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Abstract
Sericulture plays a vital role in supporting rural livelihoods by generating employment and income opportunities, particularly for smallholder farmers and women (Bharathi, 2016; Bukhari et al., 2019). As the only country producing all four commercially important silk varieties—Mulberry, Tasar, Eri, and Muga—India occupies a unique position in the global silk sector and contributes significantly to both economic development and biodiversity conservation (Taufique & Hoque, 2021; Sharma et al., 2025). However, the sustainability of the sector is increasingly challenged by issues such as climate change, disease incidence, market fluctuations, and the limited reach of extension services (Ssemugenze et al., 2021; Sharma et al., 2025). Agricultural extension has emerged as a key driver in addressing these challenges by facilitating the dissemination of innovations, strengthening farmers’ knowledge and skills and improving access to markets and support services (Rajesh & Muchie, 2022). This review synthesizes existing literature on extension strategies used in sericulture and evaluates their contribution to sustainable development. Particular attention is given to approaches such as technology transfer, participatory extension, farmer field schools, community-based organizations, market-led extension, climate-smart advisory services and gender- and youth-focused interventions (Chambers, 1994; Kaushik et al., 2025). The review is guided by important theoretical perspectives, including Diffusion of Innovation Theory, Human Capital Theory, the Sustainable Livelihood Framework, and the Agricultural Innovation Systems approach, which help explain the processes of technology adoption and stakeholder collaboration in sericulture development (Rogers, 2003; Becker, 1964; Scoones, 1998; Rajesh & Muchie, 2022). The paper further highlights the growing role of digital technologies, including mobile-based advisory services, social media platforms, artificial intelligence, precision sericulture and e-extension systems, in enhancing the effectiveness of extension delivery (Kaushik et al., 2025). In addition, it identifies major institutional, technical, socio-economic, market, climatic and digital constraints, while outlining key research gaps related to climate resilience, gender inclusion, market integration and digital extension. Based on these insights, a SMART-Sericulture Extension Framework is proposed to support sustainable practices, market orientation, digital transformation, climate adaptation and capacity building. The review concludes that the future of sericulture depends on integrated, participatory, climate-resilient, and digitally enabled extension systems that can enhance farmer livelihoods while ensuring the long-term sustainability of the sector (Kaushik et al., 2025; Rajesh & Muchie, 2022).
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Introduction

1.1Background

Sericultureisalabour-intensive,agro-basedenterprise thatintegrateshost-plantcultivation,silkwormrearing, cocoonproduction,reelingandweavingintoasingle valuechain.Becauseeachstagecanbecarriedouton smalllandholdingswithmodestcapital,theactivity hashistoricallyfunctionedasasupplementaryorprimarylivelihoodoptionforruralhouseholds,including womenandmarginalfarmers(Bharathi,2016;Bukhari et.al2019).

Indiaoccupiesadistinctivepositionintheglobalsilk economy:itisthesecond-largestsilk-producingcountryandtheonlynationthatcommerciallyproduces all four major silk varieties — Mulberry, Tasar, Eri, and Muga (Taufique & Hoque, 2021). This diversity gives Indian sericulture an unusual geographic and agro-ecologicalspread,fromthemulberrybeltsofKarnatakaandAndhraPradeshtotheEriandMugasystemsoftheNorth-Easternstates(Sharmaet.al.2025). Despitedecadesofresearchinvestmentandtechnology generation, the sector continues to show wide productivitygapsbetweenresearch-stationyieldsand farmer-fieldyields. Climatevariability,recurrentdisease outbreaks, cocoon price volatility and an extension system that is thinly staffed relative to the farmerbaseremainpersistentconstraintsonsustainablegrowth(Ssemugenzeet.al. 2021;Sharmaetal., 2025).

Agriculturalextensionistheconnectivetissueofthis system.Ittranslatesresearchfindingsfrominstitutions suchastheCentralSilkBoardintofield-levelpractice, buildsfarmercapacity,strengthensinputandoutput marketlinkages,andincreasinglymediatestheadoptionofclimate-smartanddigitalinnovations(Rajesh &Muchie,2022). Areviewthatexaminessericulture specificallythroughthisextensionlens—ratherthan asageneralagronomicorindustrialsubject—isthereforetimelyandnecessary.

1.2NeedfortheReview

• Rising consumer and market demand for ecofriendlyandethicallyproducedsilk.

• Documented climate-change pressure on mulberryphenologyandsilkwormphysiology (Kaushiket.al2025).

• Rapid expansion of ICT and mobile-based advisory channels into rural extension generally, withearlybutgrowingapplicationinsericulture (Kaushiketal.,2025).

• Continuing under-representation of women's contributioninformalextensionprogramming tions(Bukharietal.,2019).

• Apolicypushtowardsustainable,diversifiedrurallivelihoodsunderschemessuchasSilkSamagra(Sharmaetal.,2025).

1.3ObjectivesoftheReview

1. Toexaminetherangeofextensionstrategiesthat havebeenappliedinsericulturedevelopment. 2. To analyse how these strategies contribute to economic,socialandenvironmentalsustainability.

3. To identify the institutional, technical, socioeconomicanddigitalchallengesthatlimitextensioneffectiveness.

4. Toproposefuture-orientedextensioninterventionsandaconsolidatedframeworkforsustainablesericultureextension.

2.ConceptualFoundationsofSustainableSericul- ture 2.1TheConceptofSustainability

ThemostwidelyuseddefinitionofsustainabledevelopmentremainsthatoftheWorldCommissiononEnvironment and Development, which described it as developmentthatmeetspresentneedswithoutcompromisingtheabilityoffuturegenerationstomeettheir own(WCED,1987).Appliedtosericulture,thisdefinitiontranslatesintothreeinterlockingdimensions.

A.EconomicSustainability

• Stableandimprovingcocoonproductivityper unitarea.

• Stablefarmincomeacrossseasonsandsilkvarieties.

• MarketcompetitivenessofIndianrawsilkagainst imports.

• Value addition through reeling, weaving and brandingratherthanrawcocoonsalealone.

B.SocialSustainability

• Generation of rural, on-farm and off-farm employment(Bharathi,2016).

• Empowermentofwomen,whoperformthebulk ofleafharvesting,silkwormfeedingandcocoon sorting(Bukharietal.,2019).

• Strengthenedcommunityparticipationthrough groupsandcooperatives.

• Contributiontopovertyreductioninmarginal andrainfedfarmingregions.

C.EnvironmentalSustainability

• Reduceddependenceonsyntheticagrochemicalsinmulberryandhost-plantcultivation.

• Conservationofhost-plantandsilkwormgenetic biodiversity(Waniet.al.2018).

• Water-useefficiencyinirrigationofmulberrygardens.

• Potential for carbon sequestration through perennialmulberryandEri/Mugahost-plantsystems.

3.TheoreticalPerspectivesSupportingSericulture Extension

Groundingthereviewinestablishedextensiontheoryis whatdistinguishesanAgriculturalExtensionEducation contributionfromapurelytechnicalsericulturereview. Fourframeworksareparticularlyrelevant.

3.1DiffusionofInnovationTheory

Rogers'DiffusionofInnovationstheoryexplainshow newideasandtechnologiesspreadthroughasocial system via communication channels over time and classifiesadoptersalonganinnovativenesscontinuum frominnovatorstolaggards(Rogers,2003).Insericulture,thisframeworkhelpsexplaindifferentialuptake ofimprovedmulberryvarieties,disease-management protocols, irrigationtechnologies, highlightstheimportanceofrelativeadvantage,compatibility,complexity,trialabilityandobservabilityindetermininghow quicklyagiveninnovationmovesthroughafarming community.

3.2HumanCapitalTheory

Humancapitaltheorytreatseducation,trainingand skillacquisitionasinvestmentsthatraiseanindividual'sfutureproductivity(Becker,1964).Appliedtosericultureextension,structuredtrainingandrefresher coursesarenotmerelyinformationtransferbutinvestmentsthatcompoundoverafarmer'sproductivelife, supportingthecaseforsustainedratherthanone-off capacity-buildingprogramming.

3.3SustainableLivelihoodFramework

Scoones'SustainableLivelihoodFrameworkconceptualisesrurallivelihoodsintermsoffivecapitalassetshuman,social,financial,physical,naturalandthestrategieshouseholdsbuildonthemtoachievelivelihood outcomes(Scoones,1998).Extensioninterventionsin sericulturecanbereadastargetedinvestmentsinone ormoreofthesecapitals:trainingbuildshumancapital,SHGsandFPOsbuildsocialcapital,creditlinkages build financial capital, rearing infrastructure builds physicalcapitalandhost-plantconservationbuildsnaturalcapital.

3.4AgriculturalInnovationSystems(AIS)Perspec- tive

The innovation systems perspective shifts attention awayfromalinearresearch-to-farmertransfermodel andtowardthedynamicinteractionamongmultiple actorslikefarmers,theCentralSilkBoard,statedepartments,researchers,extensionagenciesandmarkets whosecombinedinterplay,ratherthananysingleactor,determineswhetheraninnovationisgenerated, diffusedandusedeffectively(Rajesh&Muchie,2022). Thisperspectiveisparticularlywellsuitedtosericulturebecausethesectorspansagriculture,sericulturespecifictechnicalresearch,textilemanufacturingand ruraldevelopmentpolicysimultaneously.

4.SericultureExtensionEcosystem 4.1MajorStakeholders PublicInstitutions

• MinistryofTextiles,GovernmentofIndia.

• CentralSilkBoardanditsresearchandtraining institutes.

• StateSericultureDepartments.

• KrishiVigyanKendras(KVKs)andStateAgriculturalUniversities.

PrivateSector

• Silkreelingandweavingindustries.

• Input suppliers (disinfectants, rearing equipmentandseedcocoonproducers).

• Cocoonandraw-silktraders.

CivilSociety

• Non-governmentalorganisationsworkinginrurallivelihoods.

• Self-HelpGroups(SHGs).

• FarmerProducerOrganisations(FPOs).

DigitalActors

• MobileadvisoryandIVRSserviceproviders. • E-commerceanddigitalmarketingplatformsfor silkandsilkproducts.

Withinaninnovation-systemsreadingofthesector,the strengthofsustainablesericulturedevelopmentdependsasmuchonthedensityandqualityofinteraction amongthesestakeholdersasonthetechnicalmeritof anysingleinnovation(Rajesh&Muchie,2022).

5.EvolutionofExtensionApproachesinSericulture 5.1TraditionalExtensionEra

EarlysericultureextensioninIndiafollowedtheclassicaltransfer-of-technologymodel:individualfarmvisits,resultdemonstrationsandmethoddemonstrations conductedbydepartmentalextensionstaff.Whileeffectiveatbuildingcredibilityfornewpractices,thisapproachprovedcostlyperfarmerreachedandstruggled toscaleacrossthegeographicallydispersedmulberry, Tasar,EriandMugabelts.

5.2ParticipatoryExtensionEra

From the 1990s onward, participatory approaches drawingonParticipatoryRuralAppraisalmethodsbegantobeincorporatedintoagriculturalextensionmore broadly, emphasising farmer involvement in problemdiagnosisandtheintegrationoflocal,indigenous knowledge into technology refinement (Chambers, 1994). Insericulture,thisisvisibleinfarmerinvolvementinselectinglocallyadaptedhost-plantvarieties andrearingpractices.

5.3DigitalExtensionEra

Themostrecentphaseischaracterisedbymobileapplications, WhatsApp-based advisory groups and elearningcontent,whicharebeingpilotedascomplementsto-ratherthanfullreplacementsforfield-based extensioninsericulture-growingstates(Kaushiketal., 2025).

6.MajorExtensionStrategiesforSustainableSeri- cultureDevelopment

Thissectionconsolidatestheprincipalextensionstrategiesdocumentedorappliedinthesericulturesector, organisedbyapproach.

6.1TechnologyTransferApproach

Methods:resultdemonstrations,fielddaysandstructuredtrainingprogrammesremainthebackboneof formalextensiondeliveryinsericulture.Theirprincipal strengthisthespeedwithwhichavalidatedpractice canbeshowntoacriticalmassoffarmers;theirprincipalweaknessislimitedfarmerparticipationinshapingthetechnologyitself,whichcandepressadoption whenlocalconditionsdivergefromthedemonstration site.

6.2CapacityBuildingStrategy

Skill training, refresher courses and entrepreneurship development programmes including, historically,distance-educationmodesforsericulturehumanresourcedevelopment(Vijaykumaret.al.2007)aimto builddurablecompetenceratherthanone-timecompliance.Outcomesassociatedwithsustainedcapacity buildingincludeimprovedcocoonqualityandmore consistentadoptionofrecommendedrearinganddisinfectionprotocols.

6.3FarmerFieldSchoolApproach

TheFarmerFieldSchoolmodel,builtaroundseasonlong,learning-by-doinggroupexperimentation,has beenwidelyusedinplant-protectionextensionandis applicabletosilkwormpestanddiseasemanagement, whereitsupportsbetterfield-leveldecision-making thanone-offtrainingevents.

6.4ParticipatoryTechnologyDevelopment(PTD)

PTDformalisesfarmer–scientistcollaborationinadaptingtechnologiestolocalconditions,suchaslocalised mulberrycultivationpracticesorincrementalinnovationsinsilkwormrearinghousesandisconsistentwith theparticipatoryextensioneradescribedinSection 5.2.

6.5Farmer-to-FarmerExtension

Lead-farmerorprogressive-farmermodelsusetrusted peersastheprimaryknowledge-transfermechanism. Thehightrustembeddedinfarmer-to-farmerchannels andtheircomparativelylowdeliverycostmakethem attractiveforlast-milereachinsericulture-growingvillageswhereformalextensionstaffarethinlyspread.

6.6Community-BasedExtension

SHGs,producergroupsandcooperativesfunctionas both extension-delivery and economic institutions, supportingcollectiveinputprocurementandcollective marketing,whichisparticularlyimportantforwomen sericulturists who often lack independent access to formalcreditandmarkets(Bukharietal.,2019).

6.7Market-LedExtension

Market-ledextensioncoveringmarket-priceinformation, value addition and branding is comparatively underdevelopedinsericulturerelativetotechnologytransferextension,despiteitsdirectbearingonfarm profitabilityandbyextension,ontheeconomicsustainabilitydimensiondefinedinSection2.1.Strengthening linkagesbetweenextensionagenciesandvalue-chain actorsisanareawithclearscopeforfurtherinstitutionalinvestment.

6.8Climate-SmartExtension

Climate-smartextensionpackagesweatheradvisories, climate-resilientmulberryvarietiesandwater-saving irrigationtechnologiesintofarmer-facingadvisorycontent. Given documented climate sensitivity of both host-plantphenologyandsilkwormphysiology,this strandofextensionisexpectedtogrowinimportance (Kaushiketal.,2025).

6.9Gender-SensitiveExtension

Women perform a disproportionate share of fieldlevel sericulture operations — leaf harvesting, silkwormfeeding,andcocoonsorting—yetremainunderrepresented as direct beneficiaries of formal extension programming (Bukhari et al., 2019). Womenfocused training and leadership-development componentswithinSHGsareassociatedwithmeasurable gainsinempowermentandhouseholdincomecontributionandrepresentoneoftheclearerequitylevers availabletoextensionplanners.

6.10Youth-CenteredExtension

Withtheaverageageofthefarmingpopulationrising acrossIndianagriculturegenerally,youth-centredextensioncontent—seri-preneurship,digitalmarketing of silk products and value-chain start-ups — is positionedasastrategyforrenewingthesector'slabour baseratherthanonlyitstechnologybase.

7.ICTandDigitalExtensionInnovationsinSericul- ture 7.1Mobile-BasedAdvisoryServices

SMS and Interactive Voice Response Systems (IVRS) provide low-bandwidth advisory channels suited to areaswithlimitedsmartphonepenetration.

7.2SocialMediaExtension

WhatsAppgroups,YouTubedemonstrationvideosand Facebookpagesareincreasinglyusedbyprogressive farmersandstatedepartmentstosharerearingschedulesanddiseasealertsinnearrealtime.

7.3ArtificialIntelligence

EmergingapplicationsincludeAI-assisteddiseasediagnosisfromimagesofdiseasedlarvae,pest-outbreak predictionandautomatedgenerationoflocalisedadvisorytext—anareathat,remainsunder-evaluatedin thepublishedsericultureliteratureandwarrantsdedicatedempiricalstudy.

7.4PrecisionSericulture

Sensor and IoT enabled smart rearing houses that monitortemperatureandhumidityrepresentanearlystagebuttechnicallyfeasibleextensionofprecisionagricultureprinciplesintosilkwormrearing.

7.5E-ExtensionPlatforms

Digitalandclimate-smartadvisoryplatformsareexplicitlyframedinrecentliteratureascomplementsdesignedtoextendreachwheretraditionalface-to-face extensionstrugglestocoverdispersedsericulturecommunities(Kaushiketal.,2025).

8.SustainablePracticesPromotedThroughExten- sion 8.1EnvironmentalSustainabilityPractices

• Organicsericultureusingorganicmanuresand biofertilizersinplaceofsyntheticinputs.

• IntegratedPestManagement(IPM)forhost-plant andrearing-housepestcontrol.

• IntegratedNutrientManagementformulberry andotherhostplants.

• Waterconservationmeasuresincludingdripirrigationinmulberrygardens.

• Conservationofhost-plantandsilkwormgenetic biodiversity(Wanietal.,2018).

• Wasterecyclingthroughsilkworm-littercompostingandvermicomposting,whichalsosupports nutrientrecyclingbackintohost-plantcultivationsystems.

9.ImpactAssessmentofExtensionStrategies

Arigorousreviewshouldassessextensionstrategies against documented outcomes in the following domains: technology adoption, productivity improvement,incomeenhancement,employmentgeneration, women'sempowerment,social-capitaldevelopment andenvironmentaloutcomes.Thesummarytablebelowisprovidedasatemplate;theauthorshouldpopulatethe"KeyFindings"columnfromtheirownsystematicsearchofempiricalstudies,sincepresenting inventedfiguresherewouldmisrepresenttheliterature.

10.ConstraintsandChallenges 10.1InstitutionalConstraints

• Shortageoftrainedsericultureextensionpersonnelrelativetothedispersedfarmerbase.

• Inadequateandinconsistentprogrammefundingacrossstates.

10.2TechnicalConstraints

• Limitedavailabilityoflocation-specifictechnologiessuitedtoagro-climaticallydiversesericultureregions,particularlytheNorth-East(Sharma etal.,2025).

10.3Socio-EconomicConstraints

• Predominance of small and fragmented landholdingsamongsericulturists.

• Variableliteracylevelsaffectinguptakeofwritten advisorymaterial.

10.4MarketConstraints

• Cocoonandraw-silkpricefluctuations.

• Weakintegrationbetweenproducersanddownstreamvalue-chainactors(Sharmaetal.,2025).

ExtensionStrategy OutcomeDomain

Resultdemonstrations/training Technologyadoption ICT/mobileadvisory Informationaccessandknowledgegain SHGs/cooperatives Incomeandmarketaccess Women-focusedextension Empowermentindicators Climate-smartadvisories Resilience/yieldstability

10.5ClimateChallenges

• Temperaturestressonsilkwormphysiologyand host-plantphenology.

• Diseaseoutbreakslinkedtohumidityandtemperaturevariability(Kaushiketal.,2025).

10.6DigitalConstraints

• Poorruralinternetconnectivityinseveralsericulturebelts.

• Low digital literacy among older and less formallyeducatedsericulturists.

11.EmergingTrendsandInnovations

• Artificialintelligenceapplicationsindiseasediagnosisandadvisorygeneration.

• Big-data analytics for production and market forecasting.

• IoT-basedenvironmentalmonitoringinsilkworm rearinghouses.

• Drone-based monitoring of host-plant plantations.

• Blockchain-based traceability systems for silk provenanceandqualitycertification.

• Digital farmer networks linking producers directlytobuyers.

• Smart,sensor-integratedextensionadvisorysystems.

• Precisionsericulturecombiningseveralofthe aboveintoasingledecision-supportpackage.

12.ResearchGaps

12.1MethodologicalGaps

Mostavailablestudiesarecross-sectional;longitudinal studiestrackingthesamefarmersacrossmultipleseasonsoryearsarescarce,limitingcausalclaimsabout extensionimpact.

12.2GeographicGaps

North-EasternIndia, despiteitscentralitytoEriand Mugasilkproduction,remainscomparativelyunderstudiedrelativetothemulberrybeltsofSouthIndia (Sharmaetal.,2025).

12.3GenderGaps

Althoughwomen'scentralroleinfieldoperationsis welldocumented,women-focusedextension-impact studiesremainlimitedrelativetothescaleoftheirparticipation(Bukharietal.,2019).

12.4DigitalExtensionGaps

Evidence on the effectiveness of AI-based advisory tools in sericulture specifically is still emerging and thin.

12.5ClimateExtensionGaps

Climate-adaptation-focusedextensionstudiesinsericulturearefewerthanthescaleofdocumentedclimate sensitivitywouldsuggest(Kaushiketal.,2025).

12.6Market-LedExtensionGaps

Integrationofextensionprogrammingwithvalue-chain andmarket-linkagestrategiesremainsweakintheliteratureaswellasinpractice(Sharmaetal.,2025).

Future Extension Framework for Sustainable Sericulture

Drawingonthestrategiesandgapsreviewedabove, thispaperproposesaconsolidatedSMART-Sericulture ExtensionFrameworkasacandidateforfurtherempiricaltestingandrefinement.

Inthisframework,thefivepillars—SustainablePractices,MarketOrientation,AIandDigitalTechnologies, Resilient Climate Adaptation, Training and Capacity Building—arepositionedasparallel,mutuallyreinforcinginputsthatfeedintoknowledgeempowerment, whichinturndrivestechnologyadoption,sustainable livelihoodsandultimatelysustainablesericulturedevelopmentatthesectorlevel.

14.PolicyImplications

• Strengthen digital extension infrastructure, particularly rural connectivity, in sericulturegrowingregions.

• Increaseinvestmentinclimate-smartsericulture researchandadvisorycontent.

• Promote women-led sericulture enterprises throughtargetedcreditandtraininglinkages. • PilotandrigorouslyevaluateAI-enabledadvisory systemsbeforescale-up.

• Developpublic–privateextensionpartnerships thatbringindustryandtraderknowledgeinto farmer-facingadvisorycontent.

• StrengthenFPOsandSHGsasdurable,locally ownedextension-deliveryinstitutions.

S

M MarketOrientation A AIandDigitalTechnologies R ResilientClimateAdaptation T TrainingandCapacityBuilding

15.Conclusion

Across the strategies reviewed, extension functions as the connective mechanism that converts sericultureresearchintofield-levelpractice, buildsthehumanandsocialcapitalonwhichsustainedadoption depends,andincreasinglymediatesfarmers'access toclimate-smartanddigitaltools. Theevidenceassembledheresuggeststhatfuturesericulturedevelopment will depend less on any single technology breakthroughandmoreonthesector'sabilitytoshift fromapredominantlytop-down,technology-transfer model toward extension systems that are participatory,climate-smart,market-orientedanddigitallyenabled—whileremaininggroundedinthegenderand equity-sensitiverealitiesofwhoactuallyperformssericulture'sday-to-daylabour.
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