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-D6oiptid oÍth. í!èt @

kzida Crude is an *ldd bordcred to thc *csr br the Tasus rivcr d to rhe easr

by rLc Soraia fll Rn.o live6. lhe rasus dd soraia rc subjecr to tidal nbvcneni The

islud is locared about 2l kn trod Lnbon. lisure 4. h covers an rea .l r0Foxinatcty
ll0OO ha The gÍound lcrcl rries lioÍt 0 to 2.5 m ahove lnean Trcus level The ,rea is

prutected aaainÍ iooding by u 60 kn long dike The dike *as consruded in rJÈ mid llhics.
ln Februart 1979 dikc bÍeacÀe5 occured md a lrge Jlan of lhe L€zina Grarde was floodcd
lbr r periol of No no.ll The dike was Íehabihared

] DESCRIPTION OF THÈ SITJ'}Y AREÀ

7,,
:"

Fisure,1. Locatnin orfte pojecr rcà (vm 
^lrhen 

dd Pis a. 1988)

The climalc is MedireÍanèan. Ave.age annual .ài.Irll is a.ound 670 nn siln a

vdrari.n liom 150 ro 980 nn RajnJáI occu6 nainiy berween Ocbtrer ànd Mdrch.

tenperahrre \mes iiln a aomhlt avcrasc ofdbour 9.0'C in r)eceíber to 21 5!CríiuLy.
The dnu.l lveiage 6 aboul 15 0c Thc potertial cvapotranspnrdon (otr tne basis ol the

TlonrhNatrc cqDatloi) rdges iron 20 nn i! Decenber ro :10 rd in .,uly The o url
alc.age concs to 1220.nn (van Alphd ed P6dra. 1938)
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-o.nipria oÍrtz nat d.o-

lhe soilt consis of tlulial deposils in tne noínem !aí dd mdi.c dcposits in $e

ce.ral an'l sourhcrn paJts. h beMeen therc is a lrusiuoÍ zone where [uviat deposils ca

ov.rlying muine sedidems- tiSure 5. Tne nD.rc dcposils Íe rine rexrftd 'id moÍe " lê\s

honogeneo$ in rcxtnre lhe cdcium c bonate conleft ranes tiom 4% to nil. A hi8h

conÈnt 01 $nubk stlls is connon md €xcÀdgeablc sodlun is olien lrescnt in lr8e

aoounl\ h wintc.. walerlo8ging is a comon phe.ooeÍo., dne to lne llat tol'o8rapnl, the

los posrioí wirh respecr 10 Èc Nater level in the Tagus rivcr dd the onetr low soil

p.me.bility Esp{irl} the sourncm pan or óe islmd is affsted bv rhe twin probl.n or

satdlogeing md \álitriry.

A surfdce .lrrinaSe syÍem was coBrocted in the late Iilhcs Lxces warer (lrcn

rainrÀ!) is drained otï by gravitJ $rcueh a slÍem ot 4ó0 tnr ol opetr water cou$es dd I 8

íuiccs. Beclusc of tidal oolenem. dischrge is losible dDn.8 relafivelv sho'1 interak

only (ve Alphcn d PnaÍa, 1988) lhe rlstcm. in csence. n a sdlacc draiMge svstem

designed lo cdry oli exce$ rai. waler' Nevetinctss desalinialioí cm onlv be ethmced

b-v rnstalling a lield dtuaec syÍer. dns ti'cilurins i.liltràtion rd Pdcoialiot olex'ess

rain wakr. Sn'ce no cxpcrience exisled wiin llis rvle oidraimgc,lnlee ciperinc al plols

Èith subsurIlte I'cld drains weÍe insulled in 1976, which cover lle soll condi'ot in the

$uthcr td ol lne Lezina GÍodc, seè Àl$ iigure 5
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Fisure 5 simpliied soil nap of

ex!€rimenkl Plo6 (vM
lne Lezina Grdde rd locarion oI tlrc

Atphen and Pisam- 1988)
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D.siiptim oJthz su@ uea

whcÍcas $inleÍs (monhs oi o.lobcÊMar.h). in scn.ral. \horï conditbn\ ol ex.cs
$ater, tlr. ru nnss (months ol An.il Sentenher) aÍe drr. líigation sàrer is requ,.ed lir
summer ctutting wror n ld in ln)m rhc l atsus anl soÍaia rivc$ lhoush about 20 sluices

xnd is conleyed and di$ributed rhough rhe sy\ren oa ol)en wdter coures tJut \erves the

Ihè la.! * ownel bt a small number ol tuncis aíd b] ! nati.nalized contanhia
tlas Lczirias AmonsÍ thc cultilated crops winter Erains ($he,l, barlèy rnd oft rnd

\unnerr(ips hke meLons and t{)naioes Í'redoninate AboÍ l0{}0 ha ofl,nd, nrcated in tlre

elt-alltcrcd $udcrn pan, is lcli as naLurrl l$lurc lomaioes and melons àÍe nrinly
cullivatcd by screiros tirrmc( *ho rcnt land on a. amual basn.

The rcÍeage ol nrilrtcd cqx ne,sures ah.ut :100 ha. Irilator $aLcr ol lood
quliq i\ in shor suml] Majr tr boitlencc ks are thc nÍalintahe catacill (by rravit!) ol rh!
íuices rnd o1 the Nor nai.teianre of the systen or Ónen water course\ Ditch cleaninr

nachinery wr\ turchrsed and a crash togrm ofrxnll.lerning was implenented Desnile

inpeded rloiiuge c.ndnnn\ dd de Íest iried \uttlt.f irrigrtion *àreÍ. crof yieldr nr Oe

Lerrid (ndndc arc $.rc lnc natónal avcragc

3 ? Tne erreriEetrtal Dlors

P.or drainage condntuns an,l high level\ olsalinill and erlhaducahle vrdium in so,ls

prerril 1n the ()uthcrn l)anolthe Leziria fhe raditioral ll.ld drainàlc sr{cm mn\nts oi
r ncrNork ol 40 60 cJn deÈÍi d,lch* ar r stdcing ol l0 20 m. Thn sy(em olie rirls l{)

uivc àl rn etlecrivè.oÍtr.l.lrhe wdd table anrl rt r ranid renoral or surlicc Batcr alicr

à hcary downpour. Rersoí! for thi\ p.oÍ tund ning are lhe nrtotet conneclion to lhe

stsrem 01llÈn sltcr courcs. loo hilh watcrlcrels in tne o|en warer couÍse\ dd insLllicient

land levelliJr! Ficld drainaS. condirion\ fty bè improved c.n\nkrahlt hy imtlementing a

\ct olrehlbilluton mcasurcs Whe&er an inlroved Íaditional drainage \y(em contihut\
much b oleruone d. prolilc , ol hilh salinity was nruth douhied

ThereliÍe, ihÍee erFÍimentalrlds silh subsurtàcc ficld lftinj \rere laid out on the

tinc rexlure and highl] saline Í)ils in tne souther taíol thc reznia,lo tjnd out whelher tile

doinage can lrc L\ed c*èctively litr lorcing lhc Eround*ateÍ tablei imtrov,ng lhe

dcrnli.iza$n oflhe soils, and,ncrea\inr yield\ in the aiÈded arla
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Iible 6 charactcristics ot de rhree ernennenal pnrs (C.n\tumin.. t0r6)

accordin! llr óc $il suNe] (conÍdlrío. 1976). Irhle 6, rhows rhc maln

chàra.rcri\ticsor r $il of thc\! ree exte ifrenialrlolr Asnc bc\ccnrtrccxNi'nc tal

tllÍ\ numb.r I an{l2 re \ituxtc{l.n ii.e textured homolcncous $il\ olnarinc ori8i.. No
(raCO. n l)rcro t in lhe t)t 0 i m ErFrimen&l pld nunrher I ir locatcd o0 simllar liils
hur (rnaro, n lÍè\enl in fic bf\od ln all cases the sLbÍ)il below a deprh .l I 2 n i\ nni

Lc8eÍd of lhc soil cla$ilicatiotr:
NJ l_inc and hrmogenerus re\tured $il ftun \edimems dcpo\itcd in wÍer rilh high rall

T wilhour CaCO. nhlvc 50 cm

C: with CaCO, above j0 lni

I : Hieh sdlinity levei in)m 0 l0 (m doviwxrls
ll: HiAh \rlin,|r level fiom ]0 cm downwaÍls

3 2.1 I l,hysical cha.aclq'siics

Thc lii.roil t rruc drd nol vàÍy ,uchbsl\re{ ri'e€r$rjnunrllrno$orhct*een de
ditLrc.r r)il laj".rs lhc nril lrc jilll,.lays. tlrc bsl(den5nr in rhe $t 0.?5 nj vaÍies lion
1.? tu I l5 grcm:1. indicming r NnJsiq .i,19 55% 

^r 
gturt.r denth, the hdlk densilr

decrea\es lo valu0\ varying li.n L 0 b L I grcmr the amoufi ol nril ndntu.e retained

her*Èèn ncld capacity an{t silrrng ld,ni wi! ahout 17 5% by volDme The drNinahle toÍe
stàle Fa\ eíimared ro be 3 ro 4Í ihe hldraulic conductivrly ofrhe soh \ub\oil did nor

D6oiptío, ofth. stul, ueo

C.o!Ídwater lcvcl cn
WinteÍ Sunnc.

NjÍ! I

NlT! :
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vu)- nurh be$*n erlcrircntnL tltÍ\
l.O ro 2 0 m nM\utd 0 12, 0.60 and

ft\I)o.tivcl].

Suhsurlice 6eld dmins or.omlded
r deflh ol I I fr DÍain lenglh \lricd liom

20 m, Lhcsc ralues *cre based on cÍimated

rc Nlarismas. sÈrn {as reNncd by M!nn,

Desdipn oJ th. sru4 ot a-

The avcraSc hydraulic c.nducljYily olthe lald of

O l:l m/! on thc cxpeÍinentul tnÍs 1. 2 and l

PvC titcs (dirmeter 0 05 n) sere in$alled al

l:l0o 150 r l)rnin \Fcrnrr weft 10. 15 rnd

hydraulic conduct rr_ and erfcricnce g{in.d in

1979).

I 2 I : Chenical characte.iÍics

'rhc utim errhanse canacirt did nol vrry nn'!h in the lalcr of 0 (l !) 0 5 m

Mearur.d vrlie\ were 26lLJ:l(] n.qil00g.lJry v lhe exchrngeabte sodium percentuge

h Èc rot$il (0 Ot) l] 25 
'n) 

was 25 on dxl)ennenul lkÍs I and 2. and 15 on ernenmental

flol I Highcr lalLe\ *crc n)und al gÍerter denlh. Th. srll 
"ntenL 

vas hilh in tlllaver u
all p|Í\. rho LC : vdue\ in the lnye6 olO.l] t) 0 5 m $crc 8 6, 7.I and 4l dsrn on the

exncÍimental t1().\ 1. 2 ud l, reslcctivcll (l)n\iderin! ISP (exchangeàblc $diuÍ

nercemasc)and saLinny thc $ils werc.lassiïied $ \rline $dic

I I I tn] '{l ultnc ciperimcntal plots

I
I

On ertc.incnlil pl,r l..nly \pNins o1 lO and 15 !n *ere !\cd On oxÍ)crimeitrL

tlots I rnd I surlicc &ains sere !!tu inÍrltcd. these suíice drains hÀve dn aremgc dcÍÍn

ol60c and rhe jpacing n 20 m Thea(x\ueaolextei'nentalploNl2and3 r'rsured

'rhe lay Dut ol the exlcrimc.ultkÍ 2 is [cscnlcd r\ rn e\atDlc it tgrrt 6 ri'm
this, is to$ihlc to rii\cus\: that thc ii€ld drrinage sv(em dÍchrled rnlo open c'llec(tr

óains. Thc but1.n widlh nr.asurcd l 0 n. the de hs measDred 2 0 o !ltneupttr anl2 2

6 arrhe lowcrend Drainàse satcr wa{lDmned liodr the 
'ollectordrains 

into Lhe exiÍins

oNn l ter cou6cs rníillcd Ilump caPcit! sr\ \u.h !s o cope with a dkhrge of 25

mn/d nnd 12 hou.s olpunling/day. ic . al5 8l^ec h! Ihe Pumps $ere ol a reveriblc

lyps vr a\ n) be uscd lur iÍigatun oi sunrner roD
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Pnnciplet oJ SÀLTMOD

:
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.1 PRINCIPLES Of SAI-'fMOD

Tbe loll.*i.S pdragÍdph\ pÍesent a oveNiew ol Ine D.inlrplcs oISALIMOD. as lney

arc íepoicd in dre SALTMoD daÍual (oosterbad. l9tl)

I he conpuler nodcl sAL l MOD is bascd on sc!$nal watr bllecc oi agn'llirdl

ldds. rouÍ:easons i. o.c ]earcan be diitjnlubhcd (e.g drl, q€t. cold dd hor) Drt k)

day water baldce dc not considered tor l,\tcc Íeasons: a) dailv iíPuls would rèquire 3 sreat

deat ol intornrLon. whjlh rÀy .or be readily allilabtc, b) the mcdod has bccn especrallr

dcvcloped lo tÍcdict long rcínr rc.ds dd c) luturc pÍediclions made oo a scasoíÀl (long-

icmn basis de nore reliablc rbd tho* tudc on a ddil! (\hon tm) basis. beclL\c of ih'

óuch higher variahility ol shon tc n hvdrological plre.om€na

As lnpur data. drc mo{lcl usc water bdldce codÈ)nèíLs Thes de relatcd lo the

sun ac e hl dÍolosy (e g rdinlà I , evapoÍàli on. iÍisdri on. reusc or drai nage warcÍ 
'un 

ofil dd

ro$e aq ur t cÍ hydrology le s upwtrd seePge. laldat dtuinage lunpins lion wells) Th'

othc. warer balocc conponents (e s downwtd Frcolation. capillary nse gravitv dràmEe)

áre obuined as ourpuls The qudri(l 01 drainase warcr is dete'nined bv tw' dÍainage

F,eurc'6. lrv out oirbe exr,lrncnel Fiol2 (!d Alphcr md PisaÍa. 1988)



Pnn.iplcs oJ S' ,TMOI)

ilxenitt tuktrs (i e nlr dranraao ab.!c and beiN dàin levcll l' b' rilen *ih ihe inlul

dak lnd ht the he,lhr of rhè Batcr table. rcsuln.g Èom Èe ..mputed satcÍ balance Bv

laryinA the drainage intensity lictrtrs, onc can simulare rhe iÍrf!.t .l dilïlrent dÍainase
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Thc inFt da$ oi irigaíin, evaPration ànd sxdace run oll àrc ro be speciied lor

thtuc Iinrts ofagticulldal fQclic.s: ftin tedagricLlture or tallow laíd inigainnr oldryfool

Íops ind nrigatun ol sub ugcd rice {naddy land). tur which areàl liactn'ns havc to h'

!i!en with thè iryul dall By varying rhere liac n$. one can sinulate thc irract of

dilnÍcnt rgricdltuul Factices on thc wàter ard salt balace.

SAI-TMOD acceÉs nJur ditierent rescrvoirs in lhe $il nÍtllc. see ligure 7 A

surf&e ÉseNon, an upper (sh,lloq) Írl rescNoirs. an intemcdialc 5oil te.enon or

Írn\ittunzonc, nnd a depth re\eNoiror aqurlcr lla horiTontal suhsuÍlcc lrainage \vsen

$ preseni, rhe IrusitDn /nnc is divided inbb\. país: à. uppeÍtln\ntun zoíc above dÍàin

11,.Í.1.1."1 rud'.r' nr''l l'^v $JLrldJ ' àl 'dr. 
1I Ir' 1 

'
\epararel]. The lxccss sdter learing one resenoir is conveíed inb inconi'! {rter tnt thc

nert rcsenon Thc thfte soil ÈscNoirs is c.nvcned rnto in.oning sateÍ n)r rhc nerl

Íescrroir. 'lhe three $il Èsdvoirs $n he a\signed dilt.rent lhicknesses and íorale

coefticients. to be grven a\ infut ilata. ln s parlrcular \itudljon. ihe tran\ilion zone or thc

aquillr nccd íot be pre\enl They musl !hc. be giren a ninnrum ihickne$ 
^pFndix 

1

deines thc synbol! used in s^LIMOD.

The uplr€r soilresenoir ( delined hy thc nil leplh ti.m sh{h Èarcr caí èvaFrate

orheutenunbyllantÍoots. lt can be saluratcd, unsahmt.d. or tarlv saturale{l deFtuiins

o ihc sarer halance. Àll qatr movements in this zone ue reÍilal eitncr ulward 'r
do{nNard, rln) depending on tne wdtdbrlánce. The rdslnrn zone,loo. can he satuftrcd

nnsatultcd. or laíly saruràted. all flows ií this zre arc venicàl. excett dt flow to

subsuiliicc drains, il pesent. Th. aquilèr hà\ h.Íiantal and leíiMl ïlow' PumFd Bells,

il prese.r. Íeceile rheiÍ Naler lrom thc aquiteÍ onl!.

Thc salt balrnce rre catctrUted ib. each rcsetu)ir s.taratelv. Th'v are ba$d or NateÍ

balances dd on rhe sah roÍlcnrratbís of tne inlomins and outaoins watcr Sore

concenrartuns (c.g the inilial {h concÈÍations ol lhe *ater in the difilrent $ilÍesenoi(

i. the irisatiui walcr. and in ihc inconrng sroundwárer in lhc aquirer) nu$ be given as

intut {lala The conce.lranon! !aí be exlres$d in anv c'nsi\tenl units (e r' rmh'/cm or

It
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Ptí.ci,I.s of S,ILT OD--
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Fisut 7 Dilerc t suii rcscRoÍs aoceptcd by SALTMoD (oostLrbm. l99l)

Sali coÍccnÍanotu ol outsoirs waler edtr lion onc resenoiÍ itur ihÈ oód r by

dJanulc ee corrl,ulcd on the ira$ uf the sar! baldce. with differe.t leachi4 oÍ slt dxints

eficienci€s to be givc. with the irpu! dah Thc ánourt ol elt Íedoved during a sqsotr is

Lróed on rhe weighted av€Bse sah co.ceDrauon during dre season Thc sc18ht t?tctor (
intoduccd b ble iío accouDt d e4oneítial l€chi.g tincrion wnn Lim. sincc óc avLrdgc

concenration dep€nÀ u inillll dd final salr rorcc!Íatrons. Md since tne 6nal salt

corcc.rauon dep.ds on the ldclnng. wnich, again, depends on rhc alcragc co.cc.railoi.
a rial aíd enor occ{lurc lras to he applied ro calculak lnc coÍect sdlt balacc

t he eilecls .l {liff€re.r láchins clicicncies ce be sinulatcd by var}ing $cir input

vuluc Il dÍ!,n .í well wakr is ftused iot irtigauon, ihc D.thod conputes tne sah

cdncentÍalon of Lhe dired imgatoí wate. in lne couse oi time d the subscque( nnpacl

o. lne soil fd groundwater salin,ies- which asait ólucílcr Lbe sdlt conccrtraiion ot the
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Ptinciples oJ SÀLTMOD

reused draina8c waler. Bt va,l.jn8 the tiacton or rcuscd drain orwe watcr (tobc sjren in
lhe input dak). one can siDulate de rong rern inpacr ot diftlrent rcusc poticies.

The ouqur ol S^LTMOD is grven ix cach s.aj)n ot lny ycar tur ant .u rber ol
yc6. as $+_itied wrln Inc input dÍ.. r]rc ouqul consis or thc scrsonal voluDes oa
drainagc watcr and capiliuy .ise. óe seasonal average deFn or the wateÊuble. rne satt
concenration ol lnc ditlèrem soit resc.voirs at dre end ot tne se6o!. bd de leasoí avc,a8e
salt concenrarion ot dre dÍainage *acr ud do nrxed ir.irlrion warer. a\ we as \ome
indicalrs oi niealon eficlency aid sutlicicncy. rt rcquned. ItmcÍ.s responscs to
wnre.logginr ud saÍnny can bc raten inr) uccoum when rhe water ràbte hccoÍrer
drallower. tir cÀ!ry)le. the hctnod car gradua l incr€sc dr tiaction orpaddy tddi o.,
silh a shallow water tablc o. increasi.g soil sstinity. n can siaduauy redlcc the r.tuctun or
cullvatcd l d md lhe mou t ot irigarion walÍ àpplied These adjuslncíb i,tuence dr
watcr nd salt hlldnces. which ir tuÍn slos down ihe Í,tucess ot w.rerlossing a d
.dlir idLi"q l lum .l,. m.qd' rD dn nrauJn 4r t aa\.

sonê ol thc i.pur data re intcr dcpe.dcnr, nouhly rhe iÍiaalon dàr!. Theje ddra
can not, $c..lore. be i.discnnhal.iy vd.ll rnveryobvious losicat combinarjons ot dal!.
de pro!Ídn will give a wlnid! bur ro more ihan rhal. Ihc conlchcss.t!t inDÍ dab
rcmal.\ thc resÊ)nsibility ol drc user.

Tl. selec )n 01 tnc rca to hc r.dr,,ed bl SALTMOD should be solcr.cd by drc
unitnrmity.l the disribution ol$e cruppin!. ndlaLjon, a.d d inage cndac tcri\ric s .! cr rle
area ll dÈse chaÍactcrisrics re randonrty vric{]. rr is advnab[ ío use a lrgÍ area ll,o.
de ods hand, dre sparid disrribuiio. oln lead ro drc dcsisnanon ot role unibr subrea\.
n is dlislble lo @lyze de ilb ared sepdarcly. jt is xho ljo$ibtc to ue iirj tno tdger
area am,oach and inci usc s.'ne ottn. ourpub as inl]uls in Ée sub !a atp.oach Fo,
cnnplc. & arq nay hdve tJtloN u jrigar{ U.d ncxr ro jfigadon tad The resuthg
capitldy risc in lne iilkrw lànd oan be ohraincd ds outpur lion rhe luser dea approach
This cm thcn bc used either as a aroundwabr iryut in a seprare approacn tur lne ià ow l d
or a a groundlvarcr dllpui h a sepeare all)nÈch tor ó. laigated land

Thc ouLlut daa re filed h dÈ tarn oa ÈbtÈs. I hen inlcrprerarions is reli enrircly
b dre user The p.olro ol]d\ rle pos\ ib it 11! of delcropi rs a n u triru{]e or retarions between
vfied inpuldatu, resulrin8 outpurs, dtimc Ditercft userr Duy wish to esrabhn diftretrr
cause-erlect or co..clarional .ulrlonships. Thc proSran. drereline, ollc,\ no sr .tard
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Ihe nain w.Ík descnhert in thÉ thc\i\ is an lplli.arn)n ol thc co rpuler model

SALIMOD. which xas develotcd !t tlrc lnleÍnatlonal ÍnÍitule tur l-!nd RcclamatnJn ind

lnpovenem /lLRl hy OoÍerbàar and Pcdroso de l.int in 1986 ànd which was revned in

I99ll by Ooícrban lhe nrin.iflel were descrilred in chapter 4 E{i\ting dala ]r!fl lhc

Leziria Crandcrolderrn ponugal$ere L\ed lor olilrarion. valid.tun, Mdlrredictuns wnh

ihê midel. as deslibcd b.krw

I

I
I

SALIMOI) Íequi.es ás inNt: Mr4 bllarcc conpoient\ relarcd to tlic surfacc

hydÍnogy (c g ftinralL, evrnoraltun. idgatlon anrl nn oí). Èvsir3l and chcmical $it
rhardcterhtics. *areFtable hehàvnrur. and crop and draiDage dM lhe iqDls arc Aiven as

averagcs t)ersearln. ic forawd winter\e!{n (ltunoclobcrlo Nla h) ind a drv sumn'er

sea$í (riom At.il b sc$emhet. The\e dau were obsined lio r the tesulls ol thc

invedigatbrs atrhc dráina8e erlerinenul tnns in lhc L.znia Gr!.de rs reNícdbv Mann

(1979) and lan 
^lthen 

& Pisra (1988). Dar, \!ere ala,lablc tut the Í)eriod 1977 1986

51 I líput corstants

A scr of jnpul consunrs tega ing 1o lnc dift!Íent resewons in $c soil pro$le rnd

their Nrositt. Rater Éble behav ur aod dtaimge data. fe FesenLed in 1ablc 7 Ihev are

elid lnr each o.e ol Inc LrÍce e{pe.inenbl tL(ns duriÍg lnc studtFrbd 19?? 1986. bccalsc

rhe] reacr n) Ae e,!l characteristics ol ihe L€zir,{ lrca

Two Íeseflons in rhe $,1lnÍilc aÍe dènned a nJtzoncol0.?5 n, andatansíhn

Txne ol I 25. Becánse S^LTMOD !l$ asune\ the prescnc. r)l an aquilèr. n wrs set at a

very low level Bascdon nea\ured dáta. lotal poroiiq/ wN rerat50 Í inthcft,olzone, and

60 t? in the uansitioí,.ne rnd the aquilcÍ. while dninahle Dorosltv *as4 % in ioot zone

rnd:l % tu thc tansiirn 7.ne

As wa\ extlained in chattcr l, sedbn:l l. lne $ils in the sourhem i)afr ot the

I-czi.ia consis ol narin. dcnosits. and thcv ar€ nol llllv develotêd
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Depfi ol0 j trr wds taken io cluract$i7! siter làble behaliou.

accord;ng 1o lnc dcplh ol lne ripened sorl. a criticll drpt of the warct lable tlr
calillary ri:c ol l 5 nt $ds assurlc!.

S ce tle rerneab ity ol tlre u.riDcNrl soil is n.gligible- &ai. tle[b n [niGd !,
dE deÍi rl dÈ rverlati.g later (l.t nr, anll drc dtu,naBc now beluw drain Level was

ResddiH Lhe storaÊc clllc'c.cy ol Íarn wÍer. tlcnned as dre liactio. ol rain waL{

sto,cd i. tfu root zoÍc ol uniíigalcd ld : !s ! rve gc .i all tle Èiníoms (sIU) A

valle ol0.? was a$u.red i.iÍally.

h lnc h.avt clal $its ollne llznid Gdrde p,nder, lne hydÍaulic co.ducliv1iy

tledlascs wmr dcpdr (OoÍL{bM er al.. 1988). A leomelric lred ol thc hydraullc

co.duclivitt values tur lhelalels0.25-0.75 n. md I 0 1.20 Ít wdJ usèd Lo.aiculaG tne Édo

bctwecn dranr dnlhdge dd squet valuc oa thc d.latlon or dt wdLer hblc ahove dr anr Èvel

(QHS). Tle QES values rellr lo Éc dnina8e llow abore dJai. lcvel. d thcy wcÊ

cal.ulated usins dr Houahoudtequario.. as rcl)oneil by We$clillÈl1974). A tenLahve n'i!!l
QHs value ol 0.001 wx\ Glen t{r.hd!.terize lne rea.

J.1.2 Raiíaall data

Metcorologilal dlla ol lhc d€ dc obtained !t the E:ucao Meteotulosic! da L.zi.ia

crrde . TlLis sution is snuarcd in rhe riJdle 01 lhe srutly dea Seasooal ÀvcQgc vallcs

ot rainldll dara lir rhis srarioD re presented in dblc 8 SepalaÉ drh were collccLed lu cacb

í,pea JtrL' f r d \. 1. ut 1.rí r.r L\.- r utr r'vJel

'lhese dala have becn divided in lnrÉ È.iods. Thc lÍst period ho,n l97r b l9?9,

wa5cartnel! vel. ! l- Lo.\cquo.dt. durixs dns pcr'iod dÈ íud] a!e!*as iNdcd (Mdn.

19?9). Thc sc.o.d period tiod i9?9 Lo 1984 was a dry one. shich is norè .om!l The

lnnd pc'iorl hon 198,1 to 1986 *as,cl v.lt dry, lne su.nru averale value benls a bir

smaller thm durnu rhe l\vo previousFn.ds dd Ine wnÍer arcra8e Hlue beiog a [nhighs
!@ in lne drv tcÍiod 1979-193,1 Àr uutgoirg surlice un (Ílol003 ltwcr scason wai
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Thnlne\\ ol dÈ na 2onc lald írl

P.ros4 oldre soll n Èc rdol zotu (o/d) 050

Thickrai of rhe trarstio. re (rn)

lorr iLl 0l Ll'e Lraovriun ?uie Ltr )

lh(lnc$ í dLdqtrilir(rnl \QU

P.Íixitv 0l !quilll ('n/'n)

Eliiclivc (dranÈble ot rcllllatlcl Pturitt 01 the soil n Roo
(cub n rurtspace/cub.r soil)

Eftcrivc (dràinable or Íel,lLhlei l)o't\it! ol dÉ Íiil llrÀ
ícub.dporo$ace/rub $i1)

InfálLL.t$ ul LlLe sreÍ Ll,lÈ \ ')
Cnlldl Ll.fó !L thc sae' LL,lt I r Ldpillarl ri.e I

Presercc ol subs$iace dranuge sy{cn,

R.(lr' 'rL' ' s\ld incnL, I t.i

D.flh ul Ll'r \uh\url;rq LIiuÁ | r) DRD ri
Rado lrctwcct dra diseh !.
.l tne *atcr ublc abovr tiràrn

and squrre valuc ol dre elcvalo!
level !, tletcn É dÉ dralDr.

QHS
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i ll lritsariutr tracLices

t s*1{""".*" l 1979-t9a4 l9a4 1986

I 
s"..- *.rirr r.r.**o 

I

I 
*r**.i"r"u r",'.*-o 

I

Rewdrrs iÍigarion. rwo peÍn)ds r. di{inguishe{l: an uniÍigared penod riom I977

h 198,r andan inig,re{l.ienom 198.r k' 1986. lrÍilatio n p Íactic es were nrainll cancd ouL

on exteinenbl tl{tl lmgation wds pra.ticcd only dunns sunner sea$ns. tnc i[iSation
waler sds taken bv pDmDinÊ lion a nearbr d&iftse cur' itr,salnD eÍal. The derrh oi
watsr appLiedis calculat.d llon de dati on lury) dischrse and pumprns hours lhe{ater
wa\ npplied hy turÍ{^v mclhod. an !vq4c lmou.t ol w!t$ c.Gftrg rle area rhroush lne

nriealion tutroa ol 0.22 rtdry \eason qas reNÍled. and loses ot l0% re a\\Lmed The

sa lt c o.lc nt of ihc irri8alion srtcr *às mearuÉd lrequemiv, ànd ii tound t$ hish. iÍirarnrn
*as dclalcd EC, valucs ol 0.8. 0.9 d 1 0 ds/n seÉ rcsÀlered.

In dre l-èln Grnode, two kinls ol cÍop practi.es hale heen utilized rarn led

agÍ,culture or taLliN llnd .dd iÍilanon or tnot dr] .Íops. Du.ing the leriod l9?7 1984,

ccrcds {c ! whcar, hrlcy) *{e grow. durint the $ct scas.n. and no oq) sls gÍown

during thc dry scaron Dunng Lhc Eno{i 198.1-1986. ccrcah wcrc Srosn during thc wet

ser\on and nehns were grown during rhe dry seaÍn So tu. no tucrion ol cnps n Lscd

{.rot\ rc pl ted each yeu in tne {ne area).

5 l5 F-vrtoltánstnÍion

Ihe values used to dererfrinate the.eaerence crot claptanstiratun (ETo) Íe 20

years .veÍage\ .rlcul e{l dn the hisis.ltne Thornthwrie cquarion 
^leugellLuesol02ntwetseason aíd0.97 n/dry season were crl.llrtcd (Mann M 

^ 
M , l9t9). To derernine

the cror evdpouansDieuon (ET.ior). .Íop cocltcie.Ls (kc) ol I for Ni.rcr.duh. a.d 0.22
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l able 9 sllr concentratioó or ure soil resenoirs, expresed as Ec (ds/n)

MdhonDbgt--

tur u(overe.l l d de used (Doorenbos & Prun!. 1977). lt n imporllrl !o rcmark U'at

vrialions in rhc c'op evdl)otrá\lnario. du.ing rhc d1, seóon de included b c.Dtribute t)
dchicvinS a hcncr marcn beMeen observell ed coml'urd valucs. A yalue 01 0.2 lor the

period 19t7 1979. a value ol 0.4 lnr lne leriod oi t979-1984. md àveÍage valuc d|0.3
ltdrv season tor dE period 01 1984 1986 dc u\cd.

5.1.6 Sall concc!L.1io. of thc diffcrc soil resdvons

Considering the bchariour ol dÈ rainlàI durnrg tlle study leliod. thc salr

conc.nfiàlion ol the soil noiíure when satratcd, e{ressed as EC (ds/.r) td thc ÍNt zonc

lrmstuon 7!ne. À presenred in dree chro ological ljc.ntrlt bo. Table 9 shows these

values tuÍ experidenlal plor 3, whicb are alerages or dlu l]er later 010.25 n.. lioD lne soil

surlace ro a dep$ or 1.5 n. andola larerol0 5 heLween l.5ro2.0nleeD(Pedroiode
Lina ard Oostcrba@, 198?). Thcrc is om value lor thc rol zone. À.d dere arc 1*o ntr dre

To deÍ:nhe the slr brlànce in Lhe hnsirion zone SÁLTMOD utilizes values ollle
ell come nLions above d bclow dÈin level. ll irigatior is pracfted. tlt salt bdld@ dr

rhe rool zone is milyze'l apd f(tr rhe unjÍigald md the irigalcd ca Bcc{use aquild is

prefnr à\ r\t d tríd 'r 
..tLi.l ' rn hn |du.ul4 .d e r | .or 1t dJ n L\i:o i,

R..r 7..e i. Ine uniniÈrÈd da

Rlr /one 
'n 

$e 'rig3e'lurd
TÍansirion z,ne above &ainase level

TÍrhnion dne helow drai.alc lclcl
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i 1.7 Ihe lcachinA cfficiercy

^t 
de\.ribed in Chapt{ 2, scdror 2.7.2. clay $ils are charactcrizcd by à tow

lcachin! eÍiciency (LE). lnd srnce óe $ils ol thc l-eznia crande polder rre heavy rlavs.
a vdlue of 0.15 was assum.d,ini:llv

Aptendix 2. show\ a. èxanple orlhe input filc rcquned for SALTMOD. oncc { ha\
heen iilled with tne diíerem d,u desÍibed in rhi\ seclion

Usinr m inl)ur a.d alier running the conNter pbgrrm, S^I-TMOD delivers an

ouFut in tabul,r lorn, whi.h nainly consiís ol: the $Í,nal volume\.ldrdinxgewlnerand
catillary rise. thc sa$nal alerage denrh oi the Nater rlhle. rhe sah concentration of rhc

diile.e t Ínl resenons at rhe e ol lhe season. .id the seasonal avedse salt concentratnrn

ol the draintrEg watd and the mixed irigallo. waler. as *ell as lme indicator of iÍjsarion
Êaliciency and suftioieícy. Aptre.d( :l shows the dcri.ition ol tnc dittir.nr rtmbolr used

in s^I-TMoD output (OoÍerba , 1991), md ApFndir 1 írws as a! illuslatio. the outl)ut
d tho input ille rhown in apDendix 2

5 1 CNlihÍatid proccd rc

lor each one ol the rhree cÍpeÍimenbl tl{Í\ the c.mNter ndlel is calihrated fn. thc

unirisaFd penod 1977 198,1. usinsobscNeddau on $il sali.ity in tnc ndToneexre$ed
à\LC (ds/n), depth d ihe Natèr rlhle {r) and drain dncbaÍse (nrheason). Ílecausedurins

tne study perbd $e dislriburion! ol rainiall, evrNntion, iÍigltnin lnd cropping patems

were íor uíiroró. it was not con\idcrcd wnc b usc onc sct oa input data ro characdiu e the

area 'Ihereture, the frodel calibraiio. i\ dorc in two tcr d\, onc fron l9?71t) 1979 (*ct
period) and an orhd tion 1979 b 1984 (dr! peri.d), in which ihc outpLt ofonc do.s not

oorrespond 10 Èe input o1 the orher

1. borh o.riods, rhc match lelwecn obscNed lnd .omNtcd val@s k ohtai&d by

hrling the uncerkin input paranete$ LE, STU and QIIS To chech the oulcone in case

dittrenl vdluerolsucl innut pdameters sould have heen chosen, dre inlbwingcombina&ns
are tèstd: LE valuct of0 10,0 15 rnd 0 20, sTIt vahÉs of0 50.0 70 and 0 90, and QHS
vrl PL.f0 m2 m3 rnír 0 (Ylr
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5 4 vd[dltiuo procr.lure

I tt sinulaliotr Íuís

wirh rhe ,'bjecrive ro Írqiict llLure bcbrvnrur ol tlesliniaLion in tllc tizina dea. the

siÉllari.n of a lew difide.t scenarios is dunc lor dre perbd 1986 199.1. Us'ng alcqlc

'ncrcorolosical 
data ol1985 198? (vd AlDhen and Phda, 1988)

5.5.1 Vdyiís rhc adour oÍ iriÊallo. *atc.

SALTMOD is used to predicl desalidztioÍ hy vd lllg thc anoutrl .l iÍisdLioí water

\.lR' r"'m 0.22 ru 0.1- m J) .rd.L0. u rtro J.rld(ur ! dau n

Alid oalibrltion. a vali&Lion is done tur L\c iÍilated prio<l 198.1 1986, oainraidng

tl'e LE, and QHS vafues. whi.r were deteflnined dding lnc calbraLion ol Llc nDdel. atl
usin! aveng. value ol EC" cqlal b 0 9 ds/n This aveÍage vdluc ol EC" $ basd on

iield exFÍienc6 i. the kzina re, (vm 
^lph.n 

d..l Pisma, 1988), as deDtioned i, sectioÍ

5t3

C6e 1 : Usi.g d i?acti.n of 0 5 of the bBl dea occupicd br irjgared crot duing

tlÈ drt s6otr ( do$). otr1y onc type ol ldd use (iÍigàr n oa dry tuor cqt. aÍl no

rotatjoo dui!8 thc sumd *óos (t[e iÍigated c(ops re dst€d each ]cr in Èe sDe
de.Rolal). rrcdictlons otr dos,linization ate dooe in dÈdea with nircd irigalio {SCj)

ud ir the p€md€nrly uniriaated dea {SCÍ)

C6e 2r Usi.g d hypoóerical sccr&io. wiLh oÍly one Lypc ol lald use (iÍjgation

ol dry-li$t cropt. md iilll roratun during lhc su lncr seasons the iÍi8ated crops dt
pldtoi dc[ yed ií a diileÍdt ds, Rola 4). PredictioD ol desÀlini4lo. is donc in the loti
d.a wid! nned iÍigaÍrod (5c.0.
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i i.2 varyitrg tfie drain d€Dtn

Ar descnbed in Charrer2, sectior 2.9, dcLrninins à desnrble dljin delth ha\ quirc

a nunher.lheneir\ s^I-TMoD is applied to derernrnc $ what catent the drain detth rn

the piLd xre! oi l-eziria (whi.h it.unen|l 1.1 n on lhc avctu8c) can be reduced $ithoul

càusiÍg \eri.us watcdogging and snlinity. Prelidron runsturdrdin depths or Ll,0 9 dd
0 7 or re nade. lt is irponí to renrk Èat &€ parmeler reola rtion crFrincnt (RECL )

is chdAcd frum I to 0 to simulate tirder's re9onsc

I,urbernoft. due rri rhe iact thar $c hrJftulic conducB4 (K) decrease\ with deDlh

in ihe Lezina rea. tl8 QIIS values dillo too r'or tne de n of I I m, the OIIS valu€

ilelerÍi.cd in the calibmtion ofthe nodel is nFinuitcd Fo.lheije ntdfo7and0.9n,
QHS vxlues were serat0.0i and 0.006 ÉsDectivcl!.1o rcflecl lhe incrersing K value higher

in the Dmfild (OosreÍban et al , 1988) In thc prcdi.rion of dtu,n detth of 0 ? n, tne

licrncss of rhe root zone layer (ROO) *hich qàs 0 7i m rs rhangcd b 0 6 n.

| 6. RESULTS AND DISCUSSION

6 I crlibration of thc nodel

'n olrd, en.n'.nLfl1. l"nJ:..htr n.L Lóue ín hv1

Figure 8 shoN\ the simulated ellccts ol djfieEnl leachiíg cficiencies (LL) oi thc roor

zonè.n$il salinitt in exFnrnental plot :1. ln ihc sane iiguÍe, c.llccled ueld dàl! havc aho

hcen plofted. 
^r.an 

bc scen, a LE lalue ol0 l0 chuactcÍizes tne tèrnrd 1977 1979 For

Èc period 1979 108.1. thc lalue oi LD 0.1J s.cns to pftrluce the hed dgranem hctwcen

observed md conruted valGs Fisure 0 \hoqs rhe simulald c,tcct\ ol drftlrenl skmge

eili.ic.cics on soilsaliÍny,í eperimentdl plor l. As cd bc scc.. a S I ll valrc .f 0 70

charactcrizcs 1he peÍiod 1977 l9?9 For tne penui 19t9-1981. a rdlue between 0 i0 rnJ

0 t0 seos 1o lroducc a good match be$een obscned and clnDulcd !àlucs

Tnc rencÍal c.ndusbn b be draw. is Ihlt ihe rnÍ zone ol llc hcavy clay soils oflhe

Leziria Grande aÍe chraclerized b] a vcry low lcachin! eficiency, alDdently unl] 15 %

'lhis run\ rhat these soils have ! lo* cap3citt to be leached Thereiire. cre muíbe takcn

wih fte waid nanagenent and with using relatively raline irigdtion watcr so as to avoid

rcsalinizatuÍ 
^ 

{ora8€ erliciency ol rainwalcr ol 0 60 a.d a QHs value o10 004 sccn k'

I



I
T

I
Rdtlts and d^Mnot-

IiEue 8. Tbe siDuta'gl eÍêtr of .liiT*nt l€achiq €ihcieDcy of óe rmt Dne
oÍ soil s,liÍíy Erperineol,l Í'Lr 3

Fig@ 9. Thc s1mllaEd eÍels or dlllscnr sroragc cfficiocy oI rui.walf
on soil salirity ExpcÍinc ,l plot 3.

.i

slt:i
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laF.10. Ob. .ldr,lr,mrJLr rdrr h , Jípr5..rJd'Jndi,\d'r"

- Resuts unn distusiot

Table l0 shows the diÍ.rent (ih\crled rnd conlllted values of sate dble deptns

(DW r) lnd draií dncharle (DRI). as a lencral olcrvic* ofthc siuarion,n dte kznk dq.
Ave.rgel aor Lhe three expe.inenlal reas re sird hcc ausc inpul dae bct{ ccn cr$il nB al

tlors ody difer in dea and el,nny lcvel. ll is po$ible to sec ar oleÉstimate ol cory)uter

lalucs. dunng the wel sca$n ol Èc Frnrd 197? l9r9 lnr bodr w!te. ulrle a drain

dischdle. lt can be explaioed duc b rhc los lcachnrg ctlicicnc! ollhc soils and lhe big

anount ol .aidiil I .csiÍered !unn! this lrer d For l9?9 1984, a general good agreencnr

betwecn oheryed and conNteÍ lalues is seen

The high wdter uble\ in rhe wet seasons ol l9?? 1979 aho jhow th nr high

dis.hrge.lhe gtuundeaÈriow\ maiíly ihtuugh ine topsoil (hersee. $il suíace md aboul

0 2 n depth) Iinhernorc, duc ro thc l!c! thal the tydeulic .ondu.tivily dcc.cascs with

dcptn, a flow resist nce in rhc vicinuy or the dÍa1Í ttÈ is sltposcdly dcvclopcd Such a

rc.uk is in asrccncnr Nitn wlll was rcporr.d ly Ooslc.baan ct al , in 1988 rclading
hydraulic bcld and dnchr8e relations ol te &ainage syÍens with enfrece resisefte in
the L€znu Crande polder, Poftugal

The $ove nenrioned llow resistance wouLl be srr'ongly redred, il rhe neld draiís
wère tlacèd ar shxll{rsor dellrh Thn Í discd\sed 1n \ecrnr 6 :] l

I

Ohr^e! !djuc ol sdnFtrhlÈ \lcfd Lm)

Cofrpute' vdue of wlter rable de h (n,

Obsencd value ol drdin dischdse

Compulf valuc ol drain d,s.hdgc

5L
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Figure l0 \h.*s obscned aÍd .onfuted !àlue1 of $il salinity in rhe n!tr zone dl
expcnrcntal plot l, lor thc irÍirated pcrbd 198.1 1986 lhc valilation Nas done using tnc

L! laLue or0 15, the S IU valuc of 0 60 and tnc QHs vaiuc o10.00.r delcrmincd durin8 the

calibrad)n orrhe nodel as ncan berd. agdin d sood agreerent eriÍs betsee. observed

RArLt tuI dikl$im

6.2 validation of Àe nodel

Fisurc l0 soil \rlinity in nnÍ,one, EÍne.ime.ul pl{Í 3 (1984 1986)

Case l: F,gurcs I I and 12 sho* lnc prcdicted sinulaled nturess of dc\alinizrtion in

ihe Leznu arta undc. thc samc co.dirions asdescnhed ií s$ti{rn 5 5.1for tne so called case

l. Bascd on rhcm, il is possiblc ro sec that,ícrer$ng ihe amount ol iÍieation wal{ (CIR)

tior 0 22 t{r 0.77 m/dry sea$n. the salinity i.cícáscs loo: sce tgure 12. Fun:hernor0, both

amounls or irigaiion cause an extem€ly high sali.nt in fte uniÍigated area, see ngnre l3

Ii can be €xplain€d by s€epase fron $c nriSaEd to fic uniÍiga€d area.
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-R.tults dl dbctssiott-

Figurc 11. The simulared effatl of diftè.dt amounls of iÍigtioí waler (CIR)

oí $il salirily ir Ée iris|led Í4, scj.

Figue 12- The simulatd elTecb of diiltr@l a@ua ol irigalioí warer (clR)

oí soil salinity ií óe uniÍiSated am, SCÍ

t
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-ReelÍs Md ditdssion

'rhe gcnctul con.lu\ ntohedraw isthÀlrhc qualiq_ ofthe inig,rbn rvntcÍtial\ an

lnNtun r(ne in the slter ma.rgenem ol the àrea. and lhar as liÍle nrlanon wnter rs

Nsibic should h. trsed. À noor qualiry has innuence o. salinitt anl pemeah,h! .t rhê

$il, as sas extlaincd i. scction 2 6. Likewise, \aline iÍisation wlcr n sclf (scc tablc l).
kN soil Èrnrahility. inadcquale dÍainage, ddto.r irrisatior ra.agcmcnt !11 coitÍibute to

the tendcnc] of\ah to accurulnte,n {iils, vhich ar}ècs foo gro$rh dd yiell lereh.

cas€2: lisure Ll nb$s lhc bchavbur or the $il \dlinity in the lolal ïi$tcd,rca
(SCn). for rhe condnnr\ dcscibed in sedion 5.5 I, lnr ihe so called case 2

It is po$ihle b se. thar tirll cnp roulion F)duces re\rli.izrnr ol the s)il

Neveínclcrs. ihis incÍcme.t in sxliíitr is snalleÍ when les nris3tun waler (rl Fc" 0 9

ds/n) $ uscd (0 22 in íead of0.77 nrdry \ca$n)

Alrparentll. tull !Í,t roution rcquires a larger lmounl oi irrgation wrtcr olr b.trer

quahy rhan 0 9 ds/m lo pro{tucc dcsaliiizadon. aher {rme rimulation vaÍ-vine ihc quahlt

ol iÍrilation water (Zic) extres\cd as tC-, tho valuc olhC- 0.:l ds/m is liNnd x\ thc rghr

o.e Io trodrce desalinizatbn in lne rea *hcr tull crop routnrn is used eiln 0.22 m/dry

Such a sniation gnes àn exlÍà rcas)n kr

a\ an j'nNrranl iador lo Àchieve desalinization

rhen nnv ledchinl cttcicnc]).

6 :l 2 V yirg Àe d.ain dcplh

Sinuiaftn run\ wirh difiiren! d'!in dcpths w.te don.. àccoÍhng to &c c.Àlitions

dc\cibed insecdrn 5.5.2. Thc resultolsuch prediclion\ itrderum.rct a.d wintcr se.son.

once an cquilibrium was àchiered (aher 8 rcaí, Friod 1986 1994). aÍe ptsentd i. llblcs

Tablc ll $ows that a drain dcttn oi0 9 sacccptable. Dunng rhc sunner seasoí.

it does not lcad to an exressilcl] high valuc of ihc soil arlinity ol the root ,onc in $c
iisatedrca(SCj),alth.ughihclalue01thcsoilsaliniryorthenÍzoreinIheunrilaLcd
are! (scn) is relatilcl! high tu.tnedore. it does not l$d io any drain di\chrrgc (DRT).

and n\ sea$nal irigaiio. sufticiency (SUa) and irisatio. etliciency lEFa) arc higher rhan

conridor arain Ihe qtrrlity olinigatun warer

n Lh. hcaly clay !oil!.lth. Lcziia (due lo

I

I



n.,s/l! otn .IiMiM

Figue 13. the sinulated cff4ts of djÍÏereít dout ol irigaíor water (CIR)

o soil sáliÍity iÍ 0E tol{ irigaled 
'M, 

scn.

Figw 14- Tie siollald effdts of dilIeMl aorou ofiriSatioÍ wa1êr (CIR)

on $,il saliíity in lhe lolal irilated aM. sc'r

s
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lablcll. Sunulathn of thê êltec8 ot varjous drai. detihs DRD ilr m Sunner seaí)n'

Resurs dtn dbÁsion

Lhc values shich he|)ng 1(, rhc rcturl drain denth.i I I m Ar *cll. iti\ noinblc r) \ee rhat

lh!Ío ( no n\k ol inrtor\ins lie $il \allnitr ol the tuol zonc in lhe nriSalcd àt.a bt

carllary rne (cAil H.\!ever. tr'c sntll ralue ol .rlillary nsc 1n rhe pernanèntlv

unnrigarcd !r.a ((rAn) oÍi!n[te\ fftnn iÍisation lossct lioh rhe cÍoPFd lànd. whith. in

turn. coilibutc t) troducè \nlinizarn)n in lhc lilt.s latu in lunmer seaÍn\

Table 12 sho*{ $ar a drxin detlh of0 9 d ]s accqÍable in wintet nr' l( d'cs not

lcad t) an excessilll] hilh laluc ot the \)il \alinity t1 thc root 7o.e in rhe sumnrr ir igatcd

rca rSCj), and in lhe pcnDancntly unrrigrcd reà (SCn) Lilewise it does not lcdd lo a

t{r \hall{rw NateÍ tnhte ddFh. and the ulu. olthe dr.in.iischnrsc n smallcrlhin ihc ralue

whidr bcbnls u the acrud drain depth ol I I n

A co.clusbn lion thi\ Ffricular antlicriil)n ot SALTMOD is lhal bascd oí hlduuli'

condudrvq md $il saLinily con\idembns. thc drain defÈin the Lerria Poldcr could hrvo

bccn Íeduced tiom I L 1o 0.9 m $hile nainbinin! lne saorc drarn {acings (10. 15 rnd 20

nt l.ikewne. ihe &pdr lo ihe Mlèr rablc mid$ày bel*c.n lhe dÍrins would nol hc nuch

shallo$cr comtàred b lhc situatbn rirh d€0Fr drains (scc also vnn 
^hhen 

and lrissrÍa

1988). Iheretuft. thc i(N rcsslancc in lne vicinq ofrhe dranr pipc ràlsed bv rhe hldraulic

conductivity decrc*ins wiLh dctrh. will be reduced

Rcgddins sahnty ,n rhe LniÍisatcd arca. ,l can he aloid.d illne qua!4 oliÍisarbn

warer a.d nÍifttion Èr.riccs are intrlvcd

I
I

scj SUa

0

t.1 0

1l LO 0



-nNLs an l .litwtio -

Tabte 12. Sirulátid ol tne €ff4tl ol veious drai. deDUts DRD in n Winl4Í sealoí

DRi' qPT Drii

26 034 246

0.9 5l 1l 0.43

1.1 4.9 9.5 0.51
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althoulh sAL lMoD liDits itsclf ro sirtle soluto tansJ)oí and does not address

$dicity rroblcft (Rh,rh o.cur in rhe l.e/nu areal. we can ÍiU tumulaLe i dun'bc' ol

conclushns as a rc\ult ot the amli{tuí dl the n.del

Ajrnlyins exlÍnrs dara. the calibrattun oa SALIMOI) shoqe(l thrt rhc \oil\ ol the

I-ezir ctund. have a low lcaching eiicienct. ií rhc ordc. ol 15 
'" 

only.

tu wa\ shown th3t {lurin! the unrÍilited pnod 197? 1984. dre sahnt} lcrcl\ wcrc

in cquilihriun wÍh the averase 
'ainfill $uem It means Lhat soil salinity docs noi

dccrcasc tufiheÍ bccause rhe anounl.lsalt leached iiom LlÉ lop soil i! wintcr scaron

alcunruhtcs again in lhc lolloring sumer scasoi a\ I re\ult ti.aill3ry hnspoí
Consequeítly Í.i!!tion durin! sunncr scà$ns \ràs Implcmcnied

Dtre r) the l{)w lc&hin! dÈicien.} ol tne $iÀ, Lhc nroduction ol,Íigainrn dutin!

\ummer sea$ns has shown $at iÍitltion LAcll do$ nut conrribute. in rhe long run,

io Íeach desahnralon tnredicting ilesalinizatun u eÍraryin8 anounts olidgdn)n
wate.. lediiJn 6 :l l. crre l) TheretuÍe. a\ litlle flilarion Natet.s po\{ihle \holld

be used and the qurl'ry of nri!àrbn water nuÍ bc .rctully moninÍed !) rvoid an

Thc inr.ducnon ol iriralion ptudd.es \rtiniq in tne unnriÈàtcd rca It can he

aroided il thu qudl,ly oJ nïi$tion \dteÍ rnd iÍ,grón tracriles ar! nntlovcd

lr \ecmt rhrt lull .iop tuEtion is not ldlisablc bcrause t Íequirès m.re nÍigarion

wr&Í .f verl rood qualily. shich is not arailóle riom de nver Tagus, ro

maintuin sat! salnny le\els than a hlcd cropped arei (Prddicring desalidzarion undcr

laryins ànouns .l nigrnm sater, edron ó 3 l. casc 2) .

X was $own thai at high dischar8.. th. Stuundsatertl.$s
{b.tsccn $il suíace and nhodr 0 2 m Jeplh). Thcrclor.

in rhc vicinir)_ of the drain pite i\ d.leloped, duc t) thc lacr

nainly thoush lhc lop$il
3 high ertanoc re\ist re

the hydrauli c cotullcti! ity



Tnc abore me.iioned ltoÍ Ésnuncc would he reduced, il lhc licld drains werc placcd

at sballoFer deÍrth, e.s. 0.70 m inícad ol !.1 m a\ suggcs$d by van Aifhen à.d

PnaÍÍa. 1988, lnd oo$erbaan et al.. 1988 Howevcr. it was shown dut lhe dent!

ol rhc waierrahle wouu tnen bcconc Í, high lhat the tallow tand salinizes in sunser

duc b capi llary rise originarins l ro m irrisation l osses froh $c cromed a reá h shows

tnat Éco ncndarbn! inr $e .ltain defln should not bc has€d onlv o. hv&aulic

conductivily considcrations. bur al$ on sdlinny a\pects From inis stud! it lollowi

rhat tne &ain dcpdr in the tlziril dea could havc been reduced itun I l ro 0 9 n
while maintainins the samc dnin spacings.

SALTMOD is r Nwcíul contuter model to predicl long tcrn cflicts ol \eveml

drai.asc design and wáter mdnagencnt scenarbs. Prepararion of innDr dab is

soncwhat tedious. h is $ill being devclopcd Ixrlhet. 
^n 

usq_tric.dv versbn whicn

I)ÍNrdes casicr intut and ouQur scr€eís aíd st ndxrd gÍaphics, sould contnbut' t)
making i.lcryrcration ot lhe outtut dala cÀsid and qnicker (bv Èc tme lhis ficsis

work sas limlitud. d óore user fiendly vc(ion becrne avdilable)


