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Abstract 

 AspertheestimatebytheUnitedNations,theworldpopulationwillincreaseto11billion,by20

50.Thisrapidincreaseinthepopulationisofglobalconcern,creatingresponsibilitiesontheshoulders

ofthescientiststofetchtherapidlyincreasingpopulationalongwiththeproblemofreducedlandholdi

ng,suddenclimaticchallenges,andimbalancednutritioncoupledwithdeficienciesofnutrients.Itisn

ecessarytocontinuouslyreviewandmodifyagriculturalpracticesandtechnologiesinordertomeeth

umandemandswhilerespectingtheecologicalboundariesofourplanet.Amongthesetechnologiesar

efertilizers,whosedevelopmentandapplicationhavebeencrucialforraisingcropyield,agricultural

productivity,andfoodsecurity.However,usingfertilizershasanenvironmentalcost,andtheyhaven'

tbeenaveryproductivefactorinhelpingmanypoorfarmersescapepovertyeconomically,especiallyi

nareaswhereapplyingfertilizerswithunbalancednutrientcompositionstopoorsoilshashadlittleeff

ectonyieldgrowth.Theuseefficiencyoffertilizerscanbeincreasedbyusingagronomicpracticestoa

pplyexistingmineralfertilizers,whichgenerallycontainN,P,andK,atthepropertime,place,amount,

andcomposition.However,theoverallprogressmadeinminimizingthenegativeconsequencesisins

ufficienttobringaboutthenecessarychangetowardsustainableagricultureinunderdevelopednatio

ns.Farmersmustintegratethemanagementofnutrientsandsoilfertilityintotheirfarmingpracticesin

ordertomeettheincreasingpopulation'sdemandforfood.Thispaperreviewstheconceptsofintegrate

dnutrientmanagementinthecontextofitseco-friendlynatureandsustainability. 
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Introduction 

Agricultureinthis21
st
centuryfacessuperfluouschallenges,likethedeclineinproductivitya

nddegradationinsoilquality.Thatisprobablycausedbynumerousfactorslikeinsufficiencyofmoist

ure,deficiencyofplantnutrients,anddefectivemanagementofsoils.TheIndiansoilsexhibitatpresen

tverylowlevelofproductivityincomparisontoworldsoils.Toimprovesoilproductivity,theproperu

nderstandingofthesoilisunconditionallyrequired.InacountrylikeIndia,themostvitalchallengeisto

providesufficientfoodfortheever-

growingpopulationatreasonableandinexpensivepricesfromnonflexiblelandresources.Theusean

dapplicationofagrochemicalshavegivenabundantriseinagricultureproductionatthecostofsoilhea

lthanditscondition.Toachievethispoorfertilizerapplicationimbalance,itisnecessarytoidentifyapp

ropriateintegratedplantnutrientsupplysystemsforvariouscropsandtheircroppingsystems.Asferti

lizersareexpensiveagri-

inputs,theorderlyapproachtowardslucrativeagriculturewouldrecommendtheadditionaluseofpla

ntnutrientsfromothersourcestocatertotherealneedofthesituation.Thefertilizerrecommendationf

oracropinaspecificregionmayentirelydifferfromthatina 

unlikeregionforanidenticalcrop.Anumberofsoiltestresultsgeneratedbyvarioussoiltestinglaborat

oriesatthe 

stateaswellascentralgovernmentlevels,delivervaluableinformationaboutthedistributionpatterno

fplantnutrientsinsoils.Thedataonsoiltestingparametersofthefieldhelpedtheplanners,decisionma

kersandfarmerstomaketheappropriateuseoffertilizers.Variationinthesoilnutrientcompositionisa

commonsituationinagriculturalsystems.Undeniably,only30to50%ofappliedNitrogenfertilizers

and10to20%ofPhosphaticfertilizersareusedbyplants(AdesemoyeandKloepper,2009).Assess

mentofnitrogeninthesoilismadeintermsoftheorganiccarboncontentofthesoil.Becauseofthetropi

calclimateofthecountry,organicmatterisimmediatelydecomposedandsentofftotheatmosphere.S

oilsare,poorinnitrogencontentastheamountofnitrogencontentinsoilisstraightforwardlyrelianton



 

 

 

theamountoforganiccarboncontentinthesoil.Phosphorusstatusofcoursefoundlowinnearlyhalfoft

hearablelandofthecountry.Onlyafewdistrictsofthecountryarefoundtohavetherichstatusofavaila

blephosphorus,andtheremainingonesareinthemediumcategoryrange.However,potassiumdefici

encyismuchlesswidespreadthannitrogenandphosphorus,sincenearlythree-

fourthsofthecountry'slandcomesunderthemediumtohighfertilityrange.Butatthesametime,ithasb

eenbroughtoutthatalthoughaprofitableresponsetopotassiumapplicationhasnotalwaysbeenobser

ved,Indiansoilscannolongerbegeneralizedtoberichinavailablepotassium.Themajorfarmingsyste

minIndiaisricewheat,whichaccountsforover75%ofthecountry'stotalproductionoffoodgrains(M

ahajanetal.,2002).Thisapproachhasmadeasignificantcontributiontothesocioeconomicadvance

mentofthenation'sruralpeople.Themajoritypopulationinthenationdependsonwheatandriceasthei

rprimaryfoodsources.Eventhoughmanyfarmersarenowawareofthesustainabilityproblemsassoci

atedwiththerice-

wheatcroppingsystem,includingyielddeclines,decreasedsoilfertility,physicalproperties,deterior

ationofsoilbiologicalhealth,toxicityofheavymetals,anduptosomeextents,nitratecontaminationo

fgroundwater.Inlightoftheneedforfoodcommodities,whichisrisingquicklywiththeexpandingpo

pulation,theseimportantsustainabilityissuesmustbedistilleddown.Integratednutrientmanageme

nt(INM)maybeanoptiontobolsteragriculturaloutputwhilesafeguardingtheenvironmentforthefor

eseeablefutureinasustainablemanner.Itisanapproachthatinvolvestheapplicationofbothorganica

ndinorganicplantnutrientsourcestoincreasecropoutput,protectthesoil,andcontributetomeetingfu

turefoodneeds.Majorcropscannotachievetherequiredproductionimprovementsunlessplantsrece

iveabalancedsupplyofnutrientsatsufficientlevels. 

Theuseofchemicalfertilizers,organicmanure,andbiofertilizersincombinationwiththespe

cificaimofachievingsustainableandenvironmentallysustainablecropproductionwithoutdecreasi

ngsoilhealthisreferredtoas"integratednutrientmanagementstrategies.Theconceptreliesonsound

crophusbandry,harnessingthenaturalnutrientcapacitythroughbio-

engineeringandminingofsoilreserves.Italsostressesonsearchformoreefficientnutrientnaturalres

ources.Itistheadmirableapplicationofchemical,organic,andbiologicalfertilizers. 

HealthoftheIndianSoils 

 Degradationofsoilhealthisaseriousissueinthenation.Thelandareaofthecountry,whichis1

20.8Mhaandmakesup36.5%ofthetotalgeographicalarea(TGA),isdeterioratedasaresultofsoilero

sion,salinity/alkalinity,soilacidity,waterlogging,andothercomplicatedissues(NBSS&LUP,200

8).Themainsourceofsoildegradation(82.6Mha)iswater-

inducedsoilerosion,whichisfollowedbychemicaldegradation(24.7Mha).Indiaexperiencessoiler

osionatarateof16.3tha
-1

yr
-

1
onaverage,or5.34billiontonnes(Gt).Atotalof61%oferodedsedimentsisredistributedonland,whil

eabout29%arepermanentlylosttotheocean,and10%aredepositedinreservoirs,reducingtheirholdi

ngcapacityby2%eachyear.Thesoilisalsodegraded,andabout8Mtofplantnutrientsarewashedawa

ywiththesediment.Degradedareashavetheabilitytocauseflashfloodsandsoilerosion.Theexte

ntofnutrient-

wisedeficienciesis89%N(63%low&26%medium),80%P(42%low&38%medium),50%K(13%l

ow&37%medium),41%S,43.4%Zn,20.6%B,14.4%Fe,13%Mo,7.9%Mnand6.1%Cu(Shuklaa

ndPakhare,2015).Applyingexternallythelackingnutrientsthroughfertilizersisnecessarytomaint

aincropproduction. 

 

Impactoffertilizers 

 Fertilizersarestillthe‘Kingpin’inthecurrentstructureofcommercialagriculture.However,t

hescientificandbalancedapplicationoffertilizersassumesvitalimportanceincommercialandsustai



 

 

 

nablecropproduction.Efficientuseoffertilizerspaysbacktothefarmersmoreprofitperunitinvestme

nt.Thisindicatesthatfertilizeristhekeyagri-inputforachievingtargetcommercialproduction. 

 

FertilizerUseinIndia 

 Indiahashadconsistentgrowthinfertilizerapplicationandconsumption.Nutrient(N+P2

O5+K2O)consumptionincreasedfrom69,800tin1950-51to25.95Mtin2016-

17.Indiaisthesecond-

largestconsumerofnutrientsoverallintheworld,followingChina,anditrankssecondinNandP 2

O5consumptionandfourthinK2Oconsumption.Theamountoffoodgrainproducedincreasedfrom

50.8Mtin1950–1951to275.68Mtin2016–

17.Thecumulativeannualgrowthrates(CAGR)ofnutrientintakeandfoodgrainproductionwere9.3

8and2.60%,respectively(Figure1);Itwaslargelyduetothisprogressiveuseoffertilizernutrientsthat

thenationbecamefoodandnutritionself-sufficient. 

 

 

 
 

 

Fig.1CumulativeAnnualGrowthRate(CAGR) 

 

Source:FAI(2016)andAnnualReviewofFertiliserProductionandConsumption(20

16-17) 

 

 TheoptimalNPKuseratiois4:2:1,whilethecurrentNPKuseratio(withKasbase)for2016–

17is6.7:2.7:1,whichisexcessivelyskewedinfavorofN.Fromtheperspectiveofagriculturalneedsa

swellasasustainableproductivitygrowthaspect,thisisnotideal.TheglobalaveragefortheNPKus

ageratiois3.4:1.3:1.Regionaldifferencesintheuseratioaremoreobviousacrossthenation,withthe

Northhavingthebiggestdisparity(15.1:5.1:1)andtheSouthhavingthesmallest(4.2:1.9:1).Thesea

re7.1:3.1:1inWestand4.3:1.6:1inEast.Theperhectarenutrient(NPK)usevariedfrom93.4kginthe

Westto178.3kgintheNorth.IntheNorthandWest,8.4kgha
-

1
ofKwereused,whileintheSouth,24.0kgha

-

1
wereused(Figure2).P2O5consumptionperhectarewashighestinthesouth(46.8kg)andlowestinth
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ewest(25.7kg).NitrogenconsumptionperhectarewashighestinNorth(127.3kgha
-

1
)andlowestintheWest(59.3kgha

-

1
).Theratiosofnutrientsusedandconsumedvarygreatlybetweenstates.Ingeneral,southernstatesh

avethemostKuseperunitarea,whereasnorthernstateshavethelowest.Asaresult,statesinthesouthc

onsumelessNPKthanstatesinthenorth. 

 

Fig.2NutrientconsumptioninzonesofIndia(2016-17) 

Source:FAI.2017.FertilizerUseandEnvironmentalQuality. 

 

ThequantityoffertilizeruseisdependentonfarmsizeasevidencedbytheAll-

IndiaReportofInputSurvey(2011-

12)whichshowsmoreuseoffertilizerbyfarmershavingsmallandmarginalsizeoflandholdingascom

paredtofarmershavinglargeholding.Incontradiction,smallandmarginalfarmersuseabalanceddos

eofNPKthanlargefarmers(table1).Forinstance,totalNPKconsumptioninirrigatedareaswas187kg

ha-1asopposedto82kgha
-1

innon-irrigatedareas.Nutrient-wiseusewas115.7,51.9and19.4kgha
-

1
forN2,P2O5andK2Oinirrigatedareasandinnon-

irrigatedareas,perhectareusewas48.8kgforN,24.4kgforP2O5and8.8kgforK2O. 

Table1.Useoffertilizerbylandholdingorfertilizerintensitybyvarioustypesoffarmers 

 

 

 

 

 

Source:AllIndiaReportofInputSurvey(2011-12) 

 

 Theterm"integratednutrientmanagement"(INM)referstotheprocessofmaximizingtheben

efitsfromallpotentialsourcesoforganic,inorganic,andbiologicalcomponentsinacoordinatedman

nerinordertomaintainsoilfertilityandplantnutrientsupplyatanoptimallevelformaintainingthedesi
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East North South West Total

Nutrient Consumption (kg/ha)

N P2O5 K2O Total

Landholding NPKUsekgha-1 NPKconsumptionratio 

Large 84.7 10.5:4.4:1 

Marginal 188.7 5.6:2.3:1 

Small 130.6 4.9:2.4:1 

Semimedium 113 5.8:2.8:1 

Medium 99.4 7.5:3.6:1 



 

 

 

redproductivity.PlanningexperimentsinvolvingINMrevolvesaroundnitrogensinceratesofapplic

ationofvariousnutrientsourcesaredeterminedbytherelativecontributionsofNoriginatingfromthe

m.Intherice-wheatcroppingsystem,thecultivationofmoongbean(vigna 

radiata),togetherwiththefirstpod,shouldbereversedintothesoilafterselectingthefirstpod,itmaint

ainstheproductivityofthecrop(onaverageproduces1tmoongseedha
-1

)aswellasenriches40-

120kgNha
-1

inthesoil.Bio-fertilizerscontribute15-30kgNha
-1

yr
-

1
inadditiontoprovidingancillarybenefitsincludingfosteringplantdevelopment,enhancingthequal

ityofseedsandfruits,andmaintainingthebiologicalhealthofthesoil(Prasannaetal.,2014).Thecrop

'sNUEwasraisedbythebalancedapplicationoftheidealNPK,anditwasfurtherimprovedbytheaddit

ionof5to15tonnesofFYMperhectareeachyear(Table2). 

 

Table2.Apparentrecoveryefficiency(ARE)ofnutrientsinmaize-wheatandrice-

wheatsystemsasaffectedbylong-termnutrientsupplywithandwithoutFYM. 

Soiltype Location 
Crop 

 

 

Treatments 

N NP NPK NPK+FYM 

  ApparentrecoveryefficiencyofN(%)     

Inceptisol Ludhiana Maize 16.7 23.5 36.4 40.2 

  Wheat 32.0 50.6 63.1 67.8 

Alfisol Palampur Maize 6.4 34.7 52.6 63.7 

  Wheat 1.9 35.6 50.6 72.6 

Mollisol Pantnagar Rice 37.5 40.7 44.4 61.7 

  Wheat 42.4 46.1 48.4 47.9 

  ApparentrecoveryefficiencyofP(%)     

Inceptisol Ludhiana Maize  10.3 21.4 26.3 

  Wheat  20.6 30.7 34.8 

Alfisol Palampur Maize  21.8 35.6 51.1 

  Wheat  10.7 15.2 24.6 

Mollisol Pantnagar Rice  18.2 23.3 53.0 

  Wheat  11.2 10.4 23.3 

  ApparentrecoveryefficiencyofK(%)     

Inceptisol Ludhiana Maize   43.8 58.2 

  Wheat   88.1 112.8 

Alfisol Palampur Maize   23.0 38.9 

  Wheat   22.6 66.8 

Mollisol Pantnagar Rice   34.5 108.3 

  Wheat   13.7 35.8 

N:recommendedN;NP:recommendedNandP;NPK:recommendedNPKtobothcrops;NPK+FYM:recommendedNP

Ktobothcrops+FYM(15tha-1yr-1upto2008-09and5tha-1yr-1thereafter)tokharifcroponly. 

Source:Singhet.al.(2012) 

 

Changingscenarioofnutrientmanagement 

Greateruseofcommercialfertilizersthedevelopmentofhigh-

yieldingcultivarsandimprovedirrigationfacilitieshaveresultedinaspectacularincreaseinyieldofcr

ops.Therecentenergycrisesandconsequentpricehikeoffertilizerscoupledwithlowpurchasingpow

eroffarmersinmasshaveagainreviewedtheinterestinorganicrecyclingthroughouttheworld.Nutrie

ntmanagementhasgonethroughthreephasesofdevelopment. 

PhaseI:Between1950and1965,therewasariseintheuseofchemicalfertilizersandacarefulexamina

tionoftheapplicationoforganicnutrientsourcesandgreenmanuring. 



 

 

 

PhaseII:Beginninginthemiddleofthe1960s,the"GreenRevolution"ledtoanabruptincreaseintheu

sageofchemicalfertilizersandasteadyreductioninorganicfertilizersandgreenmanuring.Thisisevi

dentfromthefertilizerusegrowthfrom7.84lakhtonesin1965-66toabout15milliontonnesin1995-

96and20.34milliontonnesin2005-06. 

PhaseIII:Itcanbelinkedtothemid-1970s,themid-

1980s,andtheyearssince1992whentheoilcriseswitnessedgloballywithadeficitoffertilizers,renew

edtheinterestinIndiainpromotingintegratednutrientmanagementthatinvolvesmoreorganicwaste

recyclinginagriculture.DependenceonINMgotgreaterinterestwiththeconcernofenvironmentalp

ollutionduetotheheavyuseofinorganicsforcommercialproduction. 

UseofOrganicManures 

WiththeintroductionoftheGreenRevolution,chemicalfertilizersreplacedwell-

decomposedorganicmanuresincludingfarmyardmanure,digestedcowdung,andcompost(urbana

ndrural)asthemosteffectivesourceofplantnutrients.Revivingtheadditionofthesemanuresisnown

ecessary.Inadditiontomainandsecondarynutrients,organicmanuresalsocontainmicronutrientsint

heformofcompoundsthatpromoteandinhibitgrowth.However,somematerialsusedtomakefarmya

rdmanure,ruralcompost,orurbanwastecompostcontainhazardouselementssuchtheheavymetals

Ni,Cr,Cd,etc.,which,ifpresentinlargeenoughquantitiesintheorganicmanures,cannegativelyimpa

cttheplantgrowth.Itisimportanttonotethatwhileorganicmanuresimprovethephysical,chemical,a

ndbiologicalcharacteristicsofsoils,theycannotreplacechemicalfertilizersduetotheirlowconcentr

ationofplantnutrientsandthehightransportcostsassociatedwiththeirbulkynature.Thealterationoft

hesoilprocessesbroughtaboutbytheadditionofOMandbiofertilizerincreasesthemetalsolubilityan

davailability(Kumaretal.,2017) 

 

GreenManureUse 

Growinglegumesasgreenmanuretoimprovecropproductivityandsoilhealthisamongtheol

destpractices.Itgainsmoreadvantages,especiallyforlightsoilswithsandyandloamysandtextures,a

swellassandyloamsoilsorsoilswithaloam/siltyloamtexture.Althoughtheymayserveotherpurpose

saswell,greenmanuresarecropsplantedparticularlytoimproveandpreservethefertilityandstructur

eofthesoil.Inthesecircumstances,growingdhaincha(Sesbaniaaculeata)andburyingitinthesoilbef

orethefloweringstageatthetimeoftransplantingricehasbeenfoundeffectiveinraisingtheyieldofbot

hriceandwheat(Guptaetal.,2005).Greenmanuremostlyaffectsthesupplyofnitrogenandothernutr

ients.Abetterperiodforplantstoabsorbnutrientsfromdecomposinggreenmanuremaybeprovided,t

herebyimprovingnutrientuptakeefficiencyandcropyield(PantaandParajulee.,2021) 

 

UseofRuralWastesandCropResidues 

Thereisalotofopportunityforruralwastestobeusedasplantnutrients,includingpaddyandw

heatstraw,aswellastheleftoversofothercropsincludingsorghum,pearlmillet,sugarcane,andpulses

.However,giventhegrowingpopulation'sneedformorefoodgrainoutput,theiruseassuchorafterco

mpostingcannotmatchthatofchemicalfertilizersinmaintainingriceandwheatyields.Theseorganic

residues'highC/Nratio,whichcanbeashighas100:1,isanotherrestriction.Nitrogenbecomesimmob

ilizedasaresultofthis.Asidefromtheaforementioned,sewageandindustrialeffluentsalsocontainva

riousharmfulsubstancesaswellasvaryingamountsoforganicmatterandplantnutrientsdependingo

ntheplaceoforigin(Chhonkar,2003).Therearesignificantamountsofplantnutrientsinthewastewa

terproducedbyvariouscorporations(Chhonkar,2001). 

 

UseofBio-Fertilizers 

Thebiofertilizercontainsefficientlivecellsofmicroorganismsandisacarrier-

basedmicrobialinoculant.Biofertilizersareabletomobilizenutrients,solubilizeinsolublenutrientsi

nthesoilsystem,fixatmosphericnitrogeninammoniaform,andreleaseplantgrowthhormonesthatar



 

 

 

eneededbyplantsfordevelopmentandgrowth.Blue-

greenalgae(BGA)andAzollaarethemajororganicfertilizersforricethatcanbeusedinplaceofchemi

calfertilizers.BGAcanfixatmosphericnitrogen,especiallyinricesoilswithstandingwater,andthey

cancreatechemicalsthatencouragegrowth(Mahajanetal.,2003a).Azollaisafloatingfreshwaterfe

rn.Itiswidelydispersedinfreshwaterbasinsandlowlandricefields.Anabaenaazollae,anitrogen-

fixingBGA,isfoundinsidethefern.Itcanbeutilizedasabio-

fertilizerinriceagricultureduetoitsprodigiousgrowthcharacteristicsandinteractionwithnitrogen-

fixingBGA.Azollacanfix100–150kgNperhectareperyear(Mahajanetal.,2003b).Fordirect-

seededriceandwheatcrops,azotobacterculturemadefromazotobacterchroococcumorotherspecie

scanbeutilizedasabio-fertilizer(Mahajanetal.,2008). 

 

VermicompostUse 

Vermicompostisanaturallyoccurringorganicmanuremadefromearthworms,sometimesk

nownastheearth'stillers.Wormcastingsandorganicdebris,suchashumus,liveearthworms,theircoc

oons,andothercreatures,arecombinedtocreatevermicompost.Theearthwormspeciesthatarenowb

eingutilizedwidelyforvermicompostingareEiseniafoetida,EudrilusEugenia,Eudrilluseugeniae,

Pheritimaelongata,andPerionyxexcavatus.However,Eiseniafoetidaisthespeciesthatismostfreq

uentlyusedglobally.Itisarichsourceofminerals,vitamins,andenzymes,aswellasmacronutrientsfo

rplantslikeN,P,andK.Thecombineduseof100%recommendedfertilizerdosesofvermicompost,ph

osphatesolublebacteria(PSBs)andzinc(Zn)producedsignificantlyhigheramountsinwheatgraina

ndstrawyieldthantheequivalentof50%NPK,whetheraloneorincombinationwithfarmyardmanur

e(FYM),PSB,Znandvermicompost(RatherandSharma,2009). 

Enrichedcompostwasmoresuccessfulthanintegrateduseofbiofertilizerandinorganicfertilizerinlo

weringthephytotoxicAlpoolandimprovingthenutritionalvalueofrice(Patraetal.,2020). 

 

UseofbothOrganicsandInorganics 

 Asdiscussed,theuseofneitherorganicsalone(MahajanandSharma,2005)norinorganic(Gu

ptaandSingh,2006)canhelpmaintainyield.AnotherstudyconductedbyIndianFarmersAccordingt

oevidencefromtheFertilizerCo-

operativeLimitedOrganizationandtheFoodandAgricultureOrganization,37.5%offarmersstruggl

ewiththeaccessibilityofcompostorfarmyardmanure.Inordertomeetthegrowingdemandforplantn

utrients,itwillbenecessarytouseallorganicsources.Thetaskathandistocreateanappropriatetechno

logyplatformthatwillfullyuseorganicmanuresandothersourcesinadditiontoinorganicstoincrease

foodoutputwithoutdegradingsoilhealth.Althoughsoilscontainacertainamountofinorganicandor

ganicnutritionsources,forimprovedplantperformance,thesearefrequentlysupplementedwithexte

rnalfertilizerapplication(WuandMa.,2015).Forplantstoflourish,itiscrucialtousenutrientsfromb

othinorganicandorganicfertilizersinabalancedandoptimalmanner(MaviandBenbi,2008) 

 

Nutrientsneedofintensifiedcommercialcroppingsystem 

Thedevelopmentofanintegratedplantnutrientsupplysysteminvolvinganappropriatecomb

inationoforganics,biologicalNfixation,phosphatesolubilizingmicrobes,andneed-

basedchemicalfertilizerswouldbecrucialforthesustainabilityofcommercialproduction.Cropprod

uctionisthemostsignificantsourceofrenewablewealth.Intensivecroppinghaswidenedthescopean

dneedforintegratednutrientmanagement.Asfarmingsystemshavebeenintensifiedandhigh-

analysischemicalfertilizershavebeenusedmorefrequently,soilshavebeenmined,resultingindefici

tsofsecondary(sulphur)andmicronutrients(Zn,Mn,Cu,B,andMo).ShuklaandBehera,2019repor

tedthatanalysisof2lacGIS-

basedsoilsamplesshowedanastonishingtrendofshortagesinsulphur(S),zinc(Zn),iron(Fe),manga

nese(Mn),copper(Cu),andboron(B)inthenationinthelevelof40.5,36.5,12.8,7.1,4.2and23.2perce



 

 

 

nt,respectively.Inarice-wheatsystem,INMhasalsoimprovedwateruseefficiencyandwater-

holdingcapacity(Sharmaetal.,2001).Inanintensiverice-

wheatsystem,INMwiththeincorporationoforganicmaterialincreasessoilaggregation,structuralst

ability,andmacroaggregateCcontent(Dasetal.,2014) 

Factsaboutintegratednutrientmanagement 

 Plantneedsseveralnutrientsforgrowthandproduction:Thesenutrientscanbesuppliedtoplan

tsandvaryfordifferentsources.Themajorsourceincludesfertilizers.Whileorganicmanurealsopr

ovidesnutrients,itsamountisverylow.Thissupplycanalsobeincreasedbyusingafewsupplement

albio-fertilizersthatproducenutrients. 

 Integratednutrientsupplyemphasisontheuseofallresourcesforthesupplyofnutrients:The

majorityoforganicmanureisofabio-

origin(animalandhumanwaste,plantresidue,andbyproducts),whereasfertilizersareprimarilyc

hemicalinnature.Citygarbageisnotstrictlybiodegradableandincludesdomesticwastessuchasur

bancompost,sewage,andsludge.Theintegratednutrientsupplyalsoincludesgreenmanuringofbi

o-origin. 

 Fertilizersarethemoreconcentratedsourceforthesupplyofnutrientsthanorganicmanures

:Fertiliserscanmeetnutrientneedsforcropsatanylevelwithconsiderablylessmaterialthanorgani

cmanures,whichwouldrequiremorematerialtoprovidethesameamountofnutrients. 

 Organicmanurescontainseveralnutrientelements:However,thusfaritistheirNvaluethathasr

eceivedthemajoremphasis.Researchresultshaveestablishedthatorganicmanures,particularlyse

condaryandmicronutrientdeficits,havethepowertostopanumberofnutrientshortagesfromdevel

oping.Anessentialtacticforpreventingtheoveruseofsoilresourcesonagriculturalfieldsandmaint

ainingsoilfertilityistheprovisionoforganicamendments(Ranjanetal.,2020) 

 ThegreatestchallengebeforeIndiahasalwaysremainedtoproducemorefoodtomeetthegro

wingdemandcreatedbytheever-

increasingpopulation:Inmodernagriculture,fertilizershavecontributeduptoa50percentriseinf

oodgrainoutput.Therefore,axingfertilizerusewillneverbeaviablestrategy.However,thereisalw

aysaneedtomaximizetheefficiencyoffertilizerusewhichispresentlyquitelow(efficiencyislessth

an50percentforNand10-30percentforP). 

 Thenutrientneedsforhigheryieldscannotbemetexclusivelythroughorganicsandbio-

fertilizers:Theorganicmanure'sslowandlownutrientsupplyisaproblem.Theseresourcesoughtt

obeviewedasasupplementtothesupplyofnutrientsfromchemicalfertilizersinanintegratednutrie

ntsupply.Organicmanuredecompositionproductsmediateimprovementinsoilphysical,chemica

l,andbiologicalenvironmentsenhancefurtherthemeritofharmonizingtheuseofchemicalfertilize

randnaturalmanure. 

 Anintegratednutrientsupplyapproachiseconomicallyviableandenvironmentfriendly:Ho

wever,fertilizerswillcontinuetobethedominantcontributorformeetingthenutrientrequirements

ofcropsinIndia.Utilizingchemicalfertilizeraswellasorganicsourcesofnutrientscontributestoen

vironmentallyfriendlypracticesthatresultinthecomprehensivemanagementofthesoil-

cropsystem(Ranjanetal.,2020) 

 

Conclusion 

 Forcommercialagricultureproduction,consideringenvironmentalconservation,theintegr

atednutrientmanagementsystemseemstobethemostsustainablesystemofnutrientmanagement.H

owever,itspackageofpracticesmayvaryfromregiontoregionandfromonefarmingsystemtoanothe

rfarmingsystem.Farmersmustintegratethemanagementofnutrientsandsoilfertilityintotheirfarmi

ngpracticesinordertomeettheincreasingpopulation'sdemandforfood.Majoragriculturalyieldgain



 

 

 

scannotbeachievedwithoutmakingsurethatplantsreceiveabalancedsupplyofnutrientsinsufficient

quantities.Thegovernmentshouldaddressthisissuebydevelopingtestingandmonitoringmechanis

msbecauseunless"nutrientcycles"arebetterunderstood,thisequilibriumcannotbeachieved.Byena

blingplantstofurnishpartoftheirownnutrientsforimprovedgrowth,geneticengineeringmayalsoas

sistinmaintainingamorebalancednutrientsupply.Farmerswillneedassistanceadoptingnitrogen-

fixingspecies,whichwillrequiretheassistanceofthegovernmentandextensionagencies.Additiona

lly,thegovernmentmustcontinuetosupportthefarmers'broadandresponsibleuseoforganicandinor

ganicfertilizers.Theinitiativesincludenutrientdepletiontestingofthesoil,farmer-

researchercollaboration,encouragingthemoreeffectiveuseoforganicnutrients,andurgingextensi

onagenciesandNGOstopayattentiontosoil-

relatedconcerns.InvestmentstoincreasesoilfertilitymayalsobesupportedbygovernmentandNGO

initiatives.Manyoftheissuesthatpoor,smallholderfarmersinIndiaandothercountriesfacecanbesol

vedbyintegratednutrientmanagement.However,thetimelyandcoordinatedeffortsofextensionpro

grams,thegovernment,NGOs,researchers,andthefarmersthemselvesareultimatelywhatdetermin

eINM'seffectiveness. 
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