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Abstract
Vermicomposting is an ecofriendly biological process involving the joint action of earthworms and mesophilic microorganism for the bio-oxidation and stabilization of organic wastes into nutrient rich vertices. The process effectively converts agricultural residues and cattle dung into high quality organic fertilizer while reducing waste volume by 40-60 per cent. Vermicompost is widely recognized as a valuable bio-fertilizer due to its balanced nutrient composition, rich microbial population and positive effects on soil physical, chemical and biological properties. The present study was conducted into two villages, namely Nandana and Pakadiyar Bishunpur of Maharajganj district, Uttar Pradesh, with the objective of optimizing windrow method vermicomposting practices for income generation among farmers. Thirty farmers were initially trained on various aspects of Vermicompost production, out of which eight interested farmers were selected for practical Vermicompost production under front line demonstration (FLD), socio- economic data of the respondents were collected prior to the intervention. Training on windrow method vermicomposting technology was imparted and farmer’s knowledge levels were assessed before and after the training programme. Under FLD, windrows of size 12 X 4 X 2 feet were prepared and 56 kg of Eisenia foetida earthworms were provided to each beneficiary. Result revealed that farmers had a low level of knowledge regarding vermicomposting practices before training, which increased significantly to nearly 98 % after training. The average production of Vermicompost and earthworms per six months (two cycles) was recorded as 2.27 tones and 20 kg, respectively. The activity generated an average gross income of Rs. 28,750.00 with a benefit- cost ratio of 7.32, indicating high profitability. The study clearly demonstrates that optimizing windrow method vermicomposting supported by capacity building and technical guidance can generating enterprises for small and marginal farmers.
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Introduction

AgricultureinUttarPradeshgeneratesasubstantial quantityofcropresidues,animalwastesandorganic by-products every year. Improper management of thesewastesoftenleadstoenvironmentalpollution, nutrientlossesanddeteriorationofsoilhealth. Traditionaldisposalpracticessuchasopendumpingor burningofcropresiduenotonlywastevaluableorganic resourcesbutalsocontributetoairandsoilpollution. Inthiscontext,sustainablewastemanagementtechnologiesareessentialformaintainingecologicalbalancewhileenhancingfarmproductivityandincome. Vermicompostingisanefficientbiologicalmethodof convertingorganicwastesintostabilized,nutrientrich organicmanurethroughtheactionofearthwormsand associatedmicroorganisms.Earthwormsfragmentorganicmatter,increasemicrobialactivityandaccelerate thedecompositionprocess,resultinginhighquality Vermicompost.Amongvariousspecies,EiseniaFoetida iswidelypreferredduetoitshighreproductiverate, rapidbiomassaccumulationandadaptabilitytodifferentorganicsubstrates. Thewindrowmethodofvermicompostinginvolvespreparingelongatedbedsof organicmaterialsonthegroundsurfaces.Thismethod issimple,costeffectiveandrequireminimalfarmers. Proper management of windrow dimensions, moisture,aerationandearthwormpopulationplaysacriticalroleinimprovingcompostqualityandproduction efficiency.Despitetheavailabilityofabundantrawmaterialssuchasagriculturalresiduesandcattledung inMaharajganjdistrict,adoptionofvermicomposting remainslimited.Lackoftechnicalknowledge,inadequatetrainingandlimitedexposuretoscientificvermicompostingpracticesaremajorconstraints.From anincome-generationperspective,vermicomposting notonlyreducesdependencyonchemicalfertilizers butalsooffersopportunitiesforfarmerstoearnadditionalincomethroughthesaleofVermicompostand earthworms.Therefore,thepresentstudywasundertakentooptimizewindrowmethodvermicomposting practicesthroughfrontlinedemonstrationsandcapacitybuildinginterventions,withtheaimofenhancing farmersincomeandpromotingsustainablewastemanagementinMaharajganjdistrictifUttarPradesh.

Objectivesofthestudy:

Thepresentstudywasundertakenwiththeobjective ofoptimizingvermicompostingpracticesforenhancingincomegenerationamongfarmersofMaharajganj districtofUttarPradeshthroughthewindrowmethod. Thespecificobjectivesofthestudywereasfollows:

• To study the socio-economic profile of the retion,occupation,incomelevelandtrainingexposurerelatedtoVermicompostproduction.

• ToassesstheexistingknowledgeleveloffarmersofVermicompostproductionpracticesbefore the training programme, including awareness aboutprocess,methods,inputrequirement,bed management • waterapplicationandpackagingtechniques. • To evaluate the impact of training on farmers’ knowledgeregardingVermicompostproduction bycomparingpreandposttrainingknowledge levelsonvarioustechnicalaspectsofvermicomposting.

• Tostudythecostofinputs,grossreturn,netreturnandB:CratioofVermicompostproduction underthewindrowmethodforassessingitseconomicfeasibility.

MethodsandMaterials:

Thepresentstudywascarriedoutintwovillages(NandanaandPakadiyarBishunpur)ofMaharajganjDistrict ofUttarPradeshtoassesstheeffectivenessofvermicompostingthroughthewindrowmethodforenhancing farmer’s income. A total of 30 farmers were selected purposively from different villages of the district,whowereeitherpracticingvermicompostingor showedinterestinadoptingitasanincomegeneratingactively.Thestudyfollowedadescriptiveandanalyticalresearchdesign.Primarydatawerecollected throughpersonalinterviewsusingapre-testedstructuredinterviewschedule.Thescheduleincludedinformationonsocio-economiccharacteristicsofrespondents, knowledge regarding Vermicompost production,trainingexposureandeconomicaspectsofvermicomposting.Toassesstheimpactoftraining,farmers’knowledgeregardingVermicompostproduction wasrecordedbeforeandafterthetrainingprogramme. ThetrainingfocusedonvariousaspectssuchasimportanceofVermicompost,windrowmethod,preparation ofbeds,inputrequirements,waterapplication,cleanliness,harvesting,storageandmarketing.

SelectionofRespondents:

Atotalof30farmerswereselectedpurposivelyfrom differentvillagesofthedistrictbasedontheirinterest invermicompostingandwillingnesstoparticipatein income-generatingactivities.Amongthem,8farmers whoshowedgreaterinterestandreadinesswereselectedforpracticalVermicompostproductionunder frontlinedemonstration(FLD).Theremainingfarmers participatedintrainingandawarenessprogrammers.

Researchdesignanddatacollection:

The study followed a descriptive and analytical researchdesign. Primarydatawerecollectedthrough personalinterviewsusingapretestedandstructured interviewschedule.Theschedulewasdesignedtocollectaninformationonsocio-economiccharacteristics ofrespondentssuchasgender,education,occupation, incomelevelandprevioustrainingexposureregarding theabovesubjects.Inaddition,datarelatedtofarmer’s knowledgeofVermicompostproductionpracticesand economicparameterswererecorded.

VermicompostProductionmethods:

Vermicompostingwascarriedoutusingthewindrow methodunderfieldconditions.Agriculturewasteand cattledungwereusedasrawmaterials.Windrowbeds werepreparedatsuitablelocationsensuringproper drainage and shade. Layering of agricultural waste andcattledungwasdonesystematically,followedby inoculationofearthwormsattherecommendedrate. Regularwateringwascarriedouttomaintainoptimum moisturelevelsthroughoutthecompostingperiodand carewastakentoavoidwaterlogging. Mulchingwas practicedtoconservemoistureandregulatetemperaturewithinthebeds. Twoproductioncyclesofapproximatelysixmonthseachwerecompletedatthe samelocationtoevaluateproductionconsistencyand economicperformance.

Termsrelatedtovermicomposting:

Vermicompostingisamethodofmakingcompost,with theuseofearthworms,whichgenerallyliveinsoil,eat biomassandexcreteitindigestedform.Thiscompost isgenerallycalledVermicompostorWormcompost.

• Vermiculture: Vermiculture means scientific methodofbreedingandraisingearthwormsin controlledconditions.

• Vermitechnology: VermitechnologyisthecombinationofVermicultureandvermicomposting.

NutrientcontentinVermicompost:

Table 1. Nutrientcontentofvermi-compost

Nutrient Content

Organiccarbon 9.5to17.98% Totalnitrogen 1.5to2.10% Total 1.0to1.50% phosphorous Totalpotassium 0.60% CaandMg 22.00to70.00m.e/100g copper 100ppm iron 1800ppm zinc 50ppm

NPKcontentinvermicompost,FYMandbacterial compost:

Table 2. NPKContentinbasicmanure

Bacterial Element vermicompost FYM compost

N% 2.1-2.6 1.1-1.5 1.2-1.5 P% 1.5-1.7 0.7-0.8 0.7-0.9 K% 1.4-1.6 0.6-0.7 0.6-0.7

Vermiculture

Figure1.
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Sourceofplantnutrients:

Earthworms consume various organic wastes and reduce the volume by 40%-60%. each earthworm weights about 0.5 to 0.6 g, eats waste equivalent to itsbodyweightandproducescastequivalenttoabout 50%ofthewasteitconsumesinaday. Theseworm castingshavebeenanalyzedforchemicalandbiologicalproperties.Themoisturecontentofcastingsranges between 32 and 60% and the pH is around 7.0. the wormcastingscontainhigherpercentage(nearlytwo fold)ofbothmacroandmicronutrientsthanthegardencompost(Table3)

Economicanalysis:

DataofquantityofVermicompostandearthwormproduced, cost of inputs, gross return, net return and benefit-cost(B:C)ratiowerecalculatedtoassesseconomicfeasibility. Simplestatisticaltoolssuchasfrequency, percentage and ratio analysis was used for interpreparationofresults.

vermicompost

Nutrientelement Vermicompost(%)

Organiccarbon 9.8-13.4 nitrogen 0.51-1.61 phosphorous 0.19-1.02 potassium 0.15-0.73 calcium 1.18-7.61 magnesium 0.093-0.568 sodium 0.058-0.158 zinc 0.0042-0.110 copper 0.0026-0.0048 iron 0.2050-1.3313 manganese 0.0105-0.2038

ResultandDiscussion:

Socio-economicprofileoftherespondents:

Thesocio-economiccharacteristicsoftheselectedrespondents are presented in Table 1. The profile includes gender, educational status, occupation, per capitaincomeandtrainingexposurerelatedtoincome generatingactivities.Theanalysisoftheseparameters helpsinunderstandingthebackgroundoffarmersinvolvedinVermicompostproductionandtheirpotential toadoptimprovedvermicompostingpractices.

KnowledgeleveloffarmersregardingVermi- compostproduction:

ThepretrainingknowledgeoffarmersregardingVermicompostproductionwasfoundtobelow.Thedatarelatedtopreandposttrainingknowledgeoffarmerson variousaspectsofVermicompostproductionthrough thewindrowmethodandpresentedinTable2. The tabledepictsthelevelofawarenessamongfarmersbeforetrainingandtheimprovementintheirknowledge afterattendingthetrainingprogramme,highlighting theeffectivenessofcapacitybuildingintervention.

Productionandeconomicperformanceofver- micompostingthroughwindrowmethod:

ThedetailsregardingproductionofVermicompostand earthworms,costofinputs,grossreturn,netreturnand benefitcostratioobtainedunderthewindrowmethod are presented in Table3. The table reflects the economicfeasibilityofvermicompostingasanincomegeneratingactivityanditsprofitabilityunderfarmer’sfield condition.

ImpactofVermicompostingtrainingonadop- tionbehavior:

Theresultsofthestudyclearlyindicatedthatthetrainingprogrammeplayedacrucialrolenotonlyinenhancingtheknowledgeleveloffarmersbutalsoinpositivity influencingtheiradoptionbehavior.Priortotraining, most ofthe respondentswereunaware ofscientific vermicompostingpracticessuchasproperwindrow dimensions, moisturemanagementandearthworm handling.Aftertrainingandpracticalexposurethrough frontlinedemonstration,farmersgainedconfidence inadoptingthewindrowmethodindependently.This behavioralchangesuggeststhatcapacity-buildinginterventionsareessentialfortransformingvermicompostingfromasubsidiaryactivityintoareliableincome generatingenterprisesatthefarmlevel.

Roleofwindrowmethodinimprovingcompostqual- ityandproductionefficiency:

The windrow method adopted in the present study provedtobeefficientintermsofeaseofmanagement, aeration and moisture regulation. Proper windrow sizefacilitateduniformdecompositionoforganicmaterialandenhancedearthwormactivity,resultingin higherVermicompostyield. Regularturningandadequatemoisturemaintenanceminimizedanaerobic conditionsandfoulodor,therebyimprovingcompost quality. These findings highlight that optimization ofwindrowmanagementpracticessignificantlycontributestobetternutrientstabilizationandfastercompostingunderfarmer’sfieldconditions.

Economicsustainabilityandlivelihoodsupportpo- tential:

ThehighbenefitcostrationobtainedfromVermicompostproductionunderthewindrowmethodreflects its strong economic sustainability. Besides income fromVermicompost,additionalearningfromthesale ofearthwormsfurtherimprovedoverallprofitability. Theactivityrequireslowinitialinvestmentandutilizes locallyavailableagriculturewaste,makingitsuitable forsmallandmarginalfarmers.Thus,vermicompostingcanserveasasupplementarylivelihoodoption, especiallyduringleanagriculturalseason,whilesimultaneouslypromotingsustainablewastemanagement andsoilhealthimprovement.

Table 4. BasicProfileofRespondents(N=30)

Particulars Number Percent%

Respondent Male 21 70% Gender Female 09 30% Illiterate 22 73% Education Literate 08 26.66% Farmers 24 80% Occupation Employed 06 33.33% Percapita <1000 07 23.33% income 1000–2000 13 43.33% (Rs/month) >2000 10 33.33% Trainingattendant 0 18 60% (1–5no) 1–2 10 33.33% (IncomeGeneration) 3–5 02 06.66% regardingVermicompostproduction

KnowledgeofFarmers Particulars BeforeTraining AfterTraining N % N %

WhatisVermicompost& 5 16.66% 30 100% importanceofitinsustainableagriculture Process of Vermicom- 3 10% 27 90% post production & different methods to makedifferenttypesof pits Appropriatelocationfor 4 13.33% 30 100% installationofvermipits Whywechoosewindrow 0 0% 29 96.66%

method

Input requirements for 3 10% 29 96.66% Vermicompost preparation Methodsoflayeringagri- 4 13.33% 28 93.33% cultural waste & cattle dungonbed Water application tech- 2 6.66% 30 100% niques applied in vermibed MulchingbenefitinVer- 2 6.66% 30 100% micompostpreparation Importance of Vermi- 1 3.33% 29 96.66% compost bed height, width&length Cleanliness of beds & 7 23.33% 30 100% surrounding Duration required for 6 20% 30 100% preparation of Vermicompost Quantity of earthworm 0 0% 30 100% inpit SeparationofVermicom- 1 3.33% 29 96.66% post&earthworm KeepingVermicompost 1 3.33% 29 96.66% for3–4daysinheapbeforestorage Suitable packaging for 2 6.66% 30 100% marketingandstorage

Conclusion:

The study clearly demonstrates that optimized windrow method vermicomposting, supported by systematic training and front-line demonstrations, significantlyimprovefarmer’sknowledge,productivity and income. Vermicomposting not only offers an effective solution for organic waste management butalsoprovidesaneconomicallyviableenterprise for small and marginal farmers. Adoption of this technologycancontributetosustainableagriculture, environmental conservation and rural livelihood enhancement in Maharajganj District and similar ecologicalregions.
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