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- Sl.ra_.r::g slranbcn\ plants with three micronutricnts. i/,i.roui , fe I n.,irnqanrsc ( N,l ) and 7;ic ( Zt\ J.sinelvorin
i r ! !. l c. ., .. r..,1 irr cur,bijiati ,. ",t1, 1,. |;,. in!
slilc.l1i: .i.,luir.d .esinanle (ISAR) salicllic acid significarrtlircr,-.'l r. .e ., r\ .r i..tc.r ur. \irI pr*Ju1 r.'lJe\. J,\.r,c.- ' c ': ,'u.rlr,.. ,ar,J :,r.re,r.(J lrurr \'Jr,r., :, .J . r.,t,. -Jtrru'. t,. :,Jd.l,on. sfra\rng I\.\l( .ali.\irc.r.rJ

.. . t(.||\c ir, r.dL..:r! tjr( dr.ra.. rhon ,prilrrre
.ni-r r-". .,..1 un ( -rr,.r<. p..,,ng,1r. ptonr. -.r,,,ifn

,r -) . .-r 1r Li r.. .. c\,-.h,n.rr..n -r,lj at .-,r,r.\o.,_rlr<
lesle.i rrii..,nuniJn6 \rs a rrorc cftlctile trcaimenr in rhis regard.\h!.e f.r airla.erl srntprorls offie disease *ere ob.cned and also
resLrh.d in th. nighcsr tr!it ] ield. lotal strluble solids (I..S.S.) and lruit

lkt tanls: il.;tojtitr].icnt\. pa*,dety ttiLlcv , .sctlttl.iic urttt ,\trc,rhttn \r!tolic actluircd rciistatu! ,!atal so!ubl(
rt!i.1: |:ntt1 utt linnnett.

I. IN't RODt,CTI(]N

Sr.a\'' b! l i I. MgdrLt X a n an alsa Duch. ) is onc oi.rhc morl
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iuponanr r:ollrradiiiolral \egetable crcps in F-g,vpt. lir $hich thc
demand has incrcas.d Ior local consrnlrplioll rnd.\ponalion. Also. ir
is one cfthc rnosi lavorable liuits either tbr hesh consumption or
lbod processing. fhe cuhivated arca olslrdlbcrry ( hoth Fredl and
FriSc plantations ) rcached nrore thar 6::00 fcddarl during 2001 ,' 2001
grorroq s.ason $,ith an a\.rage of l8 toil ,' liddan lbr liesh plartaliolr
and 12 ion lor !rigo plartatiorr (llighcr C{-.mmrtee olSrra\!berry .

\1in ofAgric..:003 ).
Undcr Lg!prian cLnditioirs- sirawbcrL! plants rre \ulierablc lL)

infcclion with nan] destruc.tile diseases. r.d. Nih an,l lllot and cro!\r1-
rols (Fahim cI .rl. 199.1 a and EI Kolal] l0{): ). fr it-ror ( Khalagl,.
l98l : and ,\bada 1/.r/. lil02 ) and leafblighr ertd spol ( ladrus. I999
and Attia- :00.1 ) in addition io minor inle.tion \\ith liral ard
ba.terial discases.llo$etcr. po\r.den miid.r caused b),t&dcr-orrc.d
nlac ldtis is oDe ol the most destructiic diseascs du. to its h,lrntul
etlcl:ton thcli,liage8rr)nthand1hc quxnlil! andqualiry of 11uiis.

Chenical control nms11-\ causei enrironrrcnral pollurior.
higirl\' ,rficcls thc.lrrolvlh ofthe hosl planls. lea.ls 1.) geai dislurbance
of the natural biological balance and the mosi serious rcsLrlt in the

lrcar ln0rcasc ilr lhri rlcumuirrrion of lhe to\ic 5obrtances irt thc
hurnan lc'.r.1 chain. Therclorc. this rrserirch ainred lo study the
possibilio of mpprctsing th. strawbcrry powdcr] mildcu discasc
;nlccli(,rr wi.lt spra)iig n co biialion oI some saL agrochernicals
such as nicronulrients and inducing slstemic acquired re:iistaoce
(1S.\R) saliilic acid ulder grco housc conditions.

l. MATERI-A.LS tu\-D IIETHODS

['ol experiment \vas llsed nr stud\ the eff;fi oispE]ii.q ls,\ll
in combination *ith sonie micronulrients on supprer;ing the rrtactj(rn
$ifh srran hem, po\d.ry mildcw discase cBuscd bt ,\phad'ath(Lt

lr is wo.rh ro menliox rhat ficl.i ohieruti{)ns rr\erle(l th,r silu
c\ is lhc nlost susceptiblc io $ir diseasc. thercfbrc ii \res us.-d

throughoul this €\periment.
\irgin sandy soil \as ihoroxghl_,- washed t*ice dail) foriivc

dat! tlith l:rp !rntnr lo rermi. ihc e\cer's salTs ( slrarib€ff\ plarLs rre
sensiti,/e ro salifliR (t-lrioh.rdl. lqSr) Flanic pors(\.25) \crc



-11i '

'.ireil lillell ',1irh rhc rvashcd sandy soil. F.ach Pot received super

plxr\phate. anmonjuff and potassjum sullirlc ltrtilizers at the rale lrf
:O g l,rrn.r.t li.tilizcr. thcrr irriSalcd. I\lo jiigo rrulsplarls of
Srlvi o. tpreviousll soaked in thc tuuEilide Rizolcx l- al lh. rate ot
0.1 9t ior hall hourju5t beforc lransplanl;rg ). w{rre rransplante.l ir
caub po1. One month after rsnrplanr.irlg. ihts leried mi..'nuuients- r'!
lenic suliar: (!'Lr. magne\ium suilue (\ln ) alrd Zinc sull'a1e (Zn)

were sprayed oltc monlh aftcr tran\p{anlirrg. either singl} 'rr in

rlifltrelr r-ornbinations. lbul lines (onc onlh intcr\ a1). at the rute ol

0.1 %. \{ean$'hile. lhe indueed s,!' stemi. acquired rcsistance s3lic}lic

acid (ISAR) $as sprayed at the rateirf0-050/;( dissolveJ ir) acetode

jun belorc spra-!.'ing), three iimes, ii"-1j.60 ard l5 d'tvs after

iransplanting. Al\o. the rcc(rrnmerrdcd rmotrnts ol lhe other icrtiliztrs
ucre- ad,icJto lhe grorrirg piants scrr tuo *ceks thrce morrths afier

transFlanling. Nalurail) inlacled Iea\es of sii\a cr' u'cre colicclcd

liotn sl.a\\ber) ficlds a.d used tbr inoculau)n . ln lhis rospect' lbe

lollectcd inleclcd lea\es rere shakcn up on ihe gro\\ n1g plants,

preriousl) spra-rcd \ith distill.d \\3ter. Uni0oculaled piants as \\cl1 as

Lrnspra)cd phnN \\irh the 'n;cronoLrisnls and th'i 1S'\R scned as

conlrols. I:oua rcplicale pols \!€rc used for cach trcalment'

lhe proditced tiuil ]ield i,l ca.h lreannen! '\'as 'narlesled
pernrdioalll anJ $.ighed (r\hen it $as rrecessaN ) .ind the a\cragcs

i',,.c recorded .\lso. file liuirs \\ere laken ra doml) frorr each

harvelling 10 dclennine llteir tolxl sohblc :olids (1.S :i') u5inq I hand

rcliaciorre!e. and llnnness using Presjure tcsler I pound I inch ' ) and

rhe a!eragcs $ere recordc'l

2.l.Diseasc nlscssmcrt
Ihe inoculated pie ts *ere cxarnincd Neelll for diseasc

s\nrprlllns nnd disease seieriq, \as assess.d tLsir:l the dc\ ised scalt

b! Hcrsfall and Banalt (191-i) each rnontll (three {imes). ihcn lhe

averages \\ ere ealculated.

2.2.Slatistiral analysis
Dala $ere stalisticall) anah,'ed using ihe spiit plol Ccsigr

(Src(lcco. and ( ochrin. l96l ). The a\c.agcs lverc compared a!''l'i
ievcl olprobabilit] b] $c I-.S.D tesl.
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3. RESULTS

3,1.11llect o, disease severity and fruityicld
Datx presented in lable (l) sho\v Ihai spralirs sl.ri r.-:

planls (r!. Silval wjth the induced systcmic acqujr.d rcsistan.: S.:
salic.vlic acid in combinatiou with sonre rniclbnldrienti g.iir:
rcsultcd i, a significant reducliorl in the severit-'- ofpo,rdel r: :--
Cisease rvith signiiicant increase in the lmit lield conrpnred i. r-- :.
control. lvloreover, spraying ihc ISAR salic!lic acid onl] sa-r.-:.:
elficienl lhan spraying micronutrients in this regard. [unhcmrrl; : .

appar€nl irrfection with ihc disease lvas obscn,ed lvhcn the.l -::
\!erc sprayed three times \lillr 1SAR in combinalion lvilh 8n\ . .:
Mr fe i Zn , Nln -i Zn and le + \'ln + Zr . Horvevef. lo!. c:r.-<
sererir,. was four,d uher $o plants were sprayed \\'ith the iS .:
salic)iic acid three timcs in combination \i\,ith any of ire . \'1n. alJ /.
being I.3 ,1.0an<l I.0 r-lo oll the avemge. rcspcetivel). The cLr!-'r, ::
tbc pre./ious treatments recorded 8 0 o/i, diseale severir.y. i h. a1.:<:
ol disease sevcritl' on unspra)ed plants $ith rhe lS.iR .
nri.ronutrients was 41.0 9/o N4earwhile lhe averaecs i()l spra\: .-
and I tinres \\cre 22.0 , I0.0 ,rnd 8.0 9;, relpecti\ely .

The combiiralion b€l,'!een the tested micronu!ients anJ ::.
]SAR salicliic acid was gcatl,v refiected on theliuitlield. Bi:-l
recorded significant iicrease in thc produced li.lit r-icld ilr tlre .a.: :
spraycd pla s ccmparcd lvith unspmled ones.

3.2. Efltcl on lhe totrl soiuble solids (T.S.S. ) and firmDess of th€
fruits

Data (-iablc 2) sho$ the elleot ofspraying stravhenf p;:.1
s,ith the ISAR sali.J-1ic acid ir combination with somc lnicronud:. i:
oD LS.S. and firmness oI lhc prcdlrced fruils. Resuhs re\ eair. :i.
lhere Ber. io some cxtcnt. loiv dillerenccs ln ihe estilraied T S :
dno to lhe rising of the rnicronutrients and ISAR compared r r:r .-:
conlol. Ho\yever. spraying thE tilreo i)icronutric lsincombii::l
wilh the IASR salic)1ic acid produced troits oihigh T S.S . \: :
10.8 % conparcd \r'ith spra-ving .rn! rnicrorul enr alon. :i -

conrbinaiion \rit| ISAR. On lhe other hand. unspray:C -- - .

1.r"drr..d truit.p,'o ,n l.S.c. b.inr 8.' '0.
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ISAR salicylic acid in conbination with some micronutrients
caiis€d sigiliice,'rt increase in fruit fimness conpared with the

control. On the other hand, no signiftcant differeBces were dete€(ed

due to the effcct of the numbe. ofsprays. tn addition, spraying the

thrce microflutrients together in combination with the IASR sa]icylic

acid was lhe superior treatment in this rcgard recording 3 8 % f,1rit

firmness. Meanwhile, spraying each of Fe, Mn, singly or in

combination wilh the ISAR saiicylic acid recorded the lowesi fluit
firmness values, bei[g 2.8,2.9 o/o on the avemge, respeotively Nithoui

signifi cant differences.

4. DISCUSSiON

The current stralegy ofcontrolling pests ofvegctahles and fruits

depends on using altemative meihods ofdisease control rather than

pesticides and fugicides andTor using their chemicals at the first
periods of planr gxoxth prior to fruit formaiion. The infcction with

strawberry powdery mildew occurs mainly at the time of lruit
production and on the fonned fruits, helrcc this work aimed to us;ng

ISAR (safe chemical) in combinatioD witll some micmnutrients for
management tl}is disease.

The obtained data indicated rhat spraying strawberry plants

lvith salicylic acid for the induction of systemic resislance in

combination with some micronutrients, ie Fe, Mn and Zn, sigly or in

combinations, resulted in a signilicant rcduction in powdery mildew
disease infection with considerable increase in lixit yield and liuit
T.S.S- and fimncss compared with thc control. In this respect,

spraying the ISAR in combination with any ofFe + Mn , Fe + Zn.
Mn + Zn arld Fe +Mn+Zn resuhed in acomplete suppression to

fie disease \"ith high fruit yield, T.S.S. and fruit firmness.

The s)stemic acquired resislance is an important component of
plant's defense against diseases, where iniiial ,rfection providcs

systemic resislancc to subsequent infection by a variety ofbacterial ,

tungal and viral pathogcns ( Galfieny erdl, 1993 ).
The reduction in powdery mildew disease herein supports the

hypothesis that induced acquired resistance induced by restrickd
infection is not due to a spccific component of the pathogen, but

rather to gradual appearance and gradual persistence of a Ievel of
metabolic perturbation leading to shess on thc host Dean and Kuc
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(l9lij) and Doubra\a,r r/(198u) irdicarcd thar induccd acquircrl
..i;st.ii1.. ir peiiisi.!i n,rJ sciriiniii is pnijiugei, iroirsp!.;ij.. Iir
addilion. slsle ic acquired resistancc can k induccd h} snrole
subrlancci as well as b) bioric agenls. On thc olher hand. Lanckc
( 1981) lound that unlike elicjlola ol ph) loale\ins l]ccumutarion. \l.hich
are elicited a1lhe site ofdppli.ation ma] be rcsporsibte lirr Iocali,,cd
l.o{eclim a d itlduces s).stomic acquired resisllrce thal scnsitizes lhe
Dlant respLJnes rapidly atier inf'ection. I_hes. responses Irduced
ph\ roale\in\ accumulatiorr and lignilicarior (Dorn ard Kuc .1985 ana
Kuc and Iiush, lq85) nni induce or enhafcc acri\ iries ofchirinNe aDd

ii glii.,tx5. 1. \1.1rcu\ r.d r,.,ii.r, irritt, ). i,rlrilmrL.re. KLr\snlann .r
dl (199.1) nrc riirned thrt ihe rnechrnisnr oi sy,sremic acquircd
rtsistar cc is appercrrLll rnultificated. tikcl) fesuhiIg h srabte. br,:raJ
spcclflrln discasc control and the) clruld be u:cri pr.evcr trt ir e l., to
bolster ge|cral planl hcahh. resulrirg in tong lasring prot.crion

Ch.n. d1 .,/ il99l) rnd Choflttra rr r1. r)00it ciorrcd and
;cq!cnlcd thc salicllic acld bindirrg pr.tein \\hi.h e\|ibirld.rraksc
a.d\il\ Thc\ also rcpr:rrted [l]al lhe aciion ot_ salicllic aiid irr
s\slemic a(.quxeJ re\istance ir obtai|ed b) clc\arcd a,rounts ofll,0,,.. n h r,. rl,. .J,:,.n.J J.ji\ \ \f ,ri . , , , , | , . . . , 

. , , . . .. 4.,
rcp.rlrd thal :alic;.lic ar-ir1 irrJuccs rnan\ prorcins sirrilar in natur. ro
th. palhr,.gcncsij rclatcd prorcins( I-inlhorst. I99I ).

Ihc L:sc ol ulicylic acid 1o indu!( s.vslemic a.(luircd lcsi:Lancc
,'as preriousl) u:ed ro mininrizc rhe j ti.ri.rr *irh rrranr dlsea::s
.\l , rr' .,,.i h.<..r:.i. o0 LrJF .. !-o. \ .1(, a .. i.n .
lbrrhinr- i9q8: Bhatl .. dl 1t)!)9i \hou talcL_. :00ir Ilrnilecp.tnd
.liribh.rle. :00: xnd,liria .100:il

ll iecmr lronr ih,- prir:d1r rcsuhs ther al! Lh! tllr!c n_,n.d
fii.ro!utr'LeD1i hare a roie in urcrc.isrng liie reslsl.nce lo lhc dis:]s..
r-hirh plal e r,-rie inlh.erz\ore: foural!.]n ind rh.ir x,jrir ir\ inlhe
f rrr r,lur .r: ,r.r- .-r.,'ll, r. ..dtr.. \I/\rn-.Jr( .t .J:..r,rc, ti.\
.rrr.l rr.rLr.h..k.. , 1,,,,: .. 1:r,,, oa,,rrJtr.i r 1, uuJ l.r.
Nloreo!cr, Yan-.shcnko ( I 962) reported ilraL InicronLrtIienr5 afliirlcd
o\jdali!,i'reduclion st lrom in thc plani.

'1
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