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depletion iom thc root zone and the ground areaoithetreesare

K!! $'otdr: dip yste , ifiigdtia nethods.

1. INTRODUC'II()N

Recent gro\lth of l-g)pl citrus plantations has pdmarily
occurred in the new land areas wlrere the poor aod highl) permeable

sandy soils ,re prelailing. The lo*' water holding and nutrient
retention capacities of such soils iecessilatc higir frerluenl
aprlicar;ons oi in;gatioD watcr and nutrients. Conventional t'lood

inigation mcthods are not practjoally ard cconomically *ell adapred

io such rondilions and rather theY are prohibitive. Accordirgly,
permancnt solid set ard po(able sprillkle r. microsprinkls and drip
inigatior rystems became popular in ihe new land regions. Smajstrla
(1993) has rerie\red and discussed thc i.rigation aitematives through

fire items: 1) clogging conlrol, 2) produc'.ion bcnefits. l) systenl

costs. 4) \later oonsenatioil. and 5) i'aYoiabl. govemmenhl
regulation!.

Ihe cmitleI capacit] lor warer delivery ofsrich systems varres

irom ,l lirers lo I m'. hr._ to cover an area ol 0.50 to 36.00 m. i
diameter- Tree responses are iniluenced grealt! by the amount of
colered area and rrrlgation fiequency. Ihc hiei total yields *ere
lbund to be corr.lated poiili!clv with area amourt .)1-thc wcated zore
(Bredcll and tsamard. 19ll: Koo, 1973;Koo. 1980; Bielorei, 1982:

Smajstria and Koo, 1984). Vegeradre grotvth and lcafwater potential

\!ere aiso associated with the grounC arca coverage (Proeb*ing el al..
1984) as uell as rhe $omalal cr,nductance: soil liatcr cofltcnt. vapor
pressure defi cit (Zekri and Parsons. I 98 8-\ and rcot d is'.ri bulion (Koo.

1980; S$eitlik. 1992). Under higl-frequenl inigations. the soil
suclion in the root zone is fa\orableto be mahtained betHee l0 to
:i0 cb. (Mjrrsh- i97l). As *'aier stress iicrcascs. a reduct;on in
vegelatjvc Eo*th (Ma.sh. i97l; Chalmers eIrrl.. l98ll Marlerand
Devies, 1990: Khnlil e|lr1.. 2000), vield (Marsh. i97i; ahalmcrs ./
.r1.. !981: I.evin et dl.. 1996. Khalil er .r1.. 2000). liuii size (Marsh.

I97lr Lery el d1., 1979) and root gro\\lh (Bevington and aasile,
198): Swiellik. 1992) ltas reporleJ.
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L...ill recommendarions of the iffigation schedule lbr cirflrslre(. ir rli ne$ lflnd arers afc bd.ca mai,r5 on aerermi.rarion ufLtrc
dn, Lnr I t-isdtion *alerpclrecperda\,..or.t,ng,o,t.fo.,f..
I n- I4\:rLn Jmount ol' \rtt(r le(ommendeJ l^r lt,e mutur< t,;e.-"nr. ber^,een 80 ro t50 ,iler, fer rr.e pcr da\ durjnq lhe surnmerl'( .umpardli\e srudicj,or thc prc..urized irrigarron

merhods under our local conditions are relativcly i"rr , h";;;;;.
Response assessment of mature Valencia omnge rees to portable
.D-:r1. (.. T. o.i1 nktcr anddrip irrjgarron rnehods 

"r ttu_ee lc\els.,l( -.d, ng o, d rccommcnded atnounr. oj irrjgari,,n $arer $ai rl,e
mair obje.ti\e oi this srudy.

]. MATERL{LS ANI} MIITIIODS

- Thii siud) was carried out during i997 and l99g seasons oni9 _\.ar-old \:alencia orange troes budded on sourorange rootstock.oc-. I a :\- nr ,r or. orchrrd ot ibu,rr :0 IeJ.tan. l.i.ar.,t ar i l_Khar:.lrm \iliage, Sourh El-Tahreer prot,ince. Thesoil is sandv of
, i. .."o,..rr. -bo,Nihrnpooinr. 

f ".s.", h"fr,fc,i,,n.'f.il\Ir Lr d d8rpti

l.l Irrigation treatments
Ihe ir.aincnti consisted oj,lhrce irrigation methods and ihree

lt'\.]s ..i irlgarion rvatcr randomill,distributerJ oler four biocks.

2.1,1 IrrigarioD methods

. TIe rees had been irrigaleri mainly rvith portabie spriikler'r -- .or- \ i... . r Ll. fir,r fire rcar, betore rJr( mrcrl,.frinit(r andjfl0 r,.' : .r.rsnr, h.rre b.en inrrodflced. lheonetra.J arca v\asd.\ r(l rn" u. .<\lirn\rurepft\(nlltrelhrLeirrigdlionmLlhodsin
ear h ai i(,11o"'
a) Ponxble iprioller irrigaiion (psl) dclivcrerl 2.5 rnr water per hour

lo coici an area of : j6 m in diameto.i?. one sDrinkler for 1,1

b) \licropsprinklcr inigarion (MSt) delivcred 16 l.hir to covcr an
area oi - lm io diametel two rnicrosprinklers *.ere used for one
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c) Drip irriga.ion (Dl) deli!,jred ,1 l.hr. L tc rover an area of : 0.50rll.
in diamclel; '.wo c iilers \rere used per t.e€,

2.1.2- Irrigntion levels
Three leveis of water appliration : 80. 100, a d J20 liters per

trce per da) we.o appl;ed during luarch 1() October then reduced b-\
5096 afterwards unti{ Febraury. Therelore. the number o[irrigation
t.eatments \!rre 3 methods -,- -'l lelels of \vater 3pplication =9
lreatmenis. Ihe irrigati.rn uater nas artesiar source of I.3 dS. M'
EC and 7.8 pll lhe inigalion was applied Caily lor MSI and DI
methods and even sever davs for PSI during lhe groqing season to
e\,ery two days for MSI and DI an,l evcry two *eeks tbr PSI during
the *,inler months

:.:. Tre€ selection
Foui lre€s wcrc randomlt'. scleciei iiom lhe iniddle riNs of

eaoh treatment in each section. l'hus, the total nLmller or lhc sele.ted
trccs perrr.armcl]i = 4 treer \ 4 scctions (block!) - l6trees

2J- \'egetaiiv€ gro*tl morsuremerrts
lcur lranches ol 2--l .or Ci3meter \!crc selectcd ai fie 1'our

directions Lrl eaclr rclccted r.c. Number ofthe current tlushes \\ its
recorded lill the end oi lhe Srreiling sea3on- Aleragc lcngth cftlie
cuffeni Uushcs rlas measurcd on:0 fl.ishes. During spring sunrnrer
end autumn . the founh ieaf beli:'r the shoot ap. r !1as colleclcd liolrr
l(,r cilrrent t]ushes at cach trec diiccticn fo represeni a leafsalnple of
40 lcales per each selected tree Tlre leaf area $as estimaicd
according to Chou r,l906). Thc trec height and canopy circurnferencc
\\cre measured durirg *inter oi each selNon. lhe canopl_ .lrrume

was calculated according to l uneli ( 19.16). The ground area, i-e. the
land a.ea co!ered bv the tree canopl- r\as aln) calculaied.

2.,1. Leaf !r ater status meisurements
Ttro discs of I cmr area lere rakcn Aoin the opposite nidrib

sides ir th! middle oleach lealsanple: one for estinatiEt! the relati!e
\\aler contont (R\['C) acccrdin:!to Chaud$'(1969), and the oah(r t'or
estimat;ng the osmoric pressDre (OP) accordillg to Cosov (1969).
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2.5. EstimatioD of tree yield
\unber and weight of frujts of each selectcd tree *,erc

ree.rded ai han.sl time.

2.6. DetermitratioD of fruit qualit'
S3ndard procedues fbr physicai and chemical iiuit anaiysis

ueft ti,lLrt\sd on a 2o-fruit sample collected during April randomi),
per earh repiicate .

2.r-. St3tistical analysis
-{nitl! jis of variancc using Dunoan's mukiplc range re$t 11,as

1oll.,!!ed ai: 0 05 (Dunc n. 1955).

3. RESUL'TS

3.1 1_eeerati|e grorrth
lier sro\1h - shoot ero',\1h (I'able l)and leaiarca (Table 2)

nere highlr aiielred by thc irrigarior method. Thc nariimum and
minimur.r !aiues \lcre loDlined tc thc portable sprinkier irrigation
(P -\lr l-1ernod ani drip irrigation (I-lL one. rcspectivelv. The ievelof
\at:r:pplicatron had no obrious or definite eflicis

Bi rhe end oi 19q8. .hecanop) rolume(CV).eached27.8.
691 ;:d lli.lm' on avcrage for hees under DI. MSI and PSI.
r.!aE.lr!.i!. fhc ct'nesponCing values of the $ound area index

.. . "-d ore: -.tcred "r thc trcc canrf. r., rhc l, iJi nr..a
all..r3d f|.r ihe lree (25.nr), \,'ere 0.43.0.67 ard 0.8,1. Iheobsened
\ 3rirl :.! i.i .he lree size were due la.gel! to tlre variations ill ihc tree
h3ichr .r:ier than {o lhose obsen€d in tlee diameicr.

.\khough thE ievel of *a1er application exeted signiiicant
efecr! on th: rree size. ho\lcver, no defi ite trends could be figured

SiniLlr trends were obtained in respect to the eflect ofthe
irrig3tir,r r.eatmenls on the total numbcr ofnc\\ 0ushes, average flush
Iength . and L_'n rhe leafaica average.

3.2. LeafFater starus
\11 iea\es contained nore than ?0oZ relative water conteol

(R\\a)c\enduringsummcr nonths (Table 2). Thc highest values
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4. DISCT] SSION

rh. PSI- \rSl PSI systems diffor greatly ir lie amount of
the !i.:i.:3r'. In the present study, while tlte PSI covered the
entire a&ad floor are4 the two drippers of theDland the two
micloj€E of itu MSI oniy covered 0.4 and l 6 m'zofthe soil area
undq the E€e, *llich Elnesetrted -1.6% a.nd 6.4% ofthe alloted area
per tre! r€+€ctively. Thus, the preseft rcsults suggest positive
relatiom bet*era coverage ofthe soil area altd the tree size, ground
ar€a- sMg d , kafrelative water contett and the feld per tree.

th pcniye rEsponses ofvegetative growth to area amoutrt of
th€ rEttsd re Ee pr€viously reported (Proebsting e, a/., 1984).
BiEdell d Bar-d (197a Koo (19?8, l9E0), Bietofti (1982) and
SBalrfa d Xm (1984) bave sho{n that increased irri!.atiotr
corE€e r€sEd id greder fuit yield. High leafwaJer potential and
sro@l dELE€ r'aiEs were associated with the la.ge soil area
c.ler"EB CZ&i d P&soss, 1 988).

IE Fsd de iodicated that the tree dimeNions and
grod ree -k (GAI) of PSI treeE followed by MSI one , were
much @k rL 66e figurd out by Khalil (1999) for the standard
tE€s of it' 1 a*i€ This meaos that the PSI trees and, to a less
e)a€*i- #!6I c f€.-ft'e too oowded such that a great I€duction
in iie teeri{.rE :-5- s?s obviously observed. In su.h cases, the
suc{€ssfuE lE+iE d ta+E irg are requircd to maintain the trees ilr
adeqE* .L€En d h€ace, {he pruning cost would be increased.
On fte ef.r4 & t€e dim€asioDs aod cAI of DI trees werc still
in adeq!* ErF fia dea 20 years fiom the plarfing date,lhe
n@r *hil rexhd ; fre observed high efiiciercy ofthe rree yield
ad & grrfu cu wld be d a miniftuD level as a c,onsequence.
Thus. tb F* sge$ tiai decreasing the plantitrg distance
to be 5!4 r d' 5r3 E is t€dgqows system would be more suitable
forD{r}ftdiqEdt tu yield efficiency per unit ofland area as
*?11 rte r E #i:trc!a. Il sandy soils, esp€cially ill arid
regims, tb E-ircl ,rEE@t of water is limited and the majority
of 1ie iG - 

F+Fd ao tbe soil volu&e of th€ wetted arca (Levin
et al- 1yD iffi,l94l # case which gives good advatrtages to
the welldeslai. E}Guged drip and miclospdnkler irrigation
s) siEBs (sdiql' l93I

and
the

--1
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'lhe nr('cnl iL5uli\ itrd;caLe rlral rh' '0-\c'rr "ld \llc"cia
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ul\e rerpon!!-s ilrullar to thema\lmumo-"' __,'',1,r' 
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.," ". ::",,:". .;;.,t'.,'*''io' o',0.l],ft:Jt'JJ.';:l;:
r..J .n<,.1.tr, Llrli.- o-e. n\e.'\mu.r.J 

J, irlli,i "n,.r,"rr,r"orree siz< 3r1J Lr.e \r<ld ' LhtL'' Ihe adcqual
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il]i''.""i'i.""..,. 'r.n.- "rud'c' 
arc need'd unJcr ut'|r lo-ar 'unJiriur''

,,'. i,",., "iir" Ilie sch(Jule "r i'rigdrrun '1 lhL rit''hr o lh' amo"rrl

::, I ll'li:#.;,.'r ;; ;nI rhe gr,nd a'e"''r rhc,'ill1lo.ii.;,' 
"',n1,, (,)nclusinn thc trEc' (r1 drrP u

r..,.. ll ;i.';,',:,';''r,,'i. '" '-;r''-;''/e hrqner rn.ecI;'r'r

"r* .".'' .'.,," 
_'nt 

prrnrtrg cu\1 $ould i'c a' th' rniriT'Lrm lc'cl

;.:'".'.:,;, ;;; fi,,ii", aI'""" ui drin ;rri'-r1ion t'cc- rn e

;J..;";: '.',",n s.rirl''l i1(rcas< ihL tarcr u'<('rrcren(l dnd rrrc

l'1,"''"", "';', 
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", 
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soritrk[er rrigJtlox msihod\'
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"., 4". 
'ira""n' ii"t"r' lo october Beriods rep'esents the ma:rmurn

ill"fur""",i" o" 
"oolied 

lhnher studics under o"r local condlttons

ii, ..r.orr"',' . "';"i",n 
u'*" 'rr rhe crnounr ol'"rir !t3rrr dcplerion

, i '";'. r-" ",t' 'l lh( rre< tut nceJerl
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