests people have diffeering and su
ubjective
snapsho
otsofreality (Bryman,20
012),andsu pportsmychoicetouse
etheoryofpplannedbeha
aviouras
an analyytical framew
work. Howevver, Rogers (2010) also noted that, as well as iindividuals, a
a system
influencces diffusion via norms and
a other syystemͲlevel qualities. Th
hus, this stuudy has expa
anded to
includeeexternalfacttors;namelythepoliticallenvironmen
ntandadequ
uacyofinforrmation.



Figure3:plotofnormallydistribute
edadopterfreequencycurve
e(blue)andcu
umulativefreqquencycurve(red)
(GurͲAriee,2010)
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3.2.Thetheoryofplannedbehaviourasananalyticalframework

Thetheoryofplannedbehaviour(ToPB)isoneofthemostinfluentialandwidelycitedframeworks
forthepredictionofhumanbehaviourandhasbeenappliedtoanarrayofdisciplines(Ajzen,2011).
It has been used successfully in the past to assesssustainability choices (Tonglet, Phillips, & Read,
2004), farmer behaviour (Burton, 2004; Hansson, Ferguson, & Olofsson, 2012) and farmer
conservationchoices(Beedell&Rehman,1999;Borgesetal.,2015;Lynneetal.,1995).Iapplythe
ToPBtothis thesisasan analyticalframeworkto decipherwhatinfluences Englisharable farmers’
decisions to adopt CA or not. In utilizing the theory, I am in turn contributing to its debate by
providing empirical evidence of the theory’s ability to decipher the reasoning behind specific
behaviouralchoices.Manysustainabilitychallengesarelinkedtosocietalchoices,suchastheoneI
investigateviathisthesis.Thus,producingbehaviouralresearch,whichisinformedbyanempirically
grounded and highly regarded theory (Ajzen, 2011), on sustainability decisionͲmaking provides an
important contribution to sustainability science. Miller (2013, p. 285) commented on the need for
more behavioural research in the sustainability science field; “Part of the mission of sustainability
scienceistodeterminewhatknowledgeisneeded.Thisisdonebasedonabetterunderstandingof
decisionͲmakingandperceptions”.

The ToPB is designed to predict and understand behavioural choices in specific contexts (Ajzen,
1991), with the behavioural choice in this study being farmers’ choice to adopt CA or not in the
contextofarableEnglishfarmsatthebeginningof2017.Thetheorystatesthatthelikelihoodofan
actorengaginginabehaviourstrengthensastheirintentionincreases(Ajzen,1991),moderatedby
actual control to do so (Ajzen, 2011; Wauters et al., 2010). The ToPB assumes that intentions
capturethemotivationalfactorsthatdriveabehaviouralchoice,asintentionrepresentsthelevelof
efforttheyareplanningtoapplyinordertoachievethebehaviour(Ajzen,1991).Consequently,to
furtherinvestigateRQ1,IidentifyEnglisharablefarmers’perceivedmotivationstochoosetoadopt
CA. Following the logic of the ToPB, this can identify factors that trigger increased intentions, and
thusincreasedlikelihoodofbehaviouralperformance.

The ToPB suggests three independent determinants of intention (figure 4); attitude towards the
behaviour,subjectivenorms(SN)andperceivedbehaviouralcontrol(PBC).Therelativeimportance
of these behavioural parameters varies from one case to another, depending on the behaviour in
question,thepopulationstudiedandthecontext(Wautersetal.,2010).Thus,oneoftheobjectives
ofthisstudyistodiscovertherelativeimportancebetweenattitude,SNandPBCtodeterminewhat
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isdrivingpositiveornegativeintentions.ThisisonewaythatIutilizetheToPBtotackletheaimto
understand what influences English arable farmers’ decisions concerning CA. This also allows the
identificationofinterventionpointsforencouragingmorefarmerstoadoptCAinthefuture.

Aswellasadeterminantforintention,PBCcanbeusedasaproxymeasureof“actualcontrol”asit
canpredictthedegreetowhichthebehaviourislikelytobeinhibitedbyexternalfactors,suchas
resource availability and knowledge (figure 4)(Ajzen & Madden, 1986, p. 459). Drawing on this, I
investigate themainchallengingfactorsthatfarmersperceivetobeinhibitingthechoice toadopt
CA. Following the ToPB’s reasoning, this identifies the main actual barriers, along with some
prerequisitesofintentions,influencingCAadoption.Thisallowsmetofullyunderstandbehavioural
achievement.

The three behavioural parameters are determined by a person’s salient beliefs (Ajzen, 1985).
Behavioural beliefs, associated with attitude, relate the behaviour to outcomes, which are valued
based on the estimated probability and evaluation of each outcome (Ajzen, 1985).  Normative
beliefsaretheprerequisitesforsubjectivenorms,consistingofthesocialpressurefromtheactor’s
importantothers(Ajzen,1991).Controlbeliefsarethesalientbelievesthatprovidethefoundation
for PBC, made up of the perceived difficulty of performing the behaviour and the extent that the
actor believes they can overcome expected obstacles (Ajzen, 1991). The ToPB clarifies that a
person’sbeliefsrepresenttheirviewontheworld,whichisshapedbytheinformationtheypossess
(Ajzen,1985).Therefore,aperson’sbehaviourisultimatelydeterminedbytheirinformationofthe
world (Ajzen, 1985). Hence my emphasis on investigating the relevance, access and quality of CA
informationforfarmersinRQ2.

TheToPBfollowsafewassumptionsthatmustbeconsideredwhiledrawingconclusionsfromthis
study. Firstly, it assumes that people behave rationally and act in accordance with their beliefs
(Beedell&Rehman,1999).Italsoconsidersthatthestrengthofsalientbeliefsaretranslatedwith
directlyproportionallytotheirgeneralmeasures(Attitude,SN,PBC)(Beedell&Rehman,1999).My
researchfollowsthisasIusenumericalmeasuresofbeliefstocalculatethethreeToPBparameters.
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4.0.Researchdesign
4.1.Methodology

Ipresentastudycharacteristicofsustainabilityscienceasitconsistsof“researchwithaplaceͲbased
focus on coupled humanͲnatural systems from an interdisciplinary, problemͲdriven perspective”
(Miller,2013,p.280).IhavestructuredthisresearchasathreeͲstagestudy,representedintable1.
The first stage used farmer interviews and mixed stakeholder focus groups in an exploratory
approachtounderstandthecontextandidentifythekeyissuesrequiredtoforthedevelopmentof
stage two. Within the second stage I utilized a descriptive approach to characterise farmers’
decisionstoadoptCAornotbyusinganonlinesurvey.Themostimportantdecisionmakingfactors
wereidentifiedatthisstage,whichwereexploredfurtherinstage3byusingfollowͲupquestions,
andinterviewswithknowledgeexchangeorganisationemployeesandaresearcher (referredtoas
“knowledge exchange interviews”) and drawing again from the methods used in stage 1. Here I
clarifiedconfusionsandexploredtheresultsofthesecondstageinmoredepth.

Table1:Representationofthemethodsusedforeachstageofthestudy

Researchstage

Method

Datatype

FarmerInterviews
Stageone:foundation
Stagetwo:body

MixedͲstakeholderfocusgroups
Onlinesurvey

AllRQs
Qualitative
Quantitative

Knowledgeexchangeinterviews
Stagethree:depthand FarmerfollowͲupquestions
clarification

Farmerinterviews
MixedͲstakeholderfocusgroups

RQsAnswered

RQ1
AllRQs
RQ2
RQ1,2

Qualitative

AllRQs
RQ1


I utilized a mixed methods approach, combining quantitative data from the farmer survey and
qualitative data from interviews, focus groups and followͲup questions. Increasing numbers of
researchers are adopting this method and opposing criticisms by suggesting that there are
commonalities and overlaps between the quantitative and qualitative research (Bryman, 2012).
Burton (2004) suggests this balance between qualitative and quantitative data is essential for
researchedframedusingthetheoryofplannedbehaviour(ToPB)togainaninformedunderstanding
of decisions. I employed a mixed methods approach in four ways, identified by Bryman (2006).
Firstly, is it used for “instrument development” as farmer interviews were used to develop a wellͲ
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informed survey (p. 106). Stage three of the study used qualitative data as “explanation” for the
survey data (p. 106). The higher number of participants and capacity to use numerical analysis in
quantitative methods was combined with more inͲdepth exploration and detailed individual
accountsfromqualitativemethods,utilizingthestrengthsandoffsettingweaknessesofquantitative
and qualitative methods (“offset”), allowing a more comprehensive study of farmer adoption of
conservationagriculture(“completeness”)(p.106).Thismixedmethodsapproachisgroundedwithin
a critical realist positioning (Zachariadis, 2013). Critical realism proposes that reality exists
independently to our knowledge of it, yet through research we can begin to capture some
understandingofit(Bryman,2012;Sayer,2000).Criticalrealismexplainsthatthisunderstandingis
contextuallydefinedanddependentonthetypeofknowledgethemethodsconvey,thusamixedͲ
methods approach builds a greater understanding of reality via various mechanisms (Zachariadis,
2013).

Conformingtothecriticalrealistperspective,myresearchstrategycollectedthemajorityofinsights
fromfarmersthemselvestobetterunderstandtheirperspectiveofreality.Thisisadvocatedinthe
sustainabilitysciencefieldasknowledgetosupportfuturedecisionͲmakingshouldbe“coproduced
through close collaboration between scholars and practitioners” (Clark & Dickson, 2003, p. 8059).
MixedͲstakeholder focus groups and knowledge exchange interviews provide a broader array of
perspectives to draw from. This helps to produce salient, legitimate and trustworthy information
thatcanmoreappropriatelyassistsocietyinatransitiontosustainability(Miller,2013).Langetal.
(2012) comment that sustainability science should incorporate knowledge from all relevant actor
groups to enable constructive research on complex sustainability problems. Hence, policy makers
werealsocontactedforinterview,howeveralldeclinedmyinvitation.

Duringmydatageneration,IcollaboratedwithRothamstedResearchCentre,UK.Thishelpedmeto
reach more participants via the use of the centre’s network, for example to send farmers in the
RothamstedResearchAssociation(RRA)emailsaskingforparticipationinthesurvey.Ialsoattended
theirfarmingeventsandusedthisspacetoconductfocusgroupsandaskquestions.


4.2.Datageneration
4.2.1.Farmerinterviews
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IconductedfaceͲtoͲfaceinterviews,combinedwithfarmvisits,withfivefarmersbetween17thand
20thFebruary.PurposivesamplingwasusedtoidentifyfarmerswithintheEastofEnglandsothat
theyweremorecomparable.Thisregion’sfarmlandhasthehighestpercentageofarableagriculture
(77%)(DEFRA,2017).ParticipantswerechosenwithdifferingCAadoptionstatuses(Table2).

Allparticipantsreadandsignedaconsentformandindicatedtheygiveconsentfortheinterviewto
berecorded(appendix3).Intervieweesagreedtobenamed,yetIkeptthemanonymousthroughout
this thesis to avoid any repercussions from the research. Furthermore, to avoid response bias I
ensuredtherewerenoleadingquestionsandonlyprobedforfurtherinformationwhenIfeltitwas
necessary (appendix 2).  Qualitative content analysis was used to identify subͲcategories and
broadercategoriesfromtranscribedinterviewsforimportantquestiontopics(Mayring,2014).The
subͲcategories distinguished for motivational and challenging factors (appendix 8 and 9) were
rankedbysurveyparticipants.Thesewerealsoclassifiedasbeing“behaviouralbeliefs”,“normative
beliefs” or “control beliefs”, which are relative to attitude, SN and PBC respectively. This shows
whichfactorsaredrivingeachToPBparameter.


Table2:listoffarmersinterviewedandtheCApracticestheyareusing

Intextreference

Agriculturalpractices

CAPractices

Interviewee1

1yearCA

NoͲtillage,
Covercrops,
Croprotations

Interviewee2

2yearsCA

NoͲtillage,
Covercrops,
Croprotations,
Companioncropping

Interviewee3

Conventionalpractices

ͲͲ


Interviewee4

Conventionalpractices


ͲͲ

Interviewee5

15yearsCA

NoͲtillage,
Covercrops,
Residueretention,
Croprotations,
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4.2.2.Focusgroups

Iconductedfourfocusgroupstopromotediscussionbetweendifferentstakeholderstoprovidean
inͲdepthandrealisticdialogueinarelativelynaturalenvironmentforfindingthechallengingfactors
influencingfarmers’perceptionsofCA(Bryman,2012).Eachfocusgrouplastedapproximately10Ͳ20
minutes (timings had to comply with rotating sessions in a RRA meeting) and had three or four
participants, who were attending the RRA meeting. Stakeholders included: farmers who were and
were not using CA; agronomists; a PhD student; an agricultural researcher; an agricultural
accountant;andaknowledgeexchangeorganisationemployee.

Ibriefedeachgrouponmyprojectandthedefinitionofconservationagriculturebeforeaskingthem
to“discusswhyyouthinkmostUKfarmersarenotusingCApractices”.Participantsverballyagreed
to participate and were aware they would remain anonymous and could withdraw at any time. I
madehandͲwrittennotesduringthefocusgroupsandnoneneededprompting.Qualitativecontent
analysiswasusedtoanalysethese(Mayring,2014).


4.2.3.OnlineSurvey

The survey was designed online (surveymonkey.com), using information gathered from stage one.
FollowingPennings,Irwin,andGood(1999),thesurveytookapproximately15minutestocomplete
to increase response rate and decrease response bias. It was open for 4 weeks (23rd Feb Ͳ 21st
March)anddistributedtomembersofRRAbyemail,postedtodiscussionthreadsonTheFarming
Forum and circulated on twitter, using mentions of popular farming users (figure 5). This online
engagement sparked internet discussions on the topic between myself, farmers and agronomists,
whichprovidedgreaterunderstandingofthesituationaswellasexpandingmyonlinenetwork.This
maybesubjecttobiastowardsfarmerswhomaremoreactiveonline.YetthevarietyofmethodsI
use throughout this study helps to alleviate the impact of a survey sampling bias, although this
shouldbeconsideredwhendrawingconclusions.Therewasatotalof147responses.However,once
responses from other countries, livestock farmers and responses incomplete before part 3 were
deleted, 108 responses remained for analysis. A title page at the start of the survey ensured that
participantswereawareoftheirrights(appendix4)
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Figure 5:: examples off tweets mentioning popu lar farmer prrofiles to enco
ourage more farmers to fill out the
survey
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comply with their opinion. PBC is made up of (f) perceived difficulty and (g) perceived control
(Wauters et al., 2010). Each question produced a numerical answer for each participant derived
fromLikertscalevalues.Scalesforallquestions,asidefrom(e),werenumberedfromͲ2to2,whilst
(e)’sLikertscalevaluedfrom0to4.Idevisedthefollowingequations(1,2and3)tocalculateavalue
directlyproportional(v)tothebehaviouralparameters:
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LettersrepresentnumericanswerstotherelativequestionsderivedfromLikertscalevalue.These
equations result in each behavioural parameter being on a scale of Ͳ4 to 4, with positive values
indicating that the parameter encourages the use of the agricultural practice, whereas negative
valuesimplytheparameterdiscouragestheuseofthepractice(1=slightlyinfluential,2=somewhat
influential, 3 =moderately influential, 4 =very influential). Individuals’ values of the behavioural
parameters were correlated (Pearson’s rank) with the adoption of the CA practices. An average
valueofeachToPBparameterwascalculateforadoptersandnonͲadoptersforeachCAprincipleto
begraphicallypresented.

Analysingthemaindriversbehindthetheoryofplannedbehaviourparameters

Part 4 was designed to explore the motivational and challenging factors that drive farmers’
perceptionsofCA.Surveyrespondentsrankedthefourmostimportantfactorsfromthemotivating
andchallengingfactorsderivedfromthefarmerinterviews(appendix8and9subͲcategories)that
influence them to use each of the CA principles. Although challenging factors excluded “farmers
dislikechange”becauseapersonalvariantofthiscouldbeincludedinthefactor“Don’tseeaneed
to change practices”, and included “ineffective or inadequate agricultural policy”, which emerged
from the farmer focus groups. This allows further detail on the main drivers of behaviour that is
missedwhenusinggeneralmeasuresinpart3.

The relative importance of the factors (subͲcategories that emerged from interview analysis) was
analysedbycalculatingtheaveragerankingofthesurveyresponses(equation5).xrepresentsthe
responsecountforeachratingchoiceandw,theweightedvalueoftherankedposition.1stranks
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weregivenaweightingof4,2ndaweightingof3,3rdaweightingof2,4thaweightingof1.The
average ranking of motivational and challenging factors were graphed on a scale from 0 to 4, the
closerto4thehighertherelativeimportancethefactorisinthedecisiontoadoptCAornot.
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SubͲcategories were also classified into broader categories (e.g. knowledge, economic, social,
practical).TheaveragerankingsofsubͲcategorieswereaveragedforeachbroadercategory.Using
this,therelativeimportance(%)ofeachcategorywasfoundusingequation5.
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Part4alsoincludedquestionsregardingknowledgeexchangeandpoliticalenvironmentasawayof
answeringRQ2and3.


4.2.4.FollowͲupquestions

FollowͲupquestionsweresenttosurveyrespondentswhoprovidedanemailaddressandagreedto
be contacted for further questions. These were designed after identifying important factors and
points of clarification from a preliminary review of the qualitative methods and preliminary data
analysis of the first 88 survey responses. Questions are presented in appendix 6. 19 farmers
responded,allofwhichwereusingatleastoneCAprinciple.Thus,themesemergingfromthisduring
qualitativecontentanalysiswillallbefromtheCAadopters’perspective.


4.2.5.Knowledgeexchangeinterviews

Drawing from the two theories informing this thesis and following preliminary analysis, I further
explored knowledge exchange between researchers and farmers, often via a knowledge exchange
manager. I interviewed a CA researcher and people working at knowledge exchange organisations
(appendix 6), such as Agriculture and Horticulture Development Board (AHDB) and Linking
EnvironmentandFarming(LEAF)(Table3).Qualitativecontentanalysiswasusedtofindthemesand
quoteswereextractedforfurtherexplanation.
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Table3:Interviewparticipantsfromknowledgeexchangeorganisationsorresearchinstitute

Intextreference

Organisation

Role

Interviewdate

KE1

AHDB

Knowledgeexchange
managerforEastAnglia
cerealsandoilseeds

20.03.17

KE2

AHDB

Knowledgeexchange
managerforEastMidlands
cerealsandoilseeds

21.03.17

KE3

RothamstedResearch
Centre

CAResearcher:Soilhealth,
noͲtillage,earthworms

23.03.17

KE4

LEAF

LEAFTechnicalAssistant

27.03.17


FaceͲto–face interviewees (KE1 and KE3) read and signed a consent form and I read the consent
formtophoneinterviewees,whomgaveverbalconsent.Itmaybepossibletoidentifyparticipants
throughinformationprovided,suchastheirroleandorganisation,howeverastheyallagreedtobe
namedinthepublicationIdonotfeelthisisabreachofethicalpractice.

4.4.Limitations

Ajzen(2011)warnsthatToPBintentionsandcontrolperceptionsshouldbeassessedascloseintime
tothebehaviouralchoicetoavoidinterveningvariablesfromchangingactor’sdecisionprocess.This
limitation is avoided during this research as the decision is considered at the time of assessment.
However,asthebehaviouralmeasuresanduseofCAareselfͲreported,itispossiblethatvaluesare
vulnerable to social desirability and acquiescence bias (Beedell & Rehman, 1999). Furthermore,
measuring the salient beliefs for the application of the ToPB can require high respondent
concentrationduetoseeminglyobtusequestions(Beedell&Rehman,1999).Theanonymityofmost
of the methods should help to remove social desirability and the ease of a 5Ͳpoint rather than 7Ͳ
pointscalemayhelptoreduceconcentrationrequirementandacquiescencebias.
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5.0.ResultsandDiscussion

This chapter presents and discusses the results of the analysis. 5.1. answers RQ1 following the
theoryofplannedbehaviour(ToPB),whichisexploredinmoredetailwithinthesubͲsections5.1.1
and5.1.2..TheanswertoRQ2ispresentedinsection5.2.andadiscussionoftheperceivedpolitical
environment(RQ3)ispresentedinsection5.3..However,beforeansweringtheRQs,itisimportant
to note the differences in survey respondent adoption rates of the different CA practices. For
example, less than half of respondents used noͲtillage, whereas 90% of respondents used crop
rotations(figure6).(Goodwin,2014)alsodemonstratesthatonlyafewfarmershavepickedupnoͲ
tillageinEngland.Fromfigure6,itispossibletosuggestthatCAprinciple3(Diversificationofcrop
species) is more commonly being met by the practice of crop rotation rather than companion
cropping,whilethecovercroppingandresidueretention(principle2)seemtohavesimilaradoption
rates.

Percentageofrespondentsusingpractice


100
80
60
40
20
0
Notillage

Covercropping

Residueretention Croprotationwith
morethan3
differentcrop
species

Companion
cropping



Figure6:representationofthedistributionofadoptionofthedifferentCApracticesbysurveyrespondents
(N=108)


AlthoughIfocusonthedecisionmakingofeachoftheprinciplesseparatelyinordertoaccountfor
differencesbetweenthem,allthreeprinciplesarerequiredforafarmertobeusingCAagriculture.
AnFAOreportdemonstratedtheimportanceofcombiningprinciplesinretaininganextensivesoil
biota and good soil structure compared to using noͲtillage separately (Friedrich et al., 2009).
Nevertheless,IcalculatedfromthesurveyrespondentsthatadoptedatleastoneCAprinciple,that
13%usedonlyoneofthethreeCAprinciples,40%usedtwoand47%werecurrentlyusingalltheCA
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principlesandthusfulfillingthedefinitionofCA.ItalsoseemsthatnoͲtillageisoftenconsideredin
isolationoftheothertwoprinciples(impliedbyinterviewees1to4),especiallyinresearch(Morris
et al., 2010; Triplett & Dick, 2008; Varvel & Wilhelm, 2011). Interviewee 1 commented on this,
sayingthat“NoͲtillisaboutsavingmoney,CAisaboutmaintainingsoilhealth;it’saverydifferent
mindͲset”. One followͲup question response admitted they started noͲtillage “from a time saving
perspective”,thenusedthemoneysavedtobuycovercropseed,mentioningthat“Idon’tbelieve
therewouldhavebeenthesamedegreeofhealthbenefitsifwehadn’tintegratedcovercrops”.

Moreover,therewasnocorrelationbetweenpersonalvariations(age,educationlevel,gender,farm
size, region, farming cooperative membership, percentage land ownership, soil type, information
sources,iffarmingisthemainsourceofincomeandiftheyreceivedspecialistagriculturaltraining)
andtheadoptionofeachoftheCApracticesforsurveyrespondents.Thiscontradictsmuchofthe
literature,whichfindcorrelationswithoneormorepersonalfactors(Drost,1996;Rodriguezetal.,
2009).

5.1.Farmerbeliefsandperceptionsinfluenceonadoptionofconservationagriculture

OfthethreeToPBparameters,attitudehadthestrongestcorrelationwithadoptionforalloftheCA
principles(table4).Attitudewasalsofoundtobethemostimportantfactorfortheadoptionofsoil
conservation practices in Belgium (Wauters et al., 2010). When the average values of the
behaviouralparametersforadoptersandnonͲadoptersweregraphicallypresented,itiscleartosee
thatpositiveattitudesofadoptersisthemaindriverofthis,ratherthannegativeattitudesofnonͲ
adopters (figure 7). Yet, it should be noted that nonͲadopters of noͲtillage had a weak negative
attitude (figure 7a). This reflects the interviews as the nonͲadopters overall gave much less
beneficialoutcomesthanthosecurrentlyusingCApractices.Interviewee4evencommentedthathe
couldnotseeCAhavinganybenefittohisfarmatall.

Perceived behavioural control (PBC) had a strong relationship with adoption of CA principle 1
(continuous minimum mechanical soil disturbance), a weak correlation with principle 3
(diversification of crop species) and no correlation with principle 2 (permanent organic soil
cover)(table 4). This suggests that farmers perceive the principles as having different levels of
difficulty.ItcanfurtherbeassumedthatthechallengingfactorsassociatedwithnoͲtillagearemore
important at hindering its adoption than the challenges of the other practices hindering their
adoption (table 4). All ToPB parameters seem to be discouraging the use of noͲtillage for nonͲ
adopters,yetthemostdissuadingfactorseemstobePBC(figure7a).However,theinfluenceseems
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to remain moderate, not exceeding Ͳ1 (figure 7a). Past research has also demonstrated PBC
importanceforconservationtillageinBelgium(Wautersetal.,2010)andconservationtechnologyin
Floridastrawberryfarms(Lynneetal.,1995).

Table4:PearsoncorrelationcoefficientsshowingtherelationbetweentheToPBparametersandadoptionCA
practices.Bluesignifiesasignificantbutweakcorrelation,redsignifiesasignificantstrongcorrelation.Values
under0.3areconsideredasnocorrelations.



Attitude

SubjectiveNorms

Perceived
behaviouralcontrol

Principle1:NoͲtillage

0.68

0.45

0.51

0.58

0.24

0.22

0.47

0.28

0.36

Principle2:Covercropping
orresidueretention
Principle3:Croprotationor
companioncropping


Subjective norms (SNs) are the lowest for adopters for every practice (figure 7). This reflects the
finding that SN is not very influential in respondent adoption of CA; it does not correlate with
principle 2 or 3 and only has a weak correlation with the adoption of principle 1 (table 4). Past
studiessupportthis,forexampleastudyinBelgiumfoundthatfarmersdonotperceiveanysocial
pressuretoadoptsoilconservationstrategiesornot(Wautersetal.,2010).However,itisimportant
nottoignoretheinfluenceSNhasontheadoptionofnoͲtillageasitmaystillrepresentthedeciding
factorpreventingsomefarmersfromadopting.

AdoptersshowedpositiveaveragevaluesforallToPBparametersforallCApracticesandallwere
more positive than nonͲadopters (figure 7). However, it is not clear whether this is required for a
farmer to be encouraged to adopt CA. In contrast to the adopters, nonͲadopters show differing
influencesoftheToPBparametersforeachofthepractices(figure7).Croprotationorcompanion
croppinghasasurprisinglyhighattitudevalueforthenonͲadopters,whichimpliesfarmersarenot
usingthepracticesdespitethinkingitwouldbepositivefortheirfarm(figure7c).Perhapsthiscould
beexplainedbythenegativevalueofPBC(figure7c),namelythatfarmershaveapositiveattitude
towardsthepracticesbutfeelthattheyarenotpracticallyabletoadoptit.Ajzen(1985)suggested
that intentionͲbehaviour correlations are stronger when intentions are held with increased
confidence. Increasing PBC would increase a farmer’s confidence in their ability to adopt crop
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rotationorcompanioncropping(Ajzen,1991).ItisalsopossiblethatthenonͲadoptershavepositive
intentions, driven by attitude, yet the challenging factors associated with the practices prevent
successful adoption due to low actual behavioural control, which is directly proportional to PBC
(Ajzen&Madden,1986).

Moreover, for cover crops or residue retention, all the ToPB parameters for nonͲadopters have
positive values, other than SN with the value of 0 (figure 7b). This suggests farmers’ beliefs and
perceptions encourage the adoption of CA principle 2. It is important to consider that this may
simplybe duetothesmallsamplesizeofnonͲadoptingrespondents;onlyeightfarmers notusing
croprotationsorcompanioncroppingresponded.However,asnotadoptingisthedefaultdecision,
whilstadoptionofCArequiresenoughencouragementforafarmertoconsiderchange,itispossible
thatthereisathresholdlevelofencouragementthatmustbegreatenoughtotriggerafarmerto
change.
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Figure7:TheoryofplannedbehaviourparametersonascaleofinfluencefromͲ4to4fora)noͲtillage(N=46
adopters,48nonͲadopters),b)covercropsorresidueretention(N=77adopters,20nonͲadopters),andc)crop
rotation or companion cropping (N=85 adopters, 8 nonͲadopters). Positive values signify the parameter
encouragestheadoptionofthepracticeandnegativevaluessignifytheparameterdiscouragestheadoptionof
thepractice.Thefurtherfromzero,thestrongertheinfluenceonfarmers’decisionmaking.
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5.1.1.Motivationalfactorsofconservationagricultureadoption
FarmerinterviewsidentifiedmotivationalfactorsbehindfarmerintentionstoadoptCA.Thesewere
split into 8 subͲcategories (appendix 8). When the subͲcategories were classified as either
behavioural, normative or control beliefs, all represented behavioural beliefs as they represent
positive outcomes of the behaviour (Ajzen, 1985). Therefore, all motivational factors identified
influencebehaviourviaattitude(Ajzen,1991).Thisconformstothefindingthatattitudeisthemost
importantfactorinfluencingtheuseofCAviabythepositivebeliefsofadopters(table4,Figure7).

Themotivationalfactorsrankedthemostimportantbysurveyrespondentsforatleastoneadopter
group for one or more CA practice included “cutting costs”, “reduction of pests and weeds” and
“improvementofsoilhealth”(figure8).“Improvementofsoilhealth”wasrankedhighlybysurvey
respondentsforallpractices;themostimportantfactorforlongͲtermadoptersforallCAprinciples,
newadopters(usingpracticesforunder10years) forthefirst andsecond CAprinciples,andnonͲ
adoptersforCAprinciples2and3(figure8).Thisfactorcouldbecategorisedaseithereconomicor
environmental due to its positive effects on productivity, whilst encompassing reduced erosion,
increasingsoilmicroorganismbiodiversityandreducingfertilizerrequirements(Montgomery,2007).
Therefore, followͲup question three (appendix 6) asked farmers if they believe this motivational
factor was driven by a moral responsibility to improve the soil ecosystem or the want to increase
cropproductivity.The majority(14/19)ofrespondentsexplicitly commented that economicswere
the driver of wanting to improve soil health. However, many identify that environmental benefits
comehandͲinͲhandwitheconomicimprovements.Forexample,“soilhealthisawinͲwin”and“itwill
make my business more sustainable both financially and environmentally” (followͲup question
responses).ThisrelatestoaBrazilianstudythatfoundincreasedproductivity,increasedsoilfertility
were the most important motivations behind the adoption of sustainable practices (Leite et al.,
2014).Therefore,themostimportantmotivatingfactorscanallberelatedtoeconomics.

Survey adopters and nonͲadopters identified similar motivational factors for CA principle 2 (figure
8b).Thereissomedisparitybetweensurveyfarmers’groupsfortheuseofnoͲtillage;“cuttingcosts”
washighlyrankedforthenewandnonͲadopters,whilst“longͲtermproductivity”and“(longterm)
reductionsinpesticide/fertilizeruse”weremoreimportantforfarmerswhohadusednoͲtillagefor
at least 10 years (figure 8a). It has been shown that people undervalue events in the future
compared to benefits they can experience imminently (Soman et al., 2005). Thus, the differences
maybebecauselongͲtermadoptersmayhavestartedtoexperiencethesebenefitsandvaluethem
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highly,whereasnewandnonͲadoptersdiscountthelongͲtermoutcomes’importanceastheyregard
themfuturebenefits.
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Figure 8: survey respondents’ average ranking values of the three most important motivational factors for
eachadoptergroup.Rankedfrom0to4.Thehighertheaverageranking,themoreitisperceivedtorelatively
influencethedecisiontoadopta)noͲtillage(N=25newadopters,9longͲtermadopters,28nonͲadopters),b)
cover cropping or residue retention (N=25 new adopters, 33 longͲterm adopters, 10 nonͲadopters), c) crop
rotation or companion cropping (N=22 new adopters, 34 longͲterm adopters, 6 nonͲadopters). Error bars
represent5%error,iferrorbarsoverlapfactorsareassumedtobestatisticallythesame
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Figure10:surveyrespondents’averagerankingvaluesofthefourmostimportantchallengingfactorsforeach
adopter group. Ranked from 0 to 4. The higher the average ranking, the more it is perceived to relatively
influencethedecisiontoadopta)noͲtillage(N=24newadopters,7longͲtermadopters,30nonͲadopters),b)
cover cropping or residue retention (N=23 new adopters, 24 longͲterm adopters, 11 nonͲadopters) c) crop
rotation or companion cropping (N=19 new adopters, 27 longͲterm adopters, 6 nonͲadopters). Error bars
represent5%error,iferrorbarsoverlapfactorsareassumedtobestatisticallythesame.
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Three of the focus groups identified that culture was an important barrier, which included quotes
suchas“fortheoldergenerationploughingwasthenormandtheonlyknownway”(group2).This
relatestohowagriculturalsustainabilityhadnotbeenapriorityinthepast,especiallyinthecaseof
soil sustainability (Ingram, 2008). In the 1970sͲ80s, the EU Common Agricultural Policy even
encouragedincreasedcultivationwithheaviermachinery,lesscroprotationsandtheploughingup
of pasture in the name of intensification and economic growth (Ingram, 2008). Focus group 2
mentionedhistoricalexperiencesasabarrierasmanyfarmerstriednoͲtillageandminimumtillage
inthe1970s,onlytoexperienceunforeseenproblemswithweedsandyielddeclines(Lahmar,2010).
RatherthanincorporatingnoͲtillageinparallelwithcovercroppingorresidueretentionandhaving
diverse crop rotations, farmers burned straw stubble on the fields to kill weeds, which led to
nutrientreduction,nitrogenlockͲupandpollution (Knightetal.,2012;Lahmar,2010).Whenstraw
burningwasbannedfarmersrevertedtotheploughtoavoidweedproblems(Knightetal.,2012);
thus demonstrating the importance of incorporating all three CA principles to create a balanced
system.

The focus group factors were divided into the broad categories “economic”, “practical”,
“knowledge”, “political” and “social”. These categories, aside from “political”, also arose from the
interview data (appendix 9). Excluding “social” as itwas not used in survey rankings, “knowledge”
hadarelativeimportanceof45%,“economics”31%,“political”14%and“practical”10%forsurvey
respondents.ThisissimilartoaBrazilianstudythatfoundacombinationoflackofknowledge,lack
of technical support and lack of adequate information were barriers to CA adoption (Leite et al.,
2014).

ThesubͲcategoriesofchallengesthatemergedfromtheinterviewdataanalysiswerealsoclassified
as behavioural, normative or control beliefs to assign the factors that correspondent ToPB
parameters. Nonormativebeliefswereclassified,whichcorrespondstotherelativeunimportance
of SN demonstrated in table 4. Five factors were classified as behavioural beliefs, associated with
attitude(table5).However,“uncertainresults/profitability”,“(shortterm)increaseinfertilizeruse”
and “increase of pests/weeds” could also be related to PBC as they have economic and practical
implications that could make the adoption of CA more difficult. Figure 10 demonstrates that
“uncertain results/productivity” is the most important challenging factor for all survey adopter
groupsforallthreeCAprinciples.Triangulatingthiswiththeinterviewdata,itseemsthatthismay
predominantlybeduetoworriesconcerningyield;identifiedbyinterviewees1,2,and4.KE2said
“There is a perception that you will suffer three years yield deficit from getting into nonͲplough
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situations.That’sabigfear;thateffectsthefarmersbottomline”.PerhapsthisiswhyCAadopters
interviewed all identified a trigger point when they realised their previous farming system had
problemsthatultimatelyimpactedtheirlongͲtermyields.Forexample,Interviewee1hadproblems
withresistantgrassweedsandinterviewee5hadseenasignificantdeclineinsoilstructure.Whilst,
Interviewee2hadexperiencedsevenyearsofstagnatingyieldsandwasusingincreasedvolumesof
fertilizereachyeartoachievethesameoutput.

Table5: Classifications ofthe challenging factors from farmer interviews into behavioural or control beliefs.
Bolddemonstratesthemostimportantfactorsshowninfigure10.

Behaviouralbeliefs

Controlbeliefs

Messylookingfields

Ineffective/inadequateagriculturalpolicy

Don’tseeaneedtochangepractices

Changesinlabourrequirements

Uncertainresults/profitability

Lackofcontrol/securityintenureagreements

(Shortterm)increaseinfertilizeruse

Incompatibilitywithphysicalconditions

Increaseofpests/weeds

Lackofadequateinformation



Expensive(initial)costs



Fromthecontrolbeliefs(table5),whichrepresentfactorsdrivingPBC,“incompatibilitywithphysical
conditions”, “lack of adequate information” and “expensive (initial) costs” were considered within
thetopfourimportantchallengingfactorsbysurveyrespondents(figure10).Inadequatepolicywas
also identified as 3rd most important by longͲterm adopters for crop rotations or companion
cropping(figure10).AsPBCcancorrespondtoactualbehaviouralcontrol(Ajzen&Madden,1986),it
can be assumed that costs, inadequate information and physical conditions are barriers to CA
adoption even if farmers had the intention to adopt. A challenging physical condition, readily
identifiedbyintervieweesandthefocusͲgroup,washeavyclaysoils.Interviewee5discussedthathis
lightsoilfieldshadnotsufferedanyyieldloss,whereashisheavyclayfieldsrequiredanaverageof
10%morefertilizerinthefirstfiveyearstokeepyieldsasstandard.ABrazilianstudysimilarlyfound
thatfarmswithbettersoilconditionsweremorelikelytoadoptsustainableagriculturetechnologies
(DeSouzaFilho,Young,&Burton,1999).However,itisinterestingtonotethatIfoundnosignificant
correlation between soil type and adoption of CA practices from the survey analysis. Therefore,
despiteitbeingconsideredachallenge,heavyclaysoilsarenotenoughofabarriertopreventthe
adoptionofCA.
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5.2.Quality,accessibilityandrelevanceofconservationagricultureinformation

ThissectionaimstoanswerRQ2byidentifyingtherelevance,reliabilityandqualityofinformation
onCA.Insufficientinformationwasdistinguishedasacrucialchallengingfactorforfarmers;thiswas
identified by allfocusgroups,recognisedasimportantbysurveyrespondents,andsurveyanalysis
presented“knowledge”ashavingthehighestrelativeimportanceofbroadercategories.Moreover,
the most influential challenging factor for all adopter groups and all CA practices was “uncertain
results/profitability”(figure10).Thisrelatestothediffusionofinnovationstheory,whichstatesthat
the slow initial adoption rate is due to lack of information and high levels of uncertainty, which is
reduced as more actors adopt the innovation, thus producing more practical experiential
informationonit(Rogers,2010).ThisrelatestoInterviewee1and5’scommentsontheselfͲtaught
trial and error period where farmers need to test how best to use CA with their specific soil and
climate types. This may explain the large difference in PBC between adopters and nonͲadopters,
especially for principles 1 and 3 (figure 7). The smaller difference in PBC for cover cropping or
residue retention reflects past research showing similar PBC values between adopters and nonͲ
adopters forcover crops (Wauters et al., 2010). Moreover, different conservation behaviours (e.g.
hedge management and tree planting) that are more homogeneous in their ability to be
implemented across differing soil and climate types, are affiliated with similar PBC values for
adopters and nonͲadopters (Beedell & Rehman, 1999; Wauters et al., 2010). The difference in
attitudebetweenadoptersandnonͲadoptersisalsolikelypartiallyduetothis,asnonͲadoptersare
notfullyawareoftheoutcomesthepracticeswillhaveontheirfarm.ThisissupportedbyIngram
(2008), whom found that English farmers using sustainable soil management practices, such as
reducedtillage,understoodthehealthoftheirsoilbetterthannonͲadopters.ThisknowledgeͲgap,
demonstrated by farmer uncertainty of results and between adopters and nonͲadopters, is likely
exacerbated bythemainchallengesidentifiedfromanalysisofanswersfromfollowͲupquestion 2
(appendix6).Theseare:lackofrelevantresearch;pooraccessibilityofinformation;andunreliable
information.

Theaccessibilityofresearchforfarmerswasidentifiedbyfamerinterviewee2,whomcommented
that“Idon’tunderstandalotoftheresearchanddon’twanttospendtimegoingintolotsofdetail”
and“researchdoesn'tfilterthroughtofarmers”.Thiswasidentifiedduringtheknowledgeexchange
interviews,whichstressedtheimportanceof“gettingthescientificdocumenttosomealive”(KE2),
“makingresearchmeaningfulandpractical”(KE1).ThisreflectsGoodwin(2014),whostressesthe
needforpracticaldemonstrationsofnoͲtillageinEngland.
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Unreliability of information also emerged from farmer interview and followͲup question analysis.
There seemed to be a worry that new adopters will fall prey to corporate companies that do not
preparethemforthechallengesandsellproductsthatarenotsuitedtotheirfarm’sconditions.For
example, “my worry is a new convert get sold unsuitable products by a hungry supply industry”,
“qualityofthatinfomaybecompromisedduetocommercialinterest”and“mostresearchandtrials
arefundedbychemicalandmachinerycompanies”(followͲupquestionresponses).KE3mentioned
thatmanyagronomydayshavesalesmenpresentingexperimentsthatarenotstatisticallyverified,
“butthefarmersareoftenquiteenthusiasticbecausehavingasilverbulletisalwaysanicething”.
Thisislikelytocauseafarmertohaveunforeseendifficulties,whichcangiveCAa“badreputation
because a couple of farmers had a bad experience as they’ve been sold the wrong product”(KE2).
Thismay dissuadeotherfamersfromadoptingCAastheanalysisshowedtheretobealotoffarmerͲ
farmer knowledge exchange. Interviewees 1 to 4 all described this: “if your neighbours got
somethingyoukeepaneyeonit”(interviewee4),“thereisnotagreatdealofpeopledoingCAso
anyonewhoisdoingitintheirareaisbeinglookedatassharpasahawk”(interviewee2).

Perhapsfarmersrelyonwatchingandtalkingtootherfarmersduetothelackofrelevantresearch
thatwouldhelpfarmersunderstandthelikelyresultsCAwouldhaveontheirfarm.Interviewees1
and5bothcommentedhowthereis“noeffectiveresearchonCAintheUK”(interviewee5),sothey
oftenrelyonresearchfromAmericaandAustralasia.CAresearcher,KE3,confirmedthatthereare
no“zerotillresearchresourcesaroundtheUKatall”.KE2said“researchershaveahabitofwanting
fundstoresearchthingsthatthey’dlikebuttheyhaven’tbeen outtoafarmergrouptoaskwhat
they’d like to be researched”, whilst KE3 explained that it is very difficult to get CA funding as “in
termsofthebigresearchfundingcouncils,agriculturefallsbetweenremits”andDEFRAfundingwas
“cut in 2007 for applied agriculture”. Answers to followͲup question 2 (appendix 6) further
expressedthatthereis“notbeingenoughinformationcoveringdifferentregions/soiltypes/rainfall
patternstoencouragepeopletoseehowitcouldworkforthem”.AstudyontheadoptionofCAin
Nepal showed that researchers portraying formalized general information were not as accurate in
predicting CA outcomes than local farmers, whom understood the implications of local conditions
through experiential learning (Halbrendt et al., 2014). This suggests that informal, but locally
relevant,informationcanprovidefarmerswithlessuncertaintyoftheresultsCAwillreapontheir
farmincomparisontomoreprofessional,butlesslocallyapplicable,research.Thisislikelydueto
theheterogeneousconditionsofdifferentfarms(Knightetal.,2012),whichcanaltertheoutcomes
ofCApractices.Duringtheinterview,KE1commentedthat“Researchhastobereplicatedandata
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certainlevelthatittakestime.”“Withourmonitorfarms,[…]farmerscanseeoneonthesamesoil
type and how they’ve got on” and “there is a role for both”. Govaerts et al. (2009) suggests that
traditionalmodesofresearchandextensionwillnotworkforthecomplex,multicomponentnature
ofCA,insteadrecommendingsystemsthatcanadaptthetechnologiestolocalconditions.

A lot of locally relevant information on the benefits and challenges of CA is farmer driven. For
example, interviewee 5 gives many talks, holds visits and even founded the organisation CAͲUK.
Interviewee1alsocommentedthat“therearemoreandmoretrustednetworksaboutCA”andhow
the use of social media has allowed more rapid knowledge sharing. However, my research found
that there is also a great deal of competition between farmers, which may reduce successful
adoption of others. Interviewee 2 admitted that “I won’t tell people something that will
commerciallybenefitme”andafollowͲupquestionresponsesaid“FarmerswilladoptCAiftheycan
seeitbeingdonewell.Ihopetheydon't,Ihopetheyfail,thiswillallowmetomakemoremoney
farmingmoreacres!”.

Overall 32% of survey respondents ranked the effectiveness of farmerͲtoͲfarmer knowledge
exchange concerning CA as very good or excellent, compared to just 6% for knowledge exchange
between farmers and researchers (figure 11). Survey respondents that adopted all three CA
principlesbelievedtheretobebetterknowledgeexchange.Whereasallsurveyrespondentsthatdid
notadoptanyoftheCAprinciplesdidnotrankknowledgeexchangehigherthan“good”foreither
category. This indicates that adopters and nonͲadopters may have access to differing knowledge
channels concerning CA. BaumgartͲGetz et al. (2012) demonstrated that being part of a local
networkoffarmersorafarmingagencygreatlyincreasetheadoptionofsustainablemanagement
practices in North America. FollowͲup responses indicated that farmers must actively search for
information on CA, for example being committed enough to pay to become a member of an
organisation(e.g.BASEUK)toreceiveCAinformation.
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Figure11:percentageofsurveyresponseswhenaskedhoweffectiveknowledgeexchangewasconcerningCA.
(N=79)


Itbecameevidentwheninterviewee3definedCAas“maintainingnumbersofwildlife”,thattheuse
oftheword“conservation”canconfuseCApracticeswithwildlifeconservationtechniques,suchas
hedgerowsandgrassmargins.Thebroaduseoftheterm“conservation”andthepreͲexistenceof
unrelatedagriculturalconservationstrategiesmeansthatthe name“conservationagriculture”can
be ambiguous. Yet, it is unclear whether this affects the generation, dissemination and
understanding of information on CA. It was also apparent that nonͲadopters seem to regularly
confuse noͲtillage with minimum tillage. Minimum tillage (a form of conservation tillage) still
degradesthesoilandcanincreaseweedoutbreaks(Reicosky,2015),asexplainedinpart2.1.This
may explain negative behavioural beliefs and the increased importance given to “increase of
pests/weeds” for noͲtillage from nonͲadopters. However, this is unsurprising seeing as even peerͲ
reviewed literature is seen to confuse conservation tillage with noͲtillage, such as D'Emden,
Llewellyn, and Burton (2006) reviewing and relating the outcomes of conservation tillage to the
studyofnoͲtillageadoption.


5.3.Ahelpingorhinderingpoliticalenvironment?

TheperceptionsofhowthepoliticalenvironmentinfluencestheadoptionofCAisdiscussedinthis
sectioninanswertoRQ3.A“political”categoryemergedfromfocusgroupsinresponsetowhymost
farmers are not using CA, which included quotes such as “blanket regulation doesn’t match the
variability of farms” and “a fundamental reform of agricultural support is required”. This was not
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broughtupasasignificantchallengingfactorbyfarmerinterviewees.Yet,whenexplicitlydiscussed
in the “political environment” section of the interview, farmer interviewees revealed that farmers
believethatthepoliticalenvironmentisnotnecessarilyhinderingCA,butisnothelpingitsadoption
either.ThisisduetothelackofpoliciesencouragingCA(interviewee5),whilefarmsubsidies“stifle
innovationandinflatelandandmachineryprices”(interviewee2)and“erodethebusinessacumen
ofthefarm”(KE2).

There appears to be frustration amongst farmers that politicians seem unaware about farming
practices despite having such an important role in shaping agriculture. A survey respondent
suggestedthat“politicianshaven'tgotacluewhatgoesononfarm”andanotherevensaidthat“we
had a DEFRA policy maker come to one of our cover crop days, he said he wished he had visited
before writing the EFA cover crop policy”. Farmers interviewed commented on this regarding CA:
“policymakersdon’treallyknowwhatCAis”(interviewee2),“theyrefusetobelieveCAevenexists”
(interviewee5),and“ifthepolicymakershavetheirheadsscrewedonalittlebit,Ithinkthey’llsee
CA as a good thing for the environment” (interviewee 1). This is reflected in quantitative survey
analysis,asover80%offarmersclassifiedknowledgeexchangeonCAbetweenfarmersandpolicy
makersas“poor”andtheremainingclassifieditasonly“fair”or“good”.Ofcourse,capturingpolicy
maker perspectives would have allowed a more rounded understanding on this issue, however all
policy makers that I contacted politely declined an interview. This in itself provides an example of
how politicians seem more out the loop and less likely to get involved in the common dialogue,
despitethembeingmajorstakeholdersthatinfluencetheadoptionofCAgreatly.

Abarrierthatmaybepreventingpolicymakerstotakeastrongerstanceforthetransitiontomore
sustainableagricultureistheinvolvementofprivatecorporations.Forexample,afollowͲupquestion
response mentioned that CA “results in less fertiliser, chemical and diesel use plus tractors do far
fewer hours and are needed less. So, none of the big farming companies want it to succeed”. In
North America, the private sector influence is described as “possibly the most severe barrier” for
sustainable agricultural practices, due to their economic power in the food industry, giving weight
behindtheirgovernmentlobbyingtolimitproͲsustainablepolicy(Rodriguezetal.,2009,p.67).


5.3.1.Glyphosatebanasthebiggestthreattoconservationagriculture

Viafarmerinterviews,itbecameevidentthatamajorpoliticalinhibitingfactortotheadoptionofCA
wasthepotentialbanoftheherbicide,Glyphosate.Despitemultiplestudiesconfirmingtheevidence
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that glyphosate is nonͲcarcinogenic for humans (Environmental Protection Agency, 2016), a reͲ
evaluationofastudyonmicein1985,other(unͲnamed)animalstudiesandaninclusivehumanDNA
study were used by the International Agency for Research on Cancer (IARC) branch of the World
Health Organisation (WHO) to classify glyphosate as “probably carcinogenic to humans” (IARC,
2015). Since then a different subdivision of the WHO opposed this, concluding that glyphosate is
unlikely to pose a carcinogenic risk to humans (Environmental Protection Agency, 2016). Many
stakeholders believe that the evidence against glyphosate is overly represented due to
environmental organisations and the media pushing it; “NGOs like ‘friends of the earth’ or
'Greenpeace’or‘buglife’carryadisproportionateamountofweighttosomeoftheirevidencethan
fromthescienceside”(interviewee1)and“theBBCarebehindthemandtheycansharethisfake
data”(interviewee2).

Farmerintervieweesstronglyprotestedthat“ifglyphosategetsbanned,CAgetskilled”(interviewee
1)asit“wouldmakeCAimpossibleinthiscountry”(interviewee2).Thisbecamearemergingtheme
throughout the research; identified by all qualitative research methods. Due to the emergence of
thisinhibitingfactor,surveyparticipantswereaskedhowmuch abanofglyphosatewouldimpact
their ability to use CA (no, slight, moderate, considerable, or total impact). 46% responded that it
wouldcauseconsiderableimpactand47%selectedtotalimpactinthatitwouldbeimpossibletouse
CA. Not only was it indicated that it would be more difficult if glyphosate was banned, but many
farmersmentionedhowitwouldleadtoenvironmentallyworsepractices.Forexample,interviewee
5said“insteadofusingglyphosate,we’dhavetouseacocktailoftwoormaybethreechemicals,so
we’d have to put three times as much on”. A survey respondent left a comment that “losing
glyphosate would result in a huge disaster for our soil health, and that of the environment”.
Essentially,notonlywouldaglyphosatebanpreventmorefarmersfromadoptingCA,itcouldrevert
thosecurrentlyusingCAbacktounsustainableconventionalpractices.Thisagainraisesthedebate
of the sustainability of CA as, although it uses less agrochemicals in the longͲterm and has many
environmental benefits, it remains reliant on a single agrochemical for its use in England. KE2
explains that “farmers do accept that being beholden to one active ingredient for their farming
systemisalsoundesirablebecauseatsomepointwedon’tknowwhatwillhappenwithglyphosate;
wemightgetresistancetoitinafewyears”.
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6.0.Implicationsoftheresearchforencouragingfutureadoptionof
conservationagricultureinEngland

HereIpresentsuggestionsofwaystoincreasefarmers’adoptionofCA,atleastsothatitreachesa
criticalpointinwhichthesustainableagriculturalsystembecomesselfͲsustaininginaccordanceto
thediffusionsofinnovationstheory(Rogers,2010).Asattitudewasthemostsignificantpredictorof
adoption for all CA practices (table 4), it is important to increase nonͲadopters’ attitudes to more
stronglyencouragethemtoadoptCA.Nevertheless,perceivedbehaviouralcontrol(PBC)wasshown
tobethemaindissuadingfactorofCAprinciple1and3usefornonͲadopters(figure7),thusitisalso
importanttoaddressperceiveddifficulty,perceivedcontrolandactualcontrolofthesepracticesto
encouragetheadoptionofCA.

It was evident from the analysis that improvement of the relevance, reliability and accessibility of
knowledgeregardingCAcouldhelpencouragemorefarmerstoadoptCAaswellasenablingmore
successfuluseofit.ImprovingknowledgeofpositiveoutcomesisapotentialwaytoincreasenonͲ
adopters’ attitudes to CA. This especially important as the benefits are often not visible, such as
increases in soil microorganisms or improved nutrient availability (Carolan, 2006). To improve
information generation and distribution, I firstly suggest that funding needs to become more
availableforCAstudiesinEnglishconditions.PerhapspreviousgovernmentalfundingthoughDEFRA
couldbereͲestablished?Secondly,Studiesshouldbedesignedafteradialoguewithfarmerstotailor
towardspracticalandusefulinformationforfarmers.AsKE2explains,itshouldbea“twoͲwayflow
offarmerrequirementsatonemeetingandin12monthstimetheresearcherdeliverswhatthey’ve
done and get another steer again from the farmer coming back”. An increase in reliable relevant
datawouldaddtotheavailableinformationandreducetherelianceoninformationgeneratedfrom
corporations.Onceresearchisavailable,itisimportantforittobeaccessibleandapplicableforthe
farmers. KE2 suggested presenting a scientific paper “in the form of a webinar, roadshow
presentations, YouTube video or demonstrations, […] it’s just got to be better than 100 pages of
text”. Farmer and knowledge exchange interviews suggested that accessibility is improving, as
knowledgeexchangeorganisationsareactivelyworkingtomakedatamoreaccessibleandpractical.
Rodriguez et al. (2009) described American change agents as unprepared for helping farmers
transition to sustainable agricultural practices and blame farmer’s reluctance to change for nonͲ
adoption. Contrary to this, I suggest that knowledge exchange organisations in England, such as
those I interviewed, have a good understanding of farmer requirements and can guide effective
knowledgeexchangebetweenresearchersandfarmers.Also,“scientistsaregettingmoreswitched
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on about making useful, tailored things” (KE3). I further suggest that information should be
presentedinoneplace,makingiteasierforfarmerstosearchfordataandreducingthenumberof
memberships a farmer needs to commit to. KE4 commented that if “you’re getting lots of
informationfromoneortwodifferentchannelsthenyou’remuchmorelikelytotrustthem”.

I conduct this thesis via an individual agency perspective; assuming the agricultural sector can be
changedbymanyindividualsdecidingtoadoptCA.ThisprovokesthestructuralͲagencydebatethat
has long been disputed within the social sciences (Carlsnaes, 1992). One position in this debate is
that society is one entity, responsible for shaping human behaviour through norms and rules
(structure)(Tan,2011).Thisisopposedtosocietybeingshapedbyacollectionofindividualswhom
allpossesstheagencytoplan,understandandexecutetheiractions(agency)(Tan,2011).Itisnow
widely agreed that human agents and social structures are interrelated (Carlsnaes, 1992). For
instance, CA adoption from increasing numbers of individuals will start to change the social
structures such as norms and industrial structures. For example, a farmer in focus group one
mentioned “now cover crops have become trendy” and interviewee 1 commented that the
“enormous industry of cultivation equipment […] are having to change what they design”. Social
structurealsoinfluenceindividualactionsas“structureisnotexternaltoindividuals”(Giddens,1984,
p.25).ThisisalsodiscussedwithinthediffusionofinnovationstheoryasnormsandothersystemͲ
levelqualitiescaninfluencethespreadofaninnovation(Rogers,2010).

A dramatic change to England’s political, institutional and social structure will happen within the
nextfewyearsastheUKleavestheEU,whichwilllikelyinfluencetheadoptionofCA.Whenfarmers
interviewedwereaskedhowtheybelieveBrexitwillimpactadoptionofCA,manyhadmixedviews.
On the one hand, CA in England would lose the support that it currently has as a sustainable
agriculturalpracticefromtheEU.Interviewee1said“CAwouldbedrivenforwardfasterandmore
effectivelywithintheEUthanoutofit;therearealotofpeopleinEuropethatreallyseethemerits
of it”. Moreover, a loss of free trade within the EU could mean that English agriculture could be
“competingwithBrazilandAmerica”(interviewee5)intheEuropeanmarket,sofarmerswill“need
togetmore efficient”(interviewee4). AHDB(2016,p.5)states that“reducedaccesstothesingle
market is one of the biggest risks facing the UK arable industry”. Lahmar (2010), on the topic of
globalization,mentionedthatincreasedglobalcompetitioncouldincreaseCAadoptionasEuropean
farmersseekreducedcostsandincreasedproductivity.Similarly,if“subsidiesgopeoplewillhaveto
bealotclevereraboutthewaytheyfarmbecausethey’regoingtohavetocutcosts”(interviewee2)
and “look at where they can lower their cost of production” (KE2). The political decision on the
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potentialglyphosatebanwouldalsogreatlyinfluenceCAadoptionrates,asoutlinedintheprevious
section. This demonstrates the importance of political changes in changing behavioural intentions
and outcomes, thus political interventions can be important in shaping individuals to encourage
furtherCAadoption(Coburn,2016).

An important component of sustainability science is “finding out what decisionͲmakers need”
(Miller,2013,p.287).Thus,IprovidepoliticalsuggestionsthatcouldincreasetheadoptionofCAin
England.Whenfarmerintervieweeswereaskedwhattheythoughtcouldencouragemorefarmers
toadoptCA,fourbelievedthateconomicswasmostimportant.Forexample,interviewee2said“if
farmersthinktheycangetmoremoneyfromitthey’lldoit”andeveninterviewee4,whoisagainst
CA, admitted that “if you had somebody offering you a lot of money to grow something different
you would have to consider it”. Therefore, an effective political intervention could be to provide
subsidies for farmers that use CA. This follows the result that the most important motivational
factors relate to economics and a financial safety net could help to reduce fears of uncertain
profitability and help to alleviate the challenge of “expensive (initial) costs”. This policy change
would not require any radical reforms as it could fit into the existing common agricultural policy
(CAP) structure. CAP payment schemes are divided into two pillars; pillar one for income support
andpillartwoforenvironmentalsubsidiestodecreaselandpollutionanddegradation(Helm,2016).
Interviewee 1 explained how CAP could “include CA as a way to access the pillar 2 subsidies”.
SubsidysystemshavebeensuccessfulbeforeinEnglandforconservationtechniques.Forexample,
the countryside stewardship scheme, designed to preserve wildlife and the landscape though the
adoption of techniques including grass margins and hedgerows, has shown potential to change
farmerattitudestobemoreconservationͲorientated(Wilson&Hart,2001).Subsidiescanprovidea
financial safety net to help reduce farmer fears of uncertainty or decreased yields in the first few
years and help with initial expensive costs, which were indicated as challenges for all three CA
principles.
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7.0.Conclusion

I believe I have successfully captured an understanding of what influences English arable farmers’
decisions to adopt CA or not. My main findings are that attitude is the most influential ToPB
parameter for the decision to adopt CA or not. This is mainly driven by the positive attitudes of
adopters,whichispredominantlymotivatedbytheeconomicͲrelatedfactorstoimprovesoilhealth,
reducingpestsand/orweedsandcutcosts.AttitudewasreducedbythebehaviouralbeliefsthatCA
causes messy fields, increases pests and/or weeds and, more importantly, reaps uncertain results
and/orprofitability.PBCwasmostimportantindissuadingnonͲadoptersforCAprinciples1and3,
which was due mainly to financial costs, incompatibility with physical conditions and inadequate
information.Informationwasdescribedasinadequateduetoitslackofrelevance,unreliabilityand
pooraccessibility.

I follow my results with suggestions as to how this can be improved, for example through policy
changes. Nevertheless, I am not optimistic that these policy changes will be enforced as policy
makers were perceived to be removed from farmers and CA. KE3 had a similar view, saying that
“Brexitdoesprovideopportunities,but[…]Ithinkthey[DEFRA]willjustcopyandpastewhatwas
donepreviously”.Despitethis,thereseemstobemovementinapositivedirectionwithoutthehelp
ofpolicy,asfarmersseemsto“caremoreabouttheenvironment”(interviewee2),are“moreaware
ofsoil”(KE4),whilst“scientistsaregettingmoreswitchedon”(KE3)andCAis“becomingmoreand
moreaccepted”(interviewee5).

As my study is based on perceptions, future research should aim to back up my findings by
researching barriers using observational or experimental methods, rather than via behavioural
analysis.Itwouldfurtherbeimportanttounderstandwhythereisahighlevelofuncertainty,what
typesofinformationfarmersarelackingandfurtherunderstandingsofagrochemicalusewithinCA.
AspreviousstudieshavenotedthatfarmerscanbegintoadoptCApracticesbutlaterstopornot
commit to them continuously (Hobbs, 2007; Lahmar, 2010), it would be interesting to see if the
driversofthiscorrelatetomyresults.
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Appendix1:CalculationofpercentageoffarmsusingCA
The estimation that 8% of total arable farm land translates to approximately 8% to 14.6% of farms
was calculated using the following:
From the total utilized arable agricultural area in 2010 (6,393,300ha1), 8% of that was calculated
(511464ha). The proportional distribution of agricultural holdings by size was calculated (in %) using
raw data2. From this, I distributed the number of ha of CA agriculture into each farm size group. Yet,
at this stage I assumed there would be no farms using CA that were under the size of 10ha; this is
backed up as approximately 99% of farms using conservation tillage or no-tillage were large enough
to present an agricultural output exceeding €25000/ha3 and the smallest CA adopter farm from the
survey was 40.5ha. Thus, the number of ha of CA agriculture in the groups under 10ha (“0”, “<2”, “2<5”, “5-<10ha”) were treated as part of the “10-<20” size group. A max and min number of farms in
each size group was found by calculating how many farms the ha of CA would represent at each end
of the range for the size group (i.e. for the “20-<30”ha group, the number of ha for that group was
divided by 20 to get the max number of farms and divided by 30 to get the min number of farms
within that group). All min values and all max values were added up separately and divided by the
total number of UK holdings (186,800)2 and multiplied by 100 to achieve a percentage value. This
produced the values 8% (min) and 14,6% (max).

As the smallest CA adopter farm from the survey was 40.5ha, I could have also chosen to calculate
this with the smallest farm size group being “20-<30”ha or “30-<50”ha. These represent the
percentages of UK farms using CA as: 6.2%-9.4% (“20-<30”ha) and 4.9%-6.7% (“30-<50”ha). Even
using these different calculations, the framing of my thesis would remain the same as these all fall
within the “early adopters” group in the diffusions of innovations theory. I chose to choose the
calculation for “10-<20”ha as the smallest farm group to keep it closest to the UK proportional
distribution. 

1

Eurostat(2013,September3)TableUtilisedAgriculturalAreabylanduseUK2000and2010.Retrievedfrom:
http://ec.europa.eu/eurostat/statisticsͲ
explained/index.php/File:Table_Utilised_Agricultural_Area_by_land_use_UK_2000_and_2010.PNG
2
Eurostat(2013,October28)Agriculturalholdings,bysizeofholding,2010(numberofholdings)Retrieved
from:http://ec.europa.eu/eurostat/statisticsͲ
explained/index.php/File:Agricultural_holdings,_by_size_of_holding,_2010_(number_of_holdings)_AgriPB13.p
ng
3
Eurostat(2013,July9)ArablelandonwhichconservationandzeroͲtillageispractisedbysizeofholdinginSO.
Retrievedfrom:http://ec.europa.eu/eurostat/statisticsͲ
explained/index.php/File:Arable_land_on_which_conservation_and_zeroͲ
tillage_is_practised_by_size_of_holding_in_SO,_EUͲ27,_NO,_IS,_CH,_HR_and_ME,_2010.png
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Appendix2ͲLetterofconsentforinterviews
Letter of consent
Description and procedure
You are invited to participate in a study conducted by Alice Roberts for her master’s Thesis
at Lund University. This study aims to research the factors that influence farmers’ decision to
adopt conservation agriculture or not and whether it is likely for conservation agriculture to
become more widely adopted.
The interview will likely take approximately one hour to complete, however this may differ
depending on the flow of the interview.
Unfortunately, I do not receive any funding for this research and so am unable to compensate
you financially for your time, however you can receive a copy of the finished thesis if you
would like.
Rights
With your consent, the interview will be recorded and transcribed at a later date. Once
transcribed the original recording will be deleted. The raw data (recorded and transcribed
interview) will only be accessible to Alice Roberts, her thesis supervisors and selected peers
at Lund University and Rothamsted Research. The raw data will not be published or shared
with secondary users (e.g. other researchers). Analysed data, short quotations and results will
be public. Primarily via Lund University publishing Alice Roberts’ master’s thesis online and
in print, and also possibly published later in a scientific journal and presented during
presentations.
Your participation in this study is voluntary and you have to right to refrain from answering
any of the questions and can terminate the interview at any time. You may also withdraw
from this study at any time before 12th May 2017 and your responses will be deleted and not
included in the study.
You will be kept anonymous unless otherwise stated, however the county you farm in and
other information you provide may be published so it may be possible for you to be identified
through these parameters.
Questions
If you have any questions regarding the research, please feel free to contact me via phone
(contact details removed for publication) or email (contact details removed for publication).
Your contact details will not be shared.
---------------------------------------------------------------------------------------------------------------I give consent for myself to be recorded during the interview:

Yes:

No:

I give consent for myself to be named in the publication:

Yes:

No:

I understand the information provided above and consent to participate in this interview.
--------------------------------------------------------------Participant’s Name (in Print)

--------------------------------------------------------------Participant’s Signature

------------------Date
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Appendix3–Farmerinterviewquestions
Part 1 – Household and farm characteristics
1)
2)
3)
4)
5)

Whatisyourfarmsizeinacres?
Whatisyourfarmingsystem?
Howlonghaveyoubeenfarmingfor?
Howoldareyou?
Doyouownorrentthelandyoufarmon?
a. IfRent–doyoufeellikethisrestrictsyourdecisionmaking?
6) Towhatextentwouldyousayyouareinvolvedinthedecisionmakingonyourfarm?
a. Whoelseisinvolvedindecisionmaking?
b. Whatisyourrole?
7) Howmanypeopleworkatyourfarm?
a. Doyouemploypeopletoworkatyourfarm?
b. Isfarmingyourmainsourceofincome?

Part 2 – Sources of information
1. Whatarethemainsourcesyouuseforinformationonfarmingpractices?
a. Hasthischangedinthelast5Ͳ10years?
b. Doyouhelptoproduceanyinformationforotherfarmersonfarmingpractices?
2) Whatisyourhighesteducationlevel?
a. Haveyoureceivedanyspecialistagriculturaltraining(e.g.agriculturalcollage)or
apprenticeship?
3) Wouldyousaythatyouarepartofastrongsocialnetworkoffarmers?
a. Areyoupartofafarmers’associationorcooperative?
b. Doyouthinklotsoffarmersinteractwitheachotherandlearnfromeachother?
i. Doyouthinksomefarmersarelessinvolvedorhardertoreach?
4) Howgoodwouldyousaytheknowledgetransferregardingconservationagricultural
practicesisbetween…?
a. Farmers
b. Farmersandresearchers
c. Farmersandpolicymakers

Part 3 – Conservation agriculture
1) HowwouldyoudefineConservationAgriculture?
a. Canyousuggestsomepracticesyouassociatewithconservationagriculture?
b. Doyouthinkmostfarmerswoulddefineitthesameasyou?
c. Prompt:Doyouagreethatitcanbedefinedas:

Conservation Agriculture (CA) = sustainable agricultural production system which
protects the soil from erosion and degradation while enhancing the resource base and
the environment.
It can be characterized by three linked principles, namely:
1. Continuous minimum mechanical soil disturbance.
2. Permanent organic soil cover.
3. Diversification of crop species grown in sequences and/or associations.
2) Whichpracticesdoyoucurrentlyusethatyouwouldconsidertobeconservation
agriculture?
a. Detail(e.g.conservationtillage,zerotillormintillorreducedtill?)
b. NoͲtillage,covercrops,croprotations.Ifnot,haveyouusedtheminthepast?
c. Doyouconsiderconservationtillagetobeconservationagriculture?
53

Adopters:
Part 4 – Your opinion of conservation agriculture on your farm
1) Whatisyourgeneralopinionofconservationagriculture?
2) Whatarethemainfactorsthathavemotivatedyoutouseconservationagricultural
practices?
a. Covercrops?
b. NoͲtillage?
c. Croprotations?
d. Prompt:soilsteward,longterminvestment,economics,tryingsomethingnew?
3) Whatarethemainbenefitsyouconsiderwhenusingconservationagriculture?
a. Areyouseeinganybenefitsyet?
b. Doyoustillthinkitwasagooddecisiontostartusingconservationagricultural
practices?
4) Whatarethemainfactorsthathavemadeusingconservationagriculturemorechallenging?
a. Political,economic,technical,socialetc.barriers?
b. Haveyoufoundanynegativeimpactsithashadonyourfarm?
5) Whydoyouthinksomeotherfarmershavenotyetstartedtouseconservationagriculture?

Part 5 – Transition to Conservation Agriculture?
1) Doyouthinkincreasinglymorefarmersarestartingtouseconservationagriculture?
a. Whydoyouthinkthatis?
2) DoyouconsiderconservationagriculturetobepartofalargerlongͲtermvision?
a. Prompt:sustainability?Soilprotection?Protectingyields?
3) Doyouthinkcurrentpolitical,economicandtechnicalconditionsarehelpingorinhibiting
theadoptionofconservationagriculture?
4) Doyouthinkitispossibleinthefuturethatmostfarmerscouldbeusingconservation
agriculturalpractices?
a. Why?

Part 6 – Political environment
1) Doyouthinkthegovernmentsupportawidespreadadoptionofconservationagriculture?
a. Doyouthinkpoliciesandsubsidiesreflectthis?
2) AreyoupartofaschemeorreceivinganysubsidiesotherthantheBasicPaymentsScheme?
a. Whatdoyoureceive?
3) HowdoyouexpectBrexittochangethepoliticalenvironmentorvaluesonconservation
agriculture?
a. Do/didyougetanysupportfromtheEU?
b. WouldthelossofCommonAgriculturalPolicyaffectyou/conservationagricultural
practices?
c. Areyouconcernedaboutanychanges?
d. DoesBrexitchangeyouropinionorintensionsregardingconservationagriculture?
4) HowwouldabanofglyphosateimpactyourabilitytouseCA?
5) Doyouthinkapolicychangecouldencouragemorefarmerstouseconservationagriculture?
a. How?
b. Doyouhaveanyotherideasofwhatwouldencouragefarmerstoadopt
conservationagriculture?
i. Prompt:marketconditions,pricing,ecolabelsetc.
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Non-adopters:
Part 4 – Your opinion
6) Whatisyourgeneralopinionofconservationagriculture?
a. NoͲtillage
b. Covercrops
c. Croprotations
7) Whatarethemainfactorsthatinfluenceyourdecisionnottouseconservationagricultural
practices?
a. Prompt:economic?Physical?Technical?Lackofknowledge?Political?Legal?
Historical?
b. Wouldtherebenegativeimpactstoyourfarmifyouusedthem?
8) Whatarethemainfactors,ifany,thatwouldmotivateyoutoconsiderconservation
agriculturalpractices?

Part 5 – Transition to Conservation Agriculture?
9) Doyouthinkincreasinglymorefarmersarestartingtouseconservationagriculture?
a. Whydoyouthinkthatis?
10) DoyouconsiderconservationagriculturetobepartofalargerlongͲtermvision?
a. Prompt:sustainability?Soilprotection?Protectingyields?
11) Doyouthinkcurrentpolitical,economicandtechnicalconditionsarehelpingorinhibiting
theadoptionofconservationagriculture?
12) Doyouthinkinthefuturemostfarmerscouldbeusingconservationagriculturalpractices?
a. Why?

Part 6 – Political environment
13) Doyouthinkthegovernmentsupportawidespreadadoptionofconservationagriculture?
a. Doyouthinkpoliciesandsubsidiesreflectthis?
14) AreyoupartofaschemeorreceivinganysubsidiesotherthantheBasicPaymentsScheme?
a. Whatdoyoureceive?
15) HowdoyouexpectBrexittochangethepoliticalenvironment/valuesondifferent
agriculturaltechniques?
a. Do/didyougetanysupportfromtheEU?
b. WouldthelossofCommonAgriculturalPolicyaffectyou/youragriculturalpractices?
c. Areyouconcernedaboutanychanges?
d. DoesBrexitchangeyouropinionorintensionsregardingconservationagriculture?
16) HowwouldabanofglyphosateimpactyourabilitytouseCA?
17) Doyouthinkapolicychangewouldencourageyoutouseconservationagriculture?
a. How?
b. Doyouhaveanyotherideasofwhatwouldencourageyoutoadoptconservation
agriculture?
i. Prompt:marketconditions,pricing,ecolabelsetc





55

Appendix4ͲSSurveytiitlepagee


If you
u have any quesstions regarding the research, p
please feel free to contact me via email (emailss have been rem
moved
for pu
ublication). Yourr contact details
s will not be shaared

.
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Appendix5–Surveyquestionsforpartthreeusedtofindvalues
directlyproportionaltotheToPBparameterimportance

Attitude:
Likelihoodofapositiveoutcome:
(a)“Howlikelywoulditbeforatleastoneoftheoutcomesofeachofthepracticestobepositiveif
youuseditonyourfarm?”
Ͳ

veryunlikely–SomewhatUnlikely–Undecided–SomewhatlikelyͲverylikely

Likelihoodofanegativeorpositiveoutcome:
(b)“Howlikelywoulditbeforatleastoneoftheoutcomesofeachofthepracticestobenegativeif
youuseditonyourfarm?”
Ͳ

veryunlikely–SomewhatUnlikely–Undecided–SomewhatlikelyͲverylikely

Evaluationofthetotaloutcomes:
(c) “Would the overall impact of all the outcomes (positive + negative) of each of the practices be
positiveornegativeonyourfarm?”
Ͳ

verynegative–ModeratelynegativeͲNeutral–ModeratelypositiveͲverypositive


Subjectivenorms:
Normativeexpectationsofothers:
(d)“Wouldmostpeoplewhoareimportanttoyoudisapproveorapproveifyouusedeachofthese
practices?”
Ͳ

Strongly approve – Moderately disapprove – neutral – moderately approve Ͳ strongly
disapprove

Whethertheparticipantislikelytocomplywiththeiropinion:
(e)“Howmuchdo/wouldthosewhoareimportanttoyouinfluenceyourdecisionstouseeachofthe
practicesornot?”
Ͳ

Never–verylittle–somewhat–quitealotͲtoagreatextent


Perceivedbehaviouralcontrol:
Perceiveddifficulty:
(f)“Pleaseindicatehowdifficultyouwouldconsidertheimplementationofeachofthepracticesto
beonyourfarm”
Ͳ

verydifficult–somewhatdifficult–neutral–somewhateasyͲveryeasy

Perceivedcontrol:
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(g) “How true is this statement regarding yourself: Whether I use each of the practices or not
dependsentirelyonmyself,notonfactorsthatfacilitateorinhibittheperformanceorimplicationof
eachofthepractices”
Ͳ




Totallynottrue–usuallynottrue–occasionallytrue–usuallytrueͲtotallytrue
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Appendix6ͲfarmerfollowͲupquestions

FollowupemailsenttofarmerswhogavetheiremailandagreedtobecontactedforfollowͲ
upquestions:

Hello,

Thankyouforcompletingmysurveyaboutfarmerdecisionstouseconservationagriculture
ornot.Ireallyappreciateyourresponsesandtherealreadylooksliketherecouldbesome
promisingresults!AsyouprovidedyouremailattheendofthesurveyIwillmakesureto
sendyouthefinishedthesisandasummaryresultsdocument.

Asyoualsoindicatedthatitwouldbealrightformetocontactyouforfollowupquestions,I
washopingyoucouldhelpmebyansweringthefollowingquestionsinreplytothisemail.
Pleasegiveasmuchinformationasyouwouldlike.Youdonothavetoanswerallthe
questions,butanyinformationyoucanprovidewillgivevaluabledepthtothestudy.

1) Doyouthinkbetterknowledgewouldencouragemorefarmerstouseconservation
agriculture?
2) Doyouthinktherearechallengesregardingthequality,relevanceand/or
accessibilityofinformationaboutconservationagriculture?Why?
3) Manyfarmersindicatedthat“improvementofsoilhealth”isamotivatingfactorto
useconservationagriculture.Doyouthinkthisisdrivenbyamoralresponsibilityto
improvethesoilecosystem,thewanttoincreasecropproductivity/profitability,or
anotherreason/combinationofreasons?

Thankyou,Ireallyappreciateallyourhelp!

Bestwishes,
AliceRoberts
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Appendix7Ͳresearcherandknowledgeexchangeinterview
questions
Part1:Factorsinfluencinguseofconservationagriculture
Howwouldyoudefineconservationagriculture?
This study will define Conservation Agriculture (CA) as: a sustainable agricultural
production system which protects the soil from erosion and degradation while enhancing the
resource base and the environment.
It can be characterized by three linked principles, namely:
1. Continuous minimum mechanical soil disturbance.
2. Permanent organic soil cover.
3. Diversification of crop species grown in sequences and/or associations.
WhatdoyouconsidertobethemainbenefitsofusingtheseCApractices?
Whydoyouthinkmanyfarmersstillaren’tusingCA?
x

Mainbarriers/challenges?

Whatdoyouthinkmotivatesfarmerstouseconservationagriculture?
DoyouthinkCAislikelytobecomemorewidespread?
Part2:Politicalenvironment
DoyouthinkthecurrentpoliticalenvironmentsupportsorinhibitstheuseofCA?
Howdoyouexpectthistochangeinthecomingyears?
x

Brexit?

HowdoyouthinkabanofglyphosatewouldimpacttheuseofCA?
Howeffectivedoyouthinktheknowledgeexchangeisbetweenpolicymakersand
researchers?
Part3:Knowledgeexchange
Howeffectivedoyouthinktheknowledgeexchangeisbetweenfarmersand
researchers/thosewhoproduceinformation?
Howwouldyouconsiderthequality,relevanceandaccessibilityoftheinformationon
conservationagricultureforfarmers?
x

Doyouthinkthisischanging?(e.g.internetcommunication)

Whatdoyouthinkthemainbarriersareforknowledgeexchangebetweenfarmersand
researchers/thosewhoproduceinformation?
x
x
x

WhatarethemainchallengesforyoutoprovidefarmerswithinformationonCA?
Isthereenoughsoilspecificdata?
Domanyfarmerslearnastheyaretryingapractice?

Howdoyouthinkfundinginfrastructureimpactstheproductionanddispersalof
informationonCA?
HowdoyouthinkknowledgeexchangeregardingCAcanbeimproved?
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Appendix8–Farmerinterviewcontentanalysis.Motivatingfactors
Codes(interviewee)
SubͲcategories
improvewaterholdingcapacityofyoursoil.lessrunoff,
lessdiffusepollution.(1)
lessoxidizationsolessvolatilizationoffertilizertothe
atmosphere(1)
Reduceharmtoinsectswhen reducepesticides(1)
Moreenvironmentallyfriendly(2)

Reductionof
environmentalpollution

Categories

Environment

Weweretoldwehavetostoppollutingtheriver(5)
bigproblemwithwinderosionanddustblowinginto
theroads(5)
Preventbrownwaterwithresidueorcovercrop(5)
mainbenefitswillbereducingpesticides,reducing
nitrogenuse(1)
UsinglessP,KorLimefor10 years(5)

reductionofpesticide
and/orfertilizeruse

excitingasafarmertodosomethingwhereyou’re
seeingyoursoilimprove(1)
Improvesoilhealth(1)
Morewormsinthesoil(2)

Economic/environment
Improvementofsoilhealth

MorewormswithnoͲtill(3)
soilfertilityhasmassivelyimproved(5)
couldn’tcontinuedoingwhatweweredoingsowe
neededtomakesomeradicalchanges(1)
yieldsweresatstillforabout7years.spendingmoreon
chemicalsandmanufacturedfertilizertogetthesame
yield(2)

Problemswithexisting
croppingsystem

sawadeclineinoursoil(5)
savingsintermsoflabourandmachinerycosts(1)
gettingmachinerycostsdownisimportant(2)
lesstimeatthemachine(2)
NoͲtillsavestime(3)

Cuttingcosts

FarmersnoͲtilltosavemoney(4)

Economic

reducedthecostofgrowingcrops(5)
fuelandtheothersavings(5)
marketopportunitieswithoureducationbusinessand
plantingcropsusingCAonotherfarms(1)
Iwanttobemakingmoneyoffthefarmin20Ͳ25years.
it’squitealongtermthing.In10Ͳ20yearsI’mgoingto
bestreaksaheadofmyneighboursifIgetitright.(2)
peoplewanttohandtheirfarmovertotheirchildrenin
abetterstatethanthey’vereceivedit(2)

Marketopportunities

ImprovementoflongͲterm
productivity

NowweareoutͲyielding(5)
reducingproblemswithgrassweeds(1)

Reductionofpestsand/or
weeds
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Appendix9–Farmerinterviewcontentanalysis.Challengingfactors

Codes(interviewee)
covercrops:Youhavetopayfortheseedsand
youhavetoplanttwice(1)
Covercropseedshaveroyalties(more
expensive)whichtheyshouldn’tdoastheyare
notusedforprofit.(2)
covercropseedissoexpensive(4)
Investedinanexpensivenewdrill(1)
buydifferentmachinery(3)

SmallersubͲcategories SubͲcategories

Categories

Expensivecosts
Expensive(initial)
costs
Expensiveinitialcosts

moreharesinthefield=harecoursing(1)
Badgerschurnupthesoil(2)
Slugs(2)
badgersdiguptheworms(5)
Slugswereaproblemearlyonbutnotnow:
Wormsandgroundbeetlesgrazeonslugeggs,
soaswearegettingmorebeetlesandmore
wormstheyarebeginningtobalanceitout.(5)
Perennialweedsthatarenotcontrolledby
glyphosate(5)
Ifpeoplecan’tcontrolblackgrasstheyhaveto
gobacktoconventionalfarming.(3)
Minimumcultivation=increasedblackgrass(4)
Wehadtoincreasenitrogenfertilizerinthefirst
fewyears(5)
Hardtogetseedstoregenerateyearonyear
withcovercrops(1)
Possiblenutrientlockupfromthecovercrop
(2)
YieldlossesͲfourorfiveyearsdowntheline
havelotsofblackgrass.So,willnotincrease
profits(4)
beansdirectdrilledintocovercropyielded
2tonne/halessbutothertypesofbeansyielded
more(2)
Inthe70sand80sstarteddirectdrillingbut
wentwrongastheyweren’tunderstandingthe
needforgreencoversandthesoilbiology(1)
triednoͲtillinthe70sanditdidn’tworkSothey
say“itdidn’tworkthen,itwon’tworknow”
eventhoughweknowfarmoreaboutcover
crops,rotation,everything.(2)
verylittleresearch(5)
There’sresearchonthecontinent,global,and
inAmericaismassive.HereitisnonͲexistent.
(5)

Economic
Increaseofpests
Increaseofpests
and/orweeds

Increaseofweeds

(shortͲterm)increase
infertilizeruse

(shortͲterm)increase
infertilizeruse

Uncertainresults

Reductioninprofits

Uncertain
results/productivity

Economic/
knowledge

Lackofadequate
information/research

Knowledge

Reductioninyields

Outdatedinformation

Lackofresearch

Lackofinformation

Somefarmersdon'tunderstandCA(2)
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Smallfarmsize(3)
Themoreclayinthesoiltheharderitistouse
CA(1)
heavysoilisharder(2)
Heavyclaysoils(4)
Takesalotlongertoseetheimpactonheavy
claysoils(5)
Costofrentmeanswecan'taffordtomake
mistakesandlooseprofit(2)
Rentedmeanswewon'thaveit forgenerations
(3)
NowalltenanciesoperateonanFBT(Farm
businesstenancy)normallybetween3and5
years.CAisalonggame.(1)
Can'triskyieldfailuresoncontractfarms
becausestillneedtomakeprofit(2)
People,asinpeoplewefarmforgettingthem
toreallyunderstanditproperlywhatwe’re
tryingtoachieve.(2)
Shortterm(<10yr)rentspointlessasneedto
decideifinvestornotinthelast3years.You
won'tseethebenefits.(5)
CArequiresmoremanagementtime.(2)
hatestoseefieldsthatlookuntidy(5)
Somefarmersjustdon’twanttoknowanything
different(5)
Attheminutethepressure(economic)isn’t
necessarilyonthefarmertomakethechange.
(croppricesaregood,fuelpriceisn'ttoohigh)
(1)
Farmersdon’tlikechange(1)
Farmersareveryconservative(5)

Notcompatiblewith
croppingpattern

Physicalconditions

Physicalconditions
orcropsystemnot
compatible

Lackofcontrolor
securityintenure
agreements

Lackofcontrolor
securityintenure
agreements

Changesinlabour
requirements
Messylookingfields

Changesinlabour
requirements
Messylookingfields

Don’tseeaneedto
changepractices

Don’tseeaneedto
changepractices

Farmersdislikechange

Farmersdislike
change

Practical

Social
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