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A pot ery)erirlenr w;th spinacl\ beet, (Bct.t ralgc,ri:; rar. cr,:ld)
\\,as 

.cond$cled irr thc green house oI fi,tiironutrienr. p..ri;, il";;ir_{uirition Dcparhent, National Researcfi C.,,l.r, Et-,j; 
-d;

u53ccli,r .oi .lr ,rudl u.r. lr i.:,csrrgarr ,,re n..irire ettrct. otmdcrunrt,flelr!s toliar dFpli.aliun.,,t sDina.t, b.c\ gro..l,rJ.,tc, \r(.J.(a,rr,rl \tre\c cu,ldii,un.. p,anl. ue,< r,!,i,t(d \.,irh thrcJ uirdl;ri(. otwater (fresh water. 50llllv{ NaCl and t00mM NaCl}_ Fol;ur 
"oron,ni,,ut,icnt\,li1.o l\.40 pU. ?oi \.n end 04:,"\leo;;;i;l;,

.Tm) r,l rrcrLr rcorn, lr r er, apolicd il.,e, r,rnt. u rLj. itt oar i rien afrru,.r.,Lh. hcil'lir rj.t or \.:i': ,dtinit\ ,,errr:,.,r... In6.e.1't. .;,.,ra.
1r n, .i3( i, at,rul) 1s,,rtr<nt\ f nd d ticeJ.i.,.- etrft l, t Lp r-ch bce! dr\, etLhtr , J b,, tl {i,o, r\ rnd rools. frl,"rnt)DJic,Jticr or.n;rIicnt..,.rrIl
.rnel.,' 

'rr jhe ,irg.r,'\c e ..r. .l \ar.t-.etrrit) in,l,i ..n,,ct,.ij
Rnn pr.tltl apDedr. ro bc lcs. ati(.t.d hy \a( I_,r, nl. ,lr.-, si,..., 

"r(h {n b! Lh( n,ariid in-rra,r in rour .t ,or,",i,,": ,,. f,,g,..., il,. l-salir:ie. rreahnenl {l00miu). Macrcnuk;*r f"f*, ippi;""t.,lr&lt'lc i. -i,Lsc'j a ntd,Led ctl'ecr rr i,li,!a.t,,S th,. I r,o lrcre-5i :NJ( )*.rr;nrr ,e.,irr/t.ilp.,.:,rx .f.i...,,, \. n" f ,, ,,.,1 r'. li; ,r?3pplicaiion of macronutrj€rts hari a l:arked poslriv" e,,t-r"t ;ni,rcreas;ng tJre irprake ofthcse Il rients. ihg negahve rcsjdual efiicis
or: soiJ pronerlies ir reiario! to l.JaCl-!ajinir_,- \vere reduced. A 5pljill-

I
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orolein fraction ol90 KDa lvas det!'cted in the leaie'i1lact o':CoM'n

ilaCl sali,riry- plus macrcnutrienr fotiar appJicaiion Ceflerally' it could

se conciud_ei &a1 sprz]iBg witi macronirn-ient solutior could

counteracl the negatire effe€t of\acl_salinrt) on g'oElh a'd lutlieni
contents of sPinach beel-

Ke! words: Jbliar spraj'. .EraEutiEnts. nacl-salillilr' spifiach beet'

1. S{TRODUCTION

World resources of ftesh \\ater arc exliaustcd through the

lncrcasirq denand lo salii[ lhe oiFferent lreeds ol lhe rncreasing

rorl.l oo.'oLrlzrion. S3tt in sotland /or in'igation uarer arc beL-mi1e

,."^ ,",ior. problern: lacrng the prcduct'on ol ood in nldn)

.orr,rricr, especialir, in arid dnd .emi arid rcgio'rr or thc

Meditenanear basin. Brackish or even saline water is used ibr
asricu,ture purposes (ilamdy el d. 2002). The sse o'inigatiou water

ith high soluble salis content g.eatly decrcases 8ro*th, rrutients

uotake.irop rield andcropqualiry(\alern. r9q2' Lirnor'\'1 41 rasl

antl llcpal.oj ''rrl lgss)ardhasaa('g'ri\eencc( orr 'uil lenilina'
\retl ar are.ull of call r".xrnul2li6n in rire.uil tlrere are diflctcnc:'
in rolcrance to salinity among plart species and cven afiong cultivars

within ahe same species. Hill and Koenig (1999) repoficd rhat crops

are classified into four majo. groups conceming their response to

water of diilerert salinjties; ;--e. tolerant, nlcderately t'erant.

odemtely sensitive and sensitile Spioach bect is an ti'nua' crop

grown for its leaves thal are used in the samc *ay as spinach 'lt is a

o.rEit,ai :ial,'rcrnuvrlcrcp, lound In sevclalcounBics: s't Spdiil dnd

iurk.r. lhi. irop\tas loundrotlealaprvd rrpro 100-l:0 mV Na( l'

r^.iirrn, ron.entrairon nrea5u,cd in ;r. shool. rcalhcd ).o3ob.r,Ll ir

couki ,e,Iot e 346 kg Naat/ ha. wilhin a growth period of76 d'ys.

fie totai growth period lbr ttris crop is 120 days (Sall ControlProject

.200:). Atiempts have becn made to ilnproYc the sal! toie'ance oi
cruo.. Un. of tnfm,. Lsir,g riurii(:ir,;l;dr lcaiint, tu couor(.'-ci r.s

"n.i 
Cr.n".," loDls,r-il iioui' ani 5n:rr1rr. i!r)9 S(trmrd[dlrcr,r

url., 1999 and EI Fouly el4t,2002). Ttrerefore- lhis wo|k '-r'as designed

io invcstigate the positivlr effects ofnacronutrienis foliar appl;.aticn

on spinach gro*r LrnderNacl saiiniiy stress corrdilians.

I
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2. MATERIALS AND METIIODS

A pot cxpeii,nent rlas conducted in the greenhouse of thc
Micronurrienls Projcc; National Rcsearch Ccnire. Black plastic pots
of lJ cnl inreffal diametcr and i2 c depth 1\,eie used. pots q,ere
filled \ri1h 2 kg saudy soil. Each pot received 0.289 calciurr
superphosphate (15-5% PrOr). 0.7g ammonium sulphate (20.6% N)
and 0.29 potassium sulphate (48% KrO) at solving. Six seeds \{ere
sou,! in cach po1 o11 the 1o/'}ofDerember 2002. Twenly days arier
so\rirlg, the planls rvere thinred to 3 plaDts in each pot. Fresh watel
was used in iriealior1 &om sorving date till ihinning (2odays ofage).
Th€rcafter, pots were irrigatcd with tiree qualiiies oI water: liesh
waler. waler ccnraining 50 mM NaCl and 100mM NaCl. Sixpors
were uscd fol each keabnent, hali of thenl were sprayed wilh a
compound containing 109/0 N, 4% PrO5, 7% KrO and 0.02% MgO at a
rale of5 ml,/I, md thc otheN were sprayed wirh lresh tap 1!aler_ Foliar
spray \ras repeatcd I limes. ar l0 day intcrvals frorn Lhe beginning ol
NaCl-salinity st ess.

'l'reatmenrs *'ete alranged as spilt plols in a randomized
conlplete block des;gn (RCBD) where macrotutrienl fbliar
applications occupied the mah blocks ard Nacl-sa,iDio/ trealmerts
wer€ allocated at mndom ifl the sub-blocks (Snedecor and Cochran.
1967)- I'he lotal volume of irrigarion wate.from thinnirgtjll ha$esr
da5 I0)0 ml poL. Pla l. nt <a(ir pur \aE'c ginrt. rcnro\ed ironr rhc
.oil 

^n rhe 5 - ol \4arclr 200, the\ $ercdi,;dcJimur,rot,antl
shoois. d.ied and Beighed- Soil aftl shoits ofsach pot were prepared
fbr analysis (Chapman and Praft, 1978).

2.1. Chemical ar: ysis
2.1.1. Plant

One gram lakc$ lrom lle ground shoob/pot uas dry ashed in a
muffle firmace at 500 C" lbr 6lrours, then cxiracted by 2NIlCt
(ADAS,198l). fotal P was deiennined usi g Perkio-Elmer t-ambda 2
speotrophotometer thlough rolybdate-vanadaie mcthod
(ADAS.l98l). TotalK. Na and Ca qcre delermined using Dr. Lang-
MsD flarnephotomeler. Tol,al nitrogen 1las detenni,lcd in the dded
planl shoots based cn M;ffr-Kjelda.hl method ( Ma alld Zanz Ee.
1942) usirg Buechi320 steam dislillation unit. Nlacronur enls uFake

I
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*cre calcuiated according lo Ihe equarion:

;;il-;;i'';"' .."."nirarion t"u"t X shoor' dn scighr x r0

1.r.2. Soil" "'i-"lr ..",,ion (pH) and electrical conducti\itl IFC) $erc

d.,".":";; i;-i,rs !oiirwar., suspensicn {Jacklon lq71' \odium

r,l. i.i.'.ir"a aff.er ext-aclion using.ammonium acetale al pll7
'i'"u..r-. ,0,;,. Chloride *as derermined hy:iller nitale titraiio"

method (ChaPman and Pratt i978) -

2.1,3. Protein e\trac:ion-" - ;i;; 
- 

L"'.' *"" exc rsed and homogmized u'ing a mon11 1!
-"-',.',i".""'[trf., ralio ]:4 $/v) exfaction butTer al PH 72

llili'i," i,o-,^lt sucrose' 02 mru Drr' 2q" pol)\invl pol)

::i.Iilt;: ,;i,. n: homoBenare *as hltered and centritused ar

t;il;; r., lo ,,i"' lie res'rtrins supematant sa: u'ed for

nrotein elcc rrophores is { Rolhe. 1 99 7 )

1.1.4. ProGitr €lertroPhoresis-'-' ;;;;; ;i;,^.i ol lear r'ras identificd bv sodium dodecll

.rrpf",.liJS' n"fv*'vlamide gel etecrmnhoresis : i e SDS-PAUI:'

iccordinlr lo I ae'nrn{i { lq'0) usrns {\t/v) l2olo poiyacD lamide,and

iii,,"-irjt. tr.r,.ampie r;0pg prorein) was loaded onto$eslors'

i i. ".i""^ iri""a " iir, coomasiie btue R 250 and destained uirh an

""*ir.'"*i" ".'a 
r"d melhanol solulion' Molecular $cighl ma'ler

;;;;;;;; 20 ro 180 KDa \\ a5 u5ed ro e$imare the molecular

q,eighiof rhe PUrifi ed Protein'

2.1.5. Data recodcd
. Drv weiel s otboth shools and roots/pot-

. M;\ronulrienls Llptake ofshoot por'

. Residu?l eflecl uf\aCl_salinir! on soil'

. ProtemelectroPhol€sis'
n"* oU"ir* ".tt ""S.lecled 

lo lhc slariclical anal) ';s L'sing a

c".torlloo 
"o.pur". 

p.ogtam, copyright cohort sorit'are ( 1986)'
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3.RESULTS A.'{D DISCUSSION

3.1. Effect ofmacro[ut.i€nts foliar spray aDd Nact-saline water
irrigation otr plant growth and macronutrients uptake

3.1.i. Effect of Nacl-salinity
3.1.I.1. Plant dry weight

_ . .lncreasing NaCl of irrigation waler significaltly ,educad the
dr) bioBass accu&ulation of spjnach ireet piants. Shoot dry weight
decrcased by about 22 and 54%, udile rooL dry weight decreascd"by
21 and 42yij due to lvatering plants with 50lnM and 100mNl NaCi.
respectivelv. as corxparcd ,rvi1h control treahlenr (l.able l).

3.1.1.2, Roovshoot r:rtio
Waiering the plants with salinc watcr incrcased the roovshoot

r?fio of spiliach beet p,ants. ilorlever- only a signiljcant incrcase in
the ralio rvas lotnd unde.the highest salinity levei; is_. l00mM NaCl
r f:bterr. fhi( is du< ro the fdlt rhdr 5ho,Jr J1 *elgnr *a,nrrr"
afected than root dry \.\,eight.

3.1.1.3, Macron{trieEts optake
lncreasing salinily in irigatioll wate. .esr ted in marksd

dec.cases of nitrogen. phosphorus, polassiuDr, calcium as well as
sodium irptake by spinach beet plams (Table 2). .t.he 

decrea\e in
scdi ln uptake mightbe dueto thc decrease in dry lveight rather than
1() the derrcase in it's concentration.

3.1.2. ElTect of macronutrien& foliar apFticrtioq
3.1.2,i, Plart dry w€ight

Spraying plants \lith macronutdcnts had a marketl positive
eaacut Jn th( dn $cishr ol rpirirch treet planLs. t'oJidr nolrient .fra\
rc(ulted in 24 anC I roo incredse in lhe dn *ei&h, otbolh .hoor'ar I
roof, respEcti\,ely (Table 1).

3,1.2-2. Roorshoot rafio
Nlacrorutients foliar spray resulted ir a signiticant incremcnt

in .oot/ shoot ratio of aboui 5% (Table 1 )_
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3.1.-:3. I,Iecronulrienh uptake

.SpEying spinach beet plants rvith ftacronutaients salulion
resulted in ratsing the upiake o1-r.\-, p, K, Ca as !.r.if a. X.lirlf" Zy.

3.1.3. Tie interactior bel*een Nacl_salilliry alld macronutrients
foliar application

3.1.3,1. Plant dia w€igh1
No mar.ked effecr fcr fie interaction belnveen r.lacl_trealmeDrs

and rna(-onutnenr\ il,liar rppli.rtiorr $d,i no,i.ed. V:, ioi,uurenr.
lolrai' \nra) rn combin3tion \\;th,re5h \.Jle, .ho,\ed rlr.hrllhrjrJn
\\dienr v,tlue.ior b.,{,r ,hcors and rooL. OrJl\ o,h., 11"44 t;; i;";sl
values were obiained due b conbinatior ileilveon *e irigfr.st srfu:c
ireatment ( i 00t,1M NaCl) and water foliar spra_v (Table 1).

3.1.3.2. &ootehcot ratio

- The inleectjon beb/ecn Naclsalinity and nEcrcxutrients foliar
feedi g :hD}';ed a non-li8nificant elfeci (Table 1).

3-1.3.3. ll{acrcnulri€Ilts uptake

...L lh< iIiera(t;,r ettccr het$-(n.pm\int ipi a.h beet plsnt.\rlI ma(ron rrlen,. "ulu;un unJer ,rriga!iur $irfi \ar r.,atr:rizcO
sarer.Fou!.j r!,a.tcJ eflecr olh on ca,cium .jpr"\1. llreh;B.rc{
uola-i,c ;.ccr.l.d $ds d,Je to irrgarior, \rrir ficrh vaL., ir r-rmLrinlri.rn
t{r,rr rpm)rrBpta0r\ $irir inaq16nu1ri.ii1.,. Howc\er. th. Jn*,sr uprl(.
ua5 du( t..lhc hiplt(\L \3Ci I(\er ,,,ith rrp\^a,e, ^,;iar app irriicn.

I)it ths ^i'irir lrar,i.,r" rn.r.(ccl ir.re,acri,rr, elfc.r o,,,t,,rupcn.
nL".nh.rru. anti p,,iss,u,n Lrpra],e h.,.1,ina-h ocrr F'rn1.,,,1 r--..o:,1.;
('l rb l. l)

r.rorn thr obia;n.j rcjujrq ut ll,i5:lucj). it r,,ujd be c,,r* iL.ieJ thatwalcrrnS't,rach bcet ptint)uith.a,i4e$arcrhadd ma,lcd n.d;,,i\r
elfeci on. gro\\.th- lhis negativa el'kct rnay !_!9 riuc to ihe_high
c, n.entratiorr ct s,.tuoie ,dt,\;n ..rl: .olLtlro,,,,lihj ,,ci,,o0c. ll;1;
c.'riLtrrra:ion\ nl ..,i.rL,L .a,r. rl.,ougl, lheir h:gh o<rnorrt p:r,rure.
:l^::,.:.:lll,,"r, pldnr rro$rlr D) renri(ring rh; \.,rcr uprr'ii b\ rir(rocts I\l,niJ,r :1::rl a-anr' r:h. | ,g:; .: ti,,.uci. uF.eti,rri. ,:r. io,,icual.rrrci tx r,ra-., itj\Uc\. $hcre thc r_.J.j11J1a.,..,. ui ,rn,a..r"r,,olc'rnns i!r,.rr.o lcr rrornlat 1rowhL.e. ( a ( rnd \lE,ii:dt,,\-ri
{re4ih rpouc(d under .61;rq c^,,J;,,..iBe.rde(. ntdnr:;ro\\ r ! e,
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\alinitv stress revealed absorptioll and accum lation of higher

*,ouio ol other calionl e'E Na and Cl slch imbalance amon_s

;",;;;;l ;,t or ottier 
' 
noi-essential ions greall] disturbei rh,e

^*i"f;. 
r"1 ph].'i'loPical"cti':'ie'ot rle prorrt'rSalrm lool) It

;. ,f'" ".ff tr,ot.n rhai increa''ng 'o'liur chlorid< 'n lh<'cot /one

;*;;.. ;" phoro'trrrrle'is proc '' rhrougrr red'r'in! 'rorctzl

""".r" "fr.f ili"',"*. 'iri to'ditiurioriA$ddc '' 'Il" 
lqq5and

,irirr'-., ,l ,qct) SJliniD !an affc'r oianr gro$1h in ao inCirecl

;;;.-,,;";'ncreasi'rg ion' 'r'cr' 
as ta ''rd cl'in roo' mediunr

Ja". if,"i, to,,i. .llcl. .rre'eqpon'iote fcr -di";nP sorl pll re"

,.*it1".," ",.r',"fii',r "' .o..n'-tn't't'o P Fc /na"dMnlor
;]:;t ;"]"i. in 'p,t" 

oi rh" n.e., '" 'flecr oi \alr'riN on plaot sroru'th'

;;; ;;;, opp"a ' ro r. i,' atrecreo LhJ, qhoot s'oNrh' t'hr'

."."f,i." ,. -\ptai.Lcd b] increcsrnts .o.rlrii'oo -"li- ol salrrin

;;;;""it. cirarr",o and FemandeT--Munoz ( 1999) and Tozlu e'

,J- iiiiril 
'"""1'."a 

such resnlts' Sal;nilv had a marked negadve

Ir.:i";'rl;;;ffi$ "rrJ". 
it. n"got;';" 

"fl'""t 
mar bo due to rhe

.fr"r--.' ",''t","t 
,O,rf,e \\here s,tlL\ aa;acr iater l; ' ' cnmoc!n'!' u:rh

'i"",'ii.t ',,*. 
t.a*l.g prdnr'r Jbilil') lo erlrucr \\zrer fron' \oil rl i\

:i:; t";;,J''h, i*,."'i"s r" IeouL;'K a,d car uuldk(r\orrtsdnd

i.ir"",*- ".0 and Llaian an,l Crcte. ,oqgr aoJ in(r(r'inFr-l

.eoLrces NO. uptale \.{i-Ra$dl}} P/ '' loql'-' ' 
f, ;,- "f.! irp.'*, to rir-rtc rnat lulia; soral oJ nurrie l' co'rlo

in"."^" rooV.f ,oot .ullo and ameliorate the negatjve eft'eci of saliriry

.,,' if,._a^ ".iaf',' dc.umuldri'rn'rhrouer Dromoting n'Lrte_r' r" ak'r

r., ni.,n r-ooo r rio"ttn ond Mubarak'rqq2 rnd Ll-l our\'/zr/" lqq')'
"' " "i, i*1,....'4.,'i rhar loliar tetdinPshouco rpo'i'ir'ellcrr in

;ncre".^ne ire sbrlir\ ol planr lora(e up nulricnrs ou'ierhui' (")ox)

,'J i".",'"ta' iraq3) reponer lh'rl lolirl reedi' s ufa nutrienl milhl

".*-.'aoo, au.orprion ol lh< salnc nuLrienL oI olher nrlrielll'

ihrough increasing rooi grouth'

3.2. Resiillal effecis of sali e waler irrigatior and mscronut-
-'-- 

.i"rrt, iot;ua *p.ry o* some soil properties relat€d to saliaitJ

3.2.1, Chloride--- il;;i;t in Tabie i3) show that using Nacl-salinc water ir
in-ication resulted in a marked incrcase in soii ohloride concenualron'

il.t?l-.*f f". water containing 50mM and i00mMNaCI resulted itt
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]10 and I 5i %: respectivelj, increasc in soii chloride concentmtion as

comDareC $irh u5'ng 're+ sarer in irigsrion. On theorherldnd.

m,.rcnuu.ierrs loliar spra) shoqed no nrarked el[. Jl on soii chl 'ridc
corcentation. As for lhe interaction be1$€en nutrient foliar spEy and

NaCl, ii is worthy to mention that 100nM NaCl in combinadon t idt

fresh waler foliar spray showod rhe highest soi! chloride

conceflrration. Hcwevq apply;ng fresh water in combinatioo lvith

walor foliar spray sho\r'ed the lowest value'

3,2:. Sodium conceotration
Soil sodium concentralion markedly increased by increasing

NaCl salinity in irriSation waler- As oompared with us;ng fr€sh *ater
using 50 and 100 rLN4 NaCl in irrigation lvaler.esulted in 242 and

449% increments;n soil sod;um concentraiion;respcctivelv (Table 3)

However, macromrtr;ents foliar spra] could decrease soil sodium

conccrtmdon by about 9% Macronutrients foliar sprav underNacl

salinitv showed si,lnificanr effecL where, 100 mM NaCl with

macro;Lrtients foliar spray Save the hi-qhest soilsodiutn concertrat;on

and the low€st value as oblained from using fresh water foliar splBy'

1.23. Soil electrical conductivitv (D.C.)

Soil electrical conductiviq' increased bv increasing NaCI in

irigation water. Ho',\€ver. macronutients folidr sprav showed

rcduction in soil clectrioEl conductiviry (Table 3)- No marked effect

dr€ to the interaction betwe€n macronutr-ients foliar spray and NaCl

salinity lvas obtained.

3.2.4. Soil readiotr (PH)
lrrigation with solution containing 100 mM NaCl sho$'ed

narked iicrease in soiireaction as ccmpared loihe other rwo salinity

trealments. Soil reaclion did nor signilicantly difier due 1()

macronut ents foliar spray treatments No marked effect due io thc

interaction behveen macronutrients foliar spray and saliniir" was

calculated.

3.1. Protein Dattern
l.r 5ererai. .r cou.J be 'een in l'i! I l' Illal all 'reatmenrt

showed thrie rrajor disrinct bands lvilh different molec lai weighrs as
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L!n, I, onEcl. rrrc-of,umenr..,otrarapDtilrlor
Lr L ? = Conlrot+ \\nlcrjol,*:pphc.rton
Lanci ln0 mMa( I - m:rcro,,rrd-),t5 loti:,r lDntjrUon
rJIc l = ror)m\J\;c I varrrfulk aDoh.rr.; 

_

Ld1( r +r n,\l \r I m..ronur.n:, ':.;,,,1ppr,-,,onLrn( 0 - :r) m!1 \rcl , sal.r toliJr aDDlcrrronNl = Nlffkcr

Fig,(1): Protein prtrern o, extracied sotubte protein front
spin{ch beer teaves indured under d!fler;ria heC! siresq(^nd'l;urs.
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