
 

 

OptimizingNutrientUptakeinRiceCropsthroughIntegratedOrganicM

anureApplication:AComprehensiveAnalysisofGrainandStrawCompo

sition 

 

Abstract 

Rice(OryzasativaL.)isthestaplefoodofmorethan60percentoftheworld’spopulationandisc

onsideredthe“globalgrain”.ItisthemainstaplefoodintheAsiaandthePacificregion.Thisstu

dywasconductedtoascertaintheImpactofVariousTreatmentCombinationsontheNutrient

Uptakeofricegrainsandstraw.ThefieldexperimentswerecarriedoutattheresearchFarmof

AcharyaNarendraDevaUniversityofAgriculture&Technology,Kumarganj,Ayodhya(U.P

.)duringKharif,2021-

22.Theexperimentwaslaidoutinrandomizedblockdesignwith3replicationshaving8treat

ments.Theeighttreatmentscombinationswere:T 1 (AbsoluteControl),T2(Biodecompose

dcompost1q/ha+50%RDF),T3(Biodecomposedcompost1.5q/ha+50%RDF),T4(Biodec

omposedcompost1q/ha+50%RDF+Rootdippingwithbiodecomposedcompostwash10m

l/litofwater),T5(Biodecomposedcompost1.5q/ha+50%RDF+Rootdippingwithbiodeco

mposedwash10ml/litofwater),T6(Biodecomposedcompost1q/ha+50%RDF+foliarappli

cationofbiodecomposedcompostwashof10ml/litofwater),T7(Biodecomposedcompost1.

5q/ha+50%RDF+foliarapplicationofbiodecomposedcompostwashof10ml/litofwater),T

8(100%RDF).Asperfindings,NutrientuptakeofN,PandKbygrainofRicevariedfrom44.32

kgha
-1

to77.03kgha
-1

,11.90kgha
-1

to20.85kgha
-1

,and22.16kgha
-1

to45.17kgha
-

1
.InRicestraw,N,PandKuptakevariedfrom20.16kgha

-1
to36kgha

-1
,8.17kgha

-

1
to15.62kgha

-1
,and66.67kgha

-1
to100.55kgha

-

1
.Theapplicationoforganicmanuressignificantlyinfluencednutrientuptake,attributedtoen

hancedphotosynthesis,increasedbiomass,andimprovednutrientavailability.Thefindings

alignwithpreviousresearch,emphasizingthepositiveimpactoforganicmanureonnutrientu

ptakeinricecrops.Thesestudiescontributevaluableinsightsintooptimizingagriculturalpra

cticesforenhancednutrientmanagementandsustainablecropproduction. 
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1. Introduction:Rice(OryzasativaL.)isthestaplefoodandmainsourceofenergyformorethan

threebillionpeoplearoundtheglobe,mostlyconsistingofSouthAsiaandIndiawhereas,itisth



 

 

emainsourceofdietarycarbohydratefor65%oftheIndianpopulation(Patraetal.,2020).Mo

reover,riceaccountsformorethan40%offood-

grainproductioninIndia,providingdirectemploymentto70%ofpeopleinruralareas.Ricecu

ltivationaccountsformorethan80%oftheNorth–

EasternHimalayanregion’stotalcultivatedarea(7.8%ofIndia’stotalricecultivationarea)an

dcontributessignificantlytodomesticriceproduction(Patraetal.,2020).Atthegloballevel,

riceisgrowninanareaofabout165millionhawithproductionof519milliontonnesrespective

ly(FAO,2022).InIndia,riceisthemostimportantandextensivelygrownfoodcropoccupyin

g46.38mhaareawithaproductionof130.29mtandproductivityof28.09qha
-

1
(Agril.Statistics,2022).Agriculturefacesthedualchallengeofmeetingincreasingglobalf

ooddemandswhileminimizingenvironmentalimpact.Traditionalfarmingpracticesoftenr

elyonsyntheticfertilizers,contributingtosoildegradationandenvironmentalpollution.Bio-

dynamiccompostisapromisingalternative,leveragingaholisticapproachtosoilfertilityand

plantnutrition.TheintegrationofvariousorganicmanuresresultedinhigherNPKuptake,pot

entiallyduetoincreasedmicrobialactivityandthereleaseoforganicacids. 

Bio-

decomposedcompostwashisproducedbyrepeatedlysprayingwateroncompost,allowingit

toseepthroughandcollectingthewashedwater.Thisprocessisrepeateduntilonlyaminimala

mountofwashedwaterremains,whichisthenutilizedascompostwash.Thismethod,knowna

sbiodynamiccomposting,isanexpeditedapproachtocompostproductionconductedonthes

urfaceratherthanintraditionalpits.Thecompostheapisenergizedusingspecificpreparation

stoenhancenutrientcontentandacceleratedecomposition.Builtonaflatsite,awayfromtrees

hadeandwaterlogging,thecompostheaptakestheformofarectangle,typically2mwideand4

mlong,dependingonbiomassavailability.Awindtunneloflogsisplacedlengthwiseinthemi

ddleoftherectangle.Itisaspeciallypreparedorganicmaterialinfusedwithdiversemicroorga

nisms.Thesemicroorganismsplayapivotalroleinenhancingsoilstructure,fosteringwaterre

tention,andincreasingnutrientavailability.Humicacid,akeycomponentofhumiccompoun

ds,playsavitalroleinthisprocess.Humicsubstances,createdthroughthebiologicalactivityo

fmicroorganismsandthehumificationofplantandanimalmaterials,influenceplantdevelop

ment.Theeffectsofhumicchemicalsonplantgrowtharedeterminedbyfactorssuchastheirso

urce,concentration,molecularweight,andmolecularfraction.Byaddinghumicandfulvicac

idstothesoil,itispossibletoseethebeginningofrootaugmentationandimprovedrootdevelop

ment(Pettit,2004).Macronutrients,suchasnitrogen(N),phosphorus(P),andpotassium(K)



 

 

,arepresentinorganicmanureinvaryingproportions.Thesenutrientsarecrucialforplantgro

wth,asnitrogenisessentialforleafandstemdevelopment,phosphoruspromotesrootgrowth

andflowering,andpotassiumsupportsoverallplantvigouranddiseaseresistance.Thebalanc

edsupplyofthesemacronutrientsinorganicmanurehelpsprovideplantswiththenecessaryel

ementsforoptimalgrowthandproductivity.Thiscanenhancesoilnutrientsduetoenhanceds

oilmicrobialactivity,improvingsoilphysicalandchemicalproperties(Adekiyaetal.,2019).

TheslowandgradualreleaseofNfromorganicmanureisanadvantageoversolechemicalferti

lizationforachievinghigherNUE,grainyield,andqualityofrice.Organicmanuresarefractio

natedbasedontheirsolubilitycharacteristicstoextracthumicandfulvicacidsfromhumus(S

hirisha,2002,Karetal.,2012andRamalakshmietal.,2013).Thisresearchaimstoinvestig

atetheimpactofdiversetreatmentcombinationsonnutrientuptakeinricecrops.Thestudyfoc

usesonnitrogen,phosphorus,potassium,andproteincontentinricegrainsandstraw.Withthe

risingglobalpopulation,understandingtherelationshipsbetweendifferenttreatmentsandn

utrientcompositioniscrucialforinformedagriculturalpractices,aimedatimprovingnutrien

tutilizationandensuringsustainablecropproduction.Keepingtheseinview,theresearchwas

carriedouttofindouttheuseofurbansolidwastecompostasasourceofnutrientsforricecroppr

esentresearchwasconducted. 

2. MaterialsandMethods: 

ThefieldexperimentwasconductedduringtheKharifseason2021AgriculturalResearchFar

mofAcharyaNarendraDevaUniversityofAgriculture&Technology,Kumarganj,Ayodhya

(U.P.).Theexperimentwaslaidoutinrandomizedblockdesignhaving8treatments(Table1)a

spertherecommendeddosefertilizer(RDF)appliedthroughUrea,DAPandMOPaspertreat

ments.Halfdoseofnitrogenandfulldoseofphosphorusandpotassiumwereappliedbasally.T

heremaininghalfNdosewasappliedintwoequalsplitsonceattilleringandrestpanicleinitiati

onstages.However,biodynamiccompostwasappliedatrootdippingjustbeforetransplantin

gandfoliarapplicationat30DAT(DaysAfterTransplanting)instandingcrop. 

Table1:Detailsoftreatment 

TreatmentNo. Treatmentdetails 

T1 AbsoluteControl 

T2 BioDynamicCompost1q/ha+50%RDF 



 

 

T3 BioDynamiccompost1.5q/ha+50%RDF 

T4 T2+RootdippingwithBioDynamiccompostwash10ml/litofwater 

T5 T3+RootdippingwithBioDynamiccompostwash10ml/litofwater 

T6 T2+foliarapplicationofBioDynamiccompostwashof10ml/litofwater 

T7 T3+foliarapplicationofBioDynamiccompostwashof10ml/litofwater 

T8 100%RDF 

 

2.1.NutrientAnalysis:Availablenitrogeninsoilwasdeterminedusingthealkalinepotassiump

ermanganatemethodbySubbaiahandAsija(1956).Theprocedureinvolveddistilling20go

fsoilwith0.32%KMnO4and2.5%NaOH,absorbingammoniagasin4%boricacid(pH4.5),a

ndbacktitratingwith0.02NH2SO4.Resultswereconvertedtokgha
-

1
.AvailablephosphoruswasassessedfollowingOlsenetal.,(1954)method.Ina150mlflask,

2.5gofair-drysoilwasmixedwithP-

freeactivatedcharcoal,Olsen'sreagent(NaHCO3,pH8.5),andshaken.Colordevelopmentw

asmeasuredat660nmusingaspectrophotometer,withvaluesconvertedtokgha
-

1
.Foravailablepotassiumdetermination,soilextractionutilizedneutralammoniumacetate(

pH7.0)followingHanwayandHeidal(1952).Potassiumlevelsintheextractweremeasuredus

ingaflamephotometer,andresultswereconvertedtokgha
-1

 

2.2. Proteincontent(%):Proteincontent(%)ingrainwasworkedoutbymultiplyingthenitrogen

contentingrainbyfactor6.25(A.O.A.C.,1970). 

2.3. Nutrientuptake:Fortheanalysisofnutrientuptake,plantshootsamplesendureddiacidextr

actionfornitrogenestimation,followingHumphries'microKjeldahlmethod(1956),expre

ssedasapercentageonadryweightbasis.Forphosphorus,thetripleacidextractionmethodby

Jackson et 

al.,(1962)wasemployed,andresultswerepresentedasapercentageonadryweightbasis.Pot

assiumlevelsweredeterminedusingflamephotometryonatripleacidextract,asperJackson

et 

al.,(1962),expressedasapercentageondryweightbasis.Nutrientuptake/removalingrainan

dstrawofthecropswerecalculatedinkgha
-1

aboutyieldha
-

1
byusingthefollowingformula(Jacksonet 

al.,1967)Nutrientuptake(kg/ha)=Nutrientcontent(%)×yield(q/ha) 

2.4. StatisticalAnalysis:Theobservationsrecordedduringtheinvestigationweretabulatedand

analyzedstatisticallytodrawavalidconclusion.Thedatawereanalyzedasperthestandardpr



 

 

ocedurefor“AnalysisofVariance”(ANOVA)asdescribedbyGomezandGomez(1984).T

hestandarderrorofmean(SEm±)wascomputedinallcases.Thedifferenceinthetreatmentm

eanwastestedbyusingcriticaldifference(CD)orleastsignificantdifference(LSD)at5%leve

lofprobability. 

 

3. ResultsandDiscussion: 

3.1.Nitrogencontentingrainandstraw(%) 

TheconcentrationofnitrogeninbothgrainsandstrawofRice,aspresentedinTable2.TheNco

ncentrationofgrainvariedfrom1.12to1.33%.ThehighestgrainNconcentration1.33%waso

bservedintreatmentT7.Conversely,thelowestnitrogencontent(1.12%)ingrainswasobserv

edintreatmentT1(Control).ThesefindingsalignwiththosereportedbyBishtetal.(2013).Ins

traw,theNconcentrationrangedfrom0.37to0.47%.Thehighestnitrogencontentinstraw(0.

47%)wasobservedintreatmentT7.ThesefindingsareconsistentwiththeresearchofSatishet

al.(2011)andRamalakshmietal.(2012). 

 

3.2.Nitrogenuptakebygrainandstraw(Kgha
-1

) 

Thenitrogenuptakeinricegrainsexhibitedarangefrom44.32Kgha
-1

to77.03Kgha
-

1
,asindicatedinTable3.ThehighestnitrogenuptakeinricegrainswasobservedintreatmentT

7(77.03Kgha
-1

),statisticallycomparabletoT5(74.41Kgha
-

1
).Conversely,thelowestnitrogenuptakeinricegrainswasrecordedinthecontrolplotT1(44.

32kg/ha).Inthecaseofricestraw,nitrogenuptakerangedfrom20.16Kgha
-1

to37.6Kgha
-

1
.ThehighestnitrogenuptakeinricestrawoccurredinT5(37.6Kgha

-

1
),statisticallyatparwithT7(35.36Kgha

-

1
),whilethelowestnitrogenuptakewasobservedinthecontrolplotT1(20.16Kgha

-

1
).Thevariationinnitrogenuptakeinbothgrainsandstrawacrossdifferenttreatmentswaspri

marilyattributedtoyielddifferencesand,tosomeextent,tothenitrogencontentingrainsandst

raw.Theapplicationoforganicmanuresprovidedsufficientnutrientsforenhancedphotosynt

hesis,resultinginincreasednitrogenuptakeinbothgrainsandstraw,contributingtotheoveral

lnitrogenuptake.ThehigherNPKuptakecanbeattributedtoincreasedyieldsintreatments,as

reportedbyKumarietal.(2013),andsupportedbysimilarfindingsfromSatishetal.(2011)a

ndRamalakshmietal.(2012). 

 



 

 

3.3.Proteincontentingrain(%) 

Theexaminationofdataconcerningproteincontentingrains,aspresentedinTable2,indicate

sthatvarioustreatmentcombinationsinfluencedtheoutcomes.TheProteinconcentrationof

grainvariedfrom7.0to8.3%.Thehighestproteincontentingrains(8.31%)wasassociatedwit

htreatmentT7,significantlysurpassingT1andstatisticallycomparabletoT5andT6.Incontras

t,thelowestproteincontent(7.00%)wasnotedintreatmentT1(Control).Additionally,Balas

ubramaniametal.(1989)reportedasignificantincreaseinproteincontentingroundnutswit

htheapplicationofhumicacid(HA). 

3.4.Phosphoruscontentingrainandstraw(%) 

ThedatapresentedinTable2concerningphosphoruscontentingrainsaswellasstrawindicate

stheinfluenceofvarioustreatmentcombinations.ThePhosphorouscontentingrainvariedfr

om0.30to0.36%.Themaximumphosphoruscontentingrains(0.36%)wasobservedwithtre

atmentT7,significantlyexceedingT1andstatisticallycomparabletoT5andT6.Incontrast,the

minimumphosphoruscontent(0.30%)ingrainswasnotedintreatmentT1(Control).Thesere

sultsareconsistentwiththefindingsofMondaletal.(2016).Instraw,thePconcentrationvari

edfrom0.15to0.19%.ThehighestPcontentinstraw(0.19%)wasobservedintreatmentsT7an

dT5instatisticallycomparabletoT4andT6. 

3.5.Phosphorousuptakebygrainandstraw(kgha
-1

) 

Thephosphorusuptakeinricegrainsdisplayedarangefrom11.90kgha
-1

to20.85kgha
-

1
,aspresentedinTable3.Thehighestphosphorusuptakeinricegrainswasobservedintreatme

ntT7(20.85kgha
-1

),statisticallycomparabletoT5(20.60kgha
-

1
),whilethelowestphosphorusuptakeoccurredinthecontrolplotT1(11.90kgha

-

1
).Inthecaseofricestraw,phosphorusuptakevariedfrom8.17kgha

-1
to15.62kgha

-

1
.ThehighestphosphorusuptakeinricestrawwasrecordedinT7(15.62kgha

-

1
),statisticallyatparwithT5(15.53kgha

-

1
),andthelowestphosphorusuptakewasfoundinthecontrolplotT1(8.17kgha

-

1
).Theincreasednutrientuptakeobservedwithorganicmanureapplicationcanbeattributedt

othesolubilizationofnativenutrients,chelationofcomplexintermediateorganicmolecules

producedduringthedecompositionofaddedorganicmanures,andthemobilizationandaccu

mulationofdifferentnutrientsinvariousplantparts.TheseresultsalignwiththefindingsofM

ohapatraetal.(2008).Additionally,theapplicationofbio-



 

 

fertilizersfurtherfacilitatestheincreasedavailabilityofnitrogenandphosphorusinthesoil,e

nhancingtheiruptakebyplants. 

3.6.Potassiumcontentingrainandstraw(%) 

Theanalysisofdataaboutpotassiumcontentingrainsaswellasstraw,presentedinTable4,hig

hlightstheinfluenceofvarioustreatmentcombinations.ThePotassiumcontentingrainvarie

dfrom0.61to0.79%.Themaximumpotassiumcontentingrains(0.79%)wasobservedwithtr

eatmentT5,significantlysurpassingT1andstatisticallycomparabletoT7andT6.Conversely,t

heminimumpotassiumcontentingrains(0.61%)wasnotedintreatmentT1.Instraw,thePotas

siumcontentinstrawvariedfrom1.15to1.28%.Themaximumpotassiumcontentinstraw(1.

28%)wasobservedwithtreatmentT7,significantlysurpassingT1andstatisticallycomparabl

etoT5,andstatisticallycomparabletoT6.Incontrast,theminimumpotassiumcontentinstraw

(1.15%)wasnotedintreatmentT1.ThesefindingsareconsistentwiththeresultsreportedbyK

umarietal.(2013). 

3.7.Potassiumuptakebygrainandstraw(kgha
-1

) 

Thepotassiumuptakeinricegrainsexhibitedarangefrom22.16kgha
-1

to45.17kgha
-

1
,asoutlinedinTable3.Thehighestpotassiumuptakeinricegrainswasobservedintreatment

T7(45.17kgha
-1

),statisticallycomparabletoT5(44.41kgha
-

1
),whilethelowestpotassiumuptakeoccurredinthecontrolplotT1(22.16kgha

-

1
).Inthecaseofricestraw,potassiumuptakerangedfrom66.67kgha

-1
to105.28kgha

-

1
.ThehighestpotassiumuptakeinricestrawwasfoundinT7(105.28kgha

-

1
),statisticallyatparwithT5(103.81kgha

-

1
)andthelowestpotassiumuptakewasrecordedinthecontrolplotT1(66.67kgha

-

1
),Theincreaseduptakeofpotassiuminbothgrainandstrawmaybeattributedtotheapplicatio

noforganicnitrogensources,whichreleasedmoreNH4
+
andNO3

--

inthesoil.This,inturn,occupiedtheselectiveexchangesitesinthe2:1layerclaymineral,repla

cingtheK
+
ionsfromtheseexchangesites.Consequently,thisledtothehighestavailablepotas

siumconcentrationinthesoilsolution,resultingingreaterabsorptionbyrice.Thesimilarityin

ionicradiiofnitrogenandpotassiumionscouldcontributetothisphenomenon.Thecontroltre

atmentexhibitedthelowestnitrogen,phosphorus,andpotassiumuptake.BindraandThaku

r(1996)reportedincreasednitrogen,phosphorus,andpotassiumuptakeingrainandstrawdu

etomanuring. 



 

 

 

 

 

 



 

 

Table2:EffectofdifferenttreatmentsonN,PandKconcentrationbygrainandstrawofricecrop. 

S.No. Treatmentcombination Content/Concentration(%) 

  

Grain Straw 

  

N P K Protein N P K 

1 Control 1.12 0.3 0.61 7 0.37 0.15 1.15 

2 Biodynamiccompost1qha
-1

+50%RDF 1.19 0.31 0.63 7.4 0.38 0.14 1.18 

3 Biodynamiccompost1.5qha
-1

+50%RDF 1.24 0.31 0.64 7.7 0.39 0.16 1.18 

4 

T2+RootdippingwithBiodynamiccompostwash10mllit
-

1
ofwater 

1.28 0.33 0.68 8 0.42 0.17 1.21 

5 T3+RootdippingwithBiodynamicwash10mllit
-1

ofwater 1.32 0.35 0.79 8.2 0.46 0.19 1.27 

6 

T2+foliarapplicationofBiodynamiccompostwashof10mllit
-

1
ofwater 

1.28 0.33 0.71 8 0.43 0.17 1.23 

7 

T3+foliarapplicationofBiodynamiccompostwashof10mllit
-

1
ofwater 

1.33 0.36 0.78 8.3 0.47 0.19 1.28 

8 100%RDF 1.25 0.32 0.66 7.81 0.4 0.16 1.2 

SEm± 0.017 0.005 0.009 0.109 0.006 0.002 0.016 

C.Dat5% 0.051 0.016 0.029 0.332 0.017 0.006 0.049 

 

 

 

 

Table3:Effectofdifferenttreatmentsontotalnutrientuptakebyricecrop. 



 

 

S.No. Treatmentscombination 

Nutrientuptake(Kgha
-1

) 

Grains Straw 

N P K N P K 

 Control 44.32 11.9 22.16 20.16 8.17 66.67 
T1 

 
Biodynamiccompost1qha

-1
+50% 

56.05 14.6 29.67 25.57 8.86 79.43 
T2 RDF 

 
Biodynamiccompost1.5qha

-1
+50% 

60.78 15.07 31.12 27.23 11.17 72.57 
T3 RDF 

 T2+RootdippingwithBiodynamiccompostwash10mllit
-

1
ofwater 

      
T4 68.09 17.55 36.17 31.99 12.95 92.17 

 T3+RootdippingwithBiodynamicwash10mllit
-1

ofwater 74.41 20.6 44.41 37.6 15.53 103.81 
T5 

 T2+foliarapplicationofBiodynamiccompostwashof10mllit
-

1
ofwater 

70.2 18.1 38.94 32.74 13.45 100.55 
T6 

 T3+foliarapplicationofBiodynamiccompostwashof10mllit
-

1
ofwater 

77.03 20.85 45.17 35.36 15.62 105.28 
T7 

 100%RDF 67.97 16.35 33.73 28.8 11.55 86.66 
T8 

SEm± 0.891 0.226 0.47 0.407 0.163 1.178 

C.D. 2.728 0.693 1.439 1.246 0.498 3.609 



 

 

 

Fig:1Effectofdifferenttreatmentsonuptakeofnitrogen,phosphorus,andpotassium(

kgha
-1

)ingrainandstrawofrice. 

4. Conclusion:Inconclusion,thestudyunderscoresthesignificantpositiveimpactoforganic

manureapplication,particularlyintreatmentT7,onnutrientcompositionanduptakeinricegr

ainsandstraw.Theresultsemphasizetheefficacyofintegratedorganicmanurestrategiesine

nhancingnitrogen,phosphorus,potassium,andproteincontent.Theobservedvariationsinn

utrientuptakearelinkedtoincreasedyieldandimprovednutrientavailabilityfacilitatedbyor

ganicmanure.Thecompetitiveuptakeofnitrogenandpotassiumionsfurthercontributestoth

eoverallnutrientenhancement.Thesefindingsoffercrucialinsightsforadvancingsustainabl

eagriculturalpracticesandoptimizingnutrientmanagementinricecultivation. 
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