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ABSTR{CT

T\!o fi.ld trials orr bread uhear iTl-itic l1t uttstituitt L.\.\'
Sakha'69 *er. conducted d riig tlc o(,nsecuNc scasons of
:00011,)01 and l00l/200.' on cla) soil ai the Aglicuh'-rml Rosex.ch

Starion o1'the \RC in Shalnkan, Qualu-oia, l-gypi. fhe obieclive was n)

investigate ihe reJponse ot \vheal plants 10 lirliat apPlicaiion of CUSOr

solutioil (0.59,0 au) .1nd multi_nicri,rr.rlrienti compound (lv{N)

conlaining ,+.:, 2.8. i..1airC 0.0i:l!,0 \\',iy ED jA Zln, Nln, le atd Cui
rcspectivel], al the rates of I and 2,nli I (:00 llti'd. al"15 and 50 &)s
after sowing) as s,cll2s ihci. rni\iurc atthe \allle ralcs Lca[allelysis
of ahe tLrp ll.aves shlr$erl art increasr: *itlt r'arying degrccs il K/Ca
and K/aCa + llg) impl)iog betier cdionio ,rquilibrium ir the plants duc
to nlore K-uptake as coopnred i"i1h lhc .ontrol haprovenrent olthe
pianl nutrienl balance duc lo tbliat lreaiments folioted thr doscending
,.ro.t r, (u-(.t:.h.J \h '.1\ ' r .."1.c'i-(,'1,\. .;'rliiidal
increases rverc obtained n ith nr.ats ol bdh s.as.n', .cx.hed 19.l. 2'1.i

and 12.11lo for grain -"-icld and 11.5- l8.l .rrrd 115?'" it; stn,v )ield
o\er tlre clntrol du.1. l'olirr apllicati!n cfCu enrioh.d \1!" \'1]\i and

Cur r.speoli\'cl:. al :miil T|e rerullr .)1tllii stud\ rrral's ggesi firt
C,r n,rtrition nnrsl he relrafdcd as aircrher icronrri.icnt in whcat

cuhiYations and .rher { u-s.iisiti\e croPs. l-evels of Cu rn soil

cl,aluated in the l;leralLire as adcqu.lic tor *ltlat, should be

Ke! h'ott[s: capp.r, nr(ro\ri]';tttts, llticrtinrtli?t11\ \1'heat.
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1. INTRODI]C'IION

Coppot is a constiiuenl ol plaslocyanis ,nd several en4mesi

e.g. amine oxidases. phenolases, cltochrome dxidasc, ascofticacid
oxidse and others. panicipating mainl,- in carbohydrate and prolei

metabolism (Mengcl and Kirkb). 1987). ltlsufilcienl Cu-suppi-'- to

planls can lead to sub-oliniral or hidde'n deiicienc-'-. \\ii.h nla) blj,]s

seve.e to cause yield losses ofaround 200'i, trilh no s]rnprorni cfl be

obviousl) recL,gniTed (Baker and Senft- 1995) whca!. barle\. oats and

oniors are sensiti\e lo Cu'deficiencl and thus are lhe Inosl resp{'nsivc

crops to (\Ff'er1ilirr€'ts (Robinson. l98l). Pollelr sterili0 has been

showD as lhe cause ior lailure of {lo\lc| set in Cu_deficient wheat

planls {Graham. 1 9 80). Ihe rate ,ri larl eiicrgenr !' ir1 \'hcat ! ianl 1\ as

found to be decreased duc to ioq s.il Cu-suppl.v (l-ongneokei ?l ,7/.,

l99i). Soils deficient in Cu are conrmorrly ibund ill lnan] countries:

e.g. Saudi Aitrbia (EI-sbxmlan. 1995). Iraq (se.ld)k c1.//. 1995) and

Pakistan lAhmad. i998). It is \!ell docNnenlcd tltatthe deficiency of
micrcnutrients (Zrr, Mn. f-c and Cu) i11 soils of a.jd and semi-aid
rcgiors forms one of the major yield limitillS t'actors i'he use of
nlicronxlrient loliar lettitizers has bcen recorrmcnded as a$ustin
th€se regions due to the acute bigh pH &nd / or high CnCOi conlent ol
soils (E ll'oul,'-- I 98 3 and r\mberger. 1991) Practicall). i. irgypt fbr
cxanrple, most ofthe fbliar nrultlmicronutrienl oonrPounds; ilhich are

comnronll used. conrain Degiiglblo Cu-corteni or iiee of it (NRC_

CfZ, 1996). Thcreline. lhe obJeclile ol this study '.rxs to inrestigate

rhe responsc ol trread uheat plarls (friai.x,, de.tril'rrr i-.) lo Cti

enlichi,rg compound uudcr field cLrnd;1ions iir s'-rils thcoleticdli
innrai4ing t u lcrJl..o .rJ.red . rJ(. -r-

2. MATtrRIALS AND IIETHODS

'l'wo lield trials on bread *hcat cv. Sakha-69 (cuitivated in nrost

areas) were prefonried during the co.seculivc scasons o12000/1001

ard 200112001. In both scasolrs- tht Fork *'as conrtuctcd on clal'soil
at ttre Ag.icultural Rcsearch Statior ofthe l'!ationai Relearcl Ccntre

(NRCI), Cairo (located in shalakan. Qraius;a Govcrnorntc, Eglprl.
Prior 1() ar) praolrccs. a composile soil s:utpl. \!as uken fronr the soil

srrriace (0 lt) cm) of lhe experidenl,al sitc. air-dricd. sie\'t d h! :lr!F
sieve ancl anal]7-ed (l'able 1). l-hc basic Nf'K l;rlilization \{a-s soil-
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applicd in the whole er.:reri ieltai jilc as r.c,)nnnrndcd (i,io,\. 1998).
I he ralcs were 75. I5 a d :5 kg/led as r". PrO, er.i KrO rn the fonl1.
oi annnlniul.n srlphalc (20.6::; Nl. calciut]r sut.i_.jrospbate ( t5.5%
P,O,) and porassium sulpl:ate (.18--il9i, K Oi.r respccti!etr. \,,irh r)Ll
Drgaitic mrnure apiriication. lhc amour:t of!nl.iunl superirhosphate
!rat broadcarr.d during iand preparation. fhe :tmount ofammonjuln
siriphale uas applieii ln three spljrsi t09i bolore so$ing. .1096 beiore
the ilrsr inigation (i.?. l:i da)r afrer sowing) and 40% bcfore the
second irrigation ( r 1. 511 dals aiier so!\irrg) llre arnoni of potassiirnr
snlphatc lras applicd in t}\o spliis: 50i,; at souing and 50% bei.,re rhe
first i)rigarion Sowing look pjace on mid Novembef_ \o p.srcides

'iable (1): soii anallsis of the €xperimcDral sites, NRC-Agri.utrura!
Resesrrh Staiiol|.

2000/200r 200112ao2
S!nd% 1.t.20 13.00
sih 9i, 28.80 28.00
Cla) % 57.00 59.00

Clry Cl!r
pH 8.30 H 7.8S H
E,C. (ds/m) 0.70 \, L 0.58 VL
o.M.,zo I.3C iII 1.6{r NI
'I'otalCaCOl % i.80 \r 3_20 M
Alailabl€-P (ms/r009) 2.10 M 2.i,1 M
Available-K {msll00!) 27.50 M 25-00 NI
AYailatrle-Ca (ms/l 00p) I96.2rt Il 230.00 Ii
Available-Ms {ms/l 00r) 56.60 Nt 65.00 ft
Arailable-Fe [DDm) Ii.,<li i\l 12..10 l'l
Aysilabl!-Mn i2.:0 M 9.70 M
Available-Zn (DEm) 1.20 L u.90 L
Avaihble-Cu (rpm) 2.00 H 2.2[ I
mcoll00p- K AlIs 0. t5 0.1?
meq/I00i:- Ca /Ms 2-ll 7.15

vL n.ry iov. L = L.{, Nr =medium. H = hieh (A,kema md r .rge, I 474)
Texture h ydtumeter meihod ( B ouyo ucos, 1954)
pH ad F.C.: in l:2 5 soJuwaier suspension (Ja.tson,l97l)
O M : Blacli m.thod iwallilev and Black.l9l4l
CaCOr: Couiis caicrmeter (Aljson d Moodl., t96j)
P: NallCOr exrracr ai pH 8 j {Olsen et al , 1954).
K. Ca &d,ilg: NHr - A.c irrracr ar plj 7.0 (lackson,r g?l).
Nlicronu6ienls DTIA exlE.i at pll ? I (Lindsay &d NoEett r9?8)

l
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2.1. Treatm€nts and erp€rimental design
A muhi-micronutrieot fcr1ilizer (susPcrsion) cc.txinirg 4 2. 2.8,

i.a and 0.011% W^ EDTA-Zn.NIn. Fe and au; respccti\el] (rcttrred
as MN) as wcli as 0.50/0 Cu-solrlion (rcfened a\ 0.5% (lu) was used

through foliar applicati( . (lr-soluli(nl \\as lieshly prep{rcd using pure

copper suli.rte (19.6,1 g CrLs(i..jHrO lL). Thc ioliar spra) u3s carried

out using tap-walcr (200 lr1id,/spray) to aDpl] 7 lreahnents ar; tblknvs:
A. Conlrol (tap !\'ater). li. I ml l\4\,'1. C 2 ml i\'INll.
D I nrl 0.5% Cu,rl.

I ml 0.5% Clu/l and
Th.se treatmenls \lere anrngcd in a.andonr;7ed complcte block

design asncdecor and Co.hran. 196;). \\i1h fou) rcl!i.ates: €ach ol
1omr (4xi0n,l.

Wheat plants ltere rprflled t*icei the lirsl,ipra) ai'li days aiier
so\ling (i,? during th. rillering JLagc). tollo\\ed b) the securd one at

15 da-'- s hler (i.c befi)re heading)- The r.,lillmicronulliert( amounls
u.hioh \lere roliar aFllied each scason. a|e giren in iablee)

: Total nicronutrie.t &mornts
Ln Cr

A..ontrolitaD eat€r)
B. lml MN/l 16-E lt.2 n.052
(l.2ml \'l \/l 33,6 22-1 I1.2 0.104

D.lml0.5% Cu/l 2,rl}(t

E.2mlO.5% Cu/l !.000
f. (Bl+ tD) I6.8 11,2 2.052

c. (c) + (E) 11.2 ,1.104

2.2. Plant samplirg nnd analysis
At 15 dals afler rhe second spra]. a leai jampltplot \\'as

randomh takcn iiom thel,rp: lear es lJorcs J a/.. lq9l)of3{roLrtl0
plants. [.eaf sainplrs !1.rc rvashed in running tao \aief. ijren 1\ilh

0.001M HCI Iir l0 seconds foliowed b) dislilleJ uatcr t$ice.
Tlerealicr- rhel vleie dricd in a vetlilated-oven ai r-0 "C tiil thc
consiant weight: and grourrd by a stainless sleel ill wilh 0.5-mln

mesh sic\c One gran,'sa plc \\3s \ieldigcsled \\ith a mixture oI8 :

l:1b) \olunic conc. nilric. perchloric and sulphoric aoids. respectivel\
iChapman and Pratt. l9r8) Nutrienl conccltrations inthesoil and

leaf exlractants rvore measurcd using the spcctrophotomeler (Perkin_

Elner J-ambda 2) for ir rhrongh van ado'nr o I] bdaic rrethod (.'\DAS,

E. 2 ml 0.i9'; Curl, F. I rrl NIN -
G : ml N'l),i +2 ml 0.5q0 Cu,/i.
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l93i). flar,efholonleter (jenwa! PfI,r) tor K and ar: an.l alomic
absorption spectrophotomete( ( j LlC S3l AA) for \{! and nrc.onurrienir

2.3. !'arameters and slatisticrl anabsis
l..,'Ca srrd K,'iCa-Mg) r?lios $erc calcrtlaled after oonvcrtrnr

't,qi,_..r c<nrrdl-ons - .. nr^ r rfq '0n- trr. -rh,rr..l.ipl. ins rherr'.\
:).5. l,r0 Ji)d E::"1 ,,,rK.(xJnLl V! ..,)(.rir(h n,,i,.. f,,"
./n:lrd lc $ere c,.n,id.rcrr r.."rc.p,.l o", n, th. fir5rull\1"\
plrrir, ol a -d')dL, " , ,)r nror s<r< ir-r\c. c.ir^, .r,,r,ar..l00Lr arril
\\crghl ,L). rl\ . n he Jnd ((i!-t re, ot ,,r.r L trkc ,r ,tr. rn",n'.r.rr
as rell as .train )ield (ardabitld ) and liraw ),,ictd (ton./fed.). Dara
relaled io tieid !\,ere sub,.jecred ro sratistieal anahs,s using a Cortal
:.00 conrputer proeranr. Lop] righl Cohorl Sottrlare ( t986).

3. RESLLTS AND DISCl,SSION

3.1. Erperimenral soil chalacteristics
In both season-r, the dar" iD lablt (t,t sho\\ that rhe c\perimenral

clat soil 1\as o1_higl pFI. moJiunr Caato. and lo$ orqaoic Drater. rier,l n,)J .. rr ;o.' r .,Ltl.-,,..-, o,ri;, n p. .. Lr.,s. q.arl: bl(
nutnenl contcnls \rerc high Jbr Ca and Cu: rcJj m ILr p. K. l\.{a_ Fc
.rrd l\l : rnJ l.\ r,r,/r..t L, nJr.r dl.rr^.. o .r .. R"ri., rct:r-.C
ro \ ( a rnJ \lJ ("tr,.n, rr,.Ir rc\eJ rhc rrnha,r :. am,,ru,hc r, lhc
optimu-m Kl\lg fbr fleld croirs rr < I j (t)ol anci Lucas ;e:t.1. ana
that of Ca,'M!t lb. nlost cropr is in a rnnsootj,l0_andon- t99i).
Uc.'o... l. t h\a l.,h (,/I r,i;lr: "< Juc r. l,rtr, prl I \Il t.J..rcr ,ro ,.

Zn is increasirelY thc rnosl ccmmonl_\ dellcient micr,xLrrrient in rnali
rccon. rll)t. 'aoU, Lcnc-rlr. .,rri r, .^.t .hrr.,.r.rr.,,c. r,c.
tblrnd to bc prevailir:g in shcat atld maiz. 1l!l.ls l)1t!,e \iie \.,allc\
.nd ilc ra ,:rl Jnli::r. rjj,.

3.2. Plant nutritionAl status
l)ata presenied in Tabl€s {j) and (.1) sn.r\\: for all lrcalJnents in

borh scasons. that thc conc.ntrari(rns oI p. 1,. Me. \trr anil Fe \\erc
.11,fi,'., r r$ I t,$ J\.ep.i,,...rt..,l, \.^.ori a*q,. irrri..;rr<
slighll), lo\\ P-.oncentrarioni in dt. iop i lcaves nighr be attribLrted ro
the dilution elfecr resultiIr from f,lant gro\\Ih. I towcvcr. CarN,ig
ralios il] the soil ol the.\periruoilal slie5 i l_able l ) r erc l,r*cr than i

a
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sugeeslins ihe inhilrilion of I'] irplxk. (1atss. i96'i) i ligh s!ailable-' a

irr the soiican prccipiratc ir; eip.cialli. \!iih high pH. trhere $ltble-P
dcclines as lhc pll rises irom 6.5 rrr E.ll (Joncs el al.. 1991)'

Con(erning Zn and Clr conconirations (Iable :1). 0o lisual

,.lcliciency s)rrPlom\ werc obrious)1 oirrened in holh seasinis' l'f this

connect jlrn. \\ arC e/ dl ( i 913) reportcd thal a rar-rc ol' I 5-10 ppm Zn

iD $e ufpennosl lcaves olwheet and barlel is opiirnunr. Also- Da\ics

et al. li9'11,) suggestcrl thal Cn levcls ifl t\ieat l}nd barloi planli less

ihan : ppm are irdicatirc ,rldeiiciencl- and lcvel: '.rrer 3 opm rnal be

':",tb!c (J): lidlan (a St') olnaeronutrienl coacen(r.rtn n\ (%)* at h'adnrg

start in the lop ;_l.avcs of$he.t planl\ $ Stkha-69 due tu

foliar application.

aauril*i@Es C/d ;-iG lop 2']eav.s oa Ninter Nhcal (7 r''d{' " vnz'' L 1

Lr h.nr!. h.iiur!r.'1,_021,nr0 | I j5L-,r.ir, aa=1r:l an rniL N13 l5 I a

iri. .l(,n.:.rai l!r1)

3.3. Nutrieot balarce in plant lea!es
Dala in lable 5 sh.\r ihat K,'CaandKr((lafl{g)ralios$ere

incrcased. $hiis1 PlZn and P,Fe rctios were dccreased |s cornparcd

sirh rhe cortrcl in bolh s.asons. Ihe increnrent in I!'Ca raLio intplics a

befler cationic equilibrlltrn ainolig K. Ca arrd \'lg citiont in lhe pl'rnls

t Ca
200n/100i

0.27 10 05 2.05 10.0.t 0 2i r0.')3

l] lnlMNll
0 2l t 0.01 216 i0.02 I ,15 10 rl.l 0 2l t0.01

C 2d MNTI 0.12 1110i 1-t2 !t).05 0.20 r 0.01

ll lml0 5%Cuii 0.22 10.01 2.1)!:r:!0: 4l +n l:l 0.21 r 0.01

8.2m10 5% CUI 0:0 :! 0.01 0.20 :r0 0l

020 1c.oi 2-07 r0.02 .li 10.04 t)_22 i l.l2
G. (c) + (E) 0 t9 10.02 2-11 ri 0 08 i2 !004 0_2t i 0.0r

200 /r002
2.25 10.03 rl.2l 10 02

B lnn M]'i/l 02, +001 2.29 !o.Ci 0.21 !00
C.2mlMN_/l 026 i00l 2 t4 r 0.05 0.17 i 0.{i

D. lnil0 5o/, au/l 0.14:t001 226 10.08 40 _i 0.r l
E 2nri0 JeiCu,l 0.2i 10.02 ?.18 10.11 tl 10 0l 0.til 10.0

F. (B) +lD) 0.22 10.02 2. t9 1 0.05 l3 10.0i 0.17 i00
G. (c) + (lj) 0.21 1001 2r0 10 0l i.13 10 03 0.ll t0.0

&ta
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(iones er lrl l99l ard I,ercz Sanz ar Lucens. l!r98). HrxrL:rcr
Llt,;rrr ',i rl,e 't,"t<,r :rrJ.!r,c ot l -i -\ .,1-te( d.I .^lrlartc
li. K/lca+\{g) raijo increar.s ir thc tl;Lnl revcaling nnire K
a'.aiiibilit\ in soii: /. n1.rre K-uplakc. ltcre \tg ii iie poorest
compcliror amixq rhejc .tliLus.

tebl. (rli illean (rSD)ofnicronurirnr co. ceotfu tions ip [m) * ar hrndrrg st,rt ii
t}c t.b 2-l€avcr nrBh.,t' n!

Z.n-.21 70,

nlrees (ppn)in the to! 2 leares nf winter th.,r a I rrr.nrn ,.,jrrh, t_ ) j6t iEio;

Mn-16-200, Fc=t0,joc ad Cu:S 50 (after: Joneserl t99t)

illieu. planl Zn or t;(, .nn.cnlralioni tr:spctiati_, i el ar,: i!..t as
h;gh in th. .lei;ci. p!a|1r. Tt,ri.:ine. dcil!irnc) slrrplo;n: .
associarcd \tith the high rxlios .1-p 11) /,n (erilic;rl l,,rzn = 100 i ) (x. l;e
rall_rer dra| their cinc.jrirxli,)ni air)ne (.lot.r./ r7l.. irigl) ...!c(ordins
r, rnr p.^r;.( ctrL!r. .', I.,. .,,r.r,(ni i,t..r,.. ,,..b.5..,,,:
r;:ir.crrrrlenl rrearmcnti.l_\rld bc aranged ira icsccrrrlurg order oi:
Cu-cnriched-l!1N > i\{}l aione >Cu alone: and czch at Zml/t is heti.i"
thrn I nrl,;

?.lq3]9ryI]{lq't platrts cy. S.kha-69 due ro rotirr
Zn Mn Cu

2000/200,
2t.3 I 1.6 57 !6 115:ll 6.8 1.r I

B. inrl M^-/l 2r 0 1 i.9 221 ! 16 5.6 t 0.5
C.2rnl NJN.I 19.9 i 1.0 i4 tl 235 110 i.8 i09
D. lml0.5% Cu{ r7.8 10 7 65 !1 267 !32 4.4 !1.6
E.2m10.5% Cu/I 16.6 a 0.9 63 25: r -l{i 4_0 !o.9
F. (B) :llDl 19.0 10.9 53 16 259 110 1.8 10 3
G. (c) - (E) 19.5 t l.l 7t a 8 246 t8 :1.8 i 1.0

2tt)lt:100:
2Ll 11.8 43:.2 273 !37 it !1.2

B. lml iv{N.:l 20.8 t i.6 50 1l 244 ! 19 6.:l -0g
C 2n IrN'l 20.6 11.0 )7 i6 .:18 r i 5.6 r 0.8
D. lml 0.5% C!/l 17.6 i 1.i l3 ti :75 I _11 5.3 i 0.5
E.2ml0 5% CLr'l 15.5 r 0.7 li 13 252 I t0 5.i 10.7
-L(Btlsl i9l 11.1 45 12 lEb - llt 5.9 10.5
G. (c) + (E) l9.i t 1.6 2',7i i 12. 5.i 10.1



-392-

'l rbic (5): !i/CN. K/(Cr+iUB). f/Zn.nd P/lc ralios !t heading stsrr in ihc top :
lcltes of hh.rl phnls $. SaLh{_69 due lo ioliar rpplicriion
calculated from'Iables 3 4O

r!C.* !1!!1l&)l
2000,200

055 )26.1 11.0

B i,nlNl\,'l 0_76 0.62 I0.l
C.2ml MN/l 0i8 061 110.6 ,.1
l-J. lnrl I 5')o Curl 0i6 ti3 6 8.1

E :ml0 i% Cu,l 0.70 11) J 1_9

F. G) + {D) 0.61 10i.1 ..1

G. (Cl + (E) 0.82 0.65 91.4 7i
2001/r0c t?

080 0 Li.l 11.4

B. lnl MNrl 081 i29.8 1l r

C 2mliuNrl 126.1

D. lmL0.5%CL/l 08 r 15.,t 8.1

L.2rn!0.5",;l]u l 035
F. (Bl+1D) il ,5 0.77 lti ,1

'1,1

G. (C) + (E) !00 0 81) 108 8

'irL.ul"t,*. bNd 
"" 

t,,1"*.cinEU.r .s ir.q loij:

3.4. Grailr and stra* -!'iclds
lncroIcents of Prain rield $ere siSniticalrt in btnh :i'ds'ns (l ig'

1): mcan$l1ilc- thosc of the slra$)ieid shorved sigtlificarrce onii irl rhe

souond sljas(rn (l:ig :) due ro loliar mrc|onutricnt lrealn'nts' Thcse

increnrcnts nillhl bc as.ribcd to the positj\! signilica t 'ftlcti 
on

yield corrponerrl;; e g- lh. numbcr and "'ei8lrr oI grair- l'':r' spike of

il c nr,rir, ile,r',- i00ll grain Bcighl (l ahle 6) Sirniiar 1.lLrts on v'heal

$,cl'e obtaineil dttc 1.) l. iiir aPPli.rrion oJ a 0. Cu + Zn- Cu I I:e aird

au i Zr - Fr il-ii-iic1har1 4 tr1. 1989 and El-Kahbalr) ir1i'Il 1996)

Concerning ths nunrbcr of grainr per \pik.- 1he lrellrnenii {r{rxld be

anangod in th. CeJ.cnding order {)l-: ( '(r-enacheC-\'1\ -''Lr:'U\'
Ihis :equc[ce l1light be altibuled rotheirnPortanceoi'Lrropoi]c|
ferrility 1(;rahan, 1980): coLrpled *itL lhe efiicr o1-ihe rrther lol ar-

srayed icr(rtulrienis (i! Zn- \1lr and lie). l_he.lther invesligal'd

iield pararnelcr: follo$'ed thc s:rrre dcscendin3 o.deroiCu-cDriched
'tttS t' f,t\ -_' Cu: iclieciing ternpo ol lhc nutricrr biilance in piant

leavci (l able j). i l(r$e\er. grain arrd stra\\ \'i.ld: iiiigs' I a d l) \r ele

higher jn the seccnd scason lhan ir ihc ,Jirst onc l'r:rll lrcatnrenl\

inclLrding rhc cortrol Such a (r.od lnigh'. be dLre lc the pre!aillng

environllrenral conditi,rns in caeh seasou Lllorsl. I9()ll Percenlrle
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D=1 I0 5% Crri
E . 2rsl0 5% CrL/l

LSD005=0.79

F=B+D
G=C+E

25
2A
15
10
5
0

fig.(1): Mean grain yield (rrdab = 15{, kg) of rheer cv. SaLhf,{9 due
to fotar epplicrlioD"

5

z5

o

LSD 0.C6 = NS

7.5

5

2.5

o

Fk (2)t M€rn straw yield (ton/f€d-) of wieat cv- Ssk[a-69 due to
foliar application
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inciemenl means ofboth scasons (over thc oontrol) reached 19.1.24:lild r:.: lcr fraii \reld: dnJ-'r.). 8 dn.l tj50olo.slrdr \_ t,l
{jue ro r. li.ri df/l.cdli.,) .,t ( u..i i(hrJ \t\, \t\ iln,l r u:
respcctilelr, at 2ml1l ( Iable 7). Approrimarel]. halfoi.rhesc means
\.,,ere obtained \vith 1ml/i

Generall-r' . loliar appiication of Cu increases ptant uptak€ of
macrcnutricnis (Jones cl o/.. 1991) Cue to its catal],zing ctlectihr{rueh
.e!erdl \n,,\rn., u.rh direr.c LI.(t;,1r i, fra||t rnerabuii,m
i:urthemlore, Cu fbliar application is of .r special il podance \1ilh
oryarlic nanuring or organic ag.icuhurc systelils. LIorc tha! 9g9i .)1.
Cu is tightiy boulrd to lhe soil organic mattcr, aod beconles un,
a\aileble to planis (Mengci and Kirkby. t9S7)

From the o\erall dau cfthis investisation. it could be conciuded
thar Cu is a yield-lilnilnrg nutrient auil murt be added to tlte olher
lirliar-applicd micron rrients (j.e. Zn. N,ln and Fe) fbr whear producliotl
ir Eg,y'.pa aod otller countries where_ Cu dcficicnc\. or hiclden
o(llci(rrJ-\ mi.rl,r oc..I. { u .onl<llr ut'lle rnjl. qr ch :, c^nrrdereJ r,
optimum, shnuld bc reiirvcstigated as the results sho\red a positile
ellbct on lvhear y;eld ituespccrive of th. iaci.hal Cu i the soil $as
evaluated as high.
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