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FundamentalsofAgronomy:AGR-111(2+1)

Agriculture-Definition

ThetermagricultureisderivedfromtwoLatinwordsageroragrimeaningsoilandcultura

meaningcultivation.Agricultureisabroadtermencompassingallaspectsofcropproduction,

livestockfarming,fisheries,forestryetc.

Agricultureisabranchofappliedscience.Itistheartoffarmingincludingtheworkofcultivating

thesoilforproducingcropsandraisinglivestock.Therearethreemainspheresofagriculture,

geoponicmeaningcultivationinearth,hydroponicmeaningcultivationinwaterandaeroponic

meaningcultivationinair.

Agricultureisdefinedasanart,scienceandbusinessofproducingcropsandlivestock for

economicpurposes

Agricultureisaproductiveunitwherethegiftsofnaturelikeland,light,waterandtemperatureare

integratedintoasingleprimaryuniti.ecropplantwhichisindispensableforhumanbeings.The

secondaryproductiveunitsofagricultureareanimalsincludinglivestock,birdsandinsectswhich

feedontheprimaryunitsandprovideconcentratedproductssuchasmeat,milk,wool,eggs,

honey,silkandlac.

Theimportantculturalenergiesutilizedfortheproductionandprotectionofagricultural

commoditiesare

Naturalresources:           1.Land,water,lightandotherresourcesofenvironment.

Addedresources    1.Irrigationanddrainage

2.Organic,biologicalandmineralfertilizers,chemicals

3.Farmequipmentsanddraftpower.

             Theseareusedtomaximizetheproductivityperunittime,water,land,labourandrupee

invested.

ThewordAgriculturemaybeexpandedasActivitiesontheGroundforRaisingIntendedCrops

forUpliftingLivelihoodThroughtheUseofRechargeableEnergies.

 Agricultureasanart,scienceandbusinessand Branchesofagriculture

Agricultureasanart:Learningbydoingandgainingexperience. Artisconcernedwithskilland

experience. Itisinheritedbyseeingparentsoreldersthroughexperience.Agriculturetellsus

howtoperformandoperationlikesowing,weedingetcinaskillfullmanner.

 Agricultureprimarilyrequiresphysicalskill. Physicalskillisinheritedbydoingphysicalworkwith

perfectexecution. E.g.openingastraightfurrow,Levellingthefield,sowingseed,applicationof

manuresandfertilizersetc.

             Artofagriculturalrequiressecondarilymentalskill.

Mentalskill:Decisionmaking



DepartmentofAgronomy AgriculturalCollege,Hassan
AGR.101 Agro-climaticZones

2

 E.g.Selectionofcropsforaparticulararea,Decidingthetimeofoperation,timingofproduction

togetbetterreturns,choosingoflowcost/nocostinputsetc.

AgricultureasaScience

Scienceissystematicstudyofhappeningsofanything.Scientificprincipleswereusedin

agricultureforincreasingproductionandqualityofcrops.Severalscientificadvanceshavebeen

madeinallbranchesofagriculturewhicharesystematizedtoincreasecropproductionand

achieveselfsufficiency.Eg.

PlantbreedingandBio-technology–Developedmanyvarietiessuitingtovarioussoils,climate

andconsumertastes.

Agronomy–Developedimprovedcropproductionpracticeslikemanagementofsoils,fertilizers

etc.

Otherdisciplines–useofpesticides,laboursavingmachinery,satelliteandremotesensingin

weatherforecastingetc.

 Together,allthesecontributedforselfsufficiency.

AgricultureasaBusiness

Agricultureindevelopedcountriesisabusinessdrivenprocess.Thefarmersinthesecountries

cultivatethecropstoearnhigherincomewithlessinvestmentandagricultureispracticedona

businesslineandlandisconsideredasworkshoporfactorytogeneratereturns.Mechanization

andcommercializationhavebeenintroducedinthesecountriestogetmaximumprofit.Whereas

indevelopingandunderdevelopedcountries,agricultureisconsideredasawayoflifeand

practicingonasubsistencelevel.Traditionalfarmingishandedoverfromfathertosonwithout

anyefforttoincreaseproduction.However,withimprovementinliteracyrate,WTO,GATT,

Agricultureinthesecountriesareassumingasabusinessenterprise.

Similartotheindustry,agriculturehasmanyproblemslike,

 Excessive/deficitinproductionasitiscontrolledbyseveralfactorsviz.,climate.

Management

 Consumertasteandpreferences

 Trade

 Taxation

 Employerandemployeerelationship.

 Economicinterdependence–relationshipbetweenfarmersVsmerchants&Transport.

Hence,Agricultureisconsideredasabusiness.
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DifferencebetweenAgricultureandIndustry

Sl.
No.

Agriculture Industry

a) Biologicalprocessinwhichplantsconvert
solarenergytochemicalenergy

Mechanicalprocess

b) Primaryproductsofagricultureisorganic
innature

Majorlyinorganic

c) Primaryresourcesareenvironment,plant,
waterandair

Dependsonagricultureforrawmaterials

d) Subjectedtonaturalcalamitiesand
productionisnotundercontrol

Canbeprotectedfromnaturalcalamities
andproductioncanbecontrolled.

BRANCHESOFAGRICULTURE

Major branches:

1.Agronomy      2.GPB    3.SS&AC     4.Agril.Entomology  5.Plant
Pathology    6.Agril.Microbiology 7.CropPhysiology   8.PlantBiotechnology  9.Agril.
Engineering   10.Agril.Economics        11.Agril.Statistics

Alliedbranches:

1.Horticulture     2.Forestry 3.AnimalScience  4.FisheryScience   5.AgriculturalEngineering
and    6.HomeScience

1)Agronomy–Itdealswiththeproductionmanagementofvariouscrops,whichincludesfood
crops,foddercrops,fibercrops,sugar,oilseeds,etc.

2)Horticulture–Branchofagriculturedealswiththeproductionofflowers,fruits,vegetables,
ornamentalplants,spices,condimentsandbeverages.

3)Forestry–Itdealswithlarge-scalecultivationofperennialtreesforsupplyingwood,timber,etc.
andalsorawmaterialsforindustries.

4)AnimalHusbandry–Husbandryistherearingofvariousanimalsformeat,milk,wool,draft
energyetc. 

5)FisheryScience–Itisformarinefishandinlandfishesincludingshrimpsandprawns.

6)AgriculturalEngineering–Itisanimportantcomponentforcropproductionandhorticulture
particularlytoprovidetoolsandimplements. Itisaimingtoproducemodifiedtoolstofacilitate
properanimalhusbandryandcropproduction.

7)HomeScience–Itdealswiththeeffectiveconversionofrawproduceintoconsumablewith
valueaddition.

Agronomy:ThetermAgronomyisderivedfromtwoGreekwords‘Agros’meaning‘Field’and
‘Nomos’meaning‘Manage’.

Agronomyisabranchofappliedsciencedealswiththeprinciplesandpracticesofsoil,waterand
cropmanagement.

Norman(1980)definedagronomyas‘Thescienceofmanipulatingthecropenvironmental

complexwithdualaimsofimprovingagriculturalproductivityandgainingadegreeof
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understandingoftheprocessinvolved’.

Inrecenttimes,Agronomyhasassumednewerdimensionsandcanbedefinedas‘Abranchof

agriculturalsciencethatdealswiththemethodswhichprovidefavourableenvironmenttothe

cropsforhigherproductivity.

RoleofAgronomist

Agronomistexploitstheknowledgeofthebasicandappliedsciencestomaximizecrop

productionatminimumcost.Agronomistsareconcernedwithderivingefficienttechnologyof

cropproductionactivitieslike.

a.LandPreparation:Developingefficientandeconomicfieldpreparationmethods

dependingoncrop,seasonandresourceavailability.Developingmachineriesinco-

ordinationwithAgriculturalEngineers.

b.Selectionofcrops:Involvedinselectingsuitablecropandvarietyinaccordancewiththe

season,soilandfarmerspreference.

c.Sowing/Planting:Developefficientmethodofsowing/plantingandstandardized

spacing/plantgeometrytomaintainoptimumplantpopulationandinturnbetteryield.

d.Nutrientmanagement:Identifyvariousnutrientsrequiredbythecroptakingcropdemand

andsoilfertilityintoconsideration.Heisalsoresponsibleforderivingoptimumtimeand

methodofapplicationofthesenutrients.

e.Weedmanagement:Agronomistisresponsibleforselectingbetterweedmanagement

practicesviz.,mechanical/physicalorcultural/agronomicorbiologicalorchemicalor

integrationof2ormoremethods.

f. Irrigationmanagement:Selectionofproperirrigationmethod,timeandquantityof

applicationbasedoncropwaterneedanditsavailability.

g.Cropplanning/croppingsystem:Identifyingthecropsequence,inter/mixedcropping

forefficientutilizationofavailableresourcestomaximizefarmincome.

h.Aftercare:Managementofcropafterplanning/sowingtillharvestingincludingthe

scheduleofplantprotectionmeasures,intercultureetc.

i. HarvestingandProcessing:Responsibleforderivingefficientmethodandtimeof

harvesting&processing.

j. Decisionmaking:onmarketing/saleofproducei.e.,Timeandplaceofmarketing.

Overall,AgronomistislikeaPhysician

ScopeandImportanceofAgriculture

Agricultureplaysakeyroleintheoveralleconomicandsocialwellbeingofthecountry.Though

theshareofagricultureinbothGDPandEmploymenthasdeclinedovertime,agriculturestill

formsthebackboneandoccupiesaprideofplace.

1. Agriculturecontributes24%totheGrossdomesticProduct.GDPwasdeclinedfrom39%

in1983to25%during1999-2000

2.Provideslivelihoodsupportformorethanhalfofthepopulationinthecountry.Thesector

providesemploymentto56.7%oftheIndia’sworkforce.

3.Agriculturehasbeenthesourceofrawmaterialforindustries.Majorityoftheindustries

dependingonagriculturefortheirrawmaterials.  Eg:Textile(Cotton,Jute),Sugar

(Sugarcane,Sugarbeet),Small&mediumscaleindustrieslikesoaps,dyes,medicines,

vitamins,preservationoffruitsandvegetables,dhalmilling,ricehusking,Jaggerymaking,

oilcrushing,handloomsetc.
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4.Itprovideslargepartofmarketforindustrialgoodsviz.,seeds,fertilizers,pesticides,

implements,machineslikepumpsets,trucks,tractors,powertillers,sprayersetc.

5.Supportroadways,railways,airwaysandshipwaysfortransportofinputs&produce
6.ProvidesalargeportionofIndia’sexport.Agril.Provides12-15%ofthenationalexports.

Thecommoditiesexportedaretea,coffee,sugar,cashewnut,spices,tobacco,cottonetc.
7.Agriculturemaintainfoodsecurityandinturnnationalsecurity.Satisfactoryagril.

productionbringspeace,prosperity,harmony,healthandwealth.  

 “Amanwithoutfood   -for3dayswill     quarrel 
-foraweekwillfight    

   -foramonthwilldie”
8.Agricultureandalliedsectorslikehorticulture,animalhusbandry,diary&fisheryhavean

importanceinimprovingeconomicconditions,healthandnutritionofhumanbeing

Agriculturalgrowthcanbewitnessedbyincreasedfoodgrainsfrom50to303m.t,productivity
from522to1500kgha-1,percapitafoodavailabilityfrom395to510gday-1,cottonfrom3to13.5
m.bales,sugarcanefrom57to330m.t,eggsfrom2to28billion,vegetablesfrom20to90m.t.

Thishashappenedmainlybecauseofrevolutionswithdevelopmentoftechnology.Themajor
revolutionsare

GreenRevolution             -Foodgrains(50to303m.t.)
WhiteRevolution             -Milk(17to188m.t.)
BlueRevolution              -Fish(0.75to12.6m.t.)
YellowRevolution             -Oilseeds(5to31.5m.t.)

Geometricalgrowthofpopulationresultedin1.3billioninIndia.However,foodgrainsproduction
ismovingarithmetically.Thefoodgrainsdemandby2025isestimatedat335milliontonesover
differentyears.

Infuture,agriculturaldevelopmentinIndiawouldbeguidednotonlybythecompulsionof
improvingfoodandnutritionalsecurity,butalsobytheconcernsforenvironmentalprotection,
sustainabilityandprofitability.

Weneedtoachievethefoodgrainsproductiongrowthrateby2.7%tomeetthepopulation
growthrateof2.2%.whichispossiblethrough

1. IncreasingtheareaunderHYVandHybrids
2.Adoptionofimprovedproductiontechnology
3.Increasingareaunderirrigation
4.Efficientandintegratedmanagementofmanuresandfertilizers
5.Adoptionofsuitablecrop/croppingsystemandformulationofcroppingzones
6.Attentionstodevelopintegratedpestmanagementtimelytoavoidlosses
7.Rainwatermanagement–efficientconservation&harvestfollowedbyjudicioususe
8.Transferoftechnologyfromlabtolandefficientlyandtimely.

HISTORYOFAGRICULTURE

Itissupposedthatmanwasevolvedonearthabout15lakhyearsago.Thismanstartedtomove
bystandingerectonhisfeet.SuchmanhasbeencalledHomoerectus.Laterthemodernman
wasevolvedcalledHomosapiens(Sapiensmeanslearninghabit)duetohiscontinuouslearning
habit.

Itisdifficulttotracetheexactperiodofbeginningofagriculture.Archeologicalevidences
indicatedthat,agriculturestartedabout50,000yearsago.
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Huntingwastheprimarysourceoffoodinoldendaysandwasprevailedforlongtime.Pastoral
obtainedhisfoodthroughdomesticationofsomeanimalslikedogs,horse,cow,buffaloetc.They
liveintheperipheryoftheforestandmigratefromoneplacetoanotherinsearchoffood.Itwas
notcomfortableandtheystartedenjoyingbysettlingatoneplaceneartheriverandstarted
agriculturalsystem.

Agriculturalsystemsoftheworldcanbedividedinto4groups.  

     a)Shiftingcultivation   b)Simplesedentarycultivation    c)Simpleploughcultivation         
d)Advanced/modernagriculture

a.Shiftingcultivation:Movingfromoneplacetootherspeciallytheriverbedsbyclearing
forestthroughfireandbroadcastingthecropseedslikepaddy,chilli,redgrametc.itis
alsocalledasJhummingorJhumCultivation.

b.Simplesedentarycultivation:Peopleusetodigpits/holeswithsharpspadeorpickaxe
andplant/sowseeds.ItiscommoninAsiancountriesandcropscultivatedarebanana,
coconut,arecanut,roottubersetc.

c.Simpleploughcultivation:Practicedwithdevelopmentofsmalllocalploughsandanimal
draftpower.Eg:Ricecultivation.

d.Advanced/modernagriculture:Itisbasedonmodernmachineriesandadoptionof
technologiesdevelopedovertime.

TheAgriculturehistorycanbedividedinto3Phases.

i) Ancientperiod(From800BCtothefallofRome–476AD)                          
ii) Medievalperiod(From476ADto1600AD)                                                               
iii) Modernperiod(From1600ADonwards)

i)Ancientperiod:

Period Event

Before10,000BC Hunting&gatheringoffruits,grainsinforestareaandanimals
7,500BC Shiftingcultivationofcrops–Wheat&Barley
3,400BC Inventedwheel(outofstone)
3,000BC Bronzeusedformakingtolls
2,900BC Inventedplough,startedirrigatedfarming
2,300BC Cultivationofchickpea,cotton&mustard
2,200BC Ricecultivation
1,500BC Sugarcanecultivation
1,400BC Usedironformakingtools
1,000BC Useofironplaogh
430to330BC Xenophan–Greekhistorianmentionedaboutploughingofgreen

materialtoenrichsoils
234to149BC Catogaveimportancetoploughingandmanuring
70to19BC Virgilmentionaboutcroprotationandinclusionoflegumestoenrich

soilfertility.

             MentionsaboutagriculturehasalsobeenmadeinVedas(Rigveda,Yajurveda,
AtharvanavedaandSamaveda).

Rigveda:Greencultivation,cattlerearing,useofploughs&sickles

Atharvanaveda:Differentcropsgrownindifferentseason
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 ii)Medievalperiod:DuringtheperiodofBuddist’s,Gupta’s,Maurya’sandMagada’s,mentionhas
beenmadeonagriculture.Forinstance

a.AGreekambassadorMegasthaniscametoIndiaandmentionedhowIndianpeoplegiving
importancetomaintainsoilfertilityandcropproduction

b.Kautilya,afamouseconomistmentionedtheroleofakinginprotectingagriculture.He
emphasizedfordryingseeds/grainsandtheirstorageforfutureuse.

c.SaintManu,inhis‘Manusmrithis’hasmentionedaboutthepunishmentgivenagainst
implementtheft.

d.SaintParasara(1000AD)inhisbook‘Krishiparasara’mentiontheoperationsforpaddy
fordifferentseason.Heemphasizedmanuring,ploughing,puddling,thinning,weedingand
irrigation.

e.PeterDecresenzi(1230–1307AD)collectedmanyliteraturesrelatedtoAgronomyinhis
book‘OpusRuraliumKamoDaram’.Hence,heisconsideredas‘FatherofAgronomy’.

iii)Modernperiod/Developmentofscientificagriculture

Scientificagriculturewasstartedduring16thcentury.Experimentationtechniquewasstartedby
FrancisBacon(1561-1624AD).Heconcludedfromhisstudythatwateristheprincipleelement
forplant.

VanHelmont(1572-1644AD)conductedapotexperimentonwillowtree,popularlyknownas
‘WillowTreeExperiment’.Hetookawillowplantofweight5Poundsandplantedinapot
containing200poundssoil.Theplantwasmonitoredfor5yearbycontinuouswatering.Bythe
endof5thyear,thewillowtreeweighed169Poundsandtheweightofsoilwas198Pounds.He
concludedthatwateristhesolwrequirementforplants.

 Jethrotull(1674-1741)mentionedsoilparticlesareessentialforplantgrowth.Hedeveloped
‘Horsehoe’fortillage.Hesuggestedprovidingmoresoilparticlestoplantbytilthandadditionof
animalexcretaandmanurestosoil,whichmakeitfriendlierforplantgrowth.Heinvented‘seed
drill’in1731forrowsowing.Healsopublishedabook‘Horsehoeinghusbandry’in1733.Heis
consideredas‘FatherofTillage’

ArthurYoung(1741-1820)published‘AnnalsofAgriculture’comprehendingavailableliteratureon
agriculture.

Priestly(1780)mentionedthatplanttakeCO2fromcarbonicacidofsoilandgiveupO2.

TheodoreDeSaussure(1804)concludedfromhisexperimentthat

a.PlantsabsorbCO2fromatmosphereandnotfromsoil
b.‘N’essentialforplantgrowthtakenfromsoil
c.Plantrootsareselectiveinabsorptionandabsorbonlywaterfromsoilleavingsalts.

Hence,saltsaccumulateinsoil.
d.Mineralmattersarenotsynthesizedintheplantsbutareabsorbedbyrootsfromthesoil.

ThelargescalefieldexperimentationwasstartedbyJBBoussingault(1834).Heisrecognizedas
‘FatherofFieldExperimentation’.Heworkedonmineralnutritionofplants.

JustasVanLeibig,agermanscientistconsideredas‘FatherofAgriculturalChemistry’opinion
that,growthofplantwasproportionaltotheamountofmineralsubstanceavailableinthesoil.He
proposedalawcalledLeibigLawofMinimum.Itstatesthat‘Thegrowthofplantislimitedbythe
plantnutrientwhichispresentinsmallerquantitywhileallotherbeingadequate’.

JBLawes&JHGilbert(1843),startedanagriculturalexperimentstationtoconductlongterm
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fertilizertrialandtotestthesuperphosphatetheydevelopedbytheactionofrockphosphateand
H2SO4atRothamsted.

GregorJohnMendal(1856)discoveredlawsofheredity.

CharlesDarwin(1876)proposedtheoryofevolutionandinheritanceofacquiredcharacter.

PMAMillerdet(1880)discovered‘BordeuxMixture(CuSO4+Ca(OH)2+H2O::1:1:100ratio)to
controldownymildewingrapes.

ThomasMalthus(1898)proposedtheoryofpopulationgrowth,whichstates“PopulationinIndia
isgrowingingeometricalandfoodgraininarithmeticalprogression.Humanwouldrun-outoffood
inspiteofadvancesinagricultureduetolimitedlandandyieldpotentialofcrops”.

Blackmann(1905)ProposedTheoryofOptimaandLimitingFactor.Whichstatesthat‘Whena
processisconditionedastoitsrapiditybyanumberofseparatefactors,therateoftheprocess
islimitedbythepaceofslowestfactor’.

Mitscherlich(1909)proposedLawofDiminishingReturns,whichstatesthatIncreaseingrowth
witheachsuccessiveadditionofthelimitingelementisprogressivelysmallerandtheresponseis
curvilinear’.

Wilcox(1929)proposedInverseYieldNitrogenLaw.Itstatesthat‘Thegrowthoryieldingabilityof
anycropplantisinverselyproportionaltothemeannitrogencontentintheplant’.Healso
publishedabookcalledWilcoxAgro-Biology.

AgriculturalResearch/EducationinIndia

             NoagriculturalexperimentstationswereinitiatedinIndiatill1903.therewasfaminein
1877,1889,1892,1897and1900inIndiacauseddecreasedpopulationduetoscarcityoffood
anddeath.

LordCurzon(1898-1905)constructedgreatcanalinwesternPunjab.Faminecommission
appointedin1888,1898and1901stressedtheimportanceofagriculturalresearch.Asa
consequence,hestartedImperialAgriculturalResearchInstitutein1905atPusa,Bihar.Hisperiod
iscalledas‘GoldenPeriodofAgriculture’.Duringhisregime,AgriculturalCollegeswerestartedat
Poona,Dehradun,Saidapet(Coimbatore)Province.AlsoHebbalFarmatBangaloreinMysore
Provincewasstartedin1899.LateritwasupgradedasAgriculturalschoolin1912-13tooffer
DiplomainAgriculture.

Duetoearthquakein1934atPusa,Bihar,ImperialAgriculturalResearchInstitutewasshiftedto
Newdelhi in1936.Later,itwasrenamedasIndianAgriculturalResearchInstitute(IARI).Whichis
oneofthelargestresearchinstituteinthecountryandalsotakingPost-Graduateeducation.

Further,basedonthe1928Royalcommissionrecommendation,ImperialCouncilofAgricultural
ResearchwasstartedatNewDelhiin1929.whichwaslaterchangedasIndianCouncilof
AgriculturalResearch(ICAR)with3mainobjectives.

1. ToCo-ordinatetheeducationinagriculture,animalhusbandry,fishery,researchandits
application(Extension)

2.Tofinancevariousresearchinstitutes,Agril.Universities,schemes/projectsalloverthe
country

3.Disseminatetheknowledgegainedbyresearchthroughliterature.

ICARisthesolebody,whichcontrolsallAgriculturalResearchInstitutesinIndia.Itpavedwayfor
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GreenRevolution.SeveralresearchinstitutesbothatNational,Internationallevelweresetupto
takelocationspecificresearch(Appendix–I)

Afterindependence,ICARadoptedtoLandGrantColleges.ThefirstLandgrantCollegewas
startedatPanthNagar(Uttaranchal)in1962.UniversityofAgriculturalSciences,Bangalorewas
establishedin1965withThreeobjectivesviz.,Teaching,Research&Extension.

Therearemorethan74UniversitiesunderICARwithresearchinstitutesonitsown.Presently,in
Karnataka,6UniversitiesarecomingunderICAR.

UAS(Bangalore)wasbifurcatedinto2in1986asUAS(Bangalore)andUAS(Dharwad).
ConsideringtheessenceofAnimal&Dairyresearch,Animal/Dairycomponentswereseparated
fromboththeUniversitiestoformulateaseparateUniversity‘Karnataka,Veterinary,Animaland
FisherySciencesUniversity’HeadquarteredatBidarin2004.

Asofnow,theTeachingcampusesofUAS(Bangalore)are             

Degree Campuses
B.Sc(Agriculture) Bangalore(1946),Shivamogga(1990),Mandya(1991),Hassan

(2006)&Chintamani(2007)
B.Sc(Horticulture) Mudigere(1991)
B.Sc(Sericulture) Chintamani(1995)
B.Sc(Forestry) Ponnempet(1995)
B.Sc(Agri.Engineering) Bangalore
B.Sc(Agri.Marketing&Co-
operation)

Bangalore

B.Sc(Ag.Biotech) Hassan(2007)
B.Tech(FoodScience) Hassan(2007)

Research:WiththeprimemandateofResearch,ZonalAgriculturalResearchStations(ZARS)
wereestablishedinalltheAgro-climaticZoneswith2-4affiliatedAgriculturalResearchStation
(ARS).TheResearchstationsofUAS(B)aregiveninAppendix–II.

Extension:KrishiVignanaKendra(KVK’s)wereestablishedtotransferthetechnologyfromlabto
landbesidetrainingthefarmers.Thereare11KVK’sfunctioningunderUAS,Bangalorebesides2
underNGO’ssponsoredbyICAR&1directlyunderICARandarelistedinAppendix-III

NationalInstitutionsforAgriculturalResearch.

1.CentralAridZoneResearchInstitute(CAZRI),Jodhpur,Rajasthan.

2.CentralInstituteforCottonResearch(CICR),Nagpur,Maharastra.

3.CentralInstituteofAgriculturalEngineering(CIAE),Bhopal,MadhyaPradesh.

4.CentralInstituteofFisheriesTechnology(CIFT),Cochin,Kerala.

5.CentralMarineFisheriesResearchInstitute(CMFRI),Ernakulam,Cochin,Kerala.

6.CentralPlantationCropsResearchInstitute(CPCRI),Kasaragod,Kerala.

7.CentralPotatoResearchInstitute(CPRI)Simla.HimachalPradesh.

8.CentralResearchInstituteforDrylandAgriculture,(CRIDA),Hyderabad,AndhraPradesh.
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9.CentralResearchInstituteforJuteandAlliedFibres(CRIJAF),Barrackpore,WestBengal.

10.CentralRiceResearchInstitute(CRRI)Cuttack,Orissa.

11.CentralSoilandWaterConservationResearchandTrainingInstitute.(CSWCRTI),Dehradun,
UttarPradesh.

14.CentralSoilSalinityResearchInstitute(CSSRI),Karnal,Haryana.

15.CentralTobaccoResearchInstitute(CTRI)Rajamundry.AndhraPradesh.

16.CentralTuberCropsResearchInstitute(CTCRI),Thiruvananthapuram,Kerala.

17.IndianAgriculturalResearchInstitute(IARI),NewDelhi,

18.IndianAgriculturalStatisticsResearchInstitute(IASRI),Pusa,NewDelhi.

19.IndiaGrasslandandFodderResearchInstitute(IGFRI)Jhansi,UttarPradesh.

20.IndianInstituteofHorticulturalResearch(IIHR),Hassaraghatta,Bangalore,Karnataka.

21.IndianInstituteofPulsesResearch(IIPR),Kanpur,UttarPradesh.

22.IndianInstituteofSoilScience(IISS)Bhopal,MadhyaPradesh.

23.IndianInstituteofSpicesResearch(IISR),Calicut,Kerala.

24.IndianInstituteofSugarcaneResearch(IISR),Lucknow,UttarPradesh.

25.IndianLacResearchInstitute(ILRI),Ranchi.Bihar.

26.IndianVeterinaryResearchInstitute,(IVRI)Izatnagar,UttarPradesh.

27.JuteTechnologicalResearchLaboratories(JTRL),Calcutta,WestBengal.

28.NationalBureauofPlantGeneticResources(NBPGR),IARIPusaCampus,NewDelhi.

29.NationalBureauofSoilSurveyandLandUsePlanning,(NBSS&LUP)Nagpur,Mhr.

30.NationalDairyResearchInstitute(NDRI),Karnal,Haryana.

31.NationalResearchCentreforAgroforestry(NRCAF),Jhansi,UttarPradesh.

32.NationalResearchCentreforBanana(NRCB),Tiruchirappalli,TamilNadu.

33.NationalResearchCentreforOilPalm(NRCOP),WestgodavariDistrict,AP.

34.NationalResearchCentreforWeedScience(NRCWS)Jabalpur,MadhyaPradesh.

35.SugarcaneBreedingInstitute,(SBI)Coimbatore,TamilNadu.

InternationalInstitutionsforAgriculturalResearch

1.CentroInternationaldeAgriculturaTropical(CIAT)Columbia.
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(InterationalcentreforAgricultureinTropics)

2.CentralInternationaldelaPapa(CIP)(InternationalInstituteofPotato)Lima,Peru.

3.CentroInternationaldeMejoramientodeMaizYTrigo(CIMMYT)
(InternationalCentreformaizeandWheatImprovement)Londres Mexico,D.F.Mexico.

4.InternationalCentreforAgriculturalResearchintheDryAreas(ICARDA),Syria.

5.InternationalCropsResearchInstitutefortheSemiAridTropics(ICRISAT),Hyderabad.

6.InternationalFoodPolicyResearchInstitute(IFPRI),Washington,D.C.U.S.A.

7.InternationalInstituteofTropicalAgriculture(IITA)Nigeria.

8.InternationalLaboratoryforResearchinAnimalDiseases(ILRAD),Nairobi,Kenya.

9.InternationalServiceinNationalAgriculturalResearch(ISNAR),TheNetherlands.

10.InternationalLivestockCentreinAfrica(ILCA),AddisAbaba,Ethiopia.

11.WestAfricaRiceDevelopmentAssociation(WARDA)Ivorycoast,Liberia.

12.InternationalRiceResearchInstitute(IRRI), Manila,Philippines.

13.AsianVegetableResearchandDevelopmentCentre(AVRDC)P.O.Box42,Shanhau,Tasnan
941,Taiwan,RepublicofChina.

15.InternationalCentreofInsectPhysiologyandEcology(ICIPE)Nairobi,Kenya.

16.InternationalCouncilforResearchinAgroForestry.(ICRAF)Nairobi,Kenya.

17.InternationalIrrigationManagementInstitute(IIMI),Colombo,SriLanka.

18.ConsultativeGrouponInternationalAgriculturalResearch(CGIAR),N.W.Washington.
D.C.U.S.A.

CLASSIFICATIONOFCROPS

CROPS:Ingeneralcropisanorganism grownorharvestedforobtainingyield.Agronomically

cropisaplantscultivatedforeconomicpurpose.

Classificationofcrops:Severalcropplantsarealikewithrespecttoontogeny(Development),

morphology,anatomy,physiologyandrequirementofenvironment.Classificationisdoneto
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generalizesimilarcropplantsasaclassforattainingbetterunderstandingofthem.Fieldcrops

areclassifiedinseveralways.

1.BasedonRangeofCultivation

a)Gardencrop:Grownonasmallscaleingardens.Eg.Kitchengarden,vegetablegarden,flower

gardenetc.

b)Plantationcrop:Grownonalargescaleinestatesand perennialinnature.Harvesting

continuesforaprolongedperiodaftersingleplanting.Eg.Tea,Coffee,Cacao,etc.

c)Fieldcrop:Grownonavastscaleunderfieldcondition.Theyaremostlyseasonalsuchasrice,

wheat,cottonetc.Agronomydealswithfieldcropsonly.

Fieldcropsareclassifiedinfollowingways.

2.PlaceofOrigin

a)NativeCrops:Cropsgrownwithinthegeographicallimitsoftheirorigin.Eg.rice,barely,

blackgram,greengram,mustard,castor,sugarcaneandcotton,arenativetoIndia.

b)ExoticorIntroducedCrops:Cropsintroducedfromothercountries,suchasTobacco,Potato,

jute,maize,apple,etcareintroducedfromothercountriestoIndia.

3.Botanical/TaxonomicalClassification:Cropplantsaregroupedasordersandfamiliesina

systematic arrangement.This classification has certain advantage in understanding of

morphologicalcharactersofcropplantswithinthegroup.

a)Poaceae(Graminae):Eg.Cereals,milletsandgrasses.

b)Papilionaceae(Leguminaceae):Pulses,groundnut,berseem,etc.

c)Cruciferae:Mustard,rapeseed,radish,cabbage,cauliflower,knolkhol

d)Cucurbitaceae:Allgourds(Ridge,Ash,Bitter,Snakegourd),cucumber,pumpkinetc.

e)Malvaceae:Cotton,lady’sfinger

f)Solanaceae:Potato,tomato,tobacco,chillies,brinjal

g)Tiliaceae:Jute

h)Asteraceae(Compositae):Sunflower,safflower,niger,

i)Chenopodiaceae:Sugarbeet.

j)Pedeliaceae:Sesame

k)Euphorbiaceae:Castor,tapioca

l)Convolvulaceae:Sweetpotato

m)Umbelliferae:Coriander,carrot

n)Liliaceae:Onion,garlic

o)Zingiberaceae:Ginger,turmeric

4.Commercialclassification:Basedontheplantproductswhichcomeintothecommercialfield

aregroupedas

a)Foodcrops:Rice,wheat,greengram,soybean,groundnut,etc.

b)Feedcrops/Foragecrops:Allfodders,oats,sorghum,maize,napiergrass,stylo,Lucerne

etc.

c)Industrial/Commercialcrops:Cotton,sugarcane,sugarbeet,tobacco,jute,etc.
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d)Foodadjuncts:Turmeric,garlic,cumin,etc.

5.Economic/Agrarian/AgriculturalClassification:Thisclassificationisbasedonuseofcrop

plantsandtheirproducts.Thisisanimportantclassificationasforasagronomyisconcerned

(Agronomicclassification)(ForBotanicalnamesofcropssee)

a)Cereals:Theword cerealwasderived from theRomanword ‘Ceres’whichdenotesa

‘Goddessgrains’.Theyarecultivatedgrassesgrownfortheirediblestarchygrains(one

seededfruit–caryopsis)Largergrainsusedasstaplefoodarecereals–rice,wheat,maize,

barley,oatsetc.Grainisacollectivetermforthefruitofcereals(caryopsis).Theexceptionof

cerealBuckWheat(Polygone),itbelongstothefamilyPolygonaceaeisgroupedascereal.

b)Millets:Smallgrainedcerealswhichform thestaplefoodinhotdrierclimaticregionsofthe

developingcountriesarecalledmillets.Eg.Sorghum,Bajra,RagiandminormilletslikeNavane,

Harka,Baragu,Same.Theyhavesinglecover(duetothefusionofhestatothepericarp).

c)Oilseeds:Cropsthatyieldseedsthatarerichinfattyacids,areusedtoextractvegetableoils.

Eg.Mustard,Rapeseed,Sesame,Sunflower,Castor,Linseed,Groundnut,Soybeans.

d)LegumesorPulses:derivedfrom Latinword‘Legre’meaning‘Togather’becausethepods

havetobegatheredorpickedbyhand.ThesearebelongstothefamilyLeguminaceae,form

Nitrogenfixingnodulesontheirroots.ThepulsesaftersplittingproduceDalwhichisarich

sourceofproteins.Eg.Greengram,Blackgram,Redgram,Bengalgram,Soybean,Cowpea,

Peas,Lentil.

e)Feed/Forage:Itreferstovegetativematter,freshorpreserved,utilizedasfeedforanimals.It

includeshay,silage,soilage,pasturageandfodderofcerealsandlegumes. Eg.

Bajra,NapierGrass,GuineaGrass,Foddersorghum,Foddermaize,Lucerneetc.

f)Fibrecrops:Plantsgrownfortheirfibreyield.Therearedifferentkindsoffibre.Anythreadlike

material/tissuehavingsufficienttoughnessforuseintextileandsimilarindustriesarefibre.

Theyarei)seedfibre–Cotton,ii)stem/bastfibre-Jute,Linseed,Mesta,iii)leaffibre–Agave,

Pineapple.

g)Sugarandstarchcrops:Cropsgrownforproductionofsugarandstarch.Eg:ForSugar-

Sugarcane,Sugarbeet.Forstarch-Potato,SweetPotato,Tapioca.

h)SpicesandCondiments:Cropplantsortheirproductsusedtoseason,flavour,taste,andadd

colourtothefreshorpreservedfood.Eg.Ginger,Garlic,Fenugreek,Cumin,Turmeric,Chillies,

Onion,Coriander.

i)Drugcrops/Medicinalplants:Cropsusedforpreparationofmedicines.Eg.TobaccoMintetc.

j)Narcotics:Plants/productsusedforstimulating,numbing,drowsingorrelishingeffects.Eg.

Tobacco,Ganja,Opium.

k)Beverages:Productsofcropsusedforpreparationofmild,agreeableandstimulatingdrinking.

Eg.tea,coffee,cocoa.

l)Dyecrops:Usedforsynthesisofdyes.Eg.Indigo,Saffloweretc.

6.SeasonalClassification:Cropsaregroupedundertheseasonsinwhichtheirmajorfieldduration

falls.

a)KhariforSouthWestMonsoonseasoncrops:CropsgrownduringJune–JulytoSeptember–

Octoberwhichrequireawarmwetweatherduringtheirmajorperiodofgrowthandshorterday

lengthforflowering.Eg.Rice,Maize,Castor,Groundnut.
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b)RabiCrops:CropsgrownduringOctober–NovembertoJanuary–Februarywhichrequire

colddryweatherfortheirmajorgrowthperiodandlongerdaylengthforflowering.Eg.Wheat,

Mustard,Barley,Oats,Potato,Bengalgram

c)Zaidorsummercrops:CropsgrownduringFebruary–MarchtoMay–Junewhichrequires

warm dryweatherforgrowthandlongerdaylengthforflowering.Eg.Blackgram,Greengram,

Sesame,Cowpeaetc.

7.AccordingtoOntogeny:Itisaclassificationbasedonthelifecycleofaplant.

a)AnnualCrops:Cropplantsthatcompletelifecyclewithinaseasonoryear.Theyproduceseed

anddiewithintheseason.Eg.Wheat,Rice,Maize,Mustard.

b)BiennialCrops:Plantsthathavelifespanoftwoconsecutiveseasonsoryears.Firstyear/

seasontheseplantshavepurelyvegetativegrowth.Duringthesecondyear/seasonthey

produceflowerstocksfromthecrownandafterproducingseedstheplantsdieEg.Sugarbeet,

Beetroot,Cabbage,Carrot,etc.

c)PerennialCrops:Theyliveforthreeormoreyears.Theymaybeseedbearingornon-seed

bearing.Eg.Sugarcane,Napiergrass.Ingeneralperennialcropsoccupylandformorethan30

months.

8.Accordingtoculturalrequirementofcrops:Certaingroupofplantsarealikeincultural

requirementsduetotheirsimilaragro-botanicalormorpho–agronomicalcharacters.

a)Accordingtosuitabilityoftoposequence

i)Highland/drylandcrops:Cropsthatcannottolerantwaterstagnationcomeunderthisgroup

exampleredgram,groundnut,maize,sorghum,cotton,sesame,napieretc.

ii)Medium /midland/gardenlandcrops:Cropsthatrequiresufficientsoilmoisturebutcannot

toleratewaterstagnation.Eg.Potato,sugarcane,uplandrice,ragi,wheat,blackgram,bengal

gram.

iii)Low land/Wetlandcrops:Cropsthatrequireabundantsupplyofwaterandcanwithstand

prolongedwaterloggedconditions.Eg.Rice,Daincha.

b)Accordingtothesuitabilityofthetexturalgroupsofsoils.

i)Cropssuitabletosandytosandy-loam (light)soils:Sorghum,bajra,greengram,sunflower,

potato,onion,carrotetc.

ii)Cropssuitabletosiltyloam(medium)soils:Jute,sugarcane,maize,cotton,mustard,tobacco,

bengalgram,redgram,cowpea,etc.

iii)Cropsuitabletoclaytoclayloam (heavy)soils:Rice,wheat,barley,linseed,lentil,paragrass,

guineagrassetc.

c)Accordingtotolerancetoproblemsoils,

i)Toleranttoacidicsoils:Wetrice,potato,mustard.

ii)Toleranttosalinesoils:Chilli,cucurbits,wheat,sorghum,bajra,clusterbeans,barleyetc.

iii)Toleranttoalkali/sodicsoils:Barley,cotton,bengalgram,berseem,sunflower,maize,etc.

iv)Toleranttowaterloggedsoils:Wetrice,daincha,paragrass,napiergrass,guineagrass.

v)Cropstoleranttosoilerosion:Marvelgrass,groundnut,blackgram,ricebean,horsegram.

d)Accordingtotillagerequirement
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i)Arablecrops–requirepreparatorytillage.Eg.Potato,tobacco,rice,maize.

ii)Non-arablecrops–maynotrequirepreparatorycultivation/tillage.Eg.Blackgram,greengram,

Paragrass,cowpea.

e)Accordingtothedepthofrootsystem

i)Shallowrootedcrops(<30cm):Rice,potato,onion

ii)Moderatelydeeprooted(30-45cm):Wheat,groundnut,castor,tobacco.

iii)Deeprooted(45-60cm):Maize,cotton,sorghum

iv)Verydeeprooted(>60cm):Sugarcane,safflower,lucerne,redgram.

f)Accordingtothetolerancetohazardousweathercondition

i)Frosttolerant:Sugarbeet,beetroot,

ii)Coldtolerant:Potato,cabbage,mustard

iii)Droughttolerant:Bajra,jowar,barely,safflower,castor

g)Accordingtowatersupply

i)Irrigatedcrops:Rice,wheat,pulses,groundnut,berseem.

ii)Rainfed/uplandcrops:Jute,maize,ragi,uplandrice,redgram

iii)Rainfedbutpartiallyirrigated:Bengalgram,wheat,jowar,bajra,mustard,Horsegram

iv)Residual/conservedsoilmoisture:Rapeseed,bajra,barley,safflower,linseed.

v)Rainfedwithsupplementalirrigation:Kharifrice,sugarcane,blackgram.

vi)Rainfedwithfloodedwater:Deepwaterrice,jute,sugarcane,daincha.

h)Accordingtomethodofsowing/planting

i)Directseededcrop:Uplandrice,wheat,Ragi,jowar,bajra,groundnutetc.

ii)Plantedcrops:Sugarcane,potato,sweetpotato,napier,guineagrass.

iii)Transplantedcrop(afterraisingseedlingsinthenursery):Rice,ragi,tobacco,brinjal.

i)Accordingtolengthoffielddurationofcrops

i)Veryshortdurationcrops: upto75days Pulses

ii)Shortdurationcrops: 75–100days Sunflower,cauliflower,uplandrice

iii)Mediumdurationcrops: 100-125days Wheat,jowar,bajra,groundnut,jute.

iv)Longdurationcrops: 125-150days Mustard,tobacco,cotton

v)Verylongdurationcrops: above150days Sugarcane,redgram,castor.

j)Accordingtothemethodofharvesting

i)Reaping :Rice,wheat,

ii)Uprootingbypulling :Bengalgram,blackgram,lentil,rapeseed

iii)Uprootingbydigging :Potato,sweetpotato,groundnut,carrotetc.

iv)Picking :Cotton,vegetables,brinjal,bhendi,chillies

v)Priming :Tobacco

vi)Cutting :Berseem,napier,amaranthus
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vii)Grazing :Stylosanthes.

k)Accordingtopostharvestrequirement

i)Curing :Tobacco,mustard

ii)Stripping :Jute,sunnhemp

iii)Shelling :Groundnut

iv)Ginning :Cotton

v)Seasoning :Turmeric,chillies

vi)Gradingandsorting :Potato,rice,wheat,fibrecropsetc.

l)Basedonclimaticcondition

1)Tropicalcrop :Coconut,sugarcane

2)Sub-tropicalcrop :Rice,cotton

3)Temperatecrop :Wheat,barley

4)Polarcrop :Allpines,pasturegrasses

9.Accordingtoimportantuses:Thoughplantsareusefulinmanywaysonlycertainusesare

givenbelow.

a)Catchcrops/contingentcrops:arethosecropscultivatedtocatchtheforthcomingseason.It

replacesthemaincropthathasfailedduetobioticorclimaticormanagementhazards.

Generally,theyareofveryshortduration,quickgrowing,harvestableorusableatanytimeof

theirfield duration and adaptable to the season,soiland managementpractices.Eg.

Greengram,Blackgram,Cowpea,Onion,Coriander,Bajra.

b)Restorativecrops:arethosecropswhichenrichorrestoresoilfertilityorameliorationofthe

soils.Theyfixatmosphericnitrogeninrootnodules,shedtheirleavesduringripeningandthus

restoresoilconditions.Eg.Legumes.

c)Exhaustivecrops:arethosecropplantswhichongrowingleavethefieldexhaustedbecause

ofamoreaggressivenature.Eg.Gingelly,Maize,sunfloweretc.

d)Pairacrop/residualcrops:arethosecropplantswhicharesownafewdaysorweeksbefore

theharvestofthestandingmaturecropstoutilizetheresidualmoisture,withoutpreparatory

tillage.Thestandingcropandthelatersown(paira)cropbecomesimultaneous(formingapair)

forashortperiod.ForexampleBlackgraminPaddy

e)Smothercrops:arethosecropplantswhichareabletosmotherorsuppresstheweedgrowth

byprovidingsuffocation(curtailingmovementofair)andobscuration(oftheincidentalradiation)

Eg.Cowpea

f)Covercrops:arethosecropplantswhichareabletoprotectthesoilsurfacefrom erosion

(wind,waterorboth)throughtheirgroundcoveringfoliageandorrootmats.Example–

groundnut,blackgram,marvelgrass,sweetpotato.

g)Nursecrops:Acompanioncropwhichnourishesthemaincropbywayofnitrogenfixationand

oraddingtheorganicmatterintothesoil.Example-cowpeaintercroppedwithcereals,glyricidia

intea.

h)Guard /barriercrops:arethosecropplantswhichhelpto protectanothercropfrom

trespassingorrestrictthespeedofwindandthuspreventcropdamage.Maincropinthe

centresurroundedbyhardyorthornycrop.Eg.Mestaaroundsugarcane;sorghum around
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cotton;saffloweraroundgram.

i)Trapcrops:arethosecropplantsgrowntotrapsoilborneharmfulparasiticweeds.Eg.

orobancheandstrigaaretrappedbysolanaceousandsorghumcropsrespectively.Nematodes

aretrappedbysolanaceouscrops(Onuprootingcropplants,nemathodesareremovedfrom

thesoil).Castorincotton.

j)Augmentingcrops:arethosesubcropssowntosupplementtheyieldofthemaincrop.

Example–Mustardorcabbagewithberseemtoaugumenttheforageyieldofberseem.

k)Greenmanurecrops:grown&incorporatedfreshlyintothesoiltoincreasesoilfertility.Itmay

be(a)Greenleafmanuring–Calotrophis,(b)GreenmanuringInsitu–Sunhemp

l)Silagecrop:Thesearegrowntopreserveinpitsinasucculentconditionbyaprocessofnatural

fermentationoracidificationforfeedinglivestockduringleanmonthsEg.Maize,sorghum,

Cowpea

m)Soilagecrop:thesearegrowntoharvestwhiletheyarestillgreenandfedfreshtolivestock

Eg.Cowpea,Napier,Horsegram.
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ECOLOGY,ADOPTATION&DISTRIBUTION,ORIGINOFCROPPLANTS

Ecology:ThetermEcologyisderivedfromtwogreekwords‘Oikas’meaning‘Home’and‘Logos’

meaning‘Study’.

Tansley(1926)definedecologyas‘thestudyoforganismsastheyexistintheirnaturalhouses’.

EcologyisbroadlydividedasAnimalEcologyandPlantEcologybasedontheassociated

organism.Thestudyofinterrelationshipbetweencropplantsandtheirenvironmentisknownas

cropecology.Itimpliesthestudyofclimaticelementssuchasmoisture,temperature,lightetc,

edaphicfactorslikesoilandparentmaterialandbioticfactorslikeactivitiesoflivingorganismson

crop.

PlantecologyisfurtherdividedintoAutecologyandSynecology.

Autecology:isthestudyofinter-relationshipsbetweentheinduvidualPlants&theirenvironment.

Synecology:isthestudyofplantstructure,developmentanddistributionofplantcommunities.

Naturalenvironmentoftheplantisdynamicandchangingcontinuously.Theintensityofthese

factorsvaryeveryhour,day,seasonetc.therateofchangeofthesefactorsandtheirextream

valuesareimportantaspectsofenvironment.

ClassificationofEnvironment:

Tansley(1923)recognisedfoursimplestgroupofenvironmentviz.,Climatic,Physiographic,

EdaphicandBioticfactors.

DetailedanalysisofenvironmentwasdonebyBillings’(1952).Hestatedthatenvirmentincludes

allexternalfactorsorforcesandsubstancesaffectingthegrowth,structureandreproductionof

theplants.Hesubdividedtheenvironmentinto

a.Climatic–Radiation,Temperature,water,Atmosphericgases,Light

b.Edaphic–Parentmaterial,soil,soilair,soiltemperature,soilmoisture

c.Geographic–Gravity,Topography,Altitude,Longitude,Latitude

d.Pyric–Fire

e.Biotic–OtherPlants,Animalsincludingman,Micro-organismsetc.

Adoption:Cropsarenotprofitableunlesstheyareadoptedtoaregionoftheirproduction.

Adaptationmaybedefinedasanyfeatureofanorganism whichhassurvivalvalueunderthe

existingconditionofitshabitat.Suchfeaturesorfeaturemayallow theplantstomakeuseof

nutrients,water,temperatureorlightavailableormaygiveprotectionagainstadversefactors

suchastemperatureextremes,harmfulinsectsanddiseases.

Adaptationmaybemorphologicalorphysiological.

Morphologicaladaptationmeasuredintermsofgrowthhabit,strengthofstalk,rhizomeproduction.

Physiologicaladaptationmeasuredintermsofresistancetoparasites,abilitytocompetefor

nutrientsorwithstanddesiccationetc.

Distribution:Basicprinciplesandconceptsrelatingtonaturaldistributionofplantsareusefulin

studyingtheplantadaptations.Theplantgeographermainlystudythespatialrelationshipof
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plantsbothinpastandpresent.Heattemptstoexplainorigin,developmentanddistributionof

plants.

TheplantgeographerGood(1931)formulatedthebasicprinciplesofplantdistribution.Theyare

i. Plantdistributionisprimarilycontrolledbythedistributionofclimaticconditionslikelight,

temperature,moisture,windetc.

ii. Plantdistributionissecondarilycontrolledbydistributionofedaphicfactorslikespil,

parentmaterial,physiographyetc.thesefactorsconsideredsecondarybecausetheyare

greatelyinfluencedbyclimate.

iii.Greatmovementofflorahavebeentakenplaceinthepastandarestillcontinuing.

iv.Theplantmigrationisbroughtaboutbythetransportofinduvidualplantsduringtheir

mobiledispersalphase.

v. Greatvariation and oscilation in climate especially athigherlattitude during the

geographycalhistoryofangiosperms.Eg.Globalwarming–Extinctionoforganisms.

vi.Considerablevarionhasoccurredintherelativedistributionandoutline(Border)ofland

and seainthehistoryofangiosperm and itexertsahighdegreeofcontrolover

distributionofflora.

Theoriesgoverningcropadoptionanddistribution.

1)Theoryoftolerance:Eachandeveryplantspeciesisabletoexistandreproducesuccessfully

onlywithadefiniterangeofclimaticandedaphicconditions.Thisrangerepresentsthetolerance

ofthespeciestoexternalconditions.

Shelford(1913)proposedagenerallawoftolerencewhichincludethefollowingconcepts

1. Organismswithwiderangeoftolerenceforallthefactorsoftheenvironmentarelikelyto
bewidelydistributed.

2.Organism mayhavewiderangeoftolerenceforonefactorandanarrow rangefor
another.

3.Whenconditionsarenotoptimum foronefactor,thelimitsoftolerencemaybereduced
withrespecttoanotherfactor.

4.Theperiodofreproductionisusuallycriticalwhenenvironmentalfactorsarelikelytobe
limiting.

Temperatureisoneofthemostlimitingfactorinplantdistribution.Manysub-tropicalcrops

suchaswheat,ricewilln’twithstandhightemperature.Amongthem,ricehaswidetolerance

range.

2.Lawofminimum(Leibig,1840)–Referhistory

3.Theoryofoptimaandlimitingfactor(Blackmann,1905)-Referhistory

4.LawofRelativity(Lundegardh,1931):Asafactorincreasesinintensity,itsrelativeeffecton

plantgrowth decreases.Thislaw isconsidered in connection with the correlation of
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environmentalfactorsandcropyields.
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OriginofCropPlants

Thereisabeliefthat,cultivatedcropplantsaregiftedbygod.Also,anotherbeliefindicatingthe

processofcultivationitselfimprovedtheheredityofplantsfromthewild.

Decandole(1882),‘FatherofConceptsofCultivatedPlants’attemptedtomakeuseofearlier

informationtakingevidensefrom Archeology,Palentology,HistoryandPhilosophy.Hestudied

manytreespeciesandtriedtotracethem backtotheirwildancestorsthroughwhathecalled

Botanicalmethod.Thecriteriausedare

a.Occurrenceofagivencultivatedplantinalocalitywhereitisalsogrownwildorwhere

wildrelativeswerefound.

b.AddedinformationfromArcheology,HistoricalandLinguisticsources.

Hestudied247speciesincluding199fromoldworld,45speciesfromNewworldanduncertain

on3species.Hepublishedabook“OriginofCultivatedPlants”.

NikolaiVavilov(1951),tookupextensivesurveytolocatethepossibleoriginofcropplantsandhe

broughoutaprinciplethatthedistributionofplantspeciesontheearthisnotuniformattributing

tothevariationinthegeographicalfactors.HedevelopeddifferentialPhytogeographicalmethod

tolocatethecentresofOriginofcropplantsandlisted8centresofOriginofcultivatedplants

withthefollowingevidenses.

a.Concentrationandgreatdiversityofheretableforms

b.Endamicvarietalcharactersand

c.Presenceofcloselyrelatedwildorcultivatedforms

WorldCentresofOriginofcultivatedplants

1.ChineseCentre:LargestindependentcentreincludesthemountainousregionsofCentral,

WesternChinaandadjucentlowlands.136Plantspecieswereoriginatedhere.Eg.Soybean,

Pea,Sugarcane(Saccharum sinensis),Radish,Onion,Cucumber,Peach,Apricot,Millets,

Barley,Buckwheat.

2.IndianCentre:ithatwosubcentres

a.MainCentre:IncludesAssam andBurma.117Plantswereoriginatedhere.Eg.Rice,

Bengalgram,Blackgram,Greengram,Cowpea,Sugarcane (Saccharum officinarum),

Sesamum,Safflower,Mango,Orrange,Tamarind,Coconut,Brinjal,Jute,Cotton.

b.Indo-MalayanCentre:IncludesIndochinaandtheMalayanRegion.55plantsarelistedhere.

Eg.VelvetBean,Banana,Clove,Nutmeg,Blackpepper,Breadfruit.

3.CentralAsiaticCentre:includesNW-India(punjab,J&K),Afganistan,Uzbekistan&Weatern

Tiam-Shan.43Plantswerelistedhere.Eg.Wheat,Horsegram,Mustard,Garlic,Sunhemp,Jute,

Spinach,Carrot,Peas,Grapes,Apple,Almond,Lentil.

4.NearEasternCentre:includesinteriroofAsiaminor,AllofTranscaulasia(Europe),Iranand

highlandsofTurkMenstan.83speciesarelocatedinthisregion.Eg.Oat,Barley,Rye,Lucern,

Pomogranate,Lupins,Clover,Fenugreek.

5.MedeterraneanCentre:includestheborderofMedetarraneanSea.84Plantsarelisted.Eg.

Wheat(Durum&Emmer),Flax,Rapeseed,Beetroot,Cabbage,Turnip,Celery,Lettuce.

6.AbyssinianCentre:includesAbyssinia,EritreaandpartsofSomali.38Plantsarelisted.Eg.
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Sorghum,Bajra,Sesamum,Castor,Ladiesfinger,Coffee&Millets.

7.SouthMexican&CentralAmericanCentres:includesSouthernsectionsofMexico.Guetamala,

HondurasandCostarica.49Speciesarelistedhere.Eg.Maize,Cotton,SweetPotato,Guava,

Cashew,Papaya,Limabean.

8.SouthAmericanCentre:62Plantsarelistedhere.

a.Peruvian,Equidorean,BolivianCentre:Comprisesmainlythehighmountainousareas.Eg.

Potato,Tomato,pumpkin,Tobacco,Egyptiancotton

b.ChillianCentre:IslandnearcoastofSouthernChilli.Eg.WildStrawberry,Potato.

C.Brazilian,ParaguayanCentre:Eg.Groundnut,Rubber,Pineapple
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FACTORSAFFECTINGCROPPRODUCTION/PLANTGROWTH

Higherplantsdemandcertainbasicthingsfortheirgrowth.Asmanyas52factors(basicthings)

influencingcropgrowthhavebeenidentified.

Only7%oftheworldlandisadoptedforcropproduction,ofwhich

100%ofthelandhavesufficientCO2intheatmosphere&sunlight

83%havefavourabletemperature

64%havefavourabletopography

46%havereliablerainfall

40%havesatisfactoryfertileland

Butonly7% havecombinationofthesefactorsto makefeasiblecrop productionwithout

advancedtechnologyandthisisalsodecliningstillinrecenttimes.

Thefactorsinfluencingcropgrowth/productioncanbebroadlygroupedinto2group

Cropgrowth

Internalfactors Externalfactors

(GeneticorHereditary) (Environmental)

A.Climatic

B.Edaphic

C.Biotic

D.Physiographic

E.Socio-economic

Geneticfactors:Theincreaseincropyieldsandotherdesirablecharactersarerelatedtogenetic

makeupofplants.BreedersandBio-technologistshaveincorporatedmanydesirablecharacters

anddevelopedHYVandhybrids.Thecharactersconsideredare

1. Highyieldingability

2.Earlymaturity

3.Resistancetolodging(Strengtheningofstalk)

4.Tolerancetodrought,floodandsalinity

5.Tolerancetoinsectpestsanddiseases

6.Chemicalcompositionofgrains(highpercentageofoil,proteinetc.)

7.Qualityofgrains(fineness,coarseness,etc.)

8.Qualityofstraw(sweetness,juiciness,etc.)

Thesecharactersareinheritedandtransferredfrom onegenerationtoanother

throughgenes.

ExternalorEnvironmentalFactors

Cropgrowthanddevelopmentisprimarilygovernedbyenvironmentalconditions.Successor

failureofcropisrelatedtotheweatherconditionthatprevailsduringcropgrowth.Controlof

thesefactorsofenvironmentunderfieldconditionismoredifficult,costlyandoftenimpossible.

Therefore,itisessentialtostudythesefactorsinordertocopeupwiththem forbettercrop

growth.

Theenvironmentalfactorsarebroadlygroupedas

a)Climatic b)Edaphic c)Biotic d)Physiographic & e)Socio-economic
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a)ClimaticFactors:Climateisageneralizedweatherorsummationofweatherconditionsovera

givenregionduringcomparativelylongerperiod.

Weatherisastateorconditionofatmosphereatagiveplaceandatagiventime.

Climateisweatherconditionsrelatedtolargerareaslikezone,state,countryetc.,andforlonger

durationlikemonth,season,yearetc.

Theimportantclimaticelementsthataffectcropproductionare

i)Precipitation ii)Temperature iii)Atmospherichumidity
iv)Solarradiation v)Wind vi)Atmosphericgases

i)Precipitation:Precipitationincludesallformsofwaterthatfallonearthfrom theatmosphere

suchasrainfall,snow,hail,dew,fogetc.Itisthesourceofwaterforcropproduction.

Precipitationisresultantofcondensationofwatervapourevaporatedfromseaandlandsurfaces.

Theprocessinvolvedintransferofmoisturefromlandandseatoatmosphereandbackisknown

ashydrauliccycle.

Rainfallisthemostimportantfactorsinfluencesvegetationofaplace.Mostoftheplantwater

demandismetoutwithrainfall.Rainfallbothintotalamountandseasonaldistributiongreatly

affectchoiceofcropsandtheirgrowtheg.Inheavyandevenlydistributedrainfallareas,crops

likericeinplains,coffee,tea,rubberinhillyareascanbetaken.Inlow andunevendistributed

areas,droughtresistancecropslikebajra,sorghum,milletscanbetaken.

Bothexcessiveanddeficitrainfallaffectcropproduction.Excessiverainfallleadsto

Soilerosion–lossofnutrient,soil

Submergence–affectrootrespiration/activity

Pollenwash–affectpollination&fertilization

Croplodgingandgrainshedding

Deficientrainfallleadstodesiccationofplant,reduceyieldandresultinplant

death.

About,55%oftheworldlandreceive<51cmrainfall-Semiarid

20% 51–102cmRF -Subhumid

11% 102–152cmRF -Humid

14% >152cmRF -Superhumid

Waterisanindispensableelementofplantgrowth.Itperformsthefollowingfunctions

i) Constituteofprotoplasm(85-90%ofactivelygrowingtissueiswater)

ii) Reagentformanybiologicalactivities(Photosynthesis)

iii)Actsassolventfortransportationofmineralnutrients

iv)Maintainscellturgidity–importantforcelldivisionandelongation

v) Regulatestomatalmovement–importantingasexchangeandmicroclimate.

Dependingonthewaterneed,theplantsaregroupedinto3groups

a)Xerophytes:Plantssurviveunderverylowmoistureconditionandwithstanddroughtevenfor

prolongedperiod.TheyarealsocalledasDesertPlants.Eg.Agave.

b)Mesophytes:Theyrequirenormalsupplyofmoisturefortheirgrowthandgrowwellwhensoil

ismoist.Eg.Wheat,Maize,Pulses
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c)Hydrophytes:arewaterlovingplants,growwellonlywhenthesoiliswetorfullofwater.Eg.

Rice,Aquaticplants.

Thewaterisutilizedinphotosynthesisresultsindrymatterproductionofplants.Whichis

expressedasTranspirationCo-efficient.

TranspirationCo-efficientisthetotalquantityofwaterrequiredtoproduceaunitquantityofdry

matter.Itvariesfromplanttoplant.Transpirationco-efficientofsomeofthecrop’sareasfollows

SlNo Crop
TranspirationCo-efficient

Withoutfertility Withfertility

1 Maize 450 330

2 Ragi 250 250

3 Jowar 400 400

4 Rice 1000 800

5 Wheat 850 550

ii)Temperature:Temperatureisameasureofintensityofheatenergyorthedegreeofhotness/

coolness.Temperatureofaplaceislargelydeterminedbyitsdistancefromtheequator(latitude)

andaltitude.Thetemperaturerangeformaximum growthof

agriculturalcrops lies between 15-40oC. Based on the

temperature, the vegetations are grouped as tropical,

temperate,taiga,tundraandpolar.

Species and cultivated crop plants differ in their

physiologicalresponsestorangeoftemperature.Thegrowth

increaseswithanincreaseintemperaturetoacertainextent

butreducesafteralimit.

Everyplantcommunityhasitsownminimum,optimum and

maximum temperaturerangefortheirgrowthanddevelopmentknownascardinaltemperature

points.Cardinaltemperaturepointsarenotsamethroughoutthecropgrowthandvarybetween

germination,growth,floweringandfruiting.Thecardinalpointsofimportantcropsare

Crop
Forgermination Forgrowth

Minimum Optimum Maximum Minimum Optimum Maximum

Rice 13–14 28 40 10 32 36–38

Wheat 4.0–4.5 25 30–32 4.5 20 30–32

Maize 8–10 31–35 40–44 8–10 25–30 40–43

Sorghum 8–10 31–35 40–44 12–13 25 40

Tobacco 13–14 28 40 12–14 29 35

Soilandatmospheric(air)temperatureareimportantfrom thegrowthpointofplants.

Cropproductionalsodependsonthetemperatureduringdayandnight.Ifthedaysarewarm,

increasedrespiratorylosscanbecompensatedbyphotosynthesistosomeextent.However,if

nightsarewarm,respiratorylossesarehigherandinturnreducethecropyield.

Someplantsrequireoptimumdayandnighttemperatureforsuccessfulflowering.Theresponse

oftheplantstorhythmicdiurnalfluctuationintemperatureiscalledThermoperiodism.Eg.

Tomatorequires26-27oCdaytemperature&17-19oCnighttemperature.

Someplantsrequireacoldstimulus(chilltreatment)forflowering.Thisisdoneinwinterwheat.

ThecoldtreatmentgiventothesproutingseedstoinducefloweringisknownasVernalization.

Min Opt Max

G

r

o

w
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Herewheatseedsaresubjectedto0oCforabout2-3weeksbeforesowing.Thisisdonetosave

seedling from severe winterdamage and to induce flowering.This would change the

developmentofapexfrom vegetativetoreproductivegrowthcalledthermo-morpho-genesis.

Thisconceptwasdevelopedby‘Lysenco’–abotanistinRussia.

Basedonthetemperature,thecropsaregroupedas,

1)Coolseason crops:require coolwinterperiod generallygrown in winter,the cardinal

temperaturepointsofthesecropsliesbetweenMinimum =0-5OC,Optimum =25-30OC,and

Maximum=30-38OC.Eg.Wheat,Barley,Oat,Sugarbeetetc

2)Warm seasoncrops:requirewarm weatherandgrowninKharifandsummer.Cardinal

temperaturepointsofthesecropsliesbetweenMinimum =15-20OC,Optimum =30-38OC,and

Maximum=45-50OC.Eg.Rice,Maize,Sorghum,Sugarcaneetc.

Influenceoftemperatureoncropgrowth:Temperatureinfluencescropgrowththrough

a.Regulationofbio-chemicalreaction

b.UptakeofCO2

c.Enzymaticactivity

d.Chlorophyllsynthesis,leafemergence&expansion

e. Influenceongrowthsubstances–regulatingratiobetweengrowthpromotersandretarders

f. Photosynthesisanddrymatterproduction

g.Cropyield–regulatingPhotorespirationandotherbio-chemicalactivities,

GrowingDegreeDays:Theintensityofgrowingseasonisrepresentedbytheaccumulationof

temperatureunitsabovethegrowththreshold.Theunitusedisdegree-days.Itistheamountby

whichdailymeantemperatureexceedsthestatedminimum/basetemperature(Temperatureat

whichtheactivitiesstart).Itisalsocalledheatunitandmathematicallyexpressedas

GDD=

n

∑
r=1

{
TMax+TMin

}-Tb
2

Where,TMax&TMin=MaximumandMinimumtemperatureoftheday

Tb=Basetemperature(Rice=10oC, Wheat=5oC, Maize=10oC).

Unitsofmeasurementoftemperature

TemperatureismeasuredeitherinFahrenheit(oF),Celsius(oC)orKelvin(oK)scaleandare

relatedas

C=5/9(F-32)

F=9C/5+32

K=C+273

Effectofextremetemperaturesonplantgrowth

Extremehighandlowtemperaturecausesstressinplants.

Hightemperaturestress:

Scale/unit BoilingPoint MeltingPointg

Celsius(oC) 100 0

Fahrenheit(oF) 210 32

Kelvin(oK) 373 273
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1. Causesreductioninabsorptionandassimilationofnutrients

2.Affectshootgrowth

3.Abortionofpollens–reduceviabilityandcausefemalesterility

Lowtemperaturestress

1. Survival,celldivisionandelongationisstronglyaffected

2.Absorptionandtranslocationofwaterisaffectedduetolowpermeabilityofwater

3.Reducedtranslocationandgasexchangeresultedinpoorphotosyntheticrateandinturn
thecropyield

Lowtemperaturealsocausethefollowinginjurytothecropplants

1.Chillinginjury:Plantsgrowinginhotclimate,ifexposedtolowtemperatureforsometime,are

foundtobekilledorinjuredseverely.Eg:Chloroticconditionorbandsonleavesofsugarcane,

sorghumandmaizewhenexposedfor60hoursat2to40C.

2.Freezinginjury:causedinplantsgrowingintemperateregion.Whentheplantsareexposedto

verylowtemperature,waterintheintercellularspacesisfrozenintoicecrystals.Furtherfallin

temperature,drawswaterfrom thecells,resultinginincreasedsizeoficecrystalsanddeathof

cells.

3.Suffocation:Duringwinter,theiceorsnowform athickcoveroverthegroundandthecrop

suffersforwantofoxygen.Iceincontactwithrootsinhibitsdiffusionofcarbondioxideandthe

respiratoryproductsmaybecomeharmfultoplants.

4.Heaving:Injurytoplantsiscausedbyaliftingupwardoftheplantalongwiththesoilfrom its

normalpositionintemperateregionswheresnowfalliscommon.

Classificationofvegetationbasedontemperature

Class Region Temperaturecondition Vegetation Commoncrops

Megatherms Equitorial/Tropical High temp.throughout the

year

Tropicalrain Cassava, rubber,

rice

Mesotherms Tropicl/SubTropical Hightemp.&winterlowtemp Tropical deciduous

forest

Maize,sorghum

Microtherms Temperate Lowtemperature Mixedconiferous Wheat,oat,potato

Hekistotherms Artic/alpine Verylowtemperature Alpine Pines

iii)Atmospherichumidity:

Humidityreferstothewatervapoursuspendedintheatmosphere.Watervapourisacolourless,

odourless,tastelessandconsistsofveryminutewaterdropletssuspendedinair.Whichisthe

resultantoftheevaporationfrom soilandwaterbodieswiththesolarenergyintheform of

temperature.

Whentheatmosphereholdsmaximum amountofwatervapouratparticulartemperatureissaid

tobesaturated.Increaseintemperaturewillmaketheairunsaturated.

Theevapo-transpirationofwaterisdirectlyproportionaltothedifferencebetweentheamountof

wateractuallypresentandthesaturation.ThedifferenceistermedasVapourpressuredeficit

(VPD).

Theatmospherichumidityisexpressedasabsolute,specificandrelativehumidity.
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Absolutehumidityistheactualquantityofwatervapourbyweightpresentinagivenvolumeofair

Absolutehumidity(gm-3) =
Weightofwatervapour(g)

Volumeofair(m3)

Specifichumidityistheweightofwatervapourperunitweightofair(includingwatervapour)

Specifichumidity(gkg-1) =
Weightofwatervapour(g)

Weightofairincludingwatervapour(kg)

Absoluteandspecifichumidityaredifficulttomeasureastheyfluctuategreatelywithtemperature.Also,

theyhavelittleornoeffectoncropgrowth.

The extentofevaporationand transpirationdependson the amountofmoisture held inthe

atmosphere.Hence,itisessentialtofindoutthesaturationcapacityandVPD,whichisgivenbyrelative

humidity.

Relativehumidityistheratiobetweentheamountofwatervapourpresentintheairandtheamountof

vapourrequiredforsaturationatparticulartemperature&pressureandexpressedinpercentage

Relativehumidity(%) =
Watervapourpresentinair

X100
Watervapourrequiredforsaturation

IfRHis100%,thereisnoevaporation&transpirationandifitis0%,thenthereisenormous

evapotranspiration.Boththeseconditionsarenotcongenialforcropgrowth.RHofaround60%

issuitableformostoffieldcrops.

Relativehumidityisgreatelyinfluencedbytemperature,wind,vegetationandwatercontentinsoil.

IncreasedRH -favoursgrowthofmanyfungi,bacteria,insectsaffectingcropgrowth

-affectgasexchange through stomata byaffecting transpiration & in turn

photosynthesis&cropyield.

ReducedRH -Increaseevapo-transpirationanddemandmoreirrigation.

iv)Solarradiation:Solarradiationisthesourceofenergyforallphysicalprocessestakingplace

intheatmosphere.Thisenergyalsodrivestheprocessofphotosynthesis,chlorophyllsynthesis,

evaporation,heatingofsoil&airtoregulatetemperaturebesidesgermination,leafexpansion,

stemgrowth,flowering,fruitingetc.

Morethan70% ofsolarradiationabsorbedbytheplantisconvertedintoheatwhichisessential

fortranspiration.About28%ofsolarenergyisutilizedinphotosynthesis.

Aconstantamountofradiation(1.94calcm-2 min-1)isemittedcontinuouslyfrom thesun.The

amountofsolarenergyreceivedperunitareaofsurfaceheldatrightangletothesunraysatthe

topoftheatmosphereiscalledsolarconstant.

Lightaffectplantsgrowththroughitsintensity,durationandquality.

a)Lightintensity:Thetotalquantityoflightreceivedinunittimecanbeconsideredaslight

intensity,whichisexpressedinFootCandles/Lux.Theoptimum lightintensityformostofthe

cropsisaround1700Lux.

Therearecertainplantswhichgrow luxuriouslywithhighlightintensity,suchplantsarecalled

Heliophytes(Sun-loving)Eg.Sunflower.Theplantsgrowingunderlow lightintensity/shade
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conditionarecalledSciophytes(Shadeloving)eg.Coffee.

Thelightintensityatwhichthephotosynthatesproducedthroughphotosynthesisiscompletelymade

useforitsrespirationiscalledLightsaturationpoint.Itvariesfromsciophytes(27Lux)toheliophytes

(4200Lux).Higherlightintensitymaydisintegratechlorophyll.

b)Qualityoflight:Theprocessofphotosynthesisingreenplantsdependsonqualityoflight.

Radiationupto250ήm inUVspectrum isharmfultomostoftheplants.Though,radiationfrom

300ήm isphotosyntheticallyactive,visiblespectrum (400–750ήm)ismoreeffective.Visible

spectrumcomposedwithsevencolourrangeVIBGYOR.

Violet-400to435ήm Green-490to574ήm Orange-595to626ήm

Indigo -435to460ήm Yellow–574to595ήm Red -626to750ήm

Blue -460to490ήm

Withinthevisiblerange,theprinciplewavelengthabsorbedinphotosynthesisareViolettoBlue

(400–490ήm)andOrangetoRed(595–750ήm).Redlightisfoundmostfavourable.Radiation

above750ήm(InfraRedradiation)isharmfultophotosynthesis.

c)Durationoflight:Lightintensityanddurationdeterminetheamountoflightthataplantreceives.

Thelengthofthedayismoreimportantthanintensity.Theresponse(Flowering)oftheplantsto

therelativelengthofdayandnightisknownasphotoperiodism.Differentspeciesandinsome

casesdifferentcultivarsofthesamespeciesrespondsdifferentlytothelengthofdayandnight.

Thephotoperiodrequiredtoinducefloweringiscalledcriticaldaylength.

Basedonthephotoperiodicresponse,theplantsaregroupedas

 Longdayplants:Cropsthatreproduce(Flower)normallywhenthelightperiodislongerthan
12hours.Eg.RabiCrops–Wheat,Barley,Sugarbeet,Potatoetc.

 Shortdayplants:Cropsthatreproduce(Flower)normallywhenthelightperiodisshorterthan
criticalminimum(<12hours).Eg.Tobacco,soybean,millets,Rice

 Dayneutralplants:Plantsthatarenon-responsivetorelativelengthofday&night.
Eg.Tomato,Sunflower,Buckwheatetc.

v)Wind:Windistheairinhorizontalmotionwhichtravelsfrom highpressureareastolow

pressureareas.Thebasicfunctionofwindistocarrymoisture&heatandsuppliesfreshCO2for

photosynthesis.Mildwind(4-6kmhr-1)isessentialforcropproduction.

Harmfuleffectsofwind:Higherwindvelosityaffectscropsthrough

 Uprootingofseedlings/tree

 Lodgingofcrop/trees

 Soilerosion

 Disseminationofweeds,insectpest&diseases

 IncreaseEvapo-transpirationloss&demandfrequentirrigations

 Pollenwash&affectpollinationatfloweringstage

Beneficialeffectsofwind:

 Responsibleforrainfall

 Mildwind–Encouragepollination

 ReplaceCO2&othergasses

vi)Atmosphericgasses:Itmaybesoiloratmosphericair,Atmosphericairiscomposedof78.09%
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Nitrogen,20-98% Oxygen,0.93% Argon & 0.03% CO2.CO2 is most important for

photosynthesisandtakenbytheplantthroughdiffusioninstomata.O2isimportantinrespiration

ofbothplants&animals.Nitrogenisimportantplantnutrient.Atmosphericnitrogenisfixedinthe

soilbylightening,rainfall&microbes.CertaingasseslikeSO2,CO,CH4,HF,CFCreleasedfrom

petrochemicalsaretoxic.

II.EDAPHICFACTORS:arethesoilfactors.Soilprovidesphysicalanchoragetoplantsandacts

asastorehouseofwater,nutrientandair.

Thesoilfactorsthataffectcropgrowthare

i.Soilmoisture iv.Soilorganic&mineralmatter

ii.Soilair v.Soilorganisms

iii.Soiltemperature vi.Soilreaction

i.Soilmoisture:Morethan90% ofplanttissueconsistsofwaterwhichisabsorbedfrom soil

throughroots.Itisheldbysoilparticlesbycohesiveandadhesiveforces.Rainfall,irrigarion

anddrainagegovernsthesoilmoisture.Soilmoistureisthemedium forabsorptionand

translocationofmineralnutrients.Soilmoisturemaintainssoiltemperature,regulatessoil

aerationandtogetherthesedictatetheactivityofbioticfactorsinsoil.

Soiltexture,structureanddepthdetermineitsmoistureretentionbesidestheorganicmatter.

Efficientuseofinputsincropproductiondependsonoptimumlevelofsoilmoisture.

ii.Soilair:Compositionofsoilairdiffersfrom thatofatmosphere.Soilairhas10–100times

higherCO2 thanatmosphere.Aerobicmicroorganisms,Sproutingseeds,Rootrespiration

demandamplesupplyofO2inthesoil.Ricecanwithstandanaerobicconditionbecauseofthe

presenceofaerenchymatissue.Soilmoisturecontent/irrigationdictatethesoilairand

affectsrootrespiration.

Nitrogen Oxygen CO2 Argon

Soilair 78.60 20.00 0.3–0.5 0.90

Atmosphere 78.09 20.98 0.03 0.94

iii.Soiltemperature:Soiltemperatureinfluencerootgrowthandfunctions.Soiltemperatureis

particularlyimportantduringcropgerminationandestablishment.

Soiltemperatureaffectsthephysicalandchemicalprocesseslike

 Availability&Absorptionofnutrients&water–Max.absorptionoccurat20-300C

 Regulatethemicrobialactivity

 Rootgrowth&developmentspeciallyinediblerootssuchasturmeric,tapioca,sugarbeet,
potato,groundnutetc.

iv.Soilorganic&mineralmatter:Soilorganicmatterisderivedfromdeath&decayingplantparts

/animalsandtheirexternaladdition.Theyfunctionthefollowingrole

 Suppliesmajor&minornutrients

 Improvesoilstructureandaeration

 Improveswaterholdingcapacity&moistureavailability

 Sourceoffoodformicro-organisms

Thesoilmineralmatterisderivedfrom weatheringofrock&mineralsandissourceof

nutrientsforplants.
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v)Soilorganisms:Theorganicmatterinthesoilisdecomposedbydifferentmicro-organism to

releasenutrients.Thedifferentkindoforganismsare

Macro-flora:Rootsofhigherplants.

Macro-fauna:Earthworms,grubs

Micro-flora:Algae,Bacteria,fungi,Actinomycetes

Micro-fauna:Protozoa,Nematode,Mites,insectsetc

Therearebothbeneficialandharmfulorganismsinthesoil&theiractivityinturndepend

onsoilmoisture,temperatureandaeration.

BeneficialorganismslikeAzatobacter,Azo-spirullum,Rhizobium,BGA,fixatmosphericnitrogen,

Phosphobacteriareleasethefixed‘P’totheplants.

Theharmfulorganismsaresoilborneinsect,pathogen&weeds.

vi)Soilreaction/pH:Availabilityofplantnutrientdependsonsoilreaction.pHisthenegative

logarithm ofhydrogenionconcentration.Soilacidityandalkalinityhaveprofoundinfluenceon

cropproductivity.MostoftheplantnutrientsarefreelyavailableatneutralpH.Acidsoilwith

higherFe,Al&MnreducetheavailabilityofP,availabilityofMo,Fe,Al,Mnwillreducewith

alkalinity.Also,pHinfluencethemicrobialactivityandwaterabsorption.

III.BIOTICFACTORS:includesthebeneficial/harmfuleffectscausedbyotherplants,animals,

micro-organismsoncropplant.

Plantsmaybecomplementary/competitiveamongeachother.Competitionbetweenplants

occurswhenthesupplyofnutrients,moistureandsunlightislimited.Thiscompetitionmaybe

betweensamecroporbetweendifferentcropsorweed&crop.

Whendifferentcropofcereal&legumegrowntogether,mutualbenefitsamongthem resultsin

higheryield(synergeticeffect).

Animals:soilfauna like protozoa,earthworm etc improve organic matterdecomposition.

Honeybees&waspshelpincrosspollination.Largeanimalslikecattle,goatetcmaydamagecrop

butaddorganicmatter.

IV.PHYSIOGRAPHICFACTORS:Thenatureofearthsurface(slope/flat)knownastopography

influencecropgrowthdirectly.Steepnessofslopedictatesrunoffandsoilerosion.Increasein

altitude cause a decrease in temperature and increase precipitation & wind velocity.

Physiographydictatesexposureofcrop/soiltolight&wind.

V.SOCIO-ECONOMICFACTORS:Thesocialacceptanceofcrop&economicconditionofthe

farmergreatlydecidestheinput/resourceuseandinturncropgrowth.
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SOIL

Soil:Itmaybedefinedasadynamicnaturalbodycomposedofmineralsandorganicmaterials&

livingformsonwhichplantgrows.Soilisageneralnamegiventotheloose&unconsolidated

outerlayeroftheearthcrust.Forafarmersoilreferstothecultivatedtoplayeroftheearth.Soil

areformedbytheweatheringofrocks&mineralswiththepresenceofsoilformingfactorslike

climate,organism,reliefortopography,parentmaterial&time(cl,o,r,p,t).Theweatheringofrocks

&mineralsisassociatedwithphysical&chemicalphenomenon.Theprincipalagentsofphysical

weatheringaretemperature,water,wind,plant& animals.Chemicalweatheringisaffected

throughtheprocessofhydrolysis,hydration,carbonation,oxidation&reduction.

Eachsoilischaracterizedbyagivensequenceofhorizons.Combiningofthissequenceis

knownassoilprofile.Soilprofileisaverticalsectionofthesoilthroughitshorizons.Thelayersor

horizonsinthesoilprofilevaryinthickness&havedifferentcharacteristicslikecolour,texture,

structureetc.ThehorizonsaredesignatedbyO,A,E,B,C&R.

Mineralsoilsarecomposedof2majorcomponents.

1.Solidphase;45%inorganic&5%organic.

2.PoreSpace;25%air&25%water.

Soilswidelyvaryintheircharacteristics&propertieslikephysical,chemical&biological

properties.Understandingthepropertiesofsoilisimportantfortheiroptimum use& best

management.

Physicalproperties;thephysicalpropertiesofsoilaretexture,structure,density,colour,porosity,

plasticity,consistencyetc.

1.Texture;itreferstotherelativeproportionsofprimarysoilseparatesi.e.,sand,silt&claythat

arepresentinasoil.Thesesoilseparatesaregroupedinto7groupsaccordingtoUSDA.

A.Verycoursesand :>1.0mm

B.Coursesand :0.5to1.0mm

C.Sand :0.25to0.50mm

D.Finesand :0.10to0.25mm

E.Veryfinesand :0.05to0.10mm

F.Silt :0.02to0.005mm

G.Clay :<0.002mm

Aspertheinternationalunionofsoilsciencesoilseparatesaregroupedinto4groupswhich

areknownasinternationalmethod&arewidelyaccepted.

A.Coarsesand :0.2to2.0mm

B.Finesand :0.02to0.2mm

C.Siltsand :0.002to0.02mm

D.Clay :<0.002mm

Alargeamountofsandinasoilwillmakeacoarsetextureandgritty.Suchsoilsarecalledas

SandyorSandyloam andareeasytowork.Whensiltispresentinlargeamount,soilsfeellike

flourandarecalledsiltyloam.

Clayinasoil,makeitstickywhenwetandhardwhendryresultingintoclayorclayloam

soils.Afinetexturedsoilismadeoflargelyofsolt&clay.Itsplasticityandstickynessindicates

difficulttoworkorheavy.

Thetermlightandheavyreferseaseofworkingandnotbyweight.Theweightofsandis
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greaterthanclaybut,theclayisheavysoilandsandislightsoil.

Varioustexturalclassesthatarefoundinsoilaregivenunderthetable.

Group Texture Sand(%) Silt(%) Clay(%)

CoarseTextured
Loamysand 85 10 5

Sandyloam 65 25 10

Mediumtextured
Loamy 45 40 15

Siltloam 20 60 20

Finetextured

Siltyclayloam 15 55 30

Clayloam 28 37 35

Clay 25 30 45

Texturalmanagementofsoil:

1.Coarsetexturedsoil/Sandysoils:

a.Theseareloose,friable,possesgoodaeration&Drainage

b.Percolationlossesaremore

c.Lowinnutrient&Waterholdingcapacity.

Management:Applicationoforganicmattertoimproveaggregation.

2.Finetexturedsoil/silty/Clayeysoil:

A.Theyareoftencalledashardorheavysoil.

b.Thesesoilhavehighplasticity&cohesion

c.Theyarehighinwater&nutrientholdingcapacity

d.havepoordrainage&infiltrationandaresubjectedtowaterlogging.Theytendtobig

clodsifploughedwhendried.

Management:a.Timelytillageoperation

b.Additionoforganicmanure.

c.cultivationofdeeprootedlegumes.

Loamysoilsseemstobeidealforcropproduction.Aidealloam maybedefinedasamixtureof

sand,silt&clayparticleswhichexhibitslight&heavypropertiesinequalproportion.Loams

possesthedesirablecharactersofbothsand&claysuchasporacity,water&nutrientholding

capacity,cohesion&plasticityetc.

II.Structure:Thearrangementofsoilparticlesarecalledsoilstructure.Itinfluencesaeration,

permeabilityetc.Thereare4typesofprimarystructures.

a.Platy:Horizontalarrangementofparticlesaroundaplaneiscalledplatystructure.
b.Prismlike:Particlesarearrangedaroundtheverticalaxisanditmaybeof2types

i) Prismatic:Ithasprismlikeoutersurface

ii) Columnar:Itislikecolumn.

c.Blocklike:Flatorroundedsurfaceformblocklikestructure.Itmaybe

i) Angularblocky:Theyhavedefiniteangle

ii) Sub-angularblocky:Irregularoutersurface

d.Spheroidal:areboundbycurvedorsphericalsurfaceandaremostfavourablefortillageand

rootpenetration.Itmaybe

i) Granular:likegrains

ii) Crumblike:Porous
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Factorsaffectingsoilstructure

1.Soilmanagement:Ploughingandothertillageoperationsmaybreakthesoilparticlesandalter

soilstructure.Useofgreenmanuresandlegumes&applicationofirrigationwateralsoinfluence

soilstructure.

2.Adsorbedcations:Na+ &K+ aredispersingelementswhileCa2+ &Mg2+flocculatethesoil

particles.

3.Applicationoforganicmatter:Improvessoilaggregation.

III.SoilColour:ThecolourofthesoilismostlyduetothepresenceofFe&Mncompoundsand

organicmatterinthesoil.Organicmattermakesthesoildarkbrownorgrey.OxidesofFe&Mn

impartred,brownishredoryellow colourdependingontheoxidationstatusandextentof

hydration.Soilcolourhasadirectinfluenceonsoiltemperature.Darkersoilabsorbsmoreheat

andwarm upquickly.Darkersoilsarefertileandgivebetteryield.Soilcolourismeasuredby

MunsellChart.

IV.Density:Theweightofasubstanceperunitvolumeiscalleddensity.Thesoildensityis

expressedin2ways

Sl

No
Particledensity(PD) Bulkdensity(BD)

1 Itisdefinedasweightofunitvolumeof

soilsolidsexcludingporespace

Weightofunitvolumeofdrysoilwhichincludesboth

solidandporespace

2 Itisnotaffectedbyporespace Largelyaffectedbyporespace

3 Thevaluenormallyvarybetween2.50to

2.75Mgm-3orgcc-1

Thevaluenormallyvarybetween1.40to1.80Mgm-3

orgcc-1

4 Itiscalculatedbycompressingallsolids

tobottom

Itiscalculatedbytakingthetotalvolume

Ifthesoilof1ccweighs1.33g

0.5ccPorespace 1.33/0.5

0.5ccSolid =2.66gcc-1

1.0cc
=1.33gcc-1

V.Porespace:theporespaceofasoilisthatportionthatoccupiedbyair&water.Ifthesoil

particlesaretendtobecloseasinsand,thetotalporosityislow.Iftheyarearrangedinporus

aggregatesasinmedium&finetexturedsoil,porespaceperunitvolumeishigh.Theporespace

iscalculatedby

=

=Solidspace

% Porespace+%Solidspace =100

Particledensity=
Weightofsoil

Volumeofsolid
Bulkdensity=

Weightofsoil

Volumeofsoil(Solid+Pores)

BD=
1.33

1.0

BD Weightofsoil/Volumeofsoil

PD Weightofsoil/Volumeofsolid
Volumeofsolid

Volumeofsoil

%Solidspace=
BD

X100
PD
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%Porespace =100-%Solidspace

%Porespace =100 -[BD/PDX100]

%Porespace =100(1–BD/PD)

Problem1.Asandysoilof10ccweighs15gandreducedto6ccaftercompression.CalculateBD,

PDand%Porespace?

BD=1.5g/cc PD=2.5g/cc %PS=40%

Problem2.AsiltyloamsoilhavingBD=1.3g/cc&PD=2.6g/cc.Calculatethe%porespace

%PS=50%

Sandparticleshave35-50% porespaceandclayparticleshave40-60% porespace.

Basedonthesize,theporesaregroupedas

a.Macropores:>200µm–Spaceforair

b.Micropores:<200µm–Spaceforwater

Macroporesallowreadymovementofair&waterwhilemicroporesimpedethemovement.

Sandysoilsarelargelycomposedofmacroporeswhile,claysoilshavemoremicropores.Hence

waterholdingcapacityofclaysoilsishigher.

Soiltype %Porespace Porescount

Sandysoil 20-30 25000m-3

Loamysoil 30-50

Claysoil 50-60 25million

VI.Plasticity&Cohesion:Plasticityisthesoilproperty,whichenablesamoistsoiltochange

shapeuponappliedforceandretainthisshapeevenwhentheforceiswithdrawn.Sandysoilsare

non-plasticandclayeysoilareplastic.Adhesionisthebindingpropertyofdifferentparticles(soil

withothers–Water,nutrient).Cohesionisthebindingpropertyofsimilarmolecules.

Plasticity,adhesion&cohesiontogetherreflectsoilconsistencyandworkability.Black

soilsarehighlyplasticandadhesivemakingtillageoperationdifficult.

B.ChemicalProperties:Soilreaction & Cationexchange capacity(CEC)are 2 important

chemicalpropertiesaffectplantgrowth.

I.Soilreaction/SoilpH:ThesoilpH indicatesitsacidityoralkalinityandinfluencenutrient

availability,soilphysicalcondition&inturncropgrowth.

a.Nutrientavailability:SoilpH influencesrateofnutrientreleasedthroughitsinfluenceon

decomposition&solubilityofminerals.Thesourceofnitrogen&sulphurisorganicmatterwhich

arereleasedduringitsdecomposition.Therateofdecompositionisfastestbetween6-8pH.

Phosphorousisbestavailablebetween6.5–7.5.Lessthan6.5precipitatePbyFe&Alandmore

than8.5throughCa&Mg.Fe,Mn,Cu,Zn,BprecipitatesathigherpH.Optimum pHrangefor

availabilityofnutrientis

Sl.No Nutrient Opt.pH Sl.No Nutrient Opt.pH

1 N 6.0–8.0 6 Fe <6.0

2 P 6.5-7.5 7 Mn 5.0–6.5

3 K 6.0–7.5 8 B,Cu,Zn 5.0–7.0

4 Ca,Mg 7.0–8.5 9 Mo >7.0

5 S 6.0–7.5

b.Soilphysicalcondition:Soilphysicalconditionlikeflocculation,colouretcdependsonsoilpH.



DepartmentofAgronomy AgriculturalCollege,Hassan
AGR.101 Agro-climaticZones

36

HighersoilpH(>8.5),increasedNacontentdeflocculatessoilcolloidsanddestructsoilstructure

&movementofwater&air.Underacidiccondition,Fedesolvedinexcessiveamountimpartred

colourtothesoil.

II.CEC(CationExchangeCapacity):CECisthesum totalofcationsthatasoilcanadsorb.It

influencesthecapacityofsoiltoholdnutrientssuchasCa,Mg,NH4etc.Thepercentbasesin

thetotalcationsexceptH+ presentontheexchangecomplexiscalledBasesaturationwhich

denotestheavailabilityofnutrientinthesoil.

SoilfertilityandProductivity:

Soilfertilityistheinherentcapacityofthesoiltosupplynutrientsinadequateamountsandin

suitableproportion.Soilproductivityisthecapacityofthesoiltoproducecropswithspecific

managementandexpressedintermsofcropyield.

Allproductivesoilsarefertile,butallfertilesoilsneednottobeproductive.Itmaybeduetosome

problemslikewaterlogging,salineoralkalinecondition,weeds,pestanddiseasesetc.under

theseconditions,thecropgrowthisrestrictedeventhoughthesoilhassufficientamountof

nutrient.

Soilfertility Soilproductivity

Itisanindexofnutrientavailability Itisbroadertermtoindicatecropyield.

Itisoneofthefactorsofcrop
production.Howevercropproduction
alsodependsonwater,slope,depthof
watertableetc

Itistheinteractionofallthefactorsthat

determinecropyield

Itcanbeanalyzedinthelaboratory Itisassessedunderfieldcondition

Itisexpressedasnutrientsinkgha-1
Itisexpressedintermsofcropyield

Factorsaffectingsoilfertility:Thefactorsgoverningsoilfertilitymaybe

i.Naturalorsoilfarmingfactors:includeClimate,Organism,topography,relief,parentmaterial

andtimeorage(cl,o,r,p,t).

ii.Artificial&Soilmanagementfactors:Additionoforganicandinorganicfertilizers,croprotation

andothersoilmanagementpractices.

Soilfertilityevaluation:

Severaltechniquesareusedtoassesssoilfertilitystatus.Importantonesare

a.VisualNutrientdeficiencysymptoms:Lookingtothecharacteristicsymptomsonplants.

b.Plantanalysisortissuetest:Analyzethenutrientcontentandmatchitwithcriticallimit.Itis

alsocalledcroplogging,developedbyClementsinSugarcane.

c.Biologicaltest:Culturingmicro-organismsorgrowingplantsonsamplesoil

d.Chemicalmethodorsoiltest:Actualsoilanalysisfordifferentnutrient.

PROBLEMATICSOILS

Soilproductivityisdeterioratedwithsoilproblems.Themajorsoilproblemsare

a.Soilacidity b.Soilalkalinityc.Waterlogging

1.Soilacidity:ItiscausedduetotheexchangeableHydrogenions.IfthesoilpHcomesdown

below 6.5itissaidtobeacidic.

Soilaciditymaybea.Lowacidity :pH6.5to6.1

b.Moderateacidity :pH6.0to5.6 c.Stronglyacidic
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:pH<5.5

Causesforsoilacidity

a.LeachingofbaseslikeCa,MgunderhighrainfallareasreducessoilpH.

b.ContinousapplicationofacidformingfertilizerlikeMOP(MuriateofPotash–KCl)

KCl+H2O KOH+HCl

c.Decompositionoforganicmatterliberatesseveralacids

d.Removaloruptakeofbasesbythecrops

e.Parentmaterial–somesoilsmightbenativelyacidicbecauseofassociatedmineralsEg.
Granite.

Managementofacidicsoils

a.Additionoflimeandlimemateriallikeoxides,hydroxides&carbonatesofCa&Mg

CaCO3+H2O Ca2++HCO3- +OH-

CaO+H2O Ca2++HCO3- +OH-

b.Useofbasicfertilizerslikesodiumnitrate,basicslag

c.Cultivationofacidtolerantcropslikesweetpotato,castor,rice,barley

d.Soilandwatermanagementtoreduceleachingofbases.

2.SoilAlkalinity:SoilswithpHmorethan7.5.

Causesforalkalinity 1.HighbasesaturationotherthanH+especiallyNa,carbonatesofCa&Mg.

CaCO3+H2O Ca2++HCO3-+OH-

2.Presenceofexcesssalts.

Alkalinesoilsgroupedinto2typesbasedonEC (Electricalconductivity),ESP(Exchangeable

SodiumPercentage)&pHvaluesasbelow.

Class EC(dsm-1) ESP(%) pH

1.Saline >4 <15 <8.5

2.Saline–alkaline/salinesodic >4 >15 >8.5

3.Alkaline/sodic <4 >15 >8.5

ECisthereciprocalofelectricalresistanceofsoilextracthaving1cm lengthand1cm2 cross

sectionalarea.ESPisthedegreeofsaturationofsoilexchangecomplexwithsodium.

Reclamation/managementofalkalinesoils

Salinesoils 1.Leachingofexcessivesaltswithrain/irrigation

2.Scrapingandremovalofaccumulatedsaltsinthesurfacelayer.

3.Drainage

4.Useofacidicfertilizers(KCl–MOP)

5.Applicationoforganicmanures

6.Sowingofseedsinthefurrows.

Alkalinesoils1.Applicationofgypsum(CaSO4.2H2O)

2.AdditionofSulphurcontainingamendmentslikeironpyrites-FeS2,

3.Waterlogged/Marshylands:Inwaterloggedareas,stagnationofwateroccursformostpart

oftheyear.Incoastalregionswaterloggingmaybecausedduetointrusionofseawaterspecially

ineastcoast.Waterloggingresultsinanaerobicconditionsbesidesaltaccumulation.

Managementoptionsaredrainageandcultivationofhydrophyteslikerice,treesandgrasses.
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MajorsoilsofIndia

1)AlluvialSoils:Thesesoilsarederivedfrom thedepositionlaidbythenumeroustributariesof

theIndus,theGangesandtheBrahmaputrasystems.Thisisthelargestandmostimportantsoil

groupofIndia.Alluvialsoilsarefertileandsuitableformostoftheagriculturalcropslikelowland

rice,pulses,cotton,bananaetc.,

2)BlackSoils:aredark–greyincolourwhichisduetothepresenceofclay–humuscomplex.

Characterizedwithhighswellingandshrinkage,plasticityandstickiness,poordrainageandlow

permeability.

3)RedSoils:Theredcolourofsoilsisduetothecoatingofferricoxidesonsoilparticles.Red

soilsareLighttextured,friable,Welldrainedwithmoderatepermeability,Excessgravelliness,

surfacecrusting,susceptibilitytoerosion.

4)Lateritic Soils:theyare lightin texture and found in high rainfallareasofKarnataka,

Maharashtra,KeralaandMadhyaPradesh.

5)Desertsoils:developedinaridregionsandaresandyinnature.FoundinRajasthanandSouth

Punjab.

6)TaraiSoils:haveawetregime.Itisthefoothillssoilderivedfromthematerialswasheddown

bytheerosionofmountainsandfoundinJammu&Kashmir,UP,Uttanchaletc.

7)Saline&alkalinesoils:areformedbecauseofpoordrainageinarid&semi-aridregions.

8)Acidsoils:formedbyleachingofbasesinhighrainfallareas.

9)Peaty/marshysoils:formedindepressionsundersubmergedcondition.Theyhavelight

colourbecauseofFerrousionsandfoundinKerala,PartsofBiharandUP
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TILLAGE

Tillagereferstothemechanicalmanipulationsofthesoilthatareusedtoprovidenecessarysoil

conditionsfavourableforthegrowthofcrops.

Tillageincludesalloperationsandpracticesthatareusedforthepurposeofmodifyingsoil

physicalcharacters.Tillageisthemostdifficultandtimeconsumingoperationincropproduction.

About30percentofthetotalcostofcultivationgoesfortillageoperations.

Tillageisasoldasagriculture.Primitivemanusedtodisturbsoilforplacingseeds.Jethrotull,who

isconsideredas“FatherofTillage”proposedatheorythatplantabsorbminutesoilparticlesand

suggestedthoroughploughingandotheroperationstomakethesoilintofinerparticles.Though

thistheoryisnotcorrect,tillageoperationsarecarriedouttoprepareafineseedbedforsowing

ofcrops.

Objectivesoftillage

1. Toprepareseedbedtoasatisfactorylevelwhichpromotesgoodgerminationand
establishmentofseedlings.

2.Tocontrolweedsandimprovecloseplant–soilinteractionintherootingzone.

3.Tomanagetheplantresiduesforincorporatingintothesoilortoretainonthetoplayerto
reduceerosion.

4.Toimprovesoilphysicalconditionforrainwaterharvestingandminimizingsoilerosion.

5.Toestablishspecificsurfaceconfigurationsforsowing,irrigation,drainageetc.

6.Toincorporateandmixtheappliedfertilizersintothesoil.

7.Toexposeweedsandsoilbornepathogenstoheatandkillingthem.

Tilth:Tilthistheterm usedtoexpressthephysicalconditionofsoilresultingfrom tillage.The

physicalconditionisrelatedtothesoilstructuralchangeswhichpromotegoodseedgermination

andcropestablishment.Tillageoperationsareaimedatproducingandmaintaininggoodtilth.A

soilwithgoodtilthwillbemellow,friableandadequatelyaerated.Suchsoilshavehighretentive

capacityofrainwaterandgoodaerationwithadequateinfiltration.Thesoiltilthisnotstaticand

varieswithtime.

Influenceoftillageonsoilphysicalproperties

Tillagehasconsiderableinfluenceonsoilphysicalpropertieslikeporespace,structure,bulk

density,soilwater,soilcolourandtemperature.Hence,tillageinfluencegermination,seedling

emergenceandcropstandestablishment.

i)Porespace:Soilaremadeupofparticlesofdifferentsizes.Airandwaterfilledspacesbetween

theseparticlesconstituteporespace.Whenafieldisploughed,thesoilparticlesareloosely

stakedinarandommannerandporespaceincreases.

Undergoodtilthcondition,capillaryandnon-capillaryporesareinequalproportionandfacilitates

freemomentofairandwaterandincreasesinfiltration.

ii)Soilstructure:Soilswithcrumblyorgranularstructurearegoodforcropproduction.Whensoil

issubjectedtotillageatoptimummoistureleadstocrumblikestructurewhichreducetheerosion

greatly.Soilstructurewilldestroywhentillageiscarriedatinappropriatesoilmoisture.

iii)Bulkdensity:Whenthesoilisloosenedwithtillage,thesoilvolumeincreaseswithoutany

effectonweight.Therefore,theBDoftilledsoilislessthanuntilledsoil.

iv)Soilcolour:Tillageincreasestheoxidationofironandmanganese,decompositionoforganic

matterresultinginfadingofcolour.
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v)Soilwater:Theavailablesoilwaterdependsonsoilporosity,soildepthandrandomroughness.

Roughnessisthemeasureofmicro-elevationsanddepressionscausedburidgesandfurrows.All

thesecharactersareinfluencedbytillage.Italsoinfluencesinfiltrationandwaterholdingcapacity.

vi)Soiltemperature:Tillageloosensthesoilsurfaceresultingindecreaseofthermalconductivity

andincreaseheatexchange.

TypesofTillage:Tillagebasedonthetimingofoperation,isbroadlydividedinto

a)Preparatorycultivation:Operationscarriedbeforesowing

b)Aftercultivation/intertillage:Operationscarriedaftersowing

Preparatorycultivation:Tillageoperationsthatarecarriedfrom thetimeofharvestofacropto

thesowingofthenextcroportheoperationscarriedinanycultivablelandtoprepareseedbed

forsowing/plantingofcropsareknownaspreparatorycultivation.Preparatorycultivation

consistsof

a)Primarytillage b)Secondarytillage c)Layoutofseedbed

Primarytillage/Ploughing:Ploughingistheopeningofthecompactedsoilwiththehelpof

differentploughs.Ploughingisdonetocutopenandinvertthesoil,uproottheweedsand

stubbles.

Theoptimumtimeforploughingisdecidedonsoilmoisturestatus.Ifthesoilisploughedwhendry,

(a)therewillbeformationofbigclods(b)demandsenormousenergyand(c)itisdifficultto

operate.Toowetconditionalsounfavourableforploughingas(a)thesoilstickstoplough,(b)

therewillbeformationofhardpaninsubsoillayer(c)theclodsformedwillbeveryhardafter

drying.Optimum rangeofsoilmoistureforeffectiveploughingis25-50% depletionofavailable

soilmoisture.Lightsoilscanbeploughedinawiderangeofsoilmoistureconditionwhile,heavy

soilhavenarrowrange.

Depthofploughingmainlydependsoneffectiverootzone.Taprootedcropshavedeeproots

andrequiredeepploughingwhileshallowfibrousrootsdemandshallowtomediumploughing.

Thenumberofploughingsnecessarytoobtaingoodtilthdependsonsoiltype,weedproblem

andcropresidueonthesoil.Inheavysoils,3-5ploughingsarenecessarywhile,1-3ploughings

are sufficientin lightsoils.When weedsand plantresidues are higher,repeated (more)

ploughingsarenecessary.

Selectionofploughsdependsonthepurpose,soilconditionandnatureofweedproblems.

Typesofprimarytillage

i) DeepPloughing:Onecm ofsurfacesoiloveronehectareoflandweighsabout150MT.

Therefore,deepploughingdemandsenormousenergy.CenralResearchInstituteforDryland

Agriculture(CRIDA),Hyderabadclassifiedploughingas

1. Shallowploughing –5to6cmdepth

2.Mediumploughing –15to20cmdepth

3.Deepploughing –25to30cmdepth

Summerdeepploughingexposeweedsandothersoilbornepathogenstoheatandturnsoutinto

largesizedclods.Theclodscrumbleduetoalternateheatingandcoolingandduetooccasional

summerrainswhichwilldisintegrateclodsgradually.Deeptillageimprovessoilmoisturecontent
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duetoenhancedwettingzone.

Adeeptillageof25–30cmisnecessaryfordeeprootedcropslikepigeonpea(Cajanuscajana),

whilemoderatetillageof15-20cmisrequiredformaize(Zeamays),wheat(Triticumaestivum).

ii)Sub soiling :Sub soiling isthe breaking ofhard panswithoutinversion and with less

disturbancetosurfacesoil.Hardpansinthesoilsmaybeformedbecauseofsiltload,Fe&Al

blocking,clayparticlesormanmadewillrestricttherootgrowthofcrops.Menmadepansare

inducedbecauseofrepeatedtillageatsamedepthorploughingunderexcesssoilmoisture

condition.

iii)Yearroundtillage:Tillageoperationscarriedthroughouttheyearareknownasyearround

tillage.Indrylandareas,fieldpreparationisinitiatedwithsummershowerandrepeatedtillsowing

andevenafterharvestofcrop,thefieldisrepeatedlyploughedtoavoidweedsandsoilerosion.

B.SECONDARYTILLAGE

Lighterorfineroperationsperformedonthesoilwithharrowsandcultivatorsafter

primarytillageareknownassecondarytillage.Theyarecarriedto

a)Breakclodsandcreatesmoothsurfaceforseedgerminationandestablishment

b)Uprootingofweedsandstubblesofpreviouscrop

c)Mixingofappliedmanuresandfertilizersintothesoil

d)Coveringofseeds

Generally,sowingoperationsareincludedinsecondarytillage.

C.LAYOUTOFSEEDBED

Certaincropslikewheat(Triticumaestivum),Soybean(Glycinemax),Castor(Ricinuscommunis)

canbesowndirectlyaftersecondarytillage,certaincropslikeMaize(Zeamays),Sugarcane

(SaccharumSp),vegetablesneedridgesandfurrows,certaincropscanbesownwithseeddrills

while,seedsofcertaincropsneedscovering withharrows/plank/rollerfornecessary

germination.Itisessentialtoprepareidealseedbedsuitingtotheparticularcropforproper

germinationandestablishment.

Anidealseedbedshouldprovidetheessentialconditionsforgoodgerminationandfavourable

environmentforemergingseedlings.Suchconditionsincludeaeration,moistureandalloweasy

penetrationofroots.Itsshouldalsofreeforweedsandsoilbornepathogens.

Afirm seedbedmayberequiredtoensureclosecontactbetweenseedandsoilwhereas,a

looseseedbedmaybedesirableforgoodaeration.Smallertheseedgreaterwillbeitssensitivity

(eg.Tobacco–Nicotianatobaccum)toseedbedconditionwhichdemandfineseedbed.Crops

withboldseedsarenotdemandingfineseedbed(eg.Castor-Ricinuscommunis).

II.Aftercultivation

Thetillageoperationsthatarecarriedoutinstandingcroparecalledaftertillage.It

includes

a)Topdressing:Drilling/dressingoffertilizerinstandingcropandcovering

b)Earthingup:Carriedwithridgeploughorwoodenploughtoformridgesatthebaseofthe
croprowstoprovideanchorage/supportandirrigation.

c)Inter-cultivation:Workingwithharrows,hoes,cultivatorsinbetweencroprowstocontrol
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weeds,aerationandtoconservemoisture.

Implementsusedfordifferentoperations

i) Primarytillage:Woodenplough,subsoilplough,chiselplough,ridgeplough,MBplough
etc

ii) Secondarytillage:Cultivators,harrows,plank,roller

iii) Layoutofseedbed:Countryplough,seeddrill

iv)Inter-cultivation:Woodenplough,bladeharrows,ridger,spade,handhoesetc.

Conceptsoftillage

i)Minimum tillage:Minimum tillageisaimedatreducingtillageoperationstotheminimum

necessaryforensuringagoodseedbed,rapidgermination,asatisfactorystandandfavourable

growingconditions.Tillagecanbereducedbytwoways.

a)Omittingoperationswhichdon’tgivemuchbenefitwhencomparedtocost

b)Combiningoperationslikeseedingandfertilizerapplication

Advantages

1. Improvessoilconditionsthrough reduced movementofheavytillage implements,
vehiclesi.e.,lesssoilcompaction

2.savestimeandenergy–50-58%ofreductioninfuelconsumption

Disadvantages

1. Poorgerminationofseedsandaffectplantstandestablishment

2.Needshighernitrogenattributingtoslowerdecompositionoforganicmatter

3.affectnodulationinlegumes

4.Weedsaremajorproblem&continuoususeofherbicidecausepollutionhazards

ii)Zerotillage:isanextremeform ofminimum tillagewherein,primarytillageistotallyavoided

andsecondarytillageisrestrictedtoseedbedpreparationintherowzoneonly.Itisalsoknown

as‘NoTillage’.

Zerotillageisresortedwhere,

a)Soilssubjectedtoerosionbywindandwater.

b)Timingfortillageoperationistooshortordifficult

c)Requirementofenergyandlabouristoohigh

Theorganicmattercontentofsoilincreasesunderzerotillageduetoslowmineralization.

ZerotillageispracticedinRice-wheatsysteminIndia.

Inzerotillage,herbicideplayadominantroleinweedmanagement.Beforesowing,the

vegetationsaredestroyedwithbroadspectrum,non-selectiveherbicideswithrelativelyshort

residualeffect(paraquot,glyphosate etc),selective and moderately persistentherbicides

(Atrazine,2,4-Detc)arerequiredduringsubsequentstages.

iii)Stubblemulchtillage:isanew approachdevelopedforkeepingsoilprotectedatalltimes

eitherbygrowingacroporbycropresiduesleftonthesurfaceduringfallowperiod.

iv)Offseasontillage:Preparatorytillageoperationsthatarecarriedoutduringtheoffseason

beforethemaincropiscultivatedisknownasoffseasontillage.Thisincludespost-harvesttillage

andsummerploughing.
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MANURESANDFERTILIZERS

Plantrequirecertainelementfortheirgrowthanddevelopment.Thereareabout60chemical

elementspresentintheplantanditdoesn’tmeanthatallareessentialfornormalgrowthand

development.

ArnonandStout(1939)proposedcriterionofessentiality.WhichwererefinedbyArnon(1954)and

arepopularlyknownasArnon’scriteriaofessentiality?Theyare

1. The deficiencyofelementsmakesitimpossible forthe plantto complete the

vegetativeorreproductivestageofitslife.

2.Thedeficiencyofelementsinquestioncanbecorrectedonlybysupplyingthat

particularelement

3.Theelementisdirectlyinvolvedinnutritionandmetabolism oftheplantquiteapart

from itspossibleeffectincorrectingsomemicro-biologicalorchemicalconditionsin

thesoil.

Based ontheabovecriterion,16 elementsareconsidered essentialforplantgrowthand

development.Theyareclassifiedas

I.Basedonquantityofnutrientpresentinplants,theyaregroupedinto

Essentialnutrient

Basicnutrients Macronutrients Micro/traceelements

C,H,O Fe,Zn,Cu,B,Mo,Mn,Cl

Major/Primarynutrient Secondarynutrient

N,P,K Ca,Mg,S

Basicnutrients:contribute96% ofthetotaldrymatterofplantsandaretakenintheform of

waterandair(CO2)

Macronutrients:arerequiredinlargequantity(>1ppm)andarefurtherdividedinto

a)Major/Primarynutrients:arerequiredinbulkandappliedexternallyEg.N,P,K.

b)Secondarynutrients:Theyarecalledsecondarybecausetheyappliedinadvertentlyto

thesoilwhileapplyingN,P,KfertilizersEg.Ca,Mg,S.

Micronutrients:Theyarealsocalledtraceelementsandarerequiredinminutequantity(<1ppm).

Evenaslightdeficiencyormarginalexcessconcentrationoftheseelementsareharmfultothe

plant.

II.Basedontheirfunctioninplants

i) Elementsthatprovidebasicstructuretotheplant:C,H,O

ii) Elementsusefulinenergystorage,transfer,bonding:N,P,S

iii)Elementsnecessaryforchargebalance/translocation:K,Ca,Mg

iv)Elementsinvolvedinenzymeactivation&electrontransfer:Fe,Mn,Zn,Cu,B,Mo,Cl
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III.Basedonmobility

A)Mobilityinthesoil:Knowledgeofmobilityinsoilhelpstoderivethemethodofapplicationof

thesenutrients.Basedonmobility,thenutrientsareclassifiedas

i)Mobile:Thesearehighlysolubleandarenotadsorbedonclaycomplex

Ex:NO3
-,SO4

2-,BO3
2-,Cl-,Mn2+

ii)Lessmobile:Theyarealsosolublebutareadsorbedonclaycomplex

Ex:NH4
+,K+,Ca2+,Mg2+,Cu2+

iii)Immobile:Theyarehighlyreactiveandgetfixedinthesoil.Theplantrootsastogoin

searchofthesenutrientsforabsorption

Ex:H2PO4
-,HPO4

2-,Zn2+

B)MobilityinPlants:Knowledgeofmobilityinplanthelpstofindoutthedeficientnutrient.A

mobileelementinplantmovestogrowingpointandexpressthedeficiencyinlowerleaves

andimmobileelementsshowsdeficiencyintopleaves.Basedonthesenutrientsaregrouped

as

i)Highlymobile:N,P,K,Mg

ii)Moderatelymobile:Zn

iii)Lessmobile:S,Fe,Mn,Cu,Mo,Cl

iv)Immobile:Ca,B

Formsofnutrientuptake

Nutrientelement Formofuptake Nutrientelement Formofuptake

Carbon CO2 Iron Fe2+,Fe3+

Hydrogen H2O Manganese Mn2+

Oxygen CO2,H2O Zinc Zn2+

Nitrogen NH4
+,NO3

- Copper Cu2+

Phosphorus H2PO4
-,HPO4

2- Boron B4O7
2-,H2BO3

-

&HBO3
2-

Potassium K+

Calcium Ca2+ Molybdenum MoO4
2-

Magnesium Mg2+ Chlorine Cl-

Sulphur SO4
2-

Factorsinfluencingnutrientavailability:Importantfactorsinfluencingnutrientavailabilityinthe

soilare

a)Nativesoilfertilityornutrientcontentofsoil

b)Soilreaction(pH)

c)Relativeactivityofmicro-organismswhichplayvitalroleinnutrientreleasethrough
mineralization

d)Externaladditionofmanuresandfertilizers

e)Edaphic/soilfactorsviz.,soiltemperature,moisture,aerationetc.

Mechanismofnutrientmovementinsoil

Nutrientsadsorbedbytheplantthroughrootsalongwiththewater.Nutrientsmovetothe

rootsthrough3ways.
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1) Massflow:Plantnutrientsmovealongwiththemovementofwater(Soilsolution).Thisis

themajortypeaccountsto80percentoftotal.

2)Diffusion:Thisisthe normaldispersion ofnutrientsfrom the region oftheirhigher

concentrationtolower.Whenrootsabsorbnutrientsbeneaththatdevelopregionoflower

concentrationandnutrientmovementoccur.

3)Rootinterceptionistheextensionofplantrootsintonew soilareaswheretheyare

untrapped.

Manuresandfertilizers

Plantnutrientsarelostfrom thesoilindifferentwaysviz.,removalbythecrop,weeds,lost

throughleaching,erosion,volatilizationand denitrification.Theimportanceofmanuresand

fertilizersforincreasingagriculturalproductiontomeetthechallengesforfood,fiber,forage,fuel

areincreasingbecauseofprogressiveexpansioninthenutrientdeficienciesinIndia

.

Manymore??
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B B

Mn Mn Mn

S S S

K K K K

Zn Zn Zn Zn

P P P P
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1950 1960 1970 1980 1990 2000

Fig:DiagrammaticrepresentationofoccurrenceofsoilnutrientdeficiencyinIndia

Whencroprequirementsarehigherthansoilsupplyingpower,nutrientsareappliedasmanures

andfertilizers.

MANURES:manuresareplantandanimalwastesthatareusedassourcesofplantnutrients.

They release nutrients aftertheirdecomposition.Manures are grouped into Bulky and

Concentratedorganicmanuresbasedonthenutrientcontent.

Bulkyorganicmanures:Thesecontainsmallpercentageofnutrientsandareappliedinlarge

quantities.Hencetheyarecalledbulky.Farm yardmanure(FYM),Compostandgreenmanures

aremostwidelyusedbulkyorganicmanures.Useofthesemanureshaveseveraladvantageslike

i) Supplyplantnutrientsincludingmicro-nutrients

ii) Improvesoilphysicalpropertieslikestructure,WHCetc.

iii)Servesassourceoffoodforsoilorganisms(Microorganisms)

iv)Reclaimproblematicsoils.

1.FARM YARDMANURE(FYM):FYM referstothedecomposedmixtureofdungandurineof

farmanimalsalongwithlitterandleftovermaterialfromroughagesorfodderfedtothecattle.On

anaverage,welldecomposedFYMcontain0.5%N,0.2%P2O5and0.5%K2O.

FactorsinfluencingcompositionofFYM:
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ThequalityandgeneralcharacteristicsofFYMareinfluencedby

i)Sourceofmanure:Thecompositionofmanurevarieswiththekindofanimalproducingit.

Sheep,goat,andpoultrymanuresarerichinN,P2O5andK2OthanCow,horseandpig.

Table:NPKcontentoffreshexcretaoffarmanimals.

Animal
Dung Urine

N:P2O5:K2O N:P2O5:K2O

1.Cows&Bullocks 0.4:0.2:0.10 1.0:0.01:1.35

2.Sheep&Goat 0.75:0.5:0.45 1.35:0.5:2.1

3.Horse 0.55:0.3:0.4 1.35:Trace:1.25

4.Pigs 0.55:0.5:0.4 0.4:0.1:0.45

ii)Foodoftheanimal:Thisisoneofthemostimportantcharacterdeterminingthequalityof

manure.Ifthefoodsourceisrich(Pulse),thenthenutrientintheexcretawillalsoberich.Onan

average,70-90% N &Pand90-99% Kand50% Organicmatterinthefoodconsumedwill

appearindungorurine.

iii)AgeandConditionofanimal:Youngandhealthyanimalsretainlargepercentageofnutrients

fortheirgrowththanthatofmatureandsickanimals.Hence,dungandurineofyoung&healthy

animalhaslowernutrientthanmature&sick.

iv)Functionoftheanimal:Animalsproducingmilkandwoolabsorbmorenutrientsthanthe

animalswhichareinrest.

v)Mannerofstorage:Badstorageleadstolossofnutrientsthroughvolatilization&leaching.

vi)Natureoflitter:CompositionofFYMvarieswithlitterorbeddingmaterial.

Thedailycollectionofdungandurineareplacedinpit/trenchesorheapedandallowedfor

decomposition.Thelossinnutrientsoccursbothathandlingandstorage.

A)Handlinglosses:Handlinglossmaybelossofliquid(Urine)OFSOLID(Dung)

i)Lossofliquidportionorurine:Failuretorecoverorretaintheurineoffarm animalsresultsin

seriousloss.Itmaybeduetouncementedfloorofcattleshed.LargequantityofNlostthrough

volatilizationasbelow

ii)Lossofsolidportionordung:Lossofdungisbecauseofitsuseasfuelandnoeffortto

collectwhenanimalgoesoutforgrazing.

B)Storagelosses:Normallyfarmersheaptheirdailycollectionatoneplaceeitherintrenchor

abovegroundsurfaceformonthstogether.Duringthisperiod,themanureremainsexposedto

thesun&rainsandnutrientsaresubjectedforthefollowinglosses.

i)Leaching:AbouthalfofN&Pand90% ofKpresentinFYM arewatersoluble.Whenthe

manureisexposedtoleachingactionofrainwater,thenutrientsareliabletogetwashedoff.

ii)Volatilization:During storage,ammoniaproduced bydecompositionofureaand other

nitrogenouscompoundsofurinemaybeevaporated.

PartiallyrottenFYM hastobeappliedthreetofourweeksbeforesowingwhile,wellrotten

manurecanbeappliedimmediatelybeforesowing.Theexistingpracticeofleavingmanurein

smallheapsscatteredinthefieldforlongperiodleadstolossofnutrients.Theselossescanbe

reducedbyspreadingthemanureandincorporatingbyploughingimmediatelyafterapplication.
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TheentirequantityofnutrientpresentinFYM isnotavailableimmediately.About,30% N,60-

70% P2O5,and70% K2Oareavailableforthefirstcrop.Ingeneral,about40% oftotalnutrients

areavailableforfirstcrop,30%forsecond,20%forthirdcropand10%forsucceedingcrops.

ChemicalpreservativesareaddedtotheFYM todecreaseN losses.Thecommonlyused

preservativesare a)Gypsum and b)Superphosphate.

Superphosphatehasbeenextensivelyusedasamanurepreservative.Sinceordinarysuper

phosphatecontains50–60% gypsum besidesmonocalcium phosphate,theactionofsuper

phosphateissimilartothatofgypsum.

2CaSO4 +(CaH2PO4)2 +2(NH4)2CO3 Ca3(PO4)2 +2(NH4)2SO4+2H2O+2CO2

Gypsum Monocalcium Ammonium Tricalcium Ammonium

Phosphate Carbonate Phosphate Sulphate

Inthisreaction,tricalcium phosphateisformedwhichdon’treactwithammonium sulphate.

Hence,thereisnolossofammonia.

COMPOST:Compostisamassofwellrottenorganicmatterofanywastes.Compostingisa

biologicalprocessinwhichaerobicandanaerobicmicro-organismsdecomposetheorganic

matterandreduceC:Nratiooftherefuse.

Thecompostmadefromfarmwasteslikesugarcanetrash,paddystraw,weeds,otherplantsand

wastesiscalledfarmcompost.Onanaverage,itcontain0.5:0.15:0.5%NPK.

Thecompostmadefrom townrefuseslikenightsoil,streetsweepingsanddustbinrefusesis

calledtowncompost.Onanaverageitcontain1.4:1.01.4%N,P2O5,K2O.

NIGHTSOIL:Nightsoilisthehumanexcreta,bothsolidandliquid.ItisrichinNPKthanFYM &

Compost.Onanaveragenightsoilcontain5.5:4.0:2.0%N,P2O5,K2O.

SEWAGEANDSLUDGE:Inthemodernsystemofsanitationadoptedincitiesandtowns,human

excretaareflushedoutwithwaterwhichiscalledassewage.Thesolidportionofsewageis

calledsludgeandliquidportionissewagewater.

VERMICOMPOST:Compostthatis prepared with the help ofearth worms is called

vermicompost.Earthworm consumelargequantitiesoforganicmatterandexcretesoilascast.

Thecastofearthwormshaveseveralenzymesandarerichinplantnutrients,beneficialbacteria

andmycorrhizae.Onanaverage,itcontains3% N,1% P2O5 and1.5% K2O.theprocessof

preparingcompostusingearthwormsiscalledasvermi-composting.

SHEEP&GOATMANURE:manurepreparedwiththedroppingsofsheepandgoats,which

containhighernutrientsthanFYM&Compost.Onanaverage,itcontains3%N,1%P2O5and2%

K2O.Sheepandgoatmanureisappliedintwowayslike

a)Composting b)Sheeppenning–Theyleftinthefieldovernightandthedropping(Fecal

matter&Urine)areincorporatedwithharrows/cultivators.

POULTRYMANURE:Theexcretaofbirdsfermentsveryquickly.Ifitisleftexposedfor30days,

50%Nwillbelost.Onanaverage,itcontain3%N,2.63%P2O5and1.4%K2O

GREENMANURES:Thepracticeofincorporatingorturningintothesoilundecomposedgreen

plantmaterialsforthepurposeofimprovingphysicalconditionaswellasfertility.

CROPRESIDUES:Residuesleftaftertheharvestoftheeconomicportionsarecalledcrop

residues/straw.Thesecropresiduescanberecycledbythewayofincorporation,composting
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ormulchmaterial.

AGRO-INUSTRIALWASTES:Wastesofagrobasedindustriesviz.,sugar,ricemilletcalsoserve

asmanures.

a)Ricehusk:Itisthemajorbyproductofricemill.Unhulledpaddycontains20-25% husk.Itmay

beusedasbeddingmaterialincattleshedorincorporatedintowetsoil.Itcontain0.3-0.4:0.2-

0.3:0.3-0.5%NPK.

b)Bogasse:Byproductobtainedduringtheprocessofsugarmanufacturing.Itcontain0.25% N,

0.12%P2O5.

c)Pressmud:Byproductobtainedduringtheprocessofsugarmanufacturing.Itcontain1.25% N,

2%P2O5and20-25%organicmatter.

Othersliketeawaste,coffeepulp,coirwasteetchavemanorialvalue.

CONCENTRATEDORGANICMANURE:

Theyhavehighernutrientcontentthanbulkyorganicmanures.Theimportantconcentrated

organicmanuresareoilcakes,bloodmeal,fishmeal,meatmeal,fishmanureetc.Oilcakesare

driedsolidportionremainingafterextractionofoils.Theseareof2types.

a)Edibleoilcakes:Whichcanbesafelyfedtothelivestocks?Ex.Groundnut,coconutcake

b)Non-edibleoilcakes:WhicharenotfitforfeedinglivestockEx:Castor,Neem.Hippeetc

Oilcakes has to be wellpowdered before application foreven distribution and quicker

decomposition.Theaveragenutrientcontentofdifferentoilcakesare

Oilcake
Nutrientcontent(%)

N P K

Nonedible

1.Castorcake 4.3 1.8 1.3

2.Pongamiacake 3.9 0.9 1.2

3.Mahua/Hippecake 2.5 0.8 1.2

Edibleoilcakes

4.Coconutcake 3.0 1.9 1.8

5.Groundnutcake 1.3 1.5 1.3

6.Linseedcake 4.9 1.4 1.3

7.Sesamumcake 6.2 2.0 1.2

Thebloodofslaughteredanimalandmeatisdriedandpowderedtouseasmanurewhich

contain

Organicmanure
Nutrientcontent(%)

N P K

1.Bloodmeal 10-12 1–2 1.0

2.Meatmeal 10.5 2.5 0.5

3.Fishmeal 4–10 3-9 0.3–1.5

4.Horn&Hoofmeal 13 - -

Bio-fertilizers:

Theterm “Bio-fertilizer”includesselectivemicro-organismslikebacteria,fungiandalgaewhich

arecapableoffixingatmosphericnitrogenorconvertinsolublephosphorusinthesoiltoavailable
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forms.

Bio-fertilizersare costeffective,eco-friendlyand renewable sourcesofplantnutrientsto

supplementchemicalfertilizers.

Basedonthetypeofmicro-organisms,bio-fertilizersareclassifiedas

i)Bacterialfertilizers:Ex.Rhizobium,Azospirullum,Azatobacter,Phosphobacteria.

ii)Fungalbio-fertilizers:Ex.Mycorrhizae

iii)Algalbio-fertilizers:Ex.BlueGreenAlgae(BGA),Azolla

iv)ActinomycetesEx.Frankia

Basedontheassociation,bio-fertilizersaregroupedas

i) Freeliving:Ex.BGS

ii) Symbiotic:Ex.Rhizobium

Bio-fertilizersare mostlymultiplied in the laboratory.However,BGA,Azolla can be mass

multipliedinthefield.Bio-fertilizersareusedeitherasseedtreatmentorseedlingrootdiporsoil

application.

FERTILIZERS

Fertilizersareinorganic/syntheticsubstancescontainingoneormoreplantnutrientsineasily

solubleandquicklyavailableform.Becauseoftheiravailabilityinconcentratedform,theyhave

theadvantageofbeingsmallquantityforstorage,handling.Inaddition,cropmaybesuppliedwith

exactquantityinthetimerequiredfortheirgrowth.

Fertilizersareclassifiedinto

a)Straightfertilizers:arethosewhichsupplyonlyoneprimaryplantnutrient

Ex.Urea(46%N),SSP(16%P2O5)andMOP(60%K2O)

b)Complexfertilizers:Containtwoormoreprimarynutrientsinchemicalcombination.

Ex.DiAmmoniumPhosphate(DAP–18%N&46%P2O5),17-17-17,15-15-15etc.

c)Mixedfertilizers:arephysicalmixturesofstraightfertilizerswithdefiniteproportion.

Basedontheconcentrationofnutrients,fertilizersareclassifiedas

a)Lowanalysisfertilizers:Containinglessthan25%ofprimaryplantnutrients.

Ex.SSP(16%P2O5),Sodiumnitrate(16%N)

b)Highanalysisfertilizers:Containingmorethan25%primaryplantnutrient

Ex.Urea(46%N),DAP(18%N&46%P2O5),Anhydrousammonia(82%N)

Basedonthephysicalform,fertilizersaregroupedas

a)Solidform :Theymaybepowder(SSP),Crystal(Amm.Sulphate)orPrills(Ureasuper
granules)

b)Liquidform:Preparedforapplyingwithirrigationwater,herbicides/pesticidesetc.They
maybe (i)Clearliquidfertilizeri.e.,Completelydissolved

(ii)Suspensionliquidfertilizersi.e.,Suspendedasfineparticles

AcidityandBasicityoffertilizers

Applicationoffertilizersincreasesacidityorbasicityofsoilsdependingonthenatureoffertilizers.
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Cl

Fertilizerswhichleaveanacidresidueinthesoilarecalledacidformingfertilizers.Theamountof

calciumcarbonaterequiredtoneutralizetheacidresidueisreferredasequivalentacidity.

Fertilizerswhichleavealkalineresidueinthesoilsarecalledalkalineorbaseformingfertilizers.

Theamountofcalcium sulphaterequiredtoneutralizebasicoralkalineresidueisreferredas

equivalentbasicity

Table:Acidandbaseequivalentoffertilizers

Acidformingfertilizers
Acid

equivalent

Base/alkalineforming

fertilizers

Base/alkaline

equivalent

AmmoniumChloride 128 SodiumNitrate 29

AmmoniumSulphate 110 CalciumNitrate 21

Amm.SulphateNitrate 93 CalciumCynaide 63

AmmoniumPhosphate 86 DiCalciumPhosphate 25

Urea 80

FertilizerGrade:FertilizergradereferstotheguaranteedminimumpercentageofN,P2O5,K2O

containedinafertilizermaterial.Ex.28-28-0,20-20-0,14-35-14,17-17-17,14-28-14

NitrogenousFertilizers:The fertilizerswhich contain nitrogen are called asNitrogenous

fertilizers.Basedonthechemicalform,NFertilizersareclassifiedas

1.Nitratefertilizers:ThesearehavingNitrogenintheformofnitrate(NO3)

Ex.SodiumNitrate(NaNO3)–16%N,CalciumNitrate(Ca(NO3)2)–15.5%N

2.AmmoniumFertilizers:ThesearehavingNitrogenintheformofAmmonia(NH4
+)

Ex.AmmoniumSulphate[(NH4)2SO4]–20%N,AmmoniumChloride(NH4Cl)-24-26%N

AmmoniumPhosphate[NH4H2PO4)–20%N&20%P2O5,

AnhydrousAmmonia(NH3)-82%N,AmmoniaSolution-20-25%N

3.Nitrate&Ammoniumfertilizers:Theyhavebothnitrate&ammonium

Ex.AmmoniumNitrate [NH4NO3] –33-34%N

CalciumAmmoniumNitrate [CaNH4NO3) –20%N

AmmoniumSulphatenitrate ASN -26%N

4.Amideform Ex. Urea [CO(NH2)2] –46%N

CalciumCynamide CaCN2 -21%N

GeneralcharacteristicsofNitrogenfertilizers

1.Nitratefertilizers:NO3
-formisreadilysolubleinwaterandmorereadilyutilizedbytheplants.

Thisishighlymobileformandsubjectedtoleachingandcan’tbefixedtotheclaycolloidsdueto

theirnegativecharge.

+Na++NO3
- +NO3

-

Ca2++2NO3-

SincethenitratefertilizersarethesaltsofNa,K&Ca,theyarealkaline/basicandcanbe

Cl

Ca2+ Na+

Ca2+

Na+

Leach
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Cl

appliedtoacidicsoils.

2.Ammonicalfertilizers:

a)Theyarealsoreadilysolubleinwater.

b)Slowlyutilizedbytheplantastheyneedtoconverttonitrateform

NH4 NO2 NO3

However,certaincropslikericecandirectlyuseammoniaformalso.

c)Theyareresistanttoleachinglossesastheyarereadilyabsorbedonthecolloidalcomplex

+NH4
++NO3

- +SO4
2-

d)AllAmmonicalfertilizersareacidicinnatureandcanbeadoptedinalkalinesoils.

3.NitrateandAmmonicalfertilizers:TheyhavethecharacteristicsofbothAmmonicalandnitrate

fertilizersandareslightlyacidicinnature.

4.Amidefertilizers:

a)TheyareCarboncompoundsandaretechnicallycalledasOrganicfertilizers

b)Readilysolubleinwaterandeasilydecomposedbymicro-organismsinthesoil

c)LessacidicthanAmmonicalfertilizers

CO(NH2)2 +2H2O (NH4)2CO3

(NH4)2CO3 +3O2 2HNO2 +3H2O +CO2

2HNO2 +O2 2HNO3

SlowreleasingNitrogenfertilizers

Rateofrelease/solubilityofnitrogenfertilizercanbereducedby

a)Useofsubstanceshavinglowsolubility:Developedbycondensationproductsofureawith

formaldehyde(35% N),Crotonylidenediurea(CDU–30% N)andIsobutylidenediurea

(IBDU–30%N).

b)Physicalbarriers:Nfertilizersarecoatedwithsubstancesthatreducetheirsolubility.

Ex.Sulphurcoatedurea(SCU–36-38%N)–Sbarrieraround

c)ModifyingthesizeofureaEx.Ureasupergranules-bigsize(1-3g)–slowlydissolves

d)Nitrificationinhibitors:Nlossfromappliedfertilizerstakesafterconversiontonitrateformby

nitrificationprocesswiththeactivityofmicro-organisms.

NH4 NO2 NO3

Severalchemicalsaretoxicto nitrifying bacteria,whentheseareadded to thesoil,they

temporarilyinhibitthenitrificationprocess.Ex.N –Serve,AM (2–amino4Chloro6methyl

pyrimidine).Thesearehoweverexpensiveandnotcosteffective.

Hence,someoftheindigenousmaterialslikeneem,pongamiaoilcanalsobeused.

Nitrosomanas Nitrobacter

Cl

NH4
+

NH4
+

NH4
+

Nitrosomanas Nitrobacter
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Ex.Neemcoatedurea,Neemblemdedureaetc.

Phosphaticfertilizers:

Thephosphorouscontentoffertilizersareexpressedinoxidizedform(P2O5)andareconverted

withthefollowingexpressions.

%P=%P2O5X0.43

%P2O5=%PX2.29

WhenP2O5soubiseinwater,whichproducemetaphosphoricandorthophosphoricacid.

P2O5+H2O 2HPO3(Metaphosphoricacid)

2HPO3+H2O H3PO4(Orthophosphoricacid)

H3PO4 iscommonlycalledasphosphoricacid,whichcontain3replaceableH atom

resultingin H3PO4 H2PO4
- HPO4

2- PO4
3-

PlantsabsorbphosphorusintheformofnegativelychargedionsasH2PO4andHPO4
2-basedon

thesoilpH.

ClassificationofPhosphatefertilizers:

Basedonthesolubilityandavailabilitytothecrops,phosphatesfertilizersareclassifiedas

1.Watersolublephosphatesfertilizers

a)Theseareavailableintheformofmonocalciumorammoniumphosphate

b)TheyarereadilyabsorbedbytheplantastheycontainPinH2PO4
-form

c)Thesearereadilytransformedinthesoilintowaterinsolubleform.Hence,theleaching

lossesareveryminimum.

d)TheycanbeusedforshortdurationcropsEx.Rice,Wheat,Ragietc

e)AstheycontainPasca&Ammoniumsalts,theiruseisrestrictedtoneutralandalkaline

soil.WhileinacidicsoiltheyfixasFeandAlPhosphates.

Ex.SingleSuperPhosphate(SSP-16% P2O5),DoubleSuperPhosphate(DSP–32%

P2O5),TrippleSuperPhosphate(TSP –48% P2O5),MonoAmmonium Phosphate

(48%P2O5+11%N)DiAmmoniumPhosphate(DAP–46%P2O5+18%N)

2.CitricacidsolublePhosphaticFertilizers

a)ThesecontainsolublephosphoricacidorDiCalciumPhosphate

b)Suitableforacidicsoilascitratesolubleform willconverttomonocalcium phosphate

orwatersolubleformandthereislesschanceofgettingfixedasFe&AlPhosphates.

Further,theyarebasicinreaction.

c)Thesefertilizerscanbeusedforlongdurationcropslikesugarcane,tea,coffeeetc

Ex,Basicslag(14–18%P2O5) DiCalciumPhosphate(35-40%P2O5)

3.WaterandCitrateInsolublePhosphaticfertilizers

a)ContainPhosphoricacidwhichisinsolubleinwaterandcitricacid

b)Suitableforstronglyacidicsoils

c)Availabilitycanbeimprovedbyploughingalongwithgreenmanures

Ca–HPO4

Ca–HPO4

Ca–H2PO4

Ca3PO4

Ca
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d)SuitableforCoffee,Rubber,Cocaoinhillytractsasthesoilsareacidic

Ex.RockPhosphate–20-40%P2O5

PotassicFertilizers

Fertilizerscontainingpotassiumaregroupedinto2groups.

1) FertilizerhavingKinChlorideformEx.MuriateofPotash(MOP)–58-60%K2O

2)FertilizerhavingKinnon-chlorideform Ex.SulphateofPotash(SOP)–48-50% K2O

Potassiumnitrate(KNO3)–44%K2O+13%N

PotassiumcontentinthefertilizerarealwaysexpressedasK2Owhichcanbeconvertedwiththe

followingequations %K=%K2OX0.83

%K2O=%KX1.20

From thepotassium nutritionpoint,allfertilizersareequallyeffective,butaccompanyinganions

makesomedifference.Innon-chlorideform,sulphatesandnitratesarealsoaddstothenutrition

ofplantbuttheyarecostly.

Potassiumchloride(MOP)issuitableformostofthecropsexceptsugarcane,sugarbeet,potato

andtobacco.Insugarcrops,sugaraccumulationisaffectedwhileintobaccoleaf,itreducesthe

burningqualityinthepresenceofchloride.

Secondarynutrientfertilizers

Calcium,magnesiumandsulphuraresuppliedtotheplantsincidentallyalongwithNPKfertilizers

and are notmanufactured independently.Hence,theyare considered assecondary.The

fertilizerscontainingsecondarynutrientsare

Fertilizer
Nutrientcontent(%)

Calcium Magnesium Sulphur Others

1.CalciumNitrate 19.4 - - -

2.Gypsum 29.2 - 18.6 -

3.SingleSuperPhosphate 19.5 - 12.5 16.0P2O5

4.Epsomsalt(MgSO4) - 9.6 13.0 -

5.Potassiumsulphate - - 17.5 48-50K2O

6.AmmoniumSulphate - - 24.2 21N

7.AmmoniumSulphateNitrate - - 12.1 26N

Micro-nutrientfertilizers:Thesearerequiredinminorquantityandareappliedonlyinspecific

situationoftheirdeficiency.Importantmicro-nutrientfertilizersare

Source Formulae Nutrientcontent

1.ZincSulphate ZnSO4.7H2O 22.35%Zn

2.FerrousSulphate FeSO4.7H2O 20.00%Fe

3.CopperSulphate CuSO4.5H2O 25.35%Cu

4.BoraxorSodiumBorate Na2B4O7.10H2O 10.6%B

5.ManganeseSulphate MnSO4.4H2O 23.0%Mn

6.AmmoniumMolybdate (NH4)6Mo7O24.4H2O 54.0%Mo
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FertilizerDose:Cropnutrientaremetoutbysoilcontributionandfertilizerapplication.Fertilizer

recommendationsaremadewith

a)Maintenance b)CationsaturationratioorCorrective and c)Sufficiency

Maintenanceconceptimpliesthereplacementoftheexhaustedorabsorbednutrientbytheplant

fromsoil.

CationsaturationrationorCorrectiveconceptrefersthatsoilmusthaveidealratiobetween

exchangeablecation(65%Ca,10%Mg,5%Kand20%H).

Sufficiencylevelconceptimpliestothecropresponseorplantuptakeexcludingsoilcontribution.

Factorsaffectingfertilizerdosage:Severalfactorsknowntoinfluencethedosageviz.,

a)Crop&Variety:Quantityoffertilizerdemandedisbasicallydeterminedbythecropand

variety.Explorativecropsdemandhigherdosageandlegumescanfixatmosphericnitrogen

anddemandnitrogenonlytillnodulation.Shortdurationandlow yieldingvarietiesdemand

lowerdosagethanlongdurationandhighyieldingvariety/hybrids.

b)Nativesoilfertilityandothersoilproperties:Ifthesoilarenativelyfertile,theexternaldosage

canbereducedasthemaintenancedosageismarginal.Soiltestratingswereestablishedfor

organiccarbon,NPKasfollows

Nutrient Low Medium High

1.OrganicCarbon(%) <0.5 0.5–0.75 >0.75

2.AvailableNitrogen(Kgha-1) <280 280–560 >560

3.AvailableP2O5(Kgha-1) <10 10–22.5 >22.5

4.AvailableK2O(Kgha-1) <108 108–280 >280

Ifthesoilaremedium fertile,applyrecommendeddosage.Iftheyarehigh,apply25%

lowerthanrecommendeddoseandiftheyarelow,apply25%extradose.

c)Management:Ifthefarm ismanagedintensivelywithoutanylimitsforotherfactors,the

optimum dosage boostthe yield.Ifthere are limitations forany factorviz,light,water,

temperatureetc,thehigherdosageisuneconomical.

Calculationoffertilizerdosage:Fertilizerrecommendationsaremadeinelementaloroxidized

formofnutrientbutnotassuchasfertilizersavailable.Theamountoffertilizertobeappliedcan

becalculatedusingtheformulae

Amountoffertilizerto

beapplied(Kgha-1)
=

Recommendeddosage(Kgha-1)
X100

Nutrientcontentoffertilizer(%)

Problem:CalculatethequantityofUrea,SSP,MOPrequiredforpaddycropin1ha.areawiththe

recommendationof100:50:50kgNPK/ha

Solution:Datagiven-Recommendeddosage:100:50:50

Fertilizers–Urea(46%N),SSP(16%P2O5)andMOP(60%K2O)

CalculationofUrea:

AmountofUrea

required(Kgha-1)
=

Recommendeddosage(Kgha-1)
X100

NutrientcontentofUrea(%)

= 100 X100
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46

=217.39Kgha-1

CalculationofSSP:

AmountofSSP

required(Kgha-1)
=

Recommendeddosage(Kgha-1)
X100

NutrientcontentofSSP(%)

=
50

X100
16

=312.50Kgha-1

CalculationofMOP:

AmountofMOP

required(Kgha-1)
=

Recommendeddosage(Kgha-1)
X100

NutrientcontentofMOP(%)

=
50

X100
60

=83.33Kgha-1

Insituationofdeviationinareatheformulaecanbemodifiedas

Amountoffertilizerto

beapplied
=

Area(ha)XRecommendeddosage(Kgha-1)
X100

Nutrientcontentoffertilizer(%)

Methodsoffertilizerapplication:Appropriatemethodoffertilizerapplicationisessentialfor

a)makethenutrientseasilyavailableforcropplant

b)Reducefertilizer/nutrientloss

c)Easeofapplication

Suitablemethodforaparticularsituationdependsonthenatureofsoil,cropandfertilizer

material

i) Natureofsoil:Soilpropertiesliketexture,pH,CEC,nutrientandmoisturestatusare

importantfactorstobeconsideredinselectingsuitablemethod.IfpHofsoilishigher(>8),the

ammoniavolatilizesanditisnotadvisabletoapplytoapplyammonicalfertilizertheir.Ifthesoil

Pcontentisless,Pfertilizersastobeappliedasbandplacementtoreducethefixation

problems.

ii) Natureofcrop:Itdependsontherootsystemandspacing.Ifthecropiscloselyspacedwith

shallow fibrousroots,fertilizerhastobeappliedinsurfacelayerthroughbroadcasting

followed with irrigation.Forwidelyspaced and deep rooted crop,deep point/band

placementisadvantageous.

iii) Natureoffertilizer:Fertilizerpropertieslikeform,solubility,mobilityinsoildecidesthe

methodofapplication.Granular/powderform canbebroadcasted,pelletscanbepoint

placedandliquidformcanbefertigated.

Differentmethodsoffertilizerapplication:Fertilizermaybeappliedeitherinsolidorliquidform

tothesoil.Thedifferentmethodsofsoilapplicationoffertilizersare:

1.Applicationoffertilizersinsolidform

a.Broadcast:Thefertilizersisspreaduniformlyovertheentiresurfaceandthenmixedwithsoil

bytillageimplements.Broadcastingoffertilizerisdoneatplantingandastop-dressing.
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b.Placement:Fertilizersareplacedinthesoilirrespectiveofthepositionofseed,seedlingor

growingplantsbeforesowingoraftersowingthecrops.

i)Ploughsoleplacement:Fertilizerisplacedinacontinuousbandonthebottom ofthefurrow

duringploughing.Eachfurrowcoveredasthenextfurrowisturned.

ii)Deepplacementoffertilizers:Ammoniaformingnitrogenousfertilizerareplaceddeepinthe

reductionzoneinpaddyfieldstoavoidlosses.Deepplacementofphosphaticfertilizersin

deepblacksoilsforpaddyalsoincreasesitsefficiency.

c.Localizedplacement:Fertilizerisappliedintosoilclosetoseedorplant.

i)Contactplacementsorcombineddrillingordrillplacement

Onlysmallquantityoffertilizerandseedscombinedanddrilledsothatgerminationmaynotbe

adverselyaffected.

ii)Band placement:Fertilizeris placed in Bands.These bands may be continuous or

discontinuous(closetotheseedortransplantedplant).Hillplacementorringplacementcan

befollowedwhenplantsarewidelyspacedparticularlyinsquareplanting.Rowplacementcan

befollowedforplacingfertilizersonesideorbothsidesoftherowbyhandoraseeddrill.

iii)Pelletapplication:Nitrogenousfertilizerisappliedintheformofpellets3-5cmdeepbetween

therowsofthepaddycrop.Thefertilizerismixedwiththesoilintheratioof1:10andmade

intoadough.Smallpelletsofconvenientsizearethenmadeanddepositedinthesoftmudof

paddyfields.Applicationofureathroughmudballsandpaperpacketisconvenientfordeep

placement.

2.Applicationofliquidfertilizers:

a.Startersolutions:SolutionsoffertilizersgenerallyconsistingofN-P2O5-K2Ointheratioof1:2:1

and1:1:2areappliedtoyoungvegetableplantsatthetimeoftransplanting,inplaceof

watering.

b.Foliarapplication:Thisreferstotheapplicationofdilutesolutionsoffertilizerslikeurea(1-5%)

directlyonthefoliage.Higherconcentrationsmaycausescorchingofleaves.Whenapplied

alongwithothersprayingoperationsofpesticidesitislesscostly.

c.Directapplicationtosoil:Withthehelpofspecialequipmentanhydrousammonia(aliquidhigh

pressureupto200 poundspersquareinchormore)andnitrogensolutionsaredirectly

appliedtothesoil.ThispracticeisverypopularinUSA.

d.Applicationthroughirrigationwater(fertigation):Straightandmixedfertilizerseasilysolublein

waterareallowedtodissolveintheirrigationstream.Theflowofwaterisregulatedbasedon

thedosage.

Fertilizerspeciallysecondary&micro-nutrientsarealsoappliedtotheplantas

a)Rootdipping:Therootsoftheseedlingsaredippedinnutrientsolutionbeforetransplanting.

b)Foliarspray:fertilizerssolutionsaresprayedonthefoliageofstandingcrop.

TimeofApplication:Thetimeoffertilizeraimedatprovidingnutrientinsufficientquantitiesto

meetthecropdemandandavoidingexcessiveavailability(toxicity)atallthestagesandreducing

losses.Thetimeofapplicationdependsoncropuptakepattern,soilproperties,natureoffertilizer

materialandutilizationofcarbohydrates.

1.Cropuptake:NPKaretakenbythecropinlargequantitiesinearlystageincereals.Legumes
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requirenitrogenuntilrootnodulationandP&Kgraduallythroughoutthecropgrowth.Further,

durationandnatureofcropalsoinfluencethetimegreatly.

2.Soilproperties:Solubilityandavailabilityofnutrientsdependsonsoilphysicalandchemical

properties.Inlighttexturedsoils,Nfertilizerhastobeappliedinmorenumberofsplits.

3.Natureoffertilizers:‘N’fertilizerissolubleandhighlymobilewhile,‘P’issubjectedforfixation

problem andbecomeimmobile.Nfertilizerhastobeappliedinsplitdosewhile,P&Kasbasal

dose.

4.Utilizationofcarbohydrates:Thelevelofcarbohydratesandnitrogenareinverselyrelated.

WhenlargequantityofN fertilizerapplied,thecarbohydratecontentreduces.ThetimeofN

applicationdependsontheendproduct.Infoddercrops,succulentleaveswithhigherproteinare

preferred.Hence,applicationofNinseveralsplitsareessential.Nshouldn’tbeappliedinlate

stagewheretheendproductiscarbohydrates.InSugarcane,sugarrecoveryreduceswith

increasedN.

Timeoffertilizerapplicationcanbedividedinto

a)Basalapplication:Applicationoffertilizerbeforeoratthetimeofsowingisknownas

basalapplication.AportionoftherecommendeddoseofNandentiredoseofP&Kare

appliedasbasalinmostofthecrops.

b)Splitapplication:Applicationofrecommendeddoseoffertilizerintwoorthreesplits

duringthecropperiodisknownassplitapplication.Applicationoffertilizerinstanding

cropisknownasTopdressing.

Balancedfertilization:referstotheapplicationofNPKnutrientstosoilinquantitiestobringthe

balanceinnutrientstomeettherequirementofanyaspecificcrop.

Integrated NutrientManagement(INM):Plantnutrientscanbesupplied throughdifferent

sourcesviz.,organicmanure,crop residues,bio-fertilizers,chemicalfertilizers.Forefficient

utilizationofnutrientsandtoproducecropwithlesscost,INMisthebestapproach.

INM isthejudiciousnutrientmanagementsystem whereinthenutrientdemandofthecropis

supplementedwithtwoormoresourcesconsideringtheeconomics/cost.

SEEDSANDSEEDMATERIAL

Plantsperpetuate/multiplyeithersexuallyorasexually.Sexualmethodsarethroughseedsand

asexuallythroughvegetativeparts.

Propagation

Sexual Asexual

Seed

Grafting StemcuttingEg:Sugarcane

RootedslipsEg:Grasses

Budding Tubers Eg:Potato

Corms

Layering Rhizomes
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Mostofthecropplantsproduceviableseedswhichareusedforsowing.Thoseusedfor

multiplicationarecalledseedsandthosewhichusedforhumanconsumptionarecalledgrains.

Seedmaybedefinedasfertilizedovuleconsistingofintactembryo,storedfoodandseed

coatwhichisviableandhasgotacapacitytogerminate.Embryohastwopartsa)Plumule:Which

growsupwardasshoot b)Radicle:growsdownwardsasroots.

Characteristicsofagoodseed:Goodqualityseedmustbe

 Truetotype

 Healthy,pureandfreefrominertmaterialsandweedseeds

 Viableandgerminationcapacityisuptothestandard

 Uniformintexture,structureandappearance

 Shouldn’taffectedbyanyseedborndisease/pest

Classesofseed:Accordingtothegeneticpurityandstageofdevelopment,seedsareclassified

intothreecategories.

i) Breeder/nucleusseed:Thesearetheseeds/vegetativepropagatingmaterialsdirectly

producedandcontrolledbytheoriginatingplantbreeder/institution.

ii) Foundationseeds:areproducedfrom breederseeds.Thegeneticidentityandpurityofthe

varietyismaintainedinfoundationseeds.Theseseedsareproducedunderthesupervisionof

thetechnicallyqualifiedseedexperts.

iii)Certifiedseeds:aretheprogenyoffoundationandsucceedingcertifiedseeds.Certifiedseeds

maintainsufficientgeneticpurityofthevarietyforthesatisfactionofseedcertifyingagencyfor

approvingitsuseforseed.

Seedgermination:

Germinationisthedevelopmentofseedlingfrom theseedembryowhichisableto

produceanormalplantunderfavourablecondition.

Typesofgermination:Basedoncotyledoncharacter,thegerminationisgroupedas

a)Epigealgermination:In,dicotyledons/pulses,thecotyledonsarebroughtoutofthesoil

bycurved elongationofhypocotyls.Thistypeofgerminationwherecotyledons

emergeoutofthesoiliscalledepigealgermination.

b)Hypogealgermination:Inmonocotyledons/cereals,thecotyledonremaininthesoil,the

plumulegrowsorispushedupwardbytheelongationofepicotyl.Thistypeof

germinationiscalledhypogealgermination.

Factorsinfluencingseedgermination:Generally,conditionsfavouringseedlinggrowthalso

favourgermination.Thesefactorsaregroupedintotwo.

I)Seedorinherentfactors II)Externalorenvironmentalfactors.

I)Seedorinherentfactors:Seedviabilityanddormancyaretwoinherentfactors.Viabilityof
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seedsrepresentsthecapacityoftheseedstogerminate.Normally,aviableseedgerminatesin

aboutaweekofsowing.

Seedviabilityisdefinedasthedegreetowhichaseedismetabolicallyactiveandcapable

ofgerminatingunderfavourableconditionwhichisgovernedby

i)Storageconditionoftheseeds ii)Ageoftheseeds

iii)Geneticconstitutesofseeds iv)Environmentalconditionsprevailingatmaturity

Seeddormancyisthestateofrestperiodofseedinwhichitdoesn’tgerminate.Thisis

associatedwith

i) SeedcoatsbeingimpermeabletowaterEg:Cotton

ii) HardseedcoatEg:Mustard,Amaranthus

iii)SeedcoatbeingimpermeabletooxygenEx:Xanthium

iv)RudimentaryembryoofseedsEg:Orchidseeds

v) DormantembryosEg:Apple,Peach,Pinus

vi)Synthesisandaccumulationofgerminationinhibitorsintheseeds.

Kindsofseeddormancy:

a)Primarydormancy:Theseedswhichareincapabletogerminateimmediatelyafterripening/

maturityevenifweprovideallthefactorsfavourably.Eg:InPotato,individualeyebudis

dormantfor7-11weeks.

b)Secondarydormancy:Theseedsarecapableofgerminatingafterripening.But,dueto

unfavourableconditionsatstorageforfewdaysmakethemincapabletogerminate.

Typesofdormancy

i) Physicaldormancy:Itmaybeduetothepresenceofimpermeableormechanicallyresistant

seedcoatwhichaffectwateruptakeandgaseousexchange.

ii) Physiologicaldormancy:Itmaybedueto

a)Presenceofimmatureembryo

b)Needforspecificlightafterripeningandtemperature

c)Presenceofgerminationinhibitors

Seeddormancycanbeovercomethrough

A)PhysicaltreatmentorStratification:here,Hardseedisbrokenbyheatorpressure

a)Heattreatmentat40-45oCfordifferentdurations

b)Lowtemperaturetreatmentat2–8oCfor12–24hours

c)Leachingofgerminationinhibitorsthroughsoakingseedsinrunningtapwater

d)Alternateheatingandcooling

e)Alternatewettinganddrying

f)Exposingwatersoakedseedstoredlightfor1-2hrsat15-25oC.

g)Dehuskingorremovalofseedcoatbybeating

B)ChemicaltreatmentorScarification:Hardseedcoatisbrokenbychemicalmeans

a)Byacidtreatment:SolutionsofHNO3,HCl,H2SO4
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b)Bygasses:IncreasingconcentrationofOxygen

c)Hotwater:75-100oC

d)Non-harmonalsunstances:Thiourea,Ascorbicacid,KNO3etc

e)Harmonal:GA,Kinetinetc

II)ExternalorEnvironmentalfactors:

a)Water:Thefirstprocessofgerminationisimbibitionsofwaterbytheseed.Theamountof

watertakenduringimbibitionsisapproximately150percentoforiginalseedweight.Soil

moisturecontentatfieldcapacityisidealforgermination.Theimbibedwatersoftensthe

seedcoatandincreasedvolumeuponimbibitionsrepturesseedcoat.Whichisessentialfor

emergenceofplumuleandradicle.Further,thecomplexstoredfoodwillbedisintegratedinto

simplesugarswhichtheemergingplumuleandradiclecanutilize.

b)Temperature:The speed ofgermination,germination percentage and emergence are

controlledbytemperature.Mosttemperatecropplantsgerminateattemperatureaslowas3

-5oC,buttheoptimumrangeformostofthecropsis15-40oC.Further,highertemperature

hasadverseeffectslikeincreasedrespirationandemergingplumuleandradiclemayn’t

withstand.

c)Oxygen :Adequate oxygen supplyisessentialforrespiration ofgerminating seeds/

seedlings.DecreasingO2contentbelow20% usuallyreducesgermination.Theprimaryrole

ofO¬2iselectronacceptorincatabolism.

d)Light:Themosteffectivewavelengthforpromotingseedgerminationisred(600ηm).Many

oftheseedsaremarkedlylightsensitiveforgerminationprimarilyduetotheactivityof

phytochromesystem.However,lightmayn’tbealimitingfactorforgerminationofmost

cultivatedcropseeds.

Effectoflightqualityongerminationofseedsaresummarizedbelow.

Wavelength(ηm) Colour Response

<290 UV Inhibition

290–400 UV Noeffect

420–500 Blue Inhibition

560–700 Orrange-Red Promotion

>750 FarIR Inhibition

Seedtreatment:maybedefinedastreatingtheseedswithdifferentsubstancesviz.,Water

fungicide,growthregulator,nutrientsubstancesoranyotherphysicaltreatmentsaimingat

a)BreakingofdormancyEg.PhysicalorChemicaltreatment

b)Improvinggermination&emergenceEg:Soakinginwater,harmones

c)Protectionfrominsectpestsanddiseasesincludingstoragepests.

d)Improvingseedlingvigourandpromotinginitialcropgrowth

e)Supplyingnutrient&inoculationofbio-fertilizers
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f) Inducingdroughtresistance
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METHODOFSOWINGANDCROPSTANDESTABLISHMENT

Differentmethodsofsowing:

I)Directsowing II)Planting III)Transplanting

I)Directsowing:Sowingistheplacementofseedintheseedbedatappropriatedepthand

distance where the soilenvironmentis idealforoptimum germination and crop stand

establishment.

Efficiencyofsowingdependsontime,depthandmethodofsowing.

A)Timeofsowing:Optimumtimeofsowingforeachcrophasbeenwellestablishedfordifferent

agro-climaticzones.Thebasicprinciplebehind optimum sowing timeisthatthedifferent

phenophasesofcropshouldcoincidewithoptimumweathertoyieldremunerativecrop.Different

cultivarsofthesamecropmayresponddifferentlytothesowingtime.

Delayedsowinginvariablyreducesyieldsattributingtotheexposureofcroptodifferentstresses

viz.,temperature,light,rainfall,pestanddiseasesetc.

However,optimum sowingtimehasnotpracticalunderrainfed/drylandsituationattributingto

theunpredictablerainfall.

B)DepthofSowing:Depthofsowingisanotherimportantaspectforestablishmentofgoodcrop

stand.Unevendepthofsowingresultsinunevencropstand.Tooshallowortoodeepsowing

leadstolowerplantpopulationowingtopoorgerminationofseeds.Undersuchcircumstances,

cropappearswithunevenspreadwithmanygapsandweedsbecomeproblematic.

Theoptimum depthofsowingdependsonsize,seedfoodreserve,coleoptilelengthandsoil

moisture.

Cropswithbiggerseedslikegroundnut,castor,sunfloweretccanbesownuptoadepth6-10cm.

Smallsizedseedslikeragi,tobaccohastobeplacedasshallowaspossible.Shallowsownsmall

sizedseedsshouldwaterfrequently.Otherwise,thesoilandseeddriesquicklyandseedlooses

viability/failstogerminate.Deepsownseedsmusthavesufficientseedreservestoputforth

longcoleoptileforemergence.

Sowingdepthisalsodeterminedbasedonmodeofgermination.Inhypogealgermination,the

cotyledonsremaininthesoil.Suchseedsifsowndeep,eitherdelaysorretardsgermination.

Whileinepigealmodeofgerminationthecotyledonsemergeoutofthesoil.Suchseedsifsown

deep,willfailtogerminate.

Thethumbruleistosowtheseedstoadepthapproximately3-4timestheirdiameter.Optimum

depthofsowingformostofthecropsis3-5cm.Shallowplacing(2-3cm)isrecommendedfor

smallsizedseedslikeragi,bajraetc.Verysmallseedsliketobaccoareplacedat1cmdepth.

C)DifferentTypesofsowing

a)Broadcasting:Seedsarespreaduniformlyoverwellpreparedlandandcoveredbyplanking.It

ispracticedindrylandarea.Itisthemostprimitivemethod,easierandquicker.Ithasseveral

disadvantageslike.

a)Difficulttomaintainuniformplantpopulationbecauseofunevenplacement

b)Needsskilledlabourtodistributetheseedsuniformly

c)Highseedrequirement

d)Difficultincarryinginterculturaloperation
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e)Weedsbecomeseriousissues

b)Dibbling:Here,seedsareplaced/dibbledmanuallyintheholes/linesmarkedbyrunning

markers.Thoughthismethodislaboriousand timeconsuming,itgivesrapidand uniform

germinationandrequireslessseedratethanbroadcasting.

c)Ploughsoleplacement:Hereseedsareplacedinthefurrowopenedduringploughingand

subsequentlycoveredinthenextturn.Boldseedslikegroundnutaresowninthismethod.

Optimummoistureisessentialheretomaintainuniformdepth.

d)Drilling:Toovercometheproblem associatedwithbroadcasting,seedscanbedropped

uniformlyinthefurrowsusingseeddrill.Animalorpoweroperatedseed/seedcumfertilizerdrills

canbeused.Thisisoneofthebestmethodthatprovidesuniformplantestablishmentandweeds

canbemanagedthroughintercultivation.

II)Planting:Seedmaterialsinvegetativelypropagatedplantsviz.,sugarcane(Setts),potato

(Tubers),turmeric(Corms)etcareplaced/plantedatrequireddistance.

III)Transplanting:Transplantingistheplantingofseedlingsinthemainfieldraisedinnurseryunit.

Thismethodisadoptedincrops

a)Whichcanabletowithstandtransplantingshock(Conditioninwhichtheplantisdevoidof
nutrient/waterduetothebreakofsoil–plantrootinteraction).

b)Whenmorenumberofcropstobetakeninayear.

c)Limitedavailabilityoftimespeciallyindrylands.

d)Cropswhichdemandextracare(moisture/pest&diseaseetc)duringseedlingstage
duetotheirtendernesswhichmightdifficultonlargeareaofmainfield

e)Theseedlinggrowthisveryslowintheearlystage.

Undertheabovecircumstances,seedsaresowninasmallareacalledNurseryandseedlingsare

raised with allnecessarycares.When theyattain certain stage,theyare pulled outand

transplantedinthemainfield.Ithascertainadvantageslikewatersaving,goodestablishmentand

increasethecroppingintensity.

Forachievinggoodresultsfrom transplanting,theseedlingsaretobetransplantedatoptimum

timeandatproperdepth.Thethumbruleforoptimum ageofseedlingsisoneweekforevery

monthoftotalduration.Thedepthofplantingmustbeshallowintilleringcropstopromotegood

tillering.

PlantPopulation:Yieldofacropistheresultantoffinalplantpopulationwhichdependson

numberofviableseeds,germinationpercentageandsurvivalrate.Establishmentofoptimum

plantpopulationisessentialtogetmaximum yield.Incropsgrownunderrainfedsituationwith

storedmoisturesituation,populationshouldn’tbehightodepleteavailablemoisturebeforecrop

maturesandnottoolowtoleavemoistureunutilizedorexposetoevaporation.Underconditions

ofsufficientsoilmoisture&higherfertilitystatus,higherpopulationisessentialtoutilizeallthe

factorsefficiently.

Oncesoilmoisture&nutrientareunlimited,yieldofacropislimitedbysolarradiationThelevelof

plantpopulationshouldbesuchthatmaximumsolarraditionisintercepted.

Optimumplantpopulationdependson A)PlantfactorB)Managementfactors

A)Plantfactor:Whichincludessizeofplant,elasticityandforagingarea.

i)Sizeoftheplant:Thespreadorvolumeoccupiedbyeachplantduringfloweringdecidesthe

spacingandinturntheplantpopulation.Plantslikeredgram,cotton,castor,sugarcaneoccupies
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widerareaandspacedwidely.While,rice,wheat,ragietcoccupysmallareaandarespaced

closely.

ii)Elasticityoftheplant:Elasticityisthecapacityofplanttoadjustitsvolumewithvariationin

plantpopulation.Anelasticplant(Eg.Redgram)canbespacedwidelyandnon-elasticplantsas

tobeplacedatrecommendedspacing.Thisishavingspecialrelevanceindecidinggapfilling

underpoorlygerminatedcrop.

iii)Foragingarea:Thisisthefeedingareaorrootspread.Generally,abovefeedingareaorroot

spread.Iftheforagingareaiswider,plantshastobeplacedwidely.

B)Managementfactors:includestimeofsowingandirrigation&fertilizerapplication

i)Timeofsowing:Thecropissubjectedtodifferentweatherconditionswhensownatdifferent

periods.Amongtheweatherfactors,themostimportantonesaredaylength,temperatureand

rainfallwhichhavedirectrelevanceonplantpopulation.Intilleringcropsifsownearly,plant

populationcanbereducedslightlyastheplantitselfproducemorenumberoftillersandincrease

population/densityifsownlate.

ii)IrrigationandFertilizerapplication:Theseareimportantinputsincropproduction.Itiswell

knownthatplantpopulationhasto belessunderrainfed condition.Denseplantstand is

necessarytofullyutilizetheseinputstorealizehigheryieldunderirrigatedcondition.

EffectofPlantdensityoncropproduction

i)Highdensity/increasedplantpopulation

a)Increasedcompetitionamongtheplantsforlight,water&nutrient

b)Plantheightincreaseinsearchoflightandseedlingswillbelanky&Susceptibleto

lodging

c)Mayreduceproteinandoilcontent

d)Increaseseedlingmortalitybecauseofintra-specificplantcompetition

e)builduppest&diseaseduetochangeinmicroclimate&closenessofplants

ii)Lowdensity/reducedplantpopulation

a)Vigorousseedlings b)Increasedcropweedcompetition

c)Reducedcropyieldbecauseofreducednumberofearhead/panicle

d)Numberoftillersincreaseintilleringcrops

Itisalwaysnotdesirabletousehighorlowdensitypopulation.Optimum populationcan

beachievedbyselectingoptimumseedratewhichcanbecalculatedusingtheformulae

Seedrate

(kgha-1)
=

100XT
X

100
or

PXT

PXR ppXg ppXg

Where,T=Testweight(g)

P=Intrarowspacing(cm)

R=Interrowspacing(cm)

pp=Puritypercentage(%)

g=Germinationpercentage(%)

Where,P=No.ofplantspersq.m

T=Testweight(g)

pp=Puritypercentage(%)

g=Germinationpercentage

PlantingGeometry:Arrangementofplantsinthefielddenotesplantinggeometryorplanting

pattern.Itinfluencesthecropyieldthroughitsinfluenceonlightinterception,rootingandnutrient
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25

25 50

50

25

-moistureextractionpattern.

Plantinggeometryreferstotheshapeoftheplantwhilecropgeometryreferstothespace

availableforindividualplants.Cropgeometryisalteredbychanginginterandintrarowspacing.

i)Squareplanting:Heretheinter(betweentherows)andintra(betweentheplants)rowdistance

areequal.Itisreasonabletoexpectthatsquarearrangedplantswillbemoreefficientinutilizing

light,waterandnutrientsavailabletoindividualplantthanrectangulararrangement.Square

plantingisadvantageousinplantingandintercultivationinboththedirection.

ii)Rectangularplanting:Sowingofcropwithseeddrillisastandardpractice.Widerinterrows

withcloserintrarowistherectangularplantingandisverycommoninmostofthecrops.This

arrangementisadoptedmainlytofacilitateintercultivationspeciallyinlowvolumecrops.

i)SquarePlanting ii)RectangularPlanting

iii)Miscellaneousplantingarrangements

a)Random planting:Plantsaretransplantedorseedsarebroadcastedrandomlywithout

definiterowarrangement.

b)

c)Skiprow planting:Skippingofeveryalternaterowsandthepopulationisadjustedby

reducingintrarowspacing.

d)Pairedrowplanting:Itisalsoaskiprowplantingwhereintheplantpopulationisadjusted

byreducinginterrowspacingofalternaterows.Itisadoptedspeciallyforintercropping

andirrigationunderscarcewatersituationandmechanicalharvestinginsugarcane.

25cm

25cm

12.5cm

12.5cm

12.5cm

50cm
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a)Regularplanting b)Pairedrowplanting

FALLOWING

Fallowingisthepracticeofleavingthelandtorestforalengthyperiodoftimetorestorefertility.

Fallowingisofthreetypes A)FloodfallowB)Bushfallow C)Dryfallow

Floodfallow:Herethelandissubmergedwith6to12inchesofwaterforaperiodnotlessthan

threemonths.Ithasthecertainadvantagesviz.,

 Itkillsthepestlivinginthesoil.

 Itincreasessoilnitrogencontent.

 Itimprovessoilstructurehence,betterrootgrowthanddevelopment.

Bushfallow :Herecovercropsaregrownorallowedtoreverttoitsnaturalvegetation.Bush

fallowhasthefollowingadvantages:

 Itprovidesacoveronthelandthatreducestheeffectsofsoilerosion.

 Itincreasestheorganicmattercontentofthesoilwhentheleavesandotherplantparts
arereturnedtothesoilor,iftheplantisploughedbackintothesoilasingreenmanuring.

Dryfallow:Herethelandisuncultivatedandleftfallow.Dryfallowhascertainadvantages:

 Itbreaksthelifecycleofthepests,therebyreducingthepestpopulation.

Disadvantages

 Reducedcroppingintensityandfarmoutput

 Non-availabilityofwatertokeepthelandsubmergedinfloodfallow.

 Summerfallowtendstoreducecrop-water-useefficiencyduetodeeppercolation

ofwaterbelowtherootingzonebesidestheevaporationofsurfacewater.

 TheNO3 releasedbymineralizationalsodeeppercolatedalongwithwaterand

resultsingroundwatercontaminationbesidestheNitrogenloss.

FARMINGSYSTEM

Farm isapieceoflandwithspecificboundaries,wherecropandlivestockenterprisesaretaken

60

3045cm
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upunderacommonmanagement.

Farmingistheprocessofharnessingsolarenergyintheform ofeconomicplantandanimal

productsoritisthebusinessofcultivatingland,raisinglivestocketc.

Systemreferstoanorderlysetofinterdependentandinteractingcomponentsnoneofwhichcan

bemodifiedwithoutcausingarelatedchangeelsewhereinthesystem.

Therearethreedistrictsystemsoffarming

(a)Wetland(b)Gardenlandand(c)Drylandsystem.

WetlandFarming:isthepracticeofgrowingcropsinsoilsfloodedthroughnaturalflow(lakeor

pondortanketc.)formostpartoftheyearEg.Commandareas.

Garden land farming :growing crops with supplementalirrigation by lifting waterfrom

undergroundsources.Cropsgrownintheselandsareirrigatedthroughliftirrigationandhence

thewaterisundercontrol.

DryFarming/DryLandFarming:isthepracticeofcropproductionentirelywithrainfallreceived

duringthecropseasonorwithconservedsoilmoistureandthecropmayfacemildtosevere

stressduringitslifecycle.Itispracticedinareaswithanannualrainfalllessthan800mm.(Arid

andSemiarid).Inareaswheretherainfallismorethan800mm(HumidandSubhumid)thecrops

aregrownentirelywiththerainfallreceivedduringthecropseason.Thecropmayfacelittleorno

moisturestressduringitslifecycle.WhichisknownasRainfedFarming

Farmingsystemscomposedofseveralinterdependententerpriseslikecrops,dairy,piggery,

poultry,fishery,apiaryetcareinterlinked.Theendproductofoneenterpriseareusedasinputs

forothers.Thewastesofdairyviz.,dung,urine,refusesetcareusedasinputsincropproduction.

Thestrawobtainedincropsareusedtofeedanimals.

Comparisonofdifferentfarmingsystems

Features Wetlands
Irrigated

lands

Dryfarming

Drylandfarming Rainfedfarming

Farmingpractices

(Durationinmonths)
9to12months

9to12

months

Lessthan6

months
6to8months

Sourceofwater River,lake,pond

andtank
Wells

Rainfall(<800mm

/year)

Rainfall(>800

mm/year)

Irrigation Naturalflow Liftirrig. Noirrigation

Watermanagement Liberaluse Liberaluse Limiteduse

Fertilizermanagement Liberaluse Liberaluse Limiteduse Optimumuse

YieldObjective
Maximization

Maximizatio

n
Sustainable Economic
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DifferencebetweenDryfarmingandIrrigatedFarming.

S.N Dryfarming Irrigatedfarming

1 Thefieldisplougheddeeptoincrease

infiltrationofrains

Noneedofdeepploughingtoconservewater

2 Land is prepared immediately after

rainfall

Landispreparedaccordingtooptimumtimeof

sowing

3 Seedsaresownatmoredepthtmake

contactwithmoisture

Seedsaresownatoptimumdepth

4 Cropsorcropvarietieshavingdrought

toleranceorlesswaterrequirementand

shortdurationareused.

Needbasedcropselection

5 Mixed/intercroppingisbeneficial. Generallypurecroppingisdone

6 Duetolimitationofmoistureoneortwo

cropsinayearispossible

Morethan2cropsinayeararegrown,subject

totheavailabilityofwater

7 Cropfailure(risk)isexpectedbecauseof

moisture

No chance ofcrop failure (no risk)due to

moisture

8 Inputsuseefficiencyislow Highinputuseefficiency

9 Employmentisseasonal Employedthroughouttheyear

10 Lowcroppingintensity Highcroppingintensity

Croppingintensityistheratiooftotalcroppedareatothenetcultivatedarea.

Cropping

Intensity(%)
=

Totalcroppedarea
X100

Netcultivatedarea

Typesoffarming :Based onmethodsand practicesfollowed inthe production,kinds&

proportionofcropsandlivestock,farmingisdividedinto3types.

I.Diversifiedfarming:Afarm onwhichtheincomefrom asingleenterpriseislessthan50per

centofthetotalincomeofthefarm iscalledadiversifiedfarming.Italsoincludessubsistence

farming.Subsistencefarmingisatypeofdiversifiedfarmingwhereinthefarm productionis

restrictedtoitsownfarmuse.

II.Specializedfarming:Afarm onwhichtheincomefrom asingleenterprise/productismore

thanorequalto50percentofthetotalfarm income.Thisisresortedwheretherearespecial

Crop

Production

Fishery

Sheep

Poultry Dairy

Crop

Production

Sheep

Piggery Dairy
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marketoutlets.

III.Integratedfarming:Twoormoreenterprisesareselectedtogetherinsuchawaythattheyare

integrated/inter-relatedi.e.,outputofoneenterprisebecomeinputforothers.

Dryland:Fieldcrops+Livestock/Dairy+Sheeprearing

Irrigated:Fieldcrops+Dairy+Poultry+Fishery+Sheeprearing

Wetland:Rice+Fishery+Azolla+Dairy

Conceptoffarming

1.Sustainableagriculture/Farming:Itisthefarm ofagriculture/farmingaimedatmeetingthe

needs ofthe presentgeneration withoutendangering the resource base ofthe future

generations.

Itisconsideredasasystem ofcultivationwiththeuseofmanure,croprotation,minimaltillage

andwithminimumdependenceonsyntheticfertilizer,pesticidesandantibiotics.

Itisabalancedmanagementsystemofrenewableresourcesincludingsoil,wildlife,forest,crops,

fishery,livestocketc.

Theultimategoalofsustainableagricultureistodevelopfarmingsystemsthatare

a)Productive

b)Profitable

c)Conservethenaturalresourcebase

d)Protecttheenvironment

e)Enhancesoilhealthandsafetyoveralongterm

2.Organicfarming:Itisaproductionsystem whereallkindsofagriculturalproductsare

produced organically.Organic agriculture avoidsorlargelyexcludesthe use ofsynthetic

compoundfertilizers,pesticides,growthregulatorsandlivestockfeedadditives.

3.Eco-Farming :Itisthesynonym oforganicfarmingand includesfarminginrelationto

ecosystem.Thesloganandwatchwordofeco-farmingis“Feedthesoil,nottheplant”.

4.Biologicalfarming:Anothertermoforganicfarminganditisinrelationtobiologicaldiversity.

5.Bio-dynamic farming :Farming which is biologically organic,ecologically sound and

economicallysustainable.

6.Subsistencefarming:Typeoffarmingemphasizedtoproducecropsandothersubstancesto

meettheirfamilyneed.Marketingislargelyexcludedorcompletelyavoidedhere.

CroppingSystem/CroppingPattern:Thecroppingsystemisthecropproductionactivity

ofthefarm.Systemofcroppingisthewayinwhichdifferentcropsaregrown.Itisexecutedatthe

fieldlevel.

Poultry Dairy

Apiary

Tea Sugarcane

Piggery

Dairy
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Croppingpatternistheyearlysequenceandspatialarrangementofcropsandfallowonagiven

area.Itisforlargerarealikezone,taluk,districtetc.

Therearedifferentterminologiesincroppingsystem/pattern.

Solecropping:CropsgrownsinglyorseparatelyaspurecultureEg:Rice

Mixedcropping:Twoormorecropsaremixedwithoutdefiniterowproportion

Ex;Maize+Pulses

Intercropping:Twoormorecropsaremixedwithdefiniterowproportion

Ex:Maize+GN(4:2)

Sequencecropping:Twoormorecropsgrownindefinitesequenceoneafteranother

Ex:Rice–Wheat

Monocropping:Thelandisoccupiedbyonecropduringoneseason/yearEx:Rice

Doublecropping:Twodifferentcropsgrowninaseason/yearEx:Rice–Bengalgram

Multiplecropping:GrowingmorethantwocropsinayearEx:Sesasum–Ragi–Pulse

Relaycropping:Thesecondcropissowninthestandingcropbeforeharvestingoffirstcropand

theywillbetogetherforsometime.Ex:Rice–greengram system wheregreengram

seedsarebroadcastedinthestandingcropofriceamonthbeforeharvestinginorderto

utilizetheresidualmoisture.

Multistoriedcropping:cultivationoftwoormorecropsofdifferentheightssimultaneouslyina

pieceoflandincertainperiodoftimesoastoutilizetheavailableresourceslikesunlight,

soil,waterandnutrientsExCoconut,cocoa,turmeric,pepper/betelvine

AGRO-ECOLOGICALREGIONS/ZONESOFINDIA
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Anagro-ecologicalzoneisalandunitintermsofmajorclimateandgrowingperiodwhichis

climaticallysuitableforacertainrangeofcropsandcultivars.

Basedonthecriteriaofhomogeneityinagro-characteristicssuchasrainfall,temperature,soil,

topography,cropping/farmingsystemsandwaterresources,theVIIth Planningcommission

(1985-1990)dividedthecountryinto15agro-climaticzonesconsideringdistrictasasmallestunit.

Thiszoning/regioninghelpsinexploitationofagriculturalproductivitybasedonsoilandclimatic

resources,transferofregionspecifictechnologyandtocarryoutzonespecificresearchto

developsuitabletechnology.

Thesezoneswerefurtherdividedinto120 sub-zonesunderNationalAgriculturalResearch

Project(NARP).

1. WESTERN HIMALAYAN REGION:Thiszone consistsofJammu & Kashmir,Himachal

PradeshandthehillsofUttaranchal.Thisregionhasskeletalsoilofcoldregion,mountain

medow,hillybrownsiltyloamsoil.Landsoftheregionhassteepslope(hills)andareproneto

soilerosion.Theproductivityoftheregionislowerthanthenationalaverage.

2.EASTERNHIMALAYANREGION:ThiscomprisesSikkim&Darjellinghills,ArunachalPradesh,

Meghalaya,Nagaland,Manipur,Tripura,Mizoram,Assam andpartsofWestBengal.High

rainfallandthickforestcover,heavyrunoff,massivesoilerosionandfrequentfloodsare

commoncharacteristicshere.Thisregionishavinghighpotentialforagriculture,forestryand

horticulture.

3.LOWERGANGETICPLAINREGION:ThisregioncomprisesthelowerbasinsofGangariver

inWestBengal.Thesoilsarealluvialandpronetoflood.Riceisthepredominantcropand

accounts12%ofnationalproduction.

4.MIDDLE GANGETIC PLAIN REGION:Thisregion consistsofpartsofUttarPradesh,

JharkhandandBihar.Highrainfallandabout61%oftheareaisunderrainfedfarmingandthe

croppingintensityis142%.Rice,wheatandsugarcanearethemajorcrops.

5.UPPERGANGETIC PLAIN REGION:ThisregionconsistsofpartsofUPandUttaranchal.

Characterizedbygoodgroundwaterresourcesandmajorirrigationisthroughcanalsand

tubewells.Croppingintensityis144%.

6.TRANSGANGETICPLAINREGION:ThiszoneconsistsofPunjab,Haryana,Unionterritories

ofDelhi,ChandigarhandSriganganagardistrictofRajasthan.Thisregionhashighestnet

sown,irrigatedarea,croppingintensityandgroundwaterutilization.

7.EASTERN PLATEAU AND HILLY REGION:This zone consists ofEastern parts of

Chattisgarh,SouthernpartsofWestBengalandmostInlandodOrissa.Soilsareshallowto

mediumwithundulatingtopography(1-10%Slope).

8.CENTRALPLATEAUAND HILLYREGION:ThisregioncomprisesMadhyaPradesh,Uttar

Pradesh.30%ofthelandisuncultivatedwithundulatingtopographyand75%ofareaisunder

rainfedsituation.

9.WESTERN PLATEAU AND HILLY REGION:ThiszonecomprisespartsofMaharashtra,

MadhyaPradeshandRajasthan.Majorareaisunderrainfed(88%).Sorghum andcottonare

thepredominantcropshere.
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10.SOUTHERN PLATEAUAND HILLYREGION:Thisregioncomprises35districtsofAndra

Pradesh,KarnatakaandTamilnaducharacterizedbytypicalsemiaridclimateandabout80%

oftheareaisunderrainfedsituation.

11.EASTCOASTPLAINSANDHILLYREGION:ThiszonecomprisesEastcoastofTamilnadu,

AndhraPradeshandOrissa.Soilsarealluvialandcoastalsandyand70%oftheareaisunder

rainfedsituationandcontributes20%ofnationalriceproduction.

12.WESTCOASTPLAINSANDHILLYREGION:ThiszonecomprisesthecoastofTamilnadu,

Kerala,Karnataka,MaharashtraandGoa.Shallow soilsandaremedium redloamy.Rice,

coconutandmilletsarepredominantcrops.

13.GUJRATH PLAINSAND HILLYREGION:Thiszonecomprisesaridclimateandcovers19

districtsofGujrath.Importantzoneforoilseeds.

14.WESTERN DRYREGION:Characterizedbyhotsandydesertin9districtsofRajasthan.

Extremetemperatures(0&45oC),erraticrainfallwithhighevaporativedemandandscanty

vegetation.42%oftheareaarecultivablewaste.

15.ISLAND REGION:IncludestheIslandterritoriesofAndaman,NicobarandLakshadweep.

Mediumtodeep,redloamytosandysoilsarepredominant.Forest,coconutandricearethe

majorcrops.
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AGROCLIMATICZONESOFKARNATAKA

Basedontherainfallpattern,topography,soiltypeandcroppingpattern,Karnatakastateis

dividedinto10Agro-climaticzones.Atalukahasbeentakenasasmallestunitinthiszoning.The

detailsofeachzoneissummarizedbelow.
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Zone Districts Rainfall(mm) Soilcharacteristics Majorcrops

1.NETZ EntireBidar&PartsofGulberga 830–919mm Shallowtomediumblackclayeyismajor

andRedlateriticinparts

Sorghum,Blackgram,Redgram,Safflower

2.NEDZ PartsofGulberga&Raichur 633–807mm Deepblackclayey Sorghum,Pulses,Bajra,Groundnut,Chilli,

Cotton

3.NDZ Bijapur,PartsofBellary,Raichur,

Dharwad,Belgaum

405-786mm Blackclayandsandyloam Maize,Pulses,Sorghum,Wheat,Chilli&

ForageCrops

4.CDZ Chitradurga,PartsofHassan,

Chickmagalore&Tumkur

456–717mm Redsandyloamismajor&Blacksoilin

parts

Sorghum,SmallMillet,Pulses,Paddy,

Sugarcane,Foddermaize,Vegetables

5.EDZ Bangalore,Chickkaballapur,

Kolar,Ramanagar,Tumkur

679–889mm Redloamy&Lateritic Ragi,Mulbery,Sugarcane,Vegetables,

FodderMaize,Paddy

6.SDZ Mandya,PartsofMysore,

Tumkur,ChamarajaNagar,

Hassan

671–887mm Redsandyloam&Blacksoil Ragi,SmallMillets,Oilseeds,Paddy,

Mulbery,Sugarcane

7.STZ PartsofHassan,Davanagere,

Chickmagalore,Mysore,Shimoga

611–1054mm Redsandyloam Ragi,Maize,Paddy,Sorghum,Pulses,

Coffee,Cocao,Cardamom,Pepper

8.NTZ PartsofBelgaum&Dharwad 619–1303mm Shallowtomediumblackclay&Red

sandyloam

Sorghum,Pulses,Ragi,Paddy,Cotton,

Sugarcane,Wheat

9.HZ PartsofUttarKannada,Belgaum,

Shimoga,Hassan,

Chickmagalore,Dharwad,Haveri

&Coorg

905–3695mm Redclayloamandlateritic Plantationcrops(Coffee,Tea,Pepper,

Coconut),Paddy,Maize,Cotton,

Sugarcane,Pulses

10.CZ PartsofUttarKannada,Udupi,&

DakshinaKannada

3011–4694mm Redlateriticandcoastalalluvial Paddy,Rubber,PlantationCrops
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WOMENINAGRICULTURE

“Inordertoawakenthepeople,itisthewomenwhohavetobeawakened.Oncesheis

onmove,thefamilymoves,thevillagemoves,thenationmoves”

-PanditJawaharalalNehru

Womenplayasignificantandcrucialroleinagriculturaldevelopmentandalliedfieldsincluding

cropproduction,livestock,horticulture,sericulture,postharvestoperations,agro/socialforestry,fishery

etc.Thenatureandextentofwomen’sinvolvementinagriculturevarygreatlyfrom regiontoregionand

evenwithinaregionamongecologicalsubzones,farmingsystems,caste,classesandsocio-economic

status.

Thetrendofdependenceonagricultureisdecreasingdaybyday.However,thecontribution/

dependenceofwomenisincreasinggreatlyas“invisibleworkers”.

Therole/taskofwomenindifferentsectorsofagriculturearediscussedhereunder.

1)Women'sparticipationinthelabourforce:Inmostdevelopingcountrieswithintheregion,womenmake

upasubstantialportion(about50%)oftheagriculturallabourforce.

2)Women'srolesinfarmingsystems:Womencontributenotonlyforcropproduction,butalsoforms

majorshareinkeepingalliedenterpriseslikepoultry,dairy,fisheryetc.

3)Womenandbiologicaldiversity:Womenplayakeyroleinconservingbiologicaldiversityasseed

selectors,managersinhomegardensandkeepersoflocalknowledgeoffoodcrops,medicinalplants,

wildfoodsandforestproducts.

4)Womeninthecashcropsector:Women'sroleintea,coffeeandrubberplantationsisalsocrucialto

thecashcropsectoraswellastohouseholdincome,whichisabasicdeterminantofaccesstofood.

5)Womeninfishingcommunities:Fisherwomenmarketfishasretailers,auctioneersorasagentsof

merchants;makeandrepairnets;collectprawnseedsorfishseedsfrom backwaterstosupplyfish

farmersandprepareavarietyoffishproducts.

6)Womeninthepost-harvestsector:Theserolesareprocessingallcropslikethreshing,winnowing,

cleaning,baggingandotherpostharvestactivities.

7)Employmentgeneration:Womentakingpartasanentrepreneurandcontributefortheemployment

generation.Eg.Processingoffoodproducts–employmentgenerationinprocessing,marketingetc.

8)Heading householdsand household production:Therearesubstantialnumbersofhouseholds

headedbywomenintheAsiaregion.Increasedmalemigration,causedbythemarginalizationof

agriculture,overseas employmentand urban employmentopportunities,has contributed to the

emergenceoffemale-headedorwomen-supportedhouseholds.

Risks/workstressfactors

Greaterexposureofwomeninfarmtasksspeciallyindairy,poultryandindiversifiedfarmsleadstostress.

Thefarm women’sareinvolvedinthreeshiftphenomenoninwhichsheattemptstobalancehome,

employmentawayfrom the farm (labour)and farm work.Womenin ruralcommunitiesare often

sandwichedbetweencaringforelderlypersonsandchildren.Theseaddedresponsibilitiesincreasedthe

stress.Therisk/stresscanbediscussedhereunder.

1. PhysicalStress/Riskofinjury:Severalfactorscontributetofarm women'sexposuretoinjury-
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producingevents.Physicalfactorssuchasage,physicalstature,andphysicalhealthstatus,etc.,have

beenreportedtocontributetooccupationalinjury.

Womenhaveanatomicalandphysiologicaldifferencesthatmayplacethem atriskforfarm injuries.On

averagebodystrengthis30-75% lessinfemalesthaninmales.Excessivephysicalstrainhasbeen

associatedwithinjuryeventsinwomen.

Womenmayalsobemoresusceptibletosometypesofinjury.Womenfarmersmayalsobeathigherrisk

formusculoskeletaldisability.Sonsweregivenmoreopportunitiestolearnaboutfarmingthandaughters

were,becausesonswereconsideredthefuturefarmers.Onlyaftershetookoverthefamilyfarmthather

fathertaughtherhowtofarm.

2.Risk/StressduetoVehicle/Machinery:Severalpre-eventhostfactorspresentinthesewomen,not

necessarilypresentinamalecounterpart,mighthaveplacedwomenathigherriskforinjurythanmen

duringtheeventphase.Thesefactorsinclude;longhair,shorterstatureandlessbodymassandstrength

thanmen.

Equipmentsizeandlengthoftimedrivingequipmentalsomaybeafactorininjuries.Mostfarmequipment

issizedanddesignedformen.Largeanimalshavealsobeenidentifiedasvectorsofinjuryforfarm

women.

3.EnvironmentalRisks/Stress:Theenvironmentincludesboththephysicalandthesocial-cultural

environment.Thephysicalenvironmentincludesfarm commodity,maintenance,andweatherrelated

issues.Socialculturalfactorsthatcontributetoinjuryincludeculturalnormsregardingthedivisionoflabor

onfarmsandeconomicpressures.
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