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CHAPTER-1

SOILFERTILITYANDPLANTNUTRITION

Theword'fertile'meansbearingabundantlyandafertilesoilisconsideredtobe

onethatproducesabundantcropsundersuitableenvironmentalcondition.Soilfertility

isvitaltoaproductivesoil.Butafertilesoilisnotnecessarilyaproductivesoil.All

fertilesoilsmayormaynotbeproductive.Poordrainage,insects,droughtandother

factorscanlimitproduction,evenwhenfertilityisadequate.Tofullyunderstandsoil

fertility,onemustknowotherfactorswhichsupportorlimitproductivity.

SOILFERTILITY:

Itreferstotheinherentcapacityofsoiltosupplyalltheessentialnutrientsto

plantinsuitablequantityandintherightproportion.

SOILPRODUCTIVITY:

Soilproductivityistheabilityofasoilforproducingaspecifiedplantor

sequenceofplantsunderaspecifiedsystemofmanagement.Itisusuallyexpressedin

termsofcropyield.

Thesoilissaidtobeproductivewhengoodyieldsareobtained.Productivesoils

arethose,whichcontainadequateamountsofallessentialnutrientsinreadilyformsto

plantsareingoodphysicalconditiontosupportplantsandcontainjusttheright

amountofwaterandairfordesirablerootgrowth.Thus,soilfertility,goodmanagement

practices,availabilityofwatersupplyandasuitableclimatecontributetowardssoil

productivity.Therefore,asoilcanbehighlyfertile,yetitmaybeunproductive,evena

soilhasreadysupplyofnutrientsbuthasaninsufficientwatersupply,presenceof

toxicsubstancesorphysicalproperties.Forasoiltobeproductive,itmustofnecessity

befertile.Soilfertilitydenotesthestatusofplantnutrientsinthesoilwhilesoil

productivitydenotestheresultantofvariousfactorsinfluencingcropproductionboth

withinandbeyondthesoil.Thus,soilproductivityisafunctionofenvironmentalfactors

combinedwithsoilfertilityormorecorrectly,incombinationwithenvironmentalfactors

andmanagementpracticesconstituentssoilproductivity.

“Alltheproductivesoilsarefertilebutallthefertilesoilsmaynotbeproductive”

Historyofdevelopmentofsoilfertility
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FrancisBacon(1591-1624)suggestedthattheprinciplenourishmentofplantswas

waterandthemainpurposeofthesoilwastokeepplantserectandtoprotectfrom

heatandcold.

JanBaptisteVanHelmont(1577–1644)wasreportedthatwaterwassolenutrientof

plants.

RobertBoyle(1627–1691)anEnglandscientistconfirmedthefindingsofVan

Helmontandprovedthatplantsynthesissalts,spiritsandoiletcfromH2O.

AnthurYoung(1741–1820)anEnglishagriculturistconductedpotexperimentusing

Barleyasatestcropundersandculturecondition.Headdedcharcoal,trainoil,poultry

dung,spiritsofwine,ostershellsandnumerousothermaterialsandheconducedthat

someofthematerialswereproducedhigherplantgrowth.

Priestly(1800)establishedtheessentialityofO2fortheplantgrowth.

J.B.Boussingault(1802-1882)French chemistconducted field experimentand

maintainedbalancesheet.Hewasfirstscientisttoconductfieldexperiment.Heis

consideredasfatheroffieldexperiments.

JustusVonLiebig(1835)suggestedthat

a.MostofthecarboninplantscomesfromtheCO2oftheatmosphere.

b.HydrogenandO2comesfromH2O.

c.Alkalinemetalsareneededforneutralizationofacidsformedbyplantsasaresultof

theirmetabolicactivities.

d.Phosphorusisnecessaryforseedformation.

e.Plantabsorbeverythingfromthesoilbutexcretefromtheirrootsthosematerials

thatarenotessential.

Thefieldmaycontainsomenutrientinexcess,someinoptimumandsomein

least,butthelimitingfactorforgrowthistheleastavailablenutrient.TheLawof

Minimum,statedbyLiebigin1862,isasimplebutlogicalguideforpredictingcrop

responsetofertilization.Thislawstatesthat,“thelevelofplantproductioncannotbe

greaterthanthatallowedbythemostlimitingoftheessentialplantgrowthfactors”.

ThecontributionsmadebyLiebigtotheadvancementofagricultureweremonumental

andheisrecognizedasthefatherofagriculturalchemistry.

Cropsdependonextrinsicandintrinsicfactorsfortheirgrowthandenvironmentto

providethemwithbasicnecessitiesforphotosynthesis.Theseessentialplantgrowth

factorsinclude:

•light,heat,air,water,nutrients&physicalsupport

Ifanyonefactor,orcombinationoffactors,isinlimitedsupply,plantgrowthwillbe
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adverselyaffected.Theimportanceofeachoftheplantgrowthfactorsandtheproper

combinationofthesefactorsfornormalplantgrowthisbestdescribedbytheprinciple

oflimitingfactors.Thisprinciplestates:"Thelevelofcropproductioncanbenogreater

thanthatallowedbythemostlimitingoftheessentialplantgrowthfactors."The

principleoflimitingfactorscanbecomparedtothatofabarrelhavingstavesof

differentlengthswitheachstaverepresentingaplantgrowthfactor.

J.B.LawesandJ.H.Gilbert(1843)establishedpermanentmanurialexperimentat

Rothemsted Agriculturalexperimentstation atEngland.They conducted field

experimentsfortwelveyearsandtheirfindingswere

a.CroprequiresbothPandK,butthecompositionoftheplantashisnomeasureof

theamountsoftheseconstituentsrequiredbytheplant.

b.NolegumecroprequireN.withoutthiselement,nogrowthwillbeobtained

regardlessofthequantitiesofP andK present.Theamountofammonium

contributedbytheatmosphereisinsufficientfortheneedsofthecrop.

c.Soilfertilitycanbemaintainedforsomeyearsbychemicalfertilizers.

d.ThebeneficialeffectoffallowliesintheincreasesinavailableNcompoundsinthe

soil.

S.N.Winogradskydiscoveredtheautotrophicmodeoflifeamongbacteriaand

establishedthemicrobiologicaltransformationofnitrogenandsulphur.Isolatedforthe

firsttimenitrifyingbacteriaanddemonstratedroleofthesebacteriainnitrification

(l890),furtherhedemonstratedthatfree-livingClostridium pasteuriamum couldfix

atmospheric nitrogen (1893).Therefore,he is considered as "Fatherofsoil
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microbiology".

RobertWarringtonEnglandshowedthatthenitrificationcouldbesupportedbycarbon

disulphideandchloroformandthatitwouldbestoppedbyaddingasmallamountof

unsterilizedsoil.Hedemonstratedthatthereactionwastwostepphenomenon.First

NH3beingconvertedtonitritesandthenitritestonitrites.

1.1ThesoilasaNutrientSourceforPlants

MineralNutrientsintheSoil:Mineralnutrientsoccurinthesoilinbothdissolvedand

boundform.Onlyasmallfraction(lessthan0.2%)ofthemineralnutrientsupplyis

dissolvedinsoilwater.Mostoftheremainder,i.e.,almost98%iseitherboundin

organicdetritus,humusandrelativelyinsolubleinorganiccompoundsorincorporatedin

minerals.Theseconstituteanutrientreserve,whichbecomesavailableveryslowlyasa

resultofweatheringandmineralizationofhumus.Theremaining2%isadsorbedonsoil

colloids.Thesoilsolution,thesoilcolloidsandthereservesofmineralsubstancesin

thesoilareinastateofdynamicequilibrium,whichensurescontinuedreplenishment

ofsuppliesofnutrientelements.

AdsorptionandExchangeofionsinthesoil:Bothclaymineralsandhumiccolloidshave

anegativenetchargesothattheyattractandadsorbprimarilycations.Therearealso

somepositivelychargedsiteswhereanionscanaccumulate.Howtightlyacationis

helddependsonitschargeanddegreeofhydration.Ingeneral,ionswithhighvalences

areattractedmorestronglyforexample,Ca2+ ismorestronglyattractedthanK+.

Amongionswiththesamevalencethosewithlittlehydrationareretainedmorefirmly

thanthosethatarestronglyhydrated.Thetendencyforcationsadsorptiondecreasesin

theorderAl3+,Ca2+,Mg2+,NH4
+,K+andNa+

Theswarm ofionsaroundparticlesofclayandhumusasanintermediary

betweenthesolidsoilphaseandthesoilsolution.Ifionsareaddedtoorwithdrawn

from thesoilsolution,exchangetakesplacebetweensolidandliquidphases.

Adsorptivebindingofnutrientionsoffersanumberofadvantagesnutrientsliberatedby

weatheringandthedecompositionofhumusarecapturedandprotectedfromleaching

theconcentrationofthesoilsolutioniskeptlowandrelativelyconstant;sothatthe

plantrootsandsoilorganismsarenotexposedtoextremeosmoticconditions;when

requiredbytheplant,however,theadsorbednutrientsarereadilyavailable.
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Nutrientreleaseandpathforabsorption

1.2ESSENTIALANDBENEFICIALELEMENTS

►Thecriteriaofessentiality:Inordertodistinguishelements,whichareessentialfrom

thosewhichmaybetakenupbytheplantbutarenotessential,Arnon(1954)haslaid

downthefollowingcriteria:

(1) Theplantmustbeunabletogrow normallyorcompleteitslife-cycleinthe

absenceoftheelement;

(2) Theelementisspecificandcannotbereplacedbyanother;and

(3) Theelementplaysadirectroleinmetabolism.

Table1:Essentialityofnutrientsdiscoveredbyscientists Source:Tisdaleetal.

(1997)

Nutrient Essentialitydiscoveredauthors(Discoverer) Year of
discovery

H&O Sincetimeimmemorial
C Priestleyetal. 1800

M(InTranspiratio

n
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N TheodoredeSaussure 1804
K,Ca,Mg&P C.Sprengel 1839
S SachsandKnop 1860
CI T.C.Broyer,A.B.Carlton,CM.JohnsonandP.R.

Stout
1954

Fe EGris 1843
B K.Warington 1923
Mn J.S.McHargue 1922
Zn A.L.SommerandCP.Lipman 1926
Cu A.L.Sommer,CP.LipmanandG.McKinney 1931
Mo D.I.ArnonandP.R.Stout 1939
Ni P.H.Brown,R.M.WelchandE.E.Cary 1987

► Essentialnutrientssofarrecognized: Carbon,hydrogenandoxygen,nitrogen,

phosphorus,potassium,calcium,magnesium,sulphur,iron,manganese,zinc,copper,

boron,molybdenum andchlorinearerecognizedasuniversallyessential.Thereis

convincingevidencethatthesemineralelementsareessentialrequirementsfordiverse

groupsofplantsalgae,bacteria,fungiandthegreenplants.

1.2.1CLASSIFICATIONOFESSENTIALPLANTNUTRIENTS:

(i)Onthebasisofamountofnutrientspresentinplants,theycanbeclassifiedinto

threegroups:

Nutrients Averageconcentrationin

planttissue

Functioninplant Nutrientcategory

N 1.5% Proteins, amino

acids

Primary

Macronutrients
P 0.2% Nucleicacids,ATP

K 1.0% Catalyst, ion

transport

Ca 0.5% Cellwallcomponent

SecondaryMg 0.2% Partofchlorophyll

S 0.1% Aminoacids

Fe 100mg/kg Chlorophyll

synthesis

Micronutrients

Cu 6mg/kg Component of
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enzymes

Mn 20mg/kg Activatesenzymes

Zn 20mg/kg Activatesenzymes

B 20mg/kg Cellwallcomponent

Mo 0.1mg/kg InvolveinNfixation

Cl 100mg/kg Photosynthesis

reactions

PlanttakesH,OandCfrom airandwaterit’sAverageconcentrationinplant

tissueandRelativenumbersofatomscomparedtoMoare6%and60,000,000,45%and

30,000,000andC45%and30,000,000,respectively.

(ii)Accordingtomobility:

(a)Insoil:

1.Mobile:NO3
-,SO4

2-,BO3
3-,Cl-andMn2-

2.Lessmobile:NH4
2-,K+,Ca2+,Mg2+andCu2+

3.Immobile:H2PO4
-,HPO4

2-andZn2+

(b)Inplant:

1.Highlymobile:N,PandK

2.Moderatelymobile:Zn

3.Lessmobile:S,Fe,Mn,Cu,MoandCl

4.Immobile:CaandB

(iii)Accordingtometalandnonmetal

1.Metal:K,Ca,Mg,Fe,Mn,ZnandCu

2.Nonmetal:N,P,S,B,MoandCl

(iv)Accordingtocationandanion

1.Cation:K,Ca,Mg,Fe,Mn,ZnandCu

2.Anion:NO3,H3PO4andSO4

1.3Beneficialelements:Apartfromvanadium,silicon,aluminum,iodine,selenium
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andgallium,whichhavebeenshowntobeessentialforparticularspeciesofplants,

thereareseveralotherelements,likerubidium,strontium,nickel,chromiumandarsenic,

whichatverylowconcentrationsandoftenunderspecificconditionshavebeenshown

tostimulatethegrowthofcertainplantsortohaveotherbeneficialeffects.These

elements,the essentialityofwhich forgrowth and metabolism hasnotbeen

unequivocallyestablishedbutwhichareshowntoexertbeneficialeffectsatverylow

concentrationsareoftenreferredtoas'beneficialelements',

1.4Formsofnutrientsinsoil
Insoil,Nutrientpresentindifferentformsareasunder

Sr.

No.

Nutrient Forms

1. Nitrogen OrganicN(97%)andMineralNNH4
+
,NO3

-

2. Phosphorus SolutionP,Calcium,Iron,AluminiumandOccludedP,OrganicP(25%-

90%)andMineralP

3. Potassium WatersolubleK,ExchangeableK,FixedKandMineralK(90-98%),

4. Sulphur SulphateS,NonsulphateS,AdsorbedS,OrganicS(95%)andTotalS,

5. Micronutrients Watersolubleion,Exchangeable,Adsorbed,chelatedorcomplexed

ion,Cationheldinsecondaryclaymineralandinsolublemetaloxides

andcationheldinprimarymineral

1.5Mechanismsofnutrienttransporttoplants

Twoimportanttheories,namely,soilsolutiontheoryandcontactexchange

theoryexplainnutrientavailabilitytoplants.

(i)Soilsolutiontheory:

(a) Massflow:Movementofnutrientionsandsaltsalongwithmovingwater.

(b) Diffusion:Occurswhenthereisconcentrationgradientofnutrientsbetween
rootsurfaceandsurroundingsoilsolution.Ionsmovefromtheregionofhigh
concentrationtotheregionoflowconcentration.

(ii)Contactexchangetheory:Theimportantofcontactexchangeinnutrienttransportis
lessthanwithsoilsolutionmovement.Aclosecontactbetweenrootsurfaceand
soilcolloidsallowsadirectexchangeofions.

1.6FactorsInfluencingNutrientAvailability

Severalfactorsinfluencenutrientavailability:

(1) Naturalsupplyofnutrientsinthesoilwhichiscloselytieduptoparentmaterialof

thatsoilandvegetationunderwhichitisdeveloped.

(2) SoilpHasitaffectsnutrientrelease,
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(3) Relativeactivityofmicroorganismswhichplayavitalroleinnutrientreleaseand

mayasinthecaseofmycorrhizaedirectlyfunctioninnutrientuptake

(4) Fertilityadditionintheform ofcommercialfertilizer,animalmanureandgreen

manure,and

(5) Soiltemperature,moistureandaeration.
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1.7Nutrientdeficiency

Generalizedsymptomsofplantnutrientdeficiency

Nutrients Visualdeficiencysymptoms

N :Lightgreentoyellow appearanceofleaves,especiallyolderleaves,

stuntedgrowth,poorfruitdevelopment

P :Leavesmaydeveloppurplecolouration,stuntedplantgrowthanddelay

inplantdevelopment

K :Marginalburningofleaves,irregularfruitdevelopment

Ca :Reducedgrowthordeathofgrowingtips,poorfruitdevelopmentand

appearance

Mg :Initialyellowingofolderleavesbetweenleafveinsspreadingtoyounger

leaves,poorfruitdevelopmentandproduction

S :Initialyellowingofyoungleavesspreadingtowholeplant,similar

symptomstoNdeficiencybutoccursonnewgrowth

Fe :Initialdistinctyellow orwhiteareasbetweenveinsofyoungleaves

leadingtospotsofdeadleaftissue

Mn :Interveinalyellowingormottlingofyoungleaves

Zn :Interveinalyellowingonyoungleaves,reduceleafsize,brownleafspot

onpaddy

Cu :Stuntedgrowth,terminalleafbudsdie,leaftipsbecomewhiteandleaves

arenarrowedandtwisted.

B :Terminalbudsdie,breakdownofinternaltissuesinrootcrops,internal

corkofapple,impairmentoffloweringandfruitdevelopment

Mo :ResembleN deficiencysymptoms,whiptaildiseasesofqualiflower,

leavesshowscorchingandwhithering

Cl :Chloroticleaves,someleafnecrosis

Nutrientdeficiencymaynotbeapparentasstrikingsymptomssuchaschlorosis

ontheplant,especiallywhenmilddeficiencyisoccurring.However,significant
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reductionincropyieldscanoccurwithsuchdeficiencies.Thissituationistermed

hiddenhungerandcanonlybedetectedwithplanttissueanalysisoryielddecline

1.8Management:

1.Additionofnutrientthroughfertilizerinsoilaswellasfoliarapplication

2.Additionoforganicmanure

3.Correctionofsoilproblemsi.e.salinity,sodicity,acidityetc.

1.9Nutrienttoxicityandmanagement

Nutrienttoxicitiesincropsaremorefrequentformanganese(Mn)andboron(B)

thanforothernutrients.Manganesetoxicityisfoundonacidsoilsinmanypartsofthe

world.Borontoxicitiesoccurinirrigatedregionswherethewellorirrigationwatersare

exceptionallyhighinB.Mostothernutrienttoxicitiesoccurwhenlargeamountsof

nutrientsinquestionhavebeenaddedinwaste,e.g.,sewagesludge.Cropsgrownnear

minesandsmeltersarepronetonutrienttoxicities.Generally,thesymptomsoftoxicity

incropsoccurasburning,Chlorosisandyellowingofleaves.Toxicitiescanresultin

decreasedyieldand/orimpairedcropquality.

Preventionoftoxicity

(1)WiththeexceptionofMo,toxicityofothernutrientscanbereducedbyliming.

(2)Followingrecommendedratesoffertilizersandthesafeandcontrolleduseof

wastematerials,suchassewagesludgeandcoalflyash,shouldreducemetal

loadingandnutrienttoxicityincrops.

(3)Use ofcrop species and genotypes less susceptible to toxicity are

recommendedwheretoxicityissuspected.

(4)Provided sufficientdrainagebecauseavailabilityofnutrientslikeFeandMnis

increasesuptotoxicitylevelunderwaterloggedcondition.

(5)Groundwatermustbemonitoredregularly,ifcontentofBandClistoohigh

stoptoappliedwaterorappliedwithdilution.

(6)Additionofsufficientamountoforganicmatter,thatbindthesomeofthetoxic

elements.

(7)Ploughingindrysoilsoincreasetheinfiltrationrateandleachthetoxicelement

withrainwater.

******
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CHAPTER-2

CHEMISTRYOFNUTRIENTINSOILS
Thechangesundergonebycommonfertilizersafterthesearetakenoutofthe

bagandaddedtosoilsarediscussed.Byunderstandingthefateoffertilizers,measures

forincreasingtheirefficiencycanbesuggestedandadopted.Whenfertilizersreact

withsoils,thecompoundsproducedarebyandlargesimilartotheoneswhichare

presentinsoilsandwhichareproducedbythebreakdownofmineralsandorganic

matter.Thatiswhysoilsacceptfertilizerswithoutanyfuss.

2.1Nitrogen:
Nitrogenoccursinsoilinbothcationic(NH4

+)andanionic(NO3
-,NO2

-)forms,the

greaterpartsoccursinorganicforms.NH4
+fixedonthecationexchangesites,are

tightlyboundbyclayandisslowlyavailabletoplants.Theavailablenitratesand

ammoniumformisonly1-2%ofthetotalsoilnitrogen.Nitrateishighlymobile.Nitrogen

availabilitydependsupontherateatwhichorganicnitrogenisconvertedtoinorganic

nitrogen(mineralization).Mostsoilnitrogenisunavailabletoplants.Theamountin

availableformsissmallandcropswithdrawalargeamountofnitrogen.Twoformsof

nitrogenavailabletoplantsarenitrate(NO3
-)andammonium(NH4

+).Rootscanabsorb

bothoftheseforms,althoughmanyspeciespreferentiallyabsorbnitrate-nitrogenover

ammonium-nitrogen.

NitrogentransformationinSoils

The cycling of N in the soil-plant-atmosphere system involves many

transformationsofNbetweeninorganicandorganicforms.Nitrogenissubjectedto

aminocompounds(R-NH2,Rrepresentsthepartoftheorganicmoleculeswithwhich

aminogroup(NH2)isassociated),thentoammonium (NH4
+)ionandnitrate(NO3

-).

Ammoniumnitrogenisoftenconvertedtonitrate-nitrogenbymicro-organismsbefore

absorptionthroughaprocesscallednitrification.

NitrogenMinerlization

The conversion oforganic N to NH4
+ and NO3

- is known as nitrogen

mineralization.MineralizationoforganicNinvolvestworeactions,aminisationand

ammonification,whichoccurthroughtheactivityofheterotrophicmicro-organisms.

Theenzymaticprocessmaybeindicatedasfollows:

+H2O Mineralization +O2 +O

RNH2 ROH+NH4 NO2
-+4H NO3

-

-H2O -O2 O

Immobilization

Aminisation:

Thedecompositionofproteinintoamines,aminoacidsandureaisknownas

aminisation.

NH2 O O

Proteins H2O R-C-COOH+R-NH2+H2N-C-NH2+CO2+Energy

Bacteria,H

Fungi Aminoacids Amines Urea
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Ammonification

Thestep,inwhich,theaminesandaminoacidsproducedbyaminisationof

organicNaredecomposedbyotherheterotrophs,withthereleaseofNH4
+,istermedas

ammonification.

R-NH2+H2O NH3
+ R-OH+Energy

H2O

NH4
+ +OH-

Nitrogenimmobilization

Immobilisationistheprocessinwhichavailableformsofinorganicnitrogen

(NO3
- NH4

+)areconverted to unavailableorganicnitrogen.Immobilisationincludes

assimilationandproteinproductionsothoseinorganicionsaremadeintobuilding

blockoflargeorganicmolecules.

Nitrification

NitrificationisaprocessinwhichNH4
+releasedduringmineralizationoforganic

NisconvetedtoNO3
-.itisatwostepprocessinwhichNH4

+isconvertedfirsttoNO2
-

andthentoNO3
-.BiologicaloxidationofNH4

+toNO2
-isrepresentedby:

Nitrosomonas

2NH4++3O2 2NO2
-+2H2O+4H+

NO2
-isfurtheroxidizedtoNO3-bebacteria

Nitrobactor

2NO2
-+O2 2NO3

-

2.2Phosphorus
Organicandinorganicformsofphosphorusoccurinsoilsandboththeforms

areimportanttoplantsassourceofphosphorus.Therelativeamountsofphosphorus

inorganicandinorganicformsvarygreatlyfromsoiltosoil.

Organicphosphoruscompounds

Organicphosphorusrepresentsabout50%ofthetotalPinsoils(Variesbetween15

and80%inmostsoil.MostorganicPcompoundsareestersoforthophosphoricacid

andhavebeenidentifiesprimarilyas(a)inositolphosphates,(b)phospholipidsand(c)

nucleicacids.

Inorganicphosphoruscompounds

Mostinorganicphosphoruscompoundsinsoilfallintooneofthetwogroup:(a)

thoseinwhichcalciumisthedominantcontrollingcation(calciumphosphate)and(b)

thoseinwhichironandaluminum arethecontrollingcations(ironandaluminum

phosphates).

PhosphateRetentionandFixation

Phosphateanionscanbeattractedtosoilconstituentswithsuchabondthat

theybecomeinsolubleandnoteasilyavailabletoplants.Thisprocessiscalled

phosphatefixationorretention.

Phosphateretention

AcidsoilsusuallycontainsignificantamountsofsolubleandexchangeableAl3
+,
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Fe3
+andMn2

+ions.Phosphate,whenpresent,maybeadsorbedtothecolloidsurface

withtheseionsservingasabridge.Thisphenomenoniscalledco-adsorption.The

phosphateretainedinthiswayisstillavailabletoplants.Suchareactioncanalsotake

placewithCa-saturatedclays.

Caclayadsorbslargeamountsofphosphate.TheCa2+ionsformsthelinkagebetween

heclayandphosphateionsas:Clay-Ca-H2PO4.

Thephosphateionscanalsoenterintoachemicalreactionwiththeforegoing

freemetalionsas:Al3++3H2PO4
- Al(H2PO4)3. Theproductformedisnotsolublein

waterandprecipitatesfrom solution.WiththepassageoftimetheAlphosphate

precipitates,becomelesssolubleandlessavailabletoplants.ThelowerthesoilpH,the

greatertheconcentrationofsolubleFe,Al,andMn:consequently,largertheamountof

phosphorusretentioninthisway.

Phosphatefixationinacidicsoils:

ManyacidicsoilscontainhighamountsoffreeFeandAlandFeandAlhydrous

oxideclays.ThefreeFe,Alandthesesquioxideclaysreactrapidlywithphosphate,

formingaseriesofnoteasilysolublehydroxylphosphates.

Fe-OH Fe-O O

O +PO4
3- O P

Fe-OH Fe-O O

Theamountofphosphatefixedbythisreactionusuallyexceedsthat

fixedbyphosphateretention.Generally,clayswithlowsesquioxideratios(SiO2/R2O3)

haveahigherP-fixingcapacity.

Phosphatefixationinalkalinesoils:

ManyalkalinesoilscontainhighamountsofsolubleandexchangeableCa2+and,

frequently,CaCO3.PhosphatereactwithboththeionicandcarbonateformofCa.

3Ca2+ +2PO4
3 Ca3(PO4)2 (Insoluble)

3CaCO3+2PO4
3- Ca3(PO4)2+3CO2(Insoluble)

Phosphatefixationcannotbeavoidedentirely,butitmaybereduced

byadditionofcompetingionsforfixingsites.Organicanionsfromstablemanureand

silicatesarereportedtobeveryusefulinreducingPfixation.

2.3Potassium
Formsandavailabilityofpotassiuminsoils

Potassium in soiloccurs in fourphases namely soilsolution phase,

exchangeablephase,non-exchangeablephaseandmineralphase.Thedifferentforms

areindynamicequilibriumwithoneanother.

Theformsofpotassiuminsoilswerepositivelyandsignificantlycorrelatedwith

Kcontentinsiltandclay.(VenkateshandSatyanarayan,1994).

WatersolubleK:

ThewatersolubleKisthefractionofsoilpotassium thatcanbereadily

adsorbedbythegrowingplants.HoweverthisisaverysmallfractionoftotalK.The

dilutionofthesoilincrasestheconcentrationofwater-solubleKanddryingdecreasesit

further.Itisabout1to10mgkg-1oftotalK.
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ExchangeableK:

ExchangeableKisheldaroundnegativelychargedsoilcolloidsbyelectrostatic

attraction.Thus,exchangeablepotassium representsthatfractionofK,whichis

adsorbedonexternalandaccessibleinternalsurfaces.Itisabout40to60mgkg-1of

totalK.

Non-exchangeable(fixed)K:

Potassium heldatinterlatticepositionisgenerallynon-exchangeable.Non-

exchangeableKisdistinctfrommineralKinthatitisnotbondedcovalentlywithinthe

crystalstructuresofsoilsmineralparticles.Instead,itisheldbetweenadjacent

tetrahedrallayersofdioctahedralandtrioctahedralmicas,vermiculitesandintergrade

clayminerals.Itisabout50to750mgkg-1oftotalK.

Mineral(lattice)K:

LatticeKisapartofthemineralstructureandisavailabletotheplantsvery

slowly.(Ascomparedtothenon-exchangeableK).BoththerateandamountoflatticeK

releasedtoplantsdependonthequantityofclay,especiallythesmallerclayparticles,

anditsmineralogy.Itisabout5,000to25,000mgkg-1.

Forconvenience,thevariousformsofpotassiuminsoilscanbeclassifiedonthe

basisofavailabilityinthreegeneralgroups:(a)unavailable(b)readilyavailableand(c)

slowlyavailable.

AdynamicequilibriumofvariousformsofKinthesoilmaybeshownas:

K(lattice) K(exchangeable) K(solution)

RelativelyUnavailableForms

Thegreatestpart(90-98%)ofallsoilpotassiuminamineralsoilisinrelatively

unavailableforms.Thecompoundscontainingmostofthisformofpotassiumarethe

feldsparsandmicas.Thesemineralsarequiteresistanttoweatheringandprobably

supplyrelativelyinsignificantquantitiesofpotassiumduringagivengrowingseason.

ReadilyAvailableForms

Thereadilyavailablepotassiumconstitutesonlyabout1-2%ofthetotalamount

ofthiselementinanaveragemineralsoil.Itexistsinsoilsintwoforms;(i)potassiumin

soilsolutionand(ii)exchangeablepotassiumadsorbedonsoilcolloidalsurfaces.Most

ofthisavailablepotassium isintheexchangeableform (approximately90%).Soil

solutionpotassiumismostreadilyadsorbedbyhigherplantandis,ofcourse,subject

toconsiderableleachingloss.

SlowlyAvailableForms

Inthepresenceofvermiculite,smectite,andother2:1-typemineralsthe

potassiumofsuchfertilizersasmuriateofpotashnotonlybecomesadsorbedbutmay

becomedefinitely'fixed'bythesoilcolloids.Thepotassiumaswellasammoniumions

fitinbetweenlayersinthecrystalsofthesenormallyexpandingclaysandbecomean

integralpartofthecrystal.Potassium inthisform cannotbereplacedbyordinary

exchangemethodsandconsequentlyisreferredtoasnon-exchangeablepotassium.As

suchthiselementisnotreadilyavailabletohigherplants.Thisformisinequilibrium,

however,withtheavailableformsandconsequentlyactsasanextremelyimportant

reservoirofslowlyavailablepotassium.

2.4SulphurTransformationinSoil
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SergeiNikolaievichWinogradsky(1856–1953)wasmicrobiologist,ecologist

andsoilscientistwhopioneerforhisnotableworkonbacterialsulfatereduction.The

transformation ofsulphurareimportantindicatorsofitsavailabilityto plants.

Availabilityofsulphurfrom organic sulphurreserves in soils depends on its

mineralizationthroughmicrobialactivity.

SulphurOxidation:

Sulphuroxidationocuuringinsoilsismostlybiochemicalinnature.Sulphur

oxidationisaccomplishedbynumberofautotrophicbacteriaincludingthoseofgenus

Thiobacillus,fivespeciesofwhichhavebeencharacterized:

(a)Thiobacillusthioxidans(b)T.thiparus(c)T.nonellus(d)T.denitrificans(e)T.

ferooxidans

Insoils,sulfides,elementalsulphur,thiosulphatesandpolythionatesareoxidized.

Oxidationreactions:

H2S+2O2 H2SO4 2H+ +SO4
2-

2S+3O2+2H2O 2H2SO4 4H+ +2SO4
2-

ThusS-oxidationisanacidifyingprocess.

Sulphurreduction:

Sulphatetendtobeunstableinanaerobicenvironmentssotheyarereduced

sulfidesbyanumberofbacteriaoftwogenera,Desulfovibro(fivespecies)and

Desulfotomaculum(threespecies).

Theorganismsusethecombinedoxygeninsulfatetooxidizeorganicmaterials.

Reductionreactions:

2R-CH2OH + SO4
2- 2R-COOH + 2H2O + S2-

(Organicalcohol) (Sulfate) (Organicacid) (Sulfide)

Also,sulfites(SO3
2-),thiosulfates(S2O3

2-)andelementalsulphur(S)arerather

easilyreducedtothesulfidesformbybacteriaandotherorganisms.

Theoxidationandreductionofinorganicsulphurcompoundsareofgreat

importancetogrowingplants.Thesereactionsdeterminethequantityofsulfate

presentinsoilsatanyonetime.Also,thestateofsulphuroxidationdeterminestoa

markeddegreethesoilacidityasS-oxidationisanacidifyingprocess.

2.5CalciumandMagnesiumTransformationsinSoil
Calciumisanimportantamendmentelementinsalineandalkalisoils.Calcium

applicationhelpsincorrectingthetoxicityanddeficiencyofseveralothernutrients.The

maintransformationsofCaandMginsoilsare(i)solubilizationandleachingand(ii)

conversionintolesssolublefractionsbyadsorption.

Solubilizationandleachingofcalciumandmagnesium:Itisaffectedbyfollowing:

Soiltexture:Lossesaremoreinlighttexturedsoilsbecauseofhighpermeabilityand

percolationofrainandirrigationwater.

Rainfall:AstherainfallincreasesthelossofMgandCaalsoincreases.

Organicmatter:ApplicationoforganicmatterleadstonetlossofCaandMgfromthe

soil.

Ferrolysis:HighamountsofbasessuchasCa2+andMg2+maybelostfrom the

exchangecomplexandlaeachedbyhighamountsofcationssuchasFe2+andMn2+
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whicharereleasedfollowingreductionofsoil.Thisiscalledferrolysis.

Conversionofcalciumandmagnesiumintolesssolubleformbyadsorption:

Claciumandmagnesiuminsoilsolutionandinexchangecomplexareinastate

ofdynamicequilibrium.Whentheirconcentrationinsolutiondecreases,CaandMg

comingfrom theexchangecomplexreplenishthis.Ontheotherhandiftheir

concentrationinsoilsolutionishigh,thereistendencytowardstheirbeingadsorbedon

theexchangecomplex.

(Source:TextbookofSoilScience:R.K.Mehra)

2.6FeandZnTransformationsinSoil:
Iron

Themostimportantchemicalchangethattakesplacewhenasoilissubmerged

isthereductionofironandtheaccompanyingincreaseinitssolubility.Theintensityof

reductiondependsupontimeofsubmergence,amountoforganicmatter,activeiron,

activemanganese,nitrateetc.

DuetoreductionofFe3+toFe2+onsubmergence,thecolourofsoilchangesfrom

browntogreyandlargeamountsofFe2-enterintothesoilsolution.Itisevidentthatthe

concentrationofferrousiron(Fe2+)increasesinitiallytosomepeakvaluethethereafter

decreasesslowlywiththeperiodofsoilsubmergence.Organicmatteralsoenhances

therateofreductionofironinsubmergedsoils.Theinitialincreaseintheconcentration

of ferrous iron (Fe2+)onsoilsubmergence

iscausedbythe reduction thatare shown

below:

ThedecreaseintheconcentrationofFe2+followingthepeakriseiscausedbythe

precipitationofFe2+asFeC03intheearlystageswherehighpartialpressureofC02

prevailsandasFe3(OH)8duetodecreaseinthepartialpressureofC02(pC02)

Ricebenefitsfromtheincreaseinavailabilityofironbutmaysufferinacidsoils,

from anexcess.Thereductionofironhassomeimportantconsequences:(i)the

concentrationofwatersolubleironincreases,(ii)pH increases,(iii)cationsare

displacedfrom exchangesites,(iv)thesolubilityofPandSiincreasesand(v)new

mineralsareformed.

Aschematicrepresentationforthetransformationofironinsubmergedsoilsisshown

below:
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Zinc

Thetransformationofzincinsubmergedsoilsisnotinvolvedintheoxidation-

reductionprocesslikethatofironandmanganese.However,thereductionofhydrous

oxidesofironandmanganese,changesinsoilpH,partialpressureofC02,formation

insolublesulphidecompoundetc.Insoilonsubmergenceislikelytoinfluencethe

solubilityofZninsoileitherfavourablyoradverselyandconsequentlytheZnnutrition

oflowandrice.Thereductionofhydrousoxidesofironandmanganese,formationof

organiccomplexingagents,andthedecreaseinpHofalkalineandcalcareoussoilson

submergencearefoundtofavourthesolubilityofZn,whereastheformationof

hydroxides,carbonates,sulphidesmaylowerthesolubilityofZninsubmergedsoils.

Zincdeficiencyinsubmergedricesoilsisverycommonowingtothecombinedeffect

ofincreasedpH,HC03
-andS2-formation.

ThesolubilityofnativeformsofZninsoilsishighlypH dependentand

decreasesbyafactorof102foreachunitincreaseinsoilpH.TheactivityofZn-pH

relationship has beendefinedasfollow:

ThepKvaluefortheabovereactionwiththesolidphaseofsoilsis6.0.This

equationholdsgoodforsubmergedsoils.SomeequationsrelatingtosolubilityofZnin

submergedsoilsgovernedbyvariousmetastablecompoundsaregivenbelow:
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Manyofthesecompoundsaremetastableintermediatereactionproductsand

varyingmeanresidencetimeinsubmergedsoils.AppliedZntendstoapproachthe

solubilityofthenativeformsinsteadofhavingresidualeffectintheformerZnforms.

Whenanaerobicsoilissubmerged,theavailabilityofnativeaswellasapplied

Zndecreasesandthemagnitudeofsuchdecreasevarywiththesoilproperties.The

transformationofZninsoilswasfoundtobegreatlyinfluencedbythedepthof

submergedandapplicationoforganicmatter.Ifanacidsoilissubmerged,thepHof

thesoilwillincreaseandtherebytheavailabilityofZnwilldecrease.Ontheotherhand,

ifanalkalisoilissubmerged,thepHofthesoilwilldecreaseandasaresultthe

solubilityofZnwillgenerallyincrease.

TheavailabilityofZndecreasesduetosubmergencemaybeattributedtothe

followingreasons:

(i)formationofinsolublefranklinite(ZnFe204)compoundinsubmergedsoils.

(ii)FormationofveryinsolublecompoundsofZnasZnSunderintensereducing

conditions.

(iii)FormationofinsolublecompoundsofZnasZnC03 atthelaterperiodofsoil

submergence owing to high partialpressure ofC02(PC02)arising from the

decompositionoforganicmatter.

(iv)FormationofZn(OH)2atarelativelyhigherpHwhichdecreasestheavailabilityof

Zn.

(v)AdsorptionofsolubleZn2+byoxidemineralse.g.sesquioxides,carbonates,soil

organicmatterandclaymineralsetc.decreasestheavailabilityofZn,thepossible

mechanismofZnadsorptionbyoxidemineralsisshownbelow:



22

MechanismI:

In

mechanism I,Zn2+adsorptionoccursasbridgingbetweentwoneutralsites,butin

additiontothismechanism,Zn2+couldalsobeadsorbedtotwopositivesitesortoa

positiveandneutralsite.

MechanismII:

ThismechanismoccursatlowpHandresultsnon-specificadsorptionofZn2+.Inthis

wayZn2+isretainedandrenderedunavailabletoplants.

(vi)Formationofvariousotherinsolublezinccompoundswhichdecreasesthe

availabilityofZninsubmergedsoils,e.g.highphosphaticfertilizerinducesthe

decreased availabilityofZn2+.

AsimplifieddiagramillustratingdynamicequilibriaofZninsubmergedsoilsis

showninfigure.

ItshowsthatricereceivesZnfromthesoilsolutionandtheexchangeableand

adsorbedsolidphaseincludingthesoilorganicfractions.

Zincsulphide(ZnS,Sphalerite)inthepresenceoftracesofhydrogensulphide

(H2S)insubmergedsoilsmaycontrolthesolubilityofZn.Zincisstableinsubmerged

soils.SoitcanbeconcludedthathigherthepHandpoorertheaeration,thegreateris

thelikelihoodofZndeficiencyifthesoilsolutionZnactivityiscontrolledbysphalerite
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(ZnS).

Therefore,avarietyofchemicalreactionsinsoilsinfluencetheavailabilityofZn

torice.Forexample,highmanganeseconcentrationantagonizesZnabsorptionand

translocation.

Q/Irelationship

Inadditiontothese,theavailabilityofZninsubmergedsoilsisgovernedbythe

mutualinteractionofquantity(q)intensity(c),andkineticparametersasregulatedby

theadsorption,desorption,chelationanddiffusionofZnfromsoilstotheplantroots.

Thequantity-intensityrelationshipofZninsubmergedsoilsmaybedescribedbythe

linearformoftheLangmuirtypeequation.Thesupplyparameterassumestheform,

whereqisthequantitycistheintensity,K1andK2areconstants.

TheoptimumZnsupplytoriceisensuredwhenthevalueofthesupplyparameteris

unity(1.0).

DifferentcropmanagementfactorscombinedinfluencetheavailabilityofZnto

ricelike,nativeZncontentofthesoil,soilpH,organicmatter,submergence,partial

pressureofCO2,HCO3,organicacids,variousnaturalinteractions,environmental

effectsandwaterqualityetc.

******
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CHAPTER-3

SOILFERTILITYEVALUATION
Theproperrateofplantnutrientisdeterminedbyknowingthenutrient

requirementofthecropandthenutrientsupplyingpowerofsoil.Hence,theevaluation

ofsoilfertilitybecomesimportant.Soilfertilityevaluationisessentialforbalanced

nutritionofthecrops.Balancenutrientsusereferstotheapplicationofessentialplant

nutrientsinrightamountsandproportionsusingcorrectmethodsandtimeof

applicationsuitedforspecificsoil-crop-climaticsituations.Ithelpsinmaintenanceand

improvingsoilproductivity.Thussoilfertilityevaluationisthekeyforadequateand

balancedfertilizationincropproduction.Severaltechniquesarecommonlyemployed

toassesthefertilitystatusofthesoils.Aproperevaluationofthefertilityofasoil

beforeplantingofacrophelpsinadoptingappropriatemeasurestomakeupforthe

shortcomingandensuringagoodcropproduction.Thediagnostictechniquesare

1.Soiltesting

2.Analysisoftissuesfromplantgrowingonthesoil

3.Biologicaltestsinwhichthegrowthofhigherplantsorcertainmicro-organismsis

usedasameasureofsoilfertility

4.Nutrientdeficiencysymptomsofplant

3.1Soiltesting:

Soiltestingisthechemicalanalysisthatprovidesaguidelineforamendments

andfertilizerneedsofsoils.Theprimaryadvantageofsoiltestingwhenitiscompared

totheplantanalysisisitsabilitytodeterminethenutrientsstatusofthesoilbeforethe

cropisplanted

Thesoiltestingisdonewithfollowingobjectives:

1.Soilfertilityevaluationformakingfertilizerrecommendation

2.Predictionoflikelycropresponsetoappliednutrient

3.Classificationofsoilintodifferentfertilitygroupsforpreparingsoilfertilitymapsof

agivenarea

4.Assessmentofthetypeanddegreeofsoilrelatedproblemslikesalinity,sodicity,

acidityetc.,andsuggestingappropriatereclamation/ameliorationmeasures

Thefollowingstepsareinvolvedinsoilanalysis

1.Sampling

2.preparationofsamples

3.Analyticalprocedure

4.Calibrationandinterpretationoftheresults

5.Fertilizerrecommendation

1.Sampling:Soilsamplingisperhapsthemostvitalstepforanyanalysis.Since,avery

smallfractionofthehugesoilmassofafieldisusedforanalysis;itbecomes

extremelyimportanttogetatrulyrepresentativesoilsamplefromit.
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2.Preparationofsample:Drying,grindingandsievingaccordingtotheneedof

analyticalprocedure

3.Analyticalprocedure:Asuitablemethodisonewhichsatisfiesthefollowingthree

criteria.

i.Itshouldbefairlyrapidsothatthetestresultscanbeobtainedinareasonably

shortperiod.

ii.Itshouldgiveaccurateandreproducibleresultsofagivensampleswithleast

interferencesduringestimation.

iii.Itshouldhavehighpredictabilityi.e.,asignificantrelationshipoftestvalueswith

thecropperformance.

Followingchemicalmethodsarewidelyusedfordeterminationofdifferent

nutrients

Nutrients Methods Meritsanddemerits

TotalN Kjeldahlmethod Thismethodistimeconsuming,lengthyand

costly

RateofmineralizationofNvarieswiththe

soil

OrganicC Walkleyand

Blackmethod

Thismethodissimpleandrapid

BasedonC:Nratiowhichisvaried(7.7to

11.7)

Available

N

Alkaline-KMnO4 ExtractpartoforganicandmineralN

Available

P2O5

Olsen'smethod

foralkalinesoils
HighefficiencyofHCO3iontoremoveP

fromCa,AlandFe

ReducetheactivityofCa

Usedinslightlyacidic,neutralandalkaline

soil

Bray'smethod

foracidsoils

HighefficiencyofFionindissolvingP

 Usefulinacidicorslightlycalcareoussoils

Available

K2O

NH4OAcextratable Higherefficiencyofextractionascompared

tosaltsolution

Inefficiencytoremovepartofnon

exchangeableK,whichisconsideredtobe

availabletosomeextent
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Available

S

0.15%CaCl2

extractable
ExtractwatersolubleSandadsorbedS

HeatsolubleS Heatsoluble-extractWS+organicS

Timeconsumingandlengthyprocedure

Available

Micronutri

ents

DTPAextractable Extractcomplexed,chelatedandadsorbed

formofFe,Mn,Zn,Cu

4.Calibrationandinterpretationoftheresults:Forthecalibrationofthesoiltestdata,a

groupofsoilsranginginsoilfertilityfromlowtohighinrespectoftheparticular

nutrientareselectedandthetestcropisgrownonthesesoilswithvaryingdosesof

particularnutrientwithbasaldoseofothernutrients.

Themostcommonmethodistoplotsoiltestvaluesagainstthepercentageyieldand

tocalculatetherelationshipbetweensoiltestvaluesandpercentyieldresponse

Percent

yield
=

Crop yield with

adequatenutrient
-

Yieldofcontrolwithoutadditionof

particularnutrientunderstudy
x 100

Cropyieldwithadequatenutrient

►Criticallevelofnutrientsinsoil:

SN
Nutrients

Category

Low Medium High

1. AlkalineKMnO4-N(kg/ha) <250 250-500 >500

2. Olsens-P2O5(kg/ha), <28 28-56 >56

3. NeutralNNH4OAc-K2O <140 140-280 >280

4. 0.15%CaCl2–S(mg/kg) <10 10-20 >20

5. DTPAextractableFe(mg/kg) <5 5-10 >10

6. DTPAextractableMn(mg/kg) <5 5-10 >10

7. DTPAextractableZn(mg/kg) <0.5 0.5-1.0 >1.0
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8. DTPAextractableCu(mg/kg) <0.2 0.2-0.4 >0.4

9. HotwatersolubleB(mg/kg) <0.1 0.1-0.5 >0.5

10. HotwatersolubleMo(mg/kg)

Thisclassificationindicatedthatlow classofsoilwouldrespondtoadded

fertilizermeansadd25%morefertilizerthanrecommendeddose.Medium classsoil

mayormaynotrespondtoaddedfertilizer,addrecommendeddoseoffertilizer.High

statussoilsdonotrespondtoaddedfertilizer,add25%lessrecommendeddose.

3.2PlantTesting:

1.Analysisoftissuesfromplantgrowingonthesoil

Plantanalysisinanarrowsenseisthedeterminationoftheconcentrationofan

elementorextractablefractionofanelementinasampletakenfromaparticularpart

orportionofacropatacertaintimeorstageofmorphologicaldevelopment

Plantanalysisiscomplementarytosoiltesting.Inmanysituations,thetotalor

eventheavailablecontentofanelementinsoilfailstocorrelatewiththeplanttissue

concentrationorthegrowthandyieldofcrop.Thiscanbeascribedtomanyreasons

includingthephysicochemicalpropertiesofthesoilsandtherootgrowthpatterns.On

theotherhand,theconcentrationofanelementintheplanttissueis,generally,

positivelycorrelatedwiththeplanthealth.Therefore,theplantanalysishasbeenused

asadiagnostictooltodeterminethenutritionalcauseofplantdisorders/diseases.The

plantanalysisconstitutes(1)thecollectionoftherepresentativeplantpartsatthe

specificgrowthstage,(2)washing,dryingandgrindingofplanttissue,(3)oxidationof

thepowderedplantsamplestosolubilizetheelements,(4)estimationofdifferent

elements,and(5)interpretationofthestatusofnutrientswithrespecttodeficiency/

sufficiency/toxicityonthebasisofknowncriticalconcentrations.

►Plantanalysishasmanyapplicationssuchas:

1.Diagnosisofnutrientdeficiencies,toxicitiesorimbalances

2.Measurementofthequantityofnutrientsremovedbyacropstoreplacethem in

ordertomaintainsoilfertility

3.Estimatingoverallnutritionalstatusoftheregionorsoiltypes

4.Monitoringtheeffectivenessofthefertilizerpracticesadopted

5.Estimationofnutrientlevelsinthedietsavailabletothelivestock

2.CollectionandPreparationofplantsamples

Plantscientistshavebeenabletostandardizetheproceduresforcollectionof
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samplesofplanttissuewithrespecttotheplantpartandgrowthstage,whichreflect

thenutrientconcentrationscorrespondingtothehealthofthegrowthbecausethe

concentrationsofdifferentnutrientsvarysignificantlyoverthelifecycleofaplant.

Generally,therecentlymaturedfullyexpandedleavesjustbeforetheonsetofthe

reproductivestagearecollectedandputinperforatedpaperbags.Theplantsamples

areoftencontaminatedwithdust,dirtandresiduesofthesprays,etc.andneedtobe

washedfirstunderarunningtapwaterfollowedbyrinsingwithdiluteHCl(0.001N),

distilledwaterandfinallyindeionizedwater.Thewashedsamplesaredriedinahotair

ovenat60±5°Cforaperiodof48hoursandgroundinastainlesssteelmilltopass

throughasieveof40/60mesh.

3.Oxidationofplantmaterial

Themainobjectiveofoxidationistodestroytheorganiccomponentsintheplant

materialtoreleasetheelementsfromtheircombinations.Theplantmaterialscanbe

oxidizedbyeitherdryashingatacontrolledhightemperatureinamufflefurnaceorwet

digestioninanacidoramixtureoftwoormoreacids.

(a) Dry-ashing:Thepowderedplantmaterialsintallformsilicacruciblesareashed

at500ºCinamufflesfurnacefor3-4hours.Hightemperaturesarelikelytoresultinthe

lossofsomevolatileelementsbutwithadjustingthetimeofmufflingbetween2-72

hours,anysignificanteffectontheanalyticalresultscanbeavoided.Nitrogenand

sulphur,beinghighlyvolatile,arelostmoreorlesscompletelyduringdryashingevenat

500ºCbutathighertemperatures,elementslikeKarealsoreportedtobelost.Thus,

temperatureisanimportantconsiderationindryashing.Theashisdissolvedin2mlof

6NHCl,heatedonahotplatetoneardrynessandtakenin10mldiluteHCl(0.01N)or

20%aquaregiabeforemakingupthefinalvolumewithdistilledwater.Theseextracts

containdifferentamountsofinsolublematerials,mainlysilica,dependinguponthe

plantspecies.Theseinsolublematerialssettledownonkeepingforsometimeorcan

beseparatedbyfiltrationbeforeestimationofdifferentelements.Allelements,except

NandS,canbeestimatedintheseextractsbyanytechnique.Ingeneral,theresults

obtainedbythismethod,arequitesatisfactoryandcomparabletothoseobtainedby

thismethod,arequitesatisfactoryandcomparabletothoseobtainedbywetdigestion

procedures.Moreover,Bcanonlybedeterminedbydryashingsinceitisvolatilized

duringwetdigestionwithdi-ortriacidmixtures.
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(b)WetDigestion:

Wetoxidationdigestionreagentsandtheirapplicability

Sr.

No.

Reagents Applicabilityto

organicmanure

Remarks

1 H2SO4/HNO3 Vegetableorigin Mostcommonlyused

2 H2SO4/H2O2 Vegetableorigin Notverycommon

3 HNO3 Biologicalorigin Easily purified reagent,short

digestiontime,temperature350
0C

4 H2SO4/HClO4 Biologicalorigin Suitableonlyforsmallsamples,

dangerofexplosion

5 HNO3/HClO4 Protein,carbohydrate

(nofat)

Lessexplosive

6 HNO3/

HClO4/H2SO4

Universal (also fat

andcarbonblack

No danger with exact

temperaturecontrol

Thepowderedplantsamplescanalsobedissolvedbydigestinginacids,usually

HNO3,HClO4andH2SO4.Theseacidsareusedeithersinglyorincombinationsoftwoor

threeacids,e.g.adi-acidcombinationisHNO3andHClO4(in4:1ration)oratripleacid

isamixtureofHNO3,HClO4andH2SO4(in10:4:1ration).Atripleacidcombination

destroystheorganicmatterinashortertimewithoutanyhazard.Butthemethodis

unsatisfactoryforplantmaterialswithhighCaandincaseswhereSisoneofthetest

elements.Theinsolublesulphaterendersthemethodunsuitablebecauseofadsorption

ofdifferentelementionsontheprecipitateandexclusionofCafromtheanalysis.The

useofperchloricacidinthedi-ortripleaciddigestionmixturesresultsintheformation

ofsparinglysolublepotassiumperchlorate,resultinginlowerestimatesofK,especially

whentheplantmaterialcontainsK,morethan1%.Assuchformultielementanalysis,

theplantmaterialsshouldbedigestedinnitricacidalone.

4.Interpretationofresults:Thebasisforplantanalysisasadiagnostictechniqueisthe

relationshipbetweennutrientconcentrationintheplantandgrowthandproduction

response.Thisrelationshouldbesignificanttohavecompleteinterpretationinteemof

deficient,adequateandexcessnutrientconcentrationintheplant.Curvesrepresenting

therelationshipbetweennutrientconcentrationandgrowthresponsevaryinshapeand

characterdependingonboththenutrientconcentrationinthegrowthmediumandthe

plantspecies.
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Whennutrientsareindeficiencyrange,plantgrowthandyieldaresignificantly

reducedandfoliardeficiencysymptomsappear.Inthisrange,applicationofnutrient

resultsinsharpincreaseingrowth.Inmarginalrange,growthoryieldisreduced,but

plantdoesnotshow deficiencysymptoms.Sometimesthemarginalrangeisalso

calledtransitionzone.Withinthemarginalortransitionzoneliesthecriticallevelor

concentration.Thecriticallevelcanbedefinedasthatconcentrationatwhichthe

growthoryieldbeginstodeclinesignificantly.

Rapidtissuetests:

Thesetestsarerapidandareessentiallyqualitative.Thenutrientsareabsorbed

byrootsandtransportedtothosepartsofplantswheretheyareneeded.The

concentrationofcellsapisusuallygoodindicationofhowwelltheplantissuppliedat

thetimeoftesting.Theplantparts,usuallyleavesareremovedandplantsapis

extracted.Theplantsapisusuallytestedfornitrate,phosphorusandpotassium.The

useofspecificreagentforeachnutrienttobetesteddevelopsthecolour.Theintensity

ofcolourisaqualitativemeasureofthecontentofthenutrient.

DRISapproach

RecentlyDiagnosisRecommendationIntegrationSystem(DRIS)issuggestedfor

fertilizerrecommendation.Inthisapproach,plantsamplesareanalyzedfornutrient

contentandtheyareexpressedasrationsofnutrientswithothers.Suitableratiosof

1.
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nutrientsareestablishedforhigheryieldsfrom experimentsandplantsamples

collectedfrom farmer'sfields.Thenutrientswhoseratiosarenotoptimum forhigh

yieldsaresupplementedbytopdressing.Thisapproachisgenerallysuitableforlong

durationcrops,butitisbeingtestedforshortdurationcropslikesoybean,wheatetc.

3.3Biologicaltests

Thebiologicalmethodsconsistofraisingacroporamicrobialcultureinafield

orinasampleofthesoilandestimatingitsfertilityfrom thevolumeofcropor

microbialcount.Althoughthesemethodsaredirectestimatesofsoilfertility,theyare

timeconsumingandtherefore,notwelladaptedtothepracticeofsoiltesting.

(i) Fieldtests:Thefieldplottechniqueessentiallymeasuresthecropresponseto

nutrients.Inthis,specifictreatmentsareselected,randomlyassignedtoanareaofland,

whichisrepresentativeoftheconditions.Severalreplicationsareusedtoobtainmore

reliableresultsandtoaccountforvariationinsoil.Fieldexperimentsareessentialin

establishingtheequationusedtoprovidefertilizerrecommendationthatwilloptimize

cropyield.Maximumprofitability,andminimizeenvironmentimpactofnutrientuse

(ii)Potculturetests:Thepotculturetestutilizesmallquantitiesofsoiltoquantifythe

nutrientsupplyingpowerofasoil.Selectedtreatmentsareappliedtothesoilsanda

cropisplantedandevaluated.Cropresponsetothetreatmentscanbethandetermined

bymeasuringtotalplantyieldandnutrientcontent

(iii)Laboratorytests

(a)NeubauerseedlingMethod:theneubaurtechniqueisbasedontheuptakeof

nutrientbygrowingalargenumberofplantsonasmallamountofsoil.The

seedlings(plants)exhausttheavailablenutrientsupplywithinshorttime.Thetotal

nutrientsremovedarequantifiedandtablesareestablishedtogivetheminimum

valuesofnutrientsavailableforsatisfactoryyieldofvariouscrops.

(b)Microbialmethods:Intheabsenceofnutrients,certainmicroorganismsexhibits

behavioursimilartothatofhigherplants.Forexample,growthofAzotobacteror

Aspergillusnigerreflactsnutrientdeficiencyinthesoil.Thesoilisratedfrom very

deficienttonotdeficientintherespectiveelements,dependingontheamountof

colonygrowth.Incomparisonwithmethodsthatutilizehigherplants,microbiological

methodsarerapid,simpleandrequirelittlespace.Theselaboratorytestsarenotin

commonuseinIndia.

3.4Nutrientdeficiencysymptomsofplant

Asalreadymentioned,theplantrequiressixteenessentialnutrientsfortheir
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optimumgrowthanddevelopment.Whenaplantbadlyneedsacertainnutrientelement,

itshowsdeficiencysymptoms.Thesesymptomsarenutrientspecificandshow

differentpatternsincropsfordifferentessentialnutrients.Itisgoodtooltodetect

deficienciesofnutrientinthefieldbutthesetechniqueshaveseverallimitationsand

are:

1.Thevisualsymptomsmaybecausedbymorethanonenutrient.

2.Deficiencyofonenutrientmayberelatedtoanexcessquantityofanother.

3.Itisdifficulttodistinguishamongthedeficiencysymptomsinthefield,asdisease

orinsectdamagecanberesemblecertainmicronutrientdeficiencies.

4.Nutrientdeficiencysymptomsareobservedonlyafterthecrophasalreadysuffered

anirreversibleloss.Therearesomeindicatorplantswhichshoesthenutrient

deficienciesorexcesses.Someofthemaregivenasfollows:

Plant Nutrientdeficiency/toxicity

Oat :Mg,MnandCudeficiencies

Wheatandbarley :Mg,CuandsometimesMn

deficiencies

Sugarbeets :BandMndeficiencies

Maize :N,P,K,Mg,Fe,MnandZn

deficiencies

Potatoes :K,MgandMndeficiencies

Brassicaspecies :KandMgdeficiencies

Celeryand

sunflower

:Bdeficiency

Cauliflower :BandModeficiencies

Barley :B,MnandAltoxicities

Cucumber :NandPexcess

*******

CHAPTER-4

ORGANICMANURES
ThewordmanurederivedfromtheFrench"Manoeuvrer',meanstomanipulate,

towork,toproducecrop.Ingeneralmanuremeansexcretaofanimals.Thetermbulky
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organicmanuregenerallyincludesthosematerialsofnaturalorigin,organicin

compositionhavinggreatervolumeperunitcontentofnutrientsandbeingusedto

increasethenutrientstatusofthesoilsaswellasorganicmattercontentofsoils.They

areobtainedmainlyasnaturalproducts.

"Themanuresareorganicinnature,plantoranimaloriginandcontainorganic

matterinlargeproportionandplantnutrientsinsmallquantitiesandusedtoimprove

soilproductivitybycorrectingsoilphysical,chemicalandbiologicalproperties."

Thematerialsincludedinthisgrouparefarmyardmanure,compost,sewage

sludgeandgreenmanure.OftheseFYM,compostandgreenmanurearethemost

importantandwidelyusedbulkyorganicmanures.

4.1:Characteristicsofmanures:

Manurerequiredinlargequantitybulkyandcostly.Nutrientsareslowlyavailable

upondecomposition.Ithaslonglastingeffectonsoilandcrop.Nosaltandadverse

effect.Manureisorganicmatterusedasorganicfertilizerinagriculture.Manures

contributetothefertilityofthesoilbyaddingorganicmatterandnutrients,suchas

nitrogen,thataretrappedbybacteriainthesoil.Higherorganismsthenfeedonthe

fungiandbacteriainachainoflifethatcomprisesthesoilfoodweb.

4.2:Classificationoforganicmanures

OrganicManures

BulkyorganicManures ConcentratedorganicManures

Mainlyderivedfromanimal,

Plantandotherorganicwastes

andgreenplanttissues OilBlood Meat Others
cakes meal meal etc.

Welldecomposed Green

Animalplantandother planttissues

organicresidues (undecomposed) Non-edibletocattle Edible
tocattle

(e.g.mahua,neemoil (e.g.mustardoil
cake,

cakes,etc.)groundnutoilcake
etc.)
Farmyardmanure(FYM), Greenmanures(e.g.dhaincha,
compostsfrom farmand glyricidia,otherleguminous
townrefusesetc. crops,etc.)

4.3:Importanceoforganicmanures

1.Organicmanurebindssoilparticlesintostructuralunitscalledaggregates.These

aggregateshelptomaintainaloose,open,granularcondition.Waterinfiltratesand

percolatesmorereadily.Thegranularconditionofsoilmaintainsfavorablecondition

ofaerationandpermeability.
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2.Water-holdingcapacityisincreasedbyorganicmatter.Organicmatterdefinitely

increasestheamountofavailablewaterinsandyandloamysoils.Further,the

granularsoilresultingfromorganicmatteradditions,suppliesmorewaterthansticky

andimpervioussoil.

3.Surfacerunoffanderosionarereducedbyorganicmatterasthereisgood

infiltration.

4.Organicmatterororganicmanureonthesoilsurfacereduceslossesofsoilbywind

erosion.

5.Surfacemulchingwithcoarseorganicmatterlowerssoiltemperaturesinthe

summerandkeepssoilwarmerinwinter.

6.The organic matterserves as a source ofenergyforthe growth ofsoil

microorganisms.

7.Organicmatterservesasareservoirofchemicalelementsthatareessentialforplant

growth.Mostofthesoilnitrogenoccursinorganiccombination.Alsoaconsiderable

quantityofphosphorusandsulphurexistinorganicformsupondecomposition,

organicmattersuppliesthenutrientsneededbygrowingplants,aswellasmany

hormonesandantibiotics.

8.Freshorganicmatterhasaspecialfunctioninmakingsoilphosphorusmorereadily

availableinacidsoils.

9.Organicacidsreleasedfromdecomposingorganicmatterhelptoreducealkalinityin

soils.

10.Freshorganicmattersuppliesfoodforsuchsoillifeasearthworms,antsand

rodents.Thesemacro-organismsimprovedrainageandaeration.Earthwormscan

flourishonlyinsoilsthatarewellprovidedwithorganicmatter.

11.Organicmatterondecompositionproducesorganicacidsandcarbondioxidewhich

helptodissolvemineralssuchaspotassium andmakethem moreavailableto

growingplants.

12.Humus(highlydecomposedorganicmatter)providesastorehouseforthe

exchangeable and available cations – potassium,calcium and magnesium.

Ammonium fertilizersarealsopreventedfrom leachingbecausehumusholds

ammoniuminanexchangeableandavailableform.

13.Itactsasabufferingagent.BufferingchecksrapidchemicalchangesinpHandin

soilreaction.

4.4MethodsofpreparationofBulkyOrganicManures

4.4.1:FarmYardManure(FYM)
TheFYMreferstothedecomposedmixtureofdungandurinefromfarmanimals,

mainlysheep,cattleandpoultry.Thisisoneoftheoldestmanureknownandishighly

valuedforitsmanyofthebeneficialpropertiesthataresaidtobeproducedwhenthis

manureisaddedtothesoil.Itnotonlyaddstheconstituentstothesoilbutalsoadds

organicmattertothesoil.

OnanaveragewellrottedFYMcontains0.5%Ns0.2%P2O5and0.5%K2O.

FYM isoneofthemostimportantagriculturalbyproducts.Unfortunately,

howevernearly50percentofthecattledungproductioninIndiatodayisutilizedas

fuelandisthuslosttoagriculture.
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►AveragepercentageofN,P2O5andK2Ointhefreshexcretaoffarmanimals:

Excretaof N(%) P2O5(%) K2O(%)
Cowsandbullocks Dung 0.40 0.20 0.10

Urine 1.00 Traces 1.35
Sheepandgoat Dung 0.75 0.50 045

Urine 1.35 0.05 2.10
Buffalo Dung 0.26 0.18 0.17

Urine 0.62 Traces 1.61
Poultry - 1.46 1.17 0.62

Amongbulkyorganicmanures,poultrymanuregenerallycontainsmoreamounts

ofnutrientsascomparedtoothers.Moreover,urineportionofallfarm animals

containsmoreamountsofNandKascomparedtothedungportion.

►FactorsAffectingNutritionalBuildupofFYM:

ThefollowingfactorsaffectthecompositionofFYM:
1.Ageofanimal:Growinganimalsandcowsproducingmilkretainintheirsystem

nitrogenandphosphorusrequiredforproductivepurposeslikemakinggrowthand
producingmilkandtheexcretadonotcontainalltheingredientsofplantfoodgiven
inthefeed.Oldanimalsonthedowngradewastetheirbodytissuesandexcrete
morethanwhattheydoingest.

2.Feed:Whenthefeedisrichinplantfoodingredients,theexcretaproducedis
correspondinglyenriched.

3.NatureofLitterUsed:Cerealstraw andleguminousplantrefuseusedaslitter
enrichedthemanurewithnitrogen.

4.AgeingofManure:Themanuregetsricherandlessbulkywithageing.

5.MannerofMakingandStorage:Inmakingandstoragelossesareinvariousways.

(see‘LossesinFYM).

►LossesduringhandlingandstorageofFYM:

(I)Lossesduringhandling:
FYMconsistsoftwooriginalcomponentsthesolidordungandliquidorurine.

BoththecomponentscontainN,P2O5andK2Othedistributionofthesenutrientsinthe
dungandurineisshowninfigurebelow:

ApproximatelyhalfofNandK2Oisinthedungandtheotherhalfinurine.By
contrast,nearlyalloftheP2O5(96%)isinthesolidportion.ToconserveN,P2O5andK2O,
itismostessentialthatboththepartsofcattlemanureareproperlyhandledandstored.
i)Lossofliquidportionorurine

UnderIndianconditionsthefloorofthecattleshedisusuallyun-cementedor
Kachha.AssuchtheurinepassedbyanimalsduringnightgetssoakedintotheKachha
floor.Whentheanimals,particularlybullocks,arekeptinthefieldsduringthesummer
season,urinegetssoakedintosoil.Butduringremainingperiodcattlearekeptina
coveredshedandthereforetheKachhafloorsoakstheurineeveryday.Large
quantitiesofnitrogenarethuslostthroughtheformationofgaseousNH3.The
followingreactionstakeplace:

NH2CONH2+2H2O (NH4)2CO3
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Ureainurine Ammoniumcarbonate
(NH4)2CO3+2H2O 2NH4OH+H2CO3

NH4OH NH3 + H2O
GaseousAmmonia

ThesmellofNH3inthecattleshedclearlyindicatesthelossofN.

NospecialeffortsaremadeinIndiatocollecttheliquidportionofthemanure.

ii)Lossofsolidportionordung

Itisoftensaidthat2/3ofthemanureiseitherutilizedformakingcakesorislost

duringgrazing,theremainingmanureisappliedtothesoilaftercollectinginheaps.

Firstly,themostseriouslossofdungisthroughcakesforburningorforuseasfuel-

Secondly,whenmilchanimalsgooutforgrazing,noeffortsaremadetocollectthe

dungdroppedbythem,noristhispracticable,unlessallmilchanimalsareallowedto

grazeonlyinenclosedsmallsizepastures.

(II)Lossduringstorage:

Mostly,cattledungandwastefromfodderarecollecteddailyinthemorningby

thecultivatorsandputinmanureheapsinanopenspaceoutsidethevillage.The

manureremainsexposedtothesunandrain.Duringsuchtypeofstorage,nutrientsare

lostinthefollowingways:

i)Byleaching:

Lossesbyleachingwillvarywiththeintensityofrainfallandtheslopeoflandon

whichmanureisheaped.AbouthalfofportionofNandP2O5ofFYMandnearly90%of

Karewatersoluble.Thesewatersolublenutrientsareliabletogetwashedoffbyrain

water.

ii)ByVolatilization:

DuringstorageconsiderableamountofNH3isproducedinthemanureheap

from

i) thedecompositionofureaandothernitrogenouscompoundsoftheurineand

ii) themuchslowerdecompositionofthenitrogenousorganiccompoundsofthedung.

Astherottingproceeds,moreandmorequantityofammoniaisformed.ThisNH3

combineswithcarbonicacidtoformammoniumcarbonateandbicarbonate.These

ammonium compoundsareunstableandgaseousNH3 maybeliberatedas

indicatedbelow:

1. Ureaandothernitrogenous microbial

compoundsinurineanddung NH3

decomposition

2. 2NH3+H2CO3 (NH4)2CO3

3. (NH4)2CO3+2H2O 2NH4OH+H2CO3
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4. NH4OH NH3 +H2O

►LossofNH3increaseswith
i) theincreaseintheconcentrationofammoniumcarbonate

ii) increaseinthetemperatureand

iii)airmovement

►ImprovedMethodsofHandlingFYM:
Itispracticallyimpossibletocheckcompletelythelossesofplantnutrientsand

organicmatterduringhandlingandstorageofFYM.However,improvedmethodscould
beadoptedtoreducesuchlossesconsiderably.

Amongthesemethodsaredescribedhereunder:

i) TrenchmethodofpreparingFYM

ii) Useofgobargas-compostplant

iii) ProperfieldmanagementofFYM

iv) Useofchemicalpreservatives

i)TrenchmethodofpreparingFYM:

ThismethodhasbeenrecommendedbyDr.C.N.Acharya.Themanure

preparationshouldbecarriedoutintrenches,20to25ft.long,5to6ft.broadand3to

3.5ft.deep.Cattleshedandportionsoflittermixedwithearthifavailable.Whentrench

iscompletelyfilledup,sayinaboutthreemonthstime.

ii)Useofgobargascompostplant:

Methanegasisgeneratedduetoanaerobicfermentationofthemostcommon

organicmaterialssuchascattledung,grass,vegetablewasteandhumanexcreta.

Gobargasandmanurebothareusefulonfarmsaswellasinhomes.Afewadvantages

ofthismethodaregivingbelow:

1)Themethanegasgeneratedcanbeusedforheating,lightingandmotivepower.

2)Themethanegascanbeusedforrunningoilenginesandgenerators

3)Themanurewhichcomesoutfrom theplantafterdecompositionisquiterichin

nutrients.N1.5%,P2O5-0.5%,K2O-2.0%

4)Gobargasmanureisextremelycheapandismadebylocallyavailablematerials.

►Superiorityofgobargascompostplantovertraditionalmethod:

1000Kgfreshdungmanureobtainedby

Sr.

No.

Particulars Traditional

method

Gobar gasplant

1. LossofOM 500Kg 270Kg

2. LossofN 1.25Kg Nil

3. Finalmanure 500Kg 730Kg
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4. %N 0.5% 1.5%

5. Additional

advantage

- 2000C.ft.gasforcooking

iii)ProperfieldmanagementofFYM:

Underfieldconditions,mostofthecultivatorsunloadFYMinsmallpilesinthe

fieldbeforespreading.Themanureisleftinpilesforamonthormorebeforeitis

spread.Plantnutrientsarelostthroughheatinganddrying.Toderivemaximumbenefit

fromFYM,itismostessentialthatitshouldnotbekeptinsmallpilesinthefieldbefore

spreading,butitshouldbespreadevenlyandmixedwiththesoilimmediately.

iv)UseofChemicalPreservatives:

ChemicalpreservativesareaddedtotheFYMtodecreaseNlosses.Tobemost

effective,thepreservativesareappliedinthecattleyardtopermitdirectcontactwith

theliquidportionofexcretaorurine.ThishastobedonebecausethelossofNfrom

urinestartsimmediately.ThecommonlyusedchemicalpreservativesareI)Gypsum

andii)Superphosphate.

ThevalueofgypsuminpreservingtheNofmanurehasbeenknownandithas

beenusedformanyyearsinforeigncountries.Thereactionofgypsumwithammonium

carbonate(intermediateproductfromdecompositionofureapresentinurine)is:

(NH4)2CO3+CaSO4 CaCO3+(NH4)2SO4

Aslongasthemanureismoist,nolossofNH3willoccur,butifthemanure

becomesdry,thechemicalreactionisreversedandthelossofNH3mayoccur.Assuch,

underIndianconditions,useofgypsumtodecreaseNlosses,doesnotofferapractical

solution.

Superphosphatehasbeenextensivelyusedasamanurepreservative:

2CaSO4+Ca(H2PO4)2+2(NH4)2CO3 Ca3(PO4)2+

2(NH4)2SO4+2H2O+2CO2

Inthisreaction,tricalcium phosphateisformedwhichdoesnotreactwith

ammoniumsulphate,whenmanurebecomesdry.Assuch,thereisnolossofNH3.

SinceFYMbecomesdryduetohightemperatureunderIndianconditions,theuseof

superphosphatewillbesafelyrecommendedasapreservativetodecreaseNlosses.

Useofsuperphosphateasachemicalpreservativewillhavethreeadvantages

1.ItwillreducelossofNasammoniumfromFYM.

2.ItwillincreasethepercentageofPinmanurethusmakingitabalancedone.

3.Since,tricalciumphosphateproducedwiththeapplicationofsuperphosphatetothe

FYM isininorganicform,whichisreadilyavailabletotheplants,itwillincreasethe

efficiencyofphosphorus.

ItisrecommendedthatoneortwopoundsofSSPshouldbeappliedperdayper
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animalinthecattleshedwhereanimalpassurine.

►SupplyofplantnutrientsthroughFYM:

Onanaverage,FYM appliedtovariouscropsbythecultivatorscontainsthe

followingnutrients:

%N:0.5 %P2O5:0.2 %K2O:0.5

Basedonthisanalysis,anaveragedressingof10tonesofFYMsuppliesabout

50KgN

20KgP2O5

50KgK2O

Allofthesequantitiesarenotavailabletocropsintheyearofapplication,

particularlyNwhichisveryslowacting.Only1/3oftheNislikelytobeusefultocrops

inthefirstyear.About2/3ofthephosphatemaybeeffectiveandmostofthepotash

willbeavailable.ThiseffectofFYMapplicationontheyieldoffirstcropisknownasthe

directeffectofapplication.Theremainingamountofplantfoodbecomesavailableto

thesecond,thirdandtoasmallextenttothefourthcropraisedonthesamepieceof

land.ThisphenomenonisknownastheresidualeffectofFYM.

WhenFYMisappliedeveryyear,thecropyieldgoesonincreasingduetodirect

plusresidualeffectoneverysucceedingcrop.Thebeneficialeffectisalsoknownas

cumulativeeffect.

4.4.2Compost
Compostiscomposedoforganicmaterialsderivedfrom plantandanimal

matterthathasbeendecomposedlargelythroughaerobicdecomposition.Theprocess

ofcompostingissimpleandpracticedbyindividualsintheirhomes,farmersontheir

land,andindustriallybyindustriesandcities.Compostingislargelyabio-chemical

processinwhichmicroorganismsbothaerobicandanaerobicdecomposeorganic

residueandlowertheC:Nratio.Thefinalproductofcompostingiswellrottedmanure

knownascompost.

Ruralcompost:Compostfrom farm litters,weeds,straw,leaves,husk,cropstubble,

bhusaorstraw,litterfromcattleshed,wastefodder,etc.iscalledruralcompost.

Urbancompost:Compostfromtownrefuse,nightsoilandstreetdustbinrefuse,etcis

calledurbancompost.

►Compositionofurbancompost:

Nitrogen Phosphorus Potassium

(%N) (%P2O5) (%K2O)

1.4 1.0 1.4

ComparedtoFYM,urbancompostpreparedfromwasteandnightsoilisricherin

fertilizervalue.

►MechanicalCompostingPlants:

Mechanicalcompostingplantswithcapacitiesof500–1000tonnesperdayof
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citygarbagecouldbeinstalledinbigcitiesinIndiaand250tonnesperdayplantsinthe

smalltowns.Refinedmechanicalcompostcontainsgenerallyabout40% mineral

matterand40%organicmaterialswithorganiccarbonaround15%.Thecomposition

wouldvarydependingonthefeedbuttypicallythenutrientcontentisabout0.7%N,

0.5%P2O5and0.4%K2O.TherearetraceelementslikeMn,B,ZnandCuandthe

materialhasC:Nratioofnearly15-17.

►Decomposition:

Theanimalexcretaandlitterarenotsuitablefordirectuseasmanure,asmost

ofitsmanurialingredientsarepresentinanunavailableform.Howeverurine,if

collectedseparately,canbeuseddirectly.Thedungandlitterhavetobefermentedor

decomposedbeforetheybecomefitforuse.Hence,thematerialisusuallystoredin

heapsorpits,whereitisallowedtodecompose.Undersuitableconditionsofwater

supply,air,temperature,foodsupplyandreaction,themicroorganismsdecomposethe

material.The decomposition is partly aerobic and partly anaerobic.During

decompositiontheusualyelloworgreencolourofthelitterischangedtobrownand

ultimatelytodarkbrownorblackcolour;itsstructuralformisconvertedintoacolloidal,

slimymoreorlesshomogenousmaterial,commonlyknownashumus.A well

decomposedmanurehasatypicalblackcolourandaloosefriablecondition.Itdoes

notshowthepresenceoftheoriginallitterordung.

►Factorscontrollingprocessofdecomposition:

1)Foodsupplytomicro-organismsandC:Nratio:

Thesuitableratioofcarbonaceoustonitrogenousmaterialsis40,ifitiswider

thanthis,thedecompositiontakesplaceveryslowlyandwhennarrowitisquick.C:N

ratioofthedungoffarmanimalsvariesfrom20to25,urine1to2,poultrymanure5-10,

litters-cerealsstraw50,andlegumerefuse20.

2)Moisture:

About60-70percentmoistureisconsideredtobetheoptimumrequirementto

startdecompositionandwiththeadvanceindecomposition,itdiminishesgradually

being30-40percentinthefinalproduct.

Excessofmoisturepreventsthetemperatureform risinghighandretards

decomposition,resultinginlossofapartofthesolubleplantnutrientsthroughleaching

anddrainage.Hence,inregionsreceivingheavyrainfall,itisadvisabletostorethe

manureorpreparecompostinheapsabovegroundlevel.

In theabsenceofsufficientmoisture,microbialactivityceasesand the

decompositionpracticallycomestoanend.

3)Aeration:

Mostofthemicrobialprocessesareoxidativeandhenceafreesupplyofoxygen

isnecessary.

Reasonsforpooraerationinpit/heap
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i) Excessivewatering

ii) Compaction

iii) Useoflargequantitiesoffineandgreenmaterialaslitters

iv) Highandbigheapsordeeppits.

4)Temperature:

Undertheoptimumconditionsofairmoistureandfoodsupply,thereisarapid

increaseinthetemperatureinthemanureheaporpit.Thetemperatureusuallyrisesto

50o–60oCandevento70oC.Thehightemperaturedestroysweedseeds,worms,

pathogenicbacteria,etc;whichpreventsflybreedingandmakesthemanuresafefrom

hygienicpointofview.

5)Reaction:

The microorganisms liberate certain organic acids during the course of

decomposition,which,ifallowedtoaccumulate,retardsfermentationandsometime

evenstopitcompletely.Hence,itisnecessarytocontrolthereactionofthematerial.

AneutralorslightlyalkalinereactionbetweenpH7.0and7.5isconsideredthe

mostsuitable.Theaddition ofalkalinesubstanceslikelimeand wood ashes

neutralizedtheexcessacidity.SinceinthepreparationofFYMitisacommonpractice

toaddhouseholdashestothemanurepit,itisnotnecessarytoaddadditionalalkaline

substances.

HeapV/SPitdecomposition:

Heap Pit

1. Aerobic 1. Anaerobic

2. Turningisrequired 2. Noturningisrequired

3. Physicaldisintegration 3. Very little physical

disintegration

4. Quickoxidation 4. Slowrateofdecomposition

5. Hightemp.60o – 70oC.Kill

weed seeds and pathogenic

organisms

5. Hightemp.isnotdevelopedbut

weedseedsandMOdestroyed

due to toxic products of

decomposition.

6. LossofOMisabout50% 6. Lossisabout25%

7. If not properly protected,

moisturelossishigh.Watering

isnecessary

7. Moisturelossisminimized.No

wateringisnecessary

8. Ifrainfallishigh,leachingtakes 8. Protected from leaching but
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place anaerobicconditionoccurs.

4.4.3Vermicompost
Vermicompostistheproductofcompostingutilizingvariousspeciesofworms,

usuallyredwigglers,whiteworms,andearthwormstocreateaheterogeneousmixture

ofdecomposingvegetableorfoodwaste,beddingmaterials,andvermicast.Vermicast

isalsoknownaswormcastings,wormhumusorwormmanure,istheend-productof

thebreakdownoforganicmatterbyspeciesofearthworm.[16]

Theearthworm species(orcompostingworms)mostoftenusedareRed

Wigglers(EiseniafoetidaorEiseniaandrei),thoughEuropeannightcrawlers(Eisenia

hortensis)couldalsobeused.UsersrefertoEuropeannightcrawlersbyavarietyof

othernames,includingdendrobaenas,dendras,andBelgiannightcrawlers.Containing

water-solublenutrients,vermicompostisanutrient-richorganicfertilizerandsoil

conditioner.

Vermiculturemeansartificialrearingorcultivationofworms(Earthworms)and

thetechnologyisthescientificprocessofusingthem forthebettermentofhuman

beings.Vermicompostistheexcretaofearthworm,whichisrichinhumus.Earthworms

eatcowdungorfarmyardmanurealongwithotherfarmwastesandpassitthrough

theirbodyandintheprocessconvertitintovermicompost.Themunicipalwastes;non-

toxicsolidandliquidwasteoftheindustriesandhouseholdgarbage’scanalsobe

convertedintovermicompostinthesamemanner.Earthwormsnotonlyconvert

garbageintovaluablemanurebutkeeptheenvironmenthealthy.Conversionofgarbage

byearthwormsintocompostandthemultiplicationofearthwormsaresimpleprocess

andcanbeeasilyhandledbythefarmers.

►MethodofpreparationofVermicompostLarge/communityScale:

A thatchedroofshedpreferablyopenfromallsideswithunpaved(katcha)floor

iserectedinEast-Westdirectionlengthwisetoprotectthesitefromdirectsunlight.A

shedareaof12’x12’issufficienttoaccommodatethreevermibedsof10’x3’each

having1’spaceinbetweenfortreatmentof9-12quintalsofwasteinacycleof40-45

days.Thelengthofshedcanbeincreased/decreaseddependinguponthequantityof

wastetobetreatedandavailabilityofspace.Theheightofthatchedroofiskeptat8

feetfromthecentreand6feetfromthesides.Thebaseofthesiteisraisedatleast6

inchesabovegroundtoprotectitfromfloodingduringtherains.Thevermibedsarelaid

overtheraisedgroundaspertheproceduregivenbelow.

Thesitemarkedforvermibedsontheraisedgroundiswateredanda4”-6”layer

ofanyslowlybiodegradableagriculturalresiduesuchasdriedleaves/straw/sugarcane

trashetc.islaidoveritaftersoakingwithwater.Thisisfollowedby1”layerof

Vermicompostorfarmyardmanure.

Earthwormsarereleasedoneachvermibedatthefollowingrates:

Fortreatmentofcowdung/agriwaste:1.0kg.pervermibed

Fortreatmentofhouseholdgarbage:1.5kg.pervermibed

Thefrequencyandlimitsofloadingthewastecanvaryasbelowdependinguponthe

convenienceoftheuser

Frequency Loading



43

Daily 2"/bed/day

InBulk 12-15"(3-4q/bed/cycle of 45

days)

TheloadedwasteisfinallycoveredwithaJuteMattoprotectearthwormsfrom

birdsandinsects.Waterissprinkledonthevermibedsdailyaccordingtorequirement

andseasontokeepthemmoist.Thewasteisturnedupsidedownfortnightlywithout

disturbingthebasallayer(vermibed).Theappearanceofblackgranularcrumblypowder

ontopofvermibedsindicateharveststageofthecompost.Wateringisstoppedforat

least5daysatthisstage.Theearthwormsgodownandthecompostiscollectedfrom

thetopwithoutdisturbingthelowerlayers(vermibed).Thefirstlotofvermicompostis

readyforharvestingafter2-2½monthsandthesubsequentlotscanbeharvestedafter

every6weeksofloading.Thevermibedisloadedforthenexttreatmentcycle.

►Multiplicationofwormsinlargescale:

Prepareamixtureofcow dunganddriedleavesin1:1proportion.Release

earthworm@ 50numbers/10kg.Ofmixtureandmixdriedgrass/leavesorhuskand

keepitinshade.Sprinklewateroverittimetotimetomaintainmoisturelevel.Bythis

process,earthwormsmultiply300timeswithinonetotwomonths.Theseearthworms

canbeusedtopreparevermicompost.

►AdvantagesofVermicomposting:

 Vermicompostisanecofriendlynaturalfertilizerpreparedfrom biodegradable  

organicwastesandisfreefromchemicalinputs.

 Itdoesnothaveanyadverseeffectonsoil,plantandenvironment.

 Itimprovessoilaeration,textureandtilththerebyreducingsoilcompaction.

 Itimproveswaterretentioncapacityofsoilbecauseofitshighorganicmatter

content.

 Itpromotesbetterrootgrowthandnutrientabsorption.

 Itimprovesnutrientstatusofsoil-bothmacro-nutrientsandmicro-nutrients.

►Precautionsduringvermicomposting:

 Vermicompostpitshouldbeprotectedfromdirectsunlight.

 Tomaintainmoisturelevel,spraywateronthepitasanwhenrequired.

 Protectthewormsfromant,ratandbird

4.4.4NightSoil
Nightsoilismanurepreparedfromhumanexcrementi.e.solidandliquid.

NightsoilisricherinN,P2O5andK2OascomparedtoFYMorcompost.Onoven

drybasis,ithasanaveragechemicalcompositionof:

N% P2O5% K2O%

5.5 4.0 2.0

InIndiaitisappliedtoalimitedextentdirectlytothesoil.Pitsortrenchesof10

to12ft.long,2to3ft.wideand9inchesto1footdeeparemade.Inthesepits,night

soilisdepositedandcoveredoverontopwithlayersofearthorKatchara.Thisis

knownasthePoudretteSystem.Sincethematerialformedintheabovetrenchesafter

theybecomedry,isknownaspoudrette.

►Improvedmethodsofhandlingnightsoil:
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Sincenightsoilisimportantbulkyorganicmanure,supplyingagooddealof

organicmatterandplantnutrientstothesoil,itisimportantthatnightsoilisusedby

thefollowingimprovedmethods:

1.Nightsoilshouldbeprotectedfromfliesandflybreedingshouldbecontrolled.

2.Itshouldbestoredinsuchawaythatitdoesnotpollutethesupplyofdrinking

water.

3.Pathogens,protozoa,cysts,wormsandeggsshouldbedestroyedbeforethenight

soilisappliedtotheland.

4.Attemptsshouldbemadetocompostthenightsoilwithotherrefuseinurban

centersbymunicipalortownauthoritiesandinruralareasbythefarmerhimself.

4.4.5SewageandSludge

Inthemodernsystem ofsanitationadoptedincities,waterisusedforthe

removalofhumanexcretaandotherwastes.Thisiscalledthesewagesystem of

sanitation.Inthissystem,thereisaconsiderabledilutionofthematerialinsolutionand

indispersioninfact,wateristhemainconstituentofsewage,amountingoftento99.0%.

Ingeneralsewagehastwocomponents,namely

(i) Solidportion,technicallyknownassludgeand

(ii) Liquidportion,commonlyknownassewagewater.

Boththecomponentsareusedinincreasingcropproductionastheycontain

plantnutrients.Bothcomponentsofsewageasseparatedandaregivenapreliminary

fermentationandoxidationtreatmentstoreducethebacterialcontamination,the

offensivesmellandalsotonarrowdowntheC:Nratioofthesolidportion.

(i)Sludges:

Inthemodernsystemofsewageutilization,solidportionorsludgeisseparated

outtoaconsiderableextentandgivenapreliminarytreatment(i.e.fermentationand

oxidation)beforeitsuseasmanure.Suchoxidizedsludgeisalsocalledactivated

sludgewhichisofinoffensivesmellandondryweightbasiscontainsupto3to6per

centN,about2percentP2O5 and1percentK2Oinaformthatcanbecomereadily

availablewhenappliedtosoil.

(ii)Sewageirrigation:

Whenrawsewageistreatedtoremovethesolidportionorsludgethewater,

technicallyknownastreatedeffluent,isusedforirrigationpurpose.Suchasystemof

irrigationisknownassewageirrigation.

Thus,boththeactivatedsludgeandtheeffluentcanbeusedwithsafelyfor

manuringandirrigatingallfieldcropsexceptthevegetableswhichareeatenrawor

uncooked.
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4.4.6GreenManuring

Practiceofincorporatingundecomposedgreenplanttissuesintothesoilforthe

purposeofimprovingphysicalstructureaswellasfertilityofthesoil.

Inagriculture,agreenmanureisatypeofcovercropgrownprimarilytoadd

nutrientsandorganicmattertothesoil.Typically,agreenmanurecropisgrownfora

specificperiod,andthenplowedunderandincorporatedintothesoil.Greenmanures

usuallyperformmultiplefunctionsthatincludesoilimprovementandsoilprotection:

 Leguminousgreenmanuressuchascloverandvetchcontainnitrogen-fixing

symbioticbacteriainrootnodulesthatfixatmosphericnitrogeninaformthat

plantscanuse.

 Greenmanuresincreasethepercentageoforganicmatter(biomass)inthesoil,

therebyimprovingwaterretention,aeration,andothersoilcharacteristics.

 Therootsystemsofsomevarietiesofgreenmanuregrowdeepinthesoilandbring

upnutrientresourcesunavailabletoshallower-rootedcrops.

 Commoncovercropfunctionsofweedsuppressionandpreventionofsoilerosion

andcompactionareoftenalsotakenintoaccountwhenselectingandusinggreen

manures.

 Somegreenmanurecrops,whenallowedtoflower,provideforageforpollinating

insects.

Historically,thepracticeofgreenmanuringcanbetracedbacktothefallowcycleof

croprotation,whichwasusedtoallowsoilstorecover.

►Typesofgreenmanuring:

Broadlytwotypesofgreenmanuringcanbedifferentiated.

i) Greenmanuringinsituand

ii) Greenleafmanuring

i)Greenmanuringinsitu:

Inthissystemgreenmanurecropsaregrownandburiedinthesamefield,either

asapurecroporasintercropwiththemaincrop.Themostcommongreenmanure

cropsgrownunderthissystemareSannhemp,dhainchaandguar.

ii)Greenleafmanuring:

Greenleafmanuringreferstoturningintothesoilgreenleavesandtendergreen

twigscollectedfromshrubsandtreesgrownonbunds,wastelandsandnearbyforest

areas.ThecommonshrubsandtreesusedareGlyricidia,Sesbania(wilddhaincha),

Karanj,etc.

TheformersystemisfollowedinnorthernIndia,whilethelatteriscommonin

easternandcentralIndia.
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►AdvantagesofGreenManuring:

1.Itaddsorganicmattertothesoil.Thisstimulatestheactivityofsoilmicro-

organisms.

2.Thegreenmanurecropsreturntotheuppertopsoil,plantnutrientstakenupbythe

cropfromdeeperlayers.

3.Itimprovesthestructureofthesoil.

4.Itfacilitatesthepenetrationofrainwaterthusdecreasingrunoffanderosion.

5.Thegreenmanurecropsholdplantnutrientsthatwouldotherwisebelostby

leaching.

6.Whenleguminousplants,likesunnhempanddhainchaareusedasgreenmanure

crops,theyaddnitrogentothesoilforthesucceedingcrop.

7.Itincreasestheavailabilityofcertainplantnutrientslikephosphorus,calcium,

potassium,magnesiumandiron.

►Disadvantagesofgreenmanuring:

Whenthepropertechniqueofgreenmanuringisnotfollowedorwhenweather

conditionsbecomeunfavourable,thefollowingdisadvantagesarelikelytobecome

evident.

1.Underrainfedconditions,itisfearedthatproperdecompositionofthegreenmanure

cropandsatisfactorygerminationofthesucceedingcropmaynottakeplace,if

sufficientrainfallisnotreceivedafterburyingthegreenmanurecrop.This

particularlyappliestothewheatregionsofIndia.

2.Sincegreenmanuringforwheatmeanslossofkharifcrop,thepracticeofgreen

manuringmaynotbealwayseconomical.Thisappliestoregionswhereirrigation

facilitiesareavailableforraisingkharifcropalongwitheasyavailabilityoffertilizers.

3.Incasethemainadvantageofgreenmanuringistobederivedfrom additionof

nitrogen,thecostofgrowinggreenmanurecropsmaybemorethanthecostof

commercialnitrogenousfertilizers.

4.Anincreaseofdiseases,insectsandnematodesispossible.

5.Ariskisinvolvedinobtainingasatisfactorystandandgrowthofthegreenmanure

crops,ifsufficientrainfallisnotavailable.

►Greenmanurecrops:

Leguminous Non-leguminous

1. Sannhemp 1. Bhang

2. Dhaincha 2. Jowar

3. Mung 3. Maize

4. Cowpea 4. Sunflower

5. Guar

6. Berseem

►SelectionofGreenmanurecropsinsitu:

Certaingreenmanurecropsaresuitableforcertainpartsofthecountry.

Suitabilityandregionaldistributionofimportantgreenmanurecropsaregivenbelow:

Sannhemp:Thisisthemostoutstandinggreenmanurecrop.Itiswellsuitedtoalmost

allpartsofthecountry,providedthattheareareceivessufficientrainfallorhasan

assuredirrigation.Itisextensivelyusedwithsugarcane,potatoes,gardencrops,
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secondcropofpaddyinSouthIndiaandirrigatedwheatinNorthernIndia.

Dhaincha:Itoccupiesthesecondplacenexttosannhempforgreenmanuring.Ithas

theadvantageofgrowingunderadverseconditionsofdrought,water-logging,salinity

andacidity.ItisinwideuseinAssam,WestBengal,BiharandChennaiwithsugarcane,

Potatoesandpaddy.

Guar:Itiswellsuitedinareasoflowrainfallandpoorfertility.Itisthemostcommon
greenmanurecropinRajasthan,NorthGujaratandPunjab.

►TechniqueofGreenManuringinsitu:

Themaximumbenefitfromgreenmanuringcannotbeobtainedwithoutknowing

:

(i) Whenthegreenmanurecropsshouldbegrown,
(ii) Whentheyshouldbeburiedinthesoiland

(iii) Howmuchtimesshouldbegivenbetweentheburyingofagreenmanurecrop

andthesowingofthenextcrop.

(i)Timeofsowing:

Thenormalpracticeusuallyadoptedistobeginsowingimmediatelyafterthe
firstmonsoonrains.Greenmanurecropsusuallycanbesown/broadcastpreferably
givingsomewhathigherseedrate.

(ii)Stageofburyinggreenmanurecrop:

From theresultsofvariousexperimentsconductedondifferentgreenmanure

crops,itcanbegeneralizedthatagreenmanurecropmaybeturnedinsoilatthestage

offlowering.Themajorityofthegreenmanurecropstakeaboutsixtoeightweeks

from thetimeofsowingtoattainthefloweringstage.Thebasicprinciplewhich

governstheproperstageofturninginthegreenmanurecrops,shouldaimatmaximum

succulentgreenmatteratburying.

(iii)Timeintervalbetweenburyingofgreenmanurecropandsowingofnextcrop.

Followingtwofactorswhichaffectthetimeintervalbetweenburringofgreen

manurecropandsowingofnextcrop.

1.Weatherconditions

2.Natureoftheburiedgreenmaterial

Inpaddytractstheweatherishumidduetothehighrainfallandhigh

temperature.Thesefavourrapiddecomposition.Ifthegreenmaterialtobeburiedis

succulentthereisnoharmintransplantingpaddyimmediatelyafterturninginthegreen

manurecrop.Whenthegreenmanurecropiswoody,sufficienttimeshouldbeallowed

foritsproperdecompositionbeforeplantingthepaddy.

►Regionsnotsuitableforgreenmanuring:

Theuseofgreenmanuresindryfarmingareasinaridandsemiaridregions
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receivinglessthan25inchesofannualrainfallis,asarule,impracticable.Insuchareas,

onlyonecropisraised,assoilmoistureislimited.Suchdryfarmingareasarelocatedin

Punjab,Maharashtra,Rajasthan,M.P.andGujarat(KutchandSaurashtra).

Onveryfertilesoilsingoodphysicalcondition,itisnotadvisabletousegreen

manuresasapartoftheregularrotation.

Inareaswhererabicropsareraisedonconservedsoilmoisture,duetolackof

irrigationfacilities,itisnotpracticabletoadoptgreenmanuring.Ifgreenmanuringis

followedintheseareas,thereisdangerofincompletedecompositionofthegreen

matterandassuchlessmoistureforthesucceedingcrop.

*******

CHAPTER-5

TRANSFORMATIONOFORGANICMANURES

Organicmatterinthesoilcomesfrom theremainsofplantsandanimals.As

neworganicmatterisformedinthesoil,apartoftheoldbecomesmineralized.The

originalsourceofthesoilorganicmatterisplanttissue.Undernaturalconditions,the

topsandrootsoftrees,grassesandotherplantsannuallysupplylargequantitiesof

organicresidues.Thus,higherplanttissueistheprimarysourceoforganicmatter.

Animalsareusuallyconsideredsecondarysourcesoforganicmatter.Variousorganic

manures,thatareaddedtothesoiltimetotime,furtheraddtothestoreofsoilorganic

matter.

Compositionofplantresidues

Compositionoforganicresidueshaveun-decomposedsoilorganicmatter

(mainlyplantresiduestogetherwithanimalremains,i.e.animalexcretaetc.)The

moisturecontentofplantresiduesvariesfrom60to90%(average78%)and25%dry

matter(solid).Planttissues(organicresidues)maybedividedinto91)organicand(2)

inorganic(elemental)composition.Thecompoundsconstitutingtheplantresiduesor

un-decomposedsoilorganicmatterisshowninthefollowingdiagram

OrganicResidues

(Un-decomposedorganicmatter)
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Organic Inorganic

(Mineralmatter/elementalcompositionor

ash)

S,P,Cl,CO3,Ca,Mg,Na,

K,Fe,Zn,Cu,Mn,etc.

Nitrogenous Non-nitrogenous

Insoluble:protein,peptides, Carbohydrates:Cellulose(insoluble);

Peptonesetc starch,hemicelluloses,pectin,mucilageetc.

(Hydrolysable);sugars

(soluble)

Water-soluble:Nitrates, Ether-soluble:Fats,oils,waxes,resins

ammonicalcompoundsetc steroidsetc.

Miscellaneous:Lignin,tanin,essentialoils,organicacids

5.1Transformationreactionoforganicmanuresinsoil

Theorganicmaterialsincorporatedinthesoildonotremainassuchverylong.

Theyareatonceattackedbyagreatvarietyofmicroorganisms,wormsandinsects

presentinthesoilespeciallyifthesoilismoist.Themicroorganismforobtainingtheir

food,breakupthevariousconstituentsofwhichtheorganicresiduesarecomposed,

andconvertthemintonewsubstances,someofwhichareverysimpleincomposition

andothershighlycomplex.Thewholeoftheorganicresiduesisnotdecomposedallat

onceorasawhole.Someoftheconstituentsaredecomposedveryrapidly,someless

readily,andothersveryslowly.

Atentativeschemeforthedifferentstagesofmicrobialdecompositionof

organicresiduesareshowninfig-1.

Itisevidentthatdifferentconstituentsoforganicresiduesdecomposeat

differentrates.Simplesugars,aminoacids,mostproteinsandcertainpolysaccharides

decomposeveryquicklyandcanbecompletelyutilizedwithinaveryshortperiod.Large

macro-moleculeswhichmakeupthebulkofplantresiduesmustfirstbebrokendown

intosimplerformsbeforetheycanbeutilizedfurtherforenergyandcellsynthesis.This

processiscarriedoutbycertainspecificenzymesexcretedbymicroorganisms.

Theutilizationofresiduecomponenetsandtheirbrokendownproducts(sugar,

aminoacids,phenoliccompoundsandothers)leadstotheproductionofmicrobialcells,

whicharefurtherdegradesfollowingdeathoforganisms.

FirstStage:Decompositionofeasilydegradablesubstances,

partialconversiontoCO2andbodytissue(B)

INITIALAMOUNTOFRESIDUE
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SecondStage:Celluloseandothercarbohydrates

utilizedwithfurtherlossinweight,

formationofnewbodytissuepartof

previousbiomassmineralized

ThirdStage:Furtherdecreaseincelluloseinitiationoflignin

decompositionfurtherlossinweightofbiomass

FourthStage:Furthercycling.Forplantresidueaboutone-thirdofthecarbonwill

remaininthesoilattheendofthegrowingseason.

Fig-1:Stageofdecompositionoforganicresidues

5.2ImportanceofC:Nratioinrateofdecomposition

Theratiooftheweightoforganiccarbon(C)totheweightoftotalnitrogen(N)in

asoil(ororganicmaterial),isknownasC:Nratio.Whenfreshplantresiduesareadded

tothesoil,theyarerichincarbonandpoorinnitrogen.Thecontentofcarbohydratesis

high.Thisresultsinwidecarbon-nitrogenratio whichmaybe40 to 1.Upon

decompositiontheorganicmatterofsoilschangestohumusandhaveanapproximate

C:Nratioof10:1.

Theratioofcarbontonitrogeninthearable(cultivated)soilscommonlyranges

from 8:1to15:1.Thecarbon-nitrogenratioinplantmaterialisvariable,rangingfrom

20:1to30:1.Lowratiosofcarbontonitrogen(10:1)insoilorganicmattergenerally

indicateanaveragestageofdecompositionandresistancetofurthermicrobiological

decomposition.AwideratioofC:N (35:1)indicateslittleornodecomposition,

susceptibilitytofurtherandrapiddecompositionandslownitrification.

►SignificanceofC:NRatio

(1)Keencompetitionforavailablenitrogenwhenorganicresidues(withhighC:Nratio)

B

B CO2 B

B CO2 B
B
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areaddedtosoils.WhenorganicresidueswithawideC/N ratio(50:1)are

incorporatedinthesoil,decompositionquicklyoccurs.Carbondioxideisproduced

inlargequantities.Undertheseconditions,nitrate-nitrogendisappearsfromthesoil

becauseoftheinstantmicrobialdemandforthiselementtobuilduptheirtissues.

Andforthetimebeing,little(orno)nitrogenisanavailabletoplants.As

decompositionoccurs,theC/Nratiooftheplantmaterialdecreasesincecarbonis

beinglostandnitrogenconserved.Nitrates-Nagainappearinquantityinthesoil,

thus,increasesplantgrowth.

(2)ConsistencyofC:NRatio.Asthedecompositionprocessescontinue,bothcarbon

andnitrogenarenowsubjecttolossthecarbonascarbondioxideandthenitrogen

asnitrateswhichareleachedorabsorbedbyplants.Atapointcarbon-nitrogenratio,

becomesmoreorlessconstant,generallystabilizesat10:1or12:1.

5.3IntegratedNutrientManagement(INM)
Modernagriculturalproductionpracticeshaveemphasizedthewidespreadus

offertilizerandthisapproachhascertainlyincreasedgrainyieldinmanycountriesin

thelasttwodecades.However,long-term useofchemicalfertilizersalsoledtoa

declineincropyieldsandsoilfertilityintheintensivecroppingsystem.Thereis

evidencethatoverfertilizationhasincreasedtheconcentrationofmanyplantnutrients

inbothsurfaceandgroundwater,whichhascreatedapotentialhealthhazards.

Inordertosafeguardtheenvironmentalfrom furtherdegradationandto

maintainthepurityofair,waterandfood.Weshouldoptforlessuseofchemicalsand

shiftfrom chemicaltoecologicalagriculturetofertilizeourfields.Hence,inrecent

yearsintegrated useofinorganicfertilizersand organicmanureshasbecome

importantforhigheragriculturalproduction.Nosinglesourceofplantnutrients.beit

chemicalfertilizer,organicmanure,cropresidue,greenmanureorevenbiofertilizers

canmeettheentirenutrientneedsofcropsinpresentdayagriculture.

Farmyardmanureandcompostarelimitedinsupplyandhavelownutrient

content.However,greenmanureisapotentialsourceoforganicmanure.Theuseof

plantresiduesandbiofertilizersisalsobeingadvocatedinnutrientmanagement.

Organicmanure,however,cannotusedasasubstituteforchemicalfertilizerbutonly

asacomponentinthewholenutrientmanagementsystem asthenutrientneeds

essentialforhigheryieldnutrientmanagementsystemasthenutrientneedsessential

forhigheryieldgoalcannotbemetexclusivelythroughthemparticularlyforreasonsof

insufficiency.

Therefore,tomaintainproductionathighlevels,resourcehastobemadetothe

applicationoffertilizerandmanurenotonlyprovideessentialplantnutrientsbutalso

builduptheorganiccarbonandimprovesoilphysicalaswellasbiologicalconditions.

As"sustainableplantnutritiontoincreasefoodproduction"hasbeenidentifiedasone

oftheprioritiesdirectlylinkedtolandandwatermanagementresourcesinrelationto

environment.Therefore,forthesustainedgrowth,thesoilhealthisveryimportantto

achievenationalfoodsecuritytargets.Inadditiontothis,formaximizingfertilizeruse

efficiencyandensureabalancedandoptimumsupplyofessentialplantnutrients,INMs

hasgotspecialemphasizesinpresentdayofagriculture.
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Theconceptofintegratednutrientmanagement(INM)isthemaintenanceofsoil

fertility and health,sustaining agriculturalproductivity and improving farmers'

profitabilitythroughthejudiciousandefficientuseofmineralfertilizerstogetherwith

organicmanuresindustrial/farmwastesandbiofertilizers.Thus,theobjectivesofINM

aretoensureefficientandjudicioususeofallthemajorsourcesofplantnutrientsinan

integratedmannersoastogetmaximum economicyieldfrom aspecificcropping

system.

xxxxx

CHAPTER-6

CHEMICALFERTILIZERS

"Fertilizermaybedefinedasmaterialshavingdefinitechemicalcomposition
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withahigheranalyticalvalueandcapableofsupplyingplantnutrientsinavailable

forms."

6.1:Characteristicsoffertilizer
Usuallyfertilizersareinorganicinnatureandmostofthemaretheproductsof

differentindustries.Onlyexceptiontotheinorganicnature.UreaandCaCN2(calcium

cynamide)and solid organic nitrogenous fertilizers.Required in less quantity

concentratedandcheaper.Nutrientsarereadilyavailable.Verylessresidualeffect.Salt

effectishigh.Adverseeffectsareobservedwhennotappliedintimeandinproper

proportion.

CompleteFertilizer:Completefertilizerisreferredtoafertilizermaterialwhich

containsallthreemajornutrients,N,PandK.

IncompleteFertilizers:Thisfertilizerisreferredtoafertilizermaterialwhichlacks

anyoneofthreemajornutrientelements.

StraightFertilizer:Straightfertilizersmaybedefinedaschemicalfertilizers

which contain only one primary ormajornutrientelement.e.g.ammonium

sulphate,(NH4)2SO4,Urea(CO(NH2)2).

MixedorComplexfertilizer:Thisfertilizermaybedefinedasafertilizermaterial

whichcontainsmorethanoneprimaryormajornutrientelementsproducedbythe

processofchemicalreactions.

Therearegenerallythreetypesofchemicalfertilizersavailableinthemarket

namelynitrogenous,phosphaticandpotassicfertilizers.Thesetypesoffertilizersare

mostlyusedbytheIndianfarmersforthecropcultivation.Themostimportant

nitrpgenous,phosphaticandpotassicfertilizersusedbythefarmersareammonium

sulphate,ureaasNsources,superphosphateandrockphosphateasPsourcesand

muriateofpotashasKsources.SometimesmicronutrientfertilizerslikeZnSO4asZn,

BoraxasB-sourcesetc.areusedbythefarmers.

6.2NitrogenousFertilizers
Nitrogenispresentinsoilas(i)Organicformand(ii)inorganicform.Inorganic

form includesammonical(NH4
+),Nitrite(NO2

-)andNitrate(NO3
-).PlantabsorbsNin

theformofNO-
3andNH+

4formsbypaddyinearlystages.NitrogeninNH+
4formgoes

onexchangecomplexonclayandorganiccolloidsandhence,thispartisnotlostdue

toleaching,whileNO-
3 islostduetoleachingasitdoesnotgoonexchangecomplex

underneutraltohigherpHvaluesofsoil.Butitgoesonexchangeunderhighlyacidic

conditions.Thenitratefertilizersarehygroscopicinnature,itisforthisreason,nitrate

fertilizersarenotcommonlyusedeventhoughplantabsorbsNasNO-
3.Therefore,

organicform(urea)andfertilizersofNH4formlikeammoniumsulphatearewidelyused.

MostofIndiansoilsarelowinNandtherequirementofNbycropisthroughout

itsgrowingperiod,thereforeNshouldbeappliedinsuchawaythatplantgetsit

throughoutitslifeperiod.Itbecomesabsolutelynecessarytoapplynitrogenous

fertilizerstoeverysoilandcrop.Forthis,thetotalquantityofnitrogenousfertilizers

requirementismorecomparedtofertilizersofothernutrients.

CommercialNitrogenousFertilizers:Commercialnitrogenousfertilizersarethose

fertilizersthataresold fortheirnitrogencontentand aremanufactured ona

commercialscale.
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6.2.1ClassificationofNitrogenousFertilizers:

Nitrogenousfertilizersmaybeclassifiedintofourgroupsonthebasisofthe

chemicalforminwhichnitrogeniscombinedwithotherelementswithafertilizer.

NitrogenousFertilizers

Nitrate

Fertilizers

Ammonical

Fertilizers

Nitrateand

Ammonical

Fertilizers

Amide

Fertilizers

1)NitrateFertilizers:

NitrogeniscombinedasNO3
-withotherelements.Suchfertilizersare

i)SodiumnitrateorChileannitrate(NaNO3)–16%N

ii)Calciumnitrate[Ca(NO3)2]–15.5%N.

Outofthese,sodiumnitrateisanimportedcommercialfertilizer.

2)AmmonicalFertilizers:-

Inthesefertilizers,nitrogeniscombinedinammonical(NH4)formwithotherelements.

Suchfertilizersare

i)Ammoniumsulphate[(NH4)2SO4]–20%N

ii)AmmoniumChloride(NH4Cl)-24to26%N

iii)Anhydrousammonia-82%N

3) NitrateandammonicalFertilizers:

Thesefertilizerscontainnitrogenintheform ofbothnitrateandammonical.Such

fertilizersare

i)Ammoniumnitrate(NH4NO3)-33to34%N

ii)Calciumammoniumnitrate-26%N

iii)Ammoniumsulphatenitrate-26%N

4) Amidefertilizers:

Thesefertilizerscontainnitrogeninamideorcynamideform.Suchfertilizersare

i)Urea[CO(NH2)2]–46%N

ii)Calciumcynamide(CaCN2)–21%N

6.2.2GeneralPropertiesofNitrogenousFertilizers:

1)Nitratefertilizers:

Mostofthefieldcropsexceptpaddyinearlystagesoftheirgrowth,takeup

nitrogeninnitrateformassuch,

i) Nitratefertilizersarereadilyabsorbedandutilizedbythesecrops.Nitratefertilizers

areveryoftenusedastopandsidedressings.

ii) Thegreatmobilityofthenitrateioninthesoilhastheadvantagethat,evenby

broadcastingthefertilizeronthesurfaceofthesoil,thenitrogenreachestheroot

zonequickly.

iii)Ontheotherhand,thereisalsotheincreaseddangerofleachingofthesefertilizers.

Ondrysoils,nitratefertilizersaresuperiortotheotherformsofnitrogenous

fertilizers.

iv)Allnitratefertilizersarebasicintheirresidualeffectonthesoilsandtheircontinued

usemayplayasignificantroleinreducingsoilacidity.Sodiumnitrate,forexample,
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hasapotentialbasicityof29poundsofcalcium carbonateper100poundsof

fertilizermaterial.

2)AmmonicalFertilizers:

i) Ammonicalfertilizersarewatersoluble.

ii)ItislessrapidlyusedbyplantthanNO-
3,asitistobechangedtoNO-

3beforeuseby

crop.

iii)Itisresistanttolostduetoleachingasbeingcationgoesonexchangecomplex.

iv)AnyfertilizerswhichcontainNasNH+
4orwhichischangedasNH+

4 produced

acidityinsoilduetoproductionofHNO3.

v)Ammonium(NH+
4)offertilizergoesonexchangecomplex,usedbycroplikepaddy.

vi)UsedbymicroorganismsnitrifiedtoNO3andlostduetovolatilizationfromsoil.

3)NitrateandAmmonicalFertilizers:

i) Fertilizersofthisgrouparesolubleinwater.

ii)Nitratepartcanreadilybeusedbycrop.

iii)NH+
4 cangoonexchangeandhence,thisisbesttypebutdidnotovertake

ammoniumsulphateandurea,astheyarehygroscopicinnature.

iv) Theyareacidicintheirresidualeffectonsoil

4)AmideFertilizes:

i) Fertilizersofthisgrouparereadilysolubleinwater.Theyareeasilydecomposedby

microorganismsduetopresenceofoxidisablecarbon.

ii)TheyarequicklychangedtoNH+
4 thenintoNO-

3.

6.2.3Manufacturingprocessofammoniumsulphateandurea:

Mostofthenitrogenousfertilizeslikeammonium sulphate,urea,ammonium

nitrate,ammonium sulphatenitrateand even DAP aremanufactured byusing

AnhydrousAmmoniagas(NH3)asoneoftheimportantcompound.Mostofthe

commercialNH3ispreparedbyHaber’sprocessbythefixationofatmosphericNby

meansofH2.

Thereactionis:

200atm.Pressure

N2+3H2 2NH3+24.4KCal

at550oCtemp

FeandMoascatalysts

Ammoniacanalsobeobtainedfrom naturalgas,coalgasandnaphtha.

Therefore,costoffertilizerproductioninfertilizerfactoryinstallednearapetrochemical

willbelow.

TheNH3givesammoniumsulphatewithsulphuricacid,NH4ClwithHCI;NH4NO3

withHNO3;ureawithCO2;MAPandDAPwithH3PO4.Thus,NH3ischiefcompoundfor

mostofthenitrogenousfertilizers.

i)PreparationofAmmoniumsulphate(A/S):-

Itispreparedby

(a)reactingNH3withH2SO4

(b)gypsumprocess

(c)by-productofcoalandsteelindustries.

a)NH3withH2SO4:-NH3isreactedwithH2SO4givingA/S.Theliquidiscrystallizedand
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crystalsofA/Sareobtained.

2NH3+H2SO4=(NH4)2SO4

Sincethesulphurusedinsulphuricacidistobeimported,thesourceofH2SO4

becomescostlierandhence,gypsumacheapersourceofsulphurisusedingypsum

process.

b)Gypsum process:Themainraw materialsrequiredingypsum processisNH3,

pulverizedgypsum,CO2andwater.NH3isobtainedbyHaber’sprocess.ThisNH3when

reactswithCO2,gives (NH4)2CO3.Thegroundgypsumwhenreactswith(NH4)2CO3

solutiongives(NH4)2SO4andCaCO3.Thereactionsare:

N2+3H2 2NH3

2NH3+H2O+CO2 (NH4)2CO3

(NH4)2CO3+CaSO4 (NH4)2SO4+CaCO3

ii)PreparationofUrea:-

Themainprincipleinvolvedintheprocessofmanufactureiscombiningpure

ammoniawithpureCO2andremovingonemoleculeofH2OfromtheresultingNH4CO3

toformUrea.TheCO2andNH3areallowedtoreactintheliquidphaseundergreatly

elevatedpressureandtemperatureinpresenceofsuitablecatalystsandthisprocess

requireshighlyspecializedequipment.TheCO2andNH3arecompressedandheatedas

theyentertheconverterwhereureaisformed.AlargeexcessofNH3isusedinorderto

increasetheconversionrate.

UreaismanufacturedbyreactinganhydrousammoniawithCO2underhigher

pressure in presence ofsuitable catalyst.The intermediate unstable product

ammoniumcarbamateisdecomposedtourea:

N2+3H2 2NH3

2NH3+CO2 NH2COONH4

30atm (Ammo.Carbomate,Unstableintermediate

product)

TheunreactedNH3andCO2areremovedbymeansofanevaporatorstillandare

thenrecycled.Theureasolutionispumpedtothecrystalizerwherecoolingand

crystallizationtakeplace.Theureacrystalsarecentrifugedanddried.Thisunstable

intermediateproductisdecmposedandureaisrecovered.Theureasolutionisthen

concentratedto99percentandissprayedintoachamberwhereureacrystalsare

formed.

NH2COONH4 NH2CONH2+H2O

(Ammo.Carbomate) (Urea,whitecrystallinesubstance)

Duringthepreparationofurea,biuretisformedwhichisharmful.Thisbiuretis

formedwhentwomoleculesofureaarereactedeliminatingNH3.

NH2.CO.N(H2+H.N)HCO.NH2 =NH2CO.NH.CONH2+NH3

Urea Urea Biuret

Inureabiuretshouldnotbemorethan1.5%.

Reactionsofureainsoil

Afterapplicationofureainsoil,itundergoesenzymatichydrolysismediatedby



57

Urease enzyme to produce an unstable compound designated as ammonium

carbamate.

NH2-CO-NH2+H2O UreaseEnzyme NH2COONH4

(Urea) (Water) (Ammo.Carbamate)

NH2COONH4 NH3 + CO2

(Ammo.Carbamate) (Ammonia)(Carbondioxide)

ThisNH3isconvertedtoNH4
+ionsbyacceptingoneproton(H+)from proton

donorandsubsequentlyformsofNH4OHoranyotherNHcompounddependingupon

thenatureofthedonor.Thenafterammonical-N(NH4
+)formundergoesnitrificationso

astoproducenitriteandnitratessubsequentlywhichisavailablefortheplantgrowth.

Nowadaysureaisusedasfertilizermorecomparedtoothernitrogenousfertilizers

duetothefollowingreasons:

a)HigherNcontent(44to46percent).

b)Goodphysicalconditions.

c)LessacidicinresidualeffectcomparedtoA/S.

d)LesscostperunitofNinproduction,storageandtransport.

e)Lackofcorrosiveness.

f) Suitableforfoliarapplication,and

g)Itishavingofequalagronomicalvaluecomparedtoothernitrogenousfertilizers.

SlowreleaseNfertilizers

Slow-releasefertilizersareexcellentalternativestosolublefertilizers.Because

nutrientsarereleasedataslowerratethroughouttheseason,plantsareabletotakeup

mostofthenutrientswithoutwastebyleaching.Aslow-releasefertilizerismore

convenient,sincelessfrequentapplicationisrequired.Fertilizerburnisnotaproblem

withslow-releasefertilizersevenathighratesofapplication;however,itisstill

importanttofollowapplicationrecommendations.Slow-releasefertilizersmaybemore

expensivethansolubletypes,buttheirbenefitsoutweightheirdisadvantages.

Slow-releasefertilizersaregenerallycategorizedintooneofseveralgroups

basedontheprocessbywhichthenutrientsarereleased.Applicationratesvarywith

thedifferenttypesandbrands,withrecommendationslistedonthefertilizerlabel.

Pelletized:

Onetypeofslow-releasefertilizerconsistsofrelativelyinsolublenutrientsinpelletized

form.Asthepelletsizeisincreased,thetimeittakesforthefertilizertobreakdownby

microbialactionisalsoincreased.

ChemicallyAltered:

Afertilizermaybechemicallyalteredtorenderaportionofitwaterinsoluble.For

instance,ureaischemicallymodifiedtomakeUreaform (ureaformaldehyde)--a

fertilizerthatis38percentnitrogen,70percentofwhichiswater-insoluble.This
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percentageisoftenlistedonfertilizerlabelsasthePercentW.I.N.,orthepercentof

water-insolublenitrogen.Thisform ofnitrogenisreleasedgraduallybymicrobial

activityinthesoil.Becausemicrobialactivityisgreatlyaffectedbysoiltemperature,pH,

aeration,andtexture,thesevariablescanaffectthereleaseofnitrogenfromUreaform.

Forexample,therewillbelessfertilizerbreakdowninacidsoilswithpooraeration--an

environmentunfavorabletosoilmicroorganisms.

IBDU(isobutylidenediurea)issimilartoUreaform,butcontains32percentnitrogen,90

percentofwhichisinsoluble.However,IBDUislessdependentonmicrobialactivity

thanUreaform.Nitrogenisreleasedwhensoilmoistureisadequate.Breakdownis

increasedinacidsoils.

Coatedfertilisers

Controlled-orslow-releasefertilizersarebroadlydividedintouncoatedandcoated

products.Uncoatedproductsrelyoninherentphysicalcharacteristics,suchaslow

solubility,fortheirslowrelease.Coatedproductsmostlyconsistofquick-releaseN

sourcessurroundedbyabarrierthatpreventstheNfrom releasingrapidlyintothe

environment.

FewexamplesofcoatedNfertilizers:

Neem coatedUreaispreparedbymixingNeem oilwithUreagranulesbefore

application.AspertheFertilizerControlOrder(1985)amendment,neemoil@0.350kg

isrequiredtocoatonetonneofureafertilizer.

Sulfur-coatedurea(SCU),whichismanufacturedbycoatinghotureawithmoltensulfur

andsealingwithapolyethyleneoiloramicrocrystallinewax.

6.3PhosphaticFertilizers
Thephosphorus(P)nutrientofallphosphaticfertilizersisexpressedasP2O5.In

soil,Pispresentas(i)OrganicPand(ii)InorganicP.TheformsofinorganicPareH2PO
-
4; HPO-2

4;andPO-3
4;Outofwhich,H2PO4andHPO4ionsareavailabletoplant.Insoil,

waterinischangedtoHPO-2
4andPO-3

4ionswithincreaseinpH.

-H+ -H+

H2PO
-
4 HPO-2

4 PO-3
4

Firstly,thePinsoilisimmobileorslightlymobilearoundonecmdiameterand

therefore,theyshouldbeappliedinrootzone.

Secondly,therequirementofPismaximumintheinitialcropgrowthstages.The

croptakesup2/3oftotalPwhenthecropgains1/3oftotaldrymatterandhence,the

entirequantityshouldbeappliedatonetimethatisatthetimeofsowingasabasal

dose.

Thirdly,watersoluble-Pischangedtoinsolubleform asFeandAl–PO4

(Phosphate)underacidicandcalciumphosphateincalcareousorhighCacontentorin
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higherpH soilsandhence,thereisnodangerforthelossduetoleachingand

volatilization.TheappliedPremainasinavailableforminlessquantitywhilegreater

quantityischangedtoinsolubleform.

ChemistryofPcompounds:

Phosphorus when burns gives P2O5 and with water,itforms HPO3

(Metapohosphoricacid)andH3PO4(orthophosphoricacid)P2O5+H2O=2 HPO3;HPO3

+H2O=H3PO4.TheseH3PO4isimportantinagricultureasitformsthreecompounds

(salts)byreplacingonehydrogeneverytime.

-H+ -H+

H3PO4 H2PO
-
4 HPO-2

4 PO-3
4

WhenH3PO4combineswithcalcium,itformsthreesalts.

Theyare– i)Ca(H2PO4)2Monocalciumphosphate

ii)CaHPO-
4Dicalciumphosophate

iii)Ca3(PO4)
-
2Tricalciumphosophate

6.3.1Classificationofphosphaticfertilizers:

Thephosphaticfertilizersareclassifiedintothreeclassesdependingonthe

forminwhichH3PO4combinedwithCa.

Phosphaticfertilizers

I II III

WatersolublePcontaining CitricacidsolubleP

containing

Citrateandwaterinsoluble-P

containing

Superphosphate(SSP)

(16to18%P2O5)

Basicslags

(14to18%P2O5)

Rockphosphate

(20to40%P2O5)

Double Super phosphate

(DSP)

(32to36%P2O5)

Dicalciumphosphate

(34to39%P2O5)

Rawbonemeal

(20to25%P2O5and3to4%

N)

TripleSuperphosphate(TSP)

(46to48%P2O5)

Rhenaniaphosphate

(23to26%P2O5)
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Monoammoniumphosphate

(20%Nand20%P2O5)

Steamedbonemeal

(22%P2O5)

Diammoniumphosphate

(18%Nand46%P2O5)

(Partof P2O5solublein

citricacid)

6.3.2GeneralPropertiesofPhosphaticFertilizers:

i)WatersolublePcontainingfertilizer:

a)Theycontainwatersoluble-PasH2PO4ionwhichcanbeabsorbedquicklyand

availabletoplantswhenrootsystemisnotfullydeveloped.

b)Watersoluble-Pisrapidlytransformedintowaterinsolubleforminsoilandhence

thereisnodangeroflossduetoleaching.

c)Thesefertilizersshouldbeusedonslightlyacidic,neutraltoalkalinesoilsbutnot

onacidicsoilsasthewatersoluble-PischangedtounavailableFeandA1-PO4.

d)Thesefertilizersareappliedwhenacroprequiresquickstartandforshortduration

crops.

ii)Citricacid(1%)soluble Pcontainingfertilizers:

a)Theycontaincitratesoluble-PandhencethisPislessavailablethanwatersoluble-

P.

b)Theyaresuitableformoderatelyacidsoilsbecauseitgetsconvertedintowater

solubleform.TheyarebasicinreactionandCacontent.

c)TherearelesschancesofgettingfixedbyFeandAl.

d)Theyaresuitableforlongtermcropsandwhereimmediateandquickstarttocrops

isnotimportant.

iii)Citrateandwater insolubleP fertilizers:

a)Theyaresuitableforstronglyacidicsoils

b)TheycontaininsolublePandhencenotavailabletocrops

c)ThePisavailablewhenploughedwithgreenmanuringcropororganicresidues.

d)Theyareusedforlongdurationcropsandinlargequantity500to1000kg/ha

e)Theyareusedwhereimmediateeffectsarenotimportant

6.3.3ManufacturingofPhosphaticfertilizers:

i)Singlesuperphosphate(SSP):

SSP is manufactured bymixing equalamounts ofrockphosphate and

concentratedH2SO4(approximately70%)andallowingtoreactforoneminutein

mechanicalrotators.Itisleftfor12hrstohardenandtocooldown.Itisthenmatured

andaftersomeweeks,itbecomesreadyforuse.DuetofreeH2SO4presentinit,itis
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responsiblefordestroyinggunnybagsandhencefirstfillinpolythenebagsandthenin

gunnybags.

Ca3(PO4)2+H2SO4+5H2O=Ca(H2PO4)2.H2O+2CaSO4.2H2O

ItcontainstwopartbyweightCa(H2PO4)2monoalcium phosphate(16to18%

watersoluble-P)andthreepartsbyweightgypsum.Theformulaofsuperphosphateis

Ca(H2PO4)2.H2O,CaSO4.2H2O.SuperphosphatesuppliesP,CaandSanddueto

gypsum,itimprovesphysicalconditionsofsoilwhenaddedtosoil.

Indoublesuperphosphate,thereisnoseparateprocessbutgypsumisremoved

andwhentheP2O5percentofthecontentcomesto32to36,itiscalleddoublesuper

phosphate.

Intriplesuperphosphate,phosphoricacidisusedinsteadofH2SO4withcalcium

phosphate.

ii)Diammoniumphosphate:(DAP):

DAPormonoammonium phosphateispreparedbyreactingphosphoricacid

(H3PO4)withNH3.InthisifoneH+ ionofH3PO4 reactswithNH3 ifformsMAP

(NH4H2PO4)andNH3reactswithtwoH+ionsofH3PO4formsDAP[(NH4)2HPO4].

H NH4

NH3 + H PO4 H PO4

H H

Monoammoniumphosphate

(NH4H2PO4)

H NH4

2NH3 + H PO4 NH4 PO4

H H

DAP(NH4)2HPO4)

6.4PotassicFertilizers

Potassium(K)ispresentinsoilas:

i) Readilyavailableformsasinsoilsolutionandasexchangeable.Theseformsare
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availableandplantabsorbstheseKformsasK+ion.

ii) Slowlyavailableformasnon-exchangeablei.e.fixed

iii)Relativelyunavailableintheformofminerals(feldsparsandmicasetc.)

Firstly,thepotashbehavespartlylikeNandpartlylikeP.Fromviewpointoftherate

ofabsorption,itisrequired(absorbed)uptoharvestingstagelikeNandlikeP,it

becomesslowlyavailable.Therefore,theentirequantityisappliedatsowingtime.

Secondly,potashbeingcationadsorbedonclaycomplexandhenceleachingloss
reduces.Leachingisgreaterinlightsoilsthanheavytexturedsoils.Therefore,likeN,
sometimesplitapplicationofKisdesirableinsandysoil.

Thirdly,eventhoughthesoilcontainsenoughpotashordoesnotgiveresponseto
crops,itbecomesnecessarytoapplyforthefollowingreasons:

a)MaintainingKstatusofsoil
b)Forimprovingburningqualityoftobacco
c)Forneutralizingharmfuleffectsofchlorideinplant

d)Forsugarsorstarchproducingcropslikepotato,sweetpotato,sugarcane,sugar

beet,bananaetc.forformationofsugarandstarch.

e)Forfibrouscropslikesann,flexetc.togivestrengthtofibre

f) Fortheformationofpigmentsincropsliketomato,brinjaletcforqualitypurpose

anditimprovesthelusterandgivesmorecolourationtothefruitsofthesecropsby

whichmorepricecanbefetchedofthesaidproducts.

6.4.1Classificationofpotassicfertilizers:

Potassicfertilizer

FertilizercontainingChlorine. Fertilizercontainingotherthanchlorine.

Eg.KCl(Muriateofpotash58%K2O).This

ischeaperfertilizerandusedextensively

bycultivatorsforallcropsexceptwhere

chlorineisnotdesiredinfertilizer

Eg.Sulphateofpotash(K2SO448%K2O)

PotassiumNitrate(KNO344%K2O,13%N)

Sulphate of potash and magnesium

(doublesaltofK andMg,(Schoenite)

K2SO4,MgSO4

(25to30%K2O)

ChemistryofKcompounds:

Potassiumisnotfoundinfreestateinsoil.Asmetal,itreactswithCO2forming

K2OandK2OwithH2OgivesKOH.Forthisreason,Kinelementalformisnotusedas

fertilizer.Itmustbecombinedwithotherelementlikechlorineorgroupofelements.
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6.4.2GeneralPropertiesandmanufacturingofPottasicfertilizers:

1.MuriateofPotash(KCl):

Itiscommonlymarketedasacommercialfertilizeringranularform.However,it

isalsoavailableinpowderform.Itiseasilysolubleinwater.Onapplicationtothesoil,it

ionizestodissociateintoK+andClions.K+likeNH4
+getsattachedorabsorbedonthe

soilcomplex.Assuch,thoughmuriateofpotashisreadilysolubleinwater,itisnot

leached.

TheKCliscommerciallymanufacturedusinganyoneoftheminerals;1.Sylvinite

orsylviteand2.Carnallite.

Therearetwomainstepsinvolvedinthemanufactureofthisfertilizer.

1.MiningoftheKmineral

2.Separationofthemainingredientandpurifying.

Afterpurification,thedesiredsizedsylvinite/carnallitemineralisdissolvedin

watertogetapulpandthereagentisaddedtothepulp.Thereagentwillformacoating

orfilm roundtheNaClmoleculesandthisreagentaddedpulpisallowedtopass

throughaseriesoffloatationcellsinwhichairisintroducedatthebottominsucha

mannerastoform asmallbubblefroththatattachestoNaCl.Thecommonlyused

reagentsare(1)SulphonatedaliphaticalcoholsofKCland(2)20%ofmono-n-octadecyl

-aminesneutralizedwithaceticacidanda0.5%solutionofthisisusedforNaCl.Finally,

theresultantproductisMuriateofPotash.

Itisfoundthatatleast90%ofthepotassicfertilizersconsumedisintheformof

muriateofpotash.Itcontains48to62%K2Oand35to47%Cl.Thecommercialproduct

iseithergranularorpowderyhavingwhiteorredcolour.

2.Potassiumsulphate–K2SO4

Thisismanufacturedfromkainite(KCl.MgSO4,3H2O)orlangbeinite(K2SO4,Mg

SO4),thelatterbeingcommonlyused.Theraw materialsrequiredarethemineral

langbeiniteandKCl.

K2SO4.MgSO4+2KCl------------2K2SO4+MgCl2.

TheMgCl2isrejected.TheKClisusedintheformofamotherliquorobtained

from KClmanufacturingprocess.Themethodisfoundtobeefficientonlyinthe

presenceofaproperratiobetweenK2SO4 andMgSO4 oftheraw materialandto

maintainaproperratio,KClorKainiteisadded.Thereactionsarefoundtotakeplacein

differentways.

Langbeinite,groundtopassthrougha200meshsieveandthemotherliquor

from theKClprocessismixedandthenthesaltsarerecycledwithwaterandfresh

quantityoflangbeinite.Thereactionsareallowedtotakeplaceininterconnectedtanks

andthecrystallizedK2SO4isseparatedoutbymeansofcentrifuge.TheusedK2SO4is

separatedoutbymeansofcentrifuge.ThewetK2SO4isdriedandconveyedtostorage
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place.Itcontains48%K2O.OnlylimitedquantitiesofK2SO4aremanufactured,asthe

costofmanufactureismore,butispreferredforthosecropswherequalityisdesiredor

wherechlorinetoxicitywillresultwhenKClisused.

6.5SecondaryandMicronutrientfertilizers

6.5.1Secondarynutrientsfertilizers:

ThesecondaryplantnutrientsareCa,MgandS.Outofthese,threenutrients,Ca

andMgareaddedindirectlyinsoilthroughfertilizesandsoilamendments.Soil

containsCaandMgasexchangeableandasCaCO3anddolomite.Normally,itisnot

necessaryapplyCaandMgfertilizersinsoilsofIndia.

Formerly,theuseofFYM,A/SandsuperphosphatesourcesofSwereusedand

nowtheiruseiseitherrestrictedortheirreplacementbyotherfertilizerswhichare

devoidofS.Therefore,sulphurnowbecomesnecessarytoapplyinsoilbecauseofthe

followingreasons:

i) A/SasourceofSisreplacedbyurea

ii) AnothersourceofS,superphosphateisreplacedbyDAP

iii)UseofKClinsteadofK2SO4

iv)DecreaseintheuseofFYMand

v) Useofhighyieldingvarietieswhichabsorbmorequantityofnutrients.

ThesoilsdeficientinsulphuraresuppliedwiththesourcesofSlikeelementalS.

ElementalSwhenappliedtosoil,itischangedtoSO2 SO3andH2SO4.ThisH2SO4

withbasicmaterialofsoilgivesitssulphatesalt.PlantabsorbsSasSO-2
4.

6.5.2Micronutrientfertilizers:

Themicro-nutrientsarezinc(Zn),iron(Fe),copper(Cu),Manganese(Mn),Boron

(B),Molybdenum(Mo)andChlorine(Cl).Thesenutrientsarepresentinavailableforms

insoilinverysmallquantityandtherequirementbycropsisalsoless.

Application ofmicronutrientfertilizers now becomes necessaryas their

deficienciesareobservedinsoil.Thedeficiencyofmicronutrientswasobservedinsoil

becauseofthefollowingreasons.

i) Duetoincreaseinirrigationfacility,thenumberofcropstakeninanyearare

increased.

ii) Useofhybridvarietieswhichabsorbmorenutrients

iii)Intensivecultivation

iv)ReductionintheuseoforganicmanureslikeFYM,whichsupplythesenutrients,

v) Useofhighanalysisfertilizerswhicharedevoidofthesenutrients.

Outofthesemicronutrients,chlorineisnotappliedasitsfertilizerbecauseitis

indirectlyappliedthroughirrigationwater.Moisrequiredinverysmallquantityandis
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alsopresentinsufficientinsomeofseedsandsoilsandhencegenerallyitsfertilizers

arenotused.Boronisfoundtobedeficientincalcareoussoilasitischangedto

calciumboratewhichisinsolubleandhenceboronisappliedasitsfertilizers.Allthese

nutrientsarepresentasanions.

Thesefourmicronutrientsaregenerallyappliedbothsoilandfoliarastheir

sulphatesatthetimeofdeficiency.Now adaysthemicronutrientcarrierswhich

containalltwotothreeinone.Itisnotadvisabletousesuchtypesofmaterialsasthe

nutrientswhichareinsufficientinsoilwillreducetheavailabilityofothernutrients.In

fact,formicronutrient,onlythedeficientnutrientfrom soiltestvalueshouldonlybe

applied.

6.5.3Micronutrientfertilizersandtheircontents

Zincfertilizer:

Zincsulphate(ZnSO4.7H2O)-21%ZnorZnSO4.H2O-33%Zn

Zinc-EDTAchelate-12%Zn

ZincoxideZnO-55%Zn

Ironfertilizers:

Ferroussulphate-FeSO4.7H2O-19%Fe

Ferrousammoniumsulphate(NH4)2SO4.FeSO4.6H2O-16%Fe

Ironpolyflavonoides-10%Fe

Fe-EDTA(Ethylenediaminetetraaceticacid)-5-12%Fe(Fe2+)

Fe-EDDHA(Ethylenediaminedi(o-hydroxyphenyl)aceticacid-6%Fe(Fe3+)

Copperfertilizer:

Coppersulphate(CuSO4.5H2O)-24%Cu

Coppersulphate(CuSO4.H2O)-35%Cu

CopperchelateNa2Cu-EDTA-12-13%Cu

Manganesefertilizer:

Manganesesulphate(MnSO4.H2O)-30.5%Mn

Manganeseoxide(MnO)-41-68%Mn

Manganesefrits-10-35%Mn

Mn-chelate-5-12%Mn

Boronfertilizer:

Sodiumtetraborateorborax(Na2B4O7.10H2O)-10.5B

Bodicacid(H3BO3)-17%B

Solubor(Na2B4O7.5H2O+Na2B10O16.10H2O)-19%B

Molybdenumfertilizer:

Sodiummolybdate(Na2MoO4.2H2O)-40%Mo

Ammoniummolybdate((NH4)6Mo7O24.4H2O)-54%Mo

Molybdenumoxide(MoO3)-66%Mo

Themicronutrientsaresoonchangedtoinsolubleformswhentheyareaddedtosoil

andhencechelatesareusedasoneofthesources.Chelates(meaning“Claw")isa

compoundinwhichmetalliccationisboundedtoanorganicmolecule.Inchelatesform,the

cationsareprotectedfrom reactionswithinorganicconstituentsthatwouldmakethem
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unavailableforuptake.

Thecommonchelatingagentsare:

EDTA : EthyleneDiamineTetraAceticAcid

DTPA : DiethyleneTriaminePentaAceticAcid

HEDTA : HydroxyEthylenthylenediamineTriaceticAcid

NTA : Nitricotriaceticacid

6.6ComplexFertilizers

Duetouneconomicalandlabourcostofusingindividualfertilizer,thefertilizer

mixtureswerepreparedandtheywereused.Thesefertilizermixtureswerenot

homogenous,containinglessquantityofN,P,Kandmanytimesinferiorqualityof

materialwereused.Forthesedifficulties,complexfertilizershavebeenprepared.

Thesecomplexfertilizerscontainthenutrientsofgradementioned,homogenous,

granularandgoodphysicalconditions.

ComplexFertilizers:

Commercialcomplexfertilizersarethosefertilizerswhichcontainatleasttwoor

threeormoreoftheprimaryessentialnutrients.Whenitcontainsonlytwoofthe

primarynutrients,itisdesignatedasincompletecomplexfertilizer.Whilethosecontain

threenutrientsaredesignatedascompletecomplexfertilizers.Atpresent,thecomplex

fertilizersobtainedbychemicalreactionaremoreimportantthanfertilizermixtures.

Complex fertilizers being manufactured in India are Nitrophosphate DAP and

AmmoniumphosphatesulphateCharacteristicsofcomplexfertilizers:

1.Theyusuallyhavehighcontentofplantnutrientsmorethan30kg/100kgof

fertilizer.Assuchtheyarecalledhighanalysisfertilizers.

2.Theyusuallyhaveuniformgrainsizeandgoodphysicalcondition.

3.TheysupplyNandPinavailableforminoneoperation.NitrogenispresentasNO-
3

andNH+
4formsandPaswatersolubleformupto50to90%oftotalP2O5.

4.TheyarecheapercomparedtoindividualfertilizeronthebasisofperKgofnutrient.

5.Transportanddistributioncostisreducedonthebasisofperkgofnutrients.

Fertilizersgrades:Thegradesofcomplexfertilizersaregivenbelow:

Sr.No. N P K Sr.No. N P K
1 10 26 26 8 11 22 22
2 12 32 16 9 19 19 19
3 14 36 12 10 14 14 14
4 22 22 11 11 11 11 11
5 14 35 14 12 17 17 16
6 17 17 17 13 20 10 10
7 14 28 14 14 13 13 20

6.7Mixedfertilizer:
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Amixtureoftwoormorestraightfertilizermaterialsisreferredtoasfertilizer

mixture.Thetermcompletefertilizerreferstothesefertilizersthatcontainsthreemajor

(N,PandK)nutrients.

Advantagesoffertilizermixtures:

1)Lesslabourisrequiredtoapplyamixturethantoapplyitscomponentsseparately.

2)Useoffertilizermixtureleadstobalancedmanuring.

3)Theresidualacidityoffertilizerscanbeeffectivelycontrolledbytheuseofproper

quantityoflimeinfertilizermixture.

4)Micronutrientscanbeincorporatedinfertilizermixture.

5)Mixturehavebetterphysicalcondition.

Disadvantagesoffertilizermixtures:

1)Usedoesnotpermitindividualnutrientapplicationwhichoatspecificgrowthstage

ofcrop.

2)Unitcostofplantnutrientsinmixturesisusuallyhigherthanthoseofstraight

fertilizers.

3)Farmersusemixtureswithoutcarefulstudyoftheirneeds.

Materialsandmethodsofpreparingfertilizermixtures:

Thetypeofgradeoffertilizermixturetobepreparedshouldbedecided.The

straightfertilizersarechosenaccordingtocompatibilityinmixture.Thequantityof

eachfertilizeriscalculatedforthepreparationofdesiredquantityofpreparingfertilizer

mixture.Ithappensthatthereisagapinweightoffertilizerstakenonthebasisof

nutrientcontentandthetotalweightoffertilizermixture.Thegapisfilledbyusingfiller.

Afilleristhemakeweightmaterialaddedtoafertilizermixture.Thecommonfillers

usedare:sand,soil,groundcoal,ashandotherwasteproducts.Itisalsonecessaryto

addtheconditionerstoavoidcaking.Forthislowgradeorganicmaterialsliketobacco

stem,peat,groundnutandpaddyhullsareaddedattherateof100lbs/tonofmixture.If

thefertilizersusedleaveacidicresidualeffectwhenitisaddedinsoilthenliming

materialslikelimestone,dolomiteetc.areadded.

Thefertilizermaterialscanbemixedwithoutusingspecialequipments.Mixing

shouldbedoneoncementflooranditpreferablyonthedateofapplicationoraday

beforeitsapplication.

Incompatibilityinfertilizermixtures:

1.FertilizerscontainingNH3shouldnotbemixedwithbasicallyreactivefertilizers,

otherwisetherewillbelossofNasNH3.

2. Allwatersolublephosphaticfertilizersshouldnotbemixedwiththosefertilizers

thatcontainfreelime,otherwiseaportionofsolublephosphateisconvertedintoan

insolubleform.

3. Easilysolubleandhygroscopicfertilizerstendtocakeorformslumsaftermixing.

Suchfertilizersshouldbemixedshortlybeforeuse.
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Consideringtheincompatibility,thechartisgivenbelowwhichcanbeusedwhile

preparingfertilizermixture.

1 2 3 4 5 6 7 8 9 10 11

  X X *    X   1.MuriateofPotash

  X X *   X X   2.Sulphateofpotash

X X   * X * *    3.Sulphate of

ammonia

X X   * X * *    4.Calcium

amm.nitrate

* * * * * * * * * * * 5.Sodiumnitrate

  X X *  * X X X * 6.Calciumcynamide

  * * * *    * * 7.Urea

 X * * * X *   * * 8.Superphosphate

singleortriple

X X   * X *     9.Ammon.Phosphate

    *  * *    10.Basicslag

    * * * *    11.Calciumcarbonate

Guideformixingfertilizers

 Fertilizerwhichcanbemixed

* Fertilizerwhichmaybemixedshortlybeforeuse

X Fertilizerwhichcannotbemixed

Calculationofquantityoffertilizerstobeusedinmixture:

Example:- Prepare600kgofa4-8-10fertilizersmixtureinwhichhalfthenitrogenis

inammonium sulphate(20percentN)andtheotherhalfdividedbetweennitrateof

soda(16percentN)andtankage(6percentNand6percentP2O5).P2O5andK2Oare

tobeaddedintheformofsuperphosphate(16percentP2O5)andmuriateofpotash

(60percentK2O)respectively.

Inthepresentexample,4Kgofnitrogeninevery100Kgofmixtureissupplied

with 2KgNasammoniumsulphate;1KgNasnitrateofsoda;1KgNastankage

ForN = 2x100 =10Kgofammoniumsulphate
20

N = 1x100 =6.25kgofnitrateofsoda
16

N = 1x100 =16.66kgoftankage
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6

Since,tankagecontainsnitrogenandphsophoricacid,16.66kgoftankage,
mixedinevery100Kgoffertilizer.

Mixturewilalsoadd 16.66x6=1KgofP2O5.

100

Thismeansthatoutof8KgofP2O5,1Kgissuppliedthroughtankageandthe
remaining7Kgcomesfromsuperphosphate.

ForP2O5 = 7x100 =43.75Kgofsuperphosphate

16

K2O =10x100=  16.66Kgofmuriateofpotash

60
Thus,thetotalquantityofvariousfertilizersrequiredtoprepare100kgofa4-8-10
fertilizermixturewillbe

Ammoniumsulphate……. 10.00Kg

Nitrateofsoda 6.25Kg

Tankage 16.66Kg

Superphosphate 43.75Kg

Muriateofpotash 16.66Kg

Totalquantityofstraightfertilizer93.32Kg
Filler 6.68Kg

Mixedfertilizer 100.00Kg

Forpreparing600kgofthefertilizermixtureofthe4-8-10grade,thefollowing

quantitiesoffertilizersandfillerwillberequired:

Ammoniumsulphate : 10x6 =60.0kg

Nitrateofsoda : 6.25x6 =37.5Kg

Tankage : 16.66x6 =100.00Kg

Superpohosphate : 47.75x6 =262.5Kg

Muriateofpotash : 6.68x6 =40.0Kg

Total : 600.00Kg

Fertilisermixturesavailableinthemarket:

1. Sufla(15:15:15)

2. Sufla(20:20:0)

3. Lakshmi(12:12:12)

4. Lakshmi(8:8:8)

5. IFFCO-1(10:26:26)

6. IFFCO-2(12:32:16)
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6.8Liquidfertilizers:
Forintensivehighyieldandqualitycropproduction,liquidfertilizersarepreferred.

Thishelpswhenbothwaterandsolublefertilizersaredeliveredtocropssimultaneously

throughaDripIrrigationSystemensuringcompleteplantnutritionsuchasN,P,K,Ca,

Mg,S&Micronutrientswhicharedirectedtotheactiverootzoneinwellbalanced

proportion.

Advantagesofliquidfertilizer:

 Nutrientavailabilitytotheplantisimproved

 Nutrientuptakeefficiencyisincreased

 FertilizerApplicationrates&WaterRequirementsarereduced

 LossesbyLeachingareminimized

 SaltInjuries&damagestoRoot&Foliageareprevented

 SoilCompactionisreducedduetolessfieldoperations

 Weedpopulationisdecreased

Liquidfertilizersandtheirsolubility

Sr.no. Fertilizer Grade(N-P-

K)

Solubility

(g/lit)at200C

Watersolublespecialfertilizers

1. MonoAmmoniumPhosphate

(MAP)

12-61.0 282

2. MonoPotassiumPhosphate

(MKP)

0-52-34 230

3. potassiumNitrate(Multi-K) 13-0-46 316

4. SulphateofPotash 0-0-50 111

5. OrthoPhosphoricAcid 0-52-0 457

ConventionalWSFertilizers

1 Urea 46-0-0 1100

2 PotassiumChloride(Red) 0-0-60 347

3 Potassiumsulphate(White) 0-0-50 110

4 AmmoniumSulphate 21-0-0 760

6.9Nano-Fertilizers:
Nanotechnologyhasprogressivelymovedawayfrom theexperimentalintothe

practicalareas,likethedevelopmentofslow/controlledreleasefertilizers,conditional

releaseofpesticidesandherbicides,onthebasisofnanotechnologyhasbecome

criticallyimportantforpromoting thedevelopmentofenvironmentfriendlyand

sustainableagriculture.

Indeed,nanotechnologyhasprovidedthefeasibilityofexploitingnanoscaleor

nanostructuredmaterialsasfertilizercarriersorcontrolledreleasevectorsforbuilding

ofso-called“smartfertilizer”asnewfacilitiestoenhancenutrientuseefficiencyand

reducecostsofenvironmentalprotection.

Encapsulationoffertilizerswithinananoparticleisoneofthesenewfacilitieswhich

aredoneinthreeways
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a)thenutrientcanbeencapsulatedinsidenanoporousmaterials,

b)coatedwiththinpolymerfilmand

c)deliveredasparticleoremulsionsofnanoscalesdimensions.

Inaddition,nanofertilizerswillcombinenanodevicesinordertosynchronizethe

releaseoffertilizer-Nand-Pwiththeiruptakebycrops,sopreventingundesirable

nutrientlossestosoil,waterandairviadirectinternalizationbycrops,andavoidingthe

interactionofnutrientswithsoil,microorganisms,water,andair.Amongthelatestline

oftechnologicalinnovations,nanotechnologyoccupies a prominentposition in

transformingagricultureandfoodproduction.

Someofthemajorevidentbenefitsofnanofertilizerareasunder:

 Thequantityrequiredfornanofertilizerapplicationisconsiderablyreducedas

comparedtoconventionalfertilizers.

 Nanofertilizerwillhelptoboostthecropproductionefficientlybesidesreducing

nutrientlossesintothesurroundingwaterbodies(Eutrophication).

 Nano-structuredformulationmightincreasefertilizerefficiencyanduptakeratio

ofthesoilnutrientsincropproduction,andsavefertilizerresource.

 Nano-structuredformulationcanreducelossrateoffertilizernutrientsintosoil

byleachingand/orleaking.

******

CHAPTER-7

SOILAMENDMENTS

7.1.Soilamendments

Soilamendmentsaresubstanceswhichwhenaddedtothesoilhelpplant

growthindirectlybyaugmentingphysical,chemicalorbiologicalchangesinthesoil.

Soilamendmentusuallycontainsplantnutrient.Buttheycannotbeclassifiedalong

withfertilizersastheirmainaimisnottosupplythenutrientdirectly,buttheyarevery

helpfulforplantgrowth(Rai,1965).

Theorganicamendments:Theorganicamendmentsassuchdonothelpinreplacing

theexchangeableNaasagainstthegypsum orotheramendments.Primarily,they

improvesthephysicalconditionofthesoilbyimprovingtheaggregationinthesoil.The

mostcommonorganicamendmentistheFYM whichisaddedinthefirstyearof

reclamation@50tones/haandisreducedtohalfinsucceedingyears.Theefficiencyof

gypsumhasbeenfoundtoincreasewhenitisappliedalongwithFYM.Molassesand

pressmud,whicharesugarfactorywaste,havealsobeenused.Pressmud,abyproduct

fromsugarfactories,containsCaCO3.SinceCaispresentasCaCO3,itisslowacting

amendmentrequiringacidoracidformers.Asagainstcarbonationprocess,pressmud

fromsugarfactoriesemployingsulphitationprocesshassuperiorreclamationvalue,as

itcontainssulphateoflimeinsteadofitscarbonate.

GreenmanuringwithDhaincha(Sesbaniaaculeata)hasbeenfoundmost

successful.Thejuiceofgreenplantscanneutralizehighalkalinity,itsinitialpHbeing

4.01,withonlyslightriseevenwithinamonth.Inblackcottonsoil,itthriveswellunder

moderatelysalineconditionsandcanwithstandhighalkalinity,waterloggingor
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droughtsothatitisremarkablysuitedinthatregiontoalkalisoils,characterizedby

suchadverseconditions.Sulphuratedhydrogenisgeneratedbythedecompositionof

Dhaincha.

Paddystraworricehuskhavealsobeenusedataratevaryingbetween15to30

tones/ha.WeedslikeArgemonemexicanahasbeenfoundverysuitableforalkalisoils.

TheotherweedsfoundsuitableforthepurposeofgreenmanuringareIpomea

grandifloraandPongamiaglabra.TheRussianworkershavesuggestedtheadditionof

cellulosewithsufficientadditionofnitrogenforeasydecomposition.

A.Differenttypesofchemicalamendments:

1.Solublecalciumsaltse.g.

(i) Calciumchloride (CaCl2.2H2O)

(ii) Gypsum (CaSO4.2H2O)

(iii) Calciumsulphate (CaSO4)

2.Acidoracidformerse.g.

(i) Sulphur (S)

(ii) Sulphuricacid (H2SO4)

(iii) Ironsulphate (FeSO4.7H2O)

(iv) Aluminiumsulphate (Al2(SO4)3.18H2O)

(v) Limesulphur(calciumpolysulphide) (CaS5)

(vi) Pyrites (FeS2)

Thekindandamountofchemicalamendmentto beusedforthe

replacementofexchangeableNainsoilsdependuponthesoilcharacteristics,the

desiredrateofreplacementandeconomicconsiderations.Solublecalcium salts

arepreferredwhensoildoesnotcontainalkalineearthcarbonatesorcalcium

carbonate.Acidoracidformersarepreferredwhensoilcontainsalkalineearth

carbonatesorCaCO3.Acidoracidformersarealsousedalongwithcalciumsaltof

lowsolubilitybuttherateofreactionisverylow.

B.Advantagesanddisadvantagesofamendments:

TheCaCl2ishighlysolubleandCaisreadilyavailablebutitscostisa

prohibitivefactor.Ironandaluminium sulphatesalsohydrolyzereadilyinthesoil

toformH2SO4butherealsothecostisacting.Amendment,whichcanbeusedin

calcareoussoilsbutitrequiresspecialequipmentsandishazardousinhandling.

Sulphurisaslowactingamendmentandlargeapplicationsareneeded.Itrequires

moretimeforcompleteoxidation.Incoolwinterseason,theoxidationrateistoo

slowtogivesatisfactoryresults.Sincetheoxidationprocessisfullymicrobial,an

optimum amountofmoisturehastobemaintainedcontinuouslyinthesoil.The

soilshouldnotbeleacheduntilsufficienttimehasbeenallowedformostofthe
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sulphurtooxidize.Limestoneisalow costamendmentbutthesolubilityis

affectedbypHofthesoilandparticlesizeoftheamendment.LikeS,pyritehasto

beoxidizedfirstwhichisaslowprocessandtherateofreactiondependson

particlesize.Againtheapplicationofpyritesathigherratemarkedlydecreasesits

oxidationrate.Itisacheapamendment.

Gypsum isthemostcommonamendmentusedforreclaimingsaline-

sodicaswellasnon-salinesodicsoils.Itisalowcostamendmentandtherateof

reactioninreplacingNaislimitedonitssolubilityinwater,whichisabout0.25%at

ordinarytemperature.Whileapplyinggypsum,mixingitinshallowdepth(upper10

cmdepth)ismoreeffective.Itisappliedbybroadcastmethodorincorporatedby

discplough.Gypsumisappliedatthetimeofpondingorleaching.Gypsumdirectly

preventscrustformation,swelling,dispersionandactsasmulchincaseofsurface

applicationandindirectlyincreasesporosity,structuralstability,infiltrationand

hydraulicproperties,soiltilth,drainageandleachingandreducesdrysoilstrength.

C.Chemicalreactionsofamendmentsinsoil:Thefollowingchemicalreactions

illustratethemannerinwhichvariousamendmentsreactinthedifferentclassesof

alkalisoils.IntheseequationstheletterXrepresentsthesoilexchangecomplex.

Reclamationofsaline-alkalisoils

Class1.SoilsContainingAlkaline-EarthCarbonates

GYPSUM: 2NaX+CaSO4↔ CaX2+Na2SO4

SULPHUR: (1)2S+3O2↔ 2SO3(microbiologicaloxidation)

(2)SO3+H2O↔ H2SO4

(3)H2SO4+CaCO3↔ CaSO4+CO2+H2O*

(4)2NaX+CaSO4↔ CaX2+Na2SO4

LIME-SULPHUR(CALCIUMPOLYPHOSPHATE):

(1)CaS5+8O2+4H2O↔ CaSO4+4H2SO4

(2)H2SO4+CaCO3↔ CaSO4+CO2+H2O*

(3)2NaX+CaSO4↔ CaX2+Na2SO4

IRONSULPHATE:

(1)FeSO4+H2O↔H2SO4+FeO

(2)H2SO4+CaCO3↔ CaSO4+CO2+H2O*

(3)2NaX+CaSO4↔ CaX2+Na2SO4

*ThereactionofH2SO4andCaCO3mayalsobewrittenasfollows:H2SO4+2CaCO3↔

CaSO4+Ca(HCO3)2.UndertheseconditionstheCa(HCO3)2aswellastheCaSO4would

beavailableforreactionwithexchangeablesodium and1atom ofsulphurwhen

oxidizedtoH2SO4,couldtheoreticallyresultinthereplacementof4sodium ionsby

calcium.
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D.Quantityofamendmentstobeadded:Theseareevidencestoshowthateven50%of

thetheoreticalgypsumrequirementforreplacementofexchangeableNainalkali

soils has improved their physicalproperties and assisted response to

managementpractices.Generally,50 to 75 % ofGR (as determined by

Schoonover’smethod)hasbeenfoundmostsatisfactoryinmanytypesofsoils.

Theequivalentproportionofdifferentamendmentsinrelationto1tonof

gypsumisasfollows:

Amendments Weightintonesequivalentto1tonegypsum

Gypsum 1.000

Sulphuricacid 0.570

Sulphur 0.186

FeSO4.7H2O 1.620

Aluminiumsulphate 1.290

Limestone(CaCO3) 0.580

Limesulphur(Calciumpolysulfidecontaining24
%S)

0.756

Amongalltheamendments,gypsumisthemostcommonamendmentthatisused

forthepurposeofreclamation.Therateofadditionofgypsumcanbedetermined

byestimatingthegypsumrequirement(GR)ofasoil.Alternatively,theGRcanalso

bedeterminedbyknowingtheexchangeableNainsoilandworkingouttheextentof

reductionofNaonequivalentbasis.Thegypsumrequirementforreplacing1meof

Nauptoasoildepthof15cmcomestoabout1.92tones/ha.SinceanESPof10

and below is considering safe fortolerable physicalcondition ofthe soil,

replacementbycalciumtothislevelisallthatisattemptedinpractice.

E.Theorganicamendments:Theorganicamendmentsassuchdonothelpinreplacing

theexchangeableNaasagainstthegypsumorotheramendments.Primarily,they

improvesthephysicalconditionofthesoilbyimprovingtheaggregationinthesoil.

ThemostcommonorganicamendmentistheFYMwhichisaddedinthefirstyear

ofreclamation@ 50tones/haandisreducedtohalfinsucceedingyears.The

efficiencyofgypsumhasbeenfoundtoincreasewhenitisappliedalongwithFYM.

Molassesandpressmud,whicharesugarfactorywaste,havealsobeenused.

Pressmud,abyproductfromsugarfactories,containsCaCO3.SinceCaispresentas

CaCO3,itisslowactingamendmentrequiringacidoracidformers.Asagainst

carbonation process,pressmud from sugarfactories employing sulphitation
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processhassuperiorreclamationvalue,asitcontainssulphateoflimeinsteadofits

carbonate.

GreenmanuringwithDhaincha(Sesbaniaaculeata)hasbeenfoundmost

successful.Thejuiceofgreenplantscanneutralizehighalkalinity,itsinitialpH

being4.01,withonlyslightriseevenwithinamonth.Inblackcottonsoil,itthrives

wellundermoderatelysalineconditionsandcanwithstandhighalkalinity,water

loggingordroughtsothatitisremarkablysuitedinthatregiontoalkalisoils,

characterizedbysuchadverseconditions.Sulphuratedhydrogenisgeneratedbythe

decompositionofDhaincha.

Paddystraworricehuskhavealsobeenusedataratevaryingbetween

15to30tones/ha.WeedslikeArgemonemexicanahasbeenfoundverysuitablefor

alkalisoils.Theotherweedsfoundsuitableforthepurposeofgreenmanuringare

IpomeagrandifloraandPongamiaglabra.TheRussianworkershavesuggestedthe

additionofcellulosewithsufficientadditionofnitrogenforeasydecomposition.

ReclamationofAcidicSoils

PrinciplesofLimingReactions:Thereclamationofacidicsoilsisdonebyaddition

oflimingmaterialwhichmaybecalciticlimestone(CaCO3)ordolomiticlimestone

[CaMg(CO3)2].Therateoflimerequirementisdeterminedinthelaboratoryby

methodofShoemaker(1961).Theparticlesizeoflimingmaterialaffectstherateof

neutralizationreaction.Boththeselimestonesaresparinglysolubleinpurewater

butdobecomesolubleinwatercontainingCO2.Thegreaterthepartialpressureof

CO2inthesystem,themoresolublethelimestonebecomes.Dolomiteissomewhat

lesssolublethancalcite.Thereactionoflimestone(CaCO3)canbewrittenas:

CaCO3+H2O+CO2 →Ca(HCO3)2

Ca(HCO3)2 →Ca2+↓ +2HCO3
-

(Takespartincationexchangereactions)

H+ + CO3
2- → H2CO3

- ↔ H2O + CO2

(Fromsoilsolution)(fromlime)

Inthiswayhydrogenions(H+)inthesoilsolutionreacttoformweakly

dissociatedwater,andthecalcium (Ca2+)ionfrom limestonesislefttoundergo

cationexchangereactions.Theacidityofthesoilis,therefore,neutralizedandthe

percentbasesaturationofthecolloidalmaterialisincreased.

WhyGypsumisnotconsideredasaLimingMaterial?

Gypsumisnotconsideredaslimingmaterialsbecauseonitsapplication

toanaciditdissociatesinto(Ca2+)andsulphate(SO4
2-)ions:

CaSO4↔ Ca2++SO4
2-

Theaccompanyinganionissulphateanditreactswithsoilmoisture

producesmineralacid(H2SO4)whichalsoincreasessoilacidityinsteadofreducingsoil

acidity.
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Beneficialeffectoflime

1. LimemakesP2O5moreavailable.

2. LimeincreaseavailabilityofN,increasenitrificationandnitrogenfixation.

3. IncreasesoilpH favoursthemicrobialactivityandincreaseorganicmatter

decompositionandnutrienttransformationforrootgrowth.

4. Moanessentialelementtorhizobium inN fixationprocessincreaseswith

increaseinsoilpHfollowinglime.

5. ReducetoxicityofAl,FeandMn.

6. LimeisessentialsourceofessentialCaaswellasMgifdolomiticlimestonehas

beenappliedaslimingmaterial.

7. ItcausesanincreaseinCEC,whichreducestheleachingofbasecations,

particularlyK.

(Source:SoilFertilityandNutrientManagement.S.S.Singh)

SOLVEDEXAMPLES:

Example1: Asoilcontains12meNa/100gsoil.TheCECofthesoilis20.

ExchangeableNapercentageistobereducedto10.Workoutthegypsumrequirement.

ESP =Exch.Na/CECx100 =12/20x100=60%

InitialESP–FinalESP=60–10=50%ESPtobereduced

Exch.Na =12x50/60=10meexch.Na/100gtobereplaced

GR= 1meexch.Na/100g =86mggypsum/100g

=860mg/1000g

=860ppm

=860x2.24=1926.4kg/ha

10meexch.Na =10x1926.4=19264kg/ha=19.2t/ha

Ifpurityis80then,

GR =19.2x100/80=24t/ha

TheGRinthisexampleis19.2tones/ha.Togetthenetvalueofweightof

gypsum,thevaluehastobemultipliedbypuritypercentagei.e.ifthepurityofthe

commercialgypsumis80%,thentheexactweightintheaboveexamplewouldbe24

tones/ha.

Example2:CalculateGRofalkalisoilscontainingCEC20me/100g[cmol(p+)kg-1]and

10meexch.Na/100gsoil,ESPreducedto10.

CEC =20me/100g

Exch.Na =10me/100g



77

ESPreducedto =10%

ESP =[Exch.Na/CEC]x100

=[10/20]x100

=50

InitialESP–FinalESP=50–10=40ESPtobereduced

ESP50 =Exch.Na10

So ESP40 =10x40/50=8Exch.Name/100gtobereduced

1meExch.Na/100g =86mgGypsum/100g

=860mgGypsum/1000g

=860ppmGypsum

=860x2.24=1926kg/haGypsum

=1.926t/haGypsum

So 8meExch.Na/100g =8x1.926=15.41t/ha

Example3:SoilhavingCEC40me/100g.IthasNa20me/100ginexch.form.Bring

downexch.Nato10%.Calculate%Na.HowmuchNatobereplacedastobringits

saturationto10%andcalculateGRinkg/ha.Gypsumpurityis80%.

(1) ESP=(Exch.Na/CEC)x100=(20/40)x100=50ESP

InitialESP–FinalESP=50–10=40ESPtobereduced

(2) Exch.Na=(ESPxCEC)/100=(40x40)/100=16meNa/100gtobereplaced

(3)GR= 1meNa/100g =86mggypsum/100g

=860ppm

=860x2.24kg/ha

16meNa/100g =16x860x2.24=30822kg/ha

(4) 80%purity =30822x100/80=38528kg/ha

Example4:AsoilhaveCEC=25me/100gsoilwhichpossesses5,8and3me/100gof

Ca,MgandK,respectively.CalculatequantityofNainme/100gandkg/haandK2O



78

kg/ha.

(1) Name/100g =CEC–(Ca+Mg+K)

=25–(5+8+3)=9me/100g

=9x23mg/100g=207mg/100g

=2070mg/1000g=2070ppm

(2) Na(kg/ha) =2070x2.24=4636.8kg/ha

K =3me/100g

=3x39mg/100g=117mg/100g

=1170mg/1000g=1170ppm

=1170x2.24=2620.8kg/ha

(3) K2O(kg/ha) =2620.8x1.20=3144.96kg/ha

Example5:WorkouttheGRfromfollowingobservations

(1) Weightofalkalisoil =5g

(2) Sat.gypsumsoln. =100ml

(3) Aliquatetaken =5ml

(4) Differenceof0.02NEDTAreadingbetweenblankandsample=0.4

GRt/ha =Zx(1.72/1000)x(100/5)x(100/5)x10,000x2.24/1000

=0.4x15.411=6.16t/ha

7.2SoilConditioner

Thesearematerial,whichareusedtobringaboutrequiredphysicalpropertiesof

soiloritisusedtoimproveandmaintainthephysicalconditionsofthesoils.Crop

residues,organicmanuresandotherorganicmaterialsaretheorganicsoilconditioners.

OthersyntheticorganicmaterialswhichareusedassoilconditionersarePolyvinyl

alcohol(PVA),Carboxymethylcellulose (CMC)and Krillium conditioners.These

materialsusetoformsoilaggregatesortheyusetostabilizesoilaggregateformedby

mechanicalmanipulations.However,itsapplicationisfoundrestrictedtogreenhouse,

glasshouseoringrowinghighvaluecropslikevegetables,ornamentalplantsorspices

andcondimentsetc.

(Source:SoilFertilityandNutrientManagement.S.S.Singh)
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CHAPTER-8

FERTILIZERSTORAGEANDFERTILIZERCONTROLORDER
Warehousingandstorageoffertilizersisaveryimportantandmassiveactivity.

Ideallyamarketerwouldlikethefertilizertospendminimumtimeinagodownbecause

storagecostsmoney,blocksmoney,occupiesspace,needssupervisionandinspiteof

precautions,somefertilizercanbestolenordamaged.Storagecanbecalleda

necessaryevil.Peoplewhopayforstorage,oftenthinkwhetheritisbettertospendon

thisitemortogiveoff-seasonrebatetothefarmerandlethimdothestorage.

8.1Theprinciplesofgoodstorageatthefieldlevelare:

(i)Thefertilizersshouldbestoredinacool,dryanddampproofgodown.Therainwater

mustnotgetenteredinthegodwonandthereisnoneedtohavewindowsinthe

godown.Buttheyshouldhaveproperventilationforregulatingforexitofgases

fromthestore.Theventilatorsshouldbesealedinrainyseason.

(ii)Thebagsshouldnotbepiledupdirectlyonthefloorasmoistureofthefloorcauses

thedamagetothefertilizer.Thewoodenracksshouldbeusedforpillingthe

fertilizerbags.

(iii)Thebagsshouldnotbepiledtogetherinarowof8-10bags.

(iv)Thebagsshouldnottouchthewallofthegodwon.

(v)Properspaceshouldbeallowedbetweentwoofpiledfertilizersforconvenienceof

liftingthefertilizers.

(vi)ThefertilizerthatarehygroscopicinnaturesuchasUrea,Ammonium Nitrate,

AmmoniumSulphateNitrate,CalciumAmmoniumNitratemustbestoredinwater

proofbagandtheentirebagshouldbeusedinonelot.Otherwise,thebagshould

betiedtightlyandstoredinadryanddampproofgodwonaftertakingrequired

fertilizers.

(vii)ThefertilizersthatarefirehazardoussuchasAmmonium Sulphatemustbe

handledverycarefully.

(viii)AlltypesoffertilizerssuchasNitrogenous,PhosphaticandPotassicfertilizers

shouldnotbepiledtogether.Buttheyshouldbepiledseparatelysothattheir

handlingiseasyandgasfumesreleasefromonegroupmaynotaffectthequality

ofothers.

(ix)Thebagshouldnotbekeptopenatanytimetoavoidtheformationofcakesor

lumps.

(x)Thehomemixedfertilizershouldnotbestored.Ratheritshouldbeused

immediatelyaftermixingofdifferentfertilizers.

(xi)Prolongedstorageoffertilizershouldbeavoided.

8.2FertilizerControlOrder:
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ThehistoryoftheIndianfertilizerindustrydatesbackto1906,whenthefirst
fertilizerfactoryopenedatRanipet(TamilNadu).Sincethen,therehavebeenmajor
developmentsintermsofboththequantityandthetypesoffertilizersproduced,the
technologiesusedandthefeedstocksemployed.ThefertilizerindustryinIndiaisinthe
coresectorandsecondtosteelintermsofinvestment.

Priorto1960/61,Indiaproducedonlystraightnitrogenousfertilizers[ammonium
sulphate(AS),urea,calciumammoniumnitrate(CAN),ammoniumchlorideandsingle
superphosphate(SSP)].TheproductionofNPcomplexfertilizerscommencedin
1960/61.Currently,IndiaproducesalargenumberofgradesofNP/NPKcomplex
fertilizer.These include 16–20–20,20–20–0,28–28–0,15–15–15,17–17–17,
19–19–19,10–26–26,12–32–16,14–28–14,14–35–14and19–19–19.Inaddition,
Indiaproducesvariousgradesofsimpleandgranulatedmixtures.

ThefertilizerwasdeclaredasanEssentialCommodityin1957inIndia.To
controlthetrade,price,qualityoffertilizersandtheirdistribution,“Thefertilizers
(Control)Order”cameintoforcein1957.SincethentheTheFertilizer(Control)order
(FCO)hasbeenamendedperiodically.Itisusefulforthepersonnelsengagedin:
Fertilizermanufacture,fertilizerbusiness,fertilizeranalysisandfertilizerinspection.

8.3FERTILIZERLEGISLATION

Chemicalfertilizersarebecomingincreasinglyexpensivedaybydayduetohike
ofpricesofpetroleum,inflationetc.,whichtemptsdealerstoadoptmalpracticesfor
earningmoreprofitsthroughadulteration,suppliesofunderweightmaterialsor
blendingofdegradedfertilizersetc.Thus,thefarmersareditchedandoftentheyfailto
getgoodresponseofappliedfertilizers.Therefore,thelawsregulatingthemanufacture
andsaleofvariousfertilizersareessentialtoensurethattheconsumerorthefarmeris
suppliedwithfertilizersofstandardquality.

Keepingthesepointsinmind,theGovernmentofIndiabroughtinthefertilizerControl
Act.

8.4FERTILIZERCONTROLACT

TheUnionGovernmentofIndiapromulgatedthefertilizerControlAct(F.C.O)in
1957undertheEssentialCommoditiesAct,1955(section3)withaviewtoregulate
fertilizerbusinessinIndia.

TheF.C.O.keepsastrictwatchonqualitycontroloffertilizers,providesforthe
registrationofdealersandstatutorycontroloffertilizerpricesbyGovernment.
Therefore,everybodyinvolvedinfertilizerbusinessasamanufacturer,dealerora
salesperson,musthave properunderstanding ofthe F.C.O.in orderto avoid
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infringementofGovernmentregulations.

TheprovisionsgivenintheOrderwillalsohelptheconsumers/farmerstoknow
theirrightsandprivilegesinrespectoffertilizerqualityandAuthoritiesto be
approached for their grievances regarding supply of substandard materials,
overchargingorcontainersofunderweightsupplies.

TheF.C.O.ispublishedbytheFertilizerAssociationofIndia(F.A.I.),updated
wheneverfeltnecessary.TheOrderhasprovisionsonqualityforeachconsumed
fertilizerproductandF.C.O.shouldbeconsultedunderinfringementofanyofthem.

ControlofQualityofFertilizers

TheF.C.O.hasprovisionstopenalizemanufactures,distributors,anddealersforsupply
ofspuriousoradulteratedfertilizerstoconsumersorfarmers.TheF.C.O.hasfixed
specificationsforvariousfertilizers,whichmustbepresentinthem failingwhichthe
legislationcomesinforce,andguiltyispunished.

8.5Specificationsoffertilizers

Tocontrolthequalityoffertilizers“TheFertilizerControlOrder,1985”haslaid
downspecificationsforthefertilizers.Theparametersofthespecificationsareas
follows:

i. Moisture,percentbyweightmaximum

ii. Totalnutrientcontent,percentbyweight

iii. Formsofnutrient,percentbyweight

iv. Impurities,percentbyweight

v. Particlesize.

1.AmmoniumSulphate
(i)Moisturepercentbyweight,maximum 1.0

(ii)Ammoniacalnitrogenpercentbyweight,minimum 20.6

(iii)Freeacidity(asH2SO4.)percentbyweight,maximum(0.04formaterial

obtainedfrombyproductammoniaandby-productgypsum)

0.02

5
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(iv)Arsenicas(As2O3)percentbyweight,maximum 0.01

(v)Sulphur(asS),percentbyweight,minimum 23.0

2.Urea(46%N)(Whilefreeflowing)
(i)Moisturepercentbyweight,maximum 1.0

(ii)Totalnitrogen,percentbyweight,(ondrybasis)minimum 46.0

0

(iii)Biuretpercentbyweight,maximum 1.5

(iv)Particlesize—Notlessthan90percentofthematerialshallpassthrough

2.8mmISsieveandnotlessthan80percentbyweightshallberetainedon1

mmISsieve

3.PotassiumChloride(MuriateofPotash)
(i)Moisturepercentbyweight,maximum 0.5

(ii)Watersolublepotashcontent(asK2O)percentbyweight,minimum 60.0

(iii)SodiumasNaCIpercentbyweight(ondrybasis)maximum 3.5

(iv)Particlesize-—minimum65centofthematerialshallpassthrough1.7mm

ISsieveandberetainedon0.25mmISsieve.

4.DiammoniumPhosphate(18-46-0)
(i)Moisturepercentbyweight,maximum 1.5

(ii)Totalnitrogenpercentbyweight,minimum 18.0

(iii)Ammonicalnitrogenformpercentbyweight,minimum 15.5

(iv)Totalnitrogenintheformofureapercentbyweight,maximum 2.5

(v)Neutralammoniumcitratesolublephosphates(asP2O5)percentbyweight,

minimum

46.0

(vi)Watersolublephosphates(asP2O5)percentbyweight,minimum 41.0

(vii)Particlesize-–notlessthan90percentofthematerialshallpassthrough

4mmISsieveandberetainedon1mmISsieve.Notmorethan5percentshall

be

belowthan1mmsize.
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5.ZincSulphateHeptahydrate(ZnSO4.7H2O)
(ii)Matterinsolubleinwaterpercent.byweight,maximum 1.0

(iii)Zinc(asZn)percent.byweight,minimum 21.0

(iv)Lead(asPb)percentbyweight,maximum 0.003

(v)Copper(asCu)percentbyweight,maximum 0.1

(vi)Magnesium(asMg)percentbyweight,maximum 0.5

(vii)pHnotlessthan 4.0

(viii)Sulphur(asS),percentbyweight,minimum 10.0

(ix)Cadmium(asCd),percentbyweight,maximum 0.0025

(x)Arsenic(asAs),percentbyweight,maximum 0.01

8.6SPECIFICATIONSOFMANURE

Example:Vermicompost:
(i)Moisture,percentbyweight 15.0-25.0

(ii)Colour Darkbrowntoblack

(iii)Odour Absenceoffoulodour

(iv)ParticlesizeMinimum materialshouldpass

through4.0mmISsieve

90%

(v)Bulkdensity(g/cm3) 0.7-0.9

(vi)Totalorganiccarbon,percentbyweight,minimum 18.0

(vii)TotalNitrogen(asN),percentbyweight,minimum 1.0

(viii)TotalPhosphates(asP2O5),percentbyweight,

minimum

0.8

(ix)TotalPotash(asK2O),percentbyweight,minimum 0.8

(x)C:Nratio <20

(xi)pH 6.5-7.5
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(xii)Pathogens Nil

(xiii)Conductivity(asdsm-1),notmorethan 4.0

(xiv)Heavymetalcontent,(asmg/kg),maximum

Cadmium(asCd)

Chromium(asCr)

Nickel(asNi)

Lead(asPb)

5.0

50.00

50.00

100.00

FertilizerMovementControlOrder

TheFertilizerMovementOrder(F.M.O.)waspromulgatedbyGovernmentofIndia
inApril1973toensureanequitabledistributionoffertilizersinvariousStates.
Accordingtothefertilizermovementorder,nopersonoragencycanexportchemical
fertilizers from any State.However,Food Corporation ofIndia,Warehousing
CorporationofIndiaandIndianPotashLimited;materialslikeRockphosphate,bone
meal(bothrawandsteamed)andzincsulphateareexemptedfrom themovement
restriction.

AgencyresponsibleforEnforcementofF.C.O

TheControllerofFertilizersforIndia,usuallyaJointSecretarytotheGovernment
ofIndia (MinistryofAgriculture)isresponsiblefortheenforcementofF.C.O.
throughoutthecountry.
 

*******
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CHAPTER-9

FERTILIZERRECOMMENDATIONSANDAPPLICATION

9.1BlanketRecommendation

Basedonthefertilizerexperimentsconductedindifferentregionswithimproved

varieties,fertilizerdoseisrecommendedforeachenvironment.

Thisapproachdoesnotconsidersoilcontribution.However,itissuitablefor

recommendationofnitrogensinceresidualeffectoffertilizerNappliedtoprevious

cropisnegligibleandsoilsaregenerallylowinnitrogencontent.

Problem:Lettherecommendedfertilizerdoseforlowlandricebe,120,60,40kgN-P2O5

andK2Operhectare,respectively.Theamountoffertilizerrequiredintheformofurea,

singlesuperphosphate(SSP)andmuriateofpotash(MOP)iscalculatedasshown

below:

Ureacontain46%N

Tosupply46kgN,100kgureaisnecessary

Tosupply120kg

N/ha,

100
x 120

=260.9kgor261kgureais

required46

Similarly,

SSPcontain16%P2O5

Tosupply60kg

P2O5/ha,

100
x 60

=375kgSSPis

required16

MOPcontain58%K2O

Tosupply40kg

K2O/ha,

100
x 40

=68.9or69kgMOPis

required58

Problem:Inaboveexample,fertilizerdoseofpaddyis120,60,40kgN-P2O5andK2Oper

hectare,respectively.Therecommendationoffertilizerisgivenbelow

►Nutrientapplication

Category N P2O5 K2O

Low 150 75 50

Medium 120 60 40

High 90 45 30

Fertilizerapplication
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Category Urea SSP MOP

Low 326 469 86

Medium 261 375 69

High 196 281 52

9.2SoilTestCropResponse(STCR)Approach

In this approach,soilcontribution and yield levelare considered for

recommendingfertilizerdose.Thisapproachisalsocalledasrationalizedfertilizer

prescription.From thesoiltestcropresponseexperiments,followingparametersare

available.

Nutrientrequirement

(kgnutrient/qofgrain)

: Totaluptakeofnutrient(kg/ha)

Grainyield(q/ha)

%contributionfromsoil(CS) :

Totaluptakeofnutrientincontrolplot(kg/ha)

x 100Soiltestvalueofnutrient

Incontrolplot(kg/ha)

Contributionfrom

fertilizer(CF)
:

Totaluptakeofnutrient

inTreatedplot
-

SoiltestvalueofnutrientIn

treatedplot(kg/ha)
x

CS

100

%Contributionfrom

fertilizer
:

CF(kg/ha)

x 100

Fertilizerdose

Fertilizer

dose(kg/ha)
:

Nutrientrequirementin

kg/qofgrainx100
x T -

%contribution

fromsoil

x
STV

(kg/ha)
%Contributionfrom

fertilizer

%contribution

fromfertilizer

Fertilizerdose(kg/ha):Constant(kg/ha)xT(q/ha)-ConstantxSTV(kg/ha)
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Basedonthis,fertilizerrecommendationsaredevelopedfordifferentregions.

OnesuchequationdevelopedtorecommendPandK,fertilizersforsugarcaneinsouth

Gujaratisgivenbelow:

DoseofP2O5(kg/ha)=2.24T-3.97xSTVforavailableP2O5

DoseofK2O(kg/ha)=2.67T-0.383xSTVforavailableK2O

Nutrientuseefficiency(NUE):

"Nutrientuseefficiencydefinedasyield(biomass)perunitinput(Fertilizer,

nutrientcontent)".ThenutrientmostlimitingplantgrowthareN,P,KandS.NUE

dependsontheabilitytoefficientlytakeupthenutrientfrom thesoil,butalsoon

transport,storage,mobilization,usagewithintheplantandevenontheenvironment.

TwomajorapproachesmaybetakentounderstandNUE.Firstly,theresponseofplants

tonutrientdeficiencystresscanbeexploredtoidentifyprocessesaffectedbysuch

stressandthosethatmayservetosustaingrowthatlownutrientsinput.Asecond

approachmakesuseofnaturalorinducedgeneticvariation.

Increasingnutrientefficiencyisthekeytothemanagementofsoilfertility.The

proportionoftheaddedfertilizeractuallyusedbyplantsisameasureoffertilizer

efficiency.Soilcharacteristics,crop characteristics and fertilizermanagement

techniquesarethemajorfactorsthatdeterminefertilizerefficiency.

9.3Factorsinfluencingnutrientuseefficiency(NUE)

9.3.1Soilcharacteristics

(1)NutrientStatusofSoil:Theresponseofanycroporacroppingsystem toadded

nutrientdependslargelyupontheinherentcapacityofsoiltosupplythatnutrientasper

therequirementofcrop.Inalownutrientsoil,thecroprespondsremarkablytoits

application.Ontheotherhand,inahighnutrientsoil,thecropsmayshowlittleorno

response.Inmedium testsoil,theresponseisintermediate.Soiltestinghelpsin

adjustingtheamountoffertilizerandthusimprovestheefficiencyoffertilizersuse.By

demarcatingtheareasrespondingdifferentlytodifferentplantnutrients,righttypeand

properamountoffertilizerscanbeappliedtothem.

(2)NutrientLossesandTransformations:Theamountsofnutrientsestimatedbysoil

testsmaynotbeentirelyavailabletoplantsbecauseoftheirleaching,volatilization,

denitrificationandtransformationstounavailableforms.Leachinglossesareimportant

fornitratenitrogenbecauseitisnotheldbyexchangesitesinthesoil,itislost.Such

lossesareofparticularsignificanceinsandysoilsandinsituationsifheavyrainor

irrigationfollowsitsapplication.Inacidsoils,leachinglossesofcalcium,sulphate,

potassium andmagnesium aremorecommon.VolatilizationofammoniainhighpH

surfacesoilsisconsiderablewhenureaisappliedatthesurface.Denitrificationlossof

nitrogenmainlyoccusunderwaterloggedconditionsprevailingduringricecultivation,

particularlyunderhighertemperaturesandinthepresenceofeasilydecomposable

organicmaterials.
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Theconversionofaportionofavailablenutrientsintoinsolublemineralformsis

alsoimportant.Thus,theefficiencyofaddedphosphorusis20to30percent.Microbial

immobilizationalsoconvertstemporarilythesolubleformsofnutrientsintounavailable

forms.Similarly,theefficiencyofzincappliedtosoilislessthan3%.

Soilcharacteristicsplayadominantroleinthetransformationofnutrients.Soil

reaction(pH)isoneoftheimportantsoilpropertiesthataffectsplantgrowth.The

harmfuleffectsofsoilacidityaremoreduetosecondaryeffectsexceptinextreme

case.TheimportantsecondaryeffectsofhighacidityorlowpHinasoilarethe

inadequatesupplyofavailablecalcium,phosphorusandmolybdenumononehandand

theexcessofsolublealuminum,manganeseandironontheother.Likewise,insaline-

alkalisoil,thedeficiencyofCa,Mg,P,Zn,FeandMnisverycommon.Thefertilizers

practicesare,therefore,tobemodifiedaccordinglyforsoilswithdifferentsoilreactions.

Themainaimoflimingofacidsoilsandadditionofgypsumtoalkalisoilsistochange

thesoilpHsuitablefortheavailabilityofmostplantnutrients.

(3)SoilOrganicMatter:Soilorganicmattercontentisgenerallyconsideredasthe

indexofsoilfertilityandsustainabilityofagriculturalsystems.Itimprovesthephysical

andbiologicalpropertiesofsoil,protectssoilsurfacefrom erosionandprovidesa

reservoirofplantnutrients.Intropics,themaintenanceofsoilorganicmatterisvery

difficultbecauseofitsrapiddecompositionunderhightemperatures.Thecultivationof

soilsgenerallydecreasesitsorganiccarboncontentbecauseofincreasedrateof

decompositionbythecurrentagriculturalpractices.Incultivatedsoils,prevalent

croppingsystemandassociatedculturalpracticesinfluencethelevelatwhichorganic

matterwouldstabilizeinaparticularagro-eco-system.Long-termfertilizerexperiments

haveshownthattheintegrateduseoforganicmanuresandchemicalfertilizerscan

maintainhighproductivityandsustainablecropproduction.Recentstudieshave

indicatedthataperiodicadditionoflargequantityofcropresiduetothesoilmaintains

thenitrogenandorganicmatteratadequatelevelsevenwithoutusinglegumesinthe

rotation.TheapplicationofFYM,compostandcerealresidueseffectivelymaintainsthe

soilorganicmatter.Thereisasignificantincreaseinsoilorganicmatterdueto

incorporationofriceorwheatstrawintothesoilinsteadofremovingorburningit.

Yieldsare,however,lowinresidueincorporatedtreatmentsduetowideC:Nratioofthe

residues.Thisilleffect,however,canbeavoidedifthericestrawisincorporatedat

least20daysbeforeseedingwheat.

(4)Soilmoisture:Fertilizerapplicationfacilitatesrootextensionintodeeperlayersand

leadstograterrootproliferationintherootzone.Irrigatedwheatfertilizedwithnitrogen

used20-38mmmorewaterthantheunfertilizedcroponloamysandandsandyloam

soilsandincreaseddrymatterproductionSoilmoisturealsoaffectsrootgrowthand

plantnutrientabsorption.Thenutrientabsorptionisaffecteddirectlybysoilmoisture

andindirectlybytheeffectofwateronmetabolicactivitiesofplant,soilaerationand

concentrationofsoilsolution.Ifsoilmoisturebecomesalimitingfactorduringcritical
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stageofcropgrowth,fertilizerapplicationmayadverselyaffecttheyield.

(5)PhysicalConditionsofSoil:Despiteadequatenutrientsupply,unfavorablephysical

conditionsresultingform acombinationofthesize,shape,arrangementandmineral

compositionofthesoilparticles,mayleadtopoorcropgrowthandactivityof

microorganisms.Soilnitrogengenerallyincreasesasthetexturebecomesfiner.The

basicrequirementsforcropcomesfiner,Thebasicrequirementsforcropgrowthin

termsofphysicalconditionsofsoilareadequatesoilmoistureandaeration,optimum

soiltemperatureandfreedom from mechanicalstress.Tillage,mulching,irrigation,

incorporationoforganicmatterandotheramendmentslikelimingofacidsoilsand

additionofgypsumtosodicsoilsarethemajorfieldmanagementtechniquesthataim

atcreatingsoilphysicalenvironmentsuitableforcropgrowth.Tillageaffectswateruse

bycropsnotonlythroughitseffectonrootgrowthbutalsoaffectsthehydrological

propertiesofsoils.Mulchingwithresidues,plasticfilm etc.,influencesevaporation

lossesfrom soilbymodifyingthehydro-thermalregimeofthesoilandaffectsroot

growthandrootingpattern.Useoforganicmulchalsodecreasesmaximum soil

temperatureinsummerandincreasesminimumsoiltemperatureinwinterandhelpin

theconservationofsoilmoisture.

9.3.2CropCharacteristics

(i)NutrientUptake:Thetotalamountofnutrientsremovedbyacropmaynotserveas

anaccurateguideforfertilizersrecommendations;itdoesindicatethedifferencesin

theirrequirementamongcropsandtherateatwhichthenutrientsreservesinthesoil

arebeingdepleted.Thenutrientuptakemayvarydependinguponthecropsandits

cultivars,nutrientlevelinthesoil,soiltypesoilandclimaticconditions,plantpopulation

andmanagementpractices.Itisestimatedthat8tofricegrainremove160kgN,38kg

P,224kgK,24kgSand320gZnascomparedtoaremovalof125kgN,20kgP,125

kgK,23kgSand280gZnby5tofwheatfromonehectarefield.

(ii)RootCharacteristics:Rootsaretheprincipalorgansofnutrientabsorption.Aproper

understandingoftheircharacteristicshelpsindevelopingefficientfertilizerpractices.

Theabsorptionofnutrientsdependsuponthedistributionofrootsinsoil.The

shallowertherootsystem,themoredependenttheplantisonfertilizers.Hence,any

soilmanipulation,whichencouragesdeeprooting,willencouragebetterutilizationof

fertilizers.Itiswellknownthatsomeplantsarebetterscavengersofcertainnutrients

thanothers.Thisismainlybecauseofthepreferentialabsorptionofthesenutrientsby

therootsofthoseplants.Forexample,legumeshaveamarkedpreferencefordivalent

cationslikeCa2+whereasgrassesfeedbetteronmonovalentcationslikeK+.
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Theefficiencyoftheappliedfertilizercanbeimprovedconsiderablyifthe

rootinghabitsofvariousplantsduringearlygrowthstagesareknown.Thisis

particularlytrueforrelativelyimmobilenutrientsandforsituationswherethefixationof

appliednutrientsisveryhigh.Ifaplantproducestaprootsystem early,fertilizercan

bestbeplaceddirectlybelowtheseed.Ontheotherhand,iflateralrootsareformed

early,sideplacementoffertilizerwouldbehelpful.

Mycorrhizalfungioftenassociatedwithplantroots,increasetheabilityofplants

toabsorbnutrientsparticularlyunderlow soilfertility.However,fertilizeradditions

generallyreducetheirpresenceandactivity.

9.3.3CropRotation:Thenatureofcroppingsequencehasaprofoundeffectonthe

fertilizerrequirementanditsefficiency.Cropsareknowntodifferintheirfeeding

capacitiesonappliedaswellasnativenutrients.Thecropsrequiringhighlevelsof

fertilizerssuchasmaize,potatomaynotusetheappliedfertilizersfullyandsome

amountofthenutrientmaybeleftinthesoilwhichcanbeutilizedbythesucceeding

crop.Phosphorus,amongthemajornutrients,isworthyofconsiderationbecauseonly

lessthan20percentoftheappliedphosphaticfertilizerisutilizedbythefirstcrop.

Similarly,lessthan3%oftheappliedzincisusedbythefirstcrop.Themagnitudeofthe

residualeffectis,however,dependentontherateandkindoffertilizerused,the

croppingandmanagementsystemfollowedandtoagreatextentonthetypeofsoil.

CropshaveatendencyofluxuryconsumptionofNandKandmaynotleaveany

residualeffectunlessdosesinexcessofthecroprequirementareapplied.Ontheother

hand,ifsub-optimaldosesoffertilizersareappliedtoacrop,theymayleavethesoilin

amuchexhaustedconditionandthefertilizerrequirementofthesucceedingcropmay

increase.Thelegumesleavenitrogenrichrootresiduesinthesoilforthesucceeding

cropandthusreduceitsnitrogenrequirement.

9.4Methodsoffertilizerapplication

Animportantiteminefficientuseoffertilizeristhatofplacementinrelationto

plant.

(1)Solidfertilizers

Broadcastingisthemethodofapplicationoffertilizeruniformlyovertheentire

field.Itmaybeatplantingorinstandingcropastopdressing.

(i)Broadcastingatplantingisadoptedundercertainconditions.

1.Soilshighlydeficient,especiallyinnitrogen,

2.Wherefertilizerslikebasicslag,dicalcium phosphate,bonemealandrock

phosphatearetobeappliedtoacidsoils,and

3.Whenpotassicfertilizersaretobeappliedtopotashdeficientsoils.
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(ii)Topdressingisapplicationoffertilizertothestandingcrop.Usually,nitratenitrogen

fertilizersaretopdressed.Dependingonthedurationofthecropandsoiltype,top

dressingmaybemorethanonetomeetthecropneedsattimesofgreatestneedofthe

crop.

(iii)Placement:Fertilizersareplacedinthesoileitherbeforesowingoraftersowingthe

crop.

(a)Plough-soleplacementconsistsofplacingthefertilizerinacontinuousbandatthe

bottomofthefurrowduringtheprocessofploughing,whichisusuallycoveredbythe

nextfurrowadjacenttoit.

(b)Deepplacementisapplicationoffertilizers,especiallynitrogen,inthereducedzone

toavoidnitrogenlossesinlowlandrice.

(c)Localizedplacement:Inthismethodfertilizerareappliedclosetotheseedorplant.

Itisusuallyadoptedwhenrelativelysmallquantizesoffertilizersarebeapplied.

(d)Contactplacementordrillplacementrefersto drilling seedsand fertilizer

simultaneouslyatsowing.Caremustbetakentoplacetheseedandfertilizerat

differentdepthstoavoidsaltinjurytothegerminatingseed.

(e)Bandplacementconsistsofapplyingthefertilizerincontinuousbands,closetothe

seedorplant.Thismethodisidealforcropsgrowninwidespacei.e.,cotton,castor,

sugarcane,tobacco,maizeetc.

(f)Pelletplacementisapplicationoffertilizer,especiallynitrogeninpelletfrominthe

lowlandriceavoidnitrogenlossfromappliedfertilizer.

(2)LiquidFertilizers

(i)Startersolution:Thesearesolutionsoffertilizerspreparedinlowconcentrations

usedforsoakingseed,dippingrootsorsprayingonseedlingsforearlyestablishment

andgrowth.

(ii)Foliarapplication:Thismethod,nutrientsareappliedaretothestandingcropsinthe

fromofsprayforquickrecoveryfromthedeficiency.Itavoidsfixationofnutrientsin

thesoil.

Inthecaseofcalcium,transportfrom rootstofruitislimited,sofoliar

applicationsarethebestmethodweknowofgogetmorecalciumintofruittissueto

reducepostharvestdisorders.Theexpenseofthecalciumspraysismorethanjustified

bythepotentialpostharvestlosses.

IfsoilpHlimitsnutrientavailability,andgroundappliedfertilizesarenottakenup,

foliarfertilizersmaybeavalidoption.Inthiscase,asoilsampleshouldbetakento
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determinepH,andaleaftissuesampletakentodeterminetheneedforadditionfoliar

fertilization.Insomecasespoorroothealthfromcompaction,replantdisease,crown

rot,mousedamage,waterloggingorotherproblemmaywarrantfoliarfeedingoftrees.

However,thefertilizerintherequiredamountcannotbephototoxicasafoliarspray,

anduptakemusthavebeendemonstratedwiththeproductunderconsideration.

Zincuptakedeservesspecialattention.Inoursoilszineislargelyimmobileandit

isdifficulttosupplyrootswithadequateamountsofavailableZn.Asaresultoflimited

soilavailability,zineisappliedasafoliarspray.Researchhasshownthatonlyasmall

amountofZncanbetakenupbyleaves,howeverfoliarapplicationarestillmore

successfulthansoilappliedZn.

(iii)Soilapplication:Liquidfertilizersuchasanhydrousammoniaareapplieddirectlyto

thesoilwithspecialinjectingequipment.Liquidmanuressuchasurine,sewagewater

andshedwashingaredirectlyletintothefield.

(iv)Fertigation:Thisistheapplicationoffertilizerinirrigationwaterineitheropenor

closedsystem.Theopensystem includeslinedandunlinedopenditchesandgated

pipesthatareusedforfurrowandfloodirrigation.Sprinklerandtricklesystemsare

mainclosedsystems.Nitrogenandsulphuraretheprincipalnutrientsappliedby

fertigation.

Thefertigationallowstoapplythenutrientsexactlyanduniformlyonlytothe

wettedrootvolume,wheretheactiverootsareconcentrated.Thisremarkablyincreases

theefficiencyintheapplicationofthefertilizer,whichallowsreducingtheamountof

appliedfertilizer.Thisnotonlyreducestheproductioncostsbutalsolessensthe

potentialofgroundwaterpollutioncausedbythefertilizerleaching.

Otheradvantageofthefertigationare:(1)thesavingofenergyandlabor,(2)the

flexibilityofthemomentoftheapplication(nutrientscanbeappliedtothesoilwhen

cropofsoilconditionswouldotherwiseprohibitentryintothefieldwithconventional

equipment),(3)convenientuse ofcompound and ready-mixnutrientsolutions

containingalsosmallconcentrationsofmicronutrientswhichareotherwisevery

difficulttoapplyaccuratelytothesoil,and(4)thesupplyofnutrientscanbemore

carefullyregulatedandmonitored.Whenfertigationisappliedthroughthedripirrigation

system,cropfoliagecanbekeptdrythusavoidingleafburnanddelayingthe

developmentofplantpathogens.

Fertilizersmanagementunderrainfedconditions:

Indryland agriculture,limited wateravailabilityisusuallythefactorthat

ultimatelylimitscropproduction.However,itisnotunusualforlimitedavailabilityof

oneormoresoilnutrientstofurtherdecreaseproductionpotential.Often,theeffectsof

waterand nutrientdeficiencies are additive.Because soilused underdryland

agriculturearedevelopedunderwidelyvaryingconditions,theirabilitytosupply

nutrientsishighlyvariable.

Fertilizerpracticesgreatlyaffectnutrientcyclingandavailabilityinrainfed
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conditions.Becauseoffrequentdryperiods,placementofsolublefertilizerswiththe

seedisextremelyhazardousindrylandsoils.Thehigherratesoffertilizerapplication

mayresultinhighosmoticpotentialsnearthegerminatingseed.Foroilcrops,applying

nofertilizerNwiththeseedisusuallyrecommended.however,upto20to30kgP/ha

canbeappliedwiththeseedbecauseoftheconsiderablylowersolubilityofmostP

fertilizer.ItisalsoreportedthatPavailabilityisparticularlycriticalforanerodedsoil.

Indrylandsoils,thesurfacelayersoftenremaindryforamajorpartofthe

growingseason.Suchaconditionmightsuggestthatfertilizersshouldbeplaced

deeperintheregionoftheactiverootzoneformoreofthegrowingseason.

Timingoffertilizerapplicationcouldalsoaffectnutrientcycling.ApplyingN

fertilizersnearthetimeofmaximum Nuptakerateofthecropresultsinthemost

efficientuptakeofthefertilizer.

Fertilizersourcesalsodeterminethegrowththecropsunderrainfedconditions.

Mostdrylandexperimentsshowedthatammoniumnitrateisusuallyoneofthemost

efficientNsourcesfordrylandcrops.Attheotherextreme,theseexperimentsshowed

thatureaistheleastefficientform ofNfertilizers.Onemustexerciseconsiderable

caution when using urea on dryland to avoid excessive losses byammonia

volatilization.

Byconcentratingtheurea(liquidorsolid)inabandorpellets,surfacecontactis

reduced,reducingvolatilization.Injectingorincorporatingureabeneaththesoilsurface

isbyfarthebestwayinwhichtoapplythismaterialtodrylandsoils.

*******


