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The Effects of Benzyladenine Applications on Branching of ‘Mondial Gala’ Apple Nursery
Trees on MM.106 in the First Year Growth
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ABSTRACT: Mondial Gala apples grafted on MM.106 rootstocksedtep vigorous nursery trees with only a few
poorly distributed long laterals, which is undebieafor early fruiting. Nursery trees of Mondial i&d MM.106
were sprayed with 0, 200 or 400 m§ of 6-benzyladenine (BA) in order to improve lateshoot formation. BA
spraying began in mid-June when the growing sciomots were 60-65 cm above the bud union, and #gtive
growing scion shoots with leaves were sprayed 13,24 or 5 times at 3-day interval. The BA treattsen
significantly increased the total number and ttgabth of laterals per tree compared with the atée trees. The
average length and diameters of laterals wereadfsated by the BA treatments. BA treated treesgigdificantly
wider crotch angles. Two or three sprays of 200IThBA seemed sufficient to form at least four vigordaterals
(30-50 cm) and two medium growth laterals (10—30 with wider crotch angles.
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Benziladenin Uygulamalarinin MM.106 Uzerine Aili Mondial Gala Elma Fidanlarinin ilk Gelisme Yilindaki
Dallanmasi Uzerine Etkileri

OZET: Mondial Gala elma ggdinin MM.106 anacinagli fidanlari kuvvetli gelien ve iyi dgilim gostermeyen bir
iki adet yan dal olgturmaktadir. Bu 6zellik, fidanlarin erken sfja meyveye yatmasini gugtemektedir. Bu
aragtirmada MM.106 Uzerinesdanan Mondial Gala elma fidanlarinin yan dalsalmunu iyilestirmek amaciyla
fidanhktaki gl bitkilere 0, 200 ve 400 mg/l 6-benziladenin (Bpiskurtilmigttr. BA uygulamasi haziran ayinin
ortasinda @ sirgunleri & yerinden 60-65 cm kadar uzgddénemden bgayarak aktif buylyen sirginlere ve
yapraklara puskirtmgeklinde 3’er giin araliklarla 1,2,3,4 ya da 5 kepilaistir. BA uygulanan fidanlarin toplam
yan dal sayisi ve toplam yan dal uz@uutanik uygulamasina gore 6nemli dlglide atimiBA uygulamalari
yapilan fidanlardaki yan dallarin ortalama uzgnlwe kalinlgl da daha fazla olmgtur. Ayrica, BA uygulanan
fidanlarda yan dallarin govde ile yaptacilarin daha gegioldugu belirlenmitir. Fidanlara iki ya da ¢ kez 200
mg/l BA puskurtilmesiyle, gegiacgiyla buytyen, 30-50 cm uzugilinda en az dort adet kuvvetli yan dal ile 2 adet
orta kuvvette yan dal elde edilebilgcanlagiimistir.

Anahtar kelimeler: Mondial Gala, MM.106. dallanma, 6-benziladenin, &lm

INTRODUCTION cultivars budded onto MM.106 rootstocks. Also, @me

Lateral branch development has been reported to Bsian countries, interest in MM.106 rootstocks has
beneficial for increasing the bearing surface and icontinued (Tareen et al., 2002). In these countiles
promoting early production in apple plantings (Qain main reasons for preferring semi-intensive plargingh
and Preston, 1978; Van Oosten, 19%rree and MM.106 rootstocks are the low establishment costs a
Rhodus, 1987Quinlan and Tobutt, 1990). Accordingly, easy management practices. A detailed economical
many nurseries routinely produce branched (featflereanalysis showed that semi-intensive apple plantmys
trees for dwarf apples. Despite this, semi-dwanblap MM.106 rootstocks could be commercially profitable
nursery trees (mainly on MM.106 rootstocks) ardl stiover a projected orchard lifetime of 25 years (8aoket
being grown as whips or poorly branched trees.uBual al., 1986), and semi-intensive apple growing was
practice in developing scaffold branches on ceffitader recommended as a profitable method of management fo
trees in semi-dwarf apples includes dormant heading commercial use (McKenzie and Rae, 1978).
planting with the removal of a few long feathers. MM.106 rootstocks make productive trees on
However, it has been reported (Ferree, 19813t relatively poor soils because of their vigorousvgio
dormant heading of one-year-old wood often stinegdat (Tukey, 1983).Gala apples are also quite vigorous
the uppermost few buds to develop into vigorousréds. (Walsh and Thompson, 1990). Thigeludes the Mondial
This, in turn, decreases the potential fruitingagieifving  Gala scion, which is increasing in popularity. Thtie
and Forshey, 1976) and also delays frui(i@gellette et resulting combination of Mondial Gala and MM.106
al., 1996). constitutes rather vigorous nursery trees with @nfew

Contrary to the trend to intensively planted apples poorly distributed long feathers, which is undddiafor
M.9 rootstocks, many Turkish growers are contindimg early production. Therefore, improvement in the
establish semi-intensive apple plantings with newedsranching of this scion-rootstock combination isched.
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Various chemicals have been used to obtain wellntreated (control) trees were sprayed with onljewat
branched trees at the nursery level or to improveach spraying. In the experiment, each plot costbief
branching in young trees (Baldini et al., 1973; C¢etl 15 plants with three replications (45 trees in each
al., 1985; Greene and Autio, 1990; Quinlan and Tpbu combination) in randomized blocks.

1990). Although it is well known that BA alone or a

combination of BA and gibberelic acid (GA) increase Data collection. At the end of the growing season,
the sylleptic branching of apple shoots, the apfibted  the current season's lateral shoots were dividedfaur
method and concentration of the chemicals are tftouggroups: 30-50 cm, 10-30 cm, 5-10 cm, and < 5 cm.
to be important for obtaining the desired physiaaj The following measurements were taken: number,
effect in various fruit trees (Childers et al., 599 length and diameter of laterals, lateral anglesnftbe
Hrotko et al. (1996) reported a positive effect ofrertical using a protractor, tree heights frombielding
repeated BA treatments on stimulating branching ipoint, and stem diameters at 20 cm above the bimhun
one-year-old Idared / M.26 nursery trees. Data were statistically analyzed, and treatmentnsiea

The objective of this study was to investigate thevere separated using the least significant diffeeeiest
effect of two concentrations of 6-benzyladeninehwit (P < 0.05). Means and SDs are presented in the tables.
repeated treatments on the branching of Mondiah Gal

MM.106 apple nursery trees. RESULTS
BA treatments significantly increased the total
MATERIAL and METHOD number of lateral shoots per tree compared with the

The experiment was carried out at a commerciaintreated trees (control) when measured after fedbf
apple nursery, near Kahramanmg@aRrovince, Turkey, (Table 1). While the total number of lateral shopés
that was established on a loamy soil with 1.5% wiga tree was 2.8 in the control, it changed betweenadd
material content. The location of the nursery wa&68' 9.3 with the BA 200« 1-2 sprays, and between 6.3 and
north latitude and 3%6' east longitude, with an altitude7.1 with the BA 400x 3-5 sprays, which were
of 640 m. The annual precipitation on average der statistically in the same group. Although the numtie
years was 600 mm, and the average monthlgterals with the BA 406x 1-2 sprays was statistically
temperatures during BA sprayings were 255in June lower (4.2 and 4.7) than that of all other BA spay
and 29.1°C in July. No rainfall occurred during thewas still significantly higher than the control. $pite
summer and autumn months. not being statistically significant, repeated BAragfs

Plant material. Well-developed MM.106 rootstocks tended to form more laterals per tree than didlsiBg
(10-12 mm diameter) were T-budded with ‘Mondialsprays at both concentrations. Apparently, the BA
Gala’ apple scions in September 2002. They were th&reatments induced more buds to burst and develop i
dormant-headed to induce scion shoot growth in midateral shoots compared with the control trees. BAe
March 2003 at just above the budding point, whigsw treatments also influenced the number of lateras p
15 cm above the soil line. The nursery trees wérerB  length class. In all BA treated trees, the numbkr o
within each row and 90 cm apart between rows. Plolgterals 30-50 cm in length were significantly geea
were furrow-irrigated and trees received standarihan that of the control. In this length class, thean
nursery practices. The nursery trees were homogengwmber of laterals per tree with BA sprays rangedf
in growth because of the careful nursery practiced. 3.4 to 5.2 compared with the control trees (1.8).
After the occurrence of lateral shoots, trees rexki Similarly, the mean number of laterals in the 1080
adequate foliar fertilization (containing macros-ZB length class was significantly increased by the BA
20 and Fe) three times at 20-day interval to suppew treatments (between 1.8 and 2.7) compared with the
growth. The apple trees dropped their leaves in- midontrol (0.9). An exception was with BA 400 1-2
December. sprays. The number of 5-10 cm laterals with the BA

BA treatments. The BA concentrations used were 0200 sprays was also greater than with the BA 408ysp
200 and 400 mg, and they were first applied on 15or the control trees. The number of laterals < 5with
June 2003, when the growing scion shoots were 60—€i% BA 200x 1-4 sprays was statistically different from
cm above the bud union. Applications were continueghe BA 200x 5 and the BA 400< 1 sprays, and no
with repeated sprayings at 3-day interval for ugite laterals were formed in this class with repeated48Q
occasions (Table 1). BA was applied to the nurt@®s sprays. The latter two results may indicate thatldhver
in distilled water with the addition of Tween 20 as concentration of BA (200 mg?) was more effective in
non-ionic surfactant (Hrotko et al., 1996). The @pRO increasing overall lateral shoot formation than the
cm of actively growing scion shoots with leaves averhigher concentration of BA (400 mg")l in Mondial
sprayed with atomizer-type hand sprayers (Codyl.et aGala / MM.106 nursery trees.

1985), and each tree received 25 ml solution. The
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Table 1. Effect of BA treatments on lateral shaotrfation of Mondial Gala / MM.106 nursery trées.

Total lateral Number of laterals per length class / tree
BA concentrations  shoot number
(mg I / tree 30<-50 cm 10<-30 cm 5-10 cm <5cm

and applications”
Untreated control 28+ 05c 1.8+04b 0.9+0.2b 0.1+0.1b -
BA 200 x 1 spray 80+ 21a 34+x15a 1Bka 20+0.2a 0.8+0.2a
BA 200 x 2 sprays 9.3+34a 46+10a 2. 72 14+£0.1a 0.6+0.3a
BA 200 x 3 sprays 9.0+ 25a 45+12a 2.52td 1.3+£0.1a 0.7+x0.1a
BA 200 x 4 sprays 9.2+26a 45+09a 2.01a. 19+03a 0.8+0.1a
BA 200 x 5 sprays 84+20a 49+10a 2.554. 09+0.1a 0.1+£0.1b
BA 400 x 1 spray 42+10b 36+05a 0.4%l0. 0.1+0.1b 0.1+0.2b
BA 400 x 2 sprays 47+10b 3.6+£0.7a 104ab - -
BA 400 x 3 sprays 6.3x16a 42+0.7a 1.8 0.3+£0.1b -
BA 400 x 4 sprays 71+18a 45+05a 1.9+ 0.6+£0.2b -
BA 400 x 5 sprays 70+19a 52+10a 1.83td. - -

? Data shown are means of 45 plants (15 plants witpBcations).
Y Repeated sprays were applied at 3-day intervatjregedfrom 15 June 2003.
*Mean separation within columns by least signifiddifferences aP < 0.05.

The total length of laterals per tree was greatlyesponsible for the increase in the total length of
increased with the BA treatments in Mondial Gala laterals.
MM.106 nursery trees (Table 2). The control hadtalt The average length of laterals per tree was also
lateral length of 114.8 cm but, for the BA treategks, affected by the BA treatments (Table 2). It wa€d4dm
this value was often about two or three times greatd in the control, whereas it was reduced by the BA 20
ranged from 220 to 409 cm (except for the BA40D 1, 2 and 3 sprays to 27.9, 31.0 and 33.5 cm,
spray). Although not statistically significant, tiietal respectively. Nevertheless, these lengths can be
length of laterals per tree tended to increase witkufficient for well-feathered trees. The averageth of
repeated BA sprays compared with the single BAysprdhe laterals obtained with all other BA treatmedid
at both BA concentrations. The increased number abt differ statistically from the control.
laterals formed by BA treatments could have been

Table 2.Effect of BA treatments on the total and averagwtle, diameter and angle of crotches of the ladeval
Mondial Gala / MM.106 nursery treés.

BA concentrations Total length of  Average length  Diameter of Angle of lateral
(mg I laterals / tree of laterals/ tree laterals crotches
and applicationg (cm) (cm) @)
(cm)

Untreated control 114.8+26 Db 41.0+x25a 0.6+£0.1b 45+ 16 a
BA 200 x 1 spray 223.2+18a 279+44b AM1 a 70+12b
BA 200 x 2 sprays 288.3+10a 31.0+46b 1@ka 80+10b
BA 200 x 3 sprays 3015+13a 3351+46b 1@ka 85+20b
BA 200 x 4 sprays 409.4+17 a 445+ 4.7 a 0m2ta 78+12b
BA 200 x 5 sprays 367.2+13a 43.8+t4.2a 0®1+a 85+15b
BA 400 x 1 spray 176.4+19b 42.0+56a 1B2a 80+12b
BA 400 x 2 sprays 2204 +12 a 46.9+49a 1B2ta 75+8 b
BA 400 x 3 sprays 253.8+15a 403+34a 0061th 85+10b
BA 400 x 4 sprays 290.3+21a 409+3.1a 0061th 808 b
BA 400 x 5 sprays 301.0+20a 43.0+3.2a 0062th 80+8 b

? Data shown are means of 45 plants (15 plants withpBcations). Angle of lateral crotchs are meaff®ur well-
developed branches of 15 plants.
Y Repeated sprays were applied at 3-day intervatjregedfrom 15 June 2003.
*Mean separation within columns by least signifiadifferences aP < 0.05.

In general, the BA treatments increased the diametiateral crotches in the BA treated trees were ctasily
of laterals compared with the control. An exceptieas  wider (between 70and 88) than those of the control
the BA 400x 3-5 sprays. Apparently, these latter spraysees (45). Heights and stem diameters of BA treated
resulted in weaker laterals, even though they fora® trees were slightly lower than the control trees.

many laterals as the other BA treatments. The arafie However,

the difference was not commercially
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important (data not shown). Lateral shoots seemdxt increased number of laterals. In general, the aeera
well distributed along the stem at lower BAlength of laterals per tree with most BA treatments
concentrations (200 mg—) with fewer treatments good (over 40 cm). However, a reduction was detlecte

(personal observation). with BA 200 x 1-3 sprays, although they were still at
commercially acceptable levels. A reduction in riate
DISCUSSION length with BA was previously reported in young kpp

Even under good nursery management, maryees at a concentration of 500 mgBA (Miller, 1985).
cultivars of a wide range of fruit trees branchn Bradford pear lines, a reduction in shoot lengts
inadequately (Quinlan and Tobutt, 1990). Similathe most evident for BA at concentrations 450 mg T
Mondial Gala / MM.106 combination produces(Keever et al., 1993). In our study, the reductian
vigorous nursery trees with few laterals. Latetabat average lateral lengths with a low BA concentration
formation differs among cultivars with the apical(200 mg %) might have resulted from a relative increase
dominance of a given cultivar (Faust, 1989). Thén the total number of laterals per tree rathentfiam a
rootstock also seems to play an important rolehia t negative effect of BA. This was because there were
branching pattern of the scion (Warner, 1991). Hant such decreases with other BA treatments in thidystu
not only the rate, but also the type of active éujients The BA treatments significantly increased the drotc
of any chemical, could be important in the branghinangle of lateral shoots, a result that agrees eadtlier
process (Gastol and Poniedzialek, 2003). Thesdtsesueports (Cody et al., 1985; Keever et al., 1993)daVv
support the need for branch inducement researdm witrotch angles are important for forming strong usio
different scion cultivars, rootstocks and chemicls between limbs and the trunk. Lateral shoots seeimed
obtain well-feathered trees. be well distributed around and along the stem waelo

In the present study, the BA treatments werBA concentrations (200 mg’) with fewer treatments
significantly effective in stimulating lateral shoo (up to three sprays), whereas, at higher concémtrat
(feather) development in the Mondial Gala / MM.10§400 mg %) or more treatments (four or five sprays),
combination. Our results are in accordance wittrees seemed to have a bushy appearance withyclosel
previous work on apples conducted with BA orpaced laterals (personal observation). Costes and
Promalin (benzyladenine + GA&) sprays (Cody et al., Guédon (1989) demonstrated that sylleptic shoote we
1985; Hrotko et al., 1996). It was reported thateffect more numerous in the median zone of the stem od Gal
on branch numbers of equal concentrations of BA&lo apples compared with the other apple cultivars.sThi
and Promalin were similar, with speculation tha¢ thtendency might have been pronounced with a higher
small positive effect might not be sufficient tosfily — concentration or greater number of application®Af
the cost of Promalin (Cody et al., 1985). Therefthe and led to a more or less bushy appearance. The
choice of chemicals may be affected by their cost a exogenously applied BA might have influenced the
availability. internal BA contents of the buds, and thereby caitise

The total number of laterals per tree waslifferent branching pattern. This was noted by Cebk
considerably higher with the BA treatments thanhwital. (2001), who investigated the possible relatigm®f
the control trees, which confirmed the positiveeeffof  branching habit to cytokinin content of apple siscartd
the chemical. Although all BA treatments increatieel suggested that the differential distribution ofakyhin
number of laterals in the 30-50 cm length clas® (3), reflects the pattern of budburst and may be cdedla
the diameters of the laterals were different. BA 4B—  with growth habit.

5 sprays resulted in lower lateral diameters. These Additionally, it was reported that the vigour of a
weaker laterals may not be good for tree shapiny. Aparticular cultivarx rootstock combination, as well as
average of two laterals with a good diameter wése a vigour-inducing conditions such as a warmer climate
obtained in the 10-30 cm length class with BA 20@nd longer growing season might play a major role o
treatments. Therefore, BA 200 treatments can ke effectiveness of the branch inducing techniques
considered better for obtaining good laterals f@et (Ouellette et al., 1996). Accordingly, these fastoright
shaping than BA 400 treatments. Choosing a loWave contributed to much of the branching under our
concentration in this rootstock scion combination conditions. More recently, Gastol and Poniedzialek
would be beneficial in reducing chemical input(2003) stressed the important role of environmental
Repeated BA treatments tended to produce moralaterconditions in the induction of sylleptic shoot fation
than a single treatment, although the difference m@ with branching agents. So, they obtained different
statistically significant. Nevertheless, 2—3 spragsild branching results in a three-season study. Forlynan

be better for obtaining the desired effect of BAD20the present study, the nursery was located in fae
under nursery conditions because repeated BA spray®wing conditions that would not change much from
were reported to improve BA absorption in previougear by year, and both the scions and rootstocke we
studies (Wertheim and Estabrooks, 1994; Hrotkadl.et avigorous. Under favourable growing conditions,
1996). relatively vigorous growth of the rootstock-scion

Total length of laterals in BA sprayed trees wasombination in semi-dwarf apple nursery trees nasee
significantly increased, primarily because of ardateral branching with BA treatments. In our stutiyo
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or three sprays of BA at 200 mgih mid-June seemed Hrotko, K., Magyar, L., Buban, T. 1996mproved
to be sufficient to form at least four strong later(30— feathering by benzyladenine application on one-
50 cm) along with two medium-strength laterals @®— year-old ‘ldared’ apple trees. Hort. Sci.-Kerteszet
cm) in the Mondial Gala / MM.106 apple nursery sree Tudomany 28(3-4): 49-53.
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