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WateruSeforthesethreecrops，POSSiblewater  

SaVlngSOfupto50％existwiththegreatestwater  

SaVlngSPOtehtialindesertreg10nSWherecurrent  

WaterValuesashayorlintcropsarelowrelative  

tootherreg10nS．SuchhighwatersavlngSinthe  

desertreg10nareunlikelyandtargetsof20－30％  
COrrOboratedbyresearchtrials，aremOrelikely．  

Thegreatestwatervaluesandleastpossiblewater  

SaVlngSOCCurinthesouthernSanJoaquinⅥ111ey，  

CAwherethecombinationofrelativelyhighET  

and somerainfa1loccur．Thisresearchis astarト  

ingpointforassessingwateruse／SaVingsatthe  

fieldscaleforhay andcottonproductionsand  

Shouldbeextendedtoothercrops．Additional  

WOrkmayalsoberequiredconsideringwatersav－  

1ngSatthedistrictscaleassociatedwiththewater  

distributionsystems．  

KeyWords：alfalfahay，COttOn，WateruSe，Water  

COnServation，WaterValue  

Abstract  

Aselsewhereintheworld，anticipatedpopu－  

1ationgrowthinthenext50years，Climatechange  

andreducedsurface wateravailability，Water  

“productivity”，OrWateruSeefficiency（WUE）  

must continue toimprovein theAmerican  

Southwest．Beyondtheintrinsicvaluetolife，  

watertakesonadditionalvalueasfbodandfiber，  

nsheriesandecosystembenefitsthatarelinked  

SuChthatemphasisofoneovertheotherbenefit  

Oftenresultsinlossesneglectedinthepast．For  

example，developmentofupstreamwaterstorage  

exchangesdownstream負sheriesandecosystems  
benefitsforcropproduction，Whilereservoir  

evaporationlossesfurtherreducepossibledown－  

StreamreSOurCeValues．UnlikeWUEimprover  

mentsinthemunicIPalsector，POSSiblethrough  

metering andtechnologlCalchangesinflow  

devicesandwashingapplianCeS，improvedWUE  

incropproductionishamperedbyunidentified  

achievablewaterusetargets．Intermsofwater  

use，the dominantcropsinthe Southwest are  

alfalfaandsudangraSShayandcottonlintproduc－  

tion・The wateruse characteristics，aVerage  

Plantedareas andyields，andwatervalues are  

examinedforthesecropsinArizona，Califomia  

andIdaho‡odeterminepossibletargetWUEsand  
assesspossible on－farmwater savingsinthe  

reglOnbasedonactualproductioninformation  

from1988－2000．Field－based WUEs ofl．7，  

kg／ha－mmforalfalfaandsudangrasshayand  
Pimacotton，and2．1kg伽－mmfbruplandcotton  

lintproductionqppeartObepracticaltargetValues  

t fromwhichtodeterm1neaPPrOPriatewateruse・  
BasedonFAO＃56estimatedandyield－based  

Introduction  

Theinextricablelinkbetweenwaterandlifb  

isreadilyapparentinthecompetitionandassoci－  

atedconflictsurroundingwaterresourcesandits  

qualitythroughouttheworld・Aspopulationcenr  
tersexpand，thiscompetitionisbecomlngeVer  

morekeenandproblematicwithrespecttomeet－  

1ngbasichumanneedswhilemaintalnlngthevery  

habitatuponwhichwedependanddevelopour  

food and fiber resources．Freshwater with－  

drawals，StOrageOrdegradationinonepartofa  

basinfordevelopmentofagriculturalormunici－  

Palresources resultsinloss ofdownstream  

resourcesassociatedwithfisheriesandpossible  

environmental（e．g．habitat，WaterPurification）  

benefits associatedwithriparianzones orwet－  

1ands．WhilethecostofdeveloplnguPStream  

infrastruCturein order to translocatein timeand  

SPaCeWaterreSOurCeSforotherbeneficialuses  

maybeoffsetinpartbythevaluedevelopedthere   
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fallen，desplteeVerincreaslngPOPulations，reSult－  

1ngin1esswaterusepercaplta，OrgreaterWater  

Valuepercaplta・Thedecreasedwateruseper  
CaPita，Orincreasedefficiencyislargelydueto  

increasedmunlCIPalwaterconservation・Incon－  
trasttoimprovlngagriculturalwateruseeffi－  

Ciency，municIPalwaterconservationismore  

readilyachievablethroughapplicationofteclm0－  

loglCalimprovementsinlow－flow devices，  

reducedwaterusebywashingapplianCeSandthe  

POSSibilityofwatermetering・Indeveloplng  
countries，ffeshwaterwithdrawals continueto  

growwithincreaslngPOPulationsandagncultural  

developmentsuchthatwateruseorvalueper  

CaPltaismore－Or－lessconstant・Forexample，the  

ratioofannualnationalgrossdomesticproduct  

（GDP），anindicatorofoveralleconomicwell－  

being，tOthatofannualwaterwithdrawalscanbe  

Viewedas ameasureof“waterproductivlty”・  
Figurelillustrateshowthisratiohasgrownfbr  

theUSAduringthelatterhalfofthepastcentury  

andforHongKongduringthepast40years  

based on federalestimates ofGDP and water  

Withdrawals（Gleick，2004）．Withtheexception  

Oftheeconomicdepressionperiodafter1929，and  

thewarperiodgrowthinthemid1940s，”water  

PrOductivity”intheUSAfrom1900－1980  
remained more－Or－1ess constant as water with－  

drawalskeptpacewithpopulationgrowthand  

agriculturaldevelopmentinsomewayssimilartO  

thepresentconditionindeveloplngCOuntries．  

WaterwithdrawalsintheUSAleveleddmingthe  

1980s，SuChthatpresentwaterproductivltyhas  

ffom，downstreamlossesinresourcevaluesasso－  

Ciatedwithwaterpurification，aeStheticbene凸t  

and且sheriesaregenera11yneglected・Forexam－  
Ple，eVaPOrationofwaterffomupstreamreser－  

VOirsthatmayprovide arecreationalbenefit，  

WhileretumlngtOthehydrologiccycle，reSultin  

lossofwateruseforagricultureandcities，aSWell  

asin－Stream bene且cialuses downstream．There  

isno“use”ofwaterinupstreamareaS，fbreither  

resourcedevelopmentorasawastestreamcar－  

rier，Whichdoes notresultinlossesinvalue  

downstream．Whatremainsisforsocietyto  

determinewheretogainthemost“watervalue”  
（or“productivity”）＆omlimitedwaterresources  

for［presumably］the greatestpublic good・  
Indeed，the United Nations and Ministerial  

Declaration at the3rd VVorld Water Forumin  

Kyoto（2003）recognizedthebasichuman“right”  

to waterand that“to ensure a sustainable water  

SuPPlyofgoodquality，WeShouldprotectanduse  

inasustainablemannertheecosystemsthatnatu－  

ra11yfilter，StOreandreleasewatersuchaswet－  

1ands，fbrestsandsoils”（article24）．Further，nOt－  

1ngthatwaterisessentialforruraldevelopment，  

“weshouldmakeeveryefforttoreduceunsus－  
tainablewatermanagementandimprovethee統一  
Ciencyofagriculturalwateruse”（article19）．  

Societyworldwideisgrapplingwithpossible  

SOlutionsorchangesinwaterresourcespara－  

digmstobalanCebene鎖cialusesfbral1peopleas  
POPulationsgrow．   

Inmanydevelopedcountries，annualfresh－  

WaterWithdrawalshave already stabilizedor  

WaterProductivitybasedonGDP（＄／m3）  
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Figurel・Waterproductivity（VaIue）intheUSAandHongKongduringthe20thceritury．  
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isapproximately298kminlengthandthere  

isapproximately3140kmofshorelinewith  

96maJOrSidecanyons・Averageannual  
evaporationisestimatedat2．5－3％ofthe  

VOlume，OraPPrOXimatelylkm3／yr（860000  

ac－ft）．AtthetimeofconstruCtionenviron－  

mentalgroups decriedloss ofthepIC－  

turesqueandhistoricGlenCanyonfora  

reservoirconsideredunnecessaryorwasteful  

Ofprecious waterinthesouthwest．This  

debatewasrekindledduringtherecent200ト  
2005droughtperiodduringwhichmuchof  

GlenCanyOnWaSOnCeagalneXPOSedasthe  

reservOir declined to a smallffaction ofits  

fu1lvolume・RecreationalboatlnglntereStS  
around Lake Powell are adamant that the 

Lakeservesabroadpurposeandtourism  

Valuethatalonejustinesitscontinuedopera－  

tion．Inopposition，enVironmentalgroups  

underscore the continuedrecreationalvalue  

OftheGlenCanyOnreglOntOhikers，rafting  

and archeologlStS，butofperhaps greater  

Valueisthepossibilityofrecoveringthesig－  

nificant evaporationwaterlosses．The  

annualevaporation血・OmLakePowellissuf一  

点cienttosupplytheannualwaterneedofa  
largemetropolitanarea，One－thirdofthe  

annualirrlgationwaterrequlrementOfthe  

ImperialValley，mOrethanhalfofthe1944  

USA－Mexicotreaty obligationofwater  

deliveryattheborder，anda1lofthesurplus  

WatertakenbyCalifbrnia．Debatecontinues  

beenincreaslngWithpopulationgrowth；aSimilar，  

thoughmorerecenthistoryandtrend，isevident  
inHongKong・Ashasoccurrednationallyand  
internationa11y，1nCreaSed＝waterproductivityりin  

theAmericanSOuthwesthasnotcomeaboutwith－  
outsomedifBcultyandconflictatmanylevels・  

Inthefbllowlng，eXamPlesofdiffbringscalesand  
impactsareconsideredtoillustratesomeofthe  
debatecurrentlyunderwayinthereg10n・  

Asinmuch ofthe world，Water reSOurCeS  

developmentinCaliforniaandthe Colorado  
Riverbasinofthearidsouthwestwasdirectedat  

divertlngStreamflowsintostoragefbrmunlCIPal  

OragrlCulturalusewithoutconsiderationof  

downstreamlosses，OraCtualnewwatervalue  

developedfromthenewinffastruCtureVerSuSthat  

lostindownstreambenefits．The following  

exampleshelpsetthe stageforassessing，Or  

determiningthevalueassociatedwithwatercon－  

Servationandhowitmightbeachievedinagn－  

Culturalproductionsoastocontinueimprovlng  

”waterproductivity”tobetterserve agrowlng  
POPulationwithfixedwaterresources・  

a）LakePowellontheColoradoRiver－Thisis  
theupperbasinreservOirdesignedtoenable  

theupperbasinstatestomeetthedown－  

StreamdischargerequlrementSOfthelower  

basinstates（seeFigure2）．Completionof  

the171m ta11damin1963enabled the  

reservOirtofillby1980toavolumeof33．3  

km3（27000000ac－ft）withasurfaceareaof  
qpproximately681km2（266mi2）．Thehke  

Figure2・Schematic＝ustrationoftheupperandLowerbasinsoftheCo10radoRiver・  
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Surebymany．Initialestimatesofroughly  

＄500milliontoremovethedamandreplace  

theSanFranCiscowatersupplydownstream  

areconsideredhigh，butconsiderablepublic  

SuPPOrtinthe Bay areahas developed．  

RestorationoftheValleywouldcreateanew  

PreCedentfordamremovalonthegroundsof  

aesthetic ormoralvalue alone．  

d）TuleLakeWaterDistricトInthenortheast  
corner of California and southern central  

Oregon large shallow lakes and wetlands 

existedpr10rtOCOnVerSionto agrlCultural  

PrOductionsome80yearSagOthroughdiver－  

Sionand storage ofKlamathRiverflows  

SuPPlyingthelake／wetlandsystembythe  

ftderalgovernment．Onesuchhistoriclake  

area was Tule Lake．Collapse of the  

Califbmianorthcoastsalmon且sheriesinthe  
PaStfiveyearSreSultedinanunantlCIPated  

mandatedreductionofO．12km3（100000ac－  

ft）inirrigationwaterdeliveriesin2001from  

theTuleLakewaterdistricttolocalfarmerS．  

This sudden reductionin water deliveries  

resultedinsubsequentdryingofTuleLake  

from groundwaterextractions by2005，   

idlingofnear1ylOOOOhaoffarmlandand   

lossofapproximately＄43mi11ioninagricul－  

turalproduction forthe2001production  

year．The north coast salmon fishery  

remainstenuous andwasdeclaredeligible  

fordisasterrelieffunds of＄25mi11ion，far  

Short ofthe＄81millionrequested，in  

August，2006．ThevalueoftheexchangeOf  

agnculturalproductioninlandwith且sheries  
PrOductionatthecoastisunclearinpartdue  

to otherfactors（e．g．logging）afftctingthe  

鎖sheries，however，COntinueddecreasedirri－  

gationwaterdeliveries areanticIPatedas  

PartOfthesalmonrecoveryplannlng・  
AllfburexamPlesaboveillustrateparadigm  

shiftsin allocation ofwater resources for  

bene丘tsnotpreviouslyconsideredduringthe  
earlytomid20血centuryperiodofdamCOn－  
struCtionintheAmericanSOuthwest．Three  

OfthefourexamplesinvoIveexchangeof   

irrlgationwaterresourcesforanticipated，  

thoughto some degreeunproven，down－  

Streamfisheriesbene丘ts．Thecosttoagr卜  

CulturealoneofthisexchangerangeSfrom  

roughly＄0．35hT13atTuleLaketo＄1．57／m3in  

torageconcern1ngthe‖watervalue＝ofthe  

reSerVOlr．  

b）MillertonLakeontheSanJoaquinRiver－  
FriantDam，COmPletedin1942forstorage  

ofO．64km3（520500ac－f［）irrigationwater  

to be delivered to some416000ha ofthe  

SOuthernSanJoaquinValley；themostpro－  
ductiveagriculturalreglOnintheworld・The  
319－foothighdamis40kmnortheastof  

Fresno，intheshadowoftheSierraNevada  

Mountains．Therecentftderaldistrictcourt  

SettlementinSeptember，2006frommore  

than18years oflitigation，Willresultin  

releaseofO．21km3（170000ac－ft）intothe  

SanJoaquinRiverforstreamrehabilitation  

and restoration ofhistoric Chinook salmon  

runs atacostofsome＄800million，＄330  

million ofwhichis to come ffom farmers．  

SalmonrunSPnOrtOCOnStruCtionofthedam  

were said to be so abundant that the fish  

WereuSedfbrhogfted．Thisunprecedented  

Settlementbetweenfbderalagencies，farmerS  

andenvironmentalgroups appearstousher   

inanew＊eraofbettercooperationfbrwater  
resourcesintheSanJoaquinValley，though  

the downstream fisheries benefit remains  

unclearaSyet．  

C）HetchHetchyReservoirontheTuolumne  

River－The O－Shaughnessy dam created  
HetchHetchyReservOironthemainstemof  

theTuolumneRiverinHetchHetchyVえ11ey  
OfthesouthemSierraNevada．Theonginal  
damWaSa95mhighgravity－arChconcrete  

damcompletedin1924andraisedtothe  

Currentheightof131min1947．Thereser－  

VOir，WithacapacityofO．44km3（360360  

ac－ft），is suppliedprimarilyby snowmelt  

from anl175km2（459mi2）watershed   
locatedentirelywithinYosemiteNational  

Park．ThereservoirismanagedbyaSan  

FranciscoBayareapublicutilitythathas  

Paid＄30000／yrsince1923toleasethe  
reservOirareaintheNationalPark丘・Omthe  
ftderalgovernment・Itisthedrinkingwater  
SuPPlyforsome2・4millionpeOPleinthe  
SanFranciscoBayarea，Whileproviding  

roughly20％ofitspowerneeds・Hotlycon－  
testedatthetimeofitscreationbyJohn  

Muir，the reservoir covers the＝second  

YbsemiteVh11ey”，COnSideredanationaltrea－  
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cienciesorwatervaluesarereadilyavailable  
fbragriculturalproduction・Herein，drawlng  

on research conducted primarily in 
Califomia，butapplicableacrossthesouth  
westUSA，isanattemPttOdeveloparatio－  

nale，Ordeterminewaterusee仇cienciesand  

watervaluesforthreecropsgrowninthe  
SOuthwesthavingsomeofthegreatestgross  

waterdemand（SeeTablel）．Alfalfahay，  

sudangrasshayandcottonlintproduction  

areSelectednotonlybecauseoftheirovera11  

highwaterneedinthesouthwestreg10n，but  

becausetheyalsorepresentmulti－yearand I  

annualcropsinwhichyieldis generally  

evapotranspiration（ET）dependentwhennot  
SOilmoisturelimited，andamorecomplex  

flowenngcroplnWhichyieldislessdepen－  

dentonET．  

theSanJoaquinⅥ11ey．ThisrangeenCOm－   

PaSSeS the watercosttorecoverHetch   

HetchyValleyofroughly＄1．12／m3．While   

eachexamPlehasspecificnuanCeSParticular   

tothelocal，thereappears tobenoclear   

WaterCOSt／valueprinciplethatmightbetter   

guide society’s acceptance of such   
exchangeS．［Insomecases，Changesinwater   

resourceprq］eCtWateraVailabilityassociated   

Withglobalwarmlngmaydrivereductionsin   

agriculturalwaterdeliveries．】Ifwater   

PreSentlyprovidedirrigatedagncultureisto   

bereduced，Whatvolumes ofwatercanbe   

PraCticallyexpected打omwaterconservation   

effortsbeforecropyieldsareslgnificantly   

diminished，and atwhatcosts？Ifyields   

losses cannot be avoided are there other   

reglOnSinwhichthecropproductioncan   

OCCurWith smallerorno yieldlosses？   

DeveloplnganSWerStOthesequestiohsatthe   

farm scaleis the focus of this paper．  

ImprovlngWaterdistributionsystem effi－   

Ciencies atthedistrictscaleisbeyondthe   

SCOPeOfthispaper，butanimportantOVerall   

COnSideration．   

However“waterproductivity”is character－  

ized，itisclearthatwateruseinagricultural   

PrOductionmustbecomemoreefficientin   

OrdertomeetthedemandsofgrowlngPOPu－  

1ations．Unlikewaterconservationprograms  

inmunlCIPalareaSWhereclearlyidentifiable   

WateruSetargetValuescanbedeveloped，nO   

Clear1yidentinablepragmaticwaterusee統一  

TabLel．Thetoptencropsintermsofwater  

demandsgrownuslngCORiver  

WaterintheAmericansouthwest  

ⅥねterUseE爪ciencyStudies  

Asaperennialcrophavingnearlycomplete  

CanOpyCOVerage，alfalfahayproductionisthe  

dominant water usein the western states．  

Sudangrasshay，thoughanannualcropwith  

greaterheatandsalinitytoleranceis similarto  

alfalfahayin・termSOfproductionmethods and  
WateruSeCharaCteristics．Ultimately，alfalfahay  

isusedforcattleordairyproductionandmaybe  

COnSidered aresource forthegeindustries．The  

Water uSe Characteristics of alfalfa have been  

Studiedintensively（e，g．SeeGuitjens，1990）and  

effbrtshavebeendirectedatdetermlnlngaPPrOq  

PrlateCrOPPrOductionfunctions fordifferent  

areas，OrtOaSSeSStheeffects oflimltlngWater  

applicationsonhayyield．  

Waterproductionfunctions，Oftenusedby  

agriculturaleconomiststoestimatethewateruse  

neededtogeneratethegreatesteconomicretums  

tothegrower，ideallyrelatecropyield（Y）and  

CrOPWateruSe（ETc），thoughsomehaverelatedY  

toappliedwよter（AW）．Fromaplantphysiology  

PerSPeCtive，undernon－StreSSCOnditionsthefunc－  

tionY〒尺ETc）islinearwithapositiveslope  
referredtoasthecropwater－uSe－efficiency  
（WUE）・Whenusingthedrymatteryieldofhar－  
VeStablealfalfa，Y胡ETc）shouldhaveanegative  

yieldintercept，duetonon－harvestablerootdevel－  

OPment，andamaximumyieldpointassociated  

WiththemaximumETc．SinceY朝：ETc）islinear，   

ConsumptiveUse（ha－mhTr）eachyear  

Crop  2000  2001  2002  Average   

d拘拘カりノ   J♂0βJ夕  JβJ5タイ  JαイJ2β  JOJ射イ   

bemuda   28568  32430  34643  31880   

蝕血w■α∫∫力り′  J夕∂2タ  Jβイタブ  J7イタ7  ノβ5イ0   

Sugarbeets   12544  10415  9989  10983   

wheat   10280  8592  9643  9505   

C（）〟0乃J如才   2j7タ  ∫イタタ  j7首∂  jββJ   

CarrOtS   4035  3635  3832  3834   

citms   3369  3352  3415  3378   

OnlOnS   4013  2898  2666  3192   

Misc．鮎1dcrops  221  3017  3032  2753   
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however，nOtedthattheirratiowaslowbyabout  

15％dueto salinity－inducedyieldlosses（Maas  
andHoffman，1977）suggestinganon－Salinity  

StreSSWUE～18kgnla－mm．Basedonestimated  

WateruSeValues，Grismer（2001b）determineda  

WUEof20．7kgPla－mmforsudangrassintheSan  

JoaquinⅥ111ey．Figure3proviaesaneXamPleof  

thelinearY4（ETc）relationshipforalfalfahay  
PrOductionintheSacramentoandSanJoaquln  

V瓦11eysofCalifbmiabasedonestimatedwater  
use（Grismer，2001a）；nOtethattheslopeOrWUE  

isequivalentto18．7kg爪a－mmandthenegative  

interceptcorrespondsroughlytolessthanaSingle  

haycuttmg．  

Whenrelatingalfalfayieldto AWrather  

thenEl七；theinitiallylinearfunctionreaches a  

maximumyieldandeitherlevelsoff，Ordecreases  

WithincreaslngAWasaresultofexcesswater  

applicationbeyondaccumulatedETc・Slopesof  
thelinearportionofthecurve，meaSureduslng  

SeaSOnalneldplot（Tbvey，1963；Peterson，1972；  

Donovan andMeek，1983；Frate etal．，1988；  

Recheletal．，1991；andGuitjens，1996）andline  

SOurCe（Sammis，1981；Hilletal．，1982；Smealet  

al．，1991；Grimesetal．，1992；andHanSOn，1996）  

experimentsinthewesternStateS，rangewidely  

（10－25kgnla－mm）．Coincidentally，the average  

ratio丘omthesestudies（Y／AW＝17．4kgPla－mm）  

isthesameaSWUE＝Y爬Tヒascitedaboveandis  
Withinthegenerally－aCCePtedrangeof15－20  
kg／ha－mm（Doorenbos andKassam，1979）．  

SmallerY／AWslopes（10－13kg／ha－mm）are  

WUEisindependentofETb（Guitjens，1982）and  

insteaddependsprlmarilyontheplant，sCO2  
assimilationcapacity（e．g・AssengandHsiao，  

2000）orC13／C12ratio（Sarangaetal・，1998），hence  

photosyntheticefnciency，OrPlanttyPe（e・g・C3，  

C4，Orleguminous）・  

Byde且nition，WUEisconstantfbrparticular  

plantspeciesandvaluesintherangeof16－18  
kgnla－mmhavebeenmeasuredforalfalfahay  

usinglysimetersinIdal10（Fortier，1940；Hillet  

al．，1982；and Wright，1988）and Nevada  

（Guitjens，1982；andHilletal・，1982）andCO2  

assimilationtechniquesinCentralCalifornia  

（AssengandHsiao，2000）．AssengandHsiao  

（2000）notedthatalfalfahayWUEislessthan  
thatreportedfornon－1egumes，butsimilartOthat  

OfotherlegumessuchassoybeanS・Thelower  
WUEfbralfalfamaybeattributedtoitspartial  

allocationofcarbonforsymbioticnitrogen且Ⅹa－  

tionascomparedtothatfbrnon－legumes・Little  
informationisavai1ableregardingthesudangraSS  

hayY4（ETc）relationship．Thoughthisrelation－  

ShipISeXPeCtedtobesimilartOthatfbralfalfa，  

SudangraSSismoresalt－tOlerant，CaPableofsub－  

Stantialosmoticadjustment（Lietal．，1993），and  

asanon－1egumeshouldresultinthisrelationship  

havingasomewhatgreaterWUE，andsmaller  

yieldintercept．GrismerandBali（2001）and  

Jensen（1995）measuredandestimated，reSPeC－  

tively，aSudangrassY／El七ratio of15・6kg仙a－  

mmhrproductionintheImperialⅤ山1eyduring  
theperiod1995蠣98・GrismerandBali（2001）   
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foundindesertregions（e．g，Erieetal．，1981；  

DonovanandMeek，1983；Ottmanetal．，1996；  

andOttman，1999）．  

Cotton lint or seed WUE studies have had 

Variedresultsrenectlngthedifficultiesindeter－  

minlngValuesconsistentacrosstherangeOfcon－  

ditionsencounteredinthe且eld（Grismer2001c）．  

PlantPhysiologistsandothershavebeenevaluat－  

1ngtherangeincottongenotypICVariationin  

OrdertoLSelectforgreaterWUEcharacteristics  

（e・g・Geriketal．，1996；Sarangaetal．；1998＆  

1999；andLeidietal．，1999）払rbotharidandele－  

VatedCO2atmosphericconditions．Forexample，  

Geriketal．（1996）foundthatcottonbo11weight  

WaSindependentofcultivar（amongsixtested）  
andwaterstress，butthatcultivarshadsigmifi－  

Cantlydifferentvegetative production，and  

bo11s／haproduction．Ayars etal．（1993）and  

Hamdyetal．（1993）identifythesensitivegrowth  

StageSandlong－termmanagementOfsalinewater  

applicationtocotton．  

CottonlintWUEalsoappearStObeafftcted  

byplantingpatternS（SPaCingandlocationrelative  

tofurrows），mulching，tillageconditionsandimi－  

gationscheduling．NarkhedeandBharad（1994）  

fbundthattwoplantsperhillonal．5mbyl．Om  

SPaClnglmPrOVedcottonWVEsigni且cantlyover  
asingleplantPerhi11，WhileShelkeetal・（1999）  

TabIe2．Recentcottonyieid－WateruSeStudiesaroundthewor）d．  

Location   
S山dyETc  M＃56ETc  LintYield   

IrrigationMethod  
Ly／ETc  

（mm）   （mm）   （Mg伽）  （kg／ha－mm）   

SanJoaquin％1ley，CA  

（highsalinity）   1998   710   914   1．32   1．86  

1999   845   988   2．16   2．56  

Sprinkler／furroⅥユ  

1997   567   1005   1．16   2．04  

1998   561   914   0．62   1．12  

1999   561   988   1．23   2．19   

SanJoaquinV丸11ey，CA  

（highsalinity）  1992   549   1011   1．78   3．24  

1993   691   994   2．04   2．95  

Furrow systems 
l．   1992   437   1011   1．40   3．20  

1993   645   994   1．50   2．33   

Tu止ey   Furrow systems 

1993   834   ？   1．16   l．39  

199494 899  1．2l   1．34   

Argentina   Furrow systems 

1991   73（～   1．68   2．29  

1992   495  ？  l．92   3．87  

1993   631  1．95   3．09   

1七xas   DⅣ1弧d（1992－95）  

Cleantillage   200－300   ？   0．29－0．51   1．5ト1．66  

Wheatresidue   300  0，37   1．22   

EastHebeiPlain，North  

China   Nomulcb   50（；   ？   0．85   1．67  

Plasticmulch   426  1．13   2．62   

NegeⅥIsrael   Dripsystems（1994－95）  

Fullimigation   491－566   ？  2．ト3．4  

Irrigation＠50－100％ETb  349－390  2．ト3．4   

CentralArizona   Levelbasin（1993－94）  1338   

Low丘equency   852－867  1．14－1．32   1．32－1ご55  

Low－high－low丘eq．   889－894  1．38－1．52   1．47－l．63  

High駐equency   932－939  1．25→1．47   1．4ト1．64   

SanJoaquinⅥllley，CA  Dripsystems（1993－94）  992   

Earlyimgation   620  1．46   2．36  

Delayed，low舟eq．   477  1．59   3．33  

Delayed，high録eq．   605  1．46   2．42   

SJVhlley，CA  Ddp＆Fu汀OW  713－805   992   1．23－1．55   1．53－2．03   

（highsalinity）  （1993－94）  
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morewidely－SPaCed（everyother）furrowimiga－  

tion．Similarly，Sethietal．（1995）fbundthatcot＋  

tonWUEdecreasedwithincreaslngSOilwetness  

treatmentsandEトAwad（2000）foundthatWVE  
wasgreaterwhenfurrowimigatingatthree－Week  

intervals as comparedtotwo－Weekintervals・  
Cottonwaterusefromshallowwatertablesmay  

reduceshort－termirrigationwaterneeds（e．g．see  

Ayars，1996；Hutmacheretal・，1996andSoppe，  

2000），butdependsonshallowgroundwatersalin－  

1tyandisoflimitedvalueifdensesoi11ayersare  

PreSent（Cohenetal・，1995）・  

Asbrieflysummarized abovefromplant  

Physiologystudies，COttOnSeed／1intWUEis  

affectedbyawiderangeoffactors・Thisvari－  
abilitylSalsorenectedincottonlintyield－Water  

use（LY／ETc）ratios determinedfrom several  
recentstudiessummarizedbyGrismer（2001c）in  
Thble2．Thistablefbcuses onmorerecentstud－  

ies as new cotton cultivarS COntinueto be devel－  

OPed（asnotedabove）andsoil－Watermanage－  
mentpracticesimprove・Genera11y，WUE＝  

LY／ETcvalues＞3kg／ha－mm aPPearPOSSible  
underdriporpossiblyfurrowirrigationsystems，  

fareXCeedingearlierestimatesofl．4－2kgPla－mm  

（Doorenbos andKassam（FAO＃33），1979；  

Grimes，1982andDavis，1983），eVenundermod－  

eratelyhighsoilsalinityconditions．Notethatin  

Thble2estimatesofETbdeterminedfrommicro－  

metstationdata（CIMISandAZMET）andFAO  
＃56（Allen，etal．，1998）Kc values aremuch  

largerthanStudyETcvaluessuggestlngaSlgnin－  

CantOPPOrtunltytOreducewaterapplications  

fbundthatseedcottonyieldwasnotsigmi凸cantly  
affectedbyplantmgPattemSunlessirrigationwas  

reducedtoapproximatelyhalfofETc・Singhand  
Bhan（1993）reportedthatmaize－StOVemulchlaid  
betweencottonrowsimprovedcottonWUE，  

whileJinetal．（1999）fbundthatfurrowplanted  

COttOnCOmbinedwithplasticmulchWUEby  

morethan50％．Whileimprovedtillagepractices  

maylnCreaSeSOilmoisturestorageconditions  

（e．g．no－tillinTbxasimprovedwaterstorageand  

drylandcottonyield；Baumhardtetal・，1993），  

tillageeffects oncottonWUE areunclear・  
ConservationtillageunderdrylandgrowlngCOn－  

ditionsin1脂ⅩaS（BaumhardtandLascan0，2000）  

anddeep－rippingofvertisoIsinAustralia（Hulme  
etal．，1996）didnotresultinimprovedcotton  

WUE．However，in Sudan Salihetal．（1998）  

foundthatcottonWUEincreasedby25％when  

Sub－SOilingvertisoIsascomparedtodiskingculti－  

Vationmethods．Effectsofirrlgationmanage－  

mentoncottonwateruseandsoilsalinityare  

Summarizedby Grimes andEトZik（1982），  

Hunsakeretal．（1998）andAyarsetal．（1999）．  

Generally，COttOnWateruSeisgreatestduringthe  

Peakbloomlngperiodandlimitingsoiトwater  
availabilityatthistimereduceslint／seedyield，  

howeverthisdependstosomeextentontheirri－  

gationmethod・Forexample，uSlngdriplmigation  

W如juraetal．（1996）fbundthatcottonlintWVE  

increasedwhendelayingearlyseasonimgation  

Whileproviding sufficientwaterduringthe  

bloomingstage．StoneandNofziger（1993）  

reportedincreasedcottonWUEthroughuseof  
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basedontheseestimateswithoutlossinyield（See  

Figure4）regardlessofthemethodofirrigation・  
Notsurpnslngly，theerrorinestimationofcotton  

waterusediminishes asETcincreasestovery  

highvalueswhereactualETcandestimatedval－  

uesappeartoconverge suggestingthatmore  

attentionbe glVentOSuChestimatesatlowETc  

COnditions，therebypotentiallyreducingwater  

applicationsandimprovlngnetWUE・  

yearhayorlintprice（＄／Mg）andYPW（MgAla－  
m）fbrthecounty（region）eachyear．  

ResultsandDiscussion  

AlinearY5f（ETc）functionsuggeststhatimi－  

gationwatervalueashayorlintshouldbegreaト  
estinareaShavingmatchingrainfallcontributing  

tocropETc，however，this“matchinglnVeStmentH  

maybecounteredbythesmalleravailable＝ET  

energy”intheseareaSanditsgreatervariability，  

Orinvestment“risk”．Grismer（2001a）fbundthat  

maximumimgationwatervaluesfbralfalfahay  

PrOductioninfactoccurredinareashavinga  

COmbinationofsomerainfallandhighavailable  

“ETenergy”．MeanY／ETcvalues（Withtheir  

associatedvariance）mayserveas“target”，Or  

“reference”valuestowhichthoseresultingfrom  
alternativeirrlgationwaterstrategleSmaybe  

COmParedwithinadesiredcon且dencelevel（vari－  

ance）．Thbles3and4summarizethemeanvalues  

andtheirvariationofETc，Yield／E¶：andirriga－  

tionwatervaluesfbrhayandcottonlintproduc－  

tion，reSPeCtively，PrlmarilyinArizonaand  

California・Yield／ETcvariationsaregenera11y  
muchsmallerthanwatervaluevariationsandhay  

Ⅵeld但Tcvariationsarelessthanthoseofcotton，  

Perhapsreflectlngthemyriadfactorsaffectlng  

COttOnlintas comparedtohayproduction．  

Yield／ETcratios andirrigationwatervalues  

declinewithincreaslngET。aSShowninFigures5  

and6，reSPeCtively，forhayproduction，andin  

Figures7and8，reSPeCtively，fbrcottonlintpro－  

Methodology   

InordertodeterminetargetWUEsfbrhay  

andcottonlintproduction across the greater  

SOuthwestreglOn，COunty－Wide，Ormultiple  

COuntyhayandlintyields，PrlCeSandestimated  

ETbwereobtainedfromcountydataandmicro－  

met station networks across the southwest and  

SOuthernIdaho．Usingactualproductionvalues  

incorporatestherangeofclimate，SOilsandsalin－  

itystressefftctsonyieldcommonlyencountered  

in the southwest（Grismer2001a，2001b＆  

2001c）・No“adjustments”forimigationapplica－  

tionefficiencies orleachingfractions were  

qppliedasthesearenotnormallyincludedinthe  

de且nitionofETbandwouldunnecessarilyobfus－  
CateeStimatedY朝ETc），functions，aS Wellas  

limitingthemeaningfu1nessofcomputedY侶Tc  
mean“target”values．WhileGrismeret al．，  

（1997）estimatedwatervalue（＄Pla－m）basedon  

theHcost＝ofyieldlossandwatersavlngS，here  

irrigationwatervalue（IW＄，＄nla－m）istakenas  

theproductofaveragecounty（region）market－  
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tions foundin cooler areasinland orin some  

CaSeSalongthecoast．Conceptually，Ⅵeld爬Tヒ  

ShouldnotbefunctionofETc，andifthe desert  

area（highET）dataisseparated，thereisinfact  

norelationshipbetweenYield／ETcandETbfor  

eithersubsetofdata．FromThbles3and4，itis  

apparent that exI7ected WUEs are only 

approachedintheSanJoaquinⅥ11ley（Oralong  
thecoastandLAwheretotalplantedareasare  

relativelysmall）．ThereappearStObeanoppoト  

tunitythentoa1locatelesswatertotheotherareaS  

Withoutlossinyieldsandthisvolumeof“saved”  
WaterCanbedeterminedandcomparedtoantici－  

PatedreductionsinreservOirreleasesforagricul－  

ture．Perhapshayandcottonlintproductionin  

duction．NotethatsudangrassYield侶Tcratios  

aresimilartothatofalfalfa，thoughirrlgation  

WaterValues areconsiderablyless．Similarly，  

WaterValuesfromuplandcottonarerOughlylO％  

lessthanthatofpimacottonlintproduction，  

thoughpimalintyieldsare20－30％1essthanthat  
Ofuplandvarieties．LinearregreSSionintercept  

ValuesffomFigures5and7areconsistentwith  

expectedWUEsfbrbothcrops，thatis，about18  

kg爪a－mmforhayand2．5kg舟a－mmforcotton  

lintproduction．  

Boththetablesandfiguressuggestthatcrop  

PrOductioninthehighETdesertreglOnSdonot  

generatethegreatestreturnOnWater“invest－  
ment”ascomparedtomoremoderateETcondi－  

Table3．EstimatesofmeanaIfalfaandsudangrasshayETc，YieId／ETcandirrlgationwater  
VatueS（IW＄）andtheirvariabilityforproductioninArizona，CaIiforniaandsouthern  
ldaho（fromGrismer，2001a＆b）・  

ETc   Y／ETc   Y／ETc   IW＄   IW＄CF  
R¢由on  

（mm）   （kg仙a－mm）  CFl（％）  （USD仙a－m）   （％）   

Adzona－al免1血   

Lapaz   1979   9．04   丘βj   945   Jエ7   

Madcopa   1817   9．74   イ．タ7   1082   Jエゴ   

Mobave   1892   8．77   Jβ．2   963   タ．∂J   

Pinal   1812   9．71   タ．J∫   1107   2仇j   

Y山na   1882   10．4   β．βJ   1078   J‘．イ   

Califbmia－alfalfa   

NEPlateau   979   10．4   且∂J   1344   22．∫   

N．Sacram．Ⅴ   951   11．7   乙β7   1733   2夕．2   

C．Sacram．Ⅴ   1066   13．7   エイ∂   1900   2仇j   

S．Sacram．Ⅴ   1145   12．5   乙β7   2166   2タ．∂   

N．SJoaq．Ⅴ   1166   13．6   イ．紺   1931   Jタ．∂   

C．SJoaq．Ⅴ   1220   14．9   石畑   2031   〃Ⅷ   

S．SJoaq．Ⅴ   1292   14．0   4．β2   1861   J丘夕   

C．Coast   971   19．3   ∂．jタ   2792   2仇イ   

LABasin   1105   17．2   エβ7   2967   Jイ．J   

Rivers．－SB   1651   9．33   ∂．タイ   1420   Jβ．J   

N．Deser亡   1337   13．9   〃．∫   1187   J乙7   

Imperial V. 1657   7．91   β．J7   1213   ノエ2   

Idaho－al払1払   

S，Ⅵねst   882   14．0   γイβ   1630   J7．J   

S．Central   788   14．6   ∂．4タ   1814   J∫．j   

S．East   695   13．5   夕．d2   1789   Jタ．β   

Califomia－SudangTaSS  

C．SJbaq．Ⅴ   825   9．56   Jエ∂   721   2タ．2   

Rivers．－SB   1003   13．8   Jβ，j   1202   2j．5   

ImpedalV   105   12．5   Jβ．イ   1213   22．β   

lcvistheCoefficientofⅥ血ation＝StandarddeviationJmean．  
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Table4．Estimatesofmeancotton＝ntETc，Yie］d／ETcratiosandirrigationwater  
VaIues（IW＄）andtheirvariability（fromGrismer，2001c）・  

ETc   Y／ETc   Y／ETc   IW＄   IW＄CF  
Region  

（mm）   （kg仇a－mm）   CF（％）  （USD丑吼－m）   （％）   

Arizona（Uplandcotton）   

Lapaz   13（i2   1．28   Jβ．2   1870   β．J‘   

Madcopa   1023   1．33   ∂．β∂   2111   J之5   

Mohave   1034   1．27   〃諸   1867   Jd．5   

pinal   1007   1．34   β．4J   2180   J丘j   

Yu刀几a   1035   1．38   Jj．J   2057   JJ．∂   

Adzona（アimacotton）   

Lapaz   1362   0．92   J∂，2   2094   2β．4   

Maricopa   1023   0．90   タ．β4   2244   J7．イ   

Pinal   1007   0．90   ノj．2   2266   2j．j   

≠ma   1035   1．09   2ノ．J   2507   27．β   

Califbmia（Uplandcotton）   

C．Sacrm．Ⅴ   656   1．73   2β．J   3293   2∂．∂   

S．Sacram．Ⅴ   672   1．64  〃リ   4821   イタ．7   

N．SJoaq．Ⅴ   684   2．10   ノ仇j   3777   Jエゴ   

C．SJoaq．Ⅴ   750   1．91   β．∂0   3411   J∂．タ   

S．SJoaq．Ⅴ   776   1．67   J2．∂   3038   J．タタ   

S．Deser仁   990   1．34   J夕．∂ 2334   2イ．j   

ImperialV   1008   1．37   2仇イ   2384   jJ．j   

Califbmia（Pimacotton）   

C．SJoaq，Ⅴ   750   1．77   夕．タ∫   417之   Jj．β   

S．SJoaq．Ⅴ   776   1．51   J∂．∂   3500   夕．J7   

Ⅵeld脛1℃ratios．Inpracticethemethodsrequires  

measurementofapresumablynearlyconstant  

Onflowrateandasinglemeasurementofsurface  

WateradvanCeratedownthefield．Duringthe  

three－yearStudies，theaveragealfalfaYield佃rI℃  

ratiowasincreasedfromanestimatedValley  

averageof8．9to15．2kgnla－mm・Thislatter  

Valueiscomparabletothatobtainedinhighpro－  

ductionreglOnS Ofthe southern SanJoaquln  

Va11ey（seeTable3）．Correctingprojecthay  

yieldsfbraneStimated30％reductionassociated  

WithanaVerageSOilsalinityof6dS／m（Maasand  
Ho任man，1977）suggeststhatthereduced－runOff  

imigationmethodresultedinaYkld爬Tbratioof  
nearly21kg仇a－mm，aValuesimi1artothemaxi－  

mumWUEexpectedfbralfalfahay．Similarly，a  

YieldrEl七ratioof15．5kg爪a－mmWaSObtained  

forsudangrasshayproductionapproximately  

15％1essthanexpectedWUEasaresultofan  

estimated15％salinity－StreSSinducedloss・  
Averageseasonalwaterapplicationwasreduced  

byaboutO．4m，OraneStimated20％fbrsudanー   

desertenvironmentsmaynotbetenableandthe  

Watermayhavegreatervalueinotherapplica－  

tions．Ontheotherhand，isltPOSSibletoincrease  

hayorlintyieldsinthedesertareastolevels  

COmParabletothatfbundinland？ForexamPle，in  

thelmperialⅤ誠eylntenSeSummerheatresultsin  
relativelylowhayyieldsbuthighwateruse，SOit  

hasbeensuggestedthatsummerirrigationsbe  

reducedtosimplythatnecessarytomaintainthe  

haystandbutnotachieveslgmi艮cantPrOduction・  
Howmuchimprovementcanbeobtainedanddo  

Otherfarmwatermanagementtechniquesexist  

thatenableexpectedWUEstobeachieved？If  

SO，how much water“savings”might be  

expected？  

ForalfalfaandsudangraSShayproductionon  

heavyclaysoilsinthelmperialValley，Balietal・  

（2001）andGrismerandBali（2001）foundthat  
the“reducedrunOfP’surfaceimigation（asimpli－  

fiedvolume－balanCemOdelapproachtodetermin－  
1ngimigationcut－0fftimeordistanCedeveloped  

byGrismerandTbd，1994）resultedingreaterhay  
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grasshayproductionandby28％annuallyfor  
alfalfahaythrougheliminationoftaiトwater  
runOff．ImprovedⅥeld爬Tbratioswereobtained  

inpartfromlimiteduseofshallowgroundwater  
bythestressedalfalfacropduringitsnrstyearof  
production・Theseresultsfromthereducedr  
runOffimigationtrialsaswe11asthoseffomthe  

dripandfurrowirrigationtrialsunderhighsoil－  

salinityconditionsintheSanJoaquinⅥlley（See  
rIbble2）suggestthatgreaterattentionbegivento  

anticipatedsalinityeffectsonhayandcottoncrop  

COefficients，and subsequent estimations of  

appliedwaterdepths．Moreover，theresultssug－  

gestthatslgnificantWaterSaVlngSOf20－30％are  
POSSibleascomparedtopresentirrigationmeth－  

OdsinthedesertreglOnSfbrthesecropsiflower  

yieldsaretObeexp＄Ctedindesertproduction．  

A1lowlngfbrpotentialdepressedyieldsasa  

resultofsalinity stress as wellaspragmatic  

COnSiderationsofcropproduction，aVerageWater  

TabJe5，Averagehayharvestedareas，yie］dspossib［ewatersavlngSthroughachievlng  

expectedWUE．  

Harvested   AverageHayYield  WaterSavings？  
StaterRegion   Counties  

hectares   （Mg仙a）   （ha－m／叩）   

Adzona－al払1払  

Lapaヱ   17523   17．9   16227  

M如COpa   20936   17．7   16243  

Mohave   2610   16．6   2390  

Pinal   6610   17．6   5134  

1厄ma   13341   19．5   9805   

Califbmia－al免1払   

NEPlateau   Lassen／Modoc   24427   10．2   9258   

N．Sac．Ⅴ   Shasta／Siskiyou   27374   11．1   8159   

C．Sac．Ⅴ   Butte／Colus扉  17068   14．6   3536   

Glenn／Sutter／Tehema／1血ba  

S．Sac．Ⅴ   SacramentOIYblo   16427   14．3   4991   

Nor肋SanJoaquinV  ContraCosta／Merced／San  72762   15．8   17215   

（N．SJV）  Joaquin／Stanislaus  

C．SJV   Fresno   29452   18．2   4400   

S．SJV   Ke叩ノKings／Tulare   89597   18．1   20365   

C．Coast   Monterey／SanLuisObispo／  2363   18．7   0   

S．Bafbara  

LABasin   LosAngeles   3543   19．0   0   

R如erside／SB   Riverside／SanBernardino   27 4311 15．4   2640   

N．Desert   Inyo   1544   18．6   375   

S．Desert   Imperiala   73531   13．1   65179   

Idaho－al払1払   

S．Ⅵ厄st   （See払0血Otel）   73403   12．3   11632   

S．Cen仕al   （Seefbo血Ote2） 102917   11．5   11478   

S．East   （Seefbotnote3）   168819   9．41   23883   

Califbmia－SudangraSS   

N．SJV   Merced／Stanis．   1158   7．88   419   

Riverside／SB   Riverside／SanBemardino   2943   13．8   563   

S．Dese正   Imperial   27115   13．1   7621   

1Ada，AdamS，Boise，CanyOn，Elmore，Gem，0wyhee，Payette，Ⅶ11ey＆Washingtoncounties・  

2Blaine，CamaS，Cassia，Gooding，Jerome，Lincoln，Minidoka，＆TwinFallscounties・  

3BannOCk，BearLake，Bingham，Bonnevi11e，Butte，Caribou，Clafk，Custer，Franklin，Fremont，Je飴rson，Lemhi，Madison，  

Oneida，Power＆Tetoncounties．  
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Tab［e6・Averagecotton（intharvestedareas，yieJdspossiblewatersav（ngS  

throughachievIngeXPeCtedWUE・  

HarVeSted  AverageHayYield  
Region   Coundes  

hectareS  （Mg仇a）   （ha一両r）   

Arizona（Uplandcotton）  

Lapaz   10033   1．42   4346  

Madcopa   48752   1．36   18279  

Mohave   2283   1．28   909  

Pinal   43285   1．35   15782  

Y玩ma   9291   1．42   3278   

Arizona（pimacotton）  

LaPaz   1814   1．01   914  

Maricopa   7516   0．93   3655  

Pinal   14404   0．91   6854  

Yuma   1491   1．12   550   

Califbmia（Uplandcotton）   

C．Sac．Ⅴ（‘95－99）   ColusaノGlenn   2194   1．14   255   

S．Sac．Ⅴ（‘96－99）   Yolo   1076   1．11   160   

N，SJV   Merced   30102   1．44   0   

C．SJVl   Maderamresno／Tulare   195926   1．44   13365   

S．SJVユ   Kern/ Kings 183149   1．30   29193   

S．Deseげ   Riverside   5900   1．35   2151   

LowDese班4   Imperial   4433   1．39   1563   

Califbmia（Pimacotton）   

C．SⅣ（‘92－99）   Fresno   27287   1．34   0   

S．SJV（‘92－99）   Ⅹ崩m／Ⅹings   37 0711 1．17   3210   

1uplandcottonareahasdecreased～30％since1988whilePimaareahastripledsince1992・  

2uplandcottonareahasdecreased～50％since1988whilePimaareahasdod）1edsince1992．  

3cottonplantedareahasdecreasedbya血ctorof～2．4since1988．  
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PrOductioninAZandCA．  

34   



allocations（neglectingrainfall）sufficientto  
achievetargetWUEsofsay17，1．7and2．1  

kg仙a－mmforhay，Pimaanduplandcottonlint  

PrOduction，reSPeCtively，Canbedetermined放om  

averageyieldsandplantedareasandcomparedto  

Ykld但Tcpresentlyobtainedtodeterminepoten－  
tialwatersavingsatthefarmlevelpercountyor  

area．1もbles5and6surrmarizeharVeStedareaS，  

yields andpotentialwatersavlngSforhayand  

COttOnlintproduction，reSPeCtively，aSareSultof  

improvingareaYield／ETcratiostothetarget  

WUEsabove．PossiblewatersavlngSaPPeartO  

besubstantialatthefarmscaleranglnguPtO  

nearly50％ofestimatedET（SeeFigure9）．It  
maybepossiblethatcropcoefncientsarelarge  

fbrhayandcottoncropsunderdesertcultivation，  

OrthatdesertproductionmayslmPlyresultin1ess  

efficientwateruse andreg10nalplannlngfor  

Waterallocations shouldbecognlZantOfthis  

PrOblem．lmprovingⅥeld爬Tbratiosfbralfalfa  

hayandcottonlintproductioninthesouthernSan  

JoaquinValley，Partial1yaserviceareaOfFriant  

Dam，mayreSultinawatersavlngS2・4timesthe  

recentlymandatedwaterreleasesforin－Stream  

丘sheries．Similarly，POSSiblewatersavlngSinthe  

ImperialⅦ11ey正omhayandcottonproduction  
totalnearly19％ofitsentireColoradoRiverallo－  
Cation．Ontheotherhand，thecombinedannual  

WaterSaVlngSPOtentialfromtheImperialand  

SOuthernSanJoaquinVa11eysfbrhayandcotton  

PrOductiontotaljustovertheevaporationlosses  

atLakePowell．  

CalchangeSinflowdevicesandwashingappli－  

anCeS，improvedWVEincropproductionisham－  

Peredbyunidemi丘edachievablewaterusetargets  
atthefamlevel，andtoasmal1erdegreeatthe  

imigation／waterdistrictlevel．htermS Ofwater  

use，alfalfaandsudangrasshayandcottonlint  

production are the dominant crops in the 

Southwest．The water－uSe Characteristics h・Om  

researChstudies，aVeragePlantedareasandyields，  

estimated water useand watervalues are exam－  

inedforthesecropsinArizona，Californiaand  

Idahoto determinepossibletargetWUEs and  

assesspossibleon－farmwatersavingsinthe  

reglOnbasedonactualproductioninformation  

from1988－2000．Field－basedWUEs ofl．7，  

kg／ba－mmforalfalfaandsudangrasshayand  
Pimacotton，and2．1kgPla－mmfbruplandcotton  

lintproductionappeartObepracticaltargetValues  

fromwhichtodetermineappropriatewateruse・  
BasedonFAO＃56estimatedandyield－based  
WateruSeforthesethreecrops，POSSiblewater  

SaVlngSOfupto50％existwiththegreatestwater  

SaVmgSPOtentialindesertreglOnSWherecurrent  

WaterValuesashayorlintcropsarelowrelative  

tootherreglOnS．SuchhighwatersavlngSinthe  

desertreg10nareunlikelyandtargetSOf20－30％  
COrrOboratedbytheresearchtrials，aremOre  

likely．Theseresults suggestthatcropcoeffi－  

Cientsmaybelargefbrthesecropsunderdesert  

Cultivation，Orthatdesertproductionmaysimply  

resultinless efficientwateruse．Thegreatest  

WaterValues andleastpossiblewatersavings  

OCCurinthesouthernSanJoaquinVa11ey，CA  

WherethecombinationofrelativelyhighETand  

SOmerainfalloccur．IncreaslngWUEofthehay  

andcottoncropsinthedesertreglOnSWOuld  

makewatervaluesascropsinthesereglOnSmOre  

consistentwith that ofother water uses．This  

researchisastartingpointforassesslngWater  

use／savingsatthe且eldscalefbrhayandcotton  
PrOductions andshouldbeextendedto other  

CrOPS．Additionalworkmayalsoberequired  

COnSideringwatersavlngSatthedistrictscale  

associatedwiththewaterdistributionsystems．  

Summary＆Conclusions  

Anticipatedpopulationgrowth，Climate  

Changeandreducedsurfacewateravailabilitywi11  

strainalreadyoverusedwatersuppliesofthe  
AmericanSouthwestsuchthatoverallwater“pro－  
ductivity叩，OrWUEmustincreaseinthereglOn・  

Agriculturalproductionisthedominantwater  

userandpublicdemandfbrfisheriesandecosys－  
tembenefitslimitsdevelopmentofadditional  
WaterStOrage・Pastdevelopmentofupstream  
waterstoragehasexchangeddownstreamfish－  
eriesandecosystemsbenefitsfbrcropproduction  
inmanyCaSeS，WhilereservOirevaporationlosses  
furtherreducepossibledownstreamreSOurCeVal－  

ues．unlikeWUEimprovementsinthemumicipal  
sector，POSSiblethroughmetenngandtechnologi－  
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regardlessofthewatersource・UseofCOriver  
Waterisobviouslyasurfacequestion，thoughitis  

losswillundoubtedlyresultingreatergroundwa－  

terextractions．  

Question：Youhavementionedthat“Water  
A1locationPriorities門should notbe mafketdri－  

Ven－howdoyousuggestincludingtheecological  

importanCe，Onaglobalscale，WateraSaVitalnat－  

uralresource？  

Answer：Market－driven allocation ofwater  
resourcesisapartialsolutiontowardsmeetingthe  

diverseneedsassociatedwithagrlCulture，Cities  

andtheenvironment（or鮎heries）．Itwillneed  

guidanCeintermSOfthevalueofahealthyenvi－  

ronmenttowardshumanhabitatandresourceuse．  

ThislatteraspectrequlreSadditionalinvestlgation  

andeducationinboththepolicyandbusinesssec－  

tors．  

Q11eStion：Whatisthetemperaturechangeinthe  

lastlOOyearsinUSA？  

Answer：Notsure；Ontheorderofafew℃．  
AnticipatedtemperatureincreaseinCAis魚■Om  
2．5－9℃by2100．  

Question：ItisclearthatUSAdidalotonwater  

resourcesdevelopment，myqueStionsare：Is  

thereanyCOnflictintheusesofwaterbetweenthe  

differentstates？WhoisresponsibletosoIve  

COnflicts？1sittheftderalorstategovemment？  

Answer：multi－StateagenCiesandthefederal  
governmentdependingonwhowasresponsible  

fbrdevelopingtheoriginalprqjectoftenmanage  

multi－StateWaterShedsinrivers andwatersup－  
Pliesserv1nganindividualstate．Federalprqjects  

areunderthe authorityofeithertheUSBRor  

USACOEandduringdisputesmaybesubjectto  

COntrOlbySpecialWaterMastersappointedby  

thefbderalcourts．  

Question：Doyouthinkwaterconservatidn  

agalnStitsutilizationiscostefftctiveorsufncient  

atpresent？  

Answer：SufBcientandpositive  

Question：Howdoyouassesswatervalues，is  

thisrelatedtoagncultureonly？  

Answer：Waterconservationhas consistently  

beenshowntoimprovewatervaluebeyondthat  

associatedwithdevelopment ofnew water  

resources（dams）．WhileIhaveexaminedthe  

maJOrWateruSlngCrOPS，SOmeVegetablecrops  

PrObablyhavegreaterwatervaluethanSayalfalfa  
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UNITED STATES OFAMERICA  
：DISCUSSION   

Q11eStion：Inyourpresentation，WateruSage  

mostlycomesfromsurfacewater・Whatdoyou  
dowithyourgroundwaterresources？  

Answer：DevelopmentofWUEconceptsapplies  
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Question：Whatdoyouthinkabouttheseepage  

lossofwatersincemostoftheimigationdrainage  

canals are earthen ratherthan concretelined？  

AndwhataboutthehistoryofcroptypeinSW  

丘omthepolntOfviewofwaterusee銑ciency？  
Answer：Canalliningdecreases seepage，but  

SeePagelossesindesertagrlCultureoftenaug－  

mentscropwatersuppliesindirectly，eSPeCial1yin  

roadflatareas．CropplngOftendependsmoreon  

localprlCeSandcostsofproductionratherthan  

WUE．  
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