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Apple production in Southern Brazil has been increasing along the past decade, and part of this was due to the
introduction of more adapted dwarfing rootstocks and consequently increased tree density in the orchards.
Looking for obtaining early beariness, the use of branched nursery trees is one of the most important steps. The
objective of this experiment was to determine the effects of plant the growth regulators Benzyladenine (BA),
Benzyladenine + Gibberellic acid,., Thidiazuron, and Cyclanilide + Ethephon on the induction of lateral

branches of ‘Maxi Gala’ apple trees at nursery, grafted on the rootstocks G.202, G.213, M.9, and Marubakaido
with M.9 interstem. The growth regulators Benzyladenine (BA), and Benzyladenine + Gibberellic acid, ., are
the most effective on improving tree’s architecture and on increasing the number of spurs, for all scion-rootstock
combinations tested. Plant growth regulators at elevated doses strongly interrupt apical dominance and sti-
mulate an elevated number of lateral branches with narrower crotch angles.

1. INTRODUCTION

Apple production in Southern Brazil have been increasing linearly
along the past decades (Anudrio Brasileiro da Maca, 2017), as new
technologies are implemented in the orchards. Recently, the introduc-
tion of the Geneva® rootstocks in commercial apple orchards allowed
reduced plant spacing and elevated densities. However, the increased
number of plants increases substantially the implementation costs,
making it necessary the orchard to be precocious targeting for quicker
revenues.

With the introduction of the European Apple Canker (Nectria galli-
gena) in Brazil, in the year of 2013 the Brazilian Ministery of
Agriculture, through the normative instruction n°20/2013, determined
that apple nurseries should be located at least 10 kilometers away from
orchards with incidence of the disease (MAPA, 2013). Although, the
nursery areas that fit this requirement are located in warm regions,
which make the apple trees to grow vigorously the main stem and re-
lease very few or no lateral branches. In the Southern Brazilian con-
ditions, nursery companies usually adopt protocols imported from tra-
ditional regions of apple production around the globe to use in local
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conditions with variable and eventually inconsistent results. Further-
more, little is known about the plant’s response (i.e. scion’s archi-
tecture, lateral branch emissions, etc.) and the interaction of plant
growth regulators with rootstocks, in such environmental conditions of
warmer weather and elevated annual precipitation, which substancially
increases the tree’s vigor.

Rootstocks affect directly the scion’s architecture, as a ‘Royal Gala’
scion grafted on ‘Royal Gala’ self-rooted stool, made the primary and
secondary scion shoots to be numerous and vigorous, whereas, the same
scion grafted on M.9 dwarfing rootstock had fewer lateral branches
(Hooijdonk et al., 2011). The management of apple trees at nursery is
basically focused on altering the dynamics of apical dominance, and so,
inducing lateral bud break. It can be reached by changing the balance of
endogenous auxin:cytokinin ratio to induce bud break (Bangerth et al.,
2000; Sazo and Robinson, 2011).

The plant growth regulators benziladenine (BA) alone or in com-
bination with gibberelin (GA4.7) sprayed oftentimes are vastly re-
ported to improve apple plant quality at nursery by increasing the
number and the length of lateral branches as well as the crotch angle,
especially on dwarfing rootstocks, that eventually induce few lateral
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Effects of the interaction of PGRs with doses on ‘Maxi Gala’ apple trees grafted on the rootstock G.202 for the variables branch angle, height of basal branch, plant

height, and spur number.

2015/2016 2016/2017
Branch Heightof  Plant Spur Branch Heightof  Plant Spur
angle(®) basal height  number angle(®) basal height  number
branch (cm) branch (cm)
(cm) (cm)
Dose . . Dose . .
(mlL) Benziladenine (mlL) Benziladenine
0 60 50 210 4 0 64 78 200 2
1250 59 39 206 44 2000 57 63 201 9
2500 53 35 216 7 3000 52 57 189 7
3750 49 34 201 9 4000 54 54 189 10
Linear * wE ns wE Linear bl kol ns HAE
Quadratic ns ns ns ns Quadratic ns ns ns ns
Dose Dose
(mlL) BA+GA447 (ml.L) BA+GA447
0 60 50 210 4 0 63 89 203 1
1250 59 44 198 4 2500 57 62 205 5
2500 57 44 197 6 5000 57 58 198 9
3750 55 37 200 9 7500 53 61 191 8
Linear ns ns ns * Linear K HAE ns HHE
Quadratic ns ns ns ns Quadratic ns Hok ns *
Dose Dose
Thidiazuron Cyclanilide+ethephon

(mL.L") (ml.L)
0 60 50 210 4 0 61 91 213 2
125 53 47 210 10 25 59 45 177 6
250 46 44 153 11 50 69 47 190 9
375 49 46 193 14 75 61 43 183 8
Linear ns ns ns HAE Linear ns * ns HAk
Quadratic ns ns ns ns Quadratic ns ns ns ns

"*Non-significant according to the polynomial orthogonal contrasts. *, **, and ***Significant for 5%, 1% and 0.1%, respectively.

branches on the scion (Volz et al., 1994). Cyclanilide is a chemical used
to reduce shoot growth, and in diminishing apical dominance by sti-
mulating lateral branch emissions on apple trees (Eflving and Visser,
2005). Cyclanilide induces the formation of lateral branches, but at
elevated rates it may reduce the apple plant’s height and shoot growth,
while BA or BA + GA,. , induce lateral branches without affecting the
growth rate (Robinson and Sazo, 2014).

Thidiazuron (TDZ) is a very powerful source of cytokinin that can
not be conjugated by the plant, and so it has been reported to be ef-
fective in inducing bud break even in more than seven-year dormant
buds (De Martin et al., 2017), and, in peach trees grown in warm cli-
mate, it was the most efective agent to induce bud break, especially
when combined with mineral oil (Erez et al., 2008).

It is still unknown the effects of plant growth regulators on the in-
duction of lateral branches at Southern Brazilian conditions. Thus, the
objective of this experiment was to determine the response of ‘Maxi
Gala’ apple trees grafted on the rootstocks G.202, G.213, M.9 and
Marubakaido with M.9 interstem treated with different doses of the
plant growth regulators benzyladenine, benzyladenine + gibberellic
acid4 47, thidiazuron, and cyclanilide + ethephon.

2. MATERIAL AND METHODS
2.1. Experimental site description

The experiment was carried out in the years of 2015/16 and 2016/
17 in a commercial nursery belonging to Randon Agrosilvopastoril
Ltda. (RASIP), located at the municipality of Esmeralda-RS with geo-
graphical coordinates of 27° 57’ 46” S 51° 06’ 14” W and and mean
elevation of 910 m above sea level.

According to the Koeppen climate classification, the climate of the
region is classified as Cfb: humid subtropical with mild summer. The
mean annual temperature is 16.1 °C, and the mean annual precipitation
is 1806 mm (Instituto de Pesquisas Agrondmicas, 1989).

The predominant soil in the region is a deep oxisol, well drained,
with heavy clay, highly acid, with high organic matter and exchange-
able aluminum (Streck et al., 2008).

2.2. Subject of study

At the nursery, it was selected uniform apple tree plants grafted on
four rootstocks: G.202, G.213, M.9 and Marubakaido with a 25 cm M.9
interstem. The Ilatter rootstock combination (Marubakaido/M.9
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Table 2
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Effects of the interaction of PGRs with doses on ‘Maxi Gala’ apple trees grafted on the rootstock G.213 for the variables branch angle, height of basal branch, plant

height, and spur number.

2015/2016 2016/2017
Branch Heightof  Plant Spur Branch Heightof  Plant Spur
angle(®) basal height number angle(®) basal height number
branch (cm) branch (cm)
(cm) (cm)
Dose . . Dose . .
(mlL) Benziladenine (mlL) Benziladenine
0 69 36 226 4 0 61 55 193 3
1250 56 32 225 4 2000 62 38 187 8
2500 55 32 208 4 3000 63 42 187 8
3750 55 27 207 7 4000 59 36 187 10
Linear o * K ns Linear ns * ns K
Quadratic ns ns ns ns Quadratic ns ns ns ns
Dose Dose
(mlL BA+GA447 (mlLY) BA+GA447
0 69 36 226 4 0 62 56 194 2
1250 59 36 227 2 2500 58 46 194 6
2500 58 30 216 5 5000 54 49 197 9
3750 54 28 211 5 7500 56 48 184 11
Linear wHE ns ns ns Linear * ns ns HHE
Quadratic ns ns ns ns Quadratic ns ns ns ns
Dose Dose
Thidiazuron Cyclanilide+ethephon
(mlLL") (mlL")
0 69 36 226 4 0 64 64 194 4
125 47 38 206 8 25 62 36 193
250 49 43 207 10 50 67 37 192 11
375 46 42 201 11 75 70 34 187 9
Linear *E ns ns ok Linear ns * ns *
Quadratic e ns ns ns Quadratic ns ns ns ns

"*Non-significant according to the polynomial orthogonal contrasts. *, **, and ***Significant for 5%, 1% and 0.1%, respectively.

interstem) is widely adopted in the apple croping systems in Brazil, as
an anternative to the rootstock M.7, used in the first orchards, back in
the 80’s, as it was highly susceptible to wooly apple aphids; then, a
feasible alternative was the use of Marubakaido rootstocks, which are
imune to wooly aphids, and Fusarium sp. root rot, but it is highly vig-
orous; Although, to overcome this, it was adopted the use of interstem
of 25 cm of M.9, to control scion vigor, and it is the most used rootstock
combination in the Brazilian apple orchards, even in replant areas, as
Marubakaido is tolerant to replant desease (Denardi, 2002). Prior to
planting, all the plant material remained thoughtout a period of 30 days
at 2 to 3°C in a moisturized refrigetation chamber to heal the graft
union, and to the material to reach enough chill hours for getting a
perfect bud break, as ‘Gala’ apples require 600 chill hours below 7.2 °C
(Petry et al., 2006).

In the first year, the planting occurred on September 279, 2015 at
the nursery field and was harvested in June 28™M, 2016 in a total of 332
days of development. On the second year the planting occurred in
August 29", 2016 and was harvest in July 17'", 2017 in a total of 325
days of development in the field. On both seasons the spacing among
plants was 30 cm between trees and 80 cm between rows.

2.3. Treatments

In the first year the treatments consisted of Benziladenine (BA) and
Benziladenine plus Giberellic acid (BA + GA4. ) both at the doses of 0,
250, 500 and 750 ml.L?, of the commercial product Maxcel’, and
Promalin®, respectively, and Thidiazuron (TDZ) at the doses of 0, 25, 50
and 75ml.L", of the commercial product Dropp’.

In the second year the treatments consisted of Benziladenine and
Benziladenine plus Giberellic acid (BA + GA4. ) at the doses of 0, 500,
1000 and 1500mlL", of the commercial product Maxcel’, and
Promalin’, respectively, and cyclanilide plus ethephon at the doses of 0,
12.5, 25 and 37.5ml.L" of the commercial product Finish®.

2.4. Proceedings

In the first season (2015/2016) the sprays begun when the plants
reached a mean height of 50 cm above the graft union, on Nov. 06",
2015. All treatments were sprayed every 14 days, and the PGRs were
applied five times on the trees throughout the season. The total amount
of Benziladenine, and BA + GA,4., sprayed throughout the season was
0, 1250, 2500 and 3750 ml/L, and thidiazuron was 0, 125, 250 and
375mlL™.



L. Rufato, et al.

Table 3

Scientia Horticulturae 253 (2019) 349-357

Effects of the interaction of PGRs with doses on ‘Maxi Gala’ apple trees grafted on the rootstock M.9 for the variables branch angle, height of basal branch, plant

height, and spur number.

2015/2016 2016/2017
Branch Heightof  Plant Spur Branch Heightof  Plant Spur
angle(®) basal height  number angle(®) basal height  number
branch (cm) branch (cm)
(cm) (cm)
Dose Dose
(mlL") Benziladenine (mlL") Benziladenine
0 0 58 158 1 0 62 43 158 4
1250 33 45 145 1 2000 65 45 151 6
2500 49 42 141 7 3000 62 45 148 5
3750 44 30 134 4000 62 43 154 9
Linear wE * ok ok Linear ns ns ns *
Quadratic ok ns ns ns Quadratic ns ns ns ns
Dose Dose
(mlL BA+GA447 (mlL BA+GA447
0 0 58 158 1 0 63 62 167 4
1250 51 46 164 4 2500 58 53 161 5
2500 46 38 155 4 5000 56 49 162 6
3750 50 30 157 5 7500 53 45 153 8
Linear wE * ns * Linear *E * ns HoHE
Quadratic HkE ns ns ns Quadratic ns ns ns ns
Dose Dose
(mlL) Thidiazuron (mlL) Cyclanilide+ethephon
0 0 58 158 1 0 60 80 159 3
125 18 68 164 5 25 71 38 151 7
250 20 48 140 8 50 69 42 151 9
375 32 49 149 12 75 63 35 147 8
Linear ok ns ns Hkx Linear ns wE ns *
Quadratic ns ns ns ns Quadratic N ki ns Hk

"*Non-significant according to the polynomial orthogonal contrasts. *, **, and ***Significant for 5%, 1% and 0.1%, respectively.

In the second season (2016,/2017) the sprays begun when the plants
reached a mean height of 60 cm above the graft union, on Nov. 25,
2016. All treatments were sprayed every 14 days, but at different times.
Benziladenine at the doses of 500 and 1000 ml.L" were sprayed four
times in a total of 2000 and 4000 ml.L*, respectively, and the dose of
1500 ml.L* was sprayed two times in a total of 3000 ml.L! throughout
the season. All doses of BA 4+ GA,4 . were sprayed five times in a total
of 0, 2500, 5000 and 7500 mL.L™ throughout the season. All doses of
cyclanilide plus ethephon were sprayed two times in a total of 0, 25, 50,
and 75ml.L" throughout the season.

In both years the sprays were done with a backpack CO,, pressurized
sprayer equipped with a full cone tip nozzle. During the application, it
was delivered a single spray directed to the apical meristem/leaves of
all treated plants.

2.5. Variables of the study

When the leaves abscised in both years, it was obtained tree height
by measureing the tree from the graft union to the apical meristem with
a retractable colunm ruler. For the number and length of lateral bran-
ches, it was only considered the ones with length above 10 cm, and the
emissions up to 10cm were classified as spurs. Branch angle was

measured by placing a 180° degree protractor at the union of the branck
with the trunk. The height of the first basal branch was considered as
the distance from the graft union until the first emission above it. Root
volume was determined only in 2015/2016, and it was obtained when
the nursery begun to harvest the plants. The root system of the plants
were immersed in a graduated bucket to determine the water dis-
placement and the volume of the root system.

2.6. Experimental design

The experimental design adopted was a split-split plot randomized
complete block with three replications of five plants per replicate. Each
year of the experiment was analysed independently as the treatments,
time of application, and doses were different in each of the two eval-
uated cropping seasons. In the first year, the main plot consisted of four
rootstocks (G.202, G.213, M.9, and Marubakaido with M.9 interstem).
The subplots (within each main plot) were the plant growth regulators
(Benzyladenine, BA + GA4.,, and Thidiazuron). The sub-sub plots
were the doses of each growth regulator: (BA: 0, 1250, 2500, and
3750 mlL"), (BA + GAs.7 0, 1250, 2500, and 3750mlL™"), and
(Thidiazuron: 0, 125, 250, and 375 ml.L™).

In the second year, the main plots consisted of four rootstocks (G.
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Effects the interaction of PGRs with doses on ‘Maxi Gala’ apple trees grafted on the rootstock Marubakaido with M.9 interstem for the variables branch angle, height

of basal branch, plant height, and spur number.

2015/2016 2016/2017
Branch Heightof  Plant Spur Branch Heightof  Plant Spur
angle(®) basal height  number angle(®) basal height  number
branch (cm) branch (cm)
(cm) (cm)
Dose Dose
(mlL) Benziladenine (mlL) Benziladenine
0 68 34 205 4 0 66 64 199 2
1250 60 43 205 5 2000 63 39 182 9
2500 55 33 207 9 3000 63 34 170 7
3750 47 27 161 9 4000 61 35 177 11
Linear Ak ns * bkl Linear ns bk wE HAk
Quadratic ns ns ns ns Quadratic ns ns ns ns
Dose Dose
(mlLY) BA+GA44 (ml.L BA+GA447
0 68 34 205 4 0 70 64 200 3
1250 60 46 196 2 2500 62 48 188 6
2500 55 39 205 4 5000 57 48 188 7
3750 49 42 197 6 7500 57 35 187 10
Linear i ns ns ns Linear Hok * ns ok
Quadratic ns ns ns ns Quadratic ns ns ns ns
Dose Dose
Thidiazuron Cyclanilide+ethephon

(ml.L™) (mlL™)
0 68 34 205 4 0 68 65 192 3
125 44 34 194 10 25 77 36 192 7
250 39 33 197 10 50 80 38 205 7
375 38 30 164 10 75 79 35 176 9
Linear ket ns * ns Linear = HE ns wE
Quadratic ns ns ns ns Quadratic ns H ns ns

"*Non-significant according to the polynomial orthogonal contrasts. *, **, and ***Significant for 5%, 1% and 0.1% of probability, respectively.

202, G.213, M.9, and Marubakaido with M.9 interstem). The subplots
were the plant growth regulators (Benzyladenine, BA + GA4,,, and
Cyclanilide + ethefon). The sub-sub plots were the doses of each
growth regulator: (BA: 0, 2000, 3000, and 4000 mlLLY), (BA 4+ GA4.
0, 2500, 5000, and 7500 ml.L"), and (Cyclanilide + Ethephon: 0, 25,
50, and 75 mlL™).

2.7. Statistical analysis

The results of the variables branch angle, height of first basal
branch, plant height and spur number were subjected to analysis of
variance through the F test (p < 0.05) and in case of significance the
treatments means were analyzed by orthogonal polinomial contrasts
(p = 0.05). For the variables branch number and branch length the data
were averaged and calculated the standart deviation to plot graphs,
independently for each year. All statistical analysis were performed
using SAS (SAS Institute, 2002).

3. RESULTS

There was a high significance of the interaction of PGRs with doses,
in the first season, in the variable branch crotch angle (p < 0.001). The

scions grafted on the rootstock G.202 was significantly affected by BA,
as with the increase of the doses, more upright branches were produced
(increasing doses made the branches more vertical), while the PGR TDZ
did not change the lateral branches crotch angle (Table 1). For the
scions grafted on the rootstock G.213 (Table 2) and Marubakaido/M.9
interstem (Table 4), all PGRs significantly affected branch angle fol-
lowing the same pattern of the scions grafted on G.202 (with the in-
crement of the PGR dose, the crotch angle got more upright). Surpris-
ingly, the scions grafted on M.9 had wider angles with all PGRs,
proportionally to the increase of the doses (Table 3).

In the second season, for the same variable, a significant interaction
of PGRs with doses was found (p < 0.001) with a variable response of
the scions for each rootstock. For scions grafted on G.202, there was a
linear angle decrease accordingly to dose of BA and BA + GA47,
whereas, cyclanilide + ethephon did not affect crotch angle (Table 1).
For the scions grafted on G.213 a linear angle decrease was found for
BA + GA,4. 7, while cyclanilide + ethephon did not affect branch angle
in all doses (Table 2). For the scions grafted on M.9, a linear angle
decrease was induced by BA + GA4., and a quadratic response was
induced by cyclanilide + ethephon with wider angles with the inter-
mediate doses and narrower angles at 375 ml.L*, which was the max-
imum dose (Table 3). For the scions grafted on Marubakaido/M.9, a
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Fig. 1. Effect of plant growth regulators and rates on branch number and mean branch length in the cropping season of 2015/2016. Bars = Mean’s standard
deviation. *Note: the rates presented at the x axis are the sum of each rate that was sprayed throughout the season. For BA: 250 ml.L? (five times), 500 mL.L™" (five
times), and 750 mL.L? (five times); for BA + GA4.,: 250 mLL"? (five times), 500 mL.L"! (five times), and 750 ml.L? (five times); and for TDZ: 25 mL.L™* (five times),

50 ml.L"? (five times), and 75 mlL.L? (five times).

linear angle decrease of the lateral branches was found with the higher
rate of BA + GA4., and a linear angle increase with cyclanilide +
ethephon (Table 4). TDZ decreased the crotch angle of the scions
grafted on the rootstock G.213 and Mar/M.9, while increased the
branch angle of the scions grafted on M.9.

On the variable height of the basal branch on the trunk, in the first
season, no effect of dose was found for the PGRs (p < 0.94), although
proceeding to the orthogonal polynomials it was found for the scions
grafted on G.202 and G.213 a linear behaviour only on BA, in which the
height of insertion was inversely proportional to the increment of doses
(Tables 1 and 2). For the scions grafted on M.9 and Marubakaido/M.9
interstem the doses did not differ from the untreated control (Tables 3
and 4).

In the second season a significant effect of the interaction of PGRs
with doses was found (p < 0.002) for the scions grafted on G.202 and
Marubakaido/M.9 interstem, in which all the growth regulators sig-
nificantly decreased the height of insertion of the basal branch with the
increment of the doses (Tables 1 and 4). The scions grafted on the
rootstock G.213 presented lower insertion with BA and cyclanilide +
ethephon (Table 2), and the scions grafted on the rootstock M.9 emitted

lower branches in the trunk with BA + GA4., and cyclanilide +
ethephon (Table 3).

As evidenced in Fig. 1, in the first season, for the scions grafted in all
rootstocks, the PGRs BA and BA + GA, 7 indeed increased the number
of branches proportionally to the doses. An inconstant response was
observed in the second year in the scions for each rootstock (Fig. 2). The
better results found for each scion versus rootstocks were: for M.9,
BA + GA4.7 at 5000 ml.L", for Marubakaido/M.9 BA at 4000 ml.L",
for G.202 and G.213 BA + GA,4., at 5000 mLL " and BA at 4000 ml.L™.

On both years, all PGRs indeed reduced branch length compared to
the untreated control even though with little visual difference.
Although, for commercial standards, which require the highest number
of branches with length around 20 cm, the only treatment that reached
the goal was BA at the highest dose on the scions grafted on the root-
stock M.9.

There was high significance on the interaction of PGRs with doses
(p < 0.0001) in the variable spur number (thorns) in both seasons. In
the scions grafted on the rootstocks G.202 and M.9 all PGRs sig-
nificantly enhanced the number of spurs in the nursery trees pro-
portionally to the increment of the doses (Tables 1 and 3). For the
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Fig. 2. Effect of plant growth regulators and rates on branch number and mean branch length in the cropping season of 2016/2017. Bars = Mean’s standard
deviation. *Note: the rates presented at the x axis are the sum of each rate that was sprayed throughout the season. For BA: 500 mlL.L? (four times), 1000 mL.L! (four
times) and 1500 mL.L™" (two times); for BA + GA4,,: 500 mLL? (five times), 1000 mLL ™" (five times) and 1500 mL.L" (five times); for cyclanilide + ethephon:
12.5ml.L? (twice), 25 mL.L " (twice) and 37.5mLL" (twice).

scions grafted on G.213, only TDZ increased spur number (Table 2). the scions grafted on M.9, BA and BA + GA,4. increased linearly the

And the scions grafted on the rootstock Marubakaido/M.9 interstem number of spurs, while cyclanilide + ethephon induced a quadratic

only BA enhanced the number of spurs accordingly to the dose response with a decrease at the highest dose (Table 3).

(Table 4). In both seasons no significant interaction was found for PGRs with
In the second season for the scions of all rootstocks, the increment of doses (p = 0.14 and p < 0.35, respectively) for the variable plant

the spur number was dependent on the dose; for scions grafted on height, although proceeding to the orthogonal polynomials, in the first

G.202, BA and cyclanilide + ethephon boosted linearly the number of season, the scions grafted on the rootstocks G.213 and M.9 were sig-
spurs, while for BA + GA4 . the response was quadratic (Table 1). For nificantly reduced by BA accordingly to the enhancement of the doses
the scions grafted on G.213 and Marubakaido/M.9 interstem, all the (Tables 2 and 3). For the scions grafted on Marubakaido/M.9, BA and
PGRs linearly incremented the number of spurs (Tables 2 and 4). For TDZ reduced plant height with the increment of dose (Table 4).
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Table 5
Effects the interaction of rootstocks with PGRs in ‘Maxi Gala’ apple trees for the
variable root volume in the season of 2015/2016.

PGRs Root volume (cm®)

G.202 G.213 Mar./M.9 M.9
BA 92 a° 78 ns 97 b 50 ns
BA + GA447 73 b 89 115a 51
TDZ 79 ab 80 89 b 50
Mean 81 82 100 50
C.V.(%)° 20.80

# Means followed by the same letter in a column are not different according
to the Fischer’s Protected LSD test (p < 0.05).
b Coefficient of variation.

In the second season, for the variable plant height, no significant
effect was found for the scions grafted on the rootstocks G.202, G.213
and M.9 with all growth regulators (Tables 1, 2 and 3). Although for the
scions grafted on Marubakaido/M.9 interstem, a significant linear
height reduction was induced by BA (Table 4).

There was significant effect of treatment on root volume (evaluated
only in the first season) (p < 0.02), on the interaction of rootstocks into
PGRs (Table 5). In the scions grafted on the rootstock G.202, the higher
root volume was achieved with benzyladenine, while for the scions
grafted on Marubakaido/M.9 interstem, the PGR BA + GA4. induced
a greater root volume, indicating that BA increased root growth at some
extent.

4. DISCUSSION

In this experiment, it was noticeable a trend of treatments that in-
duced a higher number of branches, also induced these branches to
have a narrower crotch angle. This pattern was also observed by Volz
et al. (1994), which in the apple cultivar ‘Fiesta’ grafted on the dwarfing
rootstock M.9, the PGR BA + GA, ., induced the emission of a higher
number of branches, but with the greater branch number, the crotch
angle got narrower (upright), and the plants grafted on MM106 (semi-
vigorous rootstock), the branches had a little wider crotch angle with
the PGRs. The same authors reported that the untreated control emitted
less branches, and so, with narrower crotch angle than the treated trees,
that had more branches with wider crotch angle. This phenomenon was
likely to be attributed to effective apical dominance interruption by the
PGRs, and so additional emission of lateral branches. In opposition to
this experiment, for ‘Scarletspur Delicious’ apple and sweet cherry,
cyclanilide at doses ranging from 50 to 200 mg.L! did not influence the
crotch angle, even though with an increment in the branch number
(Elfving and Visser, 2005; Elfving and Visser, 2006).

Johann (1983) found similar results, where benzyladenine + GA4 .7
induced more branches, but with narrower crotch angles as the dose of
the PGR was increased; in addition, the author reported that M&B 25-
105 (an auxin inhibitor similar to cyclanilide) increased the crotch
angle of apple plants at nursery, proportionally to the dose. Sazo and
Robinson (2011) reported that cyclanilide induced wider crotch angles
compared to BA, similarly to this experiment.

It can be noticed in this study that usually the PGRs thidiazuron and
cyclanilide + ethephon were the ones which induced the least numbers
of lateral branches, but with greater length. With the PGRs BA and
BA + GA4.7, the highest doses promoted higher number of branches
although with narrower crotch angles. As a strong apical dominance
may lead to wider angles of basal branches, and when these dominant
acropetal branches are removed, the ones that were “dominated” are
switched to a dominant position and get a more vertical conformation
(Ferree & Schupp, 2003).

Cyclanilide + ethephon did not affected scion’s branch angle on the
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rootstocks G.202, G.213, and slightly on M.9, so it might be due to a
stronger apical dominance of the scion’s leader, which may indicate
that the doses were insufficient to last longer and decrease the trunk’s
apical dominance, and so keeping lateral branches “dominated” and
then with wider crotch angles. It is important to point out that it was
not observed for the trees grafted on Marubakaido with M.9 interstem.
The response of the scion was dependant on the rootstock, for instance,
on the rootstock G.202 no effect was found, for G.213 and Marubakaido
with M.9 interstem the PGR promoted narrower crotch angles and, in
opposition, on the rootstock M.9 the PGR induced wider crotch angles.
It can be hypothesized that on M.9 the apical dominance of the scion is
stronger than on G.213 and Marubakaido with M.9 interstem.

In this experiment the reduction of branch angle, which is an in-
dicative of branch vigor, was responsive to cytokinin-like PGRs, as the
effect was inversely proportional to rate, that is, as the dose was in-
creased the angle had a tendency to be narrower, and it ought to be
explained by the findings of Bangerth et al. (2000), whereby the
dominance release of lateral branches caused by apical dominance and
hence the IAA basipolar flow, reduces the export of auxin from the
dominated buds by increasing the proportion of conjugated auxin; al-
though, when in the presence of locally applied exogenous cytokinins
there is a synergistic stimulus on the auxin biosynthesis and a domi-
nated bud may become even more dominant than the central leader due
to cytokinin stimulus on IAA biosynthesis at the branch’s apical mer-
istem, corroborating with our findings.

Dori¢ et al. (2015) reported that BA + GA,., promotes a longer
branching zone along the apple tree’s trunk rather than BA alone, and
this response is proportional to the rate at lower doses. Cyclanilide is
another potent agent is promoting bud break at the lowest buds, as is
has a good mobility in the plant inducing bud break at lower heights
(Sazo & Robinson, 2011), although in our experiment the PGR induced
similar or higher height of the basal branch in all rootstocks.

Both BA or BA + GA4., increased the number of branches in ‘Gala’
grafted on MM.106 (vigorous) or M.9 (dwarfing), although BA only
may produce more numerous lateral branches than associated with GA
(Volz et al., 1994). In our experiment even the smallest dose of BA,
BA + GA and cyclanilide + ethephon were effective to induce lateral
branching. A similar pattern was found by Sazo & Robinson (2011) with
BA, and Cyclanilide and Dori¢ et al. (2014) with BA, and GA4,, + BA
were effective in inducing more lateral branches, but not reducing the
length as the dose was increased.

These results agree with Volz et al (1994) in which BA and BA +
GA;.7 at 1g of active ingredient was effective to induce lateral
branching and reduce the length in ‘Gala’ grafted in both vigorous and
dwarfing rootstocks; in addition, GA sprays enhance the ability of in-
dividual branches to compete and stablish a stronger sink leading to
longer branches. Apical dominance is related with a strong auxin pro-
duction in the apex and downward transportation, inducing permanent
dormancy of lateral buds. Cyclanilide shrinks auxin production and
transport throughout the plant, favouring the emissions of lateral
branching at the dose of 25 mlL.L™" of nursery apple trees, although the
authors reported length reduction as the dose was enhanced (Elfving &
Visser, 2005; Elfving & Visser, 2006).

The source of cytokinins plays an important role in inducing bran-
ches and also the length, as in European pears, BA + GA4 ., was more
effective than TDZ + GA4, in inducing sylleptic shoots, and it was
expected that cytokinins alone play more important role in inducing
thorns and spines, but both TDZ and BA did no differ from the untreated
control, while GA4,, without the presence of any cytokinin greatly
induced the emission of thorns (Palmer et al., 2011).

Sylleptic shoots (shoots sprouted in the current year) is a capability
determined by the endogenous auxin:cytokinin ratio. The greater level
of auxin inhibits bud-break as it antagonizes the effects of the cytoki-
nins. Apple rootstocks play little role in influencing bud-break, but the
scion’s growth habit (more or less upright growth), as there are multiple
factors acting on size controlling capability and more importantly, on



L. Rufato, et al.

the endogenous hormone levels. In general, a self-rooted stool rootstock
is more invigorating than commercially available rootstocks, and it is
expected that those induce a greater apical dominance and few axillary
branches as it has higher AXN:CK ratio. The apical dominance can be
overcome by any agent capable of diminishing the AXN:CK ratio
(Tworkoski and Miller, 2007; Hooijdonk et al., 2011).

As the cytokinins were sprayed on the apical meristem and it an-
tagonizes endogenous auxin down flown to the root system, is tends to
increase the ratio of root produced cytokinins to the scion. At early
summer, the carbon partitioning of the apple tree priors the allocation
to the root growth, as at late summer the response is inverse, that is, the
carbon partitioning is mostly allocated to shoot growth. Hence, this
response is highly tailed with the endogenous hormone balance, where
the levels of cytokinins are higher at early spring as the levels of auxin is
low, and at late fall this pattern is switched (Hooijdonk et al., 2011;
Bangerth et al., 2000). In addition, the exogenous application of BA in
peaches induces root formation and expansion in the soil (Richards and
Rowe, 1977).

These results agree with Dori¢ et al. (2014) in witch both BA and
BA + GA, ., reduced tree height, specially at the more elevated rates.
These PGRs and also cyclanilide promote lateral branching when
sprayed multiple times throughout the season, as they promote a short-
term leader growth shortage, thus allowing the lateral buds to break
and forming branches; in many reports found on the literature, the use
of such PGRs promote a linear tree height decrease inversely propor-
tional to the dose applied, although this response may be different ac-
cording to the cultivar and weather conditions (Sazo & Robinson, 2011;
Robinson & Sazo, 2014).

Palmer et al. (2011) reported that cytokinins sprayed alone has a
stronger effect on reducing pear tree height, although GA4 . ; increases
tree height. This could be observed in the current experiment in the
rootstocks G.213 and M.9 in the first year and Mar./M.9 in both years,
where there was a linear tree height reduction promoted by BA alone
proportionally to the rate.

5. CONCLUSION

Scions grafted on different rootstocks behave differently to plant
growth regulators. ‘Maxi Gala’ grafted on the rootstocks G.202, M.9,
and Marubakaido with M.9 interstem develop more lateral branching,
and more spurs with sprays of benziladenine at the highest doses.

Scions grafted on the rootstock G.213 develop longer lateral
branching, and higher number of spurs without negatively affecting
tree height with the plant growth regulator benzyladenine +
gibberellic acid 4., at the highest doses.

Both benzyladenine and BA + GA,,, are effective and more reli-
able in temporarily interrupting apical dominance and inducing more
lateral branches. The higher the rate, the greater is the effect of inter-
rupting the trunk’s apical dominance and stimulating narrower crotch
angles of lateral branches. In contrast, thidiazuron and cyclanilide +
ethephon tend to induce less lateral branching, at the tested doses,
when compared to both benzyladenine or BA 4+ GA4y7.
Cyclanilide + ethephon at the tested doses is not effective in inter-
rupting the scion’s apical dominance on the rootstocks G.202 and
G.213, and in improving lateral branching. Whereas, thidiazuron pro-
motes mild apical dominance interruption on the scion grafted on
G.213 and Marubakaido with M.9 interstem and M.9.
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