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Topic1:Agriculture:definition,meaninganditsbranches

MeaningofAgriculture:Theterm Agricultureisderivedfrom twoLatinwords

ageroragriandcultura.AgeroragrimeanssoilorLand

orFieldandCulturameanscultivation.

Agricultureisverybroadterm coveringallaspectsofcropproduction,live

stockfarming,fisheries,forestryetc.

Agriculturemaybedefinedastheartandscienceofcultivatingland,

raisingcropsandfeeding,breeding,andraisinglivestock.or

Agricultureisthecultivationoflandsforproductionofcropsforaregular
supplyoffoodandotherneedsforprogressofthenation.

Therearethreemainspheresofagricultureasunder;

Geoponic :Meaningcultivationinearth,

Hydroponic:Meaningcultivationinwaterand

Aeroponic :Meaningcultivationinair.

Agricultureisproductiveunitwherethenaturalinputsi.e.light;air,water

etcare convertedintousableproductbythegreenplants.Thelivestock,birds

andinsectfeedonthegreenplantsandprovideconcentratedproductssuchas

milk,meat,eggs,wool,honey,silkandlack.

Agricultureprovidesuswiththematerialsneededforourfeeding,housing

andclothing.Agricultureconsistsofgrowingplantsandrearinganimalswhich

helptomaintainabiologicalequilibrium innature.



Agricultureisconsideredasmotherofallagrobasedindustriesasit

supplyingtherawmaterialtodifferentindustriesaslistedhereunder:

Sr.
No.

Agricultural
produce/crop

plant.

Industriesmaintained

1. Cotton Textilemills,Cottageindustry,forspinning,weaving
andropemaking.

2. Sugarcane Sugarmills,Paperindustry.

3. Oilseeds Oilmills,manufacturingofvarnishes,paints,soap,
perfumes,vegetablegheeandcakes.

4. Maize Starchindustryandcattlefeedindustry.

5. Grape Vineandcanningindustry.

6. Fruitsand
vegetables

Canningindustry,Juices,Essentialoilsasbyproduct.

Animalsandtheirbyeproducts:-

1. Milk Milk industry,processing and bottling of milk,
manufactureofbutter,cheese,ghee,milkpowder,
icecream etc.

2. Beef
Byproducts
Hides
Bones

Muttonindustry,processingandpackingofmutton.
 
Leatherindustry.
Fertilizerindustry,manufactureofbuttons.

Insects:-

1. Silkworm Sericulture:Rearingofsilkworm forsilkproduction.

2. Honeybee Apiculture:Rearingofbeesforproductionofhoney.



RevolutioninAgriculture

No. Revolution Concernedwith Achievements

1. Green
revolution

Food grain
production

Food grain production
increasedfrom 51milliontones
atindependenceto223million
tonesin(2006-07),4.5times
increase.

2. White
revolution

Milkproduction Milkproductionincreasedfrom
17 million tones at
independence to 69 million
tones,fourtimes(1997-98).

3. Yellow
revolution

Oilseedsproduction Oilseed production increased
from 5 million tones to 25
million tones since
independence,5timesincrease

4. Bluerevolution Fishproduction Fishproductionincreasedfrom
0.75milliontonestonearly5.0
milliontonesduringthelastfive
decades.

5. Brown
revolution

Food
processing/Fertilizer

Totalfertilizerproduction=178.10
Lakhtone(2015-16)

6. Golden
revolution

Horticulture All India total horticulture
(Fruits, vegetables, flowers,
plantation crops and spices)
production = 300642.95 (000
MT)(2016-17)

7. Round
revolution

Potato AllIndiatotalpotatoproduction
=48.60Milliontone(2016-17)

8. Rainbow
revolution

Overalldevelopment
ofagriculturesector

----

9. Black
revolution

Petroleum products Indiaproduced231.92MTsof
petroleum productsin2015-16,
recording a growth of4.88%
overthepreviousyear

10. Silver
revolution

EggsProduction AllIndiatotaleggproduction=
82.9BillionNos.(2016-17)

11. Greyrevolution Fertilizer Totalfertilizerproduction=178.10
Lakhtone(2015-16)



12. Pinkrevolution Onion
production/Prawn
production

AllIndiatotalonionproduction
=22.42Milliontone(2016-17)

13. Redrevolution Meat/Poultry/Pigarry AllIndiatotalmeatproduction=
70.20Milliontone(2015-16)

BranchesofAgriculture

AgricultureisasynthesisofseveraldisciplineslikeAgriculturalchemistry

and soil Science,Agronomy,Plant breeding and genetics,Horticulture,

Entomology,Plantpathology,Crop Physiology,Extension education,Plant

Ecology,BiochemistryandEconomicsetc.

1)Agronomy:Itdealswiththeproductionofvariouscropswhichincludesfood

crops,foddercrops,fibrecrops,sugar,oilseeds,etc.

2)Horticulture:Branchofagriculturedealswiththeproductionofflowers,fruits,

vegetables,ornamentalplants,spices,condiments(includesnarcoticcrops–

opium,etc.whichhasmedicinalvalue)andbeverages.

3)Forestry:Itdealswithproductionoflargescalecultivationofperennialtrees

forsupplyingwood,timber,rubber,etc.andalsorawmaterialsforindustries.

4)AnimalHusbandry:Maintenanceofvarioustypesoflivestockfordirectenergy

(workenergy)purpose. Husbandryiscommonforbothcropandanimals.

Theobjectiveistogetmaximum outputbyfeeding,rearing,etc.

5)FisheryScience:Itisformarinefishandinlandfishesincludingshrimpsand

prawns.

6)AgriculturalEngineering:Itisanimportantcomponentforcropproductionand

horticultureparticularlytoprovidetoolsandimplements. Itisaimingto

produce modified tools to facilitate properanimalhusbandry and crop

productiontools,implementsandmachineryinanimalproduction.

7)HomeScience:Applicationandutilizationofagriculturalproducesinabetter



manner.Whenutilizationisenhancedproductionisalsoenhanced.



Topic2:Agronomy:-definition,meaninganditsscope

AgronomyisaGreekwordderivedfrom agrosmeaningfieldandnomos

meaningmanagement.Itisafieldmanagement.

Agronomy is a specialized branch in agriculture dealing with crop

productionandsoilmanagement.

Itisdefinedasanagriculturalsciencedealswithprinciplesandpractices

ofcropproductionandfieldmanagement.

Agronomistisascientistwhoisdealingwiththestudyofproblemsofcrop

productionandadopting/recommendingpracticesofbetterfieldcropproduction

andsoilmanagementtogethighyieldandincome.

Inrecenttimes,agronomyhasassumednewerdimensionsandcanbe

defined asabranch ofagriculturalsciencethatdealswith methodswhich

providesfavourableenvironmenttothecropforhigherproductivity.

Norman(1980)hasdefinedagronomyasthescienceofmanipulatingthe

cropenvironmentcomplexwithdualaimsofimprovingagriculturalproductivity

andgainingadegreeofunderstandingoftheprocessinvolved.

ScopeofAgronomy

Agronomyisadynamicdiscipline.Withtheadvancementofknowledge

andbetterunderstandingofplantandenvironment,agriculturalpracticesare

modifiedornewpracticesdevelopedforhigherproductivity.Forexample;-

 Availabilityofchemicalfertilizersandherbicidesforcontrolofweedshasled

todevelopmentofavastknowledgeabouttime,methodandquantityof

fertilizerandherbicideapplication.

 Bigirrigationprojectsareconstructedtoprovideirrigationfacilities.However,

these projects created side effects like waterlogging and salinity.To

overcome these problems,appropriate watermanagementpractices are



developed.

 Populationpressureisincreasingbuttheareaundercultivationisstatic.

Therefore,tofeedtheincreasingpopulation,morenumberofcropshastobe

grownonthesamepieceoflandinayear.Asaresult,intensivecroppinghas

comeintovogue.

 Similarly,notillagepracticeshavecomeinplaceofcleancultivationasa

resultofincreaseincostofenergy.(Fuelpricesofoil).

 Likewise,new technologyhastobedevelopedtoovercometheeffectof

moisturestressunderdrylandconditions.

 Asnewvarietiesofcropswithhighyieldpotentialbecomeavailable,package

ofpracticeshastobedevelopedtoexploittheirfullyieldingpotential.



Topic3:Tillage,landconfigurationandsubsoiling

Tillageisasoldasagriculture.Primitivemanusedtodisturbthesoilfor

placingseeds.Thewordtillageisderivedfrom theAnglo-Saxonwordstilianand

teolian,meaningtoploughandpreparesoilforseedtosow,tocultivateandto

raisecrops.JethroTull,whoisconsideredasfatheroftillagesuggestedthat

thoroughploughingisnecessarysoastomakethesoilintofineparticles.

Afterharvestofthecrop,soilbecomeshardandcompactmaybedueto:

(a)Beatingactionofraindrops,(b)irrigationandsubsequentdryingand(c)

movementofintercultivationimplementsandlabourcausesoilcompaction.

Definitionoftillage

"Tillageisthemechanicalmanipulationofsoilwithtoolsandimplements

forobtainingconditionsidealforseedgermination,seedlingestablishmentand

growthofcropsiscalledtillage"or

Anyoperationcarriedoutonthesoilsurfacebyagriculturalimplementsfor

thepurposeofsofteningthesoilsurfaceforbetteradvantagetogerminationand

plantgrowth.

Tilth:

Itisthephysicalconditionofsoilobtainedoutbytillage(or)itistheresultant

effectoftillageinwhichsoilair,soilwaterandsoilaggregatesareinperfectharmonyor

inbalancecondition.

PurposeofTillage:

Thepurposeoftillageistoprepareaseedbed,breakweed,insectand

diseasecycles,buryplantresidues,incorporatefertilizersand amendments,

breaksurfacecrustetc.



Objectivesoftillage:

Thereareseveralobjectivesoftillageofwhichthemostimportantare

suitableseedbedpreparation,weedcontrolandsoilandwaterconservation.

1.Toproduceasatisfactoryseedbedforgoodgerminationandgoodcrop

growth.

2.Tomakethesoillooseandporous.

3.Toprovideaerationtothesoil

4.Tocontrolweeds

5.Toremovethestubbles(thatmayharbourpests)

6.Toexposethesoilinhabitingpathogensandinsectpeststosunandkillthem.

7.Tobreakhardpansinthesoil

8.Fordeeptillageandinversionofsoil

9.Forincorporatingbulkyorganicmanures

10.Toincreaseinfiltrationrate.

ClassificationofTillage

Tillage

Preparatorytillage Aftertillage

Primarytillage Secondary
tillage

Deep
Tillage

Sub-
soiling

Yearround
tillage

Harrowing
Planking

Harrowing

Hoeing

Interculturin
g
Earthing-up

Weeding



Typesoftillage:-

Tillageoperationsaregroupedintotwotypesbasedonthetime(with

referencetocrop)atwhichtheyarecarriedout.Theyare

(1)Preparatorytillage:-Whichiscarriedoutbeforesowingthecropand

(2)Aftertillage:-Thatispracticedaftersowingofcrop.

(1)Preparatorytillage

Tillageoperationthatarecarriedouttopreparethefieldforraisingcrops-

from thetimeofharvestofacroptothesowingofthenextcropareknownas

preparatorytillage.Itisdividedintoprimaryandsecondarytillageoperations.

(A)Primarytillageorploughing:-

"TheTillageoperationthatisdoneaftertheharvestofcroptobringthe

landundercultivationisknownasprimarytillage".

Ploughingistheopeningofthecompactsoilwiththehelpofdifferent

ploughs.Primarytillageisdonemainlytoopenthehardsoilandtoseparatethe

topsoilfrom lowerlayersandtouprootingtheweedsandstubblesofprevious

crop.

e.g.Countryplough,Discplough,Mouldboardplough,etc.areusedforprimary

tillage.

TypeofPrimarytillage:-

1.Deeptillage 2.Subsoiling 3.Yearround

tillage

(1)DeepTillage:-CentralResearchInstituteforDrylandAgriculture(CRIDA)

Hyderabad,classifiedpoughingof

- 5-6cm depthasshallow

- 15-20cm depthasmedium deepand

- 25-30cm depthasdeepploughing

Therhizomesandtubersofperennialweedsandpupaeofinsectsaredie

duetoexposuretohotsun.Deeptillagealsoimprovessoilmoisture.



(2)Subsoiling:-Hardpansmaypresentinthesoilwhichrestrictrootgrowthof

crops.Thesemaybesiltpans,ironoraluminum,clayormanmadepans.Sub

soilingisbreakingthehardpanwithoutinversionandwithlessdisturbanceof

topsoil.A narrow cutismadeinthetopsoilwhileshareofthesubsoiler

shattershardpans.Chiselploughsarealsousedtobreakhardpanspresent

evenof60-70cm.

(3)Yearroundtillage:-Tillageoperationscarriedoutthroughouttheyearare

knownasyearroundtillage.

(B)Secondarytillage:-

Lighterorfineroperationsperformedonthesoilafterprimarytillage

are known as secondary tillage.Disc harrows,cultivators,blade harrows,

plankingareusedforthispurpose.Generallysowingoperationisalsoincludedin

secondarytillage.

Harrowing:Anagriculturalimplementwithspikeliketeethoruprightdisks,drawn

chieflyoverplowedlandtolevelit,break upclods,uproot theweeds,

etc.

Planking:Itis secondary tillageequipmentforclod crushing,levelling and

smoothingoflandsurfacebeforeseeding

(2)Aftertillage

Thetillageoperationsthatarecarriedoutinthestandingcroparecalled

aftertillage.Itincludes harrowing,hoeing,intercultivation,earthing up and

weeding.

Harrowing:Anagriculturalimplementwithspikeliketeethoruprightdisks,drawn

chieflyoverplowedlandtolevelit,break upclods,uproot theweeds,

etc.

Hoeing:Anyofseveralkindsoflong-handledhandimplementequippedwitha

lightbladeandusedtotillthesoil,eradicateweeds,etc.

Inter-cultivation:Inter-cultivationalsoknownasinterculturing,isthecultivationof



soilbetweencroprows.Inotherwords,thesoilbetweenthe

two row ofcropsareploughedusingdedicatedagricultural

equipment(suchasbladeharrow,tinedharrow,andevenby

hand)forweeding,improvingsoilaeration,andlooseningthe

soilcompaction.

Earthingup:Toraisethesoilatbaseoftheplantforthepurposeofproving

supportagainstlodging,rootpenetrationetc.

Weeding:Theprocessofeliminatingtheweedsfrom croppedareaiscalled

"weeding."Weedingcanbedonebyhandorwithagardeningtool.

 Modernconceptsintillage

Conventionaltillageinvolvesprimarytillagetobreakopenandturnthesoil

followedbysecondarytillagetoobtainseedbedforsowingorplanting.Withthe

introductionofherbicidesinintensivefarmingsystems,theconceptoftillagehas

beenchanged.Continuoususeofheavyploughscreatehardpaninthesubsoil.

Thisresultsinpoorinfiltration.Itismoresusceptibletorunoffanderosion.Itis

capitalintensiveandincreasesoildegradation.Theconceptofminimum tillage

wasstartedinU.S.A.Theimmediatecauseforintroducingminimum tillagewas

highcostoftillageduetosteepriseinoilpricesin1974.Dr.G.B.Triplettis

consideredasfatherofmoderntillage.

 Minimum Tillage:

Minimum tillageisaimedatreducingtillagetotheminimum necessaryfor

ensuringagoodseedbed,rapidgermination,asatisfactorystandandfavorable

growingconditions.

Tillagecanbereducedintwoways:

(1)Byomittingoperationswhichdonotgivemuchbenefitwhencomparedtothe

cost.

(2)Bycombiningagriculturaloperationslikeseedingandfertilizerapplication.

Advantagesofminimum tillage:

(1)ImprovedsoilconditionsduetodecompositionofplantresiduesinSitu



(2)Higherinfiltration caused bythe vegetation presenton the soiland

channelsformedbythedecompositionofdeadroots

(3)Lessresistancetorootgrowthduetoimprovedstructure

(4)Lesssoilcompactionbythereducedmovementofheavytillagevehicles

andlesssoilerosioncomparedtoconventionaltillage

Disadvantagesofminimum tillage:

(1)Seedgerminationislower

(2)Morenitrogenhastobeaddedasrateofdecompositionoforganicmatter

isslow

(3)Sowingoperationsaredifficultwithordinaryequipment

(4)Continuoususeofherbicidescausespollutionproblemsanddominance

ofperennialproblematicweeds.

 ZeroTillage

Zero tillageisanextremeform ofminimum tillage.Primarytillageis

completelyavoidedandsecondarytillageisrestrictedtoseedbedpreparationin

therow zoneonly.Itisknownasno-tillandisresortedtowheresoilsare

subjectedtowindandwatererosion.

Inzerotillage:

(1)Theorganicmattercontentincreasesduetolessmineralization.

(2)Surfacerunoffisreducedduetopresenceofmulch.

(3)Cleananarrowstripoverthecroprow.

(4)Openthesoilforseedinsertion,placetheseedandcovertheseedproperly.

(5)Beforesowing,thevegetationpresenthastobedestroyedforwhichbroad

spectrum,nonselective herbicides with relatively shortresidualeffect

(Paraquat,Glyphosateetc.)areused

(6)Duringsubsequentstages,selectiveandpersistentherbicidesareneeded.

(7)Theseedingestablishmentis20percentlessthanconventionalmethods.

(8)Higherdoseofnitrogentobeappliedasmineralizationoforganicmatteris

slow.



 Landconfigurationtechniques

Theproductivityofanycropisthecomplexphenomenongovernedby

numberoffactorsviz.,useofimprovedvarieties,appropriatesowingmethod,

timelysowing,spacing,judicioususeofwateraswellasnutrientsandweeds,

pestsanddiseasemanagement.Amongallthese,appropriatesowingmethodor

properlandconfigurationisthemostcriticalfactorforrealizingdesiredyield

potential.Thegenotypescanexpresstheirfullpotentialonlywhengrownunder

optimum conditionsandatoptimum plantbase.

Landmanagementsystem playsamajorimportantroleinminimizingsoil

erosionandimprovingwateruseefficiencyoffieldcrops.Easyanduniform

germination as wellas growth and developmentofplantare provided by

manipulation ofsowing method.Land configuration increases wateruse

efficiencyandalsoincreasesavailabilityofnutrientstocrops.Itisparticularly

usefulinareashavingsalineirrigationwaterbecauseithelpstoavoiddirect

contactofyoungplantswithsalineirrigationwater.Variouslandconfiguration

techniqueshelpsinincreasinggrowthanddevelopmentofplantsandthereby

yield.

1.Flatbeds

Flatbedsarepreparedeasilyinsandyloam typeofsoilbecausesandysoil

isbetterworkable.Thelengthofthebedsshouldbekeptaccordingtotheslopof

nursery.Foreasyworkingthebedsshouldbepreparedabout3.60meterin

lengthand1.20meterinwidthforeasyandconvenientoperations.

2.Raisedbeds
Raisedbedsaremostlypreferredinheavyblacksoilhavingmaximum

waterholdingcapacityandpoordrainagecapacity.Thebasalmeasurementof

raisedbedsshouldbe10.0meterx1.0meter.Digthesoilneartotheboundary

ofthebedsandraisedthesoilontop.



3.Ridgesandfurrows

Thefieldmustbeformedintoridgesandfurrows.Furrowsof30-45cm

widthand15-20cm heightareformedacrosstheslope.Thefurrowsguiderunoff

watersafelywhenrainfallintensityishighandavoidwaterstagnation.They

collectandstorewaterwhenrainfallintensityisless.Itissuitableformedium

deeptodeepblacksoilsanddeepredsoils.Itcanbepracticedinwiderow

spaced crops like cotton,maize,chillies,tomato etc.Itis notsuitable for

broadcastsowncropsandforcropssownatcloserrowspacinglessthan30cm.

Tiedridging

Itisamodificationoftheabovesystem ofridgesandfurrowswhereinthe

ridgesareconnectedortiedbyasmallbundat2-3m intervalalongthefurrows

toallowtherainwatercollectioninthefurrowswhichslowlypercolatedintothe

soilprofile.



4.Broadbedfurrows(BBF)

ThispracticehasbeenrecommendedbyICRISATforvertisolsorblack

soilsinhighrainfallareas(>750mm).Herebedsof90-120cm width,15cm

heightandconvenientlengthareformed,separatedbyfurrowsof60cm width

and15cm depth.Whenrunoffoccurs,itsvelocitywillbereducedbybedsand

infiltrationopportunitytimeisincreased.Thefurrowshaveagradientof0.6%.

Cropsaresownonthebroadbedsandexcesswaterisdrainedthroughnumber

ofsmallfurrowswhichmaybeconnectedtofarm ponds.Itcanbeformedby

bullockdrawnortractordrawnimplements.Bedformercum seeddrillenables

BBFformationandsowingsimultaneously,thusreducingthedelaybetween

receiptrainfallandsowing.

Broadbedfurrowhasmanyadvantagesoverothermethods.

 Ithelpsinmoisturestorage

 Safelydisposeofsurplussurfacerunoffwithoutcausingerosion



 Providebetterdrainagefacilities

 Facilitatedryseeding

 Itcanaccommodateawiderangeofcropgeometryi.e.closeaswellas

widerowspacing.

 Itissuitableforbothsolecroppingandintercroppingsystems.

 Sowingcanbedonewithseeddrills.

5.Deadfurrows

Atthetimeofsowingorimmediatelyaftersowing,deepfurrowsof20cm

depthareformedatintervalsof6to8rowsofcrops.Nocropisraisedinthe

furrow.Thedeadfurrowscanalsobeformedbetweentworowsofthecrop,

beforethestartofheavyrains(Sep–Oct).Itcanbedonewithwoodenplough

mostlyinredsoils.Thedeadfurrowsincreasetheinfiltrationopportunitytime.

6.Scooping

Scoopingthesoilsurfacetoform smalldepressionsorbasinshelpin

retainingrainwateronthesurfaceforlongerperiods.Theyalsoreduceerosion

bytrappingerodingsediment.Studieshaveshownthatrunoffunderthispractice

canbereducedby50%andsoillossby3to8t/ha.

Fig.:Scoopsforinsitumoistureconservation



 Subsoiling

"Togainmaximum benefitfrom subsoiling,thisoperationneedstobedone

whenthelowerlevelsofthesoilarerelativelydry"

Subsoilmeaning:The layer or bed of earth beneath the topsoil.Also called under

soilthe layer of soil beneath the surface soil and overlying thebedrock.

WhatisaSubsoiler?

Asubsoilerisatypeoftillageimplementthat’susedtobreakupcompactedsoil

inanefforttoimprovethesettingforgrowingcrops.

The subsoiler issonamedbecauseitcutsandloosenssoilbelow thenormal

tillagedepthof100–200 mm.Itsshapeissimilartothechiselplowexceptthatit

ismadewithastrongershankorleginordertoresistthehigherforcerequiredto

tillsoilatgreaterdepth. 

Subsoiling is a practice thatbreaks up soil,usually12-18"deep,to allow

increasedwatermovement,betteraerationoftherootsandaccesstoadditional

mineralsandnutrientsforplantgrowth.

Chiselploughsarealsousedtobreakhardpanspresentsevenat60-70cm.

 ChiselPlough:Itismainlyusedforbreakinghardpansand

fordeepploughing (60-70cm)withlessdisturbance

tothetoplayers.Itsbodyisthinwithreplaceablecutting

edgesoastohaveminimum disturbancetothetoplayers.

Itcontainsareplaceablesharetoshatterthelowerlayers.

 SubsoilPlough:Thesubsoilploughisdesignedtobreak

up hard layers orpans withoutbringing them to the

surface.Thebodyofthesubsoilploughiswedgeshaped

andnarrow whiletheshareiswidesoastoshatterthe

hardpanandmakingonlyaslotonthetoplayers.





(ChiselPlough)

Topic4:Seedsandsowing

Seedsarethevitalpartofagriculture.Selectionofgoodqualityseedsisa
challengeforfarmers.Onlygoodqualityseedswhicharesownproperlycangive
anexpectedresultoryield.Seedsofavarietyoftypesandstrainsareavailable;
cultivatorshavetochoosefrom theseandthesehavetobesowninthefield. 

Definition:Seedisafertilizedovuleconsistingofintactembryo,storefoodand
seedcoatwhichisviableandhasgotthecapacitytogerminateunderfavourable

condition.or
A seed isthesmall,hardpartofaplantfrom whicha new plant grows.

Charactersofgoodseeds

(1)Seedshouldbeofrecommendedcropandtheirvarieties.
(2)Itmustbetruetoitstype.
(3)Theseedmustbehealthy,pureandfreefrom alltheinertmaterialsand

weedseeds.
(4)Theseedmustbeviable.Thegerminationcapacityisuptothestandardand

ithasbeentestedrecently.
(5)Theseedmustbeuniform initstexture,structureandoutlook.
(6)Theseedshouldbefreefrom insects,insecteggs,diseasesporesetc.inor

ontheseeds
(7)Theseedshouldbecollectedfrom fullymaturedcrop,welldeveloped,bold

andplumpinsize.

Qualityofseed

Viabilityand vigourarethetwo importantcharactersofseed quality.
Viabilitycanbeexpressedbythegerminationpercentage,whichindicatesthe
numberofseedlingsproducedbyagivennumberofseeds.

Vigourofseedandseedlingsisdifficulttomeasure.Low germination
percentage,lowgerminationrateandlowvigourareoftenassociated.Seedswith
lowvigourmaynotbeabletowithstandunfavourableconditionsintheseedbed.
Theseedlingsmaylakethestrengthtoemergeiftheseedsareplantedtoodeep
orifthesoilsurfaceiscrusted.



Germinationpercentage

Itisthenumberofseedsgerminatedtonumberofseedsplantedanditis
expressedaspercentage.

Germinationrateisexpressedintwowaysasunder

 Thenumberofdaysrequiredtoproducedagivengerminationpercentage.

 Theaveragenumberofdaysrequiredforradicalorplumuletoemerge.

Vigourisindicatedbythehighergerminationpercentage,highgermination
rateandquickerseedlinggrowth.

 Classesofseed

With respectto geneticpurityand stagesofdevelopment,seedsare
classifiedintofourdifferentcategoriesasunder

 Breederseed

ItisalsoknownasNucleusseed.Itisveryimportantclassofseed.Itis
producedatbreeder’sinstitutewiththeresponsibilitiesoftheconcernbreeder
whodevelopedaparticularvariety.Breederseedisthemainsourceforthe
increaseoffoundationseed.Itis100%geneticallypure.

 Foundationseed

This seed is directlyproduced from the breederseed.Production of
foundationseed isdonecarefullyunderthestrictsupervisionofthehighly
qualifiedseedexpertsbecausegeneticpurityandidentityofthevarietyshould
bemaintained,asthisseedisthesourceofallcertifiedseedclasses,either
directlyorthroughtheregisteredseed.Foundationseedisproducedatstate
GovernmentfarmsandAgriculturaluniversityfarms.

 Registeredseed

Thisclassofseedisincreasedfrom foundationseedorotherregistered
seedproducedbytheprivateseedgrowersorseedcompanies.



 Certifiedseed

Certified seed meanstheproduction ofcommercialseed sold to the
farmersforraisingthecrop.Thistypeofseedisproducedfrom foundationseed
orregisteredseed.TheNationalSeedCorporation,AgriculturalUniversities,State
Government,Privateseedcompanies,PrivateseedproducersandsomeCo-
operativesocietyproducethistypeofseed.Theseedproducedbyvarious
agenciesiscertifiedbyStateSeedCertificationAgency.

 Sowing:-

Sowing isanoperationforputting theseedsinthesoilatparticular
distanceanddepthforraisingthecropafterproperpreparationofaland.

Seedsaresowneitherdirectlyonthefield(seedbed)orinnurserywhere
seedlingsareraisedandtransplantedlaterintothemainfield.

TimeofSowing

Sowingveryearlyintheseasonmaynotbeadvantageous.Forexample,
sowingrainfedgroundnutinJunemayresultinfailureofthecropifthereis
prolongeddryspellfrom thesecondweekofJunetosecondweekofJuly.But
sometimes,sowing earlyin certain situations increases the yield ofcrop.
Advancing sowing ofrabisorghum from Novemberto September-October,
increasestheyieldsconsiderablyasmoremoisturewouldbeavailableforearly
sowncrop.

DelayedSowing

Delayedsowinginvariablyreducestheyields.Rainfedsorghum yieldsare
reduceddueto delayinsowingbeyondJune.Inrainfedgroundnut,sowing
beyondJulyreducedtheyieldsofallvarietiesatTirupati.Similarly,theyieldsof
pigeonpeaandsoybeanarereducedduetodelayinsowing.Thereductionin
yieldsisattributedtoearlyinductionofflowering,unfavourabletemperatureand
rainfall.Mostofthetropicalcropsareshort-dayplants.Daylengthstartsfalling
from Julyonwards,butthe reduction in daylength issteep from October
onwards.Floweringisinducedinshort-daycropsearlierduetoabsoluteshort



daysorrelativereductionindaylength.Ifsowingsaredelayed,thereisverylittle
timeforvegetativegrowthandthus,thereisreductioninyield.Inaddition,late
sown crops are exposed to increased population ofpests and diseases.
Sorghum sownlateissubjectedtosevereattackofshootborer.
Optimum TimeofSowing

Sowing the crop atoptimum time increases yields due to suitable
environmentatallthegrowthstagesofthecrop.Floweringisinducedafter
sufficientvegetativegrowth.Moisturestressordryspellsmaybeavoidedduring
criticalstages.Theoptimum timeofsowing formostoftropicalcropsis
immediatelyaftertheonsetofmonsooni.e.JuneorJuly.Theoptimum timeof
sowingfortemperatecropslikewheatandbarleyarefrom lastweekofOctober
tofirstweekofNovember.Theoptimum timeofsowingformostofthesummer
cropsisfirstfortnightofJanuary.

 TypesofSowing

 Drysowing

Drysowingisadoptedinblacksoilswheresowingoperationsaredifficult
tocarryoutoncerainscommence.Fieldispreparedwithsummerandseedsare
sownindrysoilaroundseventotendaysbeforetheanticipatedreceiptsof
sowingrains.Theseedsgerminateafterthereceiptsofrains.Bythismethod,
rainfalliseffectivelyutilized.

 WetSowing

Wetsowingisthemostcommonmethodofsowingcrops.Theminimum
amountofrainfallnecessaryfortakingupsowingis20mm.Certainamountof
moistureiswastedduringtheperiodbetweenreceiptofrainfallandsowing.

 Methodsofsowing

1. Broadcasting:

Thisisanoldestmethod.Thismethodissuitableforcloseplantedcrop
whichdonotrequireaspecificgeographicarea.Cropplantswhichdonotrequire
specialtypeofculturalpracticese.g.earthinguporinterculturingetc.maybe
sownbybroadcasting.Thismethodisfollowedinthecrophavingshortlife



period.Seedsarespreadorscatterbyhandsoverthefieldandcoveredwiththe
helpofwoodenrakeorlightplank.

Advantages:

 Thismethodischeap.

 Itiseasyandquick.
Disadvantages:

 Requiremoreseedrate.

 Unevendistributionofseedispossible.

 Unevendepthofsowing.

 Interculturingisnotpossible.

 Weedingbecomesdifficult.

 Selectionsofseedsarenotpossible.

 Coveringseedswiththehelpofrakeisnecessary.

 e.g.Cumin,Isabgul,Lucerne,Coriander,Rajgira,Berseem etc.andinmix
croppingsituation.

2. Drilling:

Drillingisapracticeofdroppingtheseedsinfurrowsbyamechanical
deviceatadistancebetweenrows.Seedaredrilledinparallelline.Distributionof
seedsisregulatedbyreleasingseedsintothebowlbythehand.Forcoveringthe
seedslightplankingisdonebyplank.

Advantages:

 Uniform distancebetweentworowscanbemaintained.

 Lessseedrateascomparedtobroadcasting.

 Interculturingispossiblebetweentworows.

 Seedsareplacedatuniform depthandcoveredandcompacteduniform
Disadvantages:

 Distancebetweentwoplantswithintherowisnotmaintained.

 Thinningandgapfillingoperationsarenecessary

 Selectionofseedisnotpossible.

 e.g.Uplandrice,Wheat,Bajra,Barley,Mustard,Greengram,Cowpea,etc.
andinintercroppingsituation.



3. Dibbling:

Putting the seed orfew seeds in a hole orpitorpocket,made at
predeterminespacinganddepthwithadibblerorveryoftenbyhand.This
methodissuitableforwidespacecropsrequiringaspecificgeometricareafor
theircanopy developmentorculturalpractices.Firstalllines are marked
verticallyandhorizontallywiththehelpofmarkerataparticulardistance.Ateach
crossseedsaredibbledwiththehelpofdibblerbymanuallabour.Thenseeds
arecoveredwithsoil.

Advantages:

 Spacing ismaintained between two rowsand between two plants
withintherow.

 Requirementofseedrateislessascomparedtobroadcastingand
drilling.

 Depthofsowingismaintained.

 Selectionofgoodseedispossible.

 Giverapidanduniform germinationwithgoodseedlingvigour.

Disadvantages:

 Morelaboriousandtimeconsumingmethod.

 Itiscostly.

 e.g.Cotton,Castor,Indianbean,Pigeonpeaetc.

4. Planting:

Placingofplantpart(vegetativepropagules)insoilcalledplanting.The
vegetativepropagulesareplanteddirectlyonthefieldshouldbegoodinhealth,
vigour,age,stageofgrowthanddesirablenumberofreadilysproutingbuds.

Advantages:

 Properdistancecanbemaintainedbetweentworowsandbetweentwo
plantswithintherow.

 Providingopportunityforselectionofplantingmaterial.

 Depthofsowingcanbemaintained.

Disadvantages:



 Itrequiresmorelabour.

 Itiscostlyandtimeconsumingmethod.

e.g. Tuber :Potato, Rhizomes :GingerandTurmeric,
Bulb :Onion, Cloves :Garlic,
Vineset :Sweetpotato, Setts :Sugarcane,
Rootcutting:Pointedgourd, Rootedslips: Napier grass, Blue panic

grass.
5. Transplanting:

Transplantingistheremovalofanactivelygrowingplantfrom oneplace
andplantingitinanotherforfurthergrowthandproduction.Inthismethodseeds
arenotdirectlysowninthefieldbutseedsaresownfirstinnurserywithproper
care.Afterpropergrowth(generallyfourweeks),seedlingsareuprootedand
transplantedinwellpreparedmainfield.Thismethodisusefulforraisingthe
cropswhichhavesmallsizeseedsandrequiremorecareintheinitialstage.

Advantages:

 Economyofcostlyseeds.

 Maintainingofdesireplantdensitywithhealthyandpureseedlings.

 Availablesufficienttimeforpreparingseedbed.

 Providebetterchancesforbettercareinsmallareaduringseedling
stage.

Disadvantages:

 Totaldurationofcropmaybemore.

 Itincreasesthelabourandpowerrequirementinapeakperiod.

 Itincreasesthecostoflandpreparation,uprootingandtransplantingof
seedling.

 e.g.Seedlings-Rice,Tobacco,Tomato,Brinjal,Chilly,Onion,Cabbage,
Caulifloweretc.
Saplings-Subabool,Sag,Eucalyptus.



Topic5:Cropdensityandgeometry

PlantPopulationorPlantDensity

Numberofplantsperunitareainthecroppedfieldistheplantpopulation

orplantdensity.

Optimum plantpopulation

1.Optimum plantpopulation–Itisthenumberofplantsrequiredtoproduce

maximum outputorbiomassperunitarea.

2.Anyincreasebeyondthisstageresultsineithernoincreaseorreductionin

biomass.

Importanceofplantpopulation/cropgeometry

1.Yieldofanycropdependsonfinalplantpopulation

2.Theplantpopulationdependsongerminationpercentageandsurvivalratein

thefield

3.Underrainfedconditions,highplantpopulationwilldepletethesoilmoisture

beforematurity,whereaslow plantpopulationwillleavethesoilmoisture

unutilized

4.Underlow plantpopulationindividualplantyieldwillbemoreduetowide

spacing.

5.Underhighplantpopulationindividualplantyieldwillbelow duetonarrow

spacingleadingtocompetitionbetweenplants.

6.Yield perplantdecreasesgraduallyasplantpopulation perunitarea is

increased,butyieldperunitareaincreasesuptocertainlevelofpopulation,

thatlevelofplantpopulationiscalledasoptimum population

Sotogetmaximum yieldperunitarea,optimum plantpopulationis

necessary.Sotheoptimum plantpopulationforeachcropshouldbeidentified.



Plantgeometry

Plantgeometryreferstheshapeoftheplant/plantcanopy.LikeVertical

growthinsorghum,maize,paddyetc.Horizontalgrowthincotton,tobacco,

pulsesetc.

Cropgeometry

Cropgeometryreferstheshapeofthelandavailabletoindividualplantto

grow.e.g.random,square,rectangularetc.

Thearrangementoftheplantsindifferentrowsandcolumnsinanareato

efficientlyutilizethenaturalresourcesiscalledcropgeometry.Itisotherwise

areaoccupiedbyasingleplante.g.rice–20cm x15cm.Thisisveryessential

toutilizetheresourceslikelight,water,nutrientandspace.Differentgeometries

areavailableforcropproduction

Differentcropgeometriesareavailableforcropproduction

1.Random geometry

Thistypeofgeometryisobservedunderbroadcastingmethodofsowing,

wherenoequalspaceismaintained,resourcesareeitherunderexploitedor

overexploited.

2.Squaremethodorsquaregeometry

Theplantsaresownatequaldistancesoneitherside.Mostlyperennial

crops,treecropsfollowsquaremethodofcultivation.

Advantages

1.Lightisuniformlyavailable,

2.Movementofwindisnotblockedand

3.Mechanizationcanbepossible.

3.Rectangularmethodofsowing

Therearerowsandcolumns,therowspacingarewiderthanthespacing

betweenplants.

Thedifferenttypesexistinrectangularmethod

a.Solidrow

Eachrowwillhavenoproperspacingbetweentheplants.Thisisfollowed



onlyforannualcropswhichhavetilleringpattern. Thereisdefiniterow

arrangementbutnocolumnarrangement,e.g.,wheat.

b.Pairedrowarrangement

Itisalsoarectangulararrangement.Ifacroprequires90cm spacingand

ifpairedrowistobeadoptedthespacingisalteredto75-120-75insteadof90

cm,i.e.distancebetweentwopairis120cm,whereasthedistancebetweentwo

rowswithinpairis75cm.Theintercropcanbegrownin-betweentwopair.The

basepopulationiskeptconstant.

c.Skiprow

Arowofplantingisskippedandhencethereisareductioninpopulation.

Thisreductioniscompensatedbyplantinganintercrop;practicedinrainfedor

drylandagriculture.

d.Triangularmethodofplanting

Itisrecommendedforwidespacedcropslikecoconut,mango,etc.The

numberofplantsperunitareaismoreinthissystem.

 Factorsaffecting

plantpopulation/

Plantdensity

Manyfactorsinfluencetheoptimum plantpopulationforacrop,thereare

1.Sizeoftheplant

1.Thevolumeoccupiedbytheplantatthetimeoffloweringdecidesthespacing

ofcrop

2.Plantsofredgram,cotton,sugarcaneetcoccupylargervolumeofspaceinthe

fieldcomparedtorice,wheat,ragi

3.Eventhevarietiesofthesamecropdifferinsizeoftheplant

2.Foragingareaorsoilcover



1. Shouldcoverthesoilasearlyaspossiblesoastointerceptmaximum

sunlight

2. Highertheinterceptedradiationmorewillbethedrymatterproduced

3. ClosespacedcropsinterceptmoreSolarradiationthanwidespacedcrops

3.Drymatterpartitioning

1.Drymatterproductionisrelatedtoamountofsolarradiationinterceptedbythe

canopywhichdependsonplantdensity

2.As the plantdensityincreases the canopyexpands more rapidly,more

radiationisinterceptedandmoredrymatterisproduced.

4.Cropandvariety

Crop Duration Distance Plantpopulation

Rice Shortduration 15cm x10cm 6,66,666

plants/ha

Medium duration 20cm x10cm 5,00,000

plants/ha

Longduration 20cm x15cm 3,33,333

plants/ha

Cotton Medium duration 60cm x30cm 55,555plants/ha

Longduration 75cm x30cm 44,444plants/ha

Hybrids 120cm x45cm 18,518plants/ha

Maize Varieties 60cm x20cm 83,333plants/ha

Hybrids 60cm x35cm 47,619plants/ha

Groundnut Erect 30-45cm x10cm 2,22,222

plants/ha

Semi-spreading 45-60cm x10cm 1,66,666

plants/ha

Spreading 60-90cm x10cm 1,11,111



plants/ha

5.Timeofsowing

1.Thecropissubjectedtovariousweatherconditionswhensownat

differentperiods.

2.Amongweatherfactors,daylengthandtemperatureinfluencetheplant

population.Aslowtemperatureretardsgrowth,highplantpopulationis

requiredtocoverthesoil

6.Rainfall/irrigation

1.Plantpopulationhastobelessunderrainfedthanirrigatedcondition

2.Undermoreplantdensities,morewaterislostthroughtranspiration

3.Under adequate rainfall / irrigation, high plant population is

recommended.

7.Seedrate

1.Quantity ofseed sown/unitarea,viability and establishmentrate

decidestheplantpopulationUnderbroadcastingtheseedrateishigher

whencomparedwithlinesowing/transplanting,e.g.forrice

Directsowing - 100kg/ha

Linesowing - 60kg/ha

Transplanting - 40kg/ha

7.Depthofsowing:

Depthofsowingisgovernedbysizeofseedandsoilmoisturecontent.

Unevendepthofsowingresultsinunevencropstand.Plantswillbeofdifferent

sizesandagesandfinallyharvestingisaproblem asthereisnouniformityin

maturity.Shallow ordeepsowingresultsinlow plantpopulationbecauseall

seedsdonotgerminate.Therefore,itisessentialtosow thecropatoptimum

depthforobtaininggoodstandofthecrop.

Cropswithbiggersizedseedslikegroundnut,castor,sunflower,etc.can



besownevenuptothedepthof6cm.Whereas,smallsizedseedsliketobacco,

sesamum,bajra,mustardhavetobesownasshallowaspossible.

Iftheseedsaresowntooshallow,thesurfacesoildriesupquicklyand

germinationmaynotoccurduetolackofmoisture.Therefore,smallsizedseeds

whicharesownshallowshouldbewateredfrequentlytoensuregoodemergence

ofthecrop.

Ifthesmallseedsaresowndeepinthesoil,theseedreservefoodmaybe

inadequatetoputforthlongcoleoptilesforemergence.Eveniftheseedling

emerges,itistooweaktosurviveasanautotrophic.

Forbettergermination,thesoilshouldhavesufficientmoistureinthe

surfacelayer.Cropgrowninrabiaresowndeeperthankharifcrop,becausein

rabisurfacesoilhaveinsufficientmoistureforgermination.

Thethumbruleistosowseedstoadepthapproximately3to4timestheir

diameter.Theoptimum depthofsowingformostofthefieldcropsranges

between3cm to5cm.Shallowdepthofplantingof2cm to3cm isfollowfor

smallseedslikebajra,sesamum,mustard.Verysmallseedsliketobaccoare

placedatadepthof1cm.Thisisgenerallydonebybroadcastingonthesoil

surfaceandmixingthem byracking.



Topic6:Cropnutrition,manuresandfertilizers,nutrientuseefficiency

Yieldandthequalityofproductsfrom cropsarestronglylinkedtothe

supplyofnutrients.Intheabsenceoffertilizerapplication,mostnutrientsare

suppliedfrom thesoil.Over95percentofthedryweightofafloweringplantis

madeupofthreeelements—carbon,hydrogen,andoxygen—takenfrom theair

andwater.Theremaining5percentofthedryweightcomesfrom chemicals

absorbedfrom thesoil.Rootsabsorbthechemicalspresentintheirsurroundings,

butonly14oftheelementsabsorbedarenecessaryforplantgrowth.These14

elements,alongwithcarbon,hydrogen,andoxygen,arecalledthe 17essential

inorganicnutrientsor elements.

Macronutrients:Someoftheessentialsnutrientsareneededinlargeramounts

thanothersarecalledmacronutrient.

Micronutrients: those nutrients are needed in lesser amounts

called micronutrients. Allelements are needed in specific

amounts. 

 Macronutrientsabsorbedfrom theair:oxygen,carbon,andhydrogen.
 Macronutrientsabsorbedfrom thesoil:nitrogen,potassium,magnesium,

phosphorus,calcium,andsulfur.
 Micronutrientsfrom thesoil:iron,boron,chlorine,manganese,zinc,copper,

molybdenum,andnickel.

Criteriaforessentialityofnutrient

ArmonandStout(1939)proposedcriteriaofessentialitywhichwasrefinedby

Arnon(1954)as:

1.Theplantmustbeunabletogrow normallyorcompleteitslifecycleinthe

absenceoftheelement.

2.Theelementisspecificandcannotbereplacedbyanother.



3.Theelementplaysadirectroleinplantmetabolism.

Nutrientuseefficiency

Nutrientuseefficiencymaybedefinedasyield(biomass)perunitinput

(fertilizer, nutrient content).

Agronomicefficiency

Agronomic efficiency may be defined as the economic production

obtainedperunitofnutrientapplied.

Calculation:Expressedinkg/kg

 Manures and

fertilizers

Theword“Manure”isoriginatedfrom theFrenchword“MANOEUVRER”

whichrefersto“workwithsoil”.

DifferencesbetweenManuresandFertilizers

Sr.
No

MANURES FERTILIZERS

1 Organicinnature Inorganicinnature

2 Slowacting Quickacting

3 Havinglownutrientvalue Havinghighnutrientvalue

4 Having no definite
chemicalcomposition

Havingdefinitechemicalcomposition

5 Obtained from plant,
animal and human
resources

Obtainedfrom Minedormanufactured

6 Improves physical
propertiesofsoils

Don’timprovethephysicalpropertiesof
Soils

7 Supply almostallmajor,Supplyoneorveryfewplantnutrients.



minorandmicronutrients

8 Bulkyinnature Non-bulkyinnature

 Manure:

Manuresare the substanceswhich are organicin nature,capable of

supplyingplantnutrientsinavailableform,bulkyinnaturehavinglowanalytical

valueandhavingnodefinitecompositionandmostofthem areobtainedfrom

animalandplantwasteproducts.

 BulkyOrganicManures

Bulkyorganicmanurescontainsmallpercentageofnutrientsandtheyare

appliedinlargequantities.

1.FYM

Farmyardmanurereferstothedecomposedmixtureofdungandurineoffarm

animalsalongwithlitterandleftovermaterialfrom roughagesorfodderfedto

thecattle.Itcontains0.5percentN,0.2percentP2O5and0.5percentK2O.

2.Compost

A massofrottedorganicmattermadefrom wasteiscalledcompost.It

contains0.5percentN,0.15percentP2O5and0.5percentK2O.

3.Nightsoil

Nightsoilishumanexcreta,bothsolidandliquid.Itcontains5.5percentN,4.0

percentP2O5and2.0percentK2O.

4.SewageandSludge

Thesolidportioninthesewageiscalledsludgeandliquidportionissewage

water.

5.Vermicompost



Compostthatispreparedwiththehelpofearthwormsiscalledvermicompost.

Itcontains3.0percentN,1.0percentP2O5and1.5percentK2O.

6.GreenManure

Definition:Cropsgrownforthepurposeofrestoringorincreasingtheorganic

mattercontentinthesoilarecalledgreenmanurecropswhiletheregreen

undecomposedplantmaterialusedasmanureiscalledgreenmanure.Their

useincroppingsystem isgenerallyreferredasgreenmanuring.Itisobtained

intwoways-eitherbygrowninsituorbroughtfrom outsite.

1.Insitugreenmanuring:Growingofgreenmanurecropsinthefieldand

incorporatingitinitsgreenstageinthesamefield(i.e.insitu)istermed

asgreenmanuring.

2.Greenleafmanuring:istheapplicationofgreenleavesandtwigsof

trees,shrubsandherbscollectedfrom nearbylocationandaddinginto

thesoil.Foresttreeleavesarethemainsourceofgreenleafmanuring.

Advantageofgreenmanuring:-

1.Ithaspositiveinfluenceonthephysicalandchemicalpropertiesofsoil.

2.Helpstomaintaintheorganicmatterstatusofarablesoil.

3.Allgreen manures supplyextra organic matterto feed and breed

beneficialsoilorganismsforsoilfertilityandsoilhealth.

4.Increasesthewaterholdingcapacityoflightsoils.

5.Itfacilitiesthepenetrationofrainwater,thusdecreasingrunoffandsoil

erosion.

6.Thegreenmanurecropsholdplantnutrientsthatwouldotherwisebe

lostbyleaching(e.g.Nitrogen)



7.Whenleguminousplantslikesannhempanddhainchaareusedasgreen

manurecrops,theyaddnitrogentothesoilforthesucceedingcrops.

8.Greenmanuringcropshelpsinreclamationofsalineandalkalinesoils

bythereleaseoforganicacids.

Limitationsofgreenmanuring:-

(1)Underrainfedconditionitisfearedthatproperdecompositionofthe

green manure crop maynottake place ifsufficientrainfallis not

receivedafterburyingthegreenmanurecrop.

(2)SincegreenmanuringforwheatlossofKharifcrops,thepracticeof

greenmanuringmaynotbealwayseconomical.

(3)Sometimesthecostofgreenmanurecropsmaymorethanthecostof

commercialfertilizers.

(4)Sometimesitincreasestermiteproblem.

(5)The green manure crop maybe failed ifsufficientrainfallisnot

available.

Characteristicsofgreenmanurecrops:-Anidealgreenmanurecropshould

havethefollowingcharacteristics.

(1)Itshouldbepreferablyfrom leguminousfamilysothatatmospheric

nitrogencanbefixed.

(2)Itshouldhavequickinitialgrowthsoastosuppresstheweedgrowth.

(3)Itshouldhavemoreleafygrowththanwoodysothatitsdecomposition

willberapid.

(4)Itshouldyieldalargequantityofgreenmaterialinshortperiod.

(5)Itshouldhaveadeeprootedsystem sothatitwouldpenetratedeep

layersofthesoilandthusaidincreatinggoodwillstructure.

Nutrientcontent(%)onairdrybasis



Plants N P2O5 K2O.

Greenmanurecrops

Sunnhemp 2.30 0.50 1.80

Dhaincha 3.50 0.60 1.20

Sesbania 2.71 0.53 2.21

Greenleafmanure

Gliricidia 2.76 0.28 4.60

Pongania 3.31 0.44 2.39

Neem 2.83 0.28 0.35

Gulmohur 2.76 0.46 0.50

Weeds

Parthenium 2.68 0.68 1.45

Waterhyacinth 3.01 0.90 0.15

Trianthema 0.64 0.43 1.30

Ipomoea 2.01 0.33 0.40

7.SheepandGoatManure,Penning

Itcontains3.0percentN,1.0percentP2O5and2.0percentK2O.

8.PoultryManure

Itcontains3.03percentN,2.63percentP2O5and1.4percentK2O.

 ConcentratedOrganicManures

Concentrated organic manures have highernutrientcontentthan bulky

organicmanure.

Oilcakes

Nutrientcontent(%)

N P2O5 K2O.



Nonedible

oilcakes

Castorcake 4.3 1.8 1.3

Cottonseedcake 3.9 1.8 1.6

Karanjcake 3.9 0.9 1.2

Mahuacake 2.5 0.8 1.2

Safflowercake 4.9 1.4 1.2

Edibleoilcakes

Coconutcake 3.0 1.9 1.8

Cottonseedcake 6.4 2.9 2.2

Groundnutcake 7.3 1.5 1.3

Linseedcake 4.9 1.4 1.3

Nigercake 4.7 1.8 1.3

Rapeseedcake 5.2 1.8 1.2

Safflowercake 7.9 2.2 1.9

Sesamum cake 6.2 2.0 1.2

 Average nutrient

content of animal

based concentrated

organicmanure

Organicmanure Nutrientcontent(%)

N P2O5 K2O

Bloodmeal 10-12 1-2 1.0



Meatmeal 10.5 2.5 0.5

Fishmeal 4-10 3-9 0.3-1.5

Horn and hoof

meal

13 …… ……

Rawbonemeal 3-4 20-25 ……

Steamed bone

meal

1-2 25-30 ……

 Fertilizer:

Afertilizercanbedefinedasaminedormanufacturedmaterialcontaining

one or more essentialplant nutrients in potentially available forms in

commerciallyvaluableamounts.

Itismostessentialtoapplyfertilizeratpropertimeandatproperplacefor

itsefficientuse.Thus,thetimeandmethodoffertilizerapplicationwillvaryin

relation to (i) Nature of fertilizer(ii) Soiltypes (iii) Differentialnutrient

requirementand(iv)Natureoffieldcrops.

ClassificationofFertilizers

1.Nitrogenousfertilizers:

 Ammonium fertilizer:eg.Ammonium sulphate,ammonium chloride

 Nitratefertilizer:eg.Potassium nitrate,sodium nitrate,calcium nitrate

 Ammonium – nitrate fertilizers : eg. Ammonium nitrate,calcium

ammonium nitrate

 Amidefertilizers:eg.Urea,calcium cyanamide



2.Phosphaticfertilizers:

 WatersolublePfertilizers:eg.Superphosphate

 CitratesolublePfertilizers:eg.Basicslag

 InsolublePfertilizers:eg.Rockphosphate

3.Potassicfertilizers:eg.Muriateofpotash(KCL),potassium sulphate

 DifferentMethods

A.ApplicationofFertilizersinSolidForm

1.Broadcast

 Broadcasting:Applicationoffertilizeruniformlyonthesoilsurfaceorin

thestandingcropisknownasbroadcastingoffertilizers.

 Top–dressing:Itinvolvesthespreadingoffertilizerinthestandingcrop.

2.Placement

 Plough-soleplacement:Thefertilizerisputinacontinuousbandorstripat

adepthof5.5to7inchesatthebottom ofthefurrow whileploughing.

Eachbandiscoveredwiththeturnofthenextfurrow.

 Deepplacement:Nitrogenfertilizersareapplieddeepinpaddyfields.Deep

placementofthefertilizerensuresitsbetterdistributionintherootzone

andpreventsanylossofnitrogenbysurfacedrain-off.

 Sub-soilPlacement:Itreferstotheplacementoffertilizersinthesubsoil

withthehelpofhighpowermachinery.

3.Localizedplacement:Applicationoffertilizersinthesoilveryclosetotheseed

ortheplant.



 Contactplacement:Theseedandsmallquantityoffertilizerareplaced

togetherinthesamerowbydrilling.

 BandPlacement:Applicationoffertilizersinnarrowbandsbeneathandby

thesideofthecroprowsisknownasbandplacementoffertilizers.

 Hillplacement

 Rowplacement

 Pelletapplication:TheN-fertilizerisappliedintheform ofpelletsata

depthof1to2inchesbetweentherowsofpaddycrops.

 Side-dressing:Thefertilizerisspreadbetweentherowsoraroundthe

plant.

B.ApplicationofFertilizerinLiquidForm

1.StarterSolution :The solutions offertilizers thatare applied to young

vegetableplantsatthetimeoftransplantingarecalledstartersolutions.It

containN,P2O5andK2Ointheratio1:2:1or1:1:2.

2.FoliarSpray:Applicationoffertilizerstofoliageofthecropasspraysolutionis

knownasfoliarsprayoffertilizers.

3.Directapplicationtothesoil:AnhydrousNH3andsolutionsofN-fertilizerscan

bedirectlyappliedtothesoilwiththehelpofspecialequipments.Nitrogen

from NH3maybelostiftheapplicationisshallow.

4.Fertigation:Applicationoffertilizerswithirrigationwaterisknownas

fertigation.

 Brownmanuring

BrownmanuringisatechniquetogrowSesbaniainstandingricecropand

killthem withthehelpofherbicideformanuring.Afterkillingthecolorofthe

sesbania residuebecomebrownsoitcalledbrownmanuring.Brownmanuring

practiceintroducedwhere Sesbania crop@ 20kg/haisbroadcastedthreedays



afterricesowing/TP andallowedtogrow for30-40daysandwasdriedby

spraying2,4-D ethyleeasterwhichsuppliedupto35kg/haN from biomass,

controlofbroadleafweeds,higheryieldby4-5q/hainricecropduetoaddition

oforganicmatterinlowfertilesoils.

 Biofertilizers

Bio-fertilizeris microorganism's culture capable offixing atmospheric

nitrogenwhensuitablecropsareinoculatedwiththem.Bio-fertilizeroffersan

economicallyattractive and ecologicallysound means ofreducing external

inputsandimprovingthequalityandquantityofproducts.Microorganismsare

capableofmobilizingnutritiveelementsfrom non-usableform tousableform

through biological process. These are less expensive,eco-friendly and

sustainable.TheBiofertilizerscontainingbiologicalnitrogenfixingorganism are

ofutmostimportantinagricultureinviewofthe

followingadvantages:

1.Theyhelpinestablishmentandgrowthofcropplantsandtrees.

2.Theyenhancebiomassproductionandgrainyieldsby10-20%.

3.Theyareusefulinsustainableagriculture.

4.Theyaresuitableorganicfarming.

5.TheyplayanimportantroleinAgroforestry/silvipastoralsystems.    

TypesofBiofertilizers:Therearetwotypesofbio-fertilizers.

1.SymbioticN-fixation:TheseareRhizobium cultureofvariousstrainswhich

multiplyinrootsofsuitablelegumesandfixnitrogensymbiotically.

Rhizobium:Itisthemostwidelyusedbio-fertilizers,whichcolonizestherootsof

specificlegumestoform tumourslikegrowthcalledrootnodulesandthese

nodulesactasfactoriesofammoniaproduction.

2.AsymbioticN-fixation: ThisincludesAzotobacter,Azospirillium,BGA,Azolla

andMycorrhizae,whichalsofixesatmosphericNinsuitablesoilmedium.

Mycorrhizae:Mycorrhizaearethesymbioticassociationoffungiwithrootsof



Vascularplants.The main advantage ofMycorrhizae to the hostplantsis

facilitatinganincreasedphosphorousuptake.InmanycasestheMycorrhizae

have been shown to markedlyimprove the growth ofplants.In India,the

beneficial effects of Vascular-Arbuscular Mycorrhizae (VAM) have been

observedinfruitcropslikecitrus,papayaandlitchi.

Rhizobium stainsusedfortheseedtreatmenttopulses

Nameofthestrain Crop
Rhizobium leguminosarum Pea
Rhizobium japonicum Soybean
Rhizobium phaseolus Bean
Rhizobium spp Cowpea

 PGPR/Bio-Consortium

The“BioNPKconsortium”havingmultipleutility

asbiofertilizercum biopesticide.

This product contains five strains of

agriculturallybeneficialmicroorganism (twoNitrogen

fixers,two Phosphate solubilizers and one potash

mobilizer) is the one time solution for allthe

macronutrient(N,P,K)requirementofcrops.Moreover,thisformulationwillalso

provideanadditionalbenefitofprotectingplantfrom phytopathogenicfungiand

nematodes.

 Fieldapplicationsliquidbiofertilizers&BioNPKconsortium:

 Applied through seed coating,soildrenching,seedling dip and drip

irrigationincereals,vegetables,fruitcrops,horticulturalcrops,sugarcane,



cotton,foddercropsetc.aspermethodofcropcultivation.UseofBioNPK

consortium @ 1litre/hacansave25%N,PandKchemicalfertilizerswith

increaseinyieldwithreductioninsoil,waterandairpollution.

 UseofBio NPK consortium along with organicmanurecan increase

populationofbeneficialmicroorganismsinsidesoil,whereintheywork

continuouslyandkeepbiogeochemicalcyclesofN,P andK alivewith

increaseinsoilfertilityandcropyield.BeneficialinOrganicfarmingand

precisionfarmingapproachofIntegratedFarmingSystem.

 Integrated Nutrient

Management

Plantnutrientscanbesuppliedfrom differentsourcesviz.organicmanure,

crop residues,biofertilizersand chemicalfertilizers.Forbetterutilization of

resources and to produce crops with less expenditure,integrated nutrient

managementisthebestapproach.

Topic7:Growthanddevelopmentofcrops

Whatisgrowth?

Growthcanbedefinedasanirreversiblepermanentincreaseinsizeofan

organoritspartsorevenofanindividualcell.

 Types of growth /

Stagesofgrowth

Vegetative growth:The earliergrowth ofplantproducing leaves,stem and

brancheswithoutflowersiscalled‘vegetativegrowth’/Phase.

Reproductivegrowth:Afterthevegetativegrowth,plantsproduceflowerswhich

isthereproductivepartoftheplant.Thisiscalledreproductivegrowth/phase.

Growthcurve:Itisan‘S’shapedcurveobtainedwhenweplotgrowthagainst

time(Fig.2).Itisalsocalled‘sigmoid‘curve.Thiscurvemainlyshowsfour



phasesofgrowth-

1.Initialslowgrowth(Lagphase),

2.Therapidperiodofgrowth(logphase/grandperiodofgrowth/exponential

phase)wheremaximum growthisseeninashortperiodand

3.Thediminishingphasewheregrowthwillbeslowand

4.Stationary/steadyphasewherefinallygrowthstops.



Thethreephasesofcellgrowtharecelldivision,cellenlargementandcell

differentiation.Thefirsttwostagesincreasethesizeoftheplantcellwhilethe

3rdstagebringsmaturitytothecells.

 MEASUREMENT OF

GROWTH

Growthcanbemeasuredbyavarietyofparametersasfollows

A.FreshWeight

Determination ofFresh weightisan easyand convenientmethod of

measuringgrowth. Formeasuringfreshweight,theentireplantisharvested,

cleanedfordirtparticlesifanyandthenweighed.

B.DryWeight

Thedryweightoftheplantorgansisusuallyobtained bydrying the

materials

for24to48hat70to800Candthenweighingit.Themeasurementsofdry

weight

maygiveamorevalidandmeaningfulestimationofgrowththanfreshweight.

However,inmeasuringthegrowthofdarkgrownseedlingitisdesirabletotake

fresh

weight.

C.Length

Measurementoflengthisasuitableindicationofgrowthforthoseorgans

whichgrow inonedirectionwithalmostuniform diametersuchasrootsand

shoots.

Thelengthcanbemeasuredbyascale.Theadvantageofmeasuringlengthis

that

itcanbedoneonthesameorganoveraperiodoftimewithoutdestroyingit.

D.Area

Itisusedformeasuringgrowthofplantorganslikeleaf.Theareacanbe

measured byagraphpaperorbyasuitablemechanicaldevice.Nowadays

modernlaboratoriesuseaphotoelectricdevice(digitalleafareameter)which



readsleafareadirectlyastheindividualleavesisfedintoit.

 GROWTHANALYSIS

Growthanalysisisamathematicalexpressionofenvironmentaleffectson

growthanddevelopmentofcropplants.Thisisausefultoolinstudyingthe

complexinteractionsbetweentheplantgrowthandtheenvironment.Growth

analysisincropplantswasfirststudiedbyBritishScientists(Blackman1919,

Briggs,Kiddandwest1920,William 1964,Watson1952andBlackman,(1968).

Thisanalysisdependsmainlyonprimaryvalues(Dryweights)andtheycanbe

easilyobtainedwithoutgreatdemandonmodernlaboratoryequipment.

Thebasicprinciplethatunderlieingrowthanalysisdependsontwovalues

(1)totaldryweightofwholeplantmaterialperunitareaofground(w)and(2)the

totalleafareaoftheplantperunitareaofground(A).

Thetotaldryweight(w)isusuallymeasuredasthedryweightofvarious

plantpartsviz,leaves,stemsandreproductivestructures.Themeasureofleaf

area(A)includestheareaofotherorgansviz,stem petioles,flowerbracts,awns

andpodsthatcontainchlorophylland contributesubstantiallyto theoverall

photosynthesisoftheplants

According to the purpose ofthe data,leafarea and dryweights of

component

plantpartshavetobecollectedatweekly,fortnightlyormonthlyintervals.This

data

aretobeusedtocalculatevariousindicesandcharacteristicsthatdescribethe

growth ofplants and oftheirparts grown in differentenvironments and

the

relationship between assimilatory apparatus and dry matter production.

These

indicesandcharacteristicsaretogethercalledasgrowthparameters.Someof

the

parametersthatareusuallycalculatedingrowthanalysisarecropgrowthrate

(CGR),relativegrowthrate(RGR),netassimilationrate(NAR),Leafarearatio

(LAR),Leafweightratio(LWR).SpecificLeafArea(SLA),Leafareaindex(LAI)

and



Leafareaduration(LAD).Accuracyincalculationsoftheseparametersandtheir

correctinterpretationareessentialaspectingrowthanalysis.

Advantagesofgrowthanalysis

a)Wecanstudythegrowthofthepopulationorplantcommunityinaprecise

waywiththeavailabilityofrawdataondifferentgrowthparameters.

b)Thesestudiesinvolveanassessmentoftheprimaryproductionofvegetation

inthefieldi.e.attheecosystem level(atcroplevel)oforganization.

c)Theprimaryproductionplaysanimportantroleintheenergeticofthewhole

ecosystem.

d)Thestudiesalsoprovidepreciseinformationonthenatureoftheplantand

environmentinteractioninaparticularhabitat.

e)Itprovidesaccuratemeasurementsofwholeplantgrowthperformanceinan

integratedmanneratdifferentintervalsoftime.

DrawbacksofGrowthAnalysis

In classicalgrowth analysis sampling forprimary values consistof

harvesting (destructively)representative sets ofplants orplots and itis

impossibletofollowthesameplantsorplotsthroughoutwholeexperiment.

 GrowthCharacteristics-DefinitionandMathematicalFormula

Thefollowingdataarerequiredtocalculatedifferentgrowthparametersinorder

toexpresstheinstantaneousvaluesandmeanvaluesoveratimeinterval.Inthe

followingdiscussionW,WL,WSandWRareusedtorepresentthedryweightsof

totalplant(w),dryleaves(wL),stem (WS)androots(WR)respectively.Whereas

AistheleafareaandPisthelandarea.

1.CropGrowthRate(CGR):

D.J.Watsoncoinedtheterm Cropgrowthrate.Itisdefinedastheincrease

ofdrymatteringramsperunitareaperunittime.ThemeanCGRoveraninterval

oftimeT1andT2isusuallycalculatedasshowinthefollowingformula

W2-W1



CGR = ----------------

P(T2-T1)

Where,CGRisthemeancropgrowthrate,P=groundarea,W1andW2arethedry

weightsattwosamplingtimesT1andT2,respectivelyanditisexpresseding/m-

2/day-1.

2.RelativeGrowthRate(RGR):

Theterm RGRwascoinedbyBlackman.Itisdefinedastherateofincrease

indrymatterperunitofdrymatteralreadypresent. Thisisalsoreferredas

Efficiencyindexsincetherateofgrowthisexpressedastherateofintereston

thecapital. Itprovidesavaluableoverallindexofplantgrowth. Themean

relativegrowthrateoveratimeintervalisgivenbelow.

LogeW2-LogeW1

RGR = ---------------------- (gg-1day-1)

T2-T1

Where,Logisnaturallogarithm,T1=timeone(days),T2=timetwo(days),W1=dry

weightofplantattimeone(days),W2=dryweightofplantattimetwo(days)and

itisexpressedasg/g/day.

3.NetAssimilationRate(NAR):

TheNARisameasureoftheamountofphotosyntheticproductgoinginto

plantmateriali.e.itistheestimateofnetphotosyntheticcarbonassimilatedby

photosynthesis minus the carbon lostby respiration. The NAR can be

determinedby

measuring plantdryweightand leafareaperiodicallyduring growth and is

commonly

reportedasgramsofdryweightincreasepersquarecentimeterofleafsurface

per

week.ThisisalsocalledasUnitleafratebecausetheassimilatoryareaincludes

onlytheactiveleafareainmeasuringtherateofdrymatterproduction.

ThemeanNARoveratimeintervalfrom T1toT2isgivenby

W2-W1 LogeL2-LogeL1

NAR = ---------X ------------------------



T2-T1 L2-L1

WhereL1andL2aretotalleafareattimet1andt2respectively.W1andW2are

totaldrywt.timet1andt2respectivelyanditisexpressedas(gcm-2wk-1).

4.LeafAreaRatio(LAR)

TheLARisameasureoftheproportionoftheplantwhichisengagedin

photosyntheticprocess.Itgivestherelativesizeoftheassimilatoryapparatus.It

is

alsocalledascapacityfactor.Itisdefinedastheratiobetweenleafareain

square

centimetersandtotalplantdryweight.Itrepresentsleafinesscharacterofcrop

plantsonareabasis.

A

LAR=-------(cm2g-1)
W

Where,A=leafareainsquarecentimeters,W=totalplantdryweight

5.LeafWeightRatio(LWR)

ItisoneofthecomponentsofLARandisdefinedastheratiobetween

gramsofdrymatterinleavesandtotaldrymatterinplants(g). Sincethe

numeratoranddenominatorareondryweightbasisLWRisdimensionless.Itis

theindexofleafinessoftheplantonweightbasis.

WL

LWR =-------
W

Where,WL=Drymatterinleaves,W=Totaldrymatterinplants

6.SpecificLeafArea(SLA)

ItisanothercomponentofLARanddefinedastheratiobetweenleafareaincm2

andtotalleafdryweightingrams.Thisisusedasameasureofleafdensity.The

meanSLAcanbecalculatedas



A

SLA =--------
WL

Where,A=leafareaplant-1andWL=leafweightplant−1anditisexpressedascm2

g-1.

7.SpecificLeafWeight(SLW)

ThereversalofSLAiscalledasSLW.Itisdefinedastheratiobetweentotalleaf

dryweightingmsandleafareaincm2.Itindicatestherelativethicknessofthe

leafofdifferentgenotypes.

WL

SLW =-------

A

Where,WL=leafweightplant-1andA=leafareaplant−1anditisexpressedasg
cm-2.

8.Leafareaindex(LAI):

D.J.Watsoncoinedthisterm.Itisdefinedasthefunctionalleafareaoverunit

landarea.Itrepresentstheleafinessinrelationtolandarea.Ataninstanttime

(T)theLAIcanbecalculatedas

LAI=Leafarea /ground area

Itisexpressedasm2/m2

Formaximum productionofdrymatterofmostcrops,LAIof4-6isusually

necessary.Theleafareaindexatwhichthemaximum CGRisrecordediscalled

as‘optimum leafareaindex’.

Growthindicesinsummary

Fewkeyindicesarecommonlyderivedasanaidtounderstandinggrowth

responses. Mathematicaland functionaldefinitions of those terms are

summarisedbelow.

Growthindex Functionaldefinition



Relativegrowthrate

(RGR)

Rateofmassincreaseperunitmasspresent(efficiency
ofgrowthwithrespecttobiomass)

Netassimilationrate

(NAR)

Rateofmassincreaseperunitleafarea(efficiencyof
leavesingeneratingbiomass)

Leafarearatio

(LAR)

Ratioofleafareatototalplantmass(ameasureof
‘leafiness’orphotosyntheticarearelativetorespiratory
mass)

Specificleafarea

(SLA)

Ratioofleafareatoleafmass(ameasureofthickness
ofleavesrelativetoarea)

Leafweightratio

(LWR)

Ratioofleafmasstototalplantmass(ameasureof
biomassallocationtoleaves)



Development

Whatisdevelopment?

It isanoverallterm whichreferstothevariouschangesthatoccurinaplant

duringitslifecycle.

Plants produce new tissues and structures throughout their life

from meristems locatedatthetipsoforgans,orbetweenmaturetissues. 

INITIATIONANDDEVELOPMENTOFVEGETATIVESTRUCTURES

1.Rootgrowth:Radicleistheembryonicroot.Duringtheseedgerminationand

seedlingformation,itgrowstoform primaryrootoftheseedlings.

2.Stem growth:Thelifeofstem startsasaplumule.Itgrowstoform theshoot

oftheseedling.Thelongitudinalgrowthofstem andformationofvariousorgans

likebranches,leaves,flowersisthefunctionofstem meristem.

3.Leafinitiation and Growth:Elevations appear on the periphery of the

meristem in a regularpattern.Leafprimordiaappearasdomeshapedonthe

peripheryofthestem.

INITATIONANDDEVELOPMENTOFREPRODUCTIVESTRUSCTURES

1.InitiationandDevelopmentofFlower:

Oncethebiochemicalrequirementsforevocationoffloweringarecompleted

andthemeristem hasreachedthepointofnoreturn,itdevelopseitherinto

aninflorescence(aclusterofflowers)orsolitaryflowers.Inmostplants,the

patternofflowerinitiationanddevelopmentisalmostsimilar.

2.FruitandSeedDevelopment:

The first stage in fruit and seed developmentisrapidcelldivision

withoutmuchenlargementduetocytokinin productionbytheendosperm which

is growing atthisstage.Various tissues ofthe parentplantviz,the ovary,

receptacle and sometimespartsofthefloraltubemaybeinvolvedinthe

formationoffruits.



DevelopmentalStages

1.GerminationandEmergence

2.SeedlingGrowth

3.Maximum VegetativeGrowthStage

4.PrimordialDifferentiation

5.FloweringStage

6.FruitGrowth

7.FruitMaturity

8.PhysiologicalMaturity

9.HarvestMaturity

Differencebetweengrowthanddevelopment

Sr.No. Growth Development

1. Growthisquantitative. Developmentisquantitativeaswellas

qualitative.

2. Growthisforlimitedperiod. Developmenttakesplacetilldeath.

FactorsaffectingGrowthandDevelopment

1.Germination

 Temperature

 SoilMoisture

 DepthofSowing

2.SeedlingGrowth

3.LeafGrowth

4.TilleringandBranching



Topic8:Agro-climaticzonesofIndiaandGujarat

 Agro-climaticzonesofIndia

ThePlanningCommissionhascategorized15agro-climaticzonesinIndia,

taking into accountthe physicalattributes and socio-economic conditions

prevailingintheregions.



I.WesternHimalayanRegion:

TheWesternHimalayanRegioncoversJammuandKashmir,Himachal

PradeshandthehillregionofUttarakhand.

AveragetemperatureinJulyrangesbetween5°C and 30 °C,whilein

Januaryitrangesbetween5°Cand-5°C.Meanannualrainfallvariesbetween75

cm to150cm.

Thevalleyfloorsgrow rice,whilethehillytractsgrow maizeinthekharif

season.Wintercrops are barley,oats,and wheat.The region supports

horticulture,especially apple orchards and othertemperate fruits such as

peaches,apricot,pears,cherry,almond,litchis,walnut,etc.Saffronisgrownin

thisregion.

II.EasternHimalayanRegion:

TheEasternHimalayanRegionincludesArunachalPradesh,thehillsof

Assam,Sikkim,Meghalaya,Nagaland,Manipur,Mizoram,Tripura,and the

DarjeelingdistrictofWestBengal.

Temperaturevariationisbetween25°Cand30°CinJulyandbetween10

°Cand20°CinJanuary.Averagerainfallisbetween200-400cm.Thered-brown

soilisnothighlyproductive.Jhuming(shiftingcultivation)prevailsinthehilly

areas.

The main crops are rice,maize,potato,tea.There are orchards of

pineapple,litchi,orangesandlime.

III.LowerGangeticPlainRegion:

WestBengal(exceptthehillyareas),easternBiharandtheBrahmaputra

valleylieinthisregion.

Averageannualrainfallliesbetween100cm-200cm.TemperatureinJuly

variesfrom 26°Cto41°CandforJanuaryfrom 9°Cto24°C.Theregionhas

adequatestorageofgroundwaterwithhighwatertable.

Riceisthemaincropwhichattimesyieldsthreesuccessivecrops(Aman,

AusandBoro)inayear.Jute,maize,potato,andpulsesareotherimportant



crops.

IV.MiddleGangeticPlainRegion:

TheMiddleGangeticPlainregionincludeslargepartsofUttarPradeshand

Bihar.

TheaveragetemperatureinJulyvariesfrom 26°Cto41°Candthatof

January9°Cto24°Caverageannualrainfallisbetween100cm and200cm.Itis

afertilealluvialplaindrainedbytheGangaanditstributaries.Rice,maize,millets

inkharif,wheat,gram,barley,peas,mustardandpotatoinrabiareimportant

crops.

V.UpperGangeticPlainsRegion:

IntheUpperGangeticPlainsregioncomethecentralandwesternpartsof

UttarPradeshandtheHardwarandUdham NagardistrictsofUttarakhand.

Theclimateissub-humidcontinentalwithtemperatureinJulybetween26

°Cto41°CandtemperatureinJanuarybetween7°Cto23°C.Averageannual

rainfallisbetween75cm-150cm.Thesoilissandyloam.Canal,tube-welland

wellsarethemainsourceofirrigation.Thisisanintensiveagriculturalregion

whereinwheat,rice,sugarcane,millets,maize,gram,barley,oilseeds,pulsesand

cottonarethemaincrops.

VI.Trans-GangaPlainsRegion:

Thisregion(alsocalledtheSatluj-YamunaPlains)extendsoverPunjab,

Haryana,Chandigarh,DelhiandtheGanganagardistrictofRajasthan.

Semi-aridcharacteristicsprevailovertheregion,withJuly’smeanmonthly

temperaturebetween25°Cand40°CandthatofJanuarybetween10°Cand20

°C.Theaverageannualrainfallvariesbetween65cm and125cm.Thesoilis

alluvialwhichishighlyproductive.Canalsandtube-wellsandpumpingsetshave

been installed by the cultivators and the governments.The intensity of

agricultureisthehighestinthecountry.

Importantcrops include wheat,sugarcane,cotton,rice,gram,maize,

millets,pulsesandoilseedsetc.Theregionisalsofacingthemenaceofwater



logging,salinity,alkalinity,soilerosionandfallingwatertable.

VII.EasternPlateauandHills:

ThisregionincludestheChhotanagpurPlateau,extendingoverJharkhand,

Orissa,ChhattisgarhandDandakaranya.

Theregionenjoys26°Cto34°CoftemperatureinJuly,10°Cto27°CinJanuary

and80cm-150cm ofannualrainfall.Soilsareredandyellow withoccasional

patchesoflateritesandalluviums.Theregionisdeficientinwaterresourcesdue

toplateaustructureandnon-perennialstreams.Rainfedagricultureispracticed

growingcropslikerice,millets,maize,oilseeds,ragi,gram andpotato.

VIII.CentralPlateauandHills:

TheregionisspreadoverBundelkhand,Baghelkhand,BhanderPlateau,

MalwaPlateau,andVindhyachalHills.

Semi-aridclimaticconditionsprevailovertheregionwithtemperaturein

July26°Cto40°C,inJanuary7°Cto24°Candaverageannualrainfallfrom 50

cm-100cm.Soilsaremixedred,yellowandblack.

Thereisscarcityofwater.Cropsgrownaremillets,wheat,gram,oilseeds,

cottonandsunflower.

IX.WesternPlateauandHills:

Comprising southern part of Malwa plateau and Deccan plateau

(Maharashtra),thisisaregionoftheregur(black)soilwithJulytemperature

between24°Cand41°C,Januarytemperaturebetween6°Cand23°Cand

averageannualrainfallof25cm-75cm.

Wheat,gram,millets,cotton,pulses,groundnut,andoilseedsarethemain

cropsintherain-fedareas,whileintheirrigatedareas,sugarcane,rice,andwheat,

arecultivated.Alsogrownareoranges,grapesandbananas.



X.SouthernPlateauandHills:

This region falls in interiorDeccan and includes parts ofsouthern

Maharashtra,thegreaterpartsofKarnataka,AndhraPradesh,andTamilNadu

uplandsfrom AdilabadDistrictinthenorthtoMaduraiDistrictinthesouth.

ThemeanmonthlytemperatureofJulyvariesbetween25°Cand40°C,

andthemeanJanuarytemperatureisbetween10°Cand20°C.Annualrainfallis

between50cm and100cm.

Itisanareaofdry-zoneagriculturewheremillets,oilseeds,andpulsesare

grown.Coffee,tea,cardamom andspicesaregrownalongthehillyslopesof

Karnatakaplateau.

XI.EasternCoastalPlainsandHills:

InthisregionaretheCoromandalandnorthernCircarcoastsofAndhra

PradeshandOrissa.

ThemeanJulytemperaturerangesbetween25°Cand35°Candthemean

Januarytemperaturevariesbetween20°Cand30°C.Themeanannualrainfall

variesbetween75cm and150cm.

Thesoilsarealluvial,loam andclayandaretroubledbytheproblem of

alkalinity.Main crops include rice,jute,tobacco,sugarcane,maize,millets,

groundnutandoilseeds.

XII.WesternCoastalPlainsandGhats:

ExtendingovertheMalabarandKonkancoastalplainsandtheSahyadris,

theregionishumidwiththemeanJulytemperaturevaryingbetween25°Cand

30°C andmeanJanuarytemperaturesbetween18°C and30°C.Themean

annualrainfallismorethan200cm.

The soils are laterite and coastalalluvial.Rice,coconut,oilseeds,

sugarcane,millets,pulsesandcottonarethemaincrops.Theregionisalso

famousforplantationcropsandspiceswhichareraisedalongthehillslopesof

theWesternGhats.



XIII.GujaratPlainsandHills:

ThisregionincludesthehillsandplainsofKathiawarandthefertilevalleys

ofMahiandSabarmatirivers.Itisanaridandsemi-aridregionwiththemean

Julytemperaturereading30°C andthatofJanuaryabout25°C.Themean

annualrainfallvariesbetween50cm and100cm.

Soilsareregur(black)intheplateauregion,alluvium inthecoastalplains

andredandyellow soilsinJamnagararea.Groundnut,cotton,rice,millets,

oilseeds,wheatandtobaccoarethemaincrops.Itisanimportantoilseed

producingregion.

XIV.WesternDryRegion:

ExtendingoverRajasthan,WestoftheAravallis,thisregionhasanerratic

rainfallofanannualaverageoflessthan25cm.Thedesertclimatefurther

causeshighevaporationandcontrastingtemperatures28°Cto45°CinJune

and5°Cto22°CinJanuary.Bajra,jowarandmotharemaincropsofkharifand

wheatandgram inrabi.Livestockcontributesgreatlyindesertecology.

XV.IslandRegion:

Theisland region includesAndaman-Nicobarand Lakshadweep which

havetypicallyequatorialclimate(annualrainfalllessthan300cm;themeanJuly

andJanuarytemperatureofPortBlairbeing30°Cand25°Crespectively).The

soilsvaryfrom sandyalongthecoasttoclayeyloam invalleysandlowerslopes.

Themaincropsarerice,maize,millets,pulses,arecanut,turmericandcassava.

Nearlyhalfofthecroppedareaisundercoconut.



 Agro-climaticzonesofGujarat

Taking into consideration the rainfall pattern, topography, soil

characteristics,theclimateingeneralandthecroppingpatterns,eight(8)agro-

climaticzoneshavebeenidentifiedinGujarat.



Salient– geographicalandagro-climaticfeaturesof8zonesofGujarat

state

Zon
e
No.

Name
of the
zone

Geographicalarea included in
thezone

Mean
annual
rainfall

(mm)

Broad
soil
group

Majorcrops
ofthezone

I South
Gujarat
(Heavy
rain
fall)

WholeofDangsdistrict,Partof
Valsad district (excluding
Navsariand Gandevi),Partof
Suratdistrict(Including Valod,
SongadhandMahuva).

1500
–

2200

typical
lateritic,

Deepblack
withfew
coastal
alluvial,
Medium

black.

Nagli, Vari,
Sugarcane,
Paddy,
Sorghum,
Vegetables
& Fruit
crops.

II South
Gujarat

Area between riverAmbica &
Narmada,PartofValsaddistrict
(Navsari& Gandevi),Partof
Surat district (Kamrej,
Chhoriashi, Nizer, Palsana,
Bardoli,MangrolandMandvi)

1000-
1500

Heavy
black
Clayey
soils

Cotton,
Sorghum,
Paddy,
Wheat,
Sugarcane,
Vegetables
& Fruit
crops.

III Middle
Gujarat

Area between Narmada and
Vishwamitri river including
WholeofPanchmahalsdistrict,
PartofVadodradistrict(Karjan,
Sinor, Dabhoi, Sankheda,
NaswadiandJabugam)Partof
Bharuch district (Bharuch,
Amod,andJambusar)Partof
Khedadistrict(Khambhatand
Matar)

800-
1000

Medium
black to
Goradu
soils

Cotton,
Pearlmillet,
Tobacco,
Pulses,
Wheat,
Paddy,
Maize &
Sorghum

IV North
Gujarat
(Dry
zone)

WholeofKhedadistrict(except
KhambhatandMatar),Wholeof
Sabarkantha district,Part of
Ahmedabad district(Dehgam,
Daskroi and Sanand),
Gandhinagar district,Part of
Banaskantha district (Deesa,
Dhanera,Palanpur,Danta and

625–
875

Sandy
loam to
Sandy
soils

Pearlmillet,
Cotton,
Wheat,
Pulses,
Sorghum,
Mustard,
Groundnut,
Potato,



Vadgam),Whole ofMehsana
districtexcept(SamiandHarij),
Part of Vadodra district
(Baroda,Savli,Waghodia and
Padra)

Spices &
Condiments
crops.

V North-
Weast
Gujarat
(Arid
zone)

WholeofKutchdistrict,Maliya
ofRajkot,Halvad,Dhangadhra
& Dasada of Surendranagar,
Sami,Harij& Chansama of
Mehsana, Santalpur,
Radhanpur,Kankrej,Diodar,Vav
& TharadofBanaskanthaand
Viramgam of Ahmedabad
districts.

250-
500

Sandy
and
Saline
soils

Cotton,
Sorghum,
Pearlmillet,
Wheat,
Groundnut&
Pulses
crops

VI North
Sauras
htra

Whole of Jamnagar district,
Part of Rajkot (Paddhari,
Lodhika, Jasdan, Rajkot,
Vankaner & Morvi),Part of
Surendranagar(Vadhwan,Muli
& Sayla),Part of Bhavnagar
(Gadhda,Umrala&Botad)

400-
700

shallow
and
Medium
black to
Sandy
soils

Groundnut,
Cotton,
Wheat,
Pearlmillet,
Pulses
crops.

VII South
Sauras
htra

Whole of Junagadh,Partof
Bhavnagar (Shihor, Ghogha,
Gariadhar, Palitana, Talaja,
Mahuva&Savarkundla),Partof
Amreli(Dhari,Kodinar,Rajula,
Jafrabad, Khambada, Amreli,
Babra,LiliyaLathi&Kunkawav),
PartofRajkot(Jetpur,Gondal,
Dhoraji&Upleta)

625–
750few
pockets

with
1000
mm

around
Junagad

h

Medium
black,
Shallow
soilswith
few
pockets
of
Calcareo
ussoils.

Groundnut,
Cotton,
Wheat,
Pearlmillet,
Sorghum,
Pulses,
Sugarcane&
fruitcrops.

VIII The
Bhal
region

Area around GulfofCambay
andBhaltract&coastalareaof
Bharuch and Surat districts.
Olpad ofSurat,Hansotand
WagraofBharuch,Cambayof
Kheda,Dholka&Dhandhukaof
Ahmedabad, Vallbhipur &
Bhavnagar of Bhavnagar
district and Limbdi of
Surendranagardistrict.

625-
700

Medium
black,
Poorly
drain &
Saline
soils.

Paddy,
Pearlmillet,
Pulses,
Cotton,
Wheat,
Groundnut,
Tobacco,
Sorghum,
Vegetables&
Oil seed
crops.





Those crops which do not utilized
directlyashumanfoodsbututilizedinagro
basedindustries.Thesenonediblecrops
are furtherdivided in eight(8)different
groupsasunder

1.Foragecrops :Lucerne,Fodder
sorghum
2.Fibercrops :Cotton,
Shanhemp
3.Non-edibleoilseedscrops:Castor
4.Colourcrops :Safflower,Turmeric
5.Narcoticcrops :Tobacco
6.Cashcrops :Sugarcan
7.Medicinalcrops :Isabgol
8.Spices&condiments:Cumin,Garlic

Topic9:Classificationoffieldcropsandfactorsaffectingoncrop

production

Classificationoffieldcrops

Detailedclassificationofcrops

1.Classification according to Agronomicaloreconomic:This type of

classificationisdoneonthebaseofuseofagricultureproductsthereare

anotherthreeclassinthisgroup.

(A)EdibleCrop (B)Non-Ediblecrops (C)Specialpurposecrops

(1)Cerealcrop:Wheat,Bajara
(Monocot)

(2)Pulsescrops(Dicot):Gram
(3)Fruitscrops:Mango,Banana
(4)Vegetablecrops:Brinjal,Potato
(5)Legumes:Groundnut
(6)Oilseeds:Sesamum,Groundnut

(C)Specialpurposecrops:Sometimeedibleornon-ediblecropswhicharenot
grownforthecommonuses,buttheyaregrownforthecertain/specialpurposes

1.Rowcrops :Cotton,Pigeonpea,Pearlmillet

2.Covercrops :Groundnut,Lucerne,Kidneybean

3.Mixedcrops :Pigeonpea–Maize,Pigeonpea–Castor

(1)LeafyVegetables
(2)FruitVegetable:Tomato,

Brinjal
(3)RootsVegetable:Radish
(4)FlowersVegetable
(5)PodsVegetable:Pegionpea
(6)Bulb:Onion
(7)Stem /Tuber:Potato



4.Nursecrops :Shanhemp,Pulsecrop

5.Pasturecrops :Thistypeofgroupsgrownwhereformercropsarenottaken

astopreventsoilerosionGuineagrass

6.Silagecrops :Sorghum,Maize

7.Greenmanurecrops:Thesetypesofcropsareburiedinthesoilatflowering

stage.

Organicmatterisaddedinsoiltoimprovephysicalandchemicalpropertiesof

thesoil.

8.Supportcrops :Toprovidethesupporttomaincrops

9.Truckcrops :Productionofthistypeofcropsishighestandtransported

troughtruck,e.g.Potato,Onion,sugarcan

10.Windbreakingcrops:Toprotecttocropsagainsthighwindvelocitytoavoid

theloggingtothecrope.g.Sugarcane,Banana,Castor,Shevri

11.Companioncrops:Mustard–RapseedCabbageflower

12.Trapcrop:Tocontrolseveralpestsofmaincropssameselectedplants

whichweregrownonbundsofthemaincrops.e.g.Lady'sfingeraroundthe

cottonMarigoldaroundthetomato,castoraroundthetobacconursery

13.Cashcrops:Cotton,Tobacco,Sugarcane

14.Catchcrops:SemirabiSesamum,Sorghum,Castor

2.Classificationaccordingtoseason

A) Monsoon/Kharif
crops

- The crop which
requireshotandhumid
weatherfortheirbetter
growth and production
are raised in monsoon
season.
Sowingtime:

June to
September

B)Winter/Rabicrops

- The crop which
requires cold and dry
weatherfortheirbetter
growth and production
are raised in winter
season.

Sowingtime:
October to

January

e.g. Wheat, Barley,

C)Summercrops

- The crop which
requireshotweatherfor
theirbettergrowth and
productionareraisedin
summerseason.

Sowingtime:
February to

May

e.g. Summer bajra,
Summer groundnut,



3.Classificationaccordingtodurationofcrops(Ontogeny)

4.ClassificationaccordingtoWaterrequirement

Annualcrops

Those crops,which
complete their life
withintheyear
e.g. Sorghum, Rice,
Maize,Brinjal

Biannualcrops

Those crops which
complete their life
within2Yearsbutmore
than1year
e.g. Banana Papaya,
Sugarcane

Perennialcrops

Those crops which
completetheirlifein
morethantwoyear
e.g.Mango,Sapota,
Guava

Irrigatedcrops

ThoseCropswhicharedependent
onrainaswellaswellasotherirrigation
sources(e.g.Cannel,Tubewell,etc.)for
completingtheirlifespanareknownas
irrigatedcrops.

These crops can be grown in
kharif,Rabiandsummerseasonswhere
irrigationfacilityisavailable.

e.g.
Summer : Lady’s finger (Okra),

Groundnut, Pearmillet,
Paddyetc.

Rabi :Potato,Cumin,Mustard,Wheat
etc.
Kharif :Pearmillet,Paddy,Vegetable

Unirrigatedcrops

Those crops which are
only dependent on rain for
completing theirlife span are
knownasun-irrigatedcrops.

e.g. Pigeon pea, Cotton,
Groundnut, Pearl millet,
Clusterbean,Castor



5.ClassificationaccordingtoNo.ofcotyledons

Monocotyledon Di-cotyledons

1. Embryoshaveasingleseed leaf,

referredtoasacotyledon-hence

thenamemono(one)Cotyledon.

Embryoshavetwoseedleaves,referredtoas

cotyledons- hence the name di (two)

cotyledon.

2. Leaveshaveparallelveinsandare
longandnarrow

Leaveshavenetworkofveinsandarebroad.

3. Flowershavepetalsandfloralparts

inmultiplesofthree

Flowers have petals and floralparts in

multiplesoffourorfive

4. Inthestem,vascularbundlesare

scattered

Inthestem,thevasculartissueisarranged

circularly

5. Apollengrainwithoneopening Apollengrainwiththreeopenings

6. Root system is generally
fibrous ,shallow

Root system is generally branched and
taproot.

7. Itcontainscarbohydrates. Itcontainsproteins.

8. Whenseedisbroken,itdoesnot

breakincertainshape.

When seed is broken,itbreaks in certain

shape(beingsplit).

8. Twoimportantmonocotyledon

familiesare:

1.Gramineae:e.gmillet,

corn,wheat,barley,rye,

rice,oats,andother

cerealgrains.

2.Liliaceae:e.g.lilies,onions,

tulips,andgarlic.

Di-cotyledonplantsincludesiximportant

families:

1.Fabaceae:e.g.beans,peas,peanuts,

vetches,alfalfa,clovers,soybeans.

2.Solanaceae : e.g. white potatoes,

tobacco, peppers, eggplants, and

groundcherries.

3.Brassicaceae:e.g.turnips,

cabbage,cauliflower,brussels,

radishes,watercress,andmustard.

4.Convolvulaceae:e.g.morningglories,



sweetpotatoes,anddodder.

5.Malvaceae:e.g.cottonandokra.

6.Rosaceae: e.g. ornamental roses,

peaches,almonds,apricots,pears,



6.Classificationoffieldcropsaccordingtoreproduction

B) Non-flowering
plants

Reproduction by
spores

e.g. Mosses,
ferns, algae &
fungimakenew
plants from
spores

A)Floweringplants

Sexualreproduction
(Byseeds)

 Pollinationmust
takeplace.

 Malecellsinpollen
grainsfrom theripe
anthermustbe
transfertostigmaby
insectsorwind.

1.Self-pollinatedcrops
e.g.Wheat,G.nut

2.Crosspollinatedcrops
e.g.Lucerne,Pearl

millet,Maize,Cotton
3.Oftenself-Pollinatedcrops

e.g.Papaya
4.OftencrossPollinated

crops
e.g.Pigeonpea

Asexualreproduction
(Byvegetative)

Method by which
plants reproduce
without the union of
cells.Thus,producing
new plants are
geneticallyidenticalto
theparent.

Thistakeplacethrough
vegetativestructures.

Cuttings-Branches
e.g.Bougainvillea

Cuttings-Leaves
e.g.Africanviolet

Leaves–
e.g.Bryophyllum

(SproutingLeaf)
Bulbs-e.g.Onion
Runners-e.g.

Strawberry
Undergroundstems-

e.g.Potato,Ginger
Roots-e.g.Sweetpotato



7.Classificationaccordingculturalpractices

1.SoleCropping :Onlyonecropgrowninayear.Eg.Cotton,Groundnut,

Rice

2.MonoCropping :Samecropisgrownyearafteryearonsamefield

3.Intercropping :Growingoftwoormorecropssimultaneously,onthe

samepieceofland,basecropnecessarilyindistinct

row arrangement.Eg.Pigeonpea+sorghum,Cotton+

Blackgram

4.Mixedcropping :Cultivationoftwoormorecropssimultaneously,onthe

samepieceoflandwithoutdefiniterowpatternorfixed

ratio.Eg.Perlmillet+Kidneybean,Cotton+Maize

5.Irrigatedcrops :Cropsgrowswiththehelpofirrigationwater.

Eg.Sugarcane,Paddy

6.Drylandcrops :Itincludenon-irrigatedcultivationof crops.

Eg.Pearlmillet,Groundnut,Sesame

7.Rowcrop :Growingofcropsinrows.Eg.Groundnut,Cotton,

Pearlmillet

8.Relaycrop :Asecondcropisplantedafterthefirstcrophasreached

itsreproductivestageofgrowthbutbeforeitisready

forharvest.Eg.Groundnut–Pigeonpea

9.Rootcrop :Rootsaretheeconomicproduceinrootcrop.
Eg.Radish,Carrot

10.MixedFarming :Itrefersanyagricultureenterprenures(Dairy,Forestry,
Live stock,Fisheries,bee keeping,floriculture,
olericulture, mushroom cultivation, piggery,
vermicompostetcbesidesafieldcropcultivation)





Factorsaffectingoncropproduction

1.Internalfactors

A.GeneticorHeredityfactors

Theincreaseincropyieldsandotherdesirablecharactersarerelatedto

Geneticmakeupofplants

(1)Highyieldingability

(2)Earlymaturity

(3)Resistancetolodging

(4)Droughtfloodandsalinitytolerance

(5)Tolerancetoinsectpestsanddiseases

(6)Chemicalcompositionofgrains(oilcontent,proteincontent)

(7)Qualityofgrains(fineness,coarseness)

(8)Qualityofstraw(sweetness,juiciness)

2.Externalfactors

A.Climaticfactors

Themajorclimaticoratmosphericfactorsare

(1)Precipitation (2)Temperature (3) Atmospheric

humidity

(4)Solarradiation (5)Windvelocity (6)Atmosphericgases

1.Precipitation

 Precipitation includesallwaterwhich fallsfrom atmosphere such as

rainfall,snow,hail,foganddew.

InternalFactors
A.(GeneticorHeredity)

ExternalFactors
(Environmental)

A.Climatic B.
Edaphic

C.
Biotic

D.
Physiographic

CROPGROWTH



 Dew:condensationofwatervapourpresentintheairincoolnightsresults

indew.

 Rainfalloneofthemostimportantfactorinfluencesthevegetationofa

place.

 Mostcropsreceivewatersupplyfrom rainwater.

 Totalprecipitationinamountanddistributiongreatlyaffectsthechoiceof

acultivatedspeciesinaplace.

 Inheavyandevenlydistributedrainfallareas,cropslikericeinplainsand

tea,coffeeandrubberinWesternGhats.

 Low andunevendistributionofrainfalliscommonindrylandfarming

wheredroughtresistancecropslikebajra,sorghum andminormilletsare

grown.

 Distributionofrainfallismoreimportantthantotalrainfalltohavelonger

growingperiodespeciallyindrylands.

2.Temperature

Temperatureisameasureofintensityofheatenergy.Theminimum,optimum

andmaximum temperaturerequirementofindividual’splantiscalledascardinal

temperature.

Thetemperatureofaplaceislargelydeterminedbyit’sdistancefrom the

equator(latitude),altitude.Basedontheabovethevegetationsareclassifiedas

tropical,temperate,taiga,tundraandpolar.Foreachspeciesthereareupper

(maximum)andlower(minimum)limitsoftemperatureatwhichgrowthisnilor

negligibleandoptimum temperatureatwhichgrowthismaximum.Mostofthe

crop plantsgrow bestat15 to 300C.Manycrop plantsdieataveryhigh

temperatureof45to550C.Therearealsooptimaltemperaturesfordifferent

growthstages.BasedontemperaturethecropsareclassifiedasCoolseason

(Winter/rabi)andWarm season(Hot/Summer)crops.

CoolSeasonCrops:

Thecropswhichgrowbestincoolweatherperiodarecalledcoolseason

crops and generallygrown in winterseason (Novemberto February).The

importantcoolseasoncropsarewheat,barley,potato,oatsetc.Thesecropsare

alsocalledtemperatecropsbecausetheyaremostlygrownintemperateregions.

Warm SeasonCrops:



Theimportantwarm seasoncropsarerice,sorghum,maize,sugarcane,

pearlmillet,groundnut,red gram,cowpeaetc.Thesecropsarealso called

tropicalcrops.Thesecropsaregenerallygrowninmonsoonseasonandsome

timealsoinsummerseason.

Effectofhighandlowtemperatureongrowthofplants

Hightemperaturestress:

 High temperature causes reduction in absorption and assimilation of

nutrients.

 Nutrientuptakeisreducede.g.Absorptionofcalcium isreducedat280Cin

maize.

 Hightemperatureevenforshortperiodaffectsshootgrowthintemperate

cropslikewheat.

 Hightemperatureresultsinabortionofpollen.Inwheathightemperature

resultsinunderdevelopmentofantherandlossofviabilityofpollen.

Lowtempstress:affectscropgrowthinseveralways

 Survival,celldivision and elongation,photosynthesis,water transport,

vegetativegrowthandreproductivegrowthareadverselyaffected.

 AtLowtemperature,theentryofwaterintotheplantisrestrictedduetolow

permeabilityofcells.

 Temperatecropslikewheatpreferlowtemperatureduringvegetativegrowth

andhightemperatureatmaturity.

 Tropicalcropslikericepreferhightemperatureduringearlystageandlow

temperatureatmaturity.

3.Atmospherichumidity

Waterispresentintheatmosphereintheform ofinvisiblewatervapour,

normallyknownashumidity.

Relativehumidityisratiobetweentheamountsofmoisturepresentintheairto

thesaturationcapacityoftheairataparticulartemperature.Ifrelativehumidity

is 100% itmeans thatthe entire space is filled with water. There is no

evaporation. Verylow andveryhighrelativehumidityisnotsuitableforcrop

production.Relativehumidityof40–60%issuitableformostofthecropplants.



Veryfewcropscanperform wellwhenrelativehumidityis80%andabove,when

relativehumidityishighthereischancefortheinfestationofpestanddisease,

e.g.,brownplanthopper(BPH)inricemultipliesenormously.

4.Solarradiation

Solarenergyprovideslightenergyrequiredforphotosynthesisandmany

otherfunctionslikeseedgermination,leafexpansion,growthofstem andshoot,

flowering,fruitingandthermalconditionsforphysiologicalfunctionsoftheplant.

 Lightisindispensableforthesynthesisofthemostimportantpigmentof

theplant–calledchlorophyll

 Thechlorophylliscapableofabsorbingradiantenergyandconvertingit

intopotentialchemicalenergyofcarbohydrates.

 Itregulatestheopeningandclosingofstomata.

 Lightaffectstheplantsthroughit’sintensity,qualityandduration.

Durationoflight

 Itisimportantfrom farmer'spointofview inselectingthevarietyofthe

crop.

 Thelengthofdayhasgreaterinfluencethanlightintensity.

Photoperiodism :Theresponseofplantstotherelativelengthofdayandnightis

knownasphotoperiodism.

Longdayplants:Plantswhichdevelopandproducenormallywhenphotoperiod

isgreaterthanacriticalminimum (>12hoursofillumination)arecalled

longdayplants.e.g.Wheat,barley,Sugarbeet.

Shortdayplants:Plantsrequirelessthan10hoursilluminationarecalledshort

dayplants.e.g.rice,sorghum,maize.

Dayneutralplants:Suchplantsarefoundtobeunaffectedbydaylength.e.g.

tomato,asparagus.i.e.plantsdonotrequireeitherlongorshortdark

periodse.g.cotton,sunflower.

 Ifalongdayplantissubjectedtoshortdaylength,thestem willshorten

andlooklikerosetteappearance.



5.Windvelocity

Thebasicfunctionofwindistocarrymoistureandheat.Themovingwind

not only supplies moisture and heat,also supplies fresh CO2 for the

photosynthesis.Mildwindisessentialforcropped.Windmovementfor4–6

km/hourissuitableformorecrops.Whenwindspeedisenormousthenthereis

mechanicaldamageofthecrops(i.e.)itremovesleavesandtwigs.

Evapotranspiration(ET)alsoincreaseswithincreaseinwindspeed.When

speedofthewindishighmoisturelossismoreandhencefrequentirrigationis

needed.WhenwindmovementisstaticthentheavailabilityofCO2islessand

flow ofnutrientsisalsoless. Soilerosionisalsocausedduetohighwind

velocity.

 Windaffectscropgrowthmechanicallyandphysiologically

Mechanicaldamageduetohighwinds:

 Lodgingofcropandtreesduetoviolentwinds.

 Inbaresoil,windcauseseveresoilerosion.

Physiologicaleffects:

 Higherwindspeedleadstomoreevapotranspirationloss.

 Hotdrywindscausemuchdamageatfloweringtime.

 Internalwaterbalanceofplantsisaffected.

Beneficialeffectsofwinds

 Windisalsoresponsibleforrainfall.InIndiamonsoontypeofwindsare

mainlyduetowindmovements.

 Windhelpsinpollinationofflowers.

 Hotdrywindsreducetheincidenceofyellowrustofwheat.

 Moderatewindhasabeneficialeffectonphotosynthesis.

6.Atmosphericgasesandplantgrowth

AtmospherecontainsCarbondioxide(0.03%),Oxygen(20.95%),Nitrogen

(78.09%),Argon(0.93%)andothers(0.02%).

 CO2isimportantforPhotosynthesis,CO2takenbytheplantsbydiffusion

processfrom leavesthroughstomata.

 CO2isreturnedtoatmosphereduringdecompositionoforganicmaterials,

allfarm wastes.



 O2 is importantforrespiration ofboth plants and animals.During

Photosynthesisoxygenisreleasedbyplants.

 Nitrogenisoneoftheimportantmajorplantnutrients;AtmosphericNis

fixedinthesoilbyNfixingmicrobesinpulsescropsandavailabletoplants.

 CertaingaseslikeSO2,CO,CH4,HFreleasedtoatmospherearetoxicto

plants.

B.EdaphicFactors:

Plantsgrowninlandcompletelydependonsoilonwhichtheygrow.The

soilfactorsthataffectcropgrowthare

1.Soilmoisture:Thequantityof water containedina soil iscalled soilmoisture.

2.Soilair:Theairandothergasesinspacesinthesoil;specifically,thatwhichis

found withinthezoneofaeration.Itisalsoknownassoilatmosphere.

3.Soiltemperature:Thetemperaturemeasuredatagivensoildepth,typicallyat

2,4,8,andsometimes20and40cm.Manybiologicalprocesses,includingseed

germination,plantemergence,microbialactivity,and soilrespiration are a

functionofsoiltemperature.

4.Soilmineralmatter:Any soil consistingprimarilyof mineral (sand, silt and 

clay) material,ratherthan organicmatter.

5.Soilorganicmatter:Soilorganicmatteriscarbon-containingmaterialinthe

soilthatderivesfrom livingorganisms.

6.Soilorganisms:They arecreaturesthatspendallorpartoftheirlivesinthe

soil.

1.Flora–macroflora-rootsofhigherplants

--microflora-Algae,bacteria,fungiandactinomycetes

2.Fauna-Macrofauna-Earthworms,Burrowingvertabrates(moles,

rats)

-Microfauna-Protozoa,Nematodes,Mites,insects

ThesemicrofloralikeAzospirillum,Azotobacter,Rhizobium (bacteriagroup)

fixatmosphericnitrogeninthesoilandisavailabletocropplants.

Bluegreenalgae-fixatmosphericNitrogeninricefield.

Phosphobacteria–releasedthesoilfixedPhosphorustotheplants



7.Soilreaction(pH)

pHisdefinedasthenegativelogarithm ofH+ionconcentrationinthesoil

solution.

SoilReaction

SoilpHorsoilreactionisanindicationoftheacidityoralkalinityofsoiland

ismeasuredinpHunits.ThepHscalegoesfrom 0to14withpH7astheneutral

point.

When hydrogen ions increase in the soil,the soilpH decreases and

becomesmoreacidic.From pH7to0thesoilisincreasinglymoreacidicand

from pH7to14thesoilisincreasinglymorealkalineorbasic.

MostoftheplantnutrientsareavailablefreelytotheplantwhenthepHis

aroundseven.WhenpH>7veryfewelementslikeFe,Al,Mnareavailablefreely.

C.Bioticfactors:

Beneficialandharmfuleffectscausedbyotherplantsandanimalsonthe

cropplants.

1.Plants

1.Competitionbetweenplantsoccurswhenthereisdemandfornutrients,

moistureandsunlightparticularlywhentheyareinshortsupplyorwhen

plantsarecloselyspaced.

2.Synergisticeffect

3.Competitionbetweenweedandcrop.

4.Plantsasparasites

5.Symbiosisrelationshipwitheachother.

2.Animals

Soilfaunalikeprotozoa,nematode,snails,andinsectshelpinorganic

matterdecomposition,whileusingorganicmatterfortheirliving.

3.Harmfulorganisms

Insectsandnematodescauseconsiderabledamagetocropyield.

4.Beneficialorganisms

1.Honeybeesandwaspshelpincrosspollinationandincreasesyield.



2.Beetlepollinationisnecessaryinoilpalm.

3.Burrowingearthworm facilitateaerationanddrainageofthesoil.Ingestionof

organicandmineralmatterresultsinconstantmixingofthesematerialsinthe

soils.

4.Largeanimalscausedamagetocropplantsbygrazing(cattle,goatsetc)

D.Physiographicfactors:

Topography:Itreferthenatureofsurfaceearth(levelledorslopy)isknownas

topography.Topographicfactorsaffectthecropgrowthindirectly.

(1)Altitude(2)Steepnessofslope(3)Exposuretolightandwind:

E.Socio-economicfactors:

Theeconomicconditionofthefarmersgreatlydecidestheinput/resource

mobilizingability.(Marginal,Small,Medium andLargefarmers)

MarginalFarmer
Meansafarmercultivating(asownerortenantorsharecropper)

agriculturallandupto1hectare(2.5acres).

SmallFarmer
Means a farmercultivating (as ownerortenantorshare cropper)

agriculturallandofmorethan1hectareandupto2hectares(5acres).

Medium Farmer
Means a farmercultivating (as ownerortenantorshare cropper)

agriculturallandofmorethan4haandupto10hectare.

Largefarmer
Means a farmercultivating (as ownerortenantorshare cropper)

agriculturallandmorethan10hectare.



Topic10:Drought,definitionandtypesofdrought

LowrainfallorfailureofmonsoonrainisarecurringfeatureinIndia.This

hasbeenresponsiblefordroughtsandfamines.Theworddroughtgenerally

denotesscarcityofwaterinaregion.Droughtisatemporaryconditionthat

occursforashortperiodduetodeficientprecipitationforvegetation,riverflow,

watersupplyandhumanconsumption.

Definition

TheirrigationcommissionofIndiadefinesdroughtasasituationoccurring

inanyareawheretheannualrainfallislessthan75% ofnormalrainfall.or

droughtasprolongedperiodwithoutrainfall.

 Typesofdrought

Seven(7)maintypesofdroughtrecognizedinIndia

1.MeteorologicalDrought

Itdescribesasituationwherethereisareductioninrainfallforaspecific

period(days,months,seasonsoryear)below aspecificamount(longterm

averageforaspecifictime).

Uncertain,unreliableanderraticnatureofrainfallbysouth-westmonsoons

createsdroughtconditionsindifferentpartsofthecountry.

2.HydrologicalDrought

Meteorologicaldrought,whenprolongedresultsinhydrologicaldrought

withdepletionofsurfacewaterandconsequentdryingofreservoirs,tanksetc.

3.AgriculturalDrought

Itistheresultofsoilmoisturestressduetoimbalancebetweenavailable

soilmoisture and evapotranspiration ofa crop.In otherwords,when soil

moistureandrainfallconditionsarenotadequateenoughtosupportahealthy

cropgrowthtomaturitytherebycausingextrememoisturestressandwiltingof

majorcroparea,itleadstoagriculturaldrought.



4.SoilMoistureDrought

Thisisasituationofinadequatesoilmoistureparticularlyinrainfedareaswhich

maynotsupportcropgrowth.Thishappensintheeventofameteorological

droughtwhenthewatersupplytosoilislessandwaterlossbyevaporationis

more.

5.Socio-EconomicDrought

Itreflectsthereduction ofavailabilityoffood and incomelosseson

accountofcropfailurescausedangertofoodandsocialsecurityofthepeoplein

theaffectedareas.

6.Famine

A famine isawidespreadscarcityoffood,causedbyseveralfactorsincluding

cropfailure,populationimbalance,orgovernmentpolicies.

7.EcologicalDrought

Ecologicaldroughttakesplacewhentheproductivityofanaturaleco-

system fails significantlyas a consequence due to induced environmental

damage.

 Importantcausesforagriculturaldroughtare

 Inadequateprecipitation

 Erraticdistribution

 Longdryspellsinthemonsoon

 Lateonsetofmonsoon

 Earlywithdrawalofmonsoon

 Lackofpropersoilandcropmanagement



 Effectofdroughtoncropproduction

a) Waterrelations: Altersthewaterstatusbyitsinfluenceonabsorption,

translocationandtranspiration.Thelaginabsorptionbehindtranspirationresults

inlossofturgorasaresultofincreaseintheatmosphericdryness.

b) Photosynthesis:Photosynthesis is reduced by moisture stress due to

reductioninPhotosyntheticrate,chlorophyllcontent,leafareaandincreasein

assimilatessaturationinleaves(duetolackoftranslocation).

c)Respiration:Increasewithmilddroughtbutmoreservedroughtlowerswater

contentandrespiration.

d)Anatomicalchanges:Decreaseinsizeofthecellsandintercellularspaces,

thickercellwall,greaterdevelopmentofmechanicaltissue.Stomataperunitleaf

tendtoincrease.

e) Metabolicreaction:Allmostallmetabolicreactionsareaffectedbywater

deficits.

f) HormonalRelationships:Theactivityofgrowthpromotinghormoneslike

cytokinin,gibberlicacidandindoleaceticaciddecreasesandgrowthregulating

hormonelikeabscisicacid,ethylene,etc.,increases.

g)Nutrition:Thefixation,uptakeandassimilationofnitrogenisaffected.Since

drymatterproductionisconsiderablyreducedtheuptakeofNPKisreduced.

h) GrowthandDevelopment:Decreaseingrowthofleaves,stemsandfruits.

Maturityisdelayed ifdroughtoccursbefore flowering while itadvancesif

droughtoccursafterflowering.

i)Reproductionandgraingrowth:Droughtatfloweringandgraindevelopment

determinesthenumberoffruitsandindividualgrainweight,respectively.Panicle

initiationincerealsiscriticalwhiledroughtat anthesismayleadtodryingof

pollen.

Droughtatgraindevelopmentreducesyieldwhilevegetativeandgrainfilling

stagesarelesssensitivetomoisturestress.

j)Yield:Theeffectonyielddependshugelyonwhatproportionofthetotaldry



matterisconsidered asusefulmaterialto beharvested.Ifitisaerialand

undergroundparts,effectofdroughtisassensitiveastotalgrowth.Whenthe

yieldconsistsofseedsasincereals,moisturestressatfloweringisdetrimental.

Whentheyieldisfibreorchemicalswhereeconomicproductisasmallfraction

oftotaldrymattermoderatestressongrowthdoesnothaveadverseeffecton

yields.

 Managementofdrought

Strategiesfordroughtmanagement

The differentstrategies fordroughtmanagementare discussed underthe

followingheads.

1Adjustingtheplantpopulation:Theplantpopulationshouldbelesserindryland

conditionsthan underirrigated conditions.Therectangulartypeofplanting

pattern should always be followed underdryland conditions.Underdryland

conditionswhenevermoisturestressoccursduetoprolongeddryspells,under

limitedmoisturesupplytheadjustmentofplantpopulationcanbedoneby

a)Increasingtheinterrow distance: Byadjustingmorenumberofplants

withintherow andincreasingthedistancebetweentherowsreducesthe

competitionduringanypartofthegrowingperiodofthecrop.Henceitis

moresuitableforlimitedmoisturesupplyconditions.

b)Increasingtheintrarow distance:Herethedistancebetweenplantsis

increasedbywhichplantsgrowluxuriantlyfrom thebeginning.Therewillbe

competitionformoistureduringthereproductiveperiodofthecrop.Henceit

islessadvantageousascomparedtoaboveunderlimitedmoisturesupply.

2Midseasoncorrections:Thecontingentmanagementpracticesdoneinthe

standingcroptoovercometheunfavourablesoilmoistureconditionsdueto

prolongeddryspellsareknownasmidseasonconditions.

a)Thinning:Thiscanbedonebyremovingeveryalternateroworeverythird

rowwhichwillsavethecropfrom failurebyreducingthecompetition



b)Spraying:Incropslikegroundnut,castor,redgram,etc.,duringprolonged

dryspellsthecropcansavedbysprayingwateratweeklyintervalsor2per

centureaatweekto10daysinterval.

c)Ratooning:Incropslikesorghum andbajra,ratooningcanpracticedasmid

seasoncorrectionmeasureafterbreakofdryspell.

3Mulching:Itisapracticeofspreadinganycoveringmaterialonsoilsurfaceto

reduceevaporationlosses.Themulcheswillprolongthemoistureavailabilityin

thesoilandsavethecropduringdroughtconditions.

4Weedcontrol:Weedscompetewithcropfordifferentgrowthresourcesare

seriouslyunderdrylandconditions.Thewaterrequirementofmostoftheweeds

ismorethanthecropplants.Hencetheycompetemoreforsoilmoisture.

Therefore,the weed controlespeciallyduring earlystages ofcrop growth

reducestheimpactofdryspellbysoilmoistureconservation.

5Waterharvestingandlifesavingirrigation:Thecollectionofrunoffwater

duringpeakperiodsofrainfallandstoringindifferentstructuresisknownas

waterharvesting.Thestoredwatercanbeusedforgivingthelifesaving

irrigationduringprolongeddryspells.



Topic11:Croppingsystems:Definitionandtypesofcroppingsystems

Asystem consistsofseveralcomponentswhichdependoneachother.A

system isdefinedassetelementsorcomponentsthatareinter–relatedand

interactingamongthemselves.Farmingsystem consistsofseveralenterprises

likecroppingsystem,dairying,piggery,poultry,fishery,beekeepingetc.These

enterprisesareinterrelated.Theendproductsandwastesofoneenterpriseare

usedasinputsinothers.Thewastesofdairyinglikedung,urine,refuseetc.,are

usedforthepreparationoffarmyardmanurewhichisaninputincropping

systems.Thestrawobtainedfrom thecropsisusedasfodderforcattle.Cattle

are used fordifferentfield operations forgrowing crops.Thus different

enterprisesforfarmingsystemsarehighlyinterrelated.

CroppingSystem: Theterm croppingsystem referstothecropsandcrop

sequencesandthemanagementtechniquesusedonaparticularfieldovera

periodofyears.

Croppingpattern:Itindicatestheyearlysequenceandspatialarrangementof

cropsandfallowinanarea.Itisforlargerarealikezone,district,talukaetc.

TypesofCroppingSystems
Depending on theresourcesand technologyavailable,differenttypesof

croppingsystemsareadoptedonfarms.Broadlythreetypesofcroppingsystem
arefollowed

1.Solecropping
Onlyasinglecroporvarietygrownaloneinapurestandatnormal

densityduringonefarmingyear.

2.MonocroppingorMonoculture
Monocroppingormonoculturereferstogrowingofonlyonecroponsame

pieceoflandyearafteryear.
Itmaybeduetoclimatologicallyandsocio-economicconditionordueto

specializationofafarmeringrowingaparticularcrop.Underrainfedconditions,
groundnutorcottonorsorghum aregrownyearafteryearduetolimitationof
rainfall.Incanalirrigateareas,underwaterloggedcondition,ricecropisgrown,
asitisnotpossibletogrowanyothercrop.

Problemsofmonocropping



1.Theresourceslikelabour,fertilizers,waterandmachinesarenotutilized
efficiently.
2.Thesoilhealthisnotcaredandnutrientsaredepleted.
3.Therearechancesofoccurrenceofpestanddiseasesinfestation.
4.Naturalresourcesarenotfullyutilized.

3.Multiplecropping
"Growingtwoormorecropsonthesamepieceoflandinsuccession

withinonecalendaryearisknownasmultiplecropping"e.g.Rice-Rice-G'nutor

Cotton-Wheatetc.

Itaimsofmaximum productionperunitareaperunittime.Itoffers

multipleuseofresource.Itistheintensificationofcroppingintimeandspace

dimensionsi.e.morenumberofcropswithinayear&morenoofcropsonthe

samepieceoflandatanygivenperiod.Itincludesinter-cropping,mixedcropping,

sequencecroppingetc.

Multiplecroppingisofdifferenttypesasdiscussbelow;

A.Intercropping
Intercroppingisaprocessofgrowingashortdurationcompanioncropsin

betweenthespacesofwidelyspacedprincipalormaincrop.

Themainobjectiveofinter-croppingistoutilizethespaceleftbetweentwo

rowsofmaincropsandtoproducemoregrainperunitarea.Intercroppingwas

originallypracticedasaninsuranceagainstcropfailureunderrainfedcondition.

AdvantagesofIntercropping
1.Additionalyieldisobtainedfrom unitareaoflandastwo-componentcrops

aregrowntogether.
2.Additionalcareisnotneededforthecompanioncrop.
3.Ithelpstorestoresoilfertilitywhenlegumesareincludedascomponent

crops.
4.Controlofweedsaswellassoilerosionispossible,asthesoilremains

coveredwithplants.
5.Intercropprovideshadeandsupporttotheothercrop.
6.Inter-croppingwasoriginallypracticedasaninsuranceagainstcropfailure

underrainfedconditions.
7.Inter-croppingsystem utilizesresourcesefficientlyandtheirproductivityis

increased.
8.Intercroppingwithcashcropsishighlyprofitable.



B.Mixedcropping
Two crops are grown bysowing a mixture oftheirseed atcertain

proportione.g.WheatandMustardseedsaremixedtogetherin2:1ratesand

shownbroadcastNospacingismaintainedbetweenthecrops.

Nospacingismaintainedbetweenthecropsitisacommonpracticein

areaswhereclimatichazardssuchasflood,drought,frostetc.arefrequentand

common.Undersuchcircumstancesthefarmersalwaysfearthattheircropswill

fail.Undermixedcropping,thetimeofsowingofallthecropsisalmostthesame,

howevertheymaymatureeithertogethere.g.Wheat+Gram orWheat+Barleyor

Wheat+Mustardortheymaymatureatdifferenttimes,e.g.Pigeonpea+Jowar

+mungandtil(Sesamum)orgroundnut+bajaraetc.Theobjectofmixed

croppingistomeetthefamilyrequirementofcereals,pulsesandvegetables.Itis

subsistencefarming.

Principlesofmixedcropping

Themostimportantpointistheselectionofcrops.Cropswhichcompete

witheachothershouldnotbechosen.Therefore,thefollowingpointsshouldbe

consideredwhileselectingcrops.

1.Legumesshouldbeshownwithnon-legumes,e.g.pigeonpeawithJowar-

bajra,gram withwheat.

2.Tallgrowingcropshouldbesownwithshort-growingcrops,e.g.maizewith

mung/blacgram

2.Deep-rootedcrops(Taprootedcrops)shouldbesownwithshallow \rooted

crops.

3.Bushycrops(Spreading,covercrops)shouldbesownwitherect-growing

crops.

4.Cropsbeingattackedbysimilarinsect,pestanddiseasesshouldnotbesown

together.

5.Mixturesshouldconsistshortandlongdurationcrops.

C.Sequencecropping/Croprotation
Itisapracticeofgrowingtwoormorecropsonthesamepieceofland

during one farming yearin particularsequence to increase the production



withoutanydetrimentaleffectonsoilhealth.Dependingonthenumberofcrops

growninayear,itiscalledasdouble,tripleandquadruplecropping.

Cropsequenceandcroprotationaregenerallyusedsynonymously.Crop

rotationreferstorecurrentsuccessionofcroponthesamepieceoflandeitherin

ayearoroveralongerperiodoftime.Componentcropsaresochosensothat

soilhealthisnotimpaired.

DoubleCropping :-Growingtwocropsayearinsequence

TripleCropping :-Growingthreecropsayearinsequence

QuadrupleCropping:-Growingfourcropsayearinsequence.

Principlesofcroprotation

Leguminouscropsshouldbegrownbeforenon-leguminouscropsbecause

legumesfixatmosphericNintothesoilandaddorganicmattertothesoil.

Cropswithtaproots(deeprootedlikecotton)shouldbefollowedbythose

whichhavefibrous(shallow rootedcropslikesorghum ormaize)root

system.Thisfacilitatesproperanduniform useofnutrientsfrom thesoil.

More exhaustive crops should be followed by less exhaustive crops

becausecropslikepotato,sugarcane,maizeetc.needmoreinputssuchas

bettertillage,morefertilizers,greaternumberofirrigationetc.

Selectionofcropshouldbebasedonneedordemand.

Cropsofsamefamilyshouldnotbegrowninsuccessionbecausetheyact

asalternatehostsforinsectpestsanddiseases.

Thecropselectedshouldalsosuittothesoilandclimaticcondition.

Selectionofcropsshouldbebasedonthesituationssuchas

 Onsloppylands,alternatecroppingoferosionpermittinganderosion

resistingcropsshouldbeadopted.

 Underrainfedsituationscropswhichcantoleratedroughtshouldbe

selected

 Inlow-lying and flood proneareascropswhichcantoleratewater

stagnationshouldbeselected

 In areaswheresaltaffected soilsarethere,salttolerantvarieties



shouldbegrown

Anidealcroprotationmustprovidemaximum employmenttothefarm

familyandlabour,permitsfarm mechanizationtoensuretimelyoperations

besidesmaintainingsoilhealth

Advantagesofcroprotation
Anidealcroprotationhasthefollowingadvantages.

(1) ThesoilfertilityisrestoredbyfixingatmosphericNencouragingmicrobial
activityandmaintainingphysico-chemicalpropertiesofthesoil.

(2) Alternatecroppingwithothercropshelpsincontrollingcropboundweeds.
(3) Properutilizationofallresourcesandinputscouldbemadebyfollowing

croprotation.
(4) The farmergets a betterprice forhis produce because ofits higher

demandsinthemarket.
(5) Bestutilizationofresidualmoisture,fertilizerandorganicresiduesismade

bygrowingcropsofdifferentnature.
(6) Thefamilyneedsoffeed,food,fuel,fiber,spices;condiments,sugaretcare

fulfilled.

D.Relaycropping

Itisjustlikearelayracewherelandistransferredtoanothercropbefore

previouscropisharvested.e.g.GreenGram-maize-potato-Wheat.

Sciencenextcropissownbeforetheharvestoftheearliercrop,thecrop

varietytobechosenmustbeofshortdurationandquickgrowing.Thereisno

gapbetweenharvestingofearliercropandsowingofnextcrop.Sobeforethe

harvestofpreviouscrop,thelandisirrigatedandthesoilisworkedupslightlyfor

sowingofthesubsequentcrop.

e.g.sowingofpigeonpeain-betweentworowsofkharifgroundnutjust

onemonthbeforegroundnutharvest.Themainpurposeistoutilizetheresidual

soilmoistureandnutrientsaftergroundnut.

Advantageofrelaycropping
1.Minimum tillageisneededforrelaycroppingandthusreducethecostof

cultivation.

2.Weedproblem islowasthelandisengagedwithcropsalltheyearround.

3.Cropsresiduesareaddedinthesoilandtheyconvertedtoorganicmanure

afterdecomposition.Increasefertilityofsoil.

4.The succeeding crops are benefited by the residualfertilizerofthe



perviouscrops.

E.Ratooncropping

Ratooningreferstoraisingacropwithregrowthcomingoutofrootsor

stalksafterharvestofthecrop.Ratooningsorghum forfodderandgrainismore

popularthanothercereals.Chiefadvantagesofrationingaretoavoidplantingof

anothercropandsavetime&costsforseedandlandpreparation.

e.g.Raisingacropfrom regrowthofsugarcane,maize,sorghum etc.

F.AlleyCropping

Itisacroppingsystem inwhicharablecropsaregrowninalleys(Vacancy

space)formedbytherowsoftreeshrubwithaview mainlytoenhancingsoil

productivity.

G.Multistoryormulti-tiercropping
Growingplantsofdifferentheightsinthesamefieldatthesametimeis

termedasmulti-storyormulti-tiercropping.

Itismostlypracticedinorchardsandplantationcropsformaximum useof

solarenergyevenunderhighplantingdensitye.g.Eucalyptus+Papya+Berseem.

Sometimesitispracticedunderfieldcropssuchass'cane+potato+onion

(seedcrop)ors'cane+mustard+potato.

H.Paira/Uteracropping

Growingofsuchcropssownafew daysorweeksbeforeharvestingof

standingmaturecropsiscalledpaira/uteracroppingandthesowncropiscalled

paira/utera crop.Eg.Lathyrus in rice.Paira cropping in succession may

constituterelaycropping.

Pulseslikemung,blackgram,gram,lentilandlathyruscomeupwellas

pairacroppingintherabiseason.Wherethelandafterharvestofpaddyremains

slaucymakingitunsuitablefortillage,thesecropsmaybebroadcastatleast15-

20daysbeforeharvestusing1.50timestheseedsrequiredfornormalsowing.



Topic12:SoilfertilityandSoilproductivity

Soilsaretheuppermostpartoftheearth’scrust,formedmainlybythe

weatheringofrocks,formationofhumusandbymaterialtransfer.Soilsvarya

greatdealintermsoforigin,appearance,characteristicsandproductioncapacity.

Soilsvarylargelywithrespecttotheirnaturalfertilityandproductivity

resultinginplantgrowthrangingfrom practicallyzero (no growthatallon

extreme problem soils)to abundantluxuriantgrowth ofnaturalvegetation.

However,onlyasmallproportionofworld’ssoilshaveaverygoodleveloffertility.

Mostsoilshaveonlygoodtomedium fertilityandsomehaveverylow fertility

andareoftenreferredtoasmarginalsoils.Suchareasshouldnotgenerallybe

usedforcroppingbutonlyforgrazinginacontrolledmanner.However,under

naturalvegetationinasuitableclimate,evensoilsofpoorfertilitymayproduce

luxuriantvegetationwherethenutrientcycleisclosed,e.g.theAmazonforests

Whatissoilfertility?

Soilfertilitydefinedastheabilityofthesoiltoprovidetheentireessential

plantnutrientintheavailableformsandsuitablebalance.

Soilfertilityreferstotheinheritancecapacityofthesoiltosupplynutrient



totheplantsinadequateamountandinsuitableproportion.

Italsounderstoodthatsoilshouldbefreeofanytoxicsubstancee.g.

salineoralkalinesoils.

Soilfertilityisamanageablesoilpropertyand itsmanagementisof

utmostimportanceforoptimizingcropnutritiononbothashort-term andalong-

term basistoachievesustainablecropproduction.

Thepresenceofnutrient&availabilityofnutrientsisquitedifferentthing.

Thenutrientmaypresentinthesoilbutmaynotbeavailableduetootherfactor

(pH)orshortageofmoistureinthesoil.Thus,soilmaybefertilebutmaynotbe

productive.Sofertilesoilmayormaynotbeproductivebutproductivesoil

alwaysfertile.

 Factorsgoverningsoilfertility

 Parentmaterial:Fertilityofasoildependsonthechemicalcompositionof

parentmaterialfrom whichitderived.

 Topography:Soilsontheupperslopearelessfertilethanthesoilsonlower

slopebecausehighleachinganderosiononupperslope.

 Climate:Intropicalclimatedecompositionoforganicmatterisfasterthan

temperate climate.Thus soils oftropicalregions are less fertile when

comparedtotemperateregion.

 DepthofSoilProfile:Deepsoilsaremorefertilethantheshallow soilsand

therootsarespreadwellenoughindeepsoilsthantheshallowsoils.

 PhysicalConditionofSoil:Thesoiltextureandsoilstructureinfluencethe

soilfertility.

 ArtificialFactors:

I.Waterlogging



ii.Croppingsystem

iii.Toxicchemicalsand

iv.Pesticidesinthesoil

Whatissoilproductivity?

Productivityisthepresentcapacityofthesoiltoproducecropyieldunder

adefinedsetofmanagementpractices.Itismeasuredintermsoftheyieldin

relationtheinputsofproductionfactors.

A productivesoilisoneinwhichthechemical,physical,andbiological

conditionsarefavorableforplantgrowth.

Theresponsetomanagementofsoilsinterm ofyieldperunitareadepends
upon:

(1)Availabilityofnutrientsandstatusofsoil
(2)Tilthandworkabilityofsurfacesoil
(3)Erosioncontrol
(4)Organicmattercontent

 Hansjenny:

Cropproduction=f(cl,v,m,s,t)
Where,
f=function,
cl=climate,
v=vegetationorcropvariety
m =management(irrigation,tillage),
s=soil, t=time(growthperiod)

Differencesbetweensoilfertilityandproductivity

Sr.
No.

Soilfertility SoilProductivity

1. Itisanindexofavailablenutrients
toplants

It is a broader term used to
indicateyields

2. Influencedbythephysical,chemical
andbiologicalfactorsofthesoil.

Depends upon fertility and
location.



3. Itcanbeanalyzedinthelaboratory Itcan be assessed in the field
under particular climatic
conditions

4. It is the function of available
nutrientsofthesoil.

Itisthefunctionofsoilfertility,
managementandclimate.

5. Itisthepotentialstatusofthesoil
toproducecrops

It is the resultant of various
factors influencing soil
management

6. Allfertilesoilsarenotproductive. Allproductivesoilsarefertile.

Topic13:Fertilitylossesandmaintenanceofsoilfertility,soilorganic

matter

  Infarming,soilfertilitymaylostthroughmanyways,someofthese  ways

areasresultofhumanactivitieswhileothersarethroughnaturalprocess. 

Thefollowingaresomewaysthroughwhichsoilfertilitymaybelost:

(1)Leaching

Thisiscommonwithnutrientsthatarehighlysolublesuchasnitrogen,

thesenutrientsarecarriedtolowerfarfrom beyondthereachofmanyplants

roots,soilwithmanyleachednutrientsareinfertility.

(2)Soilcapping

Thisiswhenthesoiliscovered(capped)withanimperviousmaterial



whichpreventsthepenetrationofrainwaterintothesoil,thisleadstosurfacerun

–off.Thisdeniesthesoiladequatemoistureandexposesthesoiltoerosion

(3)Soilerosion

Thisisthecarryingawayofthetopfertilesoilbymovingwaterandwind.

Erosionleadstolossofthefertiletopsoilandplantnutrients,thismakesthesoil

infertility.

(4)Mono-cropping

Mono-croppingisthepracticeofgrowingonetypeofgropesonapieceof

landforalongtime.Thegropesgrownusesonlythosenutrientsitneedswhile

othernutrientsremainunused,thisleadstoexhaustionofsomenutrientsand

eventuallytotheirdeficiencyinthefollowingyears

Thereisalsolikelihoodofbuildupofpestsanddisease,thesamepestand

diseasearepassedonfrom theresidueofpreviouscrop,thisleadstolowyield

(5)Accumulationofsalt

Soilwatercontainsdissolvedmineralssaltsfrom theparentrock;someofthe

saltcomesfrom decompositionoforganicmatter.

Undernormalcondition,thesaltsarewashedawaybyrainwater,thereby

keepingtheirconcentrationinthesoillow.Howeverinaridandsemi-aridareas

therainfallisirregularandisnotenoughtoremovethesaltfrom thesoil.

Thistogetherwiththehighevaporationrateandpoordrainage,leadsto

accumulationofsaltonorbelowofthesoilsurface.Thesaltcausedeficiencyof

waterinplantsaswatermovesoutoftherootinthesoilundertheosmotic

pressureofthesaltsolution.

(6)ChangeinthepH



InappropriateuseoffertilizersmaychangethesoilpH,forexample,the

useofacidicfertilizeroveralongperiodoftimecanmakethesoilacidic.

ChangeinpHaffectstheactivityofthesoilmicroorganismsandtheavailability

ofsomenutrients.This,inrun,affectsthefertilityofthesoil.

(7)Burningofvegetation

Whenvegetationisburned,organicmatterisdestroyed;thisaffectsthe

activitiesofmicroorganismssuchasnitrogenfixationanddecompositionof

organicmatter.

Accumulationoftheresultingashalsocausesimbalanceofnutrientsin

thesoil.Burningofvegetationalsoexposesthesoiltoagentsoferosionsuchas

windandwater.

 Maintenanceofsoilfertility

Maintenanceofsoilfertilityisagreatproblem toourfarmers.Cultivation

ofparticularcropyearafteryearinthesamefielddecreasesthesoilfertility.To

increasethesoilfertility,itisnecessarytocheckthelossofnutrientandto

increasethenutrientcontentofsoil.

Thefollowingthingsmustbeproperlyfollowedforincreasingthefertilityofsoil.

 Properuseofland

Goodyieldofcropisnotpossibleifwecultivateanycropinanyland.Soitis

necessarytoselectthecropwhichissuitableforaparticularland.Practical

experiencewillbehelpfulinthisregard.Thecropshouldbecultivatedonthe



basisofthenaturesoil,forexample,cultivationofpaddyisbestsuitedinlow

landclaysoil.

 Goodtillage

Goodtillageisnecessarytobringthesoilinsuitableconditionfortheproduction

ofcrops.Tillagemakesthesoillooseand friable.Weedsand stubblesof

previouscropsploughedunderbytillageareturnedintoorganicmatter.Asa

result,thephysical,chemicalandbiologicalchangeofsoiltakesplacewhichis

necessaryforthemaintenanceofsoilfertility.

 Croprotation

Ifwecultivatetheparticularcropyearafteryearinthesamefield,theparticular

nutrientsofsoilbecomeexhaustedandthefertilityofsoilisdecreased.Forthis,

differentcropsshouldbecultivatedinayear. 

 Controlofweeds

Weedscompetewithcropplantsforwater,space,lightandmineralmatter.

Weedsgrownonaparticularlandabsorbtheplantnutrientandmakethesoil

unfertile.Forthis,tomaintainandimprovethesoilfertility,itisnecessaryto

controltheweedsintimes.

 Maintenanceofoptimum moistureinsoil

Optimum moistureinthesoilisessentialforthepropergrowthofcrops.The

quantityofsoilmoistureinmoreorlessamounthampersthegrowthofcrop.

Excessivewaterinthesoilcausesthelossesofnutrientbyleachingandasa

result,thefertilityofthesoildecreases.Soitisessentialtoconservethesoil

moisturewhichishelpfulintheconservationofsoilfertility.

 Controlofsoilerosion

Someofthenutrientespeciallynitrogen,remainsontheupperlayerofthesoilis

removedbyinanymeans,thefertilityofthesoildecreases.Soitisessentialto



conservethesoilmoisturewhichishelpfulintheconservationofsoilfertility.

 Cultivationofgreenmanuringcrops

Ifwecultivategreenmanuringcropsi.e.leguminouscropsuchasdaincha,

sunhemp,cowpeaetc.inthefieldandturnedunderthesoilbyploughing,the

organicmatterandnitrogenincaseofleguminouscropincreasesinthesoiland

therebythefertilityofsoilincreases.Theleguminouscropfixnitrogenfrom air

withthehelpofnitrifyingbacteria(i.e.Rhizobium)livinginrootnoduleofthat

crop.Additionofthosecropsincreasestheorganicmatterandnitrogencontent

ofsoil.Asaresult,thefertilityofsoilisincreased.

 Applicationofmanures

Manureisorganicinnature.Applicationofmanuresi.e.plantorigin(oilcakes,

compost,farm yardmanureetc.)andanimalorigin(i.e.cow dung,urine,bone

mealetc.)increasestheorganicmatterinthesoilandtherebythefertilityofsoil

isincreased.

 Cultivationofcovercrops

Covercropssuchascowpea,sweetpotatoetc.makeacoverofsurfaceofthe

soilwhichreducesthesoilerosionandleachinglossofnutrientsfrom thesoil.

Asaresult,thefertilityofsoilisconserved.

 Removalofexcesswater

Removalofexcess waterfrom the soilis verymuch essential.Otherwise,

nutrientsarelostbytheprocessofleaching.Besidesthis,aerationisalso

inhibitingthemicrobialactivityandmineralizationsofnutrientsdonottakeplace

properly.Soitisessentialtoremoveexcesswaterfrom thesoiltomaintainsoil

fertility.

 Applicationoffertilizersassoilhealthcard/STV



Manurecontainsfeweramountsofnutrients.Soweshouldapplyfertilizerto

meettherequirementofplant.Applicationsoffertilizerdonotincreasethe

fertilityofsoil.Butitispossibletomeetthedemandofplantthroughthefertilizer

application.

 Maintenanceofproperacidity/alkalinityofsoil

Acidandalkalisoilsarenotsuitableforthecultivationofallcrops.Inacidsoil,

iron,aluminium andmanganeseremaininunavailableform.Itisessentialto

reclaim theacidityandalkalinityofsoiltomaintainthefertilityofsoil.Limeis

appliedforreclamationofacidsoilandgypsum isappliedforthereclamationof

alkalisoil.

 RoleoforganicmatterinSoil:

 Organicmatteristhestorehouseoffoodfortheplant.Themajorplant

nutrientnamelynitrogen,phosphorusandpotassium remaininorganic

matterand thenutrientreleasesthroughouttheyearwhich becomes

availabletoplants.

 Organicmatterhelpstoimproveandconservethefertilityofsoil.

 Organicmatterimpartsadarkcolourofthesoilandtherebyhelpsto

maintainsoiltemperature.

 Organicmatterimprovessoilstructurebyenhancingthegranulationofsoil

particles.As a result,clay soilbecomes porous and aeration and

movementofwaterimproved.Ontheotherhand,waterholdingcapacityof

sandysoilincreases.

 Theplantnutrientsremainininsolubleandcomplicatedstateinorganic

matter.Asaresult,lossofnutrientbyrainwaterorothernaturalagencies

becomesminimum.

 Organicmatterincreasescationexchangecapacity(CEC)ofthesoil.Thus



itpreventsthelossofnutrientbyleachingandretainsthem inavailable

form.

 Organicmatterincreasesthewaterholdingcapacityofthesoil.Thisis

speciallyimportantincaseofsandysoil.

 Organicmattermakesthesoilporousandthus,helpsinproperaeration.

 Organicmattersserveasastorehouseoffoodforthesoilmicroorganism.

Theymaketheplantnutrientavailabletoplants.

 Organicmatterincreasestheavailabilityofphosphorusbylockingupthe

calcium,ironandaluminium whichareresponsibleforphosphatefixation.

 Organicmatterincreasesthebufferingcapacityofsoil.Bufferingcheeks

rapidchemicalchangesinsoilpHandinsoilreaction.

 Organicmulchinghelpstoconservethesoilmoisture.

 Organicacidreleasedfrom decomposingorganicmatterhelpstoreduce

alkalinityinsoils.

 Organic matterreduces the undesirable properties ofclay soillike

cohesionandplasticity.Itmakestheclaysoilfriableandmakeiteasyfor

cultivation.

 Organicmatterreducesthelossofsoilbywinderosionandreducesthe

surfacerun-offandmakessoilwatermoreavailabletoplants.

 Soilbecomesinertwithoutorganicmatterandplantcannotgrow wellin

thatsoil.



Topic14:Irrigation,Introduction,Importance,definitionandobjectives

Waterisoneofthemostimportantinputsessentialfortheproductionof

crops.Plantsneeditcontinuouslyduringtheirlifeandinhugequantities.It

profoundlyinfluencesphotosynthesis,respiration,absorption,translocationand

utilizationofmineralnutrients,andcelldivisionbesidessomeotherprocesses.

Bothitsshortageandexcessaffectsthegrowthanddevelopmentofaplant

directlyand,consequently,itsyieldandquality.

Soilisaporousmedium,andservesasawaterreservoirorbank.Wateris

depositedinthisbankasrainorirrigation,andplantswithdraw itduringtheir

growth.Thereshouldbeminimum ornowastageofwatereitherthroughsurface

run-offorthroughdeeppercolationbelowtheroot-zoneofacrop.Management

ofirrigationpractices,ifnotadoptedasperthesuitabilityofsoiltypes,land

topography,methodology,andagro-climaticconditionscanleadtoimbalancesin

sub-soilwater.Themostcommonproblem associatedwithirrigationisthewater

logging.Drainingoutthisexcesswaterfrom therootzoneistheonlysolutionto

reclaim suchlands.Thetechniquestobeadoptedshouldbeeconomicallyand

environmentallyviableandinlinewiththesoil,climateandagriculturesystem.

Definition
Irrigationisdefinedastheartificialapplicationofwatertothesoilforthe

purposeofsupplyingmoistureessentialforplantgrowth.

Waterrequirement(WR):

Itisthequantityofwater,regardlessofitssources,requiredbyacropor

diversifiedpatternofcropsinagivenperiodoftimefortheirnormalgrowth

underfieldconditions.

WR=IR+EP+S

Where, IR=Irrigationwater

EP=Effectiveprecipitation

S=Soilprofilecontribution



Irrigationrequirement(IR):
Itisthetotalamountofwaterappliedtoacroppedfieldforsupplementing

precipitationandsoilprofilemoisturecontributiontomeetcropwaterneedsfor
optimum growthandyield.

IR=WR–(EP+S)

Importance/Roleofwatertoplants
Waterisconsideredaselixirofanylivingorganism.Itisindispensablefor

human,animalandplant.
1. GreenPlantscontain90%waterwhichgivesturgidityandkeepsthem erect.

2. Waterisanessentialpartofprotoplasm.

3. Itregulatesthetemperatureoftheplantsystem.

4. Itisessentialtomeetthetranspirationrequirements.

5. Itservesasamedium fordissolvingthenutrientspresentinthesoil.

6. Itisanimportantingredientinphotosynthesis.

7. Itisnecessaryforbio-chemicalprocessesandbuildingupoftheplant

contents.

DefinitionandObjectivesofIrrigation

Irrigationgenerallydefinedastheartificialapplicationofwatertothesoil

forthepurposeofsupplyingmoistureessentialforplantgrowth.

However,broadandmoreinclusivedefinitionisthatirrigationisthe

applicationofwatertothesoilforanyofthefollowingpurposes/objectives.

1. Toaddwatertosoilforsuppliesthemoistureessentialforplantgrowth.

2. Toprovidecropinsuranceagainstshortperiodofdrought.

3. Tocoolsoilandatmosphere,therebymakingmorefavorableenvironment

forplantgrowth.

4. Towashoutsaltsfrom therootzoneofplant.

5. Todissolvetheplantnutrientspresentinsoil.

6. Regulatingthetemperatureoftheplantsystem.

7. Toreducethehazardofsoilpiping(Cracking).

8. Tosoftenthetillagepanorfacilitatetillageoperation.



9. Toreducethehazardoffrost.

10.Tosupplementthenaturalprecipitation.

Topic15:PhysicalclassificationandBiologicalclassificationofwater.

Formsofsoilwater

The watercontentatfield capacity,wilting pointand the hygroscopic

coefficientareallbasedontheOVEN-DRYreferencemass.Thepercentage

ofwaterheldundereachoftheseconditionscanthereforebeusedtodefine

thefollowingandotherformsofsoilwater.

GravitationalWater(%) =Watercontent-Fieldcapacity

Capillarywater(%) =Fieldcapacity-Hygroscopiccoefficient

Hygroscopicwater(%) =Hygroscopiccoefficient

Availablewater(%) =Fieldcapacity-Wiltingpoint

Unavailablewater(%) =Wiltingpoint

Eachoftheseformsofwatercanbecalculatedfrom theappropriatesoil

mass

Classificationofsoilwater

Soilwaterhasbeenclassifiedfrom aphysicalandbiologicalpointofviewas

Physicalclassificationofsoilwater,andbiologicalclassificationofsoil

water.



 Physicalclassificationofsoilwater

1.Gravitationalwater: Gravitationalwateroccupiesthelargersoilpores

(macropores)andmovesdownreadilyundertheforceofgravity.Waterin

excessofthefieldcapacityistermedgravitationalwater.Gravitationalwater

isofnousetoplantsbecauseitoccupiesthelargerpores.Itreduces

aerationinthesoil.Thus,itsremovalfrom soilisarequisiteforoptimum

plantgrowth.Soilmoisturetensionatgravitationalstateiszeroorlessthan

1/3atmosphere.

2.Capillarywater: Capillarywaterisheldinthecapillarypores(micropores).

Capillarywaterisretainedonthesoilparticlesbysurfaceforces.Itisheldso

stronglythatgravitycannotremoveitfrom thesoilparticles.Themolecules

ofcapillarywaterarefreeandmobileandarepresentinaliquidstate.Due

tothisreason,itevaporateseasilyatordinarytemperaturethoughitisheld

firmlybythesoilparticle;plantrootsareabletoabsorbit.Capillarywateris,

therefore,knownasavailablewater.Thecapillarywaterisheldbetween1/3

and31atmospherepressure.



3.Hygroscopicwater: Thewaterthatheldtightlyonthesurfaceofsoil

colloidalparticleisknownashygroscopicwater.Itisessentiallynon-liquid

and moves primarily in the vapourform.Hygroscopic waterheld so

tenaciously(31to10000atmospheres)bysoilparticlesthatplantscannot

absorbit.

 Biologicalclassificationofsoilwater

Thereisacertainrelationshipbetweensoilmoistureretention andits

utilizationbyplants. On the basis,superfluous,availablewaterand

unavailablewaterarerecognized.

1.Superfluouswater(Freewaterordrainablewater)

Itisexcessofthatheldinsoilatfieldcapacityandhasnouseforhigher

plants.Thiswaterisheldatatensionbelow 0.1to0.3atmospheres.Itis

alsoknownasfreeorgravitationalwater.Theharmfuleffectofthiswater

ontheplantsandsoilareasfollows.Thiswatercanbecalculatedas.

Drainablewater= MWHC-FCxBDxD

(cm/depth)

100

 Pooraeration ofthe soil,which deprives the roots and aerobic

organism oftheiroxygen.

 Adversebiologicalchangesmaybeencouraged.

 Nutrientsmaybeleacheddownespeciallyfrom coarsetexturedsoil.



2.Availablewater(Availablesoilmoisture,ASM)

Thiswaterisheldbetweenfieldcapacityandpermanentwiltingpoint(PWP

or permanent wilting coefficient) tension between 0.1 (0.3) to 15

atmospheres.Itisexpressedaspercentagemoisture(PW)orasvolume

basis(cm/m depth).

FC-PWPxBDxD

ASM =

(cm/depth) 100

3.Unavailablewater

Itisheldinthesoilatthepermanentwiltingpoint(≥15atm.).Unavailable

waterincludeshygroscopicwaterandthatpartofthecapillarywaterheld

between15to31atmospheres,whichisutilizedbyplantstooslowlyto

preventwilting.

PWPxBDxD

Unavailablewater=

(cm/depth) 100

 Soilmoistureconstant



Thewatercontentsexpressedundercertainstandardconditions

arecommonlyreferredtoassoilmoistureconstants.Thesoilmoisture

constant,therefore,represents definite soilmoisture relationship and

retentionofsoilmoistureinthefield.Theyareusedasreferencepointsfor

practical irrigation water management. These constants are briefly

explainedbelow:

1.MWHC:Theamountofthewaterheldinthesoilwhenalltheporesare

filledwithwateriscalledmaximum waterholdingcapacity.Itistheamount

ofwaterat100 % saturation.Therefore,the sum ofthe hygroscopic,

capillaryandgravitationalwateristheMWHC.

Moistureequivalent isproposedby LymanBriggs andMcLane(1910)asa

measureof fieldcapacity forfine-texturedsoilmaterials.

2.MoistureEquivalent:Moistureequivalentisdefinedas thepercentageof

waterwhichasoilcanretaininoppositiontocentrifugalforces1000times

thatofgravity.BriggsandMcLainintroducedthisterm in1907.Theterm FC,

whichisintroducedlateron,isusedinplaceofmoistureequivalentinsoil-

waterrelationship.

Sandysoil = M E<FC

Claysoil = M E>FC

Medium soil= M E=FC

3.Fieldcapacity:Itisthemoisturecontentofawell-drainedsoilonoven-



driedbasisafewdaysaftercompletesaturationwhendownwardmovement

ofexcesswaterispracticallyceased.Suchastageisreachedgenerallyin

48to72hoursaftersaturation.SandysoilreachesFCearlierthanclayey

soils.OrganicmatterandfinetextureincreasesFC.Itisalsotermedasfield

carryingcapacity(FCC),moisturecapacity(MC),capillarycapacity(CC),

waterholdingcapacity(WHC)ormoistureholdingcapacity(MHC),moisture

retentioncapacity(MRC).

Fieldcapacityistheupperlimitofsoilmoistureandforcewith

whichmoistureisheldatthispointvariesfrom 0.1to0.3atmospheres.FC

valuesofsandysoils,sandyloam,loam,clayloam and claysoilsare

generallyabout5-10%,10-18%,18-25%,24-32%and32-40%,respectively.

4.PWP:Moisturecontentatwhichplantleaveswiltpermanentlyanddonot

regainturgidityeventheyarewateredagainthisiscalledpermanentwilting

andthepercentageofsoilmoistureatthispointisknownaspermanent

wiltingpoint.

Thisisthelowerlimitofavailablesoilmoisturerangeforplant

growth.Theforcewithwhichmoistureisheldbythesoilatthisstage(point)

correspondstoabout15atmospheres.ThePWPvaluesofsandy,sandy

loam,loam,clayloam andclaysoilsaregenerallyabout2-6%,4-8%,8-12%,

11-15%and15-19%.

5.Hygroscopiccoefficient:Thehygroscopiccoefficientisthepercentageof

waterremaininginanair-drysoil.Atthispoint,waterinthesoilisadsorbed

onthesoilcolloidssotightlythatitcanmoveonlyinvapourform.



Topic16:Irrigationefficiencyandwateruseefficiency,consumptiveuseof

water

Introduction:

Irrigationwaterisanexpansiveinputandhastobeusedveryefficiently.

Themainlossesoccurduringirrigationoffieldsasconveyance,runoff,seepage

anddeeppercolation.Irrigationefficiencycanbeincreasedbyreducingthese

losses.Uneven spreading and inadequatefilling ofrootzonearetheother

causesfor low irrigationefficiency.Irrigationefficiencyatthefieldlevelcanbe

increasedbyselectingsuitablemethodofirrigation,adequatelandpreparation

andengaginganefficientirrigator.

Anefficientirrigationsystem implieseffectivetransferofwaterfrom the

sourceto thefield with minimum possibleloss.Theobjectiveofirrigation



efficiencyconceptistoidentifythenatureofwaterlossandtodecidethetypeof

improvementsinthesystem.Evaluationofperformanceintermsofefficiencyis

prerequisiteforproperuseofirrigationwater.

1.IrrigationEfficiency

Itisdefinedastheratioofwateroutputtothewaterinput,i.e.,theratioor

percentageoftheirrigationwaterconsumedbythecropofanirrigatedfarm,

fieldorprojecttothewaterdeliveredfrom thesource.Inmostirrigationprojects

ofIndia,theirrigationefficiencyrangesbetween20to40percent.

Where,

Ei =Irrigationefficiency(%)

Wc=Irrigationwaterconsumedbycropduringitsgrowthperiod.

Wr=Waterdeliveredfrom canalsduringthegrowthperiodofcrops.

2.WaterConveyanceEfficiency

Itisameasureofefficiencyofwaterconveyancesystem from canal

networktowatercoursesandfieldchannels.Itistheratioofwaterdeliveredin

fieldsattheoutletheadtothatdivertedintothecanalsystem from theriveror

reservoir.Waterlossesoccurinconveyancefrom thepointofdiversiontillit

reaches the farmer's fields which can be evaluated by waterconveyance

efficiencyas:

Where,

Ec=Waterconveyanceefficiency(%)



Wf=Waterdeliveredatthefield

Ws=Waterdeliveredatthesource(atfieldsupplychannel)

Thewaterconveyanceefficiencyisgenerallylow;about21% lossesoccurin

earthenwatercoursesonly.

3.WaterApplicationEfficiency

Itisameasureofefficiencyofwaterapplicationinthefield.Itistheratio

ofvolumeofwaterthatisstoredintherootzoneofcropsandultimately

consumedbytranspirationorevaporationorbothtothevolumeofwateractually

deliveredatthefield.Alternatively,itmaybedefinedasthepercentageofwater

applied thatcan beaccounted forasincreasein soilmoisturein soilsas

occupiedbytheprincipalrootingsystem ofthecrop.Itisalsotermedasfarm

efficiencyasittakesintoaccountwaterlostinapplicationatthefarm and

calculatedas:

Where,

Ea=Waterapplicationefficiency(%)

Ws=Irrigationwaterstoredintherootzoneofthesoil

Wf=Irrigationwaterdeliveredtothefarm

Ingeneral,waterapplicationefficiencydecreasesastheamountofwater

duringeachirrigationincreases.Waterlossesduetoinefficientapplicationof

waterinthefieldvaryfrom 28to50percent.Thecommonsourcesoflossof



irrigationwaterduringapplicationaremainlysurfacerunofffrom thefarm and

deeppercolationbelowthefarm rootzone.

4.WaterStorageEfficiency:

Itis also known as waterstorage factor.This parameterestimates

whethertheamountofwaternecessaryforcropisstoredintherootzoneornot.

Itisdefinedastheratioofthewaterstoredintherootzonedepthbyirrigationto

thewaterneededintherootzonedepthtobringittothefieldcapacity.Itcanbe

calculatedas:

Where,

Es =Waterstorageefficiency(%)

Ws =Waterstoredintherootzoneduringtheirrigation

Wn=Waterneededintherootzonepriortoirrigation,i.e.,fieldcapacity

soil moisture

5.WaterDistributionEfficiency

Itmaybedefinedasthepercentageofdifferencefrom unityoftheratio

betweentheaveragenumericaldeviationfrom theaveragedepthstoredduring

theirrigation.Expressionfordistributionefficiencytoevaluatetheextentto

whichthewaterisuniformlydistributedintherootzoneandcalculatedas:

Thatis,



Where,

Ed= Waterdistributionefficiency(%)

d= Averagenumericaldeviationindepthofwaterstoredfrom average

depth                     storedduringirrigation

D = AverageDepthofwaterstoredalongtherunduringirrigation

Forexample,If10% wateris lostin irrigation channel,20% during

applicationand25%duringdistribution,itmeansthewaterconveyanceefficiency,

waterapplicationefficiencyandwaterdistributionefficiencyare90%,80% and

75%,respectively.TheirrigationefficiencyinthiscasewillbeEc×Ea×Edor0.90

×0.75×0.80=0.54or54%.

6.ConsumptiveUseEfficiency

Itisdefinedastheratioofconsumptivewaterusebythecropofirrigated

farm orprojectandtheirrigationwaterstoredintherootzoneofthesoilonthe

farm ortheprojectarea.Afterirrigationwaterisstoredinthesoil,itmaynotbe

availableforusebythecropbecausewatermayevaporatefrom theground

surfaceorcontinuouslymovedownwardbeyondtherootzoneasitmayhappen

inwidefurrow spacing.Thelossofwaterbydeeppenetrationandbysurface

evaporationfollowingirrigationisevaluatedfrom thefollowingexpression:

Where,

Ecu = Consumptiveuseefficiency(%)



Wcu = Normalconsumptiveuseofwater

Wd = Netamountofwaterdepletedfrom therootzoneofthesoil

Consumptiveuseefficiencyisusefulinexplainingthedifferenceincrop

responsefrom differentmethodsofirrigation.

7.WaterUseEfficiency

Havingconveyedwatertothepointofuseandhavingappliedit,thenext

efficiencyconceptofconcernistheefficiencyofwateruse.Itmaybedefinedas

the yield ofmarketable crop produced perunitofwaterused in ET.Itis

expressed in kg/ha-cm ofwater. The proportion ofwaterdelivered and

beneficiallyusedontheprojectcanbecalculatedusingthefollowingformula:

Where,

WUE =wateruseefficiency(%)

Wu =waterbeneficiallyused

Wd =waterdelivered

Thewateruseefficiency(WUE)isalso defined asi)crop wateruse

efficiencyandii)fieldwateruseefficiency.

a)CropWaterUseEfficiency(WUECrop):

Itistheratioofyieldofcrop(Y)totheamountofwaterdepletedbycropin

evapotranspiration(ET).

Y

WUECrop = -----



ET

ThecropWUEisotherwisecalledconsumptivewateruseefficiency.Itis

theratioofcropyield(Y)tothesum oftheamountofwatertakenupandused

forcropgrowth(G),evaporateddirectlyfrom thesoilsurface(E)andtranspired

throughfoliage(T)orconsumptiveuse(Cu).

Y

WUECrop = -----------------

G+E+T

Where,

(G+E+T)=Cu

InotherwordsETisCusincewaterusedforcropgrowthisnegligible.

Y

WUECrop = ------

CU

Itisexpressedinkg/ha/mm orkg/ha/cm.

b)FieldWaterUseEfficiency:

Itistheratioofyieldofcrop(Y)tothetotalamountofwaterusedinthe

field.

Y

WUEField = -------

WR

Where,

WUEField = Fieldwateruseefficiency



WR = Waterrequirement

Thisistheratioofcropyieldtotheamountofwaterusedinthefield(WR)

includinggrowth(G),directevaporationfrom thesoilsurface(E),transpiration(T)

anddeeppercolationloss(D).

Y

WUEField = -----------------

G+E+T+D

Where, G+E+T+D =WR

Itisexpressedinkg/ha/mm (or)kg/ha/cm

Deeppercolationisimportantforricecrop.Forothercropsseepageis

important.Ofthetwoindicesdefined,thecropwateruseefficiencyismore

importantforresearchpurposeswhereasthefieldwateruseefficiencyhas

graterpracticalimportanceforplannersandfarmers.

 Factorsaffectingwateruseefficiencyofcrops

Wateruseefficiencyisinfluencedbysoil,plantandenvironmentalfactors.

Itisincreasedbygeneticallyenvironmentandculturalmanipulationofcrops.

Being a ratio,WUE is influenced by changes in both numeratorand

denominator.Thenumeratoriscropyield,whichdependsonsoil,plantsand

environmentalfactors.Underfieldconditions,denominator(watersupply)is

alsosubjectedtomanipulationandthuscontrollingwatersupplytocropscan



alsoincreaseWUE.Theeffectofallthesefactorsonwateruseefficiencyof

cropisbrieflydiscussedasunder.

1)Climaticfactors

Plant transpiration and soil evaporation are dependent upon the

temperature,windvelocity,relativehumidity,sunshinehoursandrainfallofa

particulararea.Evapotranspirationisdirectlycorrelatedwithtemperatureand

wind velocity thereby reducing WUE. Similarly,evaporation is inversely

proportionaltohumidityofclimatewhichresultsinreducedconsumptionof

watertherebyincreasingwateruseefficiency.Increasedavailabilityoflightto

plants increases photosynthesis resulting in greater production, which

consequentlyincreasesWUEofcrops.

2)Natureofcrops

Crops withhighercanopieshavegreater growth andconsequently

higherphotosynthesis,whichresultsingreateryieldandconcomitanthigher

WUE.Plantswithshallow and lessdevelopedrootsareabletoabsorbless

water and fertilizers resulting in their lesser growth and production.

Consequently,theirWUEisreduced.

Onthebasisofcarboxylationreaction,whichoccursduringphotosynthesis,

cropsarebroadlydividedintotwogroupsviz,C3andC4.CropsbelongingtoC3

grouplikewheat,barley,oats,pulsesandoilseedshavelessWUEbecausethey

haverespirationeveninthepresenceoflight,whichresultsinlesserproduction.

ButcropsbelongingtoC4groupslikesugarcane,maizeandsorghum etc.have

verylittleornorespirationinthepresenceoflightwhichresultsingreaterWUE

andhencegreaterproduction.

3)Culturalpractices

CulturalpracticeswhichdirectlyaffectWUEisasunder.



a)Sowingtime

Thecropssownatpropertimehavegreaterproductionandhencehigher

wateruse efficiency.The crops grown latterhave lessergrowth and

developmentproducelowyieldandhencelesserWUE.

b)Methodofsowing

Comparedtobroadcastingmethodofsowingofcrops,linesowingof

cropshasgreaterutilizationandabsorptionofnutrients,waterandlightresulting

inhigherproduction,whichresultsinhigherWUE.Grainyieldsofwheat,oatsand

pearlmilletwerealsoincreasedwhencropsweresownintheN-Sdirection.

c)Depthofsowing

Cropswhoseseedsaresownatoptimum depthhavegreatergrowthsince

germinationandhencehigherproductionresultingingreaterWUE.

d)Useofantitranspirants

Antitranspirants are those materials whose spray upon plants reduced

transpiration.Kaolin,phenylmercuricacetate andabscisesacidareafew

well-knownanti-transpirants. Thesprayingofanti-transpirantsuponplants

resultsintheirreducedtranspiration,whichlessenstheirconsumptiveuse

therebyincreasingWUE.

e)Useofgrowthretardants

Experimentshaveprovedthatthereexistcertainchemicalsubstanceslike

cycocel(CCC),phosphonetc.whosesprayinguponplantsingoodproduction

despitelackofwater.Hence,itgenerateshigherWUE.

f)Useofmulch

Mulchesreferstotheartificialornaturalmaterialscoveredonthesurfaceof

soilwithaobjecttoreduceevaporationanddestructionofweedsresultingin



greateruseoflight,fertilizers,airandwaterbycropswhichresultsinhigher

productionconsequentlyhigherWUE.

g)Methodofirrigation

Comparedtofloodingmethodofirrigation,sprinklinganddripmethodsof

irrigationresultsinlesserlossofwaterthroughevaporationandinfiltration

etc.thatresultsingreaterproductionusinglesswatertherebyincreasing

WUE.

h)Fertilizerapplication

Theoptimum applicationoffertilizeratpropertimeincreasesthegrowthand

developmentofcropstherebyincreasingtheirWUE.

i)Weedcontrol

Weedsalwayscompetewithcropsfortheuseofwater,nutrients,airand

light.Hence,destructionofweedsthroughpropermethodsisessentialforthe

propergrowthofcropsandtheirconsequenthigherWUE.

j)Insect-pestanddiseasecontrol

Theinsect-pestanddiseasemanagementatpropertimeisimperativefor

productionofagoodcrop.Ifcropsarenotsavedfrom insect-pestandother

diseases,theirgrowthanddevelopmentislessenedresultinginreducedWUE.

k)Useofshelterbelts

Thereisagreaterirrigationwaterlossinareashavinghotandhighvelocity

windsthroughevaporation.Insucharea,useofshelterbeltshelpstoreduce

evaporationlossofwaterandultimatelyincreaseWUE.

Besidesallabovefactors,certainfactorslikecroprotation,soiltesting,seed

treatment,soilandwatermanagementpractices,additionoforganicmatterin

thesoilandtypeofsoiletc.thatalsoaffecttheWUEofcrops.



Economicefficiencyofirrigation:

Itistheratio oftheactualincome(netorgross)obtained with the

operatingirrigationsystem,comparedwiththeincomeexpectedunderideal

conditions.Itismeasureofoverallefficiencybecauseitcomparesthefinal

outputtoinput.Itcanbecalculatedas:

 Consumptiveuseofwater(CuorU)

This term is use to denote the amountofwaterthatis used in

metabolicactivityofplantandthewaterlostthroughtheprocessofevaporation

andtranspiration.Butthewaterusedformetabolicactivityisnegligible(1per

centorlessthanonepercentofET).Hence,boththeterm evapotranspiration

andconsumptiveuseofwateraresimultaneouslyinterchangeableinfieldof

waterandirrigationmanagement.

Panevaporation(Epan)

Itisawaterlossthroughevaporationfrom anopenwatersurfaceofapan

(Panevaporimeter)-mm /day



Panevaporimeter(Pan)

Itisthedeviceusedtomeasuredailylossofwaterthroughevaporation.

USWBclass-Aopenpanevaporimeter.

Seasonalconsumptiveuseofwater

The totalamountofwaterusedin evaporation andtranspirationbyacrop

duringtheentiregrowingseasoniscalledseasonalconsumptiveuse.Itis

expressedasdepthofwaterincm orvolumeinha-cm.

 FactorsaffectingCUorETorwaterrequirement

 Climaticfactors

 Radiation(intensityoflight)

 Periodoflight

 Temperature

 Humidity

 Windvelocity

 Watersupply

 Availabilityofirrigationwater

 Qualityofirrigationwater

 Methodofirrigation

 Frequencyofirrigation

 Plantcharacteristics

 Typeofplant

 Rootdevelopment

 Leafarea



 Stageofthecrop

 Attackofinsectpestanddiseases

 Seedrate

 Weeding

 Hoeing

 Fertilizersapplication

 Soilfactors

 Soilmoisture

 Soilstructure

 Soiltexture

 Organicmatter

 Presenceofsalts

 Soiltemperature

 Soilcolour

Topic17:ApproachesforIrrigationscheduling

Whatisirrigationscheduling?

 Irrigationschedulingisdefinedasfrequencywithwhichwateristobe



appliedbasedonneedofthecropandnatureofthesoil.

 Irrigation scheduling is nothing butnumberofirrigations and their

frequencyrequiredtomeetthecropwaterrequirement.

 Irrigationschedulingmaybedefinedasscientificmanagementtechniques

of allocating irrigation water based on the individualcrop water

requirement(ETc)underdifferentsoilandclimaticconditionwhichanaim

toachievemaximum cropproductionperunitofwaterappliedoveraunit

areainunittime.

 Basedontheabovedefinitiontheconceptmadeis:"Ifweprovideirrigation

facility, the agricultural production and productivity will go up

automatically"

AdvantagesofIrrigationScheduling

i. Helpstolowerwaterlossesandminimizewaterloggingproblems.

ii. Enhancestheefficienciesofotherappliedinputsviz.,fertilizers,pesticides,

herbicidesetc.

iii. Helptoreduceenergyandlabourrequirementbyavoidingover-irrigation.

iv. Helpsinmaintainingsoilhealth.

v. Watersavedcanbeusedtoirrigateadditionalarea.

vi. Increasenetprofitsbyincreasingcropyieldsandquality.

Criteriaforschedulingirrigation

Withtheadvancementofknowledgeinthefieldofsoil-plant-atmospheric

system severalcriteriaforschedulingirrigationsarenowavailableandarebeing

used byinvestigatorsand farmers.Alltheavailablecriteriacan bebroadly

classifiedintothefollowingthreecategories:



However,criteriamostsuitableforschedulingirrigation’swouldvarywith

soils,plants,climaticandmanagementfactors.

A.Soilwaterregimeapproach

Theamountofwatertobeappliedoneachirrigationdependsuponthe

capacityofthesoiltostoreandsupplywater.Soilmaycontainlargeamountof

waterbutthewaterstoredbetweenfieldcapacity(upperlimit)andpermanent

wiltingpoint(lowerlimit)istheavailablewaterforplantgrowth.

Differentmethodsofschedulingirrigationfollowingsoilmoistureregime

approachareasfollows:

 Feelandappearanceofsoil

Thisisoneoftheoldestandsimplemethodsofdeterminingthesoil

moisturecontent.Itisdonebyvisualobservationandfeelofthesoilbyhand.

Theaccuracyofjudgementimproveswithexperience.

Basedonseveralyearsofexperienceguidelineshavebeendeveloped

whichhelpthefarmerstojudgethesoilmoisturepresentinthesoilsamples



drawnfrom thecroprootzonedepthandbasedondepletionofavailablesoil

moisture(DASM)irrigationsarescheduled.

Descriptionontheguideforjudgingmoisturedeficiencyfordifferentsoilsis

giveninTable.

%Moisture
betweenFC

andPWP

Soiltype
Course Light Medium Heavy

0 Dryandflows
through
fingers

Dry,looseand
flowsthrough
finger

Dryandeasily
breakdownto
powdery

Hardandhas
loosecrumbs
onsurface

50orless Appearsdry
andwillnot
form ballwith
pressure

Appearsdry
andwillnot
form ball

Somewhat
crumblyholds
togetherunder
pressure

Somewhat
pliableand
easilyform
ballunder
pressure

50-75 Appearsdry
andwillnot
form ball
under
pressure

Tendstoball
under
pressurebut
seldom holds
together

Formsball
somewhat
plasticwill
stickwith
pressure

Form balland
ribbonsout
between
thumband
forefingers

75toFC Tendstostick
togetherand
formsballvery
weakunder
pressure

Formsvery
weakballsand
breakseasily
andwillnot
stick

Formsballand
readilysticks
ifhighinclay
content

Easilyribbon
outbetween
thumband
forefingers
hasstick
feeling

FC Wetoutlineof
ballislefton
handupon
squeezing

Sameas
coarsesoil

Sameas
coarsesoil

Sameas
coarsesoil

AboveFC Freewateris
appeared
whensoilis
squeezed

Freewater
releasedwith
kneading

Itcansqueeze
outfreewater

Puddlesand
freewateron
soilsurface

 Depletionoftheavailablesoilmoisture(DASM)

Inthismethodthepermissibledepletionlevelofavailablesoilmoisturein

theeffectivecroprootzonedepthiscommonlytakenasanindexorguidefor

scheduling irrigationsto field crops.In general,formanycropsscheduling



irrigation’sat20–25% DASM inthesoilprofilewasfoundtobeoptimum at

moisturesensitivestages.Whileatotherstagesirrigationsscheduledat50%

DASM werefoundoptimum.

 Soilmoisturetension

Soilmoisturetensionaphysicalpropertyoffilm waterinsoil,asmonitored

bytensiometersataspecifieddepthinthecroprootzonecouldalsobeusedas

anindexforschedulingirrigationstofieldcrops.

Tensiometersareinstalledinpairs,oneinthemaximum rootingdepthand

theotherbelowthiszone.Whenevercriticalsoilmoisturetensionisreachedsay

forexample0.4or0.6or0.75barsetcintheuppertensiometertheirrigationis

commenced.While the lowerone (tensiometer)is used to terminate the

irrigationsbasedonthesuctionreadingsinthebelow soilprofilezone.Itis

generallyusedforirrigatingorchardsandvegetablesincoarsetexturedsoils

becausemostoftheavailablesoilmoistureisheldatlowertensions.

Fig.:Tensiometersforirrigationscheduling

B.ClimatologicalApproach

Thepotentialrateofwaterlossfrom acropisprimarilyafunctionof

evaporativedemandoftheatmosphereunderadequatesoilwaterconditions.

Thusin thismethod thewaterlossexpressed in termsofeitherpotential



evapotranspiration(PET)orcumulativepanevaporation(CPE)overshortperiods

oftimearetakenasanindexforschedulingirrigation’s.Differentclimatological

approachesaredescribedbelow:

 Cumulativepanevaporation

Transpirationofacropiscloselyrelatedtofreewaterevaporationfrom an

openpanevaporimeter.Thus,theopenpanevaporimeterbeingsimpleandas

theyincorporatetheeffectsofallclimaticparametersintoasingleentityi.e.,pan

evaporationcouldbeusedasaguideforschedulingirrigation’stocrops.USWB

ClassAPanevaporimeterisused.

 IW :CPEratio

Priharetal.(1974)advocatedirrigationschedulingonthebasisofratio

betweenthedepthofirrigationwater(IW)andcumulativeevaporationfrom

USWB classA panevaporimeterminustheprecipitationsincetheprevious

irrigation(CPE).AnIW/CPEratioof1.0indicatesirrigatingthecropwithwater

equaltothatlostinevaporationfrom theevaporimeter.

Fig.:USWBClassAPanevaporimeter



The irrigation scheduling is based on the cumulative pan evaporation and

irrigationdepth.

Irrigationatratioofirrigationwater(IW)andcumulativepanevaporation(CPE).

IW/CPE=
Depthofwatertobeirrigated(mm)

Cumulativepanevaporationforparticularperiod(mm)

Foranexample,ifirrigationisscheduledat0.7IW/CPEratiosandthe

depthofirrigationwateris5.5cm,thenirrigationwouldbegivenwhentheCPE

wouldreachat78.6mm.

0.7IW/CPEratioswith5.5mm irrigationwaterdepth

0.7=
Depthofwatertobeirrigated(mm)

Cumulativepanevaporationforparticularperiod(mm)

0.7=
5.5cm i.e.55mm

CPE(mm)

CPE= = =78.6mm
55

0.7

550

7

WhenCPEvaluereachedat78.6mm,thenirrigationshouldscheduletoa

crop.

IW/CPEthreethingsarekeepinmindforschedulingofirrigationbasedonIW :

CPEratio

1.CPE=IW /Ratio
2.IW =RatioxCPE
3.Ratio=IW /CPE

C.PlantIndicesApproach

 Visualplantsymptoms

In this method the visualsigns ofplants are used as an index for

schedulingirritations.Forinstance,plantwilting,drooping,curlingandrollingof



leavesinmaizeisusedasindicatorsforschedulingirrigation.Changeinfoliage

colourandleafangleisusedtotimeirrigationsinbeans.Waterstressinsome

cropsleadstoappearanceofcarotenoid(yellowandorangecolour),whichcan

beusedasindicesforschedulingirrigationstocrops.

 PlantPopulation

Inanalleviatedarea,onesquareplotisselectedandcropisgrownwith

fourtimesthickerthannormalseedrate.Becauseofhighplantdensity,plants

show wiltingsymptomsearlierthanintherestofthecroparea,indicatingthe

needofschedulingirrigation.

 Canopytemperature

Severalstudieshaveshownthatplanttemperatureorcanopytemperature

adequatelyreflectstheinternalwaterbalanceoftheplant,andcanbeusedasa

potentialindicatorforschedulingirrigationtocrops.Itcanbemeasuredby

severalinstruments,whicharecommerciallyavailableviz.,porometer,infrared

thermometeretc.

Formaizeitisshownthatifthecanopytemperaturerisestomorethan0.7
0Coverambienttemperatureduring1330to1400hour’sirrigationsneedtobe

scheduled.

 Criticalgrowthstages

Thecropplantsintheirlifecyclepassthroughvariousphasesofgrowth,

someofwhicharecriticalforwatersupply.Ineachcrop,therearesomegrowth

stagesatwhichmoisturestressleadstoirrevocableyieldsloss.Thesestages

areknownascriticalperiodormoisturesensitiveperiod.Themostcriticalstage

ofcropgrowthistheoneatwhichahighdegreeofwaterstresswouldcause

maximum lossinyield.OrThestagesofthecropatwhichmoisturestress



affectstheyieldsignificantlyarecalledcriticalgrowthstages.

Schedulingofirrigationsonthebasisofcriticalgrowthstagesissimple

andeasyforthefarmers.However,itdoesnottakeintoaccounttheavailable

soilwaterinthecroprootzonedepth.Excessiveirrigationswithoutsignificant

soil/plantwaterdeficitcouldbeharmfultocropplantsandmightreducetheir

yieldundercertainsituations.Thecriterionmaynotholdwellinlongduration

cropslikesugarcane,cotton;cropsrequiringfrequentirrigation’sviz.,potatoor

standing/nearlystandingwater(rice)andwherethereisinterferencebyrainfall

ofdifferentamounts.

Table:Criticalgrowthperiodsofcropsforwatersupply

Nameofthe
crop

Criticalstages

Wheat CRI(mostcritical),tillering,jointing,booting,milkingand

dough

Paddy Seeding,tillering,heading,flowering,milking

Maize Vegetativegrowth,tesseling,grainsetting

Sorghum Lateseedling,pre-flowering,milkinganddough

Greengram Branching,flowering,podformation

Castor Beforeflowering

Cotton Pre-flowering,flowering,bollformation

Groundnut Branching,flowering,peginitiation,pegpenetration,pod

formationandpoddevelopment

Sugarcane Sprouting,grandgrowthperiod

Gram Flowering,poddevelopment

Potato Stolenizationtotuberinitiation,tuberformation



Topic18:Methodsofirrigationincludingmicroirrigationsystem

Thereisaneedtobringmoreandmorecultivablelandunderirrigationfor

assuringcropproductiontomeetthefoodrequirementofourever-increasing

population.Itis therefore,necessary to attain maximum efficiency in the

applicationoftheexistingirrigationpotentialinthecountry.Althoughsome

improved methodsofapplicationofirrigationwaterlikesprinklersystem and

dripsystem arebeingpopularizedyet,comparativelyalargerirrigatedareainthis

countryisstillirrigatedbyconventionalsurfacemethods.

Irrigationapplicationmethodsareadoptedindifferentconditionsinorder

toachievehighirrigationefficiencyincropproduction.Eachmethoddifferhas

uniqueadvantagesanddisadvantagesdependingupon(i)Initialcost(ii)shape

andsizeofthefield,(iii)soilcharacteristics,(iv)natureandavailabilityofwater

supply,(v)climate,(vi)croppingpatterns,etc.

Factorsaffectingtheadoptionofirrigationmethods

1) Topography



2) Soiltypeandconditions

3) Cropstobegrown,natureanditshabitofgrowth

4) Valueofthecrop

5) Culturalpracticesaretoberequired

6) Seasonofthecrops

7) Sourcesofwater

8) Skillandexpenditureinvolvedinmethodanditsoperation

9) Costofinstallation

10) Efficiencythatcanbeachieved



Methodsofirrigation

Surfaceirrigationmethods Sub-surface MicroIrrigationsystem

WildoruncontrolledfloodingControlledflooding Dripirrigation Sprinkler
irrigation

Borderirrigation Checkbasin Furrowirrigation

Allfurrow Alternate furrow Skip furrow Surge
irrigation

A.Surfaceirrigationmethods

Surfaceirrigationmethodsarebeingclassifiedbasedonslope,shapeand

sizeofthefield,theendconditionsandhowwaterflowsintoandoverthefield.

1.Wildoruncontrolledflooding

Inthismethodwaterisappliedoverthesmoothorflatfieldwithoutmuch

controloverthefloworpriorpreparation.Thewaterisappliedintothefieldfrom

theditchexcavatedeitheronthecontourorupanddowntheslope.Thewater

distributionisquiteuneven.

Advantages

 Minimum labourrequirements

 System doesnotinterferefortheuseoffarm implementsinstandingcrop.

 Roughlevelledfieldmayalsobeirrigatedunderwildflooding



Disadvantages

(i)Wastageofwater,

(ii)Non-uniform distributionofwater,

(iii)Excessivesoilerosionand

(iv)Requiredrainagearrangementtoreduceflooding.

2.Controlledflooding

Inthismethod,irrigationisappliedbyfloodingbutwithsomecontrolas

perdemandofsoil,cropandwatersupply.Thefollowingaremostcommon

methodsusedunderfieldconditions:

1.Borderirrigation

Thelandisdividedintonumberoflongparallelstripscalledborders.These

bordersareseparatedbylowridges.Theborderstriphasauniform gentleslope

inthedirectionofirrigation.Eachstripisirrigatedindependentlybyturningthe

waterintheupperend.Thismethodissuitabletoallclosegrowingcropslike

wheat,barley,fodderand legumes.A uniform moisture distribution can be

achievedbythismethodwithgoodwateruseefficiency.

Advantage

1.Borderridgescanbeconstructedwithsimplefarm implementslikebund

former.

2.Labourrequirementinirrigationisreducedascomparedtoconventional

checkbasinmethod.

3.Uniform distributionofwaterandhighwaterapplicationefficienciesare

possible.

4.Duetolongerstripsizeinter-cultivationispossible.

2.Checkbasinirrigation

Checkbasinirrigationismostcommon(popular)methodofirrigationin



Indiaandinmanyothercountries.Thefieldisdividedintosmallerplotstobring

unitareaformingbasinswithinwhichirrigationwatercanbecontrolled.The

basinsarefilledtothedesireddepthandwaterisretaineduntilitinfiltratesinto

thesoil. Thesizeandshapeofthecheckbasindependsuponsoiltype,

infiltrationrate,sizeofstream andcroptobegrown.Theshapeofcheckbasin

maybesquareorrectangular.

Basinsfororchards(widespacedcrops)preparedgenerallyinring(circular

aroundtree)andtheringsareconnectedwithwaterchannel.Therings

preparedinorchardsaresmallduringyoungstage.

Advantages

1.Simplestmethod

2.Helpsinconservationofrainfallinthefieldandreduceerosionofsoildue

torun-off.

3.Helpsinremovalofsaltsfrom soilprofilethroughleachingrequirement.

4.Uniform distributionofwaterispossible.

Disadvantages

1.Wastageoflandinpreparationofbundsandchannelsismoreoverother

surfacemethods.

2.Interfereincarryingoutagriculturaloperationsduetobundsandchannel

3.Labourrequirementishigher.

4.Notsuitableforcropswhicharesensitivetowetsoilconditionsaroundthe

stem.

3.Furrowirrigation

Infurrowirrigationmethod,waterisappliedthroughsmallstream running

betweenthecroprows.Thismethodofirrigationissuitableforrow cropslike

sugarcane,tobacco,potato,cottonandsomevegetablecrops.

Ingeneral,smallplantsrequiresmallfurrows,largerplants permitslarge



furrows.Furrowsof7.5to12.5cm depthareappropriateforvegetables,while

somerowcropsandorchardsrequiremuchdeeperfurrows.

Fig.:Borderstripmethodofirrigation

Fig.:Checkbasinmethodofirrigation

Advantages

 Bothlargeandsmallstreamscanbeused.

 Thefurrowcanbeusedtodisposed-offexcesswaterofirrigationorrun-

offfrom rainfallrapidly.

 Wastageoflandisverylow.

 Labourrequirementisverylowforlayoutandapplicationofwater.

 Wastageofwaterisverylow,onlyalimitedsurfaceoflandiswettedand



henceWUEismuchhighascomparedtoallothersurfacemethods.

 Weedscanbecontrolledmechanically,betweenthebeds,earlyincrop

cycle.

 Lesslodgingoccurs.

Typeoffurrow

A.Allfurrowirrigation:Waterisappliedevenlyinallthefurrowsandarecalled

furrowsystem oruniform furrowsystem.

B.Alternatefurrow irrigation:Itisnotanirrigationlayoutbutatechniquefor

watersaving.Waterisappliedinalternatefurrowsforeg.Duringfirstirrigationif

theevennumbersoffurrowsareirrigatedduringnextirrigationtheoddnumber

offurrowswillbeirrigated.

C.Skipfurrow irrigation:Theyarenormallyadoptedduringtheperiodofwater

scarcityandtoaccommodateintercrops.Intheskipfurrow irrigationasetof

furrowsarecompletelyskippedoutfrom irrigationpermanently.Theskipped

furrowwillbeutilizedforraisingintercrop.Thesystem ensureswatersavingof

30-35percent.Bythismethodtheavailablewateriseconomicallyusedwithout

muchfieldreduction.



D.Surgeirrigation:Surgeirrigationistheapplicationofwaterintothefurrows

intermittentlyinaseriesofrelativelyshortOnandOFFtimesofirrigationcycle.It

hasbeenfoundthatintermittentapplicationofwaterreducestheinfiltrationrate

oversurges therebythe waterfrontadvances quickly,hence,reduced net

irrigationwaterrequirement.Thisalsoresultsinmoreuniform soilmoisture

distributionandstorageinthecroprootzonecomparedtocontinuousflow.

B.Sub-surfaceirrigation

 Insubsurfaceirrigationwaterisappliedbeneaththegroundbycreatingand

maintaininganartificialwatertableatsomedepth.Usually30-75cm below

thegroundsurface.

 Moisturecoversupwardstowardsthelandsurfacethroughcapillaryaction.

 Waterisappliedthroughundergroundfieldtrencheslaid15-30m apart.

 Openditchesarepreferredbecausetheyarerelativelycheaperandsuitable

toalltypesofsoil.

 Theirrigationwatershouldbegoodqualitytopreventsoilsalinity.

Advantage

1.Minimum waterrequirementforraisingcrops

2.Minimum evaporationanddeeppercolationlosses

3.Nowastageofland

4.Nointerferencetomovementoffarm machinery



Disadvantages

1.Requiresaspecialcombinationofnaturalconditions.
2.Thereisdangerofwaterlogging.
3.Possibilityofchokingofthepipeslayunderground.
4.Highcost.



C.Microirrigationsystem

Theterm microirrigationiscommonlyusedtodescribeseverallow -

pressureirrigationsystemsincludingdrip/trickle.

1.Sprinklerirrigation

Inthesprinklermethodofirrigation,waterissprayedintotheairand

allowedtofallongroundsurfacesomewhatresemblingrainfall.Thesprayis

developedbytheflowofwaterunderpressurethroughsmallorificesornozzles.

Thepressureisusuallyobtainedbypumping.Withcarefulselectionofnozzle

sizes,operatingpressureandsprinklerspacingtheamountofirrigationwater

requiredtorefillthecroprootzonecanbeappliednearlyuniform attherateto

suittheinfiltrationrateofsoil.

Componentsofsprinklerirrigationsystem

A.sprinklersystem usuallyconsistsofthefollowingcomponents:

i)Apumpunit

ii)Tubing’s-main/submainsandlaterals

iii)Couplers

iv)Sprinklerhead

v)Otheraccessoriessuchasvalves,bends,plugsandrisers

Adaptability

 Whenwaterisascarce(limited)

 Uneventopographyofland

 Nurseryofcrops,whichrequirerainfalltypeirrigation

 Sandysoilsthathaveahighinfiltrationrate

 MostfieldcropsexceptpaddyandJute

Advantageofsprinklerirrigation

1.Watersaving to an extentof35-40% compared to surface irrigation



methods.

2.Sprinklermethodissuitableforsoilshavinghighinfiltrationrate.

3.Landgradingandlandlevellingisnotessential

4.Suitableforhighvaluecrops,especiallythefruitsandvegetable.

5.Nutrientscanbeappliedwiththeirrigationwater,asperrequirementofthe

crop,andhenceincreasesthefertilizeruseefficiencybymorethan40%.

6.Controlledwaterapplicationleadingtohigherapplicationefficiency.

7.Irrigationispossibleinareaathigherelevationthanthesource.

8.Drainageproblemseliminated

Disadvantages

1.Highinitialcost

2.Efficiencyisaffectedbywind

3.Higherevaporationlossesinsprayingwater

4.Notsuitablefortallcropslikesugarcane

5.Poorqualitywatercannotbeused(Sensitivityofcroptosalinewaterand

cloggingofnozzles)

6.Operationandmaintenancerequiretechnicalmanpower.

7.Pollinationofcropisadverselyaffected(PaddyandJute).



Fig.:Sprinklersystem

2.DripIrrigation

Dripirrigationalsoknownastrickleirrigationsystem isatechniqueby

which waterand fertilizerincluding chemicals can be placed atthe direct

disposaloftherootzonewiththehelpofaspeciallydesigneddripper.Wateris

appliedascontinuousdropsorfinespraythroughemittersplacedalongalow

pressuredeliverysystem.Suchsystem provideswaterpreciselytoplantroot

zonesandmaintainsidealmoistureconditionsforplantgrowths.

Componentsofdripirrigation

A.Headcontrolunit:

i).Pump/OverheadTankii).FertilizerApplicatoriii).Filters(GravelorMediaFilter,

ScreenFilters,DiskFilters)

B.Distributionnetwork:

i).Mainlineii).Sub-mainsiii).Lateralsiv).Emitters/Drippers(OnlinePressure

Compensating drippers,Online Non-Pressure Compensating drippers,In-Line

DrippersorInlinetubes)

C.Accessories

i)Gatevalveii)teeiii)elbowiv)endcapv)grommettakeoff

Allthesecomponentsareavailablein4,10,12,16and20mm sizes.These

takeouts/starterandrubbergrommetareusedfortakingoutlaterallinesfrom

submain,Connector,tee,bandandendcapsareusedindriplaterals.

Wateruse efficiencyis always higherin trickle irrigation system as

comparedtootherirrigationmethodsbecausewaterisapplieddropbydropto

therootzoneareasdirectlywiththeemittersandhence,applicationlosses,

seepage,percolationandevaporationlossesarenegligible.Thewaterisonly

appliedaspertherequirementandhence,cropgrowthisalsomoreandnot



adversely affected. Operationalcostisalsolow afterinstallation.Fertilizers

andpesticides(fertigationandchemigation)aredirectlyappliedtotherootzone

underthissystem hasbetterutilizationandleachinglossofnutrientisveryless.

Consideringallthesefactors,lesswaterutilization,morewatersaving,resultsin

higherwateruseefficiency.

Research experimentsconducted on variouscropsindicated thatdrip

system notonlysaveirrigationwaterbutalsoincreasethenetprofit.Someofthe

researchfindingsaregivenbelowinTable.



Nameofthecrops,watersavingandproductionincreasedunderdripirrigation

system overtraditionalmethodofirrigation

Sr.No. Crop Watersaving(%) Increasedproduction(%)

1 Sugarcane(Navsari) 47 48.4

2 Cotton(Rahuri) 43 40.0

3 Onion(Coimbatore) 60 20.0

4 Bottleguard('') 12 46.8

5 Potato ('') 50 46.0

6 Tomato ('') 71 43.0

7 Chili ('') 62 44.0

8 Radish ('') 77 73.0

9 Beat ('') 80 73.0

10 Okra ('') 84 13.0

11 Okra (Rahuri) 39.6 16.1

12 Brinjal ('') 55.8 17.5

13 Brinjal(Anand) 24.6 ---

14 Cabbage(Rahuri) 59.6 23.5

15 Karela(Rahuri) 52.7 13.5

16 Turia ('') 58.9 17.7

17 Potato(Hisar) 20 48.0

18 Potato(Udepur) 47 74.2

19 Beat(Hisar) 47 17.0

20 Onion(Hisar) 25 31.0

21 Bottleguard(Jodhpur) 12 47.0

22 Cabbage(Dharwad) 46 17.6

23 Water/muskmelon
(Jodhpur)

70 179

24 Tomato(Baroda) 50 45.0

25 Tomato(Navsari) 44 57.4

26 Potato(Deesa) 44 26.0

27 Santara(Vidarbh) 22 55.0

28 Banana(Yaval) 62 35.8

29 Banana(Navsari) 43 16.5

30 Banana(Coimbatore) 77 40.0

31 Papaya ('') 68 77.0

32 Lime(Baroda) 81 34.0

33 Grape(Parabhani) 55-63 40.0

34 G.nut(Baroda) 40 66.0

35 Grape(Coimbatore) 60 69.0

36 Mosambi(Parabhani) 55-63 40.0

37 Pomegranate(Rahuri) 44.6 30.0



LayoutplanofDripirrigationsystem

Advantages

i.Watersaving

ii.Enhancedplantgrowthandyieldofbetterquality

iii.Reducedsalinityhazardstoplants

iv.Fertilizerandotherchemicalsapplication

v.Higherefficiencyofallchemicals

vi.Reducedweedgrowth

vii.Laboursaving

viii.Highlysuitedtopoorsoils

ix.Efficiencyinculturaloperations

Disadvantages

i.Highinitialinvestment

ii.Cloggingofdrippersbysuspendedmaterials,saltsoxidesofiron,organic

material

iii.Interfereswithfarm operationsandmovementofimplementsand

machineries

iv.Operationaldifficulties:Installation,maintenance

v.Problem oftheft,rodentsetc.



vi.Nothighlysuitedtoclosedspacedcropslikewheat,riceetc.



Topic19:Qualityofwater,waterlogging

In irrigated agriculture,thequalityofwaterused forirrigation should

receiveadequateattention.Irrigationwater,regardlessofitssource,always

containssomesolublesaltsinit.Raindropreachesthesurfaceonearth,different

kindsofgasesandsuspendedmaterialsoftheatmospheremixwithit.

Waterbeingauniversalsolvent,manykindsofsaltsisdissolvedinit.Apart

from thetotalconcentrationofthedissolvedsalts,theconcentrationofsomeof

theindividualsalts,andespeciallyofthosewhicharemostharmfultocrops,is

importantindeterminingthesuitabilityofwaterforirrigation.Irrigationwater

contains10–100timesmoresaltthanrainwater.Thus,eachirrigationevent

addssaltstothesoil.

Theconstituentsusuallydeterminedbyanalyzingirrigationwaterarethe

electricalconductivityforthetotaldissolvedsalts,solublesodium percentage,

sodium absorptionratio,theboroncontent,pH,cations(calcium,magnesium,

sodium,potassium)andanions(carbonates,bicarbonates,sulphates,chlorides

andnitrates).

Qualityofwaterreferstothedegreeofsuitabilityforcropgrowthandit

dependson thenatureand amountofdissolved salts.Thewatercontains

dissolvedandundissolvedimpurities.Theundissolvedimpuritiesareorganic

matter,plantresidues,sand,siltandclay.TheminorimpuritiesdonotaffectpH,

ECbuttotalsaltconcentrationisdecidedbytheCa,Mg,NaandK(Cations)and

CO3,HCO3,ClandSO4. Theboronconcentration>2ppm alsoaffectsplant

growth.Soilsalinityandalkalinityofthesoilisdependsonqualityofirrigation

waterasthesaltspresentinwateraffectsnatureandpropertiesofsoil.Ifwater

containshazardouslimitofelements(salts)notonlyinjurioustoplantbutmay

affectthesoilproductivity.Therefore,itisnecessarytodeterminethequalityof

irrigationwaterbeforeitisusedforirrigationwater.



 Criteriaforwaterquality

The United States SoilSalinityLaboratory(USSSL)in 1954 proposed

differentcriteria to determine the qualityofirrigation water.The following

characteristicsofwateraremostimportantindeterminingqualityofirrigation

water.

1.Totalconcentrationofsolublesalts(Salinityhazards)

2.RelativeconcentrationofNa+toothercations(Sodium hazards)

3.BicarbonateconcentrationasrelatedtoCa+2+Mg+2(RSChazards)

4.Concentrationofboron(Boronhazards)

5.Toxiceffectsofcertainconstituents(Otherhazards)

1)Totalsaltconcentration(Salinityhazards)

Totalsoluble saltconcentration ofirrigation wateris expressed as

electricalconductivity(EC)inµmhos/cm ordSm-1.Thewaterwithhighsalt

contentisknownassalinewater.Thesalinityofthesoilultimatelydependson

theamountandkindofsaltcarriedbyirrigationwaterandthataccumulatedin

thesoil.

Ratingofsalinityhazardisasunder

EC Low Medium High Veryhigh
dS/m <0.25 0.25-0.75 0.75-2.25 >2.25
Waterclass C1 C2 C3 C4

Waterquality Good Medium Poor Verypoor
Soil Mostof

thesoilis
used

Safelyused
ifleachingis

possible

Adequate
drainageis

required,
Agronomic

Underspecial
circumstances,

Agronomical
management



managemen
tpractices

tobe
followed

practicestobe
followed,permeable

soil

Adverseeffectsofsalinewater

Salt accumulation,increase in osmotic potential,decreased water

availabilitytoplants,poorgermination,stuntedgrowthwithsmaller,thickerand

darkgreenleaves,leafnecrosis&leafdrop,rootdeath,wiltingofplants,nutrient

deficiencysymptomsandpoorcropyields.

2)Alkalihazards(Sodium hazard)orRelativeconcentrationofNa+ toother

cations

WaterhavinghighNaconcentrationsconvertednormalsoilintoalkalisoils.

Thealkalihazardinvolvedintheuseofwaterforirrigationisdeterminedbythe

solubleand relativeconcentrationofthecations.IftheproportionofNaishigh,

thealkalihazardishighandconversely,ifCaandMgpredominant,thehazardis

low.ItmeansthatuseofirrigationwaterhavingexcessNaresultsinformation

ofalkalisoils.

Thephysicalconditionofsoilisdeteriorated.Thesoils arecharacterized

bypoortilthandlow permeability.Thesodium hazardofirrigationwateris

measuredbytheconcentrationofsodium (Na)relativetoCaandMgcalledSAR

(Sodium adsorptionratio).ItissuggestedbyUSSSL.

SARRating

SARvalue Symbol Classof
water

Preference

<10 S1 LowNa Mostsoilwithlittledamageofharmful
Naleveldevelopment

10-18 S2 Medium Na Sodium hazardlikelyinfinetextured
soil.Highpermeabilityofsoilisrequired



18-26 S3 HighNa MayproduceharmfullevelofESPin
mostofthesoil,Agronomicalpractices
required,drainage,leachingandorganic
matterisalsorequired.

>26 S4 Veryhigh
Na

Notsuitableforirrigationexceptlowto
medium salinityunderspecial
managementpractices

SAR=
Na

+

Ca+Mg

2

3)BicarbonateconcentrationinrelationtoCa+Mg(RSChazard)

Thesodium hazardofirrigationwaterasexpressedbySARdoesnottake

intoaccounttheeffectofanioniccomposition.Inirrigationwatercontaining

highconcentrationofbicarbonateions,thereisatendencyforCaandMgions

toprecipitateintheform ofcarbonateasthesoilsolutionbecomesmore

concentrated,thusresultinginincreaseofESPofthesoil.Eaton(1950)hence,

suggestedtheconceptofResidualSodium Carbonate(RSC)forevaluatinghigh

carbonatedwaterasthedifferencebetween(CO3+HCO3)and(Ca+Mg).

RSC =(CO3+HCO3)-(Ca+Mg)-Valuesinmeq/litre

Ca+2HCO3 =CaCO3 +CO2 +H2O

RSCrating(Meq/litre)

RSCrating Waterclass(Quality)
<1.25 Goodwater,ifRSCisnegative,thenwaterisofverygood

quality.
1.25to2.50 Marginalgood,canbeusedonlighttexturedsoilwith

adequateleachingandapplicationofgypsum
>2.50 Notsuitableforirrigation

4)Boronhazard

Boronatlowconcentrationisnotharmfultoplantsandmaybebeneficial.



Watercontaining1.0ppm ofboroncanstillconsideredassafeformostfield

crops.Boronisnotuncommoninwellwaterandtoxiclevelmayreachby

irrigatingwithsuchwaters.Itdoesnotaffectthephysicalandchemical

propertiesofsoilbutathighconcentrationitaffectsthemetabolicactivitiesof

theplant(stuntedgrowth).Permissiblelimitofboron(ppm)forseveralclasses

ofirrigationwaterassuggestedbyUSSSLareasunder.

Boronwater
class

Borncontent(ppm)

0.3to1.0 1.0to2.0 2.0to4.0

Sensitivecrop Semisensitive
crop

Tolerance
crop

Excellent <0.33 <0.67 <1.0

Good 0.33to0.67 0.67to1.33 1.0to2.0

Medium 0.67to1.0 1.33to2.0 2.0to3.0

Unfit >1.25 >2.50 >3.75

Crops Apple,Grape,
Orange,Lemon
,Grapefruit

Sunflower,Potat
o,Cotton,Radish,

Fieldpea,
Barley,Wheat,

Corn,Sweet
potato,

Palm,
Datepalm,
Sugarbeat,Lu
cerne,
Onion,Turnip,
Cabbage,
Lettuce,
Carrot

5)Otherhazards

Chloride: Ifthechloridecontentismoreintheirrigationwater,keeping

qualityofthefarm producemayaffect.

Fluorine: Higherfluorineaffectsthehumanhealth.



 Managementpracticesforusingpoorirrigationwater

Someoftheimportantmanagementpracticesare

(1)Applicationofgypsum

(2)Alternateirrigationstrategy

(3)Fertilizerapplication

(4)Methodsofirrigation

(5)Croptolerance

(6)Methodofsowingand

(7)Othermanagementpractices

 Managementpracticesforusingpoorqualitywater

Whenever,itisinevitabletouseofpoorqualitywaterforcropproduction

appropriatemanagementpracticeshelpstoobtainreasonableyieldofcrops.

Someoftheimportantmanagementpracticesareasfollows:

a)Applicationofgypsum

Chemicalamendmentssuchasgypsum,whenaddedtowaterwillincrease

thecalcium concentrationinthewater,thusreducingthesodium tocalcium ratio

and the SAR,thus improving the infiltration rate.Gypsum requirementis

calculatedbasedonrelativeconcentrationofNa,Mg&Caionsinirrigationwater

andthesolubilityofgypsum.Toadd1meq/Lofcalcium,860kgofgypsum of

100%purityperham ofwaterisnecessary.

Due to its low solubility(0.25-0.30%)and cost,gypsum (hydrated calcium

sulphate)issuitableforcreatingafavorableCa:Na.Gypsum usedforagriculture

purposeshouldbe65%pure.Gypsum hastobepowderedupto0.5mm sizeor

passedthrough30meshsieve.

b)Alternateirrigationstrategy

Somecropsaresusceptibletosalinityatgerminationandestablishment



stage,buttolerantatlaterstage.Ifsusceptiblestagesareensuredwithgood

qualitywater,subsequenttolerantstagescanbeirrigatedwithpoorqualitysaline

water.

c)Fertilizerapplication

Fertilizers,manuresandsoilamendmentsincludemanysolublesaltsin

highconcentrations.Ifitisappliedtooclosetothegerminatingseedlingortothe

growingplant,thefertilizermaycausesalinityortoxicityproblem.Therefore,care

shouldbetakeninplacementaswellastimingoffertilization.

Applicationoffertilizersinsmalldosesandfrequentlyimproveuptakeand

reducedamagetothecropplants.

d)Methodsofirrigation

Themethodofirrigationdirectlyaffectsboththeefficiencyofwateruse

andthewaysaltsaccumulate.Poorqualityirrigationwaterisnotsuitableforuse

insprinklermethodofirrigation.Cropssprinkledwithwatershavingexcess

quantitiesofspecificionssuchasNaandClcauseleafburn.

Highfrequencyirrigationinsmallamountsasindripirrigationimproves

wateravailabilityanduptakeduetomicroleachingeffectinthewettedzone.

e)Croptolerance:

Thecropsdifferintheirtolerancetopoorqualitywaters.Growingtolerantcrops

whenpoorqualitywaterisusedforirrigationhelpstoobtainreasonablecrops

yields.RelativesalttoleranceofcropsisgiveninTable.

Relativetoleranceofcropstosalinity
Sensitive ModeratelySensitive ModeratelyTolerant Tolerant
Apple Cabbage Safflower Barley
Carrot Corn Soyaben Cotton
Lemon Cowpea Wheat Dateplam



Ladies
finger

Grape Sugarbeet

Onion Groundnut
Orange Potato
Pulses Rice

Sugarcane
Tomato
Raddish
Sesbania
Sorghum

f)Methodofsowing:

Salinityreducesorslowsgerminationanditisoftendifficulttoobtaina

satisfactory stand.Suitable planting practices,bed shapes,and irrigation

managementcangreatlyenhancesaltcontrolduringthecriticalgermination

period.Seedshavetobeplacedintheareawheresaltconcentrationisless.Salt

accumulationislessontheslopeoftheridgeandbottom oftheridge.Therefore,

placingtheseedontheslopeoftheridge,severalcm below thecrown,is

recommendedforsuccessfulcropestablishment.

g)Drainage

Inordertomaintainasatisfactorysaltbalanceintheroot-zoneexcellent

drainageofsoilismostessential.

h)Othermanagementpractices

1.Selectionofseedlings:Transplantationofricewithoveragedseedlings

resultsinbetterestablishmentinsaltaffected soilthannormalaged

seedlings.Closerplantinghastobeadoptedforcompensatingtheyield

reductioncausedbyplantingoveragedseedlings.Incaseofothercrops



likefingermillet,pearlmilletetc.transplantingisthebettermethodthan

directsowingofthesecropsforproperestablishment.

2.Mulching:Mulchingwithlocallyavailableplantmaterialshelpinreducing

salt affected problems by reducing evaporation and by increasing

infiltration.Salts are leached into lowerlayers even with rainfallby

applicationofmulches.

3.Soilmanagement:Allsoilmanagementpractices thatimprove the

infiltrationrateandmaintainfavorablesoilstructurereducesalinityhazard.

4.Croprotation:Inclusionofcropssuchasriceintherotationreduces

salinity.

5.Climate: Temperature,rainfalland its distribution,wind velocityand

relativehumidityareallfactorsdirectlyeffectingdutyofwater.Thedutyof

waterincropslessensduringsummerseason.

6.Timeandnumberofploughing:Theploughingofthefieldandhoeingof

soilatpropertimecontrolsweedsandthereislesserlossofwaterfrom

thesoilresultinginhigherdutyofwater.

7.Slopeoftheland:Inlandhavingsteepslopewaterisgenerallylostbyrun

offwhichresultsinlossofmoisturefrom soilandneedsfrequentirrigation.

Hencedutyofwaterisreducedinsloppylands.

8.Velocityofwaterincanal:Dutyofwaterispositivelycorrelatedtothe

velocityofthewaterincanal.

9.Type ofcrops:Differentcrops have variable waterrequirementand

consequentlydifferentdutiesofwater.Sugarcaneneedsmoreirrigation

compared to wheatand maize.Crops like sugarcane and paddyetc

requiringmorewaterhavelesserdutyofwater.

10.Skillofthefarmer:Flowirrigationhasmoredutyofwaterbecauseitneeds

greatlabouronthepartofthefarmertoupliftwater.Hencesuchwateris

usedwithgreatcarebythefarmer.



 Leachingrequirement(LR)

Theleachingrequirementisdefinedasthefractionoftheirrigationwater

thatmustbe leached through the root-zone to controlsoilsalinityatany

specifiedlevelsothatcropgrowthisnotaffectedadversely.

Irrigationwater,evenifofexcellentquality,isamajorsourceofsoluble

salts.Anannualapplicationof1000mm watercontaining250mg/1dissolved

saltswilladd2500kgsaltsinonehectareland.Toavoidsoilsalinization,these

saltshavetobeleachedoutoftheroot-zonebywaterpercolatingtothesubsoil.

Thispercolationwaterwillcausethegroundwatertabletoriseandhastobe

drainedoffbecauseasecondsourceofsalinizationinirrigatedareasiscapillary

risefrom awatertable.Asgroundwaterisoftensomewhatsaline,evenasmall

amountofcapillaryrisecanaddgreatlytothesalinityoftheroot-zone.Hence,

drainage,eithernaturalorartificialisanecessarycomplementtoirrigation.

Leachingrequirement(LR)istheextrafractionofwaterexpressedasa

ratiooraspercent,neededtoleachthesaltfrom thesoilatagivenlevel.Itis

calculatedbytheformulaasgivenbelow.

Dd ECi

LR = ----------= ----------

Di ECd

Where,

LR=Leachingrequirement

Dd=Depthofdrainagewater

Di=Depthofirrigationwater

ECi=Electricalconductivityofirrigationwater

ECd=Electricalconductivityofdrainagewater



 Waterlogging

Waterlogging refersto thesaturation ofsoilwith water.Soilmaybe

regardedaswaterloggedwhenitisnearlysaturatedwith water muchofthetime

suchthatitsairphaseisrestrictedandanaerobicconditionsprevailor

Whentheconditionsaresocreatedthatthecroproot-zonegetspoorof

properaerationduetothepresenceofexcessivemoistureorwatercontent,the

tractissaidtobewaterlogged.

CausesofWaterLogging

1.Seepagefrom canal

2.Overandexcessirrigation

3.Accumulationofrainwaterinlow-lyingarea.

4.Overflowoftanks,canals,riversetc.

5.Adoptionofinefficientirrigationmethod

6.Poorpermeabilitywithfinetexturedsoil.

Disadvantagesofwaterlogging

Mostoffieldcropsaresusceptibletowaterloggingorhigherwatertable.

1.Excesswaterwithinrootzoneorhighwatertablecreatesunfavorablesoil

physicalconditionsandaffectonairandmoisturerelationship.

2.Itdevelopsanaerobeconditions,whichreducesO2(Oxygen)concentrationand



increasetheconcentrationofCO2 (Carbondioxide).

3.Anaerobicconditionreduceuptakeofplantnutrientsanditreducerootactivity

andgrowth.

4.Itreducesactivityoffavorablemicroorganisms,whichareresponsiblefor

nitrificationanddecompositionoforganicmaterials.

5.Itisacausefordevelopmentofsalinityandalkalinity.

6.Leachingofplantnutrient.

7.Conversionofavailablenutrientintounavailableform.

8.Plantstandreducesconsiderablyresultingintolowyield.

9.Accumulationofcertaintoxicsubstancesinsoileg,Ethanol.

Measurestocontrolthewaterloggingproblems

1.Constructionofsurfaceandsub-surfacedrainage.

2.Installationofpumpingsetstopumporliftoutexcesswater.

3.Installation(digging)ofshallowtubewell.

4.Liningofcanalsandsubsidiarychannelstoreducetheseepage.

5.Useofefficientmethodofirrigation.

6.Applicationofrequiredquantityofirrigationwater.

Toovercometheilleffectofwaterlogging,drainageisrequiredasthemajority

oftheagriculturalcropsaresusceptibletowaterloggedsituation.

 Drainage

Drainage is a process of removal of excess gravitational water

(superfluousorfreeorexcessordrainablewater)from therootzoneareaofsoil



profilebyartificialmeanstoenhancebetteraerationandcropproduction.

Drainageisrequiredunderthefollowingcondition

a)Highwatertable

b)Waterpoundingonthesurfaceforlongerperiods

c)ExcessivesoilmoisturecontentaboveF.C.notdrainingeasilyasinclay

soil

d)Areasofsalinityandalkalinitywereannualevaporationexceedsrainfall

andcapillaryriseofgroundwateroccurs

e)Humidregionwithcontinuousofintermittentheavyrainfall

f)Lowlayingflatareassurroundedbyhills

Characteristicsofgooddrainagesystem

1.Itshouldbepermanent

2.Itmusthaveadequatecapacitytodraintheareacompletely

3.Thereshouldbeminimum interferencewithculturaloperations

4.Thereshouldbeminimum lossofcultivablearea

5.Itshouldinterceptorcollectwaterandremoveitquicklywithinshorter

period

Benefitsofdrainage

1.Helpsinsoilaeration

2.Facilitatestimelytillageoperations

3.Betterandhealthyrootgrowth

4.Favoursgrowthofsoilmicroorganism (bettermineralization)

5.Warmingupforoptimum soiltemperaturemaintenance

6.Promotesleachingandreducewaterlogging

7.Improvesanchorageandreducelodging

8.Improvessoilstructureanddecreasessoilerosion



9.Improvessanitaryandhealthconditionsandmakesrurallifehappy

Topic20:Weeds:definition,classificationandcharacteristics

Thefirstpersontousetheword“WEED"inthepresentdaymeaningwasJethro
Tull(1731).Subsequentlyseveraldefinitionswereproposedaslistedbelow;

 Aweedisaplantgrowingwhereitisnotwanted.

 Weedisanunwantedplant.

 Aplantoutofplaceoraplantwithnegativevalue.

 Aplantthatisextremelynoxious,useless,unwantedorpoisonous.

 Anyplantorvegetationinterferingwiththerequirementsofhuman.

 Weedsareplantsthatthrivebestinanenvironmentdisturbedbyman.

ClassificationofWeeds

Outof2,50,000plantspecies,weedsconstituteabout250species,which
areprominentinagriculturalandnon-agriculturalsystem.Underworldconditions
about30000speciesisgroupedasweeds.Outofthese18,000speciescan



causedamagetothecrops.

Thoughweedscanbeclassifiedindifferentways,theimportantclassification

thathelpsinselectingweedcontrolmethodsarebasedonlifecycle,cotyledons

numberand morphologicalcharacteristics.Weeds can be grouped forthe

convenienceofplanning,interpretingandrecordingcontrolmeasuresagainst

them.

Classificationofweeds
1.Basedonmorphology 2.Basedonlifecycle/ontogeny
3.Basedonhabitat 4.Basedonorigin
5.Basedonassociation 6.Basedonnatureofstem
7.Basedonsoils 8.Specialclassification

1.Classificationbasedonmorphology/cotyledoncharacters

During19402,4-D wasdiscoveredanditwasaselectivetranslocated
herbicide.After the discovery of the herbicide,classification based on
morphologyhasgotstrongrecognitionasitcontrolledbroadleavedweeds.The
morphologicalclassification is mostimportantand usefulin weed control.
Morphologicalcharactersofplantarecloselyreactedtoherbicidalabsorption,
retentionandtranslocation.Theweedsbelongingtothesamegrouparelikelyto
havesamekindofresponsetospecificherbicidesorculturalormechanical
methods.

Thisisthemostwidelyusedclassificationbytheweedscientists.So,weedsare
generallydividedintothreegroups

1)Grasses 2)Sedges 3)Broadleavedweeds

Basedoncotyledoncharacterstheyareclassifiedinto

Monocots Dicots
1.Narrowanduprightleaves 1.Broad&horizontalleaves
2.Parallelvenation 2.Reticulatevenation
3.Retentionofherbicideisless 3.Retention of herbicide is
more
4.Adventitiousrootsystem 4.Taprootsystem.
5.Cambium (conductivetissue)isscattered 5.Conductivetissueintact

EgGrassesornarrowleavedweeds Eg:Dicots
Amaranthusspp.
Chenopodium album



Convolvulusarvensis
Phyllanthusniruri
Parthenium hysterophorus
Xanthium strumarium

Note:Cyperaceaeandtyphaceaearenotgrasseseventhoughtheyarenarrow
leaved

Grasses Sedges
1.Stem ishollowexceptatnodes 1.Stem Angular&solid
2.Ligulate 2.Doesnotpossesligules
3.Alternateoroppositeleaves 3.Leavesinwhorlsaroundthestem

Eg,Digitaria,Cynadon Eg.Cyprus

2.Classificationbasedonlifecycle/ontogeny

Dependingupontheirlifecycle,weedscanbeclassifiedas:

(1)Annuals

(2)Biennialsand

(3)Perennials

A.Annualweeds:Annualsweedsgrow and maturewithin ayearoftheir
germination,butmorecommonlytheycompletetheirlifecycleinoneseasonand
propagatebyseeds,e.g.SummerannualTrianthemaspp.andDigeraarvensis,
WinterannualsChenopodium album.

Phyllanthusfratenus‘Niruri’completesitsseedtoseedcyclewithintwoor
fourweeks.Suchshort–livedannualsarecalledEphemerals.

Generalcharacteristicsofannualweeds

(i) Annualweedsreproducebyabundantseedproduction;however,somelike
Allium spp.viz.,wildonionandwildgarlicmaygrow alsofrom bulbsand
bulbils.



(ii) Theyfailtore-growwhentheyarecutclosetothegroundlevel.Theseare
knownassimpleannuals.

(iii)Severalannualweedspossesscrownbudswhichsproutintonew shoots
soonafterthemotherplantisde-topped.

(iv)Easytocontrol.Suchweedsmustbedestroyedbeforetheysetseeds.

(v) Weedseedsremaindormantforseveralyears;thismakesweederadication
almostinfeasible.Therefore,afarmermustbeparticularaboutnotallowing
theweedstosetseedsonhisland.

B.BiennialWeeds

Theycompletetheirlifecycleintwoyears;inthefirstyeartheyremain
vegetativestageandinthesecondyeartheyproduceflowersandsetseeds.
Theymaypropagateeitherbyseedsorvegetativepartsorbyboth.

Theusualfeatureofbiennialweedstoflowerinthesecondyearofgrowth
limits theirdispersalthrough seeds verymuch.Itis so because theyget
harvestedalongwiththecropplantsbeforetheygetachancetosetseeds
(Launeanudicaulis).Thebiennialweedsmustbecontrolledinthefirstyearof
growthbeforethesehaveachancetostorefoodintheirroots.

C.PerennialWeeds

Perennialweedsgrowmorethantwoyears.

1.Usually,perennialweedsflowerforthefirsttimeinthesecondyearoftheir

growthandthereafterflowereachyearregularly.

2. Besidesseeds,theyreproducevegetativelyfrom undergroundspecialized

organs.

3. In tropicalareas these remain green throughoutthe yearalthough in

subtropicalregionstheymayundergodormancyduringthelowtemperature

periods.



Thecontrolofperennialweedsismuchmoredifficultthanthatofannuals.
Neithertillagenorthepresentdayselectiveherbicidescanreachtheirdeeproots
andundergroundmodifiedshootsystems.Therefore,attemptstosuppresssuch
weedsareusuallymadeduringthefallow seasonsbydeepsummertillage
alongwiththeapplicationofherbicides.

3.Classificationbasedonhabitat

Dependingupontheplaceoftheiroccurrencetheyareclassifiedinto
terrestrialandaquaticweeds.

A.Terrestrialweedsareagainclassifiedinto

1.Croplandweeds :Weedsinfield.eg.Echinocloainrice.
2.Non-croplandweeds :Weedsinwastelands.eg.Tribulusterrestris,

Xanthium strumarium.
3.Grasslandweeds :e.g.VernoniaandCyperusrotundus.
4.Weedsoflawns&publicparks:e.g.Eleusineindica.
5.Orchardorgardenweeds :e.g.CynodondactylonandCyperusrotundus

6.Parasiticweeds :e.g.Loranthus,Striga,Orobanchetc.
7.Roadsideweeds :e.g.Euphorbiahirta,Lantanacamera,

Prosopisjulifloraetc.

B.Aquaticweeds :Theyareclassifiedinto

1.Submergedweeds :e.g.HydrillaVerticillata
2.Emergedweeds :e.g.TyphaSpp.
3.Floatingweeds :e.g.Eichhorniacrassipes

4.Classificationbasedonorigin
ManyofourweedsinIndiaoriginatedinsomeotherpartsoftheworld.

Indigenousweeds
Allthenativeweedsofthecountryarecomingunderthisgroupandmost



ofthe weeds are indigenous.e.g.Sorghum halepense,Cynodon dactylon,
Echinochloacolonum etc.

IntroducedorExoticweedsorAlien
Thesearetheweedsintroducedfrom othercountriesbyanymeans.These

weedsarenormallytroublesomeandbecomedifficulttocontrol.e.g.Parthenium
hysterophorus,Acanthospermum hispidum,Eichhornia crassipes,Argemone
mexicana,Lantanacamaraetc.WhenmanaidsinitsintroductionsuchWeeds
arecalledasAnthrophytes.

TheoriginofsomeimportantweedsisgiveninTablehereunder.

Weedspecies Probableoriginatedfrom

Convolvulusarvensis Eurasia

Cyperusrotundus Eurasia

Eichhorniacrassipes TropicalAmerica,Brazil

Lantanacamara CentralAmerica/TropicalAmerica

Orobanchespp. Europe

Sorghum halepense SouthernEuropeandAsia

Tribulusterrestris SouthernEurope/Africa

5.Classificationbasedonassociation

When two plants are living togetheri.e called association.Based on
association they are season bound weeds,crop bound weeds and crop
associatedweeds.

a.Seasonboundweeds
Theyareseeninthatparticularseasonirrespectiveofcrop.Theseareeither
summerannualsorwinterannuals.Sorghum halepans(Perennial)isasummer
perennialandCircium arvenseiswinterperennial.PhalarisminorandAvena
fatuaarewinterseasonannuals.



b.Cropboundweed
Weedswhichusuallyparasitethehostcroppartiallyorfullyfortheir

nourishmenti.e.parasitism also called asparasiticweeds.Thoseparasites
whichattackrootsaretermedasrootparasitesandthosewhichattackshootof
otherplantsarecalledasstem parasites.

e.g.Orobanche(broom rape)inTobacco,Strigaspp(witchweed)inSorghum

c.Cropassociatedweeds
Thesearealsocropspecificbuttheymaybeassociatedwithcertaincropsfor
oneofthefollowingreasons:

Needforspecificmicroclimate:WeedlikeCichorium intybusrequiresfortheir
bestgrowthshady,coolandmoisthabitatwhichisamplyavailableincropslike
Lucerneandberseem.

Mimicry:-Wildriceinpaddyfield,Phalarisminor(canarygrass)inwheatcrop
survive because oftheirsimilarity in morphology with hostcrops.This
mechanism iscalledmimicry.AweedlikeAvenafatua(wildoat)tendstogrowto
theheightofwintergrainsandadjustitsripeningtimetothecropoverawide
varietalrange.Thiskindofmimicryiscalledphenotypicmimicry.

Readycontaminationofcropseedswithweedseeds:Ifthecropseedmatureat
thesametimeandsameheightofthecrop,thenitcontaminatesthecrop(also
morphologicallysame)easily.e.g.littleseedcanarygrass(Phalarisminor)and
wildonion,wildgarlic(Allium spp).

6.Classificationaccordingtothenatureofstem

Dependingupondevelopmentofbarktissueontheirstemsandbranches
weedsareclassifiedintowoody,semi-woodyandherbaceousweeds.

a.Woodyweeds:Weedsincludeshrubsandundershrubsandarecollectively
called brush weeds.Lantanacamera,Prosopisjuliflora(mesquite)Zizyphus
rotundifolia(wildplum)areexamplesforbrushweeds.

b.Semi-woodyweeds:Crotonsparsiflorusissemiwoodyweed.



c.Herbaceousweeds:Weedshavegreen,succulentstemsareofmostcommon
occurrencearoundus.e.g.AmaranthusviridisandChenopodium album.

7.Classificationaccordingtosoils

Oftheseveralvariablesofsoil,pHisimplicatedmostfrequentlywiththe
distributionofweedspeciesoverareasofsimilaragroclimate.

OnhighlyacidsoilsacidophileweedsuchasRumexacetosellatendsto
dominatetheweedflora,whileonsalineandalkalisoilsbasophileweedlike
polygonum spp.is found.Howeverthe mostofourcommon weeds are
neutrophiles.

The texture ofsoiland consequentlyits waterholding capacityalso
determinestoagreatextenttheweedfloraofaplace.Forexample,Tribulus
terrestrisandEuphorbiaspp.aredominantoncoursetexturesoilswhereas,
Sorghum helepense grows abundantly on heavy,moisture retentive soils.
Echinochloacolonum requireswetsoilsfortheirbestgrowth.

8.Specialclassification

Besides the various classes ofweeds,a few others deserve special
attentionduetotheirspecificity.Theyarea.Poisonousweedsb.Parasiticweeds
andc.Aquaticweeds

a.Poisonousweeds:Thepoisonousweedscauseailmentonlivestockresulting
indeathandcausegreatloss.Theseweedsareharvestedalongwithfodderor
grassandfedtocattleorwhilegrazingthecattleconsumesthesepoisonous
plants.e.g.Daturafastuosapoisonoustoanimalsandhumanbeings.

b.Parasiticweeds:Theparasiteweedsareeithertotalorpartialwhichmeans,
theweedsthatdependcompletelyonthehostplantaretermedastotalparasites
whiletheweedsthatpartiallydependonhostplantformineralsandcapableof
preparingitsfoodfrom thegreenleavesarecalledaspartialparasites.Those
parasiteswhichattackrootsaretermedasrootparasitesandthosewhichattack
shootofotherplantsarecalledasstem parasites.Thetypicalexamplesof
differentparasiticweedsare

1.Totalrootparasite :OrabanchecernuaonTobacco



2.Partialrootparasite :Strigaluteaonsugarcaneandsorghum
3.Totalstem parasite :Cuscutachinensisonleucerneandonion
4.Partialstem parasite :Loranthuslongiflorusonmangoandothertrees.

c.Aquaticweeds
Unwantedplants,whichgrowinwaterandcompleteatleastapartoftheir

lifecycleinwaterarecalledasaquaticweeds.Theyarefurthergroupedintofour
categoriesassubmersed,emerged,marginalandfloatingweeds.

i.Submersedweeds:Theseweedsaremostlyvascularplantsthatproduceallor
mostoftheirvegetativegrowthbeneaththewatersurface,havingtrueroots,
stemsandleaves.e.g.Ceratophyllum demersum,HydrillaVerticillataetc.

ii.Emergedweeds:Theseplantsarerootedinthebottom mud,withaerialstems
andleavesatorabovethewatersurface.Theleavesarebroadinmanyplants
andsometimeslikegrasses.Theseleavesdonotriseandfallwithwaterlevelas
inthecaseoffloatingweeds.TyphaSpp.

iii.Marginalweeds:Mostoftheseplantsareemergedweedsthatcangrow in
moistshorelineareaswithadepthof60to90cm water.Theseweedsvaryin
size,shapeandhabitat.Theimportantgenerathatcomeunderthisgroupare;
Typha,Polygonum,Alternanthera,Ipomea

iv.Floatingweeds:Theseweedshaveleavesthatfloatonthewatersurface
eithersinglyorincluster.Someweedsarefreefloatingandsomerootedatthe
mud bottom and the leaves rise and fallas the waterlevelincreases or
decreases.Eg.Eichhorneacrassipes,Salviniaetc.

(9)FacultativeandObligateweeds
Facultativeweedsarethoseweedspeciesthatgrow primarilyinwild

communitiesbutoften escapeto cultivated fields,associating themselves
closelywithmansaffairse.g.Opuntiaspp.Thesearealsoknownasapophytes.

Obligateweedson thecontraryoccuronlyin cultivated orotherwise
disturbedland.e.g.Convolvulusarvensis.

(10)Noxiousandobjectionableweeds



A noxious weed is a plant arbitrarily defined as being especially
undesirable,troublesomeanddifficulttocontrol.Theseweedshaveimmense
capacityofreproductionanddispersalandtheyadopttrickywaystodefymans’
effortstogetridofthem.Thesearesometimesalsoreferredspecialproblem
weeds,e.g.Cyperusrotundus,Orobanchespp.,Strigasp.,Parthenium spp.and
Cynodondactylon

Anobjectionableweedisanoxiousweedwhoseseedisdifficulttoseparate
oncemixedwithcropseeds,e.g.Jiradowithcumin.

SpecialCharacteristicsofweeds

Weedpossessesthefollowingspecialcharacteristics.

1. Abundantseedproduction

Weedproducelargenumberofseedsperplantcomparedtocrops.e.g.One

plantofChenopodium producesasmuchas72000seedsinoneseason,

whereasoneplantofriceproducesabout1000seeds.Thereisoneslogan

that“OneyearseedingSevenyearweeding.”

2. Excellentviabilityofseeds

Mostofthe weeds seeds have dormancy.Theygerminate onlywhen

sufficientamountofrainfallisreceivedforthem tosurvive.Theycanremain

viableformanyyearse.g.theseedsofchenopodium remainviableupto40

yearsinsoil.

3. Abilitytosurviveunfavourablecondition

Whenthecropplantsfailsunderadverseconditions,butweedplantscan

survive.

4. Abilitytoreproducevegetatively

Someweedspropagatevegetativelybyrhizomes,stolons,bulbsetc.This

helpstowithstandunderadverseconditions.e.g.Nutsedge,Dharo,Darbh

etc.

5. Dispersion/spreadingthroughvariousagencies

Weedsplantsasawholeorseedsmaydispersebyvariousagentsfrom one

placetootherplacee.g.Wind,Water,Animals,Insects,Man;Manuresetc.

arethevariousagents.


