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ABSTRACT

, Iuji. unn ano ,.rJdru "ppl. ,uhirarr Lrere .n.rrJuLed rrcm,j11"_jl: ptanreJ ir. 
.r 

rL clrerirnrnln, orrharo ,,r rt,e p.,n,oro;1
Lrcoi,rl14Ent. I d.ull\ L,f Agri.Jll-re. ( a.ru I nirer.r^. Uizj I he\ ur;\.peloti\ci) t,,r .t \edr, $'rhoul toq,,ing r.uir .prr,. ."rrnr;";;;; ;;:
{lpptnp. bending ano gi"Jrine, anJ Dac,obulraTot ,pp,, 

"on"o.,iultererr c,,rtbrtal.o \ ue.e tJ.ted r,n l-\.dr_old .hoot. tor.rrrnularru:I'le lomaltonol Inlll.prtr\un the.(culnar. iIrornlar,,nn sjLh {nni,pplc. I h< .JnrblreJ trcalmcnr.. jpecialh L;pp;,rc , ien.ling - c,roii.i' pp 
. 
ucr( .t!-lrl,ur)lh eflcctrrr ror produrrnp rruir ,oun Lhan .ingtiol,"'. ..113 apple lormLJ rhc hghe,r:i6nificanrnumbrrotspursper

irroL,l. lolloscd hl tuJr rnen Urin. rth;tc tsugaru cuh.rar iiru iherosesl tcnocnc) ln tllis respecr

. Di\lril'urion ut ti-trir.pu,.dto glhe jh,,or JitTereddccJrdinclo
'Jrc rrcaLnc t.and !hc cultj!ar,. I ither tippingor pp.. rrimulrred,pur
tormrlron al rh( tennrnal l-an. prrdl.ng cnlanced ir ar rhe ba.al pan Lur
ber'di,rg nimulareJ,rl ar rhc medium pan ol choor. C""r,;J.;;;;
tnpte or leEd comhrned rreatmenr.. tiuil (purs \.\ erc mainl\ formed rrthe rrrcriium pan in orin. rermjnat pa4 i; tuji and ,, b;;;;;;
Tsugaru shootr.

. Chenlical analysis revealed that higher conteots of total
carbohydratcs, CAi .atio, abscisic acid and indoieacetic acid. besides
low total nitrogcn. proreit and gibberellins may be in favour ofliuit
spurs fomration.
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Kqr wc.tls: ap es, endogenous hormones, pruning tredtments, spw
Jormation.

1, DITRODUCTION

lhree apple cultivars namely ,ruji, Orirl and Tsugaru
(Appendix) werc introduccd in Januaq 1996 from Japan through JapaD
Intemational Coopemtion Aeenc], (ilCA) and pianted ir the
e)iperimental orchard of the Pomolog], Department, Faculty of
Agrioulture. Cairo uni,,ersity. Giza. They arc the main apple cultivars
gro*n in Japan, Fuji (>50%.). Orin and Tsugaru (both abour Jo%)as
.ir<J h1 \err and sug.rama (2000). I re-\ arc budded on \4rflrha-Kaido
(Malus pluniJolia)- a semivigorous ro vigorous, the main rootstock in
Japan.

Fuji fruits can be storcd in controlled atmosphere ye3r-roufld
(good storage capacity),mcanwhile Tsugaru fiuits are of short life
(Jongpil e, d/.. 1999). Hol,rever. uDder ol]r experimental conditions
eitbcr ofthe thrce cultivars failed to form fruil spurs a d hence bore no
fruits through 4 years alicr planting.

Dadu and Donika (1998) reco.ded that early sumrer pruning of
]oung apple trces is traditionally peformed to stimulate thc production
ol fruiting spum on older \rood. Baolin e/ aL. f1999) lound thar
o?$i1! rhe branchc, ol 4-)ear-old I Lj,dpplerree,roanangleof-0
80'in early April and girdling them at rhe base with a width of I/10 of
hase dla[]cler greath, incrcasc the number offruit spurs and fiuit set,
lrhile lnlr.ated \isorous b.anches bore no fruit. Fenee and Schmid
I l9g9l adoed rhat bendire vigorous larerals resulted in morc flowe.ing
!:l].i rhari headrng tor rhe apple.ultl\ars. Gala and Red Cort.

\juB\'.\ i:0i)0) conclucied that eall) summer pruning of
spples il5llllaanlil *e&(en! rn.oulh end can he recommended as an
e\tlaxle n.asure irr auhivat-s ha\ins !igorous rene\ral grol1th. e.g.,-. .... ." "r L -i:atl.\. .r -/...lqo8r\-o\\ed rhal girdlinB led to
,lep.iitirn .f e\ce:: asi.rjlates in rhe form of starch. initiation of
rh r .\'r"c.... ;r,_a:re d. ns ol the lea!e\ and ,limulated rhe
1:itiaaL-n aa Eeneftrr\.,-rs&is.

Tltalment oi pa.i.burazol ar i000 ppm on s_y€ar-old Fuji
arpk \\ i mosl efecrile iir increasing the nurnber offlowcrs than
.on!rol. Ho*e\er. the combinatr.n of heading and paolobufazol had

gr::i:
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grealer eifcct on rhe produclion of ftuiting spurs than cach alonc
(Feree and Schmid, (1999). Nickell(1982)ascribed the effect ofpprjr
to ils retardational acts bl reducing gibberellin production, therefore, it
can control thc vcgetatile gro*th.

The prescot investigation was caffied out to study the eflect of
some sunrmer pruning treatneDts and/or paclobutraz.rl ior fruiting spur
fomratioo on three newly introduced Japanese apple cultirars.

2. M-A.TERLALS -AND Mf,TITODS

Ihis investigation $as carricd ou1 during the two successive
scl1sons (1999-2000 and 2000 2001) at thc e:perimental orchard,
liacult) of Agricult[re, Cairo Universit)- Giza on 4"yea' old trees of
three Japanese apple cvs.,i.a. Fuji, Orin and l sugaru i1 addition to
Anna cr. each grown on Malus rootslock. Thc irces \lcre plturted at 3x4
mcters i cla) loa y soil. trained as opcn vasc shapc system and *,erc
lnoslll- similar ifl glowth. fhree sunrmc. pruning reatmeots (tjpping of
0.5-l cn. bending al 70-E0' and girdling b] 1.0crnring)andspra)ing
u,ith pacloburrazol (pp$.) at 1000 ppn on 15"'Ju1y, in addition to
corrrbinations betu'een them besides urtreated cont.ol trees.

'fhree lrees, representing three replicates, $,ere used for each

reatment. For each season. nine 2-1ear-old shoots rvere lahcllcdper
rree on 15'' Jul]..

Percentagc ol spur fbmation on the selccted shoots as \cll as

their disrribution on shoot parts (ienninal. medium and basal) *cre
determined at the cnd olthe grorving season (i5'/' December).

i\{ethanoljc extracts (Diaz and Ma(in, 1972) oflresh samples
of spurs or buds plus nodal tissues all along the shoors ofthe tetra
combired t.eatflenr (tipping +bendingr girdling. pp.rj) end control
respecti\.ei] *ere prepared on the l5'1' of Deccmber for the
determination of endogcnous homroncs (abscisic acid. gibberelliIs and
indoleacetic acid) using Gas Liquid Chromolography (GI-C) as adopted
bl Davis el al. (1968).

In addition. total carboh)drates (Smith ?t at, 1956), toral
nitroge0 (Pregal, 19,15). CN ,atio and total protein $eri estimated in
dried samples.

Data were tabulated and statistically analyzed according to the
complete block design ( Snedecor and Cochran, i972). Means were

I
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comFa.ed using \cw LSD \€hri a159,; telel f Walter and Duncan, 1969). The

i:,:i,,'- ". - I ar ron. (o ro ar.er.s bc..u-e ,or,c;g ro .n.i.,,.o'

3. RESULTS AND DISCI]SSION

3.1. Spur formation
3.1.1. Pcrcetrtage of spors p€r shoot

I)ara presenred in Iables I and2 and Figs. I and 2 reveat that coniroln( . o' rle rnr(e ne\t) inrroJ r.cd t.p.n. e.pote." rn,r. a: .",:," pr.,r.i,
\le.i,-$nir. !.r2 . ,. turr<o ...8 d lo,j-,",pLr.pe .hoo:,1L -.o .e^.,r:. r.\pec,i,e ) Ur ri e or,,.r rrnO. a., rrr-Lm. 

"s 
.',.ni_*.nLr.

i tre",eo ,he p.rcen rce ^i ,, ,t,- r,.","npt;.,;;.,-;j;i
slud). the ()mbined realments {e.e much more cfect;uein rtris concemtha,e,r\c. ol,he .inj,e r.ea F.n . LL mr .r o,ur r;)ir! r,.d.me.,t ri,_a j.L,ti!dE
i'*..:,1r"..,.r,,onour.dffe.r-enr,iDD.r: henonr gid;rt. pp L'qd. loirJq(J b\ .'J c.omh'ned rreancn., ,o-.Ji1i ;r", ,; ;i. r,lr pnr D(rdrne .;rot..;.r'(r,r.toinE ,erJur, Dp ,ind..c.rJin;ord.r

'labk (ll: rfirct ols0me uulmc.r! on sNr for*)ltion o/o pe. shoor otnertJ inlroduced
son with ,\nn, .DDlt (S!!$tr r
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Fig{l) : Control Fuji apple trees wirhout tbnniru fruit spErs.
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T.ble (2): Eft ct.of soDr€ trertmrnts oD 3pur forDrtion ./. per shoot of
tr.wly itrtrodured J.prncsc eppte cultivrn in comprrisor with

-u4-

2(m200r---.\ Cultivrrs
rreat ---".-

Orin ruji TsugrrB M€ar

Tipping 1.95 1 1.1 12.6 33.18 14.'7
!q4inc 5.7 t4.76 13.59 33.0 14.26
cirdling 8.49 14.s0 13.38 28.8 16.29
Pprl 4.47 9.54 16.5 20.16 12.66
Tipping + Bendins 28.5 35.73 24.33 51.15 36.57
I ippins + Girdling 27.18 31.4',7 24.33 54.27 35.81
Tipping + pp.. 28.8 36.0 20.M 49.5 33.59
Bendine + Cirdlins 31.38 44.49 23.85 49.83 37.39
Bending + DDln 3 i.5 43.59 i8.t: 58.56 33.4
Gbdling + pDh 28.98 4i.2 2t.39 49_71 3832
Tipping + Bending
+ cirdlins

56.s7 55.98 28.14 63.48 50.99

Tipping + pp333 ;
Bendina

52.98 64.59 3t.38 65.85 s3.7

Bendhg + pp]33 +
Gidlina

57.66 4.49 41.88 80.49 60.63

Bending + pp]31 +
Girdlina + TiDDinq

65.1 68.85 45.0 71.13 64.02

Control 0.0 0.0 0.0 29.A7 7.27
Mean 28.60 40.58 22.1 50.05

N.w L.S.D.t 0.05 fol
Tr..t : l.9E:t
Cv3:0.872
Tr.rt r cvt : O.5l I

- The.double combified rea[nenls gave less stimulatory effect on
yi lo-o:r: although they were significanttJ higherth;fie single
treatrnents. This trend was true for all the cultivars under investigatiln
in both seasons, Alma apple showed the trighest significant nun"bei oi
spurs per shoot followed by Fuji then Ornr, while isugaru formed Ore
Iowcst number ifr both seasons ofthe present trial.

^ .. lI::.^ fildinqs are in psralel witb those foutrd by D.du and
Dorika (199^E) 

^Baolin 
et al.. (1999), Ferce and Schnidilggg) and

llll::v'ev (2000) on diflerEnt appte cuttivaE. The effect oftippini and
bondrDg may be due to the co rcllitrg ofapicol dominance ptenomlol
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Le.. the inhibition of lateral bud gro\th b) auxin emanating from the
apical bud (Dcviin. i9l2). Nickell (1982) ascribed ihe effect ofppx:to
irs retardalional acts by gibberelliD production and hcnce govem
r.gelatile go$1h \4oreover. KondEtenko al a/.. (1998) showed that
girdling Ieads to deposition olexcess assimilates in the fomr of starch
and stlnrulales the initiation ofgeneraiive organs.

3.1.2. Distribution ofspurs ai shool parts
Spur lbrmation perceniagcs al the three shoot pans (tenniral.

median and basal) ofde foff apple cultr,vars uDder stud] as afLctcd b!
the treatments are presented ilr Tables 3 and 4. Generally the mean
\a1ues indicatc rhc hi-qhe,l significart percentage ofspur formation on
the median part of lhc shoot ir Orin and Anna apple cultivars, but it
[as at the terminal pan in Fujj and at both rcrminal and median pafls of
the \hoot in Tsugar cuhi\ar. Similarl). SungDo and Heejae (1999)
lound that Fuii applc produled hiErer percentage oitenrinalflo*.er
bnds than Jonagold cultivir. lhis trend $as ascertained in the telra
combined treatment (tippirg i bendine i girdiing + ppli) in all
culliva$ u dcr stud) as $ell as in the lriple combined treatments in ahe

Japarcsc cuhivars.
It is wo(h to nrelltion that single trcatments ,ad diflererlt

promising effects on ihe distribution oftiriting spurs alorlg the shoor of
Japanese apple cultivars under investigatioo. Eilhcr oftipping o. ppnr
stimulated spur tbnnation at thc termiral pan. meanwhile girdling
promoted il at $e basal part. but beflding eohanced spur produclion at
the median part. Oa the other side, all ahc single lreatments stimulated
spur lornntion onl) at the middle part olAnna shooB. Thjs diff'erence
ma! be due to the lact that Anna apple bears flo$ers on shoots and
spur-., $hile Japanese applc cullilars bear its flowers oriv on spurs

3.2. Chemical contents of buds and spurs
Buds plus noLial tissuet olcontrol and spurs oftetra combined

trearment (tipping - bending r girdling + pp.r:) \\ere analvzed lbr
determinatio ol total carbohldrales. njtroee.- C.,N ratio and protejn
(l.1bie. 5) as $ell as .ndogcnous gibberellins. abscisic acid and

indoleaoetic acid (Table. 6).
'lotal caiboh\drares and C,N rario were signillcantly increased

in spurs: mean*'hilo total nilrogen and lotal protein tended to deorease
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in -pur- ot thc rrcared nee. ol Jll applr culti!ars under stud) a
J..nDdr(d \irh bud. ot conrrol nee, Inthi.re5pe .Haoelrl.tl;all
found rhat paclobutrazol application to aeticirus appfc increasca teai
conlent ol chloroph]lls, starcb. carbohydrates und.otrbt" 

"u*u.. 
una

mo.r dmi,)o aJid.. but ndd Jiqle.ffeir on tolal prolein. !4;reo\cr,
Huarg e. dl., u995) on lour year-oltl apple cv. eki fuji trees
demonsrnted thar pacloburrzol treat rent increased photosylthetic rates
lrnd dn matrer accumulation in roots thar rhose oluntreated Eees.

Derermination of endogenous hormoDes (Table. 6) revealeili, .i!!1itj."rl .r-,.< i, .or r ro4l<n..t db\cir,c dnd rndoleacerrc tr:t.rd d l(,-e3.. r -.nD<-el.in.,n lh\ reaBd treesd..onrparJd$ith
rhose irl.buds of tl,e Lrnn.ear.d ones lconrrolj. Similarly. Niu c/a/.,
(1994) sh\rrcd rlral jeaf AB1 c,rnrenr of apple rrees was increased tluc
io paclobutrazol treannenr 3nd ihis \as concomirant \\ith the iocrease
of flo\,!er iniriation. The iigriticeni reduffiorr in gibbereiiins inthe
l'ruiling spurs due lo rhe ret.a ..,mbired rreahent undcr stud\ rhan
!egcrJfl\c buds u, c nrr^r r.... $.. r n.:-n r.e lno nc.,.r -\ldrin,rrnd Greerc , 08 r .d-.\ \'..nr . r dprle rha. eibbe;llir , rhib.r
llu\!(ri' ts. n boll .t-r. 

"ro o..( ,.d oto * ,d
. In conclusion. il appear.d lhat high rolal carbohydratcs, C^!

ratio. abscisic acid anc indoleacetic acid besicies lo*,aotal nifosen.
oroleir "ro qio .,( i r.. -"i Jd..,urr-<proouction ot FuilspLr.on the
Jrnrne.< dpp < . -l'r."-, I Lere..,re . rrre ucarmenl\ .hdr co.rld dri\e lh<
chemical conrenr in this direction may stimulate f.ormation ollruiting
spurs.
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