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.-
beingsubstantia11ymodifiedbythe activitiesof mankind.Increasinghuman

popu1ationshaveresu1tedin greaterdemandon semi-aridregionsfor

providinghumansubstance_andthe possibilitythat_thismay_enhance

desertificationis a graveconcern(Hallet al,1979).Thesezonesareharsh

habitatsforhumans.Wateristhe sing1emostimportantnaturalconstraint

to agricu1turalproductionandhumanwelfarein theseregions.However,

humantragedyof thedroughtin North-EastBrazilis dueas muchto the
-- ..

(Ha11,1978).Whenfeasible,irri9ationby importedwatercou1dbe usedto

'increaseand-stablizeagricu1tura1productionof theseregions.However,

becaukeof verylimitedavai1abi1ityof the_súrface~and~rOW1Gwaterresources~\\ .. .. .. .. ..
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Adetailedanalysisofthe climateof North-EastBrazilhavebeenreported,,
by Hargreaves(1973).Hehas delineatedtheNorth-EastBrazilintovarious

zonesas veryarid,arid,semi-aridand wet-dry(Fig.1) basedon moistureuu

availabi1ityindices*(MAl)as fol10wing(Hargreaves,1974):

CLIMATlC
CLASSIFICATION

T~eWet-Dryareasareout ofthescopeof this'report.Theveryaridzooes

are~eas of verylowrainfallandin generalnotsuitedforrainfed
\\,, ..

agriculturebutwatercanbe harvestedfor1ivestockuse/orvery1imited

agricu1ture.lhearidzones,areareasreceiving500to 750mmrainfa11and

*Moi'stureAva'\labi1ityindexdefinedas ratioof amountof monthlyrilinfall at

75%probabi1ityleve1(PO) withtheamountof month1ypotentia1

evapotranspiration(PE1).
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havelimitedsuitablityfor rainf~dagriculture.Itisthis author'sbelief

that asuccessfulrainfedcropcan begrownin manyyearswithappropriate

in-situconservationof soil andwaterandby backingup theagriculturewith

supplementalir~igationfromharvestedwater.

distributio"n is expectedand appropriatelychosenshortdurationcropscan be
,, ?? ~".. .' ';";"/':~,~~.!.'\~~::~~~\~~:.:;·;t::~:::.~. .. -,-..~:,'~'

grown"withoutadditionalwater.However,proper~anagementandconservationof
.. .. ;~~'~;:'jp~~r:t7,f~~:~-:/ >>

wate~and .soil alongwithwate~ha~vestirtg fo~supp1ementalirrigationcan be
)~. ['

easilyutilizedto boostthe ag~icultu~aJp~oduction.In addition,asecond ~hort
.. ""

durationcr.op maybe grownonpart ofthe areawiththehelpof collected
••• '.40. •• ••

runoff.Thus,itcan be concludedthatsuitablesoi1and watermanagement

measureswhichconserveand utilizethelimitedrainfallbetter,can provide

(I) for livestockandfodderproductionandsomeverylimitedagriculture

..,\(III)for stabl izingandincreasingproductionof oneshortdurationcrop

withpossibilitiesofproducing,anóthershortdurationcropin part
"-

of the areaof a catchmentin semi-aridzones.\\
In generaldescripitions,allthese zonesclassifiedas veryarid,arid

andsemi-aridarerefer~edtoas semi-aridtropicsdueto similarityin erratic
\\

ànd unreliabledistributionof rainfall.But astheclimaticclassification

clearlyde~nstrates,the capabilityof eachzonevaries.Hencethesezones

shouldbe treatedseparatelyfor thepurposeof developingtechniquesfor

managingtheirsoiland.waterresources.



Theimportant'soilsof North-EastBrazil(in SATregion)consistof

Planosolssolodized,NonCalcicBrownSoil5,Solonetz,Vertisols,Latosols

andsomeRegosols(Dematte,1981).ThePlano$ols.Solidized,SolonetsSolidized,
(;

Vertisolsand NonCa~cic-Srownsoilsarepoorin drainagedueto higherclay

contentsandpresenceof higherquantitiesof exchangablesodium(exceptin

Vertisols&&NonC~lcicBrownSoils).Latosols&&Regosolsarerelativelysandy
--

and donotposeanydrainageproblems.Thusit canbe inferredthatproblems

of managementof soiland waterforbetterutilization,areof differentnatu~e..
õn'.":- di fferenttypeof soi1s. However ,~itcan--beanti ciP!lted .thata----

technology(for soil&&Watermanagement),developedforagivensoiltypewith

in a givenclimatictlassificationcanbe approximate1yduplicatedon areasof

similarsoilswithinsarne climaticzone5(Hargreaves,1974).

Hall.(1978) has-suQcess:fully 'ª'rguedand .demonstraiedtl:iatthe 'ldrought
•• •• II ••

prob1em"in No~th-EastBra;i1is not'onlyacl imaticprob1em.Thehuman

--.trage~yof thedroughti5 s.directresu1tof thewayinwhic.htherural

structureof theSertãoplacesthousandsofpeasants-atthe:economicmargin,
.-

vulnerabletoeven theslightestcli.matic vicissitude.Themajorityof

populati.on di.rectly effectedby theclimaticvicissitudesare -thesharecroppers
--

(parceiros), \smallholders(minifundistas),tena-n-tfa.rmers (arrendatãrios)
..

squatters
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mostof their

enteringthe

division





holdingsareunder10 hectaresand occupylessthen5%of thetotalarea!



5. THE APROACHTO DEVELOPING

RESOURCESIN NORTH-EAST

The goalof anyproposed
JJ

systemisto achieveahighest

conservingandutilizingthe water

Thisaimisto be achievedin collaboration

disturbingordestroying"the natural

topographyin' a water5hed(Or catchment).

North-Eastdictatethatthe small

Thus,asmal1watershedor a mini-catchment.. ..

developingthesoilandwater

at ICRISAT wherethefirstauthor.. ..

of developingasmall watershed..

resou~cesofVe~tisols(Sha~a

andKampen,1977,andKrantz

optimizationof smallreservoir
..

1981),alsoveryclearlydemonstrates.. ..

unit df developmentof soiland water

SY5tem\are to fie achieved. The recent
~~

Porto,1982)in last3years

approachand shallprcveuseful

and watermanagementandsupplemental..
CPATSAis locatedin a very,,

(1974) classification.Thusit becomes

lltechnologiesto serveveryarid,
~Brazil.It shouldbe pointed
.1

"'
~,particularzone(anda particular



to otherzones.Simil~rlyeffortsat.transferring technologiés~fbr manage~eht

of soiland waterfromothercountrieswithdisregardto theconditionsof

N-EBrazilwillprovefutile.Theapproachshouldbe toadaptandmodifythe
.. ..

compromisingon theprinciplesandconcepts... ..

It is concludedfromtheabovediscussionthat.app~oach to gene~ating

an.integratedtechnologyforsoiland watermanagementandsupplemental

'irrigation shouldbe:

(1)A smallwatershedis tobe takenas a u~itof planningand-

developmentof soil~ndwater: resources.

(2) Theresearchon developmentof a technologyforsoilandwater

management&&utilizationshouldbe conductedat atleast310cations,namely:

(a) in veryaridzones

(b) in aridzones,Bnd

(c) in _.semi-ar; d-zones'

(T~isisto bedonein thernostpredominentsoiltypeof azone in

col1~borationwiththeStateagenciesandotherlocalagencies.

~) The _developmentof aa technology should be i~, aojntesrated manner rather

thanln cornponents~Thisshouldresultin.developmentcofappropriatemodels

of the 'proposedsystemsto facilitatefast-transferof thetechnology.

(4) Afterthetechnologyhasbeendeveloped.at.researchstage;itshould
\... .. ..

be testedat,a 'pHotproject'stageat operational~scaleat·á··numberof-;·/--;"'
.. \\

\\

locationsamongsmal1farmersbeforeit canbe recomendedforuse;andbefore

heavyinvestmentsaremadein transferingandexecutingthetechnologyat

farmerslevel.



futuresupplementalirrigation'andlandand waterresourcedeve10pmentprojects.
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managementof soi1

resea~chproposa1is for

importantdry1and
iiJJ

proposa1dea1swith

1asttwoprojects(third

is neededforp1anning

works.

5.1.RESEARCHPROPOSAl

TITlE:OPTIMlZATION

FORTHE

OBJECTIVE:

To developmethods

reservoirsandto deve10p
..

irrigationsystemfor

theNorth-EastBrazi1ian.. ..

SPECIFICOBJECTIVES:

lmprovementQf

(\) To.study~the
\\ ..

\smal1reservoirs

semi-arid

',shou1d. be.-tn~t-hese.ry .arid,...
\\

,,

Brazll.\\

(b) To·adopt,

utilization



.. ..
and developdetailedguidelinesfor useofthe executionagencies

for modificationofthe existlngsmallreservoirssuchthatthese

reservoirscanbe convertedintoproductiveagricultualsystems.
44 .- ~~

2. Developmentof anoptimizationmodelfor smallreservoirsystemson

(a) To adaptand/ordevelopageneralizedmathematicalmodelfor

--optimizationof storage,capacity,locationanddesignof small

reservoir(alsocalledfarmpondsor tanks)systemsforsupplemental

irrig~tionby maximizingnetbenefitsand wateruse efficiency,and
.. ..

..
by minimizinginvestment:.associatedseepageand evaporationlosses,.. -- ..

.. ..

and landoccup~edbythe ~eservoir.This modelshouldbecomeatool

to providegeneralguidelinesforplanning ·óf smallreservoirwater

resourcessystemsinthe North-Eastregionof Brazil.

..
(b) To search,gatherand developtheinput dataneedsof theproposed

modelfor a no.of representativelocationsinN-E Brazilwhich

\\willbe requiredb.1 the mod.el.to be usefulasaguidingtechnique
--

in aidingwaterr~~'Ources'pJ~fining_ of theproposedregionfor
\\

\ rainfedagriculture.

Theimportantdataneedsarerainfal1-runoffrelationsfor

variouszonesin North-EastBrazil,waterproductionfunctionof
..\\

varaouscropsgrown;n theregion,costof excavationas related

to liftandlead(cost functions),agrotlimaticdatae.g.evaporation

&&seepageratesof variouszonesinthe region,watershedcontour

maps,informationon agriculturalinput&&operationscostforcrop

production,andknowledgeof marketconditionsof theregion.

"'-",,-



(c) To testandsea~chlocallyavailablecheapseepageandevapo~ation

controlmaterialsand methods for.·contr.o"i~g seepageandevaporation

lossesin smallreservoirswhichin turnwillincrease thewater

(d) Totestthemodelresultsunderresearchstation&&later under on-

farmconditionsto establishtheviabilityof themodelanddevelop

generalizedguidelinesforthedeveloprnent ofsmallreservoirsystems

in North-EastBrazil ..

TITLE:DEVELOPMENTOF SUITABLELAND&&WATERMANAGEMENTTECHNOLOGYFOR

VARIOUSZONESIN THESEMIARIDTROPICSOF NORTH-EASTBRAZIL.

OBJECTIVE:Adáptàtionand Developmentofsuitabletechnologiesfor

bettermanagementandutilizationof:thewater&&soil

resources-in--thesemi-aridtropics(SAT)in N-EBrazil-for
oo

•• --

stabilizingandincreasingtheagriculturalproductionof

theregionon small/watershedbásis.

:~ECIFICOBJECTIVES:

1~ FORVERYARIDZONES

(~) Toestiibl ish a technologyforso11conservationin already·
\\

\\

\cleared _areas.""c ..' ..

\\(b) Toevaluate&&developrunoffinducementsystemsforincreasing

theavailablerunoffyieldfromaa.catchment forwater

harvesting.



(c) Toselectandestablishappropriatetechnologyforconservation

of soil&&waterand for facilitatingsupplementalirrigationon

To adoptanddevelop~~chnologyfor:conservationof soil&&wateron aa

water.shed t.0 stablizeandincreaseagriculturalproduction.Theapproach

here willdifferfromtheapproachin (J). Herethe majoremphasiswill

be on in-situconservationof waterandsoiland suitablearrangementfor

supplementalirrigation.

To developaland &&watermanagementtechnologyforsoil&&water

conservati on andappropriatesurfacedrainageto createanoptimum

environmentforplantgrowthforincreasingandstablizing_theagricultural

productionof thesezones.Heretheemp'hasis' wil1be onin-situmoisture.. ..

andsoil conservation,appropriatesurfacedrainage&&

i\;gat;o~. .. ..

5.3. RtSEARCHPROPOSAL III..

\\

\\ EÀST BRAZI L.
\\

\\

To developwaterproductionfunctionwhichrelateyield,quantityof

waterand growthstagesof· importantdrylandcropsof North-EastBrazil

underhighuncertainity •.



(1) To deve10pgenera1izedwaterproductionfunctionsre1atingyie1d

and quantityDf wateruse(evapotranspiration)forimportantdry.

1and cropsof North-EastBrazi1.

,~

evapotranspirationdeficitsat differentimportantcropgrowth' ..

stagesforimportantdry1andcropsDf North-EastBrazi1.

(3) Toestab1ishacriterionfortimingandquantityforsupp1emental

irrigation-as-wellasfullirrigationpr:'0jects~in North-East...-- __

Brazil.

(4) To deve10pamode1for minimizingtheinherentuncertainitiesin

waterproduction,function.

\,BJBECTIVE,:'To developsuitab1emodé1s_forpredictingrunoffunder

\\ a1ternatemanagementpracticesforsma11watersheds.

SPECIFIC

1. To deve10prainfa11-runoffre1ationshipundernativecattinga

conditi onsfor importantso11types.---o

,, .. ..

2. To deve10prainfall-runoffre1ationshipforc1earedlandsfor."·--"",~

importantsoi1types.

3. To deve10praiDfall~runoffre1ationshipforç1earedlandswith

alternatesoilandwaterconservationpracticeson importantsoil



.. ..
optimumutilizationof theseresourceswillresultinthe welfareof

smallfarmersin general.The5earethefarmerswhicharebadlyhit

by thevagariesof rain.The5mallwate5hedbased

2. Theinformationwhichwillbe generatedby researchpropo~~l5
.. .. ':.. .. ..

hereis essentialforth~developmentof 50iland waterresources.Hence

3. An integratedapproachto thesolutionof theproblemsof water&&56il

managementcanbringvisiblebenefitsto thesmallfarmersby increasing

.. ..
.N-EBrazil,thetechnology··developinentresearchshould becarriedouf

~~ ~~ ~~ ..

in mostrepresentativesoils'ofatleastthethreesuggested(very'

.arid,arid&&semi-arid)zonesin collaborationwithstateagencies.

\\

ThiS wi11 ensure appropriate technology for the whole Df North-East

Brazil.-
\\

thedevelopedtechnology.Onlyafter 5ucces:sful iPi"Lotprojectlevel
\\ ..

testing:\ itshouldbe recommendedforgeneraluse.'
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