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Summaryand overview

This document reviews academicliterature on smaltscale farmer (SSF)nnovation systems.lIts
primaryobjectiveisto bringsomeclarity to what hasremainedan abstractand elusiveconcept.SSF
innovation systemshave been described as fundamentally social phenomenat the result of
interactionsamongsocialandeconomicactorsparticipatingin formalandinformal networks(Engles
1997). Within these networks individualsand communitiesshare and adapt local knowledgeand
selectivelyintegrateW a O A &ylowlkdfe\add developnew andbetter waysof managingesources
andovercominglocalchallengegSanging2009).What this lookslike in practice,however,hasnot
beenclearlydefinedor systematicallyexplored.Thisreview drawstogether publishedliterature on
the evolutionof the concept,how on-farm innovationsystemsfunctionin practice,and the rolesof
outsideactorsin supportingthem.

Beforedelvinginto the literature on SSHnnovation, Sectionl of this documentdiscussesvhy it is
important to look at SSRnnovationin the first place.Themajority of experimentationand adaption
has taken place on-farm since the beginning of agriculture, and today the global food system
continues to rely on T I NJY §inakiafion for meeting changing demands and contemporary
challenges.

Sectionll mapsout how the conceptof SSHnnovation systemshas evolvedout of critiques of the

conventionakechnologytransfermodelandthe limitations of agriculturalinnovationsystems Sectionlll

thendrawsboundarieqalbeitimperfectandinevitablydynamicones)aroundSSknnovationsystems,
distilledfrom availableliterature. Drawingtheseboundarieshelpsto createcommonunderstanding
of what SSknhnovationsystemsare. Thisrepresentsa first steptowardsmainstreaminghe concept
within international fora and operationalizingsupportive policy frameworks at national levels.
Boundariesare defined by lookingat:

A Who arethe mainandsupportingadors within SSknnovationsystems?

A What constitutesas SSknnovation?

A Whyand/or for what endsdo SSFsnovate?

A Howdo SSFinovatein absenceof support, with the help of innovationintermediaries,and/or in
innovationplatforms?

A Whereandwhen cancontext-specificinnovationbe scaledup and diffused?

SIiNI G BERGE RINATY GRINg SAND OV 2 I8 (iAzyBLILJZ(NTY Y 2 Ja dia2YYas
without fallinginto engrainedpatterns of innovatingon behalfof farmers,aredA & O dRESRI A 2 ¥

L+ i SNIDOURINEAEY

wlnstitutionalizesupportfor SSknnovationwithin their own organizations;

wlncreaseexposureof SSknnovativecapacity.

wSupplementf I NJYcapdityid innovatewhererequired.

wProvidedirect financialresourcego farmersfor on-farm research.

wFacilitateknowledgesharingamonggeographicallylisparatefarmingcommunities.

wConductresearchto better understandrelationshipsbetweennationalinnovationframeworksand
SSHnnovationsystems.



Throughoutthis documentgapsin the literature requiring further researchare identified. Most
noteworthy of theseincludethe following:

wMost on-farm innovation remains undocumentedand invisible to formal sector scientistsand
academicresearchers(Beckford and Baker 2007b). What is documented remains within grey
literature or buriedin2 NH I y A projeGtiegoyfsar@dinternaldocumentsWettasinhaet al 2014).

wEfforts to measure on-farm innovation are still in their infancy (Lappleet al 2015), and so
communicatingits value in concrete terms (i.e. its contributions to food security, livelihood
improvementsand agroecosystemesiliencg remainsa challenge.

wTherehasbeenmodestacademidnquiry into how formal sectoractorscansupport SSknnovation
without fallinginto the familiar patternsof transferringnew technologiedo users.

w Thedynamicsbetweenformal and informal innovationsystemshavebeenlargelyleft unexplored,
particularlyin terms of how policesfor stimulatinginnovationin the formal sector(i.e. intellectual
property rightsandtrade liberalization)affect on-farm innovation.

Thisdocumentcallsfor further evidencebasedresearchdocumentingthe contributions of farmer
innovation towards achieving global and local food security, livelihood improvements and
agroecosystenmesilience! Furtherevidencewill help bring attention to the valueof SSEnnovation
and reorientate O 2 dzy Gilv&tian3trategiestowards supporting SSFsn their efforts to meet
their own needsandrespondto emergingchallengesand opportunities.

! Thevalueof SSFnnovationmaybe framedin termsof its contributionstowardsmeetingthe Sustainable
DevelopmentGoals particularlygoalsl (endingpoverty), 2 (endinghungerand promoting sustainable
agriculture),13 (combatingclimate change), 14 and 15 (protectingmarineandterrestrial ecosystems,
respectively and halting biodiversty loss).



|.  Focusingon small-scalefarmer innovation

Smaliscalefarmers(SSFsproducemost of the food that the world consumeqFAO IFADand WFP
2015) and are active stewards of majority of the LJt I y \8ild @l domesticated agricultural
biodiversity,or agrobiodiversity (Amendet al 2008;Pimbert1999),thus contributingto globalfood

securitynow andin the future.® Theparadoxis that SSFsire often resourcepoor andfood insecure
themselveqdFAO JFADand WFP2015),and are undernourishedvith a deficientnutrient intakeand/or

without timely accesso food yearround (FACR014). SSFeccupythe majority of the LI | ynSaigifat
landsunder cultivation without accesdo productivity-enhancinginputs, lackaccesgo marketsand
essential infrastructure, do not have secured land rights, and are vulnerable to sociceconomic
margindization (FAO2014).SSFsalsotend to be disadvantagedvithin inequitablefood chainsand lack
the freedomof choiceto opt out of dominantfood systemsor to choosequalityinputs(DeSchutter2014).

Overcomingvulnerability and local food insecurity requires more
than increasingproductive capacity T it requires increasingthe
capacityof farmersto meet their own needsand respondto local
challengesand opportunities,aslocallydefined. SSF&aveintimate : ) )
knowledgeof their natural surroundings the expertise neededto = CaPacityt it requires
experiment with new tools and managementpractices and to = increasinghe capacityof
observe subtle changesover time, and the capacityto adaptto | farmersto meettheir own
changingenvironmentaland socioeconomicconditions.Supporting = needsandrespondto local
SSFinnovation means strengthening these capacities, and by | challengesand opportunities,
extension,contributingto both localand globalfood security,rural = gslocallydefined.
livelihoodimprovements,and agroecosystemmesilience.

Overcomingrulnerabilityand
food insecurityrequiresmore
than increasingproductive

Conventionally agriculturalinnovation has been understoodas an invention, output, or concrete
return on investment that brings about productivity gain or other concrete, measurable
improvement(Berdeg 2005).Innovation policy developedwith this definition in mind naturally
focusesonincreasingnvestmentin agricultureby increasingnarketacces®f privatefirms, securing
intellectual property rights over inventions and increasingthe adoption of new technologies
developedby professionalkscientistsfor the benefit of farmers(seePray2008;Rotman2013).Most

countrieshavestrategiesfor encouragingnvestmentin scienceand technology; and a substantial
amount of investmentis put towards reseach and developmentand increasingdiffusion rates of

outputs (OEC[2014).

2 Agrobiodiversityis understoodto includediversityat genetic,speciesand ecosystenlevels.Humansare integral
componentsof agroecosystemand agrobiodiversitydependsuponthe peoplewho activelymaintainanduseit. It
hasboth socialand biologicalcomponents Seehttp://agrobiodiversityplatform.org/

3 Foodsecurityis definedasa situationthat existswhenall people,at all times, havephysical socialand economic
accesdo sufficient, safeand nutritious food that meetstheir dietary needsandfood preferencedor an activeand
healthylife. Foodsecurityincludesfour pillars:food availability(production),food accessibilityfood affordability,
physicalaccessibilityandits equitabledistribution), food utilization (food safety,adequatenutrition, goodhealth
standardsrequiredfor absorption,accesgo cleanwater), andfood stability (sustainedavailability,accessibility
and utilization overtime) (FAO2006).

4 SeeOED ScienceTechnologyand Industrye-Outlooktool: http://www.oecd.org/sti/outlook/e-
outlook/stipolicypofiles/stipolicygovernance/nationalstrategiesforsciencetechnologyandinnovation.htm
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A broader More recently, the scopeof what is consideredagriculturalinnovation
understandingof hasbroadened(Spielmaret al 2009; KraemerMbula and Wamae2010).
innovationin It has becomemore widely understoodas a processthat is inherently

socialin nature. Individualsand communitiesin specificlocalitiesshare
and adapt local knowledge,selectivelyintegrate W& O A Skyfawledgé, O
and developnew and better waysof managingresources respondingto
opportunities and overcoming local challenges (Sanginga2009). A
broader understanding of innovation in agriculture inspires a
neededto nurture and reconsideratiorof the type of policymeasureghat are neededto nurture
supportit. and supportit.

agricultureinspiresa
reconsideratiorof the
type of policy
measureghat are

Thecritical role of farmersin innovatingto meet growingand changingdemandsand challengesof
the global food system has not yet been widely acknowledgedwithin international fora or
institutions and organizationsrelating to innovation in agriculture, particularly with regardsto
intellectualproperty andagriculturaltrade. While aspectsof SSknnovationsystemge.g.Traditional
KnowledgeC I NJY RBightsaRdd Accessaind BenefitSharingare recognizedwithin internationalfora
relating to agrobiodiversity(i.e. the International Treatyon Plant GeneticResourcegor Foodand
Agricultureand the Conventionon BiologicalDiversity),an appreciationfor farmer innovationhas
not yet beenmadeexplicit.

Thisdocumentrepresentsa first step towards understandingand operationalizingsupport for SSF
innovation systems.Thisis part of the QUNOFoodand Sustainabilitt N2 3 :Ndffort @ shift the
discoursewithin internationalfora to includea broaderdefinition of innovationin agricultureand
to supportnationalgovernmentsto undertakemeasureshat support SSEnnovation.



IIl.  Evolving understandings of innovation in agriculture

Thissectionmapsout three ways of understandinginnovationin agriculture,asit is discussedn the
literature (summarizedn Tablel). Thefirst is the conventionaltechnologytransfer model, where new
technologiesare developedwithin and disseminatedby formal institutions to farmers (innovation for
farmers).Thesecondsthe innovationsystemserspectivewhereinnovationis viewedasprocesgather
than output, andthe resultof complexinteractionsamongactorsin a particularcontext. Hereknowledge
isWAIANP R dyd@rialnstitutionsandfarmers(innovationwith farmers).Thethird isthe endogenous
innovation perspective,where farmers themselvesare recognizedas having immense capacity to
innovatewhile all other actorsplay supportingroles (innovationby farmers).

Tablel: Threewaysof understandingnnovationin agriculture

Conventionalagricultural AgricultureInnovation System
innovation (AIS)

SSHnnovation system

Innovationis a(n)x" Eelliii Process Process

Primaryactors Formalinstitutionsand Formalinstitutionsand SSFssupportedby other actors

organizations organizationgwhile
unpredictabilitylimits complete
control)
Roleof formal Innovateandfacilitate Facilitateresearchprocessand Provideresourcesandfacilitate
sector technologytransfer technologyadoption knowledgesharing
Roleof farmers Adoptnewtechnologies Participatein innovationprocess | Innovateandadapt
I olEailalleNZEiiel Modernvarietiesandfarm Modernvarieties,farm Adaptationof modernvarieties
managemenpractices managemenpracticesand andpractices jntegrationof

alternativewaysof organizing knowledgesystemspn-farm
experimentation

WV ETIRGEINES Investmentin R&D,improving | Investmentin R&Dand Innovationasa sociallearning
the literature technologytransfer extensionservicemulti- processhuildingsocialcapital,
stakeholdemplatforms, rolesof supportingactors

participatoryresearch

Innovationfor SSFs Innovationwith SSFs Innovationby SSFs

Viewsdiffer in termsof who hascapacityto innovateandhow innovationin agricultureis bestsupported.
Coudel(2013)remindsusthat new agriculturalmodelsdo not displaceold ones,but coexistwith them as
they are graduallyimplementedmore and more on the ground. The dominant strategytoday remains



innovating for farmers; innovating with farmers has become mainstream discourse;and a greater
appreciationof innovationby farmersis still emerging.

2.1 The technology transfer model

Scholarshipin agricultural innovation was born out of a neo-classical N )
economictradition. Thistradition holdsthat there is a positiveandlinear | fémainsinnovatingfor
relationshipbetweeninvestmentin researchanddevelopmentR&D)and | farmers;innovatingwith
the disseminatiorof goodand servicesof socialvalue(Hallet al2001ain | farmershasbecome

Thedominantstrategytoday

Berdegué2005).Simplyput, investmentspursinnovation,whichbenefits = mainstreamdiscourseanda

society. Schumpeter (1934) first wrote that innovation grants an | greaterappreciationof
entrepreneuran advantageover his competitorsand thus the ability to innovationby farmersis still
generateprofits. Innovationbecamesynonymouswith aninventionthat = emerging.
had marketvalue;an output in a productionsystem.

TheWi S OK ¥ 2 tha assertsthat technologygrowth rates have a direct and positiveimpacton
economicgrowth rates, and thus laggingeconomiescan ¥ O |-dzlQK exploiting knowledge already
createdby more advancel economiesand bring themselvesup to the technologyfrontier (Fagerberg,
1987;Abramovitz,1986).TheW (i S O K ¥ B kiflnSedwhen governmentsnvestin R&Dto bringabout
economicdevelopmentthroughtechnologicathange(KraemerMbulaandWamae2010). In agriculture,
societiesthroughout the past two centuries have ambitiously created organizationsand institutional
arrangementsn order to increasetechnologicalnnovation,followingthis logic (Engell997).

Agriculturalinnovationmost often refersto ¥ I NJY é8ldpBofof new technologiesw 2 3 Shedry®n
diffusion of innovations(Rogersl962)is still dominant view of how innovationin agriculture benefits
society(WatersBayeret al 2009) Duringthe GreenRevolution the focuswasput on developingnodern
varietieswith higheryieldsand disseminatingmore efficient and productive farming practices(Pingali
2012).Today,the focusis on developingmodern varietieswith a wider rangeof desiredtraits suchas
improved nutrition and adaptations to new environmental stresses, particularly for withstanding
predicted climate changescenariosand on developingnew farm managementpracticesthat are less
resourceintensive, following the W& dza { linkeyisifica® & yhdvement (see Godfray et al 2010).
Regardlessf how currentchallengesare framed,the samelogicprevails:farmersare requiredto adopt
more productive, profitable and resourceefficient technologiesdevelopedwithin and disseminatedby
formalizedinstitutionsfor innovation(seeShiferawet al 2009; Dogliotti et al 2014 Anandajayasekeram
and Gebremedhir2009).

Alargebodyof literature couchedn this paradigmfocuseson private¥ A Na¢entiveso investin science
andtechnology Driversof innovationincludegrowinginternationalmarketsfor agriculturalproductsand
inputs, reducedrestrictionson trade, growth in demanddue to increasedncome,extensionserviceso

help facilitate technologytransfer, investmentin scienceand technology,and increasedcapacityfor

investorsto appropriate gainsfrom investmentdue to strengthenedintellectual property rights (Pray
2008).Investmentin scienceand technologyand marketliberalizationwill, it is argued,resultin greater
food securityfor SSFandthe broadersocietyand contributeto the gradualalleviationof povertyamong
poor farmers(Rotman2013).

10



Therole of the private sector vis-a-vis the public sectorin this pursuit is growing. Over the past few
decadesnanycountrieshavechangdthe waythey fund publicsectorinvestmentandincentivizeprivate
sector investment, leadingto shifting patterns of spendingin R&Din agriculture (Pardeyet al 2006;
Conway2012).

A secondbody of literature focuseson increasingechnologytransfer by studyingthe characteristicof

W S | NJ 28LJar, NBr&€recently,incorporating® | NJYr@ed3asa preferencesnto breedingtargets.

Thishasinspiredinterestandinvestmentin participatoryplant breeding(PPB)vhich seeksto makenew

technologymore relevantandapplicableto endusers(Chamber®t al 1989;Scoone®t al 1994).Varying
degreesof participationt accordingto the roles of farmersand the stageand degreeto which they

participatein the processandinfluencedecisionst makefarmersmore or lesspassivein this exchange
(Sperlinget al 2001).

Box1: Technologyransferremainsthe dominantstrategy

Technologyransferremainsthe primaryvehiclefor sharingthe benefitsarisingfrom the useof plant
geneticresourcegor food and agriculturewith farmersin developingcountries.TheGoverningBody
of the FAQInternational Treatyfor PlantGeneticResourcefor Foodand Agriculture(the Treaty)has
called upon Contracting Parties and all relevant stakeholdersto improve technol@y transfer
(Resolutiont/2011),emphasizinghe role of technologyand utilization of moderntoolsfor achieving
food security.A Platformfor the CoDevelopmentand Transferof Technologiess now beingcreated
to help mobilize resourcesand facilitate technologytransfer initiatives and projectsthat benefit
developingcountries(ITPGRF2013).Thet NB Ifuh@ingrfechanisnfor in situ conservatiort  the
BenefitSharing-undof the Multilateral Systent isalsoorientatedtowardstechnologytransfer.The
2014 Third Callfor project proposalsfor the BenefitSharingFundhighlightsinformation exchange,
technologytransferand capacitybuildingasthe first of three priority fundingareas,followedby on-
farm conservatiorand sustainableuseof plant geneic resourcestespectivelyKeyexpectedutputs
include the introduction and disseminationof new varieties from public and private breeding
programmesand the increasedadoption of new varietiesthrough participatory breedingmethods
with farmers(ITPGR&2013).

Theconventionalunderstandingof innovationaslineartechnologydiffusionhasbeencriticizedfor:

wNot reflectingthe complexityof agriculturalsystemsn practice(R6ling1992;Engell997 Spielman
et al2009;Coudel2013;Smithet al 2014);

wBringinglimited benefitsto farmers(Wettasinhaet al 2014;Hounkonnouwet al 2012);

wlgnoringthe distributional and equity issuesrelating to innovation (Hall et al 2001ain Berdegué
2005);and

wContributingto current problemsrelatingto the sustainabity of agriculture,erosionof traditional
andindigenousknowledgeincludinggenderedknowledge biodiversitylossand the degradationof
naturalresource§Engell997;WatersBayeret al 2009).

11



Thesecritiqueshavegraduallymoveddiscussiongawayfrom innovationasa driver for economicgrowth
towardsa more a more holisticview of innovationasa processof socialtransformation(KraemetMbula
andWamae2010).

2.2 Agricultural innovation systems

The agricultural innovation systems(AIS) perspectivehas caught on rapidly among academicsand
researchorganizations.AlS applies complex systemstheory to conventional agricultural innovation
studies pioneeredby Halland Clark(1995),Enge(1997)andHallet al. (2001,2003).Innovationhassince
become more widely understood as a social processembeddedwithin complex systems,requiring
scholargo studythe milieuin whichinnovationoccurs(Spielmaret al 2009).

AlSisdefinedasa systemthat bringstogetheractorsfrom the public, private andcivil sectorto bringnew
products,processesnd organizationaformsinto economicuse,togetherwith institutions and policies
that affect how actorsinteractionandhow knowledges usedandexchangedWorld Bank2006).Thekey
divergencefrom the technologytransfer approachis that innovationis understoodas a processrather
than an output, whereby technological developments are combined with new institutional and
organizationakrrangementqYanget al 2014). Technologytransfer alone doesnot translatedirectly to
productivity gains or other desired improvements. Improvementsare contingent upon constantly
changingelationshipsamongactorsandevolvingecologicaltechnologicalcultural,social,economicand
politicalenvironments(Spielmaret al 2009;KraemerMbulaand Wamae2010).

Managing innovation systemsrequires understandingof how knowledge is exchangedand how
institutional and technologicalchangeoccurs (Anandajayasekerarand Gebremedin 2009) No one
actor, regardlessof how muchrelative power they have,canexercisecomplete control over a system.
Likewise policiesput in placeto managesystemscannotdo sowith completecertainty (Axelrod1999in
Spielmaret al 2009).Thisrepresents a substantialepistemologicatieparturefrom the neo-classicaview
of innovationasa linear,input-output model of agriculturaldevelopment.

Thescopeof innovationis alsoexpandedoeyondnew technologiesand farm managementracticesto

include new ways of organizing(Ton et al 2015). Examplesinclude markets, labour, land tenure and
distribution of benefits(AdjerNsiahet al 2008;Dormonet al 2004;Pamuket al 2014) Essentiabupports
for AlSinclude financial support for formal research,extension servicesand businessdevelopment
organizationgHallet al. 2007; Wongtschowsket al. 2010; Tonet al 2014),accesdo credit and market
facilities and improved infrastructure,and increasedcoordination both within and between groupsof

actorsat the individual,communityandinstitutional levels(FAO2014).

AIS literature focuseson engagementwith farmers as a means of increasingthe relevance and
applicabilityof innovation. Thereis widespreadconsensughat farmersneedto havegreaterinfluence

12



over the entire researchprocesssupportinginnovation (Douthwaite 2002; Klerkxand Leeuwis2008;
Klerkxet al. 2006;Neefand Neubert2011;Poultonet al. 2010 Tonet al 2015).0rganizationsre under
pressureto more activelyengagewith SSFén order to maketheir researchmore accessiblgo farmers
and for it to more accuratelyreflect their needs(Wettasinhaet al 2014),and more are adopting AIS
languageo describetheir work (seeFAC2014,World Bank2006;2012).

Thisdoesnot, however,automaticallylead to changein practice. There
remainsa heavy emphasison the role of institutions and organizations
introducing innovation to farmers and facilitating technology adoption
(KraemesfMbula and Wamae 2010). Technologyitself is more broadly
understoodto includetools, farming practicesor methodsof organizing,
but its transfer remains the most common strategy for pursuing = ©rganizingits transfer
agriculturaldevelopmentin practice.Smithet al (2014)explainthat it is | remainsthe mostcommon
difficult for organizationseventhosesupportingsocialentrepreneurship, = strategyfor pursuing

to shedthe deeplyembeddedtradition of developinggenerictechnologies | agriculturaldevelopmentn
to be appliedto contextspecificproblems.Engrainedetsof habits,beliefs practice.

and rules within institutions and interactionsinfluence how knowledge
flowsthroughinnovationsystemgNorth, 1990;Edquist,1997).

Whiletechnologyitselfis
morebroadlyunderstoodto
includetools, farming
practicesor methodsof

KraemerMbula and Wamae (2010) argue that while SSFhave been made the target beneficiariesof
investmentin scienceandtechnology andinvestmenthasbeenre-orientatedtowardsmakingproduction
systems more ecologically sustainable, these changesdo not represent transformative shifts in
perspective The significanceof F | NJY'rSI&ifi ifhovation processesemainslargely unacknowledged
andthe asymmetricapower relationshipbetweenformal andinformal actorsremainsunchanged(ibid).
Wettasinhaet al (2014) point to the divide between & i K&lds of formal and informal agricultural
researchandR S @S f 2 tidat Beédstd be bridgedin order to arrive at more usefuland sustainable
outcomesfor smallholdergpp.12).In essence the processof innovationis now practicedwith farmers,
but the direction of the flow of knowledgeand expertisehasnot changeddirections. Spielman(2009)
addsthat few AlSstudiesexaminedistributionaland poverty-related effectsof innovationand very few
arefocusedon technologicabr institutional changethat is explicitlypro-poor.

5 Sociakntrepreneurships understoodasa model for businessn whichthe primarygoalis socialchangethrough
the developmentof socialtechnologiessecondaryis market sustainability Communityownershipis essentiabut
outsideintervention canenhanceefforts (Cozzensnd Sutz2012).Sociatechnologiesare definedascommunity
basedon grassrootsnnovationswherethe maindriveristo makelife better rather than for profit (Dagninc2010
in Cozzenand Sutz2012).

13



Box2: Agriculturalinnovation systemshaveenteredinto dominantdiscourse

abilitiesto innovatethemselves.

TheFAQO2014report on innovationin family farming comesfrom an AlSperspective While family farmersare
understoodto beintegral componentf innovation systemsthey are the beneficiariegather than originators
of innovation. Synthesizedthe supportsrequired for innovation systemsto flourish are 1) researchand
developmentto developnew technologies;2) extensionand advisory servicesto increaseuptake of new
technologies;3) producerorganizationsto link farmers with markets and financial servicessuch as credit
schemesand4) a nationatlevelregulatoryframeworkthat encouragegublicand private sectorinvestmentin
agricultureand increasedinksto internationalmarketsthrough trade policiesand investingin marketrelated
infrastructure. While these supportsare meantto benefit family farmers, this list doesnot mention farmer<Q

2.3 Small-scale farmer innovation systems

The SSHnnovation systemsperspectiverepresentsa merger between AlS
and developmentstudies.SSRnnovation systemsare understoodas social
phenomenan whichindividualsand communitiesin a specificlocality share
and adapt local knowledge, integrate scientific knowledge,and develop
better waysof managingesourcesand overcomelocalchallengegadapted
from Sanging&2009).Fundamentato the conceptis that farmershavethe
capacityto innovate, experimentand adapt, and are viewed primarily as
innovators themselvesrather than implementersof innovation. C I NJY S
innovation systemsare recognizedas fundamentally unique from formal
sectorinnovationsystems’

SSHhnnovationsystemsare understoodto be synonymouswith:

wEmbeddednnovationprocessegVanRijnet al 2012);
wFarmerledinnovationsystemgWettasinhaet al 2014);
wLocalinnovationsystemgInnovationAfricais this Sanging&20097%;
wlnformalinnovationsystemgCozzen2012);
wMicro-levelinnovation(Lappleet al 2015);

Fundamentato the
conceptisthat farmers
havethe capacityto
innovate,experimentand
adapt,andareviewed
primarily asinnovators
themselvesather than
implementersof
innovation.

wDemanddriveninnovation(von Hippel,2005,2007 KraemerMbulaandWamae2010);and
AGrassrootr bottom-up innovationsystemySeyfangnd Smith,2007; Smithet al 2014).

§TheW ¥ 2 Nsdctorfisnderstoodto includeboth publicand private institutions and organizationswith the
mandateof improvingagriculturethroughthe advancemenbf scienceandtechnology investmert in R&Dand
extensionservicesTheseactorsare generallyorientated towardsscaleand efficiency havegreateraccesso
resourcesand a more dominantpresencewithin policyfora regardinginnovationin agriculture.
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SSHknnovationsystemsare
both a resourcefor responding
to newopportunitiesand a
copingmechanisnfor

SSHknnovationis conceptuallydistinct from pro-poor innovationsystems(Berdegué005)and inclusive
innovation systems(Swaanset al 2014), where SSFare the primary beneficiariesof innovation and
incentivesare at timesusedto increasefarmer participationin the innovationprocess.

This body of literature emphasizesF | NJY iS&ns2 capacity to
innovate. Farmersare active, understandthe impactsof their own
practices, and are both sources and users of knowledge and
information in agriculture (Engel1997). They are knowledgeable,

respondingo the challenges skilled,motivatedand empoweredto developtechnologiessuitedto
facedby vulnerable their circumstancesndfarmingobjectives(Hounkonnouet al 2012).
populationsin absenceof Theyexperimentcontinually and are highly capableof innovatingto
outsidesupport.Assuchwe solveproblems(Scoonesand Thompsornl994;Chambersl9891990;
believethey needto be Chamberst al. 1989in Beckfordand Baker2007).WatersBayeret
broughtto the forefront of al (2009) assertthat the most original ideas and successfulocal
discussionsegarding adaptations of modern varietieshave been done by farmersin the
sustainableagriculture, absenceof formal researchand extensionsupport. Other actorsmay
povertyalleviationand global supportSSknnovationsystemsthroughaprocessof W GRS y SNI G A y 3 Q
food security. or W A3aNEP R dk@owlgdge€poingthroughiterative cyclesof adion

andreflection (WatersBayeret al 2007).

Over the past three decadesthe international community has begunto pay attention to ¥ I N S NA Q
innovation (Wu and Zhang2013). Theconceptsof W& 2 O3 I KW & ZS-ONghd tifedn@egration of
knowledge systemsamong farming, indigenousand scientific communitiesentered into agricultural
developmentdiscoursefollowing the appropriate technology movementin the 1970s,thet S2 LJ SQa
ScienceMovementin Indiain the 1980sandthe socialinclusionmovementin LatinAmerica(Seyfangnd
Smith2007;Wuand Zhang2013;Smithet al 2014).

Recentworksbringexplicitattention to SSEnnovationsystemsForemosiof theseareWL y y 2 I3F NA @ ly Q
(Sanging2009) W C | NRlys&WNEI J A §Skdbre®@n@Thonpson,2009),W! O Reés@axtint | NIy S NB K A LJC
by Faureet al. (2010),andWw S y Siindvsttisin Systemsn Agricultureand C 2 2(@oQdel2013).These
scholarsemphasizehe needfor collaborativepartnershipsto be madebetweenfarmersandthe formal

sector institutions and organizationsin agriculturethat go beyonda participatory approachto where

supporting® I NJYighbdlktionbecomeshe impetusfor collaboration.

A handful of studieshave attempted to measureinnovation at the farm level (Diederenet al 2003;
Karafillisand Papanagiotol?2011; Arizaet al 2013; Wu and Zhang2013; Lappleet al 2015). Thiswork is
summarizedn Sectiord.2.5.Adoptionof exogenousnnovation Thesescholargecognizehat measuring
innovation in agriculture by quantifying investment in formal sector R&D and extension services
insufficientlycapturesinnovationon the part of farmers.However the vastmajority end up focusingtheir
recommendation®n how to increasetechnologyadoption ratesamongfarmersrather than on how to
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supportinnovationby farmers. Asexplainedby Léappleet al (2015),measuringinnovationthat goeson
outsideof formal sectoris still in its infancyandthere remainchallengego quantifyingwhat remainsan
elusiveconcept.

Practicakexamplesof SSHnnovationhavebeendocumented Examplesnclude:

wGuptaet al (2003)documentthe work of the HoneyBeeNetworkin India;

wSmith et al (2014) and Miranda (2011) describethe SocialTechnologyNetwork (RTSRedede
TecnologigSocia) in Brazil,

wWatersBayeret al (2009; n.d working paper) highlight the ongoingwork of the PromotingLocal
Innovation in ecologicallyoriented agriculture and natural resource management(Prolinnova)
initiative;

wWettasinhaet al (2014)study a seriesof farmer-led researchinitiatives jointly supportedby the
CGIlARResearcliProgramsn AquaticAgriculturalSystemgAAS andon ClimateChangeAgriculture
andFoodSecurity(CCAFZnd Prolinnova;and

wTheWorld Overviewof ConservatiomApproachesand TechnologiegWOCA) hostsdatabasesand
publicationson sustainabldand managementpracticesand adaptationmeasuresmany of which
havetheir roots in traditional farming practicefrom aroundthe world.

Thesestudiesalsoprovideevidencefor how endogenousnnovationcanco-existwith, andbe supported
by, existinginstitutional arrangementsn agriculturalinnovation.

Onthe whole, however,relativelylittle attention hasbeengivento ¥ I NJY &
capacitieso experimentand adaptto meet their own needs(WatersBayer
et al 2009). Lorentzen (2010) reports that the majority of researchin
agricultural innovation focuseson formal organizationsrather than on formal organizations
individuals householdsandcommunitiesasthe principleunits of analysisAs rather than individuals,
aresultthere lacksa systematiaresearchagendaconcerningthe innovation | householdsind

of the Wo ani @ A f f W2 W RANIatfor processes are rarely | communitiesasthe
documentedin peerreviewedjournalsand are thereby difficult to access. principleunits of analysis
Most documentationremainsin project reports, civil society2 NH I YA | | (Lorentzer2010).
websites and less academieoriented literature sudh as magazines

(Wettasinhaet al 2014).

Themajority of research
in agriculturalinnovation
continuesto focuson

SSHnnovationremainslargelyunrecognizedy academicdor two reasonsFirst,farmersdo not attach
their namesto innovationsnor applyfor patents,write scientificpaperson their discoverier otherwise
document their work (Rhoaded 989).Thisis evenmore sothe casewhenit comesto traditional rolesof
women in farming communities (Momsen 2007). Second,farmers are generally viewed as passive
recipientsrather than originatorsof technologiegBeckfordet al 2007;Chopra2014; WatersBayeret al
2009). Thisfollows a tradition of farmers being depicted as ignorant, resistantto change,bound by
tradition andlackingin innovativecapacity(Chamberst al 1989;Rhoaded 989;Beckfordet al 2007).As
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aresult, farmersthemselvesften viewtheir role asreceiversof technologyandinstructionsrather than
havingsomethingvaluableto offer (DeLeener2001a,bin WatersBayeret al 2009).

Olwig(2012)addsthat it isincreasinglydifficult to discernwhat consitutes alocalagencyto innovateas
globalorganizationgplay an increasinglyvisible and powerful role in participatoryresearch(innovation
with SSFsHerethere is arisk that organizationssupportingSSHnnovationsystemsmay inadvertently
detractfrom ¥ I NJvovhEreeptionsof their abilities, therebylimiting their innovativepotential (ibid).

Progresshasbeen slow in terms of integrating SSEnnovationinto organizationalpractice. Smithet al
(2014)contendthat grassrootsnnovationrarely featuresin policy discussionsvithin formal scientific,
technologyand innovation communities,and innovation policiesremain focusedon rent-seekingfirms
developingnew technologiesfor increasinglyglobalizedmarkets. . 3.3Nd Oid cor@i8efediostering
relationsamongscienceand technologyinstitutes and firms and providingincentivesfor firms to invest
in innovationactivities(citing OECL2010),for the endsof closingthe ageold Wi S OK ¥ B {Saithét
al2014).

It is foreseeablethat the growing recognitionof { { Gidaftive capacity will translate into a wider
appreciationfor their innovativecapacityin the comingyears.Thereis considerableoverlapbetweenthe
conceptofinnovationandadaptation(seeSection3.2.4Adaptationto environmentabndmarketstress).
Particularlywithin the burgeonindfield of agroecology¥ | NJlya8dpiivezapacityin termsof their ability
to experimentwith new varieties and managementpracticesto suit changinggrowing conditionsis
garnering attention (seefor example Tittonell et al 2012). Thereis also evidenceof climate change
spurringnovelpartnershipsbetweenfarmersandformal sectorresearchanddevelopmentorganizations,
an exampleof institutionalinnovation(seefor exampe Chhetriet al 2012;Chhetriand Easterling2010).

17



lIl.  SSHnnovation systems:ldentifying systemboundaries

UnderstandingSSRnnovationasa W & & arégSiré<ientifyingwhat suchaW a & aiiclBdégandwhat
is excluded(Engles1997). This secton draws boundariesaround SSHnnovation systemsin order to
facilitate sharedunderstandingand move towards operationalizingsupport for them at national and
internationallevels.Boundariesare imperfect,dynamicand highlycontextspecific:

Whomainand supportingactorsare.

What constitutesas SSknnovation.

Why/ for what endsSSFsnovate.

How SSHnnovate in absenceof support, with the support of innovation intermediaries,and as
participantsin innovationplatforms.

Whereandwhen contextspecificinnovationmaybe scaledup anddiffused.

o Too To Do To

3.1 Who are the main and supporting actors?

Themain actorsin SSHnnovationsystemsare farmersthemselvesjncludinginformal networksamong
farmers,grassrootst | NJIYdsgidiz&tionsand cooperatives.

Many SSFsre considered¥ NB & 2 JzRllgbelow the minimum requirementsfor accesgo credit

whichin turn limits accesgo inputs and markets(Wettasinhaet al 2014).Wettasinhaet al (2014)report

that thesefarmersin particular,with lessaccessto inputs andlesswell-connectedto extensionservices,
innovateusinglocally-availableresourcedo meetlocalneeds.Women,who makeup a disproportionate
shareof resourcepoor farmers,are widelyrecognizedaslocalandtraditional knowledgeholdersandare

particularlyactivewith regardsto on-farm experimentationwith varietieswith post-harvestqualitiesand

nutritional and cultural value (Howard et al 2008). Many SSFdhave diversified livelihood strategies
combiningsubsistenceand commercid farmingwith participatingin other goodsand serviceindustries
to protectthemselvesagainsiow marketpricesandprice volatility (FAO2014).

Not all SSFsare innovators and there are degreesof participation and involvementof SSFsn local
innovaton processegWettasinhaet al 2014).WatersBayeret al (2009)point out that the farmerswho

demonstrateor ¥ Y 2 Rnfrdd@zedtechnologiesare more commonlyreferredto asWA y'y 2 @vhild A S QX

othersmaybe the more creativeproblemsolvers.

Supportingactorsare not primarilyinnovatorsbut influencethe innovationsystem’ Theyincludeformal

institutions and organizationdor agriculturalpolicy,researchand developmentand extensionservices,
whetherthey are publiclyfunded programs private sectorinvestmentsor academiaesearchinitiatives.

Stakeholdersn related sectorsor industries,andthoseat variouspoints alongagrifood valuechainsare

alsoconsideredsupportingactors.

CivilsocietyorganizationdCSOsand non-governmentalorganizationgNGOs)may be consideredmain
or supportingactorsdependingupon specificcircumstancetheir relationshipswith farmersand formal

" Engleg1997)and Kramerand de Smt (1987)recommenddifferentiatingbetweeninside(main)and outside
(supporting)actorsin this wayin order to understandthe functioningof aninnovationsystem.
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institutions involved, and internal organizationalstructure, vision and mandate. Therole of CSOsand
NGOsasWA vy 2 BY i § Bl SaiktatingmtSractibnsbetween SSFand other adors is discussed

in Section3.4.2.

Figure 1: Main and supporting actors in a SSHnnovation system

TheSSHknnovationsystem
perspectivenarrowsin on
innovationat the
smallestscale recognizing
that the ideasandvoices
of keyplayersoperatingat
thislevelare often
unheardwhen
amalgamatedinto this
muchlargerwhole.
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extension services,
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actors

By comparison,the AIS perspective has drawn the widest boundary
possible Everystakeholderjnstitutional arrangementprocessandsocial
andnaturalphenomenonthat influencesor isinfluencedby innovationin
agricultureistakento be part of the whole (seefor example World Bank
2006).WuandzZhang2013)warnthat differencesn values,nterestsand
attitudes between farmers and other stakeholders, as well was
communication barriers, are underestimated in multi-stakeholder
partnershipsocusedprimarily on knowledgesharing.TheSSknnovation
system perspective narrowsin on innovation at the smallestscale,
recognizinghat the ideasandvoicesof keyplayersoperatingat this level
are often unheard when amalgamatedinto this much larger whole.
Choosingthis scaleof analysisdoes not ignore the broader context in
which innovation occurs, but rather bringsto the forefront questions
surroundinghowthe broadercontextaffectsinnovationat the farm level.



Particularlywhendiscussingartnershig betweenSSFandformalinstitutionsandorganizationsthe line
between main and supportingactors quickly becomesblurred. The key point from the SSEnnovation
perspectivesthat farmersneedto be keptin focuswhen studyinginnovationin agricultue.

3.2 What is considered SSHnnovation?

Wu and Zhuang(2013)define farmer innovationasany technology,inventionor improvementmadeby
rural peopleto copewith the complexityof local resource,ecological,economicand socialconditions
(citingChamberset al 1989;Biggsl990;Wortmannet al 2005) Whatthis lookslike in practiceisinevitably
asdiverseasfarming systemsare themselves Coudel(2013)emphasizesghat innovation systemstake
different forms dependingon what countrythey are in, whether agricultureis capitalintensiveandthere
is highconsumptionof inputs,andwhether farmershaveaccesgo theseresources.

Broadlydefined,the W ¢ K ¢f 8Bnnovationincludesboth tangibleoutcomes(e.g.new techniquesand

technologies)and processesfor arriving at tangible outcomes(e.g. new ways of organizing).Table2
summarizeshe typesof innovationdiscussedn this section.

Table 2: What is considered SSHnnovation?

4.2.1 | Technicabndinstitutional change Outcome

4.2.2 | Theapplicationof traditional knowledgeto currentcircumstance Process

4.2.3 | Themaintenancedevelopmentand useof agrobiodiversitycultural diversityandthe Outcomeand
diversityof farm managemenfpractices process

4.2.4 | Adaptationto climatechangeandother environmentaland sociceconomicstresses Process

4.2.5 | Theadoptionof outside(exogenousjnnovationto suitlocalneedsandresource Process
endowments

3.2.1.Technicalandinstitutional change

Innovationrefersto both technicaland institutional processe®f change(Sanging®2009. Raling(2009)
highlightsthe differencebetweenon-farm technicalinnovationthat leadsto productivity gainsor other

measurableimpact in terms of sustainability or poverty alleviation, and institutional innovation
(relationshipsamongactors)that leadsto opportunitiesfor increasinghe scaleof impact by spreading
innovationsoverlargerareasandachievingongerterm impacts.Thetwo typesof innovationare mutually
reinforcingt technicalinnovation caninspireinstitutional innovation,and institutional innovationcan
createconduciveenvironmentsfor technicalinnovationto emerge(ibid).

Usinga similartypology, Wettasinhaet al (2014)differentiate betweend K | bidtéchnicalinnovation

that is the focus of most interventionsand & & 2 sbdiocénstitutional innovationthat happenson-farm
during participatory farmer-led researchinitiatives. Soft innovation refers to the more subtle inner-

20



workingsof socialnetworksand relationshipsthat cannotbe ignored i _
in the context of problem solving. SSFsworking in groups and | Softinnovationrefersto the
networks respond to heterogeneous needs within communities | moresubtleinnerworkingsof

relating to a wide array of topics, while sustainingcommunication | socialnetworksandrelationships

channels after an intervention has ended. Soft innovations are | that cannotbeignoredin the

commonly low-cost, low-risk innovations that are not easily = contextof problemsolving.SSFs

recognizedby formal researchand developmentactors, but which | workingin groupsand networks

bring WS I 8% gan@ increased motivation among farmers to respondto heterogeneousieeds

experiment and engagein the research process. Supporting soft within communitieselatingto a
|nnoyat|on requires researchersand §C|gnt|st§t9 spendtlme Wlth wide array of topics,while
farming communities and engage in & I O uwelleztibnlearning . D
Y , . S sustainingcommunication

I O U Aptogesses.They may then witness the socicinstitutional h lsaf . .
change that is inspired by and/or accommodatesbio-technical chamelsaiter anintervention
innovation(ibid: 142). hasended.

The HoneyBeeNetwork in India has documentedmore than twenty thousand examplesof technical
innovationof smallfarmers,womenand artisans acrossindiaand beyond,supportedby the Societyfor
ResearclandInitiativesfor Sustainabl&echnologieandInstitutions(SRIST§ndthe Nationallnnovation
Foundation(Guptaet al 2003).Examplesncludesmallmachinery herbalpesticidesyeterinarymedicines,
new plant varieties,agronomicpracticesand manyother products(ibid).

Wettasinhaet al (2014)cite the developmentof a platform for handlingof resourceuseconflictsasone
exampleof soft innovation. RodimaTayloret al (2012) study how informal associationgor economic
cooperationfacilitate climate changeadaptationamong rural communitiesin Tanzaniaan exampleof
socicinstitutional innovation. Associationgegulate accesgo cash,manageincomediversificationand
facilitate participation in local governancedecisions. The authors assert that they are becoming
increasinglyimportant for adaptation acrossAfrica by facilitating collective experimentationand risk
management, and contributing to the sustainability of socioecological systems by facilitating
collaborativeresourcemanagement.

3.2.2 Application of local knowledgeto current circumstance

Localknowledgeis hereunderstoodassynonymouswith traditionalknowledge KnowledgasW i NI RA G A 2 y I {

only in the sensethat it is developedoutside of formal educationsystems,is specificto sociocultural
contexts and hastended to be transmitted orally rather than beingwritten down (Beckfordand Baker
2007).Locaknowledgesystemsarenot a staticcollectionsof waysof beinganddoing,but rather dynamic
bodiesof know-how, practicesand skillsused over time that provide framework for decisionmaking
amongrural peoples(Scoonesind Thompsoril994).Putdifferently, localknowledgesystemsare entirely
contemporary. They facilitate continual adaptation to changingenvironmental and sociceconomic
conditions(Chamberset al. 1989; Beckfordand Baker2007; Sanging&2009; Beckfordet al 2007),and
allow people to cope with immediate problems and develop pragmatic and contextuallyrelevant
solutions(Smithet al 2014).

Local knowledgeincludesenvironmentaland ethnobotanicalknowledge,a history of what hasworked

underwhat conditions aswell asknowledgeof howto combinelocalknowledgewith scientificknowledge
(Beckfordand Baker2007).1t extendsbeyondW (i S O Kkgofvi€dgetoincludeinsights,wisdom,ideas,
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perceptionsandinnovativecapacitieg Thrupp1989),andisgeneratedthroughlivedexperiencgBeckford
and Baker 2007). Farm managementreflects generationsof observationwithin very specific niche
environmentsto suit the nutritional and cultural requirements of local people (Eyzaguirre2001 in
Beckfordand Baker2007; Thrupp 1989). Localknowledgeinforms choicesof farming techniques,soil
managemenpracticespestcontrol, cropselectionsyotationsandcropcombinationwithin specificniche
environments,andtendsto be highlysophisticatedn the caseof specificcropsimportant to household
food securityandincome(Beckfordand Baker2007).

Thepresentationof
localknowledgeas

W LINA Gt inhergrfyQ
ecologically
sustainablemaybe
problematicif it has
the effectof dismissing
contributionsfrom
conventionakcience
without discretion.

Authors caution againstthe romanticizationof traditional/local knowledge.
Briggs(2005)warnsthat it is unrealisticto expectthat it will alwaysprovide
sustainablesolutions to local problems. Thrupp (1989) write that not all
resourcepoor individuals have the capacity to transfer local knowledge
relatedto environmentalandsociceconomicconditions,or to innovatebased
on this knowledgeandlocalknowledgeis not alwaysW % ¥ f | witiOrataral
environments and can become inappropriate in the face of rapid socic
economicor environmentalchangesThepresentationof localknowledgeas
W LINA @ inhergrBly@cologicallysustainablenaybe problematicif it hasthe
effect of dismissing contributions from conventional science without
discretion (Briggs 2005). Scientific and local knowledge systems are
complementarywhen applied within specific economic and sociocultural
contexts. The aim is not to romanticizelocal knowledge,but to giveit due
credenceasa sourceof appropriateexampleghat are contextuallyuseful.

3.2.3.Maintenance developmentand useof diversity

Diversityin its many forms providesthe inputs to further innovation. Agrobiodiversityencompasses
biodiversityat the genetic,speciesand ecosystenlevels,aswell as cultural diversityincludingculinary
traditions and traditional knowledgesystemsfound within farming communities.The diversity of farm
managemenpracticesemployedby SSFencompasseboth traditional practicesthat haveevolved(and
continueto evolve)within particularcontextsandthe integrationof new practicesthat prove beneficial.

Few scholarsexplicitly highlight how the active maintenance,use and | Theglobalpublicgoods

developmentof diversityrelatesto innovation. The conservationof plant
genetic resourcesis widely understood as necessaryfor future variety
development, but historically the role of SSFsas innovators in its
developnent has gone unrecognized.The role of SSFsas managersof
dynamicagriculturalsystemsoften goesunnoticed (Clapp2014; Bragdon
andRodgersor2014;Foresigh2011).Theglobalpublicgoodsprovidedby
SSFsn terms of the maintenanceof key genetic resouces and their

the maintenanceof key

contributionto the
developmenbf new

contribution to the developmentof new varieties,food production, soil | Soilconservatiorand

providedby SSF# termsof

geneticresourceandtheir

varieties,food production,

conservationand sharingof agro-ecologicalkknowledgeand practicesare
alsolargelyunaccountedor.
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There are noteworthy exceptionsto this. The FAOGIobally Important Agricultural Heritage Systems
(GIAHSProgramme(Howardet al 2008)documentswaysin whichW (i NI RIS 2 I 3hatEigand use
biodiversity within landscapesof particular ecologicaland cultural significance.Farmers, herders,
pastoralistshunters,gatherersandfisherfolkare recognizedsinnovatorswho developcomplex/ocally
adaptedmanagemensystemsgenerallyleadingto improvedfood security,sustainablenaturalresource
management, biodiversityconservationand the preservationof cultural identity. Criticalto the GIAHS
conceptisthat humanshaveimmensecapacityto understandJearn,manageandinnovateto affecttheir
environmentslnorderto be considereda GIAHSagricutural systemamusthostsignificantingenuityand
adaptivecapacity yieldinginnovativesolutionsto critical biophysicabndsociccultural constraints.

Example®f innovativestrategiesfor reducingriskinclude(Howardet al 2008):

wDiversifyingresource base,including crops and varieties, field locations,and food procurement
practicedncludinghunting,gatheringandoptionsto sellsurpluscrops,handicraftswagelabourand
forestproducts.

wChangingarietiesand speciegplanted.

wAdjustingthe timing of activitiessuchassowingand harvestingto suit changingconditions.

wAdopting technical innovationsin crop improvement, cropping patterns, inputs, infrastructure,
landscapamnodificationand socialculturalinstitutions.

wChangindocationof actuities, resourcer lifestyles.

wExchangingoodsandserviceghroughbarter, reciprocityor markets.

wApplyingof traditional resourcetechniquesto improvethe managementlimate-sensitiveresources
suchaswater.

Accordingto Howardet al (2008),innovative solutionstend to be found in environmentswith major
biophysicakthallengesandwhere cultureshaveevolvedthe specializeknowledgeand skillsrequiredto
managestressesand fluctuations,suchas periodicdrought. In these environmentstechnologiessuchas
agrochemicaland modern varieties are less effective or ineffective in improving crop yields. Local
knowledge practicesandtechnologiesare better suited (ibid).

SSFmnovateusingagrobiodiversityin the followingways,discussedn sequencebelow:

wCultivationof homegardens.

wConsumptiorof wild andindigenougfoods.

wFoodpreservation safety,storageand processing.
wCulinarytraditions.

wDevelopmentanddisseminatiorof seedthroughinformal seedsydems.

Home gardensare recognizedfor the food security,nutrition and better livelihoodsthey provide farm
families(DeBoefet al 2013;Gotorand Martin 2013).Fieldcropsgenerallyprovide staplecarbohydrates
andlegumesywhile fruits, vegetablesandother WY A ¢r@phidie producedin smallerquantitiesin home
gardengHowardet al 2008).Thesecropsare usedin culturallysignificantdishesandare nutritionally rich
and diverse(Chweyaand Eyzaguirrel 990). Home gardensprovide subsistencehroughout the yearin
tropicalareas,insuranceduringtimes of shortageand economicdownturn, goodsthat canbe exchanged
through socialnetworksbasedon reciprocity,and an important sourceof income (Howard2006). They
alsoyield ointments and medicines fuel, animalfeed and buildingmaterials(Bastidasand Rueda2013;
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GotorandMartin 2013).2 2 Y S yr@ndinentrole in cultivatinghome gardenstranslatesinto increased
opportunity to generateincome (Howard2008) and socialrecognitionand empowermentwithin their
communities(Gotorand Martin 2013).

Homegardensalsoprovidehabitatsfor wild and domesticagrobiodiversity Shaded:offee plantationsin
particular are recognizedas important habitats for agrobiodiversity(Perfectoet al 1996). Coffeeis
describedasa keystonespeciesin the Afromontaneregionof Ethiopia(Feyissat al 2013)1 acentreof
originfor manycrop speciest andthe Umbuzeiroregionof Brazil(Peroniet al 2013).

Home gardensserveassitesfor crop domesticationand variety experimentationbefore successesre
transferredto largerfield plots (Landauerand Brazil199Q Eyzaguirreand Linares2004; Kumarand Nair
2006).Howardet al (2008)report that most communitiescontinuallyintroduce new speciesnto home
gardenst oneofthe primarymeansbywhichfarmersadaptto changeandinnovate,andthe mainsource
of speciesrichnessin agrobiodiversesettings. Researcherglocument examplesof highly productive
polyculturesandthe selectionof symbioticcrop combinationsin home gardens(kitchengarden$ in the
Caribbear(HillsandIton 1983;Hills1988;Brierley19761991;Beckfordand Baker2007).

Wild and indigenousfoods provide nutritional benefits (includingprobioticsand nutraceuticals) many
have documentedmedicinalvalue,and are associatedwith traditional customsand beliefs. The World
HealthOrganisatiorestimatesthat in many developingcountriesup to 80%of the populationrelieson
biodiversityfor primaryhealthcare(HerndonandButler2010)andthe lossof biodiversityhasbeenlinked
to the increasedemergenceandtransmissiorof infectiousdiseaseslnnovationoccurswhere the useof
wild andindigenoudoodsis adaptedto suit currentneeds,or whenthey contribute to new employment
opportunities,householdfood security,improveddiets and cultural reorientation/reclamation(AzamAli
andBattock2001in Howardet al 2008).

Innovationincludesthe knowledgeandskillsrequiredto developandmaintainfood storage,preservation
and processingtechniques (Howard et al 2008). The integrity of postharvest handling practicesis
essentialto the health and wellbeing of farming communities,food security and culinary traditions.
Exampleof time-honoured practicesinclude fermentation, surntdrying, smokingand saltingthat keep
foodsfree from bacteria.

Culinarytraditions are one of the mostimportant aspectsof culturalidentity (Howardet al 2008).There
ismuchresearchdocumentingg 2 Y S gel@ctionof crop varietiesbasedon characteristicsuchastheir
specifidastes,coloursandcookinggualities(CouniharandKaplanl998).Therole of womenin promoting
diversified diets comprised of traditional crops is critically important as diets become increasingly
homogenous and nutritious, traditional foods are replaced with processedfoods and refined
carbohydratesandfats (Linigeret al 2011).

Informal seed systemsare a cornerstoneof on-farm innovation. Farmersmaintain and develop new
varietiesadaptedto localconditionsanddistribute them throughinformal socialandeconomicnetworks.
Farmersobtain seedfairs, exchangeswith neighbouringfarmers, community seed banksor from the
F I NIrdviEraduce (Vernooyand Ruiz2012). Informal seedsystemsprovide farmerswith sufficient
accesdo locally adaptedand affordable seedin a timely manner (Louwaarset al 2013) and help to
minimizethe risksassociatedwith relianceon a givenseedprovider(Lapefia2012).
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FormanySSFsanddependingon the crop,informal seedsystemsare the only sourcesof affordableand
reliable seedto sustainlocal farming and food production (Vernooyand Ruiz2012; Almekindersand
Haadon 2006).Thisis particularlythe casefor minor food cropswhere there is insufficientpublic and
private sector investmentinto developingvarieties adapted to specificenvironmentsand marginal
growingconditions(Louwaarsand de Boef2012; Alimekindes and Louwaars2002).Byerleeet al (2007)
estimatethat eighty percentof all seedin Africais producedby farmersand distributed within informal
systemsandLouwaarsandDeBoef(2012)suggesthat for minor cropsthisiscloserto ahundredpercent.
Accordingo the FAO(2010b) this is likelyto remainthe casefor the foreseeablefuture.

Informal seedsystemsalsocontribute to improvednutrition. Up to ninety percentof seedusedby SSFs
across South Asia and sub-SaharanAfrica is produced, selected and saved by women, and it is
predominantlyg 2 Y S gbl@  grow and preservevarietiesimportant for healthy diets and local food
cultures(DeSchutter2009).

Maintainingthe

Maintaining the vitality of informal seed systemsis important for nurturing SSF .
) . ; . : . . . vitality of
innovation. There existsa body of literature discussinghow flexible seed policiest :

: ) - i . i informal seed
developedo suitthe uniquecharacteristic®f domesticseedsectorsandin consutation i :
with farmerst can support rather than impede informal seedsystems,and promote _sys emss
synergisticrelationships between them and more formalized seed production and | IMmportantfor
distribution systemgseeLouwaarsand de Boef2012;Louwaarst al 2013). _nurturln_g SSF

innovation.

3.2.4Adaptation to environmentaland market stress

Innovationand adaptationare overlappingconcepts(RodimaTayloret al 2012).Young(2014)suggests
that the distinguishingfeature betweenthe conceptsis that adaptationis more commonlyassociated
with identifying and developingresponsedo risk (particularlyclimate related risk) while innovationis

more commonlyassociatedvith newapproachego meetingemergingor existingneeds(particularlynew

market niches). In the context of agriculture the two may be less
distinguishableasinnovationscanbe understoodashumanadaptations
to changingconditions (RodimaTayloret al 2012)% Amaruand Chhetri

(2013) define adaptation as an ongoingand dynamicprocesswhereby
communities continually respond to changing conditions, be they

i socioeconomictechnologicalor environmental. Using this definition,

driversof on-farm incremental changewithin agricultural systemsmay be understoodas

adaptationandinnovation. both adaptationandinnovation.

Climatechangeand
environmentaldegradation
are significantsourcesof
risk,andassuch,are major

Climatechangeand environmentaldegradationare significantsourcesof risk, assuch,are major drivers
of on-farm adaptationandinnovation.SSF&avehistoricallyrelied on localinnovationsystemsbhasedon
agrobiodiversityandagroecologicgbracticego minimizeandpreparefor uncertaintyandrisk (IPCQ014;

8 Howthis isinterpreted mayhaveimplicationsfor how intellectualproperty law appliesto F I NJyiShbh&ation.
Smallincrementalchangeghat build upon eachother likelyyield innovationslackingthe W A y @ & yii (8eqifr&d

to meet patent eligibility criteriaand, in the contextof breeding,would yield varietiesconsidered? S a A Sy G A I £ f &
R S NRAf@IB jrecexistingmaterialand be ineligiblefor plant variety protection (PVP).
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DeBoefet al 2013).RodimaTayloret al (2012)suggesthat climatechangehasthe greatestpotential to
spurinnovationin areaswhere its effects are felt most severely,particularlyamongthe poor living in
marginalareaswhoselivelihoodsare dependenton naturalresources.

The capacity of farmers to respondto climate changein locallyappropriate ways is increasingly
recognizedn academiditerature (Mikhail et al 2011; Chistopbs et al 2009).UN SpecialRapporteuron
the Rightto FoodOlivierde Schutter(2010)providesevidenceof farmingcommunitiesadaptingto climate
change by adopting new farming practices based on the principles of
agroecologicalproduction. Tittonell et al (2014) discussthe EUfunded | Effectiveresponseso
Agroecologybased aggradatiorconservationagriculture (ABACO)nitiative | limate changewill
(2011:2014) that brings scientists,farmers and other relevant stakeholders
from acrossSubSaharanAfricatogetherto developinnovative solutionsfor
soil rehabilitation and increasedwater productivity in semtarid regions. = . ) .
Chhetri et al (2012) document partnershipsin Nepal that bring together lnnovatlpnandlncreased
different knowledgesystemsto developappropriatetechnologiedor climate F:onneCtIVItybetween
change adaptation. Distilled, the key messagefrom these authors is that | informalandformal
effective responsesto climate change will demand both technical and = Sectoractors.
institutional innovation and increasedconnectivity between informal and

formal sectoractors(seeTittonellet al 2014;RodimaTayloret al 2012)

demandboth technical
andinstitutional

Therole of SSEnnovationsystemsn helpingfarmersadaptto marketfluctuationsand price volatility is
not tackled explicitly within SSHnnovation systemsliterature. However, measuressuch as income
diversification participationin LIN2 R deOGoSeXakives,and on-farm processingand storage which help
T | NJvrSithgdte®he impactsof markets,may be construedas examplesof technicaland institutional
innovation.

Ruraturban migration, seasonajobs demandingtemporary migration and remittancesare household
strategiesfor dealingwith economicinstability. While not typically consideredinnovation, Tacoli(1998)
highlightsthat migrants,often portrayed as victims, are rational decisionmakersrespondingto social,
political and economicchangesat the national and globallevels.Seenin this light, migrationitself and
participation in the urban informal economy are innovative livelihood strategies. De Haas (2010),
however,warnsthat suchan optimisticview of migrationasa & -Bdlpfevelopmerii fnayshift attention
away from the role of statesin ensuringfavouralle conditionsfor migrantsonce they arrive in urban
areas. In other words, framing migration as innovation may have the effect of diminishinga G I G4 Sa Q
responsibilitiego providesocialservicego migrants.

3.2.5. Adoptionof exogenousnnovation

SSFinnovation encompassedoth changethat emergesfrom within farming communities (purely
endogenousnnovation)and changethat is introduced from external sources(exogenousnnovation),
adaptedto suit local needs. Sangingg2009) considersthis a false dichotomy, as farmers continually
experimentwith goods,servicesaandtechnologiesdevelopedexternallyto makethem more applicableto
localcontextst aprocesghat KraemerMbulaandWamae(2010)referto asWdza ¥NI2 @ G A2y Qd

WatersBayeret al (2009) contend that scientistsunderestimatehow much farmers adapt technical
innovationsto suit their needs by performing informal field trials, and that more original ideas and
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successfuadaptationscomefrom farmerswithout the supportof formal resear® or extensionservices.
Theyarguethat exogenougechnologiesand ideasare most usefulwhen providedin absenceof exact
specificationso asto grantfarmersthe spaceandflexibility to experimentand adaptthem to suitlocal
conditions (ibid). Chambes et al (1989) and Thrupp (1989) emphasizethe expertisethat goesinto

discriminatingamong technology options and that exogenoustechnologiesare often not adopted
becausehey are inferior to existingtechniquesor unsuitablefor localneedsand environments.

Thereis a wealth of literature availableon innovation developedoutside of farming communitiesto
improvesmallscalefarm productivityand ecologicakustainability(seeVanRijnet al (2013;Godfrayet al
2010; Altieri 2002; Linigeret al 2011). For example,Lingeret al (2011)documenta vast collection of
innovativefarm managementpracticestailored to smallscalefarms,completewith tools for increasing
adoptionratesandscalingup innovationsonceadopted.Farmerparticipationisemphaszedwithin each
of theseworks, howeverthe time, energy,resourcesand expertisethat farmers put towards adapting
exogenousnnovationsto suittheir specificneedsand circumstancess not widelyaddressed.

Themajority of studieson{ { @dofionof exogenoudechnologyadoptionfocuson how to increase
technologyadoptionrates (seeDiederenet al 2003; Karafillisand Papanagiotol?011;Arizaet al. 2013;
Wu andZhang2013).Commonlycited factorscorrelatingwith technologyadoptionratesinclude:

wC I NIy &deBdcreditandfarm size(Federet al 1985;Lappleet al 2015 Diederenet al 2003use
solvencyrate asa proxyfor accesgo finances);

wLandtenure andresourcerights (Drechsekt al 2005in Linigeret al 2011);

wAccesdo information (Drechsekt al 2005in Linigeret al 2011);

wC I NJY @id@ndkcharacteristicsncludingrisk preferencesage,educationrate, marital statusand
whetherthey are engagedn off-farm work (Gardebroek006;Lappleet al 2015);

wShortterm productivity gains,shortterm establishmentimes andpracticesthat are W S 1to¥ &S I
(Stotz2009;Linigeret al 2011);

wAppropriatenes®f technologyto specificcircumstancegWu and Zhuang2013);

wRelationshipsof trust between farmers and researchersand extensionserviceagents (Wu and
Zhuang2013);

wFavourableconditionsandtechnicalandinstitutional support providedby the government(Wuand
Zhuang2013);and

wThepresenceof farmerleadershipor the influenceof W S |- N 28LJivighiNEar@ing communities
(WuandZhuang2013).

It isnoteworthythat while this list sheddight on factorsinfluencing¥ I NYwiliNgnés<o useexogenous
technologies, these studies do not address¥ I NJy &ctil®& @le in integrating local and scientific
knowledgesystemsand adaptingtechnologiedo suitlocalconditions.

Most recently, Lappleet al (2015) developeda compositeindex for measuringon-farm innovation
adoption, knowledge acquisitionand continuousinnovationin Ireland, moving beyond using rates of
adoptionasthe sole proxyfor on-farm innovation.Knowledgeacquisitionis assessedby whether or not
farmers had consulted advisory services(citing Knickelet al 2009, Spielmanand Birner 2008), and
continuousinnovationis assessetbasedon whetheror not farmershadrenewedsomemachineryduring
the lastyear (citing OEC2013,VanGaler2009). Theseadditionalmeasuresdo not captureinnovation
that goeson in the absenceof extensionservicesand in agriculturalsystemsthat are not mechanized,
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while ¥ I NJya8tivgiofe in technologyadoptionis still not captured.While perhapsusefulfor increasing
the exposureof on-farm innovation in developedcountries such as Ireland, this compositeindex is

insufficientfor capturingthe scaleand scopeof SSknnovationin other parts of the world. Lappleet al

(2015)concedethat measuringnnovationthat goeson outsideof formal sectoris still in its infancy,and

callfor further researchin this area.

While their compositeindex may not be universallyapplicable Lappleet al (2015)exemplifyhow policy
recommendationgor encouragingnnovationmay emergefrom focusingon farmersthemselvesThey
find that youngerfarmerswho have completedagriculturaleducationand managetheir holdingsmore
intensivelyare more likelyto innovate,thus policiesthat encouragecarlierinter-generationakransferof
land, tuition subsidiestax exemptionsand accesgo credit targeting a youngerdemographicmay help
drive on-farm innovation(ibid).

3.3 Why do SSFsnnovate?

Foranet al (2014)askthe fundamentalquestionsof why innovationis requiredin food systemsandwhat
interventionsandinnovationare appropriatefor combatingthe underlyingcausef food insecurity(as
locallydefined)and for increasingesilience(aslocallyunderstood)?How food insecurityand resilience
are defineddetermineswhat innovationstrategyis deemedto be appropriate.

Whatdrivesor motivatesfarmersto innovateis differentfromwhat | Wynbergand Peeira (2013)
drives W¥ 2 Nifrovation systems. Formal sector agricultural | concludethat formalinnovation
innovation is driven by financial incentives and returns on | gystemamustintegrate
investment,pursuedmost commonlythrough intellectual property
rights and licensingagreements(Wynbergand Pereira2013)° SSF
innovation,in contrast,is often drivenby non-monetarybenefitsand
incentives such as climate adaptability, cultural norms and
relationshipshasedonreciprocity(ibid). WynbergandPereira(2013) = |
suggestthat formal innovation systemsintegrate environmental = inorderfortheformal
sustainability agrobiodiversityfood andnutrition securityandsocial | innovationregimeto benefit
benefit into incentivestructuresin order for the formal innovation = resourcepoorfarmers.
regimeto benefitresourcepoor farmers.

environmentakustainability,
agrobiodiversityfood and
nutrition securityand social
benefitinto incentivestructures

SSFfacepricevolatility, food safetyconcernsintensifyingenvironmentalpressureandextremeweather
events,malnutrition, lackof accesgo marketsandhard infrastructuresuchasstoragefacilities,amonga
host of other challengegFAO2014). Farmerscontinuallyinnovateto overcomethese challengespr at
leastmitigatingtheir impactsto the greatestextent possible(Howardet al 2008;Kileluet al 2013).

Berdegug2005)explainghat resourcepoor farmersare largelydrivento innovate by W LJdZact0Q:the

needto mitigate the impactsof negativestimuli suchassoil nutrient depletion,drought,over subsidized
agricultural imports driving down local prices and overpopulation in relation to natural resource
endowments.n contrast, SSFawith greateraccesdo resourcesaninnovatein responseo W LJdattdra
new opportunitiessuchasnew marketsfor highvaluecrops,new rural enterprises hew biotechnologies

9 Therole of intellectualproperty in encouragingnnovationin agriculture,includingwithin the W ¥ 2 Ndvidvdti6h
system,isthe subjectof increasingdebate.See Spielmarand Ma (2015);Galliniand Scotchmei(2002).
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andopportunitiesto participateat pointsfurther alongin agrifood value chainsthrough processingand
marketing(ibid).

Thepushand pull factorsinfluencing{ { ®&h&viourare likelyto changeaccordingto ¥ I NJYcar&kt Q
circumstancesrTittonell (2014)presentsatypologyof farm livelihoodstrategiesn smallholderagriculture
acrossAfrica:

1. VI | y-BQfafrakersin situationsof poor resourcepotential and market opportunities
who engagen subsistencdarmingactivities.

2. BteppingupQfarmersin situationsof high agriculturalpotential who investin asset to
expandcurrent production(semicommerciafarming).

3. W{ (i S-bitA@ifafrAers with accumulatedassetsand who may engagein nonfarm
activities.

Farmerswho are W K | y-EyikglyAnnovatein responseto pushfactorswhile thoseWa G S dalLakg 3
Y2 dméyfespondto new market opportunities. Howeverfarmstypically fluctuate within two regimes.
Smallholderswho W & & $iziihgy only do so temporarily or partially. Smallholdersthat undergo
contractionsof their natural,financialandhumanresources areincreasinglyulnerableto systemshocks,
are forcedto liquidate their capitalassets,undergolossof socialcapital and are forced to reconfigure
their livelihoodstrategieq(Tittonell2014).

The most widely discussed W LJdzdaki@es in the literature are

Boththe activemaintenance environmentaldegradationdue to unsustainableagriculturalpractices

and useof agrobiodiversity andclimatechange Environmentablegradationand climatechangeare
andthe adoptionof pushingSSF$o adaptto changinggrowingconditionsand contributing
ecologicallysustainable to the erosion of agrobiodiversity. The FAO (2015) reports that

farm managementpractices agriculturalsystemseverywhereare vulnerableto climate change,and

canbe understoodas
innovativeresponses$o
environmentaldegradation
andthe uncertainty

that productionis particularunderthreatin areasnearthe equator.Even
the mostmodestprojectionsof climatechangewill affectthe geagraphic
distributions, migration patternsand the growingcyclesof cropsfaster
than they are able to adapt or migrate, even in assistedmigration
scenarios (FAO 2010b). These changeswill necessitate changesin

surroundingthe impactsof F I NJY Srojks@lections, crop rotations and planting times. Soil
climatechange. degradation and water eutrophication and depletion are likewise

pushing farmers to adopt more resourceefficient farming practices
(Godfreyet al 2010).

AnotherW LJdfacto®or SSknnovationis economicinstability. Farmerdaceincreasingproductioncosts
and decreasingoroduct prices(Dogliotti et al 2014),aswell asincreasingprice volatility in the market.
Externalinputs are often costprohibitive (Beckfordand Baker2007;de Schutter2014).Reconfiguration
of livelihood strategies including ruralurban migration and seasonalemployment, farm income
diversification,and the establishmeniof F | NJc®dpdraliveso better negotiatewith largeractorsin
the agrifoodsectorare all innovativeresponse¢o economicinstability.

BeckfordandBaker(2007)arguethat SSknnovationis a naturaloutcomeof a generalcontextof neglect.
SSFaeedto improvelocalvarietiesand experimentwith new practicesn the absenceof sufficientpublic
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sectorinvestment. Publicand private sector investmentin crop improvementis concentratedin cash
crops such as sugarcaneand staple food crops suchas rice, wheat and maize,while local crops are
neglected Publicinvestmentin researchand developmentand extensionserviceshasdeclinedin recent
decades(Pingaliand Traxler,2002; Pardeyet al 2006), exacerbatingthis trend. Very little researchis
directedtowardsdevelopingresistanceso pestsanddisease®r transferringother desirablequalitiesto

neglectedspecieqBeckfordand Baker2007).Cropimprovementfor thesecropsis then relegatedto the

informal sector.

Reijand WatersBayer(2014)offer a unique perspectiveon how environmentaldegradationmay also
serveasa W LJdatctér:@armersare motivatedto innovate and spreadtheir innovationsrelatingto land
rehabilitation and adaptationin order to prove that environmentaldegradationis not inevitable nor
irreversible,andto gain public recognitionfor their efforts. Publicrecognitionby itself in animportant
Y Lidattdr @bid), perhapsunderstatedin existingliterature that focuseson ¥ A Nacéntvesto innovate
(seefor examplePray2008).

Alongthe samelines,Mirandaet al (2011)documentthat innovatorsview themselvesaspart of larger
processof socialtransformation basedon solidarity and creativity. Socialentrepreneursare driven to
innovate becausethey seltidentify with the processof socialtransformation (ibid). Smithet al (2014)
describegrassrootsnnovationasa consequencef perceivedsocal injustices.

Box3: IncreasingnarketaccessAninsufficientstrategyfor supportingSSknnovation

The FAO(2014)recommendsncreasingaccessto markets as a meansof & 3 A @iy armers
incentiveso A Yy 2 @bb.02% Barriersto farmersadoptinginnovativepracticesincludeabsenceof

physicaland marketing infrastructure, financial and risk managementinstruments and secure
propertyrights. Thislogicisbasedonthe assumptiorthat SSFare motivatedprimarilyby commercial
WY LJdaictér€and doesnot considerthat only relatively resourceendowedfarmersmay be able to

respnd to new market opportunities.Thisis not to suggestthat increasedaccess¢o marketsand

accompanyingnfrastructure does not support SSHnnovationt market opportunitiesinfluence
avyl f f Kigdiheditdtegiesand are animportant factor determining their capacitiesto W &
2 d4Tinell2014)t howeverjt isimportantthat this maybeanincompletestrategyfor supporting
SSHnnovation.Multiple factorsaffect ¥ I NJYrSohMAtiOnsto innovate,and thesefactorsare likely
uniquefrom thoseinfluencingformal sectorinnovationsystems.

3.4 How do SSFdInnovate?
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Farmersworkingtogether in
informal networksare
creditedwith havingdonethe
majority of experimentation,
adaptationandinnovationin
the absenceof formal sector
supportthroughouthistory
(Sanging&009).

Innovationis now widely recognizedas a socialphenomenon(R6ling1996,2002;
Douthwaite 2002; World Bank2006; Hall et al 2001; Engel1997; Berdegué2005;
Sanging2009; Wu and Zhuang2013).All actorshavecertaininsights perspectives
and contextspedfic knowledgegainedthrough experience(Engel1997),and no
single actor has sufficient information, resourcesand competenciesto manage
resourcesto his or her satisfaction(Sanginga22009). Innovative capacityis then
understoodasa function of both the expertiseof thoseinvolvedandtheir capacity
to form relationshipsof cooperationin order to acquirenew relevantinformation
(Engell997).Fosteringnnovativecapacityinvolvescreatingopportunitiesfor trust-
building,mutuallearningandknowledge sharingandintegrationamongfarmersand
betweenfarmersandexternalactors(Wuand Zhuang2013).

SSFsnovate:

1. Throughinformal networks.
2. With the supportof innovationintermediaries.
3. Byparticipatingin innovationplatforms.

3.4.1Innovating through informal networks

Fosteringnnovative
capacityinvolves
creating
opportunitiesto
shareandintegrate
knowledgethough
collaborative
networks.

Informalnetworksconsistof clustersof individualshavinginformal meetingsto discusdarmingactivities
(Coudel2013).Theyare built by farmersthemselveswithout any outsideintervention or resourceqWu
and Zhuang 2013). Farmersworking together in informal networks are credited with havingdone the
majority of experimentation,adaptationandinnovationin absenceof formal sectorsupportthroughout

history (Darré1996;Sanging2009).

Informal networksare fundamentallybasedon socialrelationshipsof

circumstancg

trust and reciprocity. Trustamongfarmerscanincreasecooperation,
lower transaction costs and increase bargaining power within the
marketand allow groupsof individualsto sharein the risksassociated
with experimentationand adopting new innovatiors (van Rijn et al
2012). Adger (2010) suggeststhat the effectivenessof community
action is a major determinantof O 2 Y'Y dzy dafiakit$té &lapt to
climate. Theknowledgeexchangedhrough informal networkscomes
from traditional, local, gendered,and indigenousknowledgesystems
(see section 4.2.2. Application of local knowledge to current

Onthe other hand,vanRijnet al (2012)report a negativecorrelationbetween strongintra-community
ties (cognitivesocialcapital)andadoptionrates of exogenousnnovation.Theyinterpret this resultasthe
& R I'sdof socialO I LINap:121) pointingto WA Y ddoKiimodesof 6 S K | Zehdsoesibrms
asimpedimentsto innovation. Thisfits with the analysioof Guptaet al (2003),who includethe contempt
felt in society for those who break the mould in the list of constraintsto SSFinnovation. Social
entrepreneursare castassocialdeviants which discouragesnnovativebehaviourgibid).
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However,it isimportantto note that vanRijnet al (2012)focuson exogenougechnologyadoptionrather
than SSknnovation.Otherscholarscontendthat SSknnovationis positivelycorrelatedwith the strength
of intra-community relations (Wu and Zhuang2013).VanRijnet al (2012)alsoreport that innovative
farmershave strongerinter-community ties (bondingcapital) relative to ties with formal sectoractors
(bridging social capital), suggestingthat { { Gapg&cityto innovate in the absenceof formal sector
interventionandsupportis at leastsomewhatdependenton the strengthof informal networks.

3.4.2Innovating with the supportof innovation intermediaries

Many scholarsdiscusghe role of innovationintermediaries:supportingactorsthat facilitate interaction
amongdisparateor isolatedinnovation networks,and between farmersand supportingactorssuchas
researcherspolicymakersandother industrystakeholders.Intermediariesareidentified in the literature

as brokers between two or more parties (Howells 2006), W& 2 dzy'sRanmidyA vy RA @ foRjidg: f a4 Q
connectionsamongnetworksand betweenthem andtheir environments(Klertzet al (2010),and actors

who bridgemicroandmacroscaleof innovation(Westleyet al 2011).Theexactfunction of intermediaries
dependsupontheir relationswith all relevantactors,their legitimacyin the eyesof eachgroupof actors,
andtheir fund raisingand operationalcapadty (Klerkxand Leeuwis2009;Yanget al 2014).

Intermediation encompassesboth knowledge and innovation intermediaion (Yanget al 2014).
Knowledgeintermediationincludesarticulatingdza Sriéd&dsand demands providinginformation to fill
dza Sre&dsd.e. classiextensionservices)and supportingactorsin

Becauseetworkscanonly knowledge co-production (i.e. participatory research).Innovation
partially influencetheir intermediationimplies a wider function, focusedmore on personal
institutional environmentsand relations among actors than on transferring technical expertise

(Christoplos2010,2012; Sulaimarand Davis2011;Yanget al 2014).
It includesbuildingandmanaginghetworks,facilitatingsociallearning
processesandcreatinganoverarchingrisionregardingthe scopeand
nature of the innovation (e.g. its role in societal transformation,
poverty alleviation, environmentalsustainability)(ibid). Klerkxet al

becauseaunpredictabilityis an
inherentquality of complex
systemsjnnovatorsmust
constantlyreflectuponandre-

interprettheir positionvis-a-vis (2010)add that becausenetworks can only partially influencetheir
their environment(Klerkxet al institutional environments, and because unpredictability is an
2010).Intermediariescanhelp inherent quality of complex systems,innovators must constantly
provideperspectiveand help reflect upon and re-interpret their position visavis their
facilitate, monitor and evaluate environment. Intermediaries can help provide perspective and

thistypeof W& & & 8% WJI/ A facilitate, monitor andevaluatethistypeof Waté@mf S Ny Ay I Qo

Themajority of literature desgibinginnovationintermediariescomes
from an AlSperspectivet that is, the role of intermediariesin facilitatingmore reciprocalrelationships
between innovators and beneficiaries of innovation. Intermediation is presented as a formal,
professionalizedole in development,where intermediariesare hired consultantsor internet based
platformsfor brokeringexchangeamongactorsin agrifood systems(see TheWorld Bank2012; Klerkx
andLeeuwis2009b).
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Alternatively,fl NI Sotpetatives| INE R dpySnikditions,
NGOs and CSOs,grassroots innovation movements may
functionasintermediariesKlerkxet al (2009)emphasizehat in
the context of developing country agriculture, innovation
intermediaries often take a different form than the formal
organizatons that have situated themselves as Wy S dzi
0 NR | $heyar@ diten more informal groups,tend to have
conflictinginterestsand face legitimacyconcerns Eriksenand
Selboe (2012), studying the social organization of climate
changein mountainfarmingcommunitiesin Norway,warnthat
innovationand adaptationamongfarmersis potentially limited
by growing pressurego formalizeinformal relationsand local
collective action This draws attention to the importance of

Innovationand adaptationamong
farmersis potentiallylimited by
growingpressureso formalizeinformal
relationsandlocal collectiveaction,
drawingattention to the importanceof
policyframeworksallowingfor
flexibility and recognizingand
supportinginformal innovation
intermediariesoutsideof existing
formal structures.

policy frameworks allowing for flexibility and recognizing and supporting informal innovation
intermediariesoutsideof existingformal structures(RodimaTayloret al 2012).

Yanget al (2014)studythe rolesof ¥ | NJYcBdpdrafivesasinnovationintermediarieswithin AISdrawing
from experiencesn ChinaC I NJY ®opBralivesoperateat a smallscaleand are embeddedwithin local
contexts, and are thus well-placedto go beyond classicextension servicesand help develop more
contextualizedechnologieqibid). Functioningasintermediariesthey canhelp farmers:

wDeveloprelationshipswith other relevantactorsin order to producehigherquality products;
wGainaccesgo markets,researchorganizationsand extensionservices;

wParticipatein collectivemarketing;
wBringnew technologiesnto farmingpractices.

wlnterpret publicstandardsanddeveloptechnicalguideswith regardsto water, pesticideandfertilizer

management;
wBuildawarenes®n food safetyissues;
wFacilitatetransactionswithin broaderAlS

AHandlepaperwork suchasfarmingrecordsfor certificationand project fundingapplications.

TheFAQ(2014)alsoidentifiesproducerorganizationsandcooperativesaasimportantintermediaries.They
facilitatef: NJ Sd¢dis$d market,facilitate closercooperationbetweenfarmersandrural extensionand
advisoryserviceproviders,and give farmersa voiceto policy debatesto influencenationalinnovation
priorities. Thisreport advocatedor a supportiveregultory environmentfor producerorganizationsand

cooperatives.
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Wettasinhaet al (2014)provideevidenceof civil societyand non-governmentalorganizationseffectively
playing the role of intermediary. NGOsand CSOscan play an important capacitybuilding role,
strengtheningboth the technical and socicorganizationalskills of

NGOsand CSOsre well placed farmers, and their role in building social capital within informal

to form geographicallywide
networksof farmersandbring
collectiveexperienceito policy

networks by fostering motivation, trust, networking capacity and
ownershipis particularly valuable.Their position of working closely
with farmers can make these NGOsand CSOsmore effective in
supporting SSFinnovation systemsthan formal institutions and

dialoguesiind participat.ein organizationsNGOsand CSOsre well placedto form geographically
T I Nvaswe@acyprovided wide networksof farmersand bring collectiveexperiencesnto policy
political conditionsallow. dialoguesand participate in ¥ I NJY &lixaka@y,provided political

conditionsallow (ibid).

Smith et al (2014) discusshow grassrootsinnovation movements can support local ingenuity and
empowerlocalinnovatorshy helpingfarmersdeveloptheir ideasanddiffusetheir innovations,f desired.
TheHoneyBed\etworkin Indiaandthe VillageroNetworkuselCTto connectfarmerswith investorsand
bringawarenesso T | NJycEehltikit@and capacityfor experimentation(ibid).

3.4.3Participating in innovation platforms

Innovation platforms are multi-stakeholder configurations established deliberately to facilitate
interactionand partnershipformation andto undertakejoint activitiesrelatingto agriculturalinnovation
atthe region,country,sectoror valuechainlevel(Kileluet al2013:66).Representativeom government,
publicsectoragriculturalresearchand developmentorganizationsprivate companiesuniversities agrk
food industryandrelatedsectorsand ¥ | NJYosghdiz&ionsnay participatein platforms. Theconceptis
synonymousvith innovationcoalitions(Biggsl 990),innovationnetworks(LeeuwisandvandenBan2004)
andto acertainextent, publicprivate partnershipgHallet al 2001;Spielmaret al 2010;Kileluet al 2013).

A word of caution: When studyingmulti-stakeholderpartnershipsit is
particularlydifficult to separde the literature that emergesfrom an AIS
perspectivefrom that which emergesfrom a SSFnnovation system
perspective.Most scholarsstudyingthese partnershipsare focusedon
increasinghe uptakeandrelevanceof newtechnologiesandintegrating
farmers into global value chains(i.e. innovation with SSFs)There has
beenrelativelylittle inquiry into how innovation platforms cansupport
farmer-led research,experimentationand innovation. As van Rijn et al
(2012)concede critiquing their own work, SSEnnovationmay not even
get captured by academicstudiesfocusingon F | NJy'iSvbliEefentin
multi-stakeholderinnovationplatforms.
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Hounkonnouet al (2012)report that engagingkey actorsfrom

Engagingkeyactorsfrom formal formal sector institutions in innovation platforms and inviting
platformsandinviting innovation them and farmerscanresultin the conditionsrequired for SSF

innovation. W C 2 NXndf YA v T 2 INdy h&ave different
connotationsdependingon the context, and varyingdegreesof
formality existwithin different platforms (Nederlofet al 2011)
Smithet al (2014)assertthat bridgesbetweeninformal networks

intermediariego mediate
interactionsbetweenthemand
farmerscanresultin the conditions

requiredfor SSknnovation and formal institutions and organizationsenablesthe diffusion

(Hounkonnotet al 2012). and scalingup of social innovations, which Wettasinhaet al
(2014)arguewill leadto more usefuland sustainableoutcomes
for SSFs.

Platformshavebeensuccessfuin increasingnteractionsamongstakeholdersand buildingsocialcapital
(Nederlofet al2011; Tenywaet al 2011;vanRijnet al 2012 Kileluet al2013).Nederlofet al (2011)report
successe®f platforms acrossWest Africa in terms of { { Grde@ration into global value chainsand
productivity increasesRegeer(2009)and vanMierlo et al (2010)discusshow platformsare usefultools
for dealingwith complexissuedy reconcilingresultsbasedmanagementvith the needfor feedbackand
greaterreflectivity to be built-in to programplanning.

Kileluet al (2013),however,acknowledgehree limitations to platformswhich arosein the caseof the
EastAfricaDairyDevelopnent (EADDprogramin Kenya:
1. Lesssuccessvasachievedn termsof promotinguptakeof newtechnologies.
2. Thestrategiespursuedby eachorganizationrepresentedin the platform reflected the individual
mandatesof each,whichcausedensionsthat undermnedthe broadervisionof the program.
3. Theplatform wasnot be adaptiveand responsiveenoughto new issuesthat arose,despitethe
learningcomponentbuilt-in to the programplanning.
Thethird limitation pointsto the challengeof scale Largemprogramsdemandclearbudgetingandthe use
of projectmanagementools suchaslogicalframeworksand timelinesfor the purposesof transparency
andimplementation.It remainsa challengao adequatelyinstitutionalizethe flexibility requiredfor social
learningprocessesKileluet al (2013)concludethat fundingschemeseedto be responsivdo unforeseen
challenges.

3.5 Where and when can SSHnnovation be scaled-up and out?

Scholarglebatethe extentto which SSkhnovationsystemsshouldbe supportedfor the endsof scaling
up anddiffusingoutputs. Diffusionis an essentiaklementof the conventionatechnologytransfermodel.
Impactis most easilyachievedthrough scalingup and scalingout successesand innovationsarisingin
one placehavethe potential to benefit othersfacingsimilarchallengegWu and Zhang2013;vanRijnet
al 2012). Liniger et al (2011), for example, suggestthat local knowledge and practices should be
documentedin a standardizecand accessiblevay sothat lessonsanbe sharedacrosshe world.
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WatersBayeret al (2009)warnthat anemphasison scalingup anddiffusinginnovationputsgreatervalue
on the inventionpart of the equationthan on the procesof socialinteractionthat createsinnovation?®
The goal instead should be to use successedo inspire and stimulate experimentation elsewhere,
recognizinghat resultsin onelocalitycanrarelybe copiedor adoptedelsewhere Thefollowingoutcomes
are more appropriatelydisseminatedhan specifictechnologieor practices:

AFieldtested methodsfor stimulatinginnovationprocesses;

wlLessongor supportingpersonalandinstitutional growth and change;and

wBest practicesfor building partnershipsand engagingin policy dialoguesto create an enabling
environmentconduciveto local innovation(Critchleyet al 2006in WatersBayeret al (2009).

Local innovations emerge in response to specific conditions and may lose their value once
decontextualizedBriggs2005).Activistsin the W I LILINRechiNdlobytr & & S Y & §7€i1970s(see Wu
andZhuang2013)struggledto balancean appreciationfor the localspecificityof innovationanda desire
to diffuse technologieswith potential wide-scalerelevanceto other communities.Smith et al (2014)
reports that this remains a challengefor organizationstoday interested in supporting endogenous
innovation,giventhe emphasison achievingresultsand measuringprojectimpact.

Smith et al (2014) assertthat the strategy of developingstandard technologieswhich are widely-
applicableis at oddswith developingW & 2t€chngalO 2 y T A 3 dabchnblagshapfbpriateto the
local values,aspirations,capabilities resourcesavailableand political and economicrealities,and take
into accountthe functionalrequirementsof the technologiesnvolved. Grassrootsnnovationsmay only
have wider relevancewhen information about how knowledge systemswere integrated and which
aspectsof the innovationare most heavilyembeddedwithin local contextsis transferredalongwith SSF
innovations(ibid). Thiswill inform what elementsof technologiesnaybe applicableelsewhereand help
inform wider socialentrepreneurshigGuptaet al.,2003;Londonand Hart,2011; Smithet al 2014).

watersBayeret al (2009)distinguishbetweeninnovationsandinnovation referringto productsand processes
respectively
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I\VV. Therole of supporting institutions and organizations

Thereisalongacademidradition of wrestlingwith the role of outsideinterventionin smaltscalefarming
systemsparticularlyfrom the developmentpractitionerperspectivgseeReijntjeset al 1992;Engell 997).
Therole of supportingactorsin the contextof innovationsystemss just asambiguous.

Thissectionhighlightssixstrategiesfor supportingSSknnovationdiscussedn the literature:

Institutionalizesupportfor SSknnovation;

Increaseexposureof SSknnovativecapacity;

Supplementl NJY SapEciBto innovatewhererequired:

Providedirect financialresourcego farmersfor on-farm research;
Facilitateknowledgesharingamonggeographicallgisparatefarmingcommunities;
Conductresearcho better understandrelationshipgetweennationalinnovationframeworksand
SSHnnovationsystems.

ouhswNPE

Thesestrategiesare mutually supportive.Forexample,usinglCTto facilitate knowledgesharingamong
disparatenetworksof farmersmay alsoserveto increaseexposureamongpolicy makers,whichmay in
turn promote institutional changeat the systemslevel. Providingfarmerswith direct financialsupport,
along with control over budgets, allows them to hire outside expertise where required in order to
supplementexistingcapacity.

4.1 Institutionalize support for SSHnnovation

SSF# geneal lackagency
to influenceinstitutional
arrangementsand change

Thefirst strategyis to institutionalizethe conceptof SSEnnovationwithin

outside/supportinginstitutions and organizationsLeeuwisandvanden Ban

(2004)defineinnovationasanalignmentof hardware(technology) software

(ways of thinking and learning and adapting), and ¥ 2 NA g(heWXb norms,lawsqnd procedures

institutional arrangementsamongactors,or the & NXzif te3 | Y [8iing that are manipulableat

North 1990] that structure interactions). SSFsn generallack agencyto | higherlevels(Hounkonnou

influence institutional arrangements and change norms, laws and | etal2012).Changinghe

proceduresthat are manipulableat higherlevels(Hounkonnowet al 2012). = WNXzi tled | Yi8uStbe

Instead, forward thinking organizationsthat recognize the innovative @ takenoninsteadby forward

capacityof SSFsnustseekto changethe W Ndaftfead I YS Q ® thinkingorganizationshat
recognizethe innovative

Themostcommonbarrierto institutional changecitedin the literature isthe capacityof SSFs.

engrained sets of patterns of interactions among farmers, researchers,

scientistsand policy makers, many of which still largely (and by default)

follow a conventionalmodel of technologytransfer, at bestincorporatingSSFato the researchprocess.

The OuagadougouDeclaration (2015) calls for formal sector researchersto recognizefarmers as

innovatorsrather than solelyrecipientsof researchresults,and for investmentin capacitybuilding for

formal sector researchergo support farmerled research,and changesin attitudes towards farming

communities.
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but why they useparticular
practicesor varietiesandthe
principlesandknowledge
systemghat underpinthe

Accordingo WatersBayeret al (2007) manyextensiornworkerslackthe confidencefacilitationskillsand
opennesgequiredto work throughiterative cyclesof joint actionand reflectionwith farmerinnovators.
Extensiorworkersmay needto first be trained to recognizefarmer innovation processeghat happen
Yo S theNd R teduifigopenconversationsvith farmersaboutwhat innovationis. Trainedextension
workerscanthen becomeeffectiveintermediariesbetweenfarmerinnovatorsandexternalexperts(such
as specialists preeders,researchersand academics)and help authenticate the results of farmer-led

researchand experimentation(ibid).

Thrupp(1989)identifiesa hostof strategiesfor initiating WA vy a i A (Ro2{023 A1 ywihiéyialing bat on
their own they maybe insufficientfor bringingabouttrue reform:

wHiringpeoplewho emphasizegpeoplecentredapproaches

wTrainingfor professionals

wProvidingincentivesand rewardsto thosewho achievesuccessvith innovativeapproaches
wDemonstratingparticipatoryexperiences

wEstablishingystematianonitoringfor the aboveefforts

wlincreasingundingfor projectssupportinglocalknowledge(citing Chamberst al 1989;others).

Truereformrequireshelping Goingfurther, true reform requireshelpingresearchersscientistsand
researchersscientistsand policymakersunderstandnot onlywhat farmerswant, but whythey use
policymakersunderstand particular practicesor varieties and the principles and knowledge
not onlywhat farmerswant, systems that underpin the outcomes of innovation processes.

Grassrootsorganizationand F | NJY & thdEp@rticipation in decision
making processesare essential to this end (Thrupp 1989). The
Ouagadougou Declaration (2015) likewise calls for space for
representationfor smallholderfarmersin governingbodiesof research
institutions.

outcomesof innovation
processe¢Thruppl989). Wettasinhaet al (2014)report that progresstowardsinstitutionalizing

farmerledreseachwithin researcranddevelopmentrganizationdas

beenslow. In the casestudiesno significantchangesn organizational
structureor budgetallocationswere reportedamongparticipatingorganizationsalthoughsomechanges
in mindsetwere observedamong the researchersnvolved.NGOsand ¥ | NJYogghidiz&ionsvere more
opento integratingfarmer-led researchapproachesnto their work (ibid).

Hounkonnouet al (2012)study the role of institutional changein increasingproductivity of smallscale
farms in SubSaharanAfrica, focusingon two large-scaleprograms!! An impact study on the original
investment (CoSProgram, see Roling 2010) concludedthat institutional changeis required beyond
innovationat the farm level, asthe adoption of sometechnologiesdependedon conditionsover which
farmers had no control and thus did not continue after the program ended (VanHuiset al 2007, in
Hounkonnotet al2012).In short,technologicalnnovationreachesa ceilingwheninstitutionalinnovation
doesnot keeppace(CoR013).Thesubsequeninvestmentis explicitlyfocusedon creatinginstitutional

1 Theirfindingsare basedon two large-scaleinterventions:the US$2émillion 2006;2010/12SubSaharamfrica
Challengé’rogrammeg SSACP)supporting32 multi-stakeholderPlatformsin eight countries;andthe € n iflion
2008&;2013Convergencef SciencesStrengtheningnnovationSystemgCoSSISyesearchprogramsupporting
nine platformsin Mali, Benin,and Ghana.
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arrangementsthat create spacefor ¥ I NJ ®N@s i@ project planning and larger policy debates
(Hounkonnowet al 2012).

The education system,which sets the standardfor organizationalbehaviour,is largely basedon an

outdated technologytransfer approachto innovation (Sanginga2009). Sanginga2009) reports that

efforts to re-think agriculturaleducationin universitiesare scatteredand isolated. New curriculaand

learningprocesseqeedto becomeembeddedwithin the formal educationsystem,and these changes
mustbe sustainedongerthan externallyfunded projects(Hounkonnouet al 2012).TheCoSSISProgram
also focuseson informing decision makers in national, regional and African agricultural research
organizationsuniversities NGOsand other stakeholdersabout waysto encourageSSHnnovation.The

programseekgo influenceuniversitycurricula,researchinstitute programmesgovernmentpoliciesand

the structureof valuechains(Co2013).

Gupta et al (2003) warn that without institutionalizing SSFinnovation, | Pressurdo adopt

formal scientific institutions and educational systems weaken the | exogenousechnologies
momentumof grassrootsnnovationshy failingto build uponthem and/or throughadvertisements
ignoringthem altogether.Theresultis agenerationof youngpeoplelacking | gndextensiorservicesan
confidencein their innovative capacity,believingthat solutionsto their makefarmers
problemswill come from outside actors, generallyfrom the west. & ¢ K

. . : - A mbarr n
defeatistmentality andpervasivecynicismaddto the LINR 0 {Goptaét al Enct()ae:ta?r?cs)\?gtr?eir
2003: 982). Thrupp (1985; 1988) contributes evidencethat pressureto .

practicesanddetracts

adopt exogenoustechnologiesthrough advertisementsand extension -
servicescanmakefarmersembarrassedind uncertainover their practices | from the legitimacyof

anddetractsfrom the legitimacyof locd knowledgein their own eyes. localknowledgein their
owneyes.

4.2.Increase exposure of SSHnnovative capacity

BEventsthat facilitate exposureo localinnovationssuchasfarmerinnovationfairs,workshopsagricultural
exhibitionsandconferencesnayencouragesSknnovationbyincreasingheir exposuregWatersBayeret
al 2009).Farmerinnovationfairs, for example,bring together farming communitieswith policy makers
and government representatives, formal research institutions, academia, NGOs, private sector
stakeholdersto learnaboutfarmerinnovationprocessesandidentify areasfor future collaboration.They
lend legitimacy to SSFinnovation, present opportunities for public recognition and publication in
academidournals,and defendsthe intellectualproperty of farmerinnovatorsby putting innovationinto
the publicdomain.Publicationof innovationsin cataloguesandradio may alsobe beneficial particularly
if farmersreceivesupportin documentingtheir own innovations(Wettasinhaet al 2006).

Publicexposureof F | NJYighdlALiOn, particularlyamongfarmersfrom outsidethe region,canactasa
major incentivefor innovation (Reijand WatersBayer2014).Innovativefarmersgain socialrecognition
for their efforts, visitingfarmersgaininspirationandknowledgewhichthey canthen experimentwith and
adaptto their specificconditions,andthe publicat largegainsappreciationfor the capacityof farmersto
innovate(ibid).

Publicexposurecanalsoincreasethe legitimacyof SSknnovationin the eyes of farmersthemselvesReij
andWatersBayer(2014)documentcaseof farmerswho would not otherwisepresenttheir innovations
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