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ABSTRACT 
 

A field experiment was conducted during the Kharif andRabi seasons of 2020-21 and 2021-22 

at the Norman E. Borlaug Crop Research Centre, G.B.P.U.A &T., Pantnagar. Randomized 

block design was followed with 11 treatments and 3 replications. The main objective was to 

assess the influence of fertilizer and farmyard manure application, with or without 

Azotobacterand zinc, on crop yield and soil properties in a maize-wheat crop rotation. The 

data demonstrated that application of 100% RDF +FYM 5 t ha
-1

, resulted in a significantly 

higher system yield of 12,137 kg ha
-1

. Intercropping of cowpea with maizealong with the 

application of FYM 10 t ha
-1

 showed the lowest bulk density in both surface (1.38 Mg m
-3

) and 

sub-surface (1.49 Mg m
-3

) soil and also it led to a reduction in the soil pH and EC. 

Additionally, hydraulic conductivity was higher in organic treatments, specifically in T6. 

However, the application of 100% RDF + FYM 5 t ha
-1

 resulted in the maximum retention of 

organic carbon (1.06% and 0.71%) as well as higher content of available nitrogen (185.11 

and 175.95 kg ha
-1

), phosphorus (36.17 and 31.65 kg ha
-1

) and potassium (147.90 and 

120.68kg ha
-1

) in surface and subsurface soil, respectively. The study suggests that the 

application of 100% RDF + FYM 5 t ha
-1

 contributes to improved soil fertility and sustainable 

crop yields. 
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1. INTRODUCTION 
 
“Maize–
wheatcroppingsystemisoneofthemajoragriculturalmanagementsystemsinIndiaandranksfirsta
mongdifferentmaize-basedcroppingsystems.Itisthe3rdmostimportantcroppingsystemafterrice-
wheatandrice-
ricesystemhavinga1.8Mhaareathatcontributesabout3%tothefoodgrainproductionofIndia”Dass
etal.,2020[1].“Rice-
wheatisthemajorcroppingsystemforthepastseveraldecadesintheTarairegion.Bothcropsarehea
vynutrientfeeders”Panwaretal.,2019[2].“Moreover,adaptationofhighyieldingandnutrientrespon



 

 

sivevarietiesofthesecrops,aswellasfaultyagriculturalpracticesbythefarmersarecommoninthisar
ea.Consequently,overexploitationofthenaturalresourcesespeciallyfertilelandandplentyofavaila
blewatercreatedanadverseimpactonthesoilintheformofdeteriorationofsoilhealth, fragile crop 
environment 
andreducedprofitabilityofcrops”Rametal.,2016[3].Naresh2013[4]reportedthat“undercontinuou
sandintensivefarmingofrice-
wheatcroppingsystem,thenutrientsupplyingpowerofmostofthesoilshasbeenfounddeclining,the
refore, 
becominglessprofitableconsequentlyfarmersareshiftingtootherprofitablecroppingsystems”.“Th
erefore,farmersofthisregionareshowingtheirinterestinmaizecropduetoitsmultipurposeuseandhi
gherprofitability.Theproductionpotentialofmaize-
basedcroppingsystemsishigherthanthatoftheconventionalrice-wheatsystem.Maize-
basedcroppingsystemsprovideoptionsforfarmerstosustainablydiversifyfromrice-
wheatproductionsystemaslatersystemexertimmensepressureoverwaterresources.Theirrigatio
nwaterproductivityunderthemaize–wheatsystemisgenerallyhigherandwasreported126–
160%higherascomparedtotherice-wheatcroppingsystem.Furthermore,themaize–
wheatsystemalsoimprovesthesoilhealthincomparisonwiththepuddledtransplantedricesystem”
Jatetal.,2012[5].“Despitebeingbeneficialoverthetraditionalrice-wheatsystem,themaize-
wheatsystemhascertaindrawbacksasmaizeandwheatareknownfortheirhighnutrientdemands.T
hepracticeofcontinuouscroppinginintensivecereal-
basedsystems,withoutpropernutrientmanagement,acceleratesthedeclineinsoilfertility.Tomitig
atetheseissues,adoptingsustainableagriculturalpracticesbecomescrucial.Intercroppingwithnitr
ogen-
fixinglegumes,incorporatingorganicmanure,biofertilizerandintegrateduseoforganicandinorgani
csourcesofthenutrientsarestrategiesthatcanhelptorestorethesoilfertility.Manyresearcheshadre
portedthatmanureapplicationincreasescropyieldsbesidessoilorganicmatterandimprovessoilqu
alityaswell”(Blairetal.,2006;Yangetal.,2015)[6,7].“Azotobacter,afree-
livingN2fixingbacteriumcontributestonitrogeninmanynon-
leguminouscropsandalsosynthesizesandsecretesaconsiderableamountofbiologicallyactivesu
bstanceswhichenhancesrootgrowthandprotectstheplantfromdiseases”(SoleimanzadehandGo
oshchi,2013)[8]. 
“Theuseofinorganicfertilizerororganicmanurealonehasbothpositiveandnegativeeffectsonplant
growth,nutrientavailability,andoverallhealthofthesoil.Theorganicsourcesofnutrientsaretheindig
enoussourcesthatcanhelpinincreasingproductionandproductivityalongwithimprovementinsoilp
roperties.However,organicsourcesdonotcontainsignificantquantitiesofplantnutrientsastheyare
justsoilamendments.Hence,theapplicationoforganicmatteralonetosoilisnotacompletesubstitut
eforinorganicfertilizerandvice-
versaandtheirrolesarecomplementarytoeachother.Theuseofinorganicfertilizersinconjunctionw
ithorganicmanuresimprovesthephysical,chemicalandbiologicalcharacteristicsofthesoilaswella
ssoilorganiccarbonmaintainedatasignificantlevel.Thisapproachoffersaviablesolutionforpreser
vingbothcropproductivityandsoilhealth”(Sharmaetal.,2020)[9]. 

Therefore,consideringthedecliningsoilfertilityandproductivity,reducedprofitability,ecologicaldis
turbance,etc.owingtoprolongedexcessiveandindiscriminateuseofchemicalfertilizerinrice-
wheatsystem,thepresentinvestigationwasundertakentoinvestigatethesuitabilityofnutrientsappl
icationpracticebasedoneffectoftheuseoffertilizersandorganicmanurealoneorinintegratedmodei
nthemaize-wheatcroppingsystem. 

 
2. MATERIAL AND METHODS  
 
Thepresentstudyisapartofanongoinglong-
termintegratednutrientmanagementexperimentwithamaize-
wheatcroppingsystemstartedwithkharifseasonmaizein2019.TheexperimentwasconductedatN
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ormanE.BorlaugCropResearchCentre,G.B.P.U.A&T.,Pantnagar,Uttarakhand(29°Nlatitude,79
°30’longitudeandanaltitudeof243.8mabovethemeansealevel)duringKharifandRabiseasonsof2
020-21and2021-
22.ThesoiloftheexperimentalfieldwassandyloamintexturehavinginitialsoilOC,EC,pH,available
N,P,andKof0.80%,0.25dSm

-1
,7.18,172.15kgha

-1
,32.20kgha

-1
and125.0kgha

-

1
,respectively.Theexperimentwasconductedwith11treatmentscomprisedof;T1=Absolutecontro

l,T2=100%RDF,T3=75%RDF,T4=50%RDF,T5=FYM10t/ha+Azotobacter,T6=Maize+cowpeawit
hFYM10t/ha+Azotobacter,T7=100%RDF+FYM5tha

-1
,T8=75%RDF+FYM5tha

-

1
,T9=50%RDF+FYM5tha

-1
,T10=100%RDF+Zn5kgha

-1
,T11=FYM5tha

-

1
weretestedinrandomizedblockdesignreplicated3times.RecommendeddoseofN,PandKwere1

20,60and40kgha
−1

andforMaize(P3401)and150,60and40kgha
-

1
forwheat(HD2967),respectively.Required amount of nitrogen, phosphorus, and potassium 

were provided by using fertilizer sources such as NPK(12:32:16), urea,andMOP, 
respectively and the Zn was provided by ZnSO4. 
AllplotsreceivedtheonethirdofN,entireamountofP,KandZnasbasalatthetimeofsowingandremai
ningNwasappliedintwoequalsplitsastopdressingthroughureaatkneehigh(25-
35DAS)andtasselemergence(100-130DAS)inmaizeandat20-25(CRIstage)andat40-
45daysaftersowing.Welldecomposedfarmyardmanurewasbroadcastedonthesoilsurfaceandint
ermixedimmediatelyjustbeforethesowingofmaizeandwheatcrop.Azotobacterwasappliedthrou
ghseedinoculation.Soilsampleswerecollectedfromtwodepthsfrom0-15cmand15-
30cmwithineachplottoassessvarioussoilproperties.Aftercollection,thesoilsamplesunderwenta
ir-
drying,weresubsequentlygroundtopassthrougha2mmsieve,andthensubjectedtoanalysis.Soil
pHandECweredeterminedinasoil-
watersuspensionratioof1:2asdescribedbyJackson(1967)[10]andBowerandWilcox(1965)[11]
,respectively.Methodsforothersoilpropertiesusedwerewet-
oxidationfororganiccarbon(WalkleyandBlack,1934)[12];availableN(SubbiahandAsija,1956)[13
],availableP(Olsenetal.,1954)[14],availableK(SchollenbergerandSimon,1945)[15],availableZn
(LindsayandNorvell,1978)[16];bulkdensityandporosity(Blake,1965)[17],saturatedhydraulicco
nductivity(Klute,1965)[18].Grainyieldsforbothmaizeandwheatwererecordedfromeachnetplota
tharvest.Thecollecteddatawasanalyzedthroughananalysisofvariance(ANOVA)usingthestatist
icalsoftwareSTPR.Thisstatisticalapproachallowedfortheexaminationofvariationsinthemeasur
edsoilpropertiesandcropyieldsamongdifferenttreatmentswithinthestudy.Thedatawereanalyze
dfollowingthetechniquesofanalysisofvariance(ANOVA)prescribedforrandomizedblockdesignu
singthestatisticalsoftwareSTPRdevelopedbydepartmentofMathematics,StatisticsandComput
erScience,CollegeofBasicSciencesandHumanities,G.B.PantUniversityofAgricultureandTechn
ology,Pantnagar.Theleastsignificantdifferencevaluesweretestedat5%levelofprobability. 
3. RESULTS AND DISCUSSION 
 
3.1 Soil properties 

3.1.1 Soil pH 

Useoffertilizerandfarmyardmanureincombinationaswellasindividuallywasfoundtohavesignifica
nteffectonsoilpHatbothsurfaceandsubsurfacesoil.ThepHlevelsexhibitarangeof6.85to7.22and6
.99to7.27insurface(0-15cm)andsub-surface(15-30cm),respectively(Table 
1).Notably,thehighestpHatsurface(7.22)andsubsurface(7.27)wereobservedwiththeuseof100
%NPK,whichexceededfrom0.01-0.37and0.06-
0.28,respectively,whereasthelowestpH(6.85)inT6atsurfaceand6.99inT9atsubsurface.Itisnotew
orthythatonlyfertilizercontainingtreatments(T2, 
T4andT10)exhibitedstatisticallyparandsignificantlyhigherpHoverFYMretainingtreatmentsatboth
depths.ThedeclineinpHwasmorepronouncedwiththeuseoforganicsourcesaloneandthecombin
edapplicationoforganicandinorganicmaterials,incontrasttothesoleapplicationofinorganicfertiliz



 

 

er.ThisobserveddecreaseinpHcanbeattributedtothegenerationofCO2andorganicacidsduringth
emicrobialdecompositionofappliedorganicmanures,complementedbytheresidualacidityofnitro
genfertilizers(Kharcheetal.,2013;Meenaetal.,2018)[19,20].Incrementof25%NPKaloneorconjoi
ntwithFYMdidnotproducedsignificanteffectonsoilpHatbothdepths.Theslightenhancementinsoil
pHwasobservedinalltreatment.TheimprovementinsoilpHwithincreaseinsoildepthwasalsosupp
ortedbyBhattetal.2019[21].BiofertilizersalsoloweredthesoilpHascomparedtonon-
inoculationtreatmentsandmaximumreductionwasseenintreatmentT6.Similarfindingsreportedb
y(Ramalakshmietal.,2008:Ratanooetal.,2021)[22,23]. 

 

3.1.2 Soil electrical conductivity 

Theutilizationofvariousorganicandinorganicsources,aswellastheircombinations,exertsanotabl
eimpactontheelectricalconductivity(EC)ofsoil(Table1).Itisevidentthatthereisaminimalandmore
uniformfluctuationinECvaluesacrossallthetreatments.ThesoilECrangedfrom0.20to0.27dSm

-

1
inthesurfacesoiland0.17to0.21dSm

-

1
inthesubsurfacesoil.ThehighestECwasreportedwithtreatmentT1(control)(Meenaetal.,2018)[2

0]interestingly,adecreaseinECvalueswasnotedwithanincreaseindepthinthesubsurfacesoil.Furt
hermore,anoticeabletrendemerged,indicatinganincreaseinECwithariseintherateoffertilization.
ThisalignswithfindingsfromKumaretal.(2016)[24]whoalsoreportedanelevationinelectricalcond
uctivitywhenutilizingchemicalfertilizeralone.Thisincreaseislikelyattributedtotheaccumulationof
solublesalts,originatingfromfertilizerapplicationandtheexchangeofvariouscations.Similarobser
vationsweredocumentedbyRao(2003),Pant(2016),andBhatt(2012)[25,26, 27]. 

 

3.1.3 Soil organic carbon 

Distinctvariationswereobservedinthecontentofsoilorganiccarbon(OC)bothinthesurfaceandsub
surfacelayersattributedtodiverseorganicandinorganicnutrientsources.Organiccarbonexhibited
arangeof0.59to1.06%and0.37 to 
0.71%insurfaceandsubsurfacesoil,respectively.Treatment100%RDF+FYM5tha

-

1
displayedthesignificantlyhighestOCcontent(1.06and0.71%)atbothdepthsfollowedbymaize+c

owpea+FYM10t+Azotobacter(0.98and0.68%).Incontrast,thecontroltreatmentdemonstratedth
elowestcontent.ThecombinedapplicationofFYM5tha

-

1
witheach25%incrementininorganicfertilizerfrom50%RDFto100%RDFresultedinhigherorganic

carboncontentcomparedtotreatmentswithsoleinorganicfertilizers.Remarkably,theapplicationof
100%RDF+FYM5tha

-

1
ledtoasubstantialincreaseof79.6%and92%insurfaceandsubsurfacesoilOC,respectively,comp

aredtothecontroltreatment.TheimprovementinOCisalsoreportedbySahaetal.(2010)[28]across
differentsoildepthsthroughtheconsistentapplicationoforganicmanureandlimeinconjunctionwith
chemicalfertilizers.Similaroutcomeswereobservedbyvariousresearchers,includingBraretal.(20
15)[29]andPatialetal.(2022)[30].It'snoteworthythatorganictreatmentsconsistentlyexhibitedhigh
erorganiccarboncontentcomparedtoboththecontrolandinorganictreatments(Sudhakaretal.,201
9)[31]. 

 

Table 1. Effects of inorganic fertilizer and farmyard manure on soil pH, electrical 
conductivity and organic carbon in maize –wheat rotation (pooled data of 2 years) 



 

 

Treatments 

Soil pH Soil EC (dS m
-1

) Organic Carbon (%) 

0-15 cm 15-30cm 0-15 cm 15-30cm 0-15 cm 15-30cm 

T1 7.12 7.17 0.27 0.21 0.59 0.37 

T2 7.22 7.27 0.26 0.21 0.87 0.57 

T3 7.19 7.20 0.24 0.19 0.73 0.44 

T4 7.18 7.19 0.23 0.18 0.65 0.40 

T5 6.94 7.08 0.21 0.17 0.92 0.65 

T6 6.85 7.08 0.20 0.17 0.98 0.68 

T7 7.11 7.15 0.24 0.19 1.06 0.71 

T8 7.11 7.13 0.23 0.17 0.89 0.60 

T9 7.10 7.17 0.24 0.17 0.79 0.56 

T10 7.21 7.21 0.25 0.21 0.86 0.54 

T11 6.89 6.99 0.25 0.20 0.73 0.41 

SEm± 0.02 0.03 0.01 0.01 0.01 0.01 

C.D.(P=.05) 0.05 0.10 0.02 0.01 0.04 0.03 

 

3.1.4 Bulk density  

TheuseofFYM10tha
-

1
alongwithbiofertilizerledtothemostnotabledecreaseinsoilbulkdensitycomparedtoothertreatme

ntsatbothdepths.ApplicationofFYM10tha
-1

+Azotobacterinmaize-
cowpeaintercroppingtreatment(T6),resultedinthelowestbulkdensityinbothsurfaceandsubsurfac
esoilwiththevaluesof1.38and1.49Mgm

-3
,respectively,followedbyFYM10t ha

-

1
+Azotobacter(T5).Comparedtocontrol, 

thetreatmentsT6andT5showedreductioninbulkdensityofapproximately11.5and10.3%insurface
soil,and12.4and10.0%insubsurfacesoil,respectively.Moreover,allthetreatmentsreceivedsolea
pplicationofchemicalfertilizerswerefailedtobringsignificantreductioninbulkdensityascomparedt
otheirrespectivedosescombined with FYM5tha

-1
at both depths of 

soil.Subsurfacearrestedthehigherbulkdensitiesinalltreatmentscomparedtosubsurface,attribute
dtocompaction(Kharcheetal.,2013)[19].Consistentwiththeseobservations,Kumaretal.(2016)[2
4]notedareductioninbulkdensitywhenusingacombinationof50%nitrogenthroughorganicmanure
+25%nitrogenthroughurea+biofertilizers+Zn.Thisdeclineisattributedtotheadditionofhighorgani
cmatter,creatingmoreporespacesandenhancingsoilaggregation.Thefindingswereinaccordanc
ewithBamboriyaetal.(2022)[32]withtheadditionofphosphorus-
enrichedcompostinmaizeandRanjanetal.(2023)[33]with50%RDF+50%NthroughFYMinwheatc
rop. 



 

 

 

3.1.5 Saturated Hydraulic Conductivity 

Theimpactoffertilizerandfarmyardmanure(FYM),whetherappliedindependentlyorincombinatio
n,significantlyinfluencedsoil saturated hydraulicconductivity (KS) 
atvarioussoildepths(Table3).However,thecombinedapplicationofFYM10tha

-

1
+Azotobacterinmaize+cowpea(T6)exhibitedthehighestKS,reaching1.80cmh

-1
and1.19cmh

-

1
inthesurfaceandsub-surfacesoil,respectivelywhilecontrolconsistentlydisplays 

thelowestvalues.Furthermore,theapplicationofFYMinconjunctionwithRDFnotablycontributedto
anincreaseinsoilKS.Treatment100%RDF+FYM5tha

-1
increasesKSby 50.0 % 

and34.8%KSoverthecontrol.Similarly,Gautametal.(2022)[34]observedanincreaseintheKSofap
proximately26%forFYMand46%forFYM+NPKcomparedtothecontrolinpearlmillet-
fellowcroppingsystem.However, 
itisimportanttonotethatKStendstodecreasewithincreasingdepth.TheobservedincreasesinKSin 
FYM 
treatedplotsmaybeattributedtothepromotionofbettersoilstructureandporositythroughtheadditio
noforganicmatter.Organicmatterfunctionsasabindingagent,fosteringstableaggregatesthatform
channelsandspaceswithinthesoil,therebyenhancingwatermovement.Similarfindingswerealsor
eportedbySinghetal.(2016)[35]andPantandRam(2018)[36]. 

3.1.6 Available nitrogen 

The 25 % increase in amount of inorganicfertilizer alone or with FYM 
resultedinasubstantialincreaseintheavailablenitrogencontentatbothsoildepths.Itvariedfrom143
.65-185.11kgha

-1
inthesurfaceand138.47-175.95kgha

-1
inthesub-

surfacesoil.Applicationof100%RDF+FYM10tha
-

1
consistentlyexhibitedthehighestnitrogencontentatboththedepths,whichwasstatisticallysuperio

rtoallothertreatments,followedby100%RDF+5kgZnha
-1

and75%RDF+FYM5tha
-

1
whilethecontrolconsistentlyshowedthelowestcontent.BondeandGawande(2017)[37]alsorepo

rtedthattheapplicationoffertilizers,eitheraloneorincombinationwithorganics,wassignificantlysu
periortothecontrol.Thesub-
surfacelayergenerallydemonstratedloweravailablenitrogencomparedtothesurfacelayer.Specifi
cally,TreatmentsT7,T8andT9,whichreceivedinorganicfertilizerincombinationwithFYM5tha

-

1
exhibitedincreaseinavailablenitrogencontentofabout4.6,8.2and5.3%,respectively,comparedt

otreatmentsT2,T3andT4whereonlychemicalfertilizerwasapplied.Asimilartrendwasobservedinth
esub-surfacelayer.Thehighestavailablenitrogeninthetreatmentinvolving100%RDF+FYM5tha

-

1
couldbeattributedtothemineralizationofnitrogenfromnativesourcesduringdecomposition,along

withthedirectadditionofnitrogenthroughFYMtotheavailablesoilpoolandimprovedmicrobialactivit
y(Panwaretal.,2008)[38].Theorganictreatments,specificallyT6,wherecowpeawastakenasinterc
ropinmaizeresultedinsignificantlyhighernitrogencontentatsurfacesoilcomparedtothetreatment
withoutcowpea(T5).Consistentwiththefindings,Parewaetal.(2014)[39]alsonotedhighervaluesof
availablenitrogenasaresultofthecombinedapplicationof100%NPKfertilizer,FYM10tha

-

1
andbioinoculants.SimilarresultswereobtainedbyPothareetal.(2007)[40],Bhatt(2012)[27],andD

himanetal.(2019)[41]. 

 

3.1.7 Available phosphorus 

Contentofsoilavailablephosphorussignificantlyinfluencedbytheuseofdifferentorganicandinorga
nicsourcesofnutrient,thevaluesrangedfrom23.03to36.17kgha

-

1
inthesurfacesoilandfrom15.48to31.65kgha

-



 

 

1
inthesubsurfacesoil.Thehighestavailablephosphorus(36.17and31.65kgha

-

1
)inboththedepthswasobservedwith100%RDF+FYM5tha

-

1
whichwasstatisticallyatparwithT8andT2andlowest(23.03and15.48kgha

-

1
)wasrecordedundercontrol.TreatmentsthatreceivedFYMalongwithinorganicfertilizer(T7,T8and

T9) in general 
maintainedstatisticallyatparbuthigherlevelsofavailablephosphorusinbothsoildepthscomparedt
othetreatmentsreceivednutrientssolelythroughinorganicfertilizers(T2,T3andT4).Cowpeaintercr
opping(T6)significantlyenhancedavailablePby3.28kgha

-

1
overwithoutcowpea(T5)atsurfaceandtreatmentsT5andT6exhibited significant increase in 

availablephosphoruscomparedtotreatmentT11.However,inorganicfertilizeraloneorincombinatio
nwithFYMmaintainedhigheravailablePcomparedtoorganicmode.Theresultsareinconformitywit
hthefindingsofTilahumetal.(2013)[42],Sudhakaretal.(2019)[31],andSinghetal.(2019) 
[43].Theapplicationbuildupofavailablephosphorusowingtouseofinorganicfertilizersaloneorinco
mbinationwithorganicscouldbeattributedtothereleaseoforganicacidsduringdecomposition,whic
hinturnmayhavefacilitatedthereleaseofphosphorusfromthenativepoolofphosphorusinthesoil(U
rkurkaretal.,2010)[44].AdditionaluseofZn5kgha

-

1
with100%NPKsignificantlyreducedavailablePcomparedto100%NPK.Thismightbeduetozinch

asanantagonisticeffectwithphosphoruswhichmighthavedecreasedthephosphoruscontentinsoil
atharvestofcrop(Sharmaetal.,2023)[45].Anoticeabledecreaseinavailablephosphorusfrom3.25-
7.55kgha

-1
wasobservedin15-30cmcomparedto0-15cm. 

 

3.1.8 Available potassium 

Significantvariationsinsoilavailablepotassiumwereobservedamongthedifferenttreatments(Tabl
e3).Theavailablepotassiumvariedfrom113.06to147.90kgha

-

1
inthesurfacesoilandfrom91.25to120.68kgha

-1
inthesub-

surfacesoil.Thehighestpotassiumcontentwasobtainedwith100%RDF+FYM5tha
-

1
whichwasstatisticallyatparwith75%RDF+FYM5tha

-1
 at 

surface,andsignificantlyhigherthanallothertreatments at both depths of 
soil.Pandeyetal.(2009)[46]demonstratedabuild-
upofavailablepotassiumwiththecombineduseofchemicalfertilizers,compost,andcropresidueinc
orporationinthesoil.Incontrast,thecontroltreatmentexhibitedthelowestpotassiumcontent(Bonde
andGawande,2017)[37]whichlikelyduetoincreasedcropdemandleadingtosoilpotassiumdepleti
on.Applicationof100%NPKaloneorincombinationwithFYMorZnand75%NPKwithFYM5tha

-

1
significantlyenhancedavailableKby16.45,34.84,19.05and31.12kgha

-

1
overcontrol,respectivelyinthesurfacesoil.However,alltreatmentsexceptT11hadsignificantlyhig

heravailableKovercontrolforsubsurface.Moreover,organicmodetreatments(T6,T5andT11) in 
general 
didshowstatisticallyatparforavailableKatbothdepths.Thehigheravailablepotassiumlevelsin 
RDF + 
FYMamendmenttreatmentsmaybeattributedtothedecompositionofFYMinthesoils,leadingtothe
releaseoforganiccolloids.Thisprocessimprovescationexchangecapacity,allowingthesoiltohold
moreexchangeablepotassium(Pathariyaetal.,2022)[47]. 

3.1.9 Available zinc  

TheavailableZninboththesurfaceandsubsurfacesoilwassignificantlyvariedamongthetreatment
s(Table2).Treatment100%RDF+Zn5kgha

-

1
recordedthehighestzinccontentinboththedepths,being significantly higher from 0.13-

0.56and0.12-0.4mgkg
-

1
thanothertreatmentsinthesurfaceandsubsurfacesoil,respectively.Thehigherzinccontentintreat



 

 

ment100%RDF+Zn5kgha
-

1
maybeattributedtozincsupplementationthroughchemicalfertilizer.ThehighestDTPAextractabl

ezinc3.69and3.62ppmat0-15and15-
30cm,respectively,with100%NPK+ZnapplicationwasalsoreportedbyPriyankaetal.(2019)[48].I
nthetreatmentswithconjunctiveuseofinorganicfertilizerandFYM(T7,T8,andT9),availablezinccont
ent was found to be significantly 
increasedby12.3%,27.6%,and24.5%insurfacesoil,andby44.0%,88.2%,and50%insubsurfaces
oil,respectively,comparedtothetreatmentswithsoleapplicationofinorganicfertilizer.However,org
anictreatments(T5,T6,)showedalowercontentofavailablezincandwerefoundtobeatparwith 
75%RDFtreatment but significantly higher amount over T1 and 
T11.Thecontroltreatmentexhibitedthelowestzinccontent(BondeandGawande,2017)[37].Srivast
avaetal.(2014)[49]alsoreportedsignificantincreaseinDTPAextractablezincby10.2%overthecon
trolwiththeapplicationofZn2.5kgha

-1
inrice-

wheatsystem.Availablezinccontentwasfoundtobedecreasedwithanincreaseindepthofsoil. 

Table 2. Effects of inorganic fertilizer and farmyard manure on available nitrogen, 
phosphorus, potassium and zinc in maize –wheat rotation (pooled data of 2 years) 

Treatments 

Available N (kg 
ha

-1
) 

Available P (kg 
ha

-1
) 

Available K (kg 
ha

-1
) 

DTPA-Zinc (mg 
kg

-1
) 

0-15 
cm 

15-
30cm 

0-15 
cm 

15-
30cm 

0-15 
cm 

15-
30cm 

0-15 
cm 

15-
30cm 

T1 143.65 138.47 23.03 15.48 113.06 91.25 0.48 0.08 

T2 176.92 164.70 35.78 28.95 129.51 107.63 0.81 0.25 

T3 166.13 149.62 33.83 26.79 126.41 102.59 0.65 0.17 

T4 160.77 143.39 31.23 25.46 118.20 99.10 0.57 0.12 

T5 157.94 148.70 28.16 24.91 120.20 100.76 0.62 0.14 

T6 165.61 149.73 31.44 27.29 123.33 102.07 0.67 0.15 

T7 185.11 175.95 36.17 31.65 147.90 120.68 0.91 0.36 

T8 179.91 165.73 35.01 29.37 144.18 111.59 0.83 0.32 

T9 169.39 153.85 32.35 27.14 127.06 103.19 0.71 0.18 

T10 180.50 168.22 27.40 21.82 132.11 110.04 1.04 0.48 

T11 156.37 142.51 25.24 18.07 119.87 94.13 0.53 0.09 

SEm± 1.77 1.69 0.78 0.98 4.88 2.57 0.02 0.01 

C.D. (P=.05) 5.07 4.83 2.23 2.80 13.96 7.34 0.05 0.03 

 



 

 

Table 3. Effects of inorganic fertilizer and farmyard manure bulk density, porosity and 
system yield in maize –wheat rotation (pooled data of 2 years) 

Treatments 
Bulk density (Mg m

-3
) 

Hydraulic conductivity 
(cm hr

-1
) 

System 
yield (kg ha

-

1
) 

0-15 cm 15-30cm 0-15 cm 15-30cm 

T1 1.56 1.70 1.12 0.86 6324 

T2 1.47 1.62 1.34 0.97 10913 

T3 1.50 1.64 1.24 0.94 10182 

T4 1.54 1.67 1.19 0.92 8693 

T5 1.40 1.53 1.69 1.10 9093 

T6 1.38 1.49 1.80 1.19 10872 

T7 1.44 1.57 1.68 1.16 12137 

T8 1.47 1.60 1.56 1.10 11495 

T9 1.51 1.62 1.46 1.08 10413 

T10 1.51 1.65 1.40 1.03 11244 

T11 1.54 1.65 1.34 0.89 7586 

SEm± 0.01 0.01 0.02 0.02 157.1 

C.D. (P=.05) 0.04 0.04 0.06 0.05 449.0 

 

3.2 System yield 

Significantvariationwasfoundinaveragedsystemyieldofthemaize-
wheatduetodifferentcombinationsofinorganicandorganicsources of nutrients 
(Table3)whichrangedfrom6324to12137kgha

-

1
.Notably,eachtreatmentwasfoundtobevariedsignificantlywithotherforsystemyield.Plotreceive

d100%RDF+FYM5tha
-1

producedsignificantlyhighersystemyield(12137kgha
-

1
)overothersfollowedby75% RDF +FYM5tha

-1
(11495kgha

-

1
)whiletheleastwithcontrol(6324kgha

1
).Conjointuseofdifferentdosesof RDF withFYM5tha

-

1
(T7,T8andT9)attained significantly highersystemyieldoverrespective RDF alone(T2,T3andT4) 

and highestyielddifference(1720kgha
-1

)wasobtained between 50%NPKwithFYM5tha
-1

 and 
50% RDF alone. Among the organic treatments, each varied significantly for system yield 
however,cowpeaintercropping (T6) produced higher system yield which was at par with 
100% RDF. Manjhietal.(2014)[50]alsoreportedthehighestsystemproductivity(wheat-
equivalentyieldof8.2tha

-

1
)withthesubstitutionof50%NthroughFYMalongwith50%RDFinmaizeand100%RDFthroughino



 

 

rganicfertilizerinwheat.Theobservedincreaseinsystemyieldwithabalancedapplicationoforganic
manureandinorganicfertilizersmaybeattributedtoimprovementsinsoilphysicalpropertiesandthe
sufficientsupplyofnutrientsfromFYMandinorganicfertilizers.Sahaetal.(2010)[28]obtainedsimila
rresultswith100%RDFalongwithFYM,biofertilizer,andlimeformaizeandmustard.Systemyieldsw
erefoundtobedecreasedby731and1489kgha

-1
withoutFYMandby642and1082kgha

-

1
withFYMbyreducingNPKfrom100%to75%,and75%to50%,respectively. Inclusion of FYM 5 t 

ha
-1

 was found to be more beneficial for system yield compared to Zn 5 kg ha
-1

 over 100% 
NPK.  



 

 

3.3 Relationship between soil properties and system yield. 

A significant and negative correlations were obtained between saturated hydraulic 
conductivity and EC (-0.604*) and organic carbon with bulk density (-0.836**), while organic 
carbon was significantly and positively correlated with saturated hydraulic conductivity 
(0.948***), available N (0.732*) and available P2O5, (0.614*) and system yield (0.717*). In 
general, strong relation was observed for available nitrogen with available P2O5 (0.683*), 
available K2O (0.848***), available zinc (0.873***) and system yield (0.935***). Available 
P2O5,available K2O and available Zn were also found to be strongly correlated with system 
yield (0.848***, 0.789*** and 0.824*).  

 

 

 

Figure 1: Pearson correlation correlogram for soil properties and system yield 

3.4 Principal component analysis (PCA) 

Since all measured soil properties tangibly affected the system yield in maize-wheat rotation, 
therefore, it is obligatory to screen out the corresponding “highly weighted” variables to be 
retained and include in the minimum data set (MDS) from the eigenvector weight value or 
factor loadings. So, multivariate analysis i.e., principal component analysis (PCA) was 
carried out on the maize – wheat system yield and soil properties.  

Results of PCA (Figure 2) accomplished generated two principal components which 
explained 5.97 % and 29.82 % of the total variance for PC1 and PC2, respectively. The 
corresponding loadings plot (Figure 2) revealed that PC1 had slightly large positive loading 



 

 

on bulk density and electrical conductivity and large negative loading on available N, 
available P2O5 and available K2O, available Zn, hydraulic conductivity and system yield, 
while PC2 had small positive loading on organic carbon and large negative loading on pH, 
electrical conductivity, bulk density and small negative loading on hydraulic conductivity, 
available N, available P2O5, available K2O and available Zn and system yield. 

 

Table 4:  Results of principal components analysis of soil properties and system yield 

 PC1 PC2 

Standard deviation 2.30 1.7 

% of variance 52.97 29.82 

Cumulative % 52.97 82.79 

Factor loadings 

Parameters PC1 PC2 

pH -0.038 -0.476 

EC 0.214 -0.368 

OC -0.395 0.166 

BD 0.279 -0.426 

Hydraulic conductivity -0.346 -0.315 

Available N -0.389 -0.205 

Available P2O5 -0.358 -0.073 

Available K2O -0.327 -0.269 

Available Zn -0.307 -0.302 

System yield -0.402 -0.190 

**Extraction Method: Principal Component Analysis  



 

 

 

Figure 2: Loading’s plot formed by principal components 1 and 2 with different 
parameters  

 

4. CONCLUSION 
 
On the basis of field study on maize-wheat rotation conducted for two years it may be 
concluded that the integrated approach of using farmyard manure (FYM) in conjunction with 
inorganic fertilizer maintained the soil properties, specifically with 100% RDF + FYM 5 t ha

-1
. 

However, use of FYM 10 t ha
-1 

along with Azotobacterenhanced the organic carbon content 
to a greater extent. Conjoint use of zinc 5 kg ha

-1
 with 100% RDF favours the higher 

availability of zinc in tarai soil. Integrated use of 100% RDF along with FYM 5 t ha
-1

 
produced the highest system yield of maize-wheat hence could be a better option. However, 
organic mode of nutrient application especially FYM 10 t ha

-1
 + Azotobacter with or without 

cowpea intercropping in maize failed to achieve the higher system yield. Gradual decrease 
in RDF level alone or in combination with FYM 5 t ha

-1
 significantly retarded the system 

yield.The PCA and correlation matrix also confirmed the role of soil properties in the 
augmentation of system yield. 
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