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Abstract. In 2014, an intensive multileader apple rootstock orchard trial was established
in Trento province, Northern Italy, using dwarf (‘M.9-T337’) and semidwarf rootstocks
(‘G.935’, ‘G.969’, and ‘M.116’) and ‘Gala’, ‘Golden Delicious’, and ‘Fuji’ as the scion
cultivars. Trees were trained to Biaxis (‘M.9-T337’) and Triaxis systems (‘G.935’,
‘G.969’, and ‘M.116’) with a tree density of 3175 trees and 2116 trees per hectare,
respectively, and with a uniform axis (leader) density of 6348/ha. Comparisons across
all training systems by cultivar system showed that after 6 years (2019), trees of ‘Fuji’
and ‘Golden Delicious’ on ‘M.116’ were the largest trees followed by ‘G.969’, ‘G.935’,
and ‘M.9-T337’.With ‘Gala’, trees on ‘G.969’ were of similar size as trees on ‘M.116’ and
‘G.935’. Trees of ‘Fuji’ on ‘G.935’ produced the highest yield followed by ‘G.969’,
‘M.116’, and ‘M.9-T337’. For ‘Gala’, trees on ‘M.116’ produced similarly as the ‘M.9-
T337’, whereas with ‘Golden Delicious’, ‘G.969’ and ‘G.935’ had higher yields than
‘M.9-T337’. When comparing production per ground surface area (hectare) ‘G935’ had
higher yield than ‘M.9-T337’ for all the cultivars in this trial. In addition, yield efficiency
of ‘Fuji’ trees on ‘G.935’ was similar or even higher than trees on ‘M.9-T337’. Rootstock
did not affect fruit size with ‘Fuji’. For Gala, fruit from ‘G.969’ were significantly larger
than those on ‘M.116’. ‘Golden Delicious’ on ‘G.969’ produced smaller fruit compared
with those on ‘G.935’. Fruit from trees on ‘M.9-T337’ had the lowest percentage of red
color with ‘Fuji’ and the highest with ‘Gala’.When yield and quality data were combined
to produce marketable yield, rootstock had a dramatic effect on the cumulative gross
crop value per hectare based on local farm gate values for each scion cultivar.

The implementation of dwarfing apple
rootstocks in apple orchards worldwide has
resulted in increased production efficiency,
reduction in input costs and the production of
higher quality apples (Robinson et al., 1991,

1997; Sansavini et al., 1981). Planar or two-
dimensional (2D) orchard systems combined
with dwarfing rootstocks are new compo-
nents of the economic evolution of apple
orchards that has occurred over past 50 years
(Gallardo and Brady, 2015). High-density ap-
ple orchards using the dwarf rootstock ‘M.9-
T337’ and other ‘M.9’ clones have become the
standard in the Trentino region of northern
Italy because of the ability of these rootstocks
to deliver an early and high cumulative yield.
The Trentino region was among the early
adopters (1970s) of dwarfed and high density
orchards and, in a sense, set the standard for
the rest of theworld in replacing older seedling
and semidwarf plantings resulting in a world-
wide increase in per hectare yield, fruit quality
and labor efficiency (Robinson, 2011).

Currently, ‘M.9’ plantings are already in
the third consecutive planting in Trentino and
in some areas, the new plantings are showing
significant signs of replant disease exempli-
fied by stunted, unproductive trees (Mazzola,
1998; Spath et al., 2015). This phenomenon
has been observed mainly in poor soil con-

ditions and in smaller orchards (typical of the
Trentino region), where growers are forced to
plant new trees in the same row (Dallabetta
et al., 2018). To compensate for the stunting
and loss of productivity per tree caused by
replant disease and ensure a quick return on
investment, many growers have increased
tree density in the past decade with a mini-
mum of a 4000 trees per hectare. This density
has been determined to obtain a sustainable
yield under replant conditions. An orchard’s
profitability is influenced by planting costs
(comprising in large part the cost of trees,
which is a function of tree density), the
productivity of the trees (greatly influenced
by the rootstock), the operating costs and the
value of the scion cultivar (DeMarree et al.,
2003). Several long-term studies suggest that
there is an optimal tree density for each
rootstock–scion combination (Adams et al.,
2018; Autio et al., 2017b; Robinson et al.,
2007) and in general terms, a density of 2500
to 3000 trees per hectare should be suitable to
obtain a profitable apple orchard, and plant-
ings with more than 3000 trees/ha represent
significant diminishing returns on invest-
ment. An alternative way to reduce the num-
ber of trees per planting and the investment
cost is to introduce new rootstock genotypes
with slightly higher vigor, tolerant to replant
disease and displaying similar or higher yield
efficiency as ‘M.9-T337’ (Reig et al., 2019b).
Rootstocks with slightly higher vigor could
be trained in multileader architecture, which,
for all practical purposes, would generate the
same number of ‘‘sun-capturing’’ stems as
individual trees planted at higher density.
This concept has evolved over the past 20
years and absolutely requires productive, yield-
efficient, precocious rootstocks (Palmer, 2011)
as one of the key elements in the orchard
puzzle to obtain sustainable economic returns
(Autio et al., 2017a). Multileader ‘‘bi-axis’’
trees on ‘M.9’ rootstock have been planted
commercially in Trentino since 2005 in high-
density apple orchards to facilitate technical
operations and mechanization (Dorigoni et al.,
2011). Orchard canopies featuring planar
multileader trees have been proposed as a
way to increase light interception and distri-
bution within the canopy, thereby leading to a
potential increase in yield (Tustin and van
Hooijdonk, 2016; van Hooijdonk et al., 2016).

New dwarfing apple rootstocks, tolerant
to biotic and abiotic stressors, with higher vigor
than ‘M.9-T337’, have been under trial at the
research Institute of EdmundMach Foundation
and trained to ‘‘multileader’’ systems with the
objective of using lower planting densities
while managing vigor by dividing it into mul-
tiple axes/stems. In this study, we evaluated
yield and fruit quality parameters of several
semidwarfing rootstock genotypes in an inten-
sive planting featuring a multileader system.

Materials and Methods

Site description, plant material, and
experimental design. In Spring 2014, an or-
chard trial was established in Maso delle Part
in the Trento province of Northern Italy (lat.
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46�11#18$ N, long. 11�06#11$ E), one of the
experimental farms of the Edmund Mach
Foundation, located at 210 m a.s.l. in the
Adige Valley. Soil was a sandy loam with a
pH of 7.7.

Scion varieties ‘Buckeye� Gala Sim-
mons’, ‘Fuji Kiku� Fubrax’, and ‘Golden
Delicious clone B’ were grafted in Aug.
2012 on four rootstock genotypes: two Mal-
ling series (‘M.9-T337’ and ‘M.116’) and
two Geneva series [‘Geneva� 935 (G.935)’
and ‘Geneva� 969 (G.969)’]. The Geneva�

rootstocks were propagated by micropropa-
gation, whereas the Malling stock series
were propagated by conventional stool bed
methods. The rootstocks ‘M.116’, ‘G.935’,
and ‘G.969’ were chip budded in Aug. 2012
using three or four dormant buds, and three
leaders were selected during the following
year to form a triaxis tree. M9-T337 was
budded in the same year by a different
nursery with two dormant buds using the
chip-budding technique to form a biaxis tree
(Bibaum�).

Feathered trees were delivered and
planted in Spring 2014 and spaced 1.00 m
(biaxis) and 1.50 m (triaxis) · 3.15 m, with a
tree density of 3175/ha and 2116/ha, respec-
tively (Fig. 1).

The experiment was arranged in separate
but contiguous orchard blocks for each cul-
tivar, and within each cultivar, each planting
was arranged as a randomized complete block
with three replications. For each cultivar ex-
periment four rootstocks were the treatment
and within each replicate, experimental units
consisted of four-tree units surrounded by two
guard trees (nondata) to minimize edge effects
caused by light competition. Each tree had all
the axes (leaders) trained at a distance of 50
cm from each other and trees were oriented
toward a North–South direction (Fig. 1).

Tree management. Trees were developed
by heading back the weaker leaders and
leaving the stronger ones unheaded at plant-
ing until they reached 3.3 to 3.5 m height.

Competitor shoots of the leaders were re-
moved annually. Lateral branches, larger
than half of the trunk diameter of the leaders
and/or limbs with a narrow crotch angle were
removed back to the trunk with an angled cut
to develop flatter replacement limbs. Each
year, one or two lateral branches in the biaxis
and two or three lateral branches in the triaxis
trees were removed. Lateral branches were
kept simple by removing sublaterals to create
a single axis for each branch and shortened to
50 to 60 cm by cutting to a sublateral. Tree
height was limited to 3.3 m by heading back
the leader or cutting the leader to a lateral
weak branch each year. Beginning in year 4,
trees were mechanically pruned in summer
(hedging and topping) when shoot growth
had 12 to 13 new leaves. All trees were man-
ually pruned during wintertime and managed
according to commercial practices for inte-
grated crop and pest management. Chemical
thinning strategies differed according to cul-
tivar and years and included applications of
ammonium thiosulfate (ATS), benzylade-
nine, naphthalene acetic acid (NAA), naph-
thalene acetamide (NAD), and ethephon
followed by manual thinning (Supplemental
Table 1). Trees were supported by a four-wire
trellis (3.0 m tall) with wires spaced 50 cm
apart and cement support poles.

Horticultural assessment. Trees were
evaluated for 6 years, from planting (2014)
until 2019. From the second year (2015)
onward, fruits were harvested and graded
using a Greefa color and size grading ma-
chine (Tricht, Netherlands) and assessed for
weight (grams), size (millimeters), and color
(% red). Trunk circumference was measured
each year at the end of the season 10 cm
above the point where the axes (main leaders)
were developed and used to calculate trunk
cross-sectional area (TCSA – cm2). Whole
tree TCSAs were obtained as a sum of all the
axes TCSAs; we used the final TCSA mea-
surement for all calculations. In 2017 (fourth
leaf) data were collected for tree canopy

volume by measuring tree height (70 cm
above graft union), tree depth and tree width
and expressed in cubic meters. Cumulative
yield (CY) per tree was calculated by adding
the yields obtained in the 2015–19 seasons.
Cumulative yield per ground surface area
(tons/hectare) was calculated by multiplying
tree yield by the number of trees per hectare
at the density trees were planted [biaxis ‘M.9-
T337’ – 1.00 · 3.15 m = 3175 trees/ha; triaxis
(‘G.935’, ‘G.969’, ‘M.116’) – 1.50 · 3.15 =
2116 trees/ha]. CY efficiency (CYE) was
calculated as the cumulative yield (kg/tree)
of 5 years (2015–19) divided by the last
TCSA (2019). Average fruit number (AFN),
weight (AFW) (grams), and color (%) refers
to the average over 5 years (2015–19). Eco-
nomic returns per hectare for each cultivar
were based on local average farm gate sale
values for years 2015–18 adjusted for size
and color category for each rootstock.

Statistical analysis. The statistical ana-
lyses were carried out using SAS JMP Pro 14
software (SAS Institute Inc., Cary, NC).
Separate analysis of variance (linear mixed
models) was used for each cultivar to deter-
mine the effects of rootstocks on the variables
of interest. The model was set up with root-
stock as a fixed effect and block as a random
effect. To control the number of false posi-
tives Tukey’s honestly significant difference
method was used to generate pairwise com-
parisons, at a = 0.05. The relationship be-
tween AFN and AFW and between AFN and
% red color was explored by performing a
series of linear regressions between the var-
iables for each rootstock within each cultivar
experiment.

Results and Discussion

Tree size. Rootstock genotype signifi-
cantly affected tree size as estimated using
TCSA (Tables 1 and 2). ‘Golden’, ‘Gala’, and
‘Fuji’ trees on ‘M.116’ produced the largest
trees, followed by trees on ‘G.969’, ‘G.935’,
and ‘M.9-T337’. The size of a compound
apple tree is influenced by the rootstock’s
inherent genetics and the interactions with
scion, soil, water, nutrients, canopy manage-
ment, diseases, and insects (Fazio et al.,
2014). Although the scion effects could not
be estimated in this experiment because they
were planted in different but contiguous or-
chard plots, the vigor of the varieties agreed
with the general known trends that describe
‘Fuji’ trees beingmore vigorous than ‘Golden’
and ‘Gala’. In these experiments ‘G.935’ was
statistically smaller than ‘G.969’ with scion
varieties ‘Fuji’ and ‘Golden’. A previous
field trial in Geneva, NY, featuring ‘Golden
Delicious’ scion did not show a statistical
difference between tree sizes on ‘G.935’ and
‘G.969’ (Russo et al., 2007). However, it did
confirm results that showed ‘G.935’ and
‘G.969’ produce larger tree size than ‘M.9’
with ‘Golden Delicious’, ‘Honeycrisp’, and
‘Fuji’ cultivars (Robinson et al., 2014). Al-
though ‘Gala’ trees grafted on ‘G.969’ were
not significantly different in tree size than
trees on ‘M.116’ and ‘G.935’ (Table 3), they

Fig. 1. Example of biaxis (‘M.9-T337’ right panel) and triaxis (‘G.935’ left panel) trees cropped in 2015
(second leaf). Planting located at the Edmund Mach Foundation experimental station of Maso delle
Part, Trentino, Italy.
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did rank similarly to the ‘Fuji’ and ‘Golden’
in this planting. This lack of clear mean
separation in ‘Gala’ may have occurred be-
cause of this scion’s inherent growth and
flowering properties (weaker and with no
biennial tendencies), which may partition
carbohydrates further toward fruit production
instead of vegetative growth. Similar obser-
vations are relevant with ‘Honeycrisp’ grown
on ‘G.969’ and ‘G.935’ (Robinson et al.,
2011a). Data collected on tree canopy vol-
ume (Fig. 2) showed as expected that trees
with three axis (leaders) were larger than
trees on ‘M.9-T337’ which had only two
leaders. However, when that value was ad-
justed by dividing by the number of leaders
(upper panel Fig. 2), it showed that canopy
volume values were very similar for ‘Fuji’,
perhaps with ‘G.935’ showing lesser vegeta-
tive growth overall. Adjusted canopy volume
for ‘Gala’ and ‘Golden’ was consistently
higher for ‘G.969’ and ‘M.116’ compared
with ‘G.935’ and ‘M.9’. Canopy volume is
largely influenced by rootstock (bearing and
dwarfing capacities) but is also affected by
planting density where the same rootstock–
scion combination planted at higher density
will be smaller than when planted at lower
density, likely due to light and root compe-

tition (Reig et al., 2020). However, when
considering leader volume, ‘G.935’ was
more similar to ‘M.9-T337’.

Yield. Cumulative yield per tree differed
significantly in all pairwise comparisons in
the ‘Fuji’ and ‘Gala’ experiments (Table 2)
except for the ‘M.9-T337’ contrast with
‘M.116’ with ‘Gala’. However, this was not
the case in the ‘Golden’ experiment where
CY/tree was significantly different in pair-
wise comparisons between ‘M.9-T337’ and
the other rootstocks where ‘M.9-T337’ al-
ways had the lowest yields. In contrast, trees
on ‘G.935’ had the highest CY/tree for all the
cultivars and significantly higher than trees
on ‘M.9-T337’, which corroborate results
observed in trials in the United States, in-
cluding NC-140 multisite trial featuring
‘Gala’, ‘Honeycrisp’, ‘Fuji’, and ‘Golden
Delicious’ (Autio et al., 2011; Chavez-
Gonzalez et al., 2011; Marini et al., 2009,
2014; Reig et al., 2018, 2019a; Wallis et al.,
2017).

Rootstock genotype had a significant ef-
fect on average fruit number per tree (AFN)
(Tables 1 and 2). With ‘Fuji’, trees on
‘G.935’ produced the highest AFN, followed
by trees on ‘G.969’, ‘M.116’, and ‘M.9-
T337’. This trend was similar in the ‘Gala’

and ‘Golden’ experiments, with ‘G.935’ be-
ing very similar to ‘G.969’ in ‘Golden’ and
‘M.116’ being similar to ‘M.9-T337’ in
‘Gala’. The average fruit number per tree
(per year) reflects management choices
such as thinning (performed uniformly in
all plots) and the ability of the rootstock to
provide enough nutrition to the canopy to
support flower and fruit development (Chun
et al., 2002; Fazio et al., 2020; Wunsche and
Ferguson, 2005). Furthermore, AFN is af-
fected by the rootstock ability to partition
carbon resources toward fruit production
instead of vegetative growth (influenced by
precocity and/or increase in flower density
per branch cross sectional area) (Stutte
et al., 1994), axillary bud development
and canopy renewal (absence of blind
wood) (Fazio and Robinson, 2008b; van
Hooijdonk et al., 2011), and influence on
return bloom (low biennial bearing) (Reig
et al., 2019b). All these may explain why
AFN per tree range was low in ‘Gala’ and
‘Golden’ for ‘M.9-T.337’ (Fig. 3). ‘G.935’
is well known to confer high precocity like
M.9-T337 (Reig et al., 2019a) and in the
nursery has shown higher potential for syl-
leptic branching than ‘M.9’ clones (Fazio
and Robinson, 2008a).

Table 1. Least squaremeans estimates and SE for yield component variables of adjacent rootstock trials planted in the Trentino, Italy, region in 2014 featuring three
scion varieties and four rootstocks after 5 years of evaluation.

Scion Rootstock

TCSA (cm2) Yield/tree (kg) AFN CYE (kg/cm2) Tons/ha

Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE

Fuji G.935 31.06 4.85 127.73 8.37 105.00 6.17 4.30 0.17 270.73 20.32
G.969 39.24 4.81 109.31 8.30 88.48 6.12 2.80 0.16 231.30 20.15
M.116 51.53 4.81 70.75 8.30 58.55 6.12 1.41 0.16 149.72 20.15
M.9-T337 18.49 4.85 54.17 8.37 44.36 6.17 2.92 0.17 171.84 20.32

Gala G.935 28.81 4.41 123.54 10.13 144.38 11.46 4.53 0.31 261.41 22.03
G.969 33.11 4.41 99.02 10.13 112.86 11.46 3.00 0.31 209.54 22.03
M.116 39.79 4.41 77.94 10.13 88.9 11.46 2.02 0.31 164.92 22.03
M.9-T337 14.13 4.46 63.37 10.25 73.48 11.61 4.66 0.31 200.01 22.28

Golden G.935 26.86 2.16 127.37 7.01 108.66 6.94 4.77 0.20 269.53 14.79
G.969 31.76 2.16 122.72 7.01 109.45 6.94 3.89 0.20 259.69 14.79
M.116 45.59 2.19 113.25 7.12 93.73 7.03 2.50 0.20 239.47 15.05
M.9-T337 13.89 2.16 72.98 7.01 63.46 6.94 5.35 0.20 231.71 14.79

TCSA = trunk cross sectional area; AFN = average fruit number per tree; CYE = cumulative yield efficiency.

Table 2. Pairwise least square means comparisons using Tukey’s honestly significant difference and comparison SE for yield component variables of adjacent
rootstock trials planted in the Trentino, Italy region in 2014 featuring three scion varieties and four rootstocks after five years of evaluation.

Comparison TCSA Yield/tree AFN CYE Tons/ha

Scion Rootstock -Rootstock Diff. SE Prob>jtj Diff. SE Prob>jtj Diff. SE Prob>jtj Diff. SE Prob>jtj Diff. SE Prob>jtj
Fuji G.935 G.969 –8.17 2.82 0.0295 18.43 4.94 0.0032 16.53 3.88 0.0007 1.50 0.26 <0.0001 39.43 12.13 0.012

G.935 M.116 –20.47 2.82 <0.0001 56.98 4.94 <0.0001 46.46 3.88 <0.0001 2.89 0.26 <0.0001 121.01 12.13 <0.0001
G.935 M.9-T337 12.57 2.88 0.0005 73.57 5.05 <0.0001 60.65 3.97 <0.0001 1.38 0.27 <0.0001 98.90 12.41 <0.0001
G.969 M.116 –12.29 2.75 0.0004 38.56 4.82 <0.0001 29.93 3.79 <0.0001 1.39 0.25 <0.0001 81.58 11.85 <0.0001
G.969 M.9-T337 20.74 2.82 <0.0001 55.14 4.94 <0.0001 44.12 3.88 <0.0001 –0.12 0.26 0.9644 59.46 12.13 <0.0001
M.116 M.9-T337 33.04 2.82 <0.0001 16.59 4.94 0.009 14.19 3.88 0.004 –1.51 0.26 <0.0001 –22.12 12.13 0.2774

Gala G.935 G.969 –4.30 3.11 0.5163 24.51 7.07 0.0066 31.52 8.55 0.0036 1.53 0.27 <0.0001 51.87 15.34 0.0083
G.935 M.116 –10.98 3.11 0.0055 45.60 7.07 <0.0001 55.48 8.55 <0.0001 2.51 0.27 <0.0001 96.50 15.34 <0.0001
G.935 M.9-T337 14.67 3.18 0.0002 60.17 7.24 <0.0001 70.90 8.75 <0.0001 –0.13 0.28 0.9617 61.41 15.70 0.0019
G.969 M.116 –6.68 3.11 0.1555 21.09 7.07 0.0239 23.97 8.55 0.0372 0.98 0.27 0.0041 44.62 15.34 0.0286
G.969 M.9-T337 18.98 3.18 <0.0001 35.66 7.24 <0.0001 39.38 8.75 0.0003 –1.66 0.28 <0.0001 9.54 15.70 0.9292
M.116 M.9-T337 25.66 3.18 <.00001 14.57 7.24 0.2001 15.41 8.75 0.3067 –2.64 0.28 <0.0001 –35.09 15.70 0.1309

Golden G.935 G.969 –4.91 1.51 0.0117 4.65 5.67 0.8443 –0.78 5.04 0.9986 0.89 0.26 0.007 9.84 12.86 0.8695
G.935 M.116 –18.73 1.54 <0.0001 14.13 5.80 0.0861 14.93 5.16 0.0298 2.27 0.26 <0.0001 30.06 13.16 0.1185
G.935 M.9-T337 12.97 1.51 <0.0001 54.39 5.67 <0.0001 45.20 5.04 <0.0001 –0.57 0.26 0.1326 37.82 12.86 0.0264
G.969 M.116 –13.82 1.54 <0.0001 9.48 5.80 0.3714 15.71 5.16 0.0203 1.38 0.26 <0.0001 20.22 13.16 0.4257
G.969 M.9-T337 17.87 1.51 <0.0001 49.74 5.67 <0.0001 45.98 5.04 <0.0001 –1.46 0.26 <0.0001 27.98 12.86 0.1469
M.116 M.9-T337 31.69 1.54 <0.0001 40.27 5.80 <0.0001 30.27 5.16 <0.0001 –2.85 0.26 <0.0001 7.76 13.16 0.9346

TCSA = trunk cross sectional area; AFN = average fruit number per tree; CYE = cumulative yield efficiency.
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Yield efficiency. CYE is a measure pro-
ductivity (kilograms of fruit) standardized by
tree size (TCSA). In all plantings, CYE was
significantly affected by rootstock. With
‘Fuji’, trees on ‘G.935’ had the highest
CYE, followed by trees on ‘M.9-T337’ and
‘G.969’ with trees on ‘M.116’ displaying the
lowest value (Tables 1 and 2). These results
agree with previous field trials in the United
States that found ‘G.935’ and ‘G.969’ to be
among the most efficient apple rootstocks
tested despite their large size compared with
‘M.9’ clones (Reig et al., 2018; Robinson
et al., 2011b, 2014). The ‘Gala’ and ‘Golden’
plantings showed similar CYE values with
‘G.935’ and ‘M.9-T337’, with ‘M.116’ al-
ways being the least efficient. These results
confirm results from other trials where apple

rootstock ‘G.935’ has been consistently iden-
tified as one of themost efficient rootstocks in
several on-farm trials and in the NC-140
multistate rootstock trials with cultivars in-
cluding ‘Red Delicious’, ‘Golden Delicious’,
‘Gala’, ‘Honeycrisp’, and ‘Fuji’ (Autio et al.,
2005; Marini et al., 2009, 2014; Reig et al.,
2018, 2019a, 2020; Wallis et al., 2017).

CY per hectare. Production of apples per
unit area of land is a useful estimate to gauge
the potential economic returns for a given set
of production combinations (scion, rootstock,
training system). The biggest significant dif-
ferences in cumulative tons/hectare were ob-
served in the ‘Fuji’ experiment where
‘G.935’ displayed the highest yield followed
by ‘G.969’, ‘M.9-T337’, and lastly ‘M.116’
(Tables 1 and 2). The ‘Gala’ planting also

showed ‘G.935’ as the highest yielder and
‘M.116’ as the lowest yielder with ‘M.9-
T337’ and ‘G.969’ in the middle with similar
yields. The ‘Golden’ planting instead showed
only statistically significant mean separation
between ‘G.935’ and ‘M.9-T337’ for cumu-
lative tons/hectare. When we designed the
experiment, we adjusted tree spacing to give
the same number of leaders (axes) per hectare
(50 cm apart within a row) to make uniform
the light interception potential of each system
based on principles described in the literature
(Green et al., 2001; Palmer, 2011; Robinson
et al., 1991; Wunsche and Lakso, 2000). The
lack of significant differences among root-
stock genotypes with ‘Golden’ and ‘Gala’
maybe be due to this initial adjustment and
the less vigorous growth habit of these two

Table 3. Least square means estimates and SE for fruit quality variables of adjacent rootstock trials planted in the Trentino, Italy, region in 2014 featuring three
scion varieties and four rootstocks after 5 years of evaluation.

AFW % <70 mm % 70–80 mm % >80 mm % Red color

Scion Rootstock Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE

Fuji G.935 242.82 6.67 1.89 0.52 18.87 2.87 79.24 3.20 59.04 3.09
G.969 245.82 6.61 1.79 0.51 18.36 2.81 79.83 3.14 64.50 3.05
M.116 236.32 6.61 2.94 0.51 23.25 2.81 73.80 3.14 65.10 3.05
M.9-T337 240.15 6.67 2.37 0.52 21.42 2.87 76.20 3.20 73.12 3.09

Gala G.935 173.95 1.90 17.54 1.67 68.37 2.20 14.07 1.79 90.54 0.97
G.969 180.59 1.90 11.93 1.67 67.15 2.20 20.91 1.79 90.64 0.97
M.116 173.02 1.90 19.73 1.67 63.90 2.20 16.36 1.79 93.34 0.97
M.9-T337 175.98 1.98 14.91 1.73 67.96 2.26 17.15 1.87 83.51 1.02

Golden G.935 232.50 2.92 3.32 0.78 14.09 1.26 82.57 1.73
G.969 220.47 2.92 3.77 0.78 19.00 1.26 77.21 1.73
M.116 236.29 3.02 1.03 0.81 13.08 1.32 85.88 1.79
M.9-T337 229.72 2.92 2.77 0.78 19.32 1.26 77.89 1.73

AFW = average fruit weight per tree; %<70 mm = percent of fruit under 70 mm in diameter; % 70–80 mm = percent of fruit between 70–80 mm in diameter;
% >80 mm = percent of fruit >70 mm in diameter.

Fig. 2. Mean tree volume (cubic meters) estimates for 2017 and volume estimates adjusted by number of leaders for each tree (mean/2 for biaxis trees and mean/3
for triaxis trees). Planting located at the Edmund Mach Foundation experimental station of Maso delle Part, Trentino, Italy.
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cultivars compared with ‘Fuji’. It needs to be
noted that ‘G.935’, ‘G.969’, and ‘M.116’
displayed different tree size potential in all
three varieties tested and yet were planted at
the same density of 2116 trees/ha. It is likely
that if the densities were adjusted slightly to
reflect measured tree size potential the root-
stocks would display more discernable dif-
ferences in their production potential per land
unit area for those varieties. It is also possible
that ‘G.935’ trained with only two leaders
and planted at a higher density could have
significantly increased its per hectare produc-
tion potential. Although this report displays
only the early life of an orchard (2015–19),
similar longer term research has shown that
in high-density systems, the early production
trends (first 5 years) are influenced by the
precocity potential of the rootstock, the ability
to quickly fill the two- or three-dimensional
‘‘space’’ allotted for each tree to capture light
energy and the capacity of the rootstock to
partition that energy into fruit production
(Reig et al., 2018, 2019a, 2019b, 2020). These
early trends often dictate the long-term pro-
ductivity potential of a rootstock–scion–sys-
tem combination.

Fruit quality. Two of the most important
fruit quality parameters valued by marketers
and common to most apple cultivars are fruit
size and red color (cultivar dependent). Other
parameters used in industry but not measured
in these experiments are firmness, soluble
solids, acidity, and external and internal dis-
orders. Rootstocks have been shown to influ-
ence all of these fruit quality parameters
(Fallahi et al., 2018; Fazio et al., 2018) as

they are an important conduit for nutrition,
hormone signaling, tree architecture, and
water relations (Adams et al., 2018; Lordan
et al., 2017).

No differences were found in AFW be-
tween the rootstock genotypes in ‘Fuji’ cul-
tivar (Tables 3 and 4). This is probably
because ‘Fuji’ normally produces large fruit
and trees were thinned to less than the critical
crop-load that would have teased out a po-
tential rootstock effect as evidenced by the
lack of significant regression effects of AFW
to AFN (Fig. 3). Significant rootstock effects
on ‘Fuji’ fruit size have been detected in
several long-term experiments (Autio et al.,
2011; Reig et al., 2019b), perhaps indicating
that the trees in this experiment were thinned
to maximize overall size and avoid biennial
bearing tendencies of this cultivar thus not
reaching the limiting competition among
fruit that causes size to drop at higher crop
loads.

In the ‘Gala’ experiment, fruits from
‘G.969’ were significantly larger than those
on ‘M.116’ (Tables 3 and 4). In addition,
trees on ‘G.969’ produced a higher percent-
age of fruits over 80 mm diameter compared
with trees on ‘G.935’ due to the higher AFN
produced by trees on ‘G.935’. Fruit from
Geneva� rootstocks and ‘M.9-T337’ had
similar AFW, despite producing a signifi-
cantly higher AFN and CY. The smaller
variation in AFN for ‘M.9-T337’ reflects
the overall growth potential of ‘Gala’ on that
rootstock and likely due to the number fruit-
ing buds available to set fruit. Comparing the
Geneva� rootstocks, ‘G.935’ was able to

produce similar size fruit than ‘G.969’ even
though it produced a significant higher AFN
and CY (Tables 3 and 4). Interestingly in this
experiment the regression of AFW on AFN
showed a significant negative trend for ‘G.969’
rootstock (Fig. 3) observed in most ‘Gala’ crop
load experiments (Robinson et al., 2016;
Rufato et al., 2017; Yildirim et al., 2016).

In the ‘Golden’ experiment, trees on
‘G.969’ produced smaller fruit size compared
with those on ‘G.935’ despite a similar AFN
and CY. This was confirmed by the size class
distribution where trees on ‘G.969’ had the
lowest percentage of fruit in the largest size
class compared with fruit from ‘M.116’
(Tables 3 and 4). Fruit from ‘M.116’ and
‘M.9-T337’ produced larger fruit because
crop load was lower than the Geneva� trees
(Table 4). Comparing the two Malling root-
stocks, ‘M.116’ had a higher percentage in
the largest fruit size class due to the lower
CYE. Even though trees on ‘G.935’ and
‘M.9-T337’ had similar AFW, the fruit size
distribution in the different classes was dif-
ferent (Tables 3 and 4). Trees on ‘M.9-T337’
had a significantly higher percentage of fruit
in the middle class (70–80 mm diameter) and
lower in the upper class (>80 mm) despite
being not statistically different compared
with trees on ‘G.935’. Regression of AFW
on AFN in the ‘Golden’ experiment was not
significant (Fig. 3) perhaps for the same
reasons indicated for the ‘Fuji’ experiment.
The smaller variation in AFN for ‘M.9-T337’
reflects the overall growth potential of
‘Golden’ on that rootstock and likely due to
the number fruiting buds available to set fruit.

Fig. 3. Separate linear regression figures for each of the tree experiments (‘Fuji’, ‘Gala’, and ‘Golden’) by rootstock. Shaded areas represent 95% confidence
intervals for the regression. Planting located at the Edmund Mach Foundation experimental station of Maso delle Part, Trentino, Italy.
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Fruit red color is an important parameter
when sorting ‘Fuji’ and ‘Gala’ apples where
a higher percentage of red color means
better returns for the grower (Tables 3 and
4). Both the ‘Fuji’ and the ‘Gala’ experi-
ments showed significant rootstock effects
on percent red color. Fruit from ‘Fuji’ on
‘M.9-T337’ had the highest red color com-
pared with the other rootstocks. Conversely,
Gala on ‘M.9-T337’ had the lowest percent-
age of fruit red color. Fruit red color can be

affected by many variables, including crop
load, water, nutrition, light exposure, matu-
rity, temperature, distribution in the tree
canopy (Fallahi et al., 2011; Musacchi and
Serra, 2018; Neilsen and Neilsen, 2006;
Reig et al., 2019a; Serra et al., 2016), which
can all be affected in part by rootstock
genotype. This is evidenced by the relation-
ships highlighted in Fig. 4, which shows one
of the most impactful effects on fruit color is
average fruit number per tree (AFN), but

that relationship is in fact influenced by
rootstock genotype.

Gross income. Rootstocks in the context
of scion cultivar and training systems can
have a significant effect on gross farm gate
returns (Lordan et al., 2019a, 2019b; Robin-
son, 2008; Robinson et al., 2007). When
yield and fruit quality parameters were con-
sidered and combined with representative
returns for local packing houses (in Euros;
data not shown), we found that rootstocks

Table 4. Pairwise least square means comparisons using Tukey’s honestly significant difference and comparison SE for fruit quality variables of adjacent rootstock
trials planted in the Trentino, Italy, region in 2014 featuring three scion varieties and four rootstocks after 5 years of evaluation.

Comparison AFW % <70 mm % 70–80 mm % >80 mm % Red color

Scion Rootstock -Rootstock Diff. SE Prob>jtj Diff. SE Prob>jtj Diff. SE Prob>jtj Diff. SE Prob>jtj Diff. SE Prob>jtj
Fuji G.935 G.969 –2.998 4.173 0.8892 0.100 0.614 0.9984 0.507 2.7462 0.9977 –0.597 2.955 0.997 –5.452 2.457 0.1354

G.935 M.116 6.505 4.173 0.4132 –1.044 0.614 0.3365 –4.379 2.7462 0.3931 5.433 2.955 0.2708 –6.052 2.457 0.0815
G.935 M.9-T337 2.672 4.272 0.9233 –0.481 0.629 0.8697 –2.555 2.8119 0.8004 3.036 3.025 0.7482 –14.072 2.515 <0.0001
G.969 M.116 9.503 4.077 0.108 –1.144 0.599 0.2404 –4.886 2.6825 0.2785 6.030 2.886 0.1741 –0.600 2.400 0.9944
G.969 M.9-T337 5.670 4.173 0.5321 –0.581 0.614 0.7798 –3.061 2.7462 0.6826 3.633 2.955 0.6121 –8.620 2.457 0.006
M.116 M.9-T337 –3.833 4.173 0.7951 0.563 0.614 0.7956 1.825 2.7462 0.9098 –2.397 2.955 0.8488 –8.020 2.457 0.0116

Gala G.935 G.969 –6.638 2.566 0.0616 5.616 2.084 0.048 1.216 2.4617 0.96 –6.832 2.395 0.0328 –0.101 1.570 0.9999
G.935 M.116 0.935 2.566 0.9832 –2.186 2.084 0.7219 4.469 2.4617 0.281 –2.283 2.395 0.7763 –2.801 1.570 0.2953
G.935 M.9-T337 –2.031 2.629 0.8664 2.636 2.134 0.6084 0.405 2.5205 0.9985 –3.077 2.453 0.5964 7.032 1.604 0.0004
G.969 M.116 7.573 2.566 0.0258 –7.802 2.084 0.003 3.252 2.4617 0.5551 4.549 2.395 0.2439 –2.700 1.570 0.3267
G.969 M.9-T337 4.607 2.629 0.3104 –2.980 2.134 0.5087 –0.811 2.5205 0.9883 3.755 2.453 0.4288 7.134 1.604 0.0004
M.116 M.9-T337 –2.965 2.629 0.6745 4.822 2.134 0.1245 –4.063 2.5205 0.3833 –0.794 2.453 0.9881 9.833 1.604 <0.0001

Golden G.935 G.969 12.035 3.586 0.0089 –0.450 0.968 0.9663 –4.911 1.7207 0.0327 5.361 2.106 0.0677
G.935 M.116 –3.782 3.672 0.733 2.291 0.991 0.1123 1.017 1.7625 0.9385 –3.313 2.157 0.4259
G.935 M.9-T337 2.787 3.586 0.8643 0.552 0.968 0.9405 –5.232 1.7207 0.0205 4.679 2.106 0.1344
G.969 M.116 –15.818 3.672 0.0006 2.741 0.991 0.0407 5.928 1.7625 0.0087 –8.674 2.157 0.0013
G.969 M.9-T337 –9.248 3.586 0.0627 1.002 0.968 0.7302 –0.320 1.7207 0.9977 –0.682 2.106 0.9881
M.116 M.9-T337 6.570 3.672 0.2931 –1.739 0.991 0.3099 –6.248 1.7625 0.0053 7.992 2.157 0.0034

AFW = average fruit weight per tree; % <70 mm = percent of fruit under 70 mm in diameter; % 70–80 mm = percent of fruit between 70–80 mm in diameter;
% >80 mm = percent of fruit greater than 70 mm in diameter.

Fig. 4. Relationships between percent red color and average fruit number (AFN) by experiment (‘Fuji’ and ‘Gala’) and rootstock. Shaded ellipse represents 95%
confidence interval. Planting located at the Edmund Mach Foundation experimental station of Maso delle Part, Trentino, Italy.
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had a dramatic effect on the cumulative gross
crop value per hectare (Fig. 5). ‘G.935’ seemed
to consistently provide the highest cumulative
crop value. Although this represents gross farm
gate values, we should note that the manage-
ment expenses within the different experi-
ments were the same, with perhaps small
differences in the cost of the trees (Biaxis
3175 trees/ha – Euros: 23.813/ha; triaxis was
2116 trees/ha – Euros: 21.160/ha). Tree man-
agement costs were similar for all trees as the
same number of leaders/ha (6350) was the
same however higher yields with ‘G.935’
would result in slightly higher harvest costs.

Conclusions

This study shows that even semidwarf
rootstocks could be suitable not only for
weak scions but for high-density planting
systems with multileader systems of normal
vigor varieties. Tree training, tree density,
and pruning have a big impact on tree size, as
found by Reig et al. (2020).

All the semidwarf genotypes produced a
higher yield compared with the common
‘M.9-T337’, the industry standard for that
region. Only Gala on ‘M.116’ had similar
performance to ‘M.9-T337’. Increasing tree
density or leader (axes) density can increase
yield per hectare (Lordan et al., 2018). In this
trial, the triaxis on ‘G.935’ performed better
than the higher tree density ‘M.9-T337’ in all
the cultivars, without affecting fruit quality in
terms of fruit size. Given the canopy volume
data (Fig. 2) further adjustments in tree/
leader density could be made for each root-
stock given the tree size potential differ-
ences between triaxis ‘G.935’, ‘G.969’, and
‘M.116’. Perhaps ‘G.935’ could be used for
biaxis training systems, thereby increasing
tree density slightly and consequently in-
creasing yield per hectare.

‘G.935’ showed itself to be a productive
rootstock with all the tested cultivars and had
a similar yield efficiency (‘Gala’ and ‘Golden

Delicious’) or higher yield efficiency (‘Fuji’)
than ‘M.9-T337’. According to Robinson
et al. (2011b), generally yield efficiency of
a rootstock is inversely related to its vigor,
but in this experiment, contrary results were
found. ‘G.969’ performed similarly to ‘M.9-
T337’ only with vigorous cultivars such as
‘Fuji’.

Both the Geneva� genotypes are particu-
larly interesting because they are tolerant to
biotic and abiotic stressors, such as fire
blight, Phytophthora root rot and replant
disease. In addition, ‘G.969’ is tolerant to
woolly aphids, which is one of the main
issues in Fuji cultivar and in organic farms
in the Trentino region. ‘M.116’, tolerant to
Phytophthora root rot only, was slightly more
vigorous and needed time to reach a sustain-
able production despite a good performance
particularly with Golden Delicious cultivar.
Finally, it is clear that rootstock choice can
affect return on the investment in an apple
orchard, and apple growers should consider
novel opportunities when planning to estab-
lish or replant an orchard because that choice
has the potential to make the business prof-
itable.
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Supplemental Table 1. Thinning strategies by variety and year.

Yr Fuji Gala Golden

2015 The chemical thinning was done by a double ATS
(Ammonium thiosulfate) treatment

1st treatment - Ger-ATS LG� (l.Gobbi) 15 L-
Ha-1 - When the flowers on the wood of
several years are in full bloom/starting central
flower petal fall

2nd treatment - Ger-ATS LG� (l.Gobbi) 15 L-Ha-1
-When the flowers on young 1 year old wood are
in full bloom/starting central flower petal fall

Trees were manually thinned later if needed.

The chemical thinning was done by a double ATS
(Ammonium thiosulfate) treatment

1st treatment - Ger-ATS LG� (l.Gobbi) 15 L-Ha-1
- When the flowers on the wood of several years are

in full bloom/starting central flower petal fall
2nd treatment - Ger-ATS LG� (l.Gobbi) 15 L-Ha-1
- When the flowers on young 1 year old wood are in

full bloom/starting central flower petal fall
Trees were manually thinned later if needed.

The chemical thinningwas done by a double ATS
(Ammonium thiosulfate) treatment

1st treatment - Ger-ATSLG� (l.Gobbi) 15 L-Ha-
1 - When the flowers on the wood of several
years are in full bloom/starting central flower
petal fall

2nd treatment - Ger-ATSLG� (l.Gobbi) 15 L-Ha-1
-When the flowers on young 1 year old wood are in
full bloom/starting central flower petal fall

Trees were manually thinned later if needed.

2016 1st treatment – Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N)
12 %, Ammoniacal nitrogen (N) 12%,
Sulphuric anhydride (SO3) soluble in water
65 %] - 15 L-Ha-1. When the flowers on the
wood of several years are in full bloom/starting
central flower petal fall.

2nd treatment - Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12
%, Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15 L-
Ha-1. When the flowers on young 1-year old
wood are in full bloom/starting central flower
petal fall.

3rd treatment - 6-Benziladenina - Brancher Dirado
Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3% NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

In years 2018 and 2019 in the 1st treatment was
added Ethephon - Ethrel� Bayer (39.6%
Ethepon) - 0.300 L-Ha-1.

Trees were manually thinned later if needed.

1st treatment – Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12 %,
Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15
L-Ha-1. When the flowers on the wood of several
years are in full bloom/starting central flower
petal fall.

2nd treatment - Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12 %,
Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15
L-Ha-1. When the flowers on young 1-year old
wood are in full bloom/starting central flower
petal fall.

3rd treatment - 6-Benziladenina - Brancher Dirado
Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3% NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

Trees were manually thinned later if needed.

1st treatment - Naphthalene acetamide (NAD) -
Amid Thin W Sumitomo Agrochemical Italia
(8.4% NAD) - 1.5 kg-Ha-1. Full Bloom when
the flowers on the wood of several years are in
full bloom/starting central flower petal fall.

2nd treatment - 6-Benziladenina - Brancher
Dirado Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3%NAA) - 0.150 L-Ha-1.When the
central fruit diameter was 10 mm.

Trees were manually thinned later if needed.

2017 1st treatment – Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12
%, Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15 L-
Ha-1. When the flowers on the wood of several
years are in full bloom/starting central flower
petal fall.

2nd treatment - Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12
%, Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15 L-
Ha-1. When the flowers on young 1-year old
wood are in full bloom/starting central flower
petal fall.

3rd treatment - 6-Benziladenina - Brancher Dirado
Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3% NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

In years 2018 and 2019 in the 1st treatment was
added Ethephon - Ethrel� Bayer (39.6%
Ethepon) - 0.300 L-Ha-1.

Trees were manually thinned later if needed.

1st treatment – Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12 %,
Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15 L-
Ha-1. When the flowers on the wood of several
years are in full bloom/starting central flower
petal fall.

2nd treatment - Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12 %,
Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15 L-
Ha-1. When the flowers on young 1-year old
wood are in full bloom/starting central flower
petal fall.

3rd treatment - 6-Benziladenina - Brancher Dirado
Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3% NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

Trees were manually thinned later if needed.

1st treatment - Naphthalene acetamide (NAD) -
Amid Thin W Sumitomo Agrochemical Italia
(8.4% NAD) - 1.5 kg-Ha-1. Full Bloom when
the flowers on the wood of several years are in
full bloom/starting central flower petal fall.

2nd treatment - 6-Benziladenina - Brancher
Dirado Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3%NAA) - 0.150 L-Ha-1.When the
central fruit diameter was 10 mm.

Trees were manually thinned later if needed.

(Continued on next page)
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Supplemental Table 1. (Continued) Thinning strategies by variety and year.

Yr Fuji Gala Golden

2018 1st treatment – Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12
%, Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15 L-
Ha-1. When the flowers on the wood of several
years are in full bloom/starting central flower
petal fall.

2nd treatment - Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N)
12 %, Ammoniacal nitrogen (N) 12%,
Sulphuric anhydride (SO3) soluble in water
65 %] - 15 L-Ha-1. When the flowers on young
1-year old wood are in full bloom/starting
central flower petal fall.

3rd treatment - 6-Benziladenina - Brancher Dirado
Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3% NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

In the 1st treatment was added Ethephon - Ethrel�
Bayer (39.6% Ethepon) - 0.300 L-Ha-1.

Trees were manually thinned later if needed.

1st treatment - Naphthalene acetamide (NAD) -
Amid Thin W Sumitomo Agrochemical Italia
(8.4% NAD) - 1.2 kg-Ha-1. Full Bloom when the
flowers on the wood of several years are in full
bloom/starting central flower petal fall.

2nd treatment - 6-Benziladenina - Brancher Dirado
Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3% NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

Trees were manually thinned later if needed.

1st treatment - Naphthalene acetamide (NAD) -
Amid Thin W Sumitomo Agrochemical Italia
(8.4% NAD) - 1.5 kg-Ha-1. Full Bloom when
the flowers on the wood of several years are in
full bloom/starting central flower petal fall.

2nd treatment - 6-Benziladenina - Brancher
Dirado Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3%NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

Trees were manually thinned later if needed.

2019 1st treatment – Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12
%, Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15 L-
Ha-1. When the flowers on the wood of several
years are in full bloom/starting central flower
petal fall.

2nd treatment - Ammonium Thiosulfate (ATS) -
Ger-ATS LG� l.gobbi [Total nitrogen (N) 12
%, Ammoniacal nitrogen (N) 12%, Sulphuric
anhydride (SO3) soluble in water 65 %] - 15 L-
Ha-1. When the flowers on young 1-year old
wood are in full bloom/starting central flower
petal fall.

3rd treatment - 6-Benziladenina - Brancher Dirado
Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3% NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.In the 1st
treatment was added Ethephon - Ethrel� Bayer
(39.6% Ethepon) - 0.300 L-Ha-1.

Trees were manually thinned later if needed.

1st treatment - Naphthalene acetamide (NAD) -
Amid Thin W Sumitomo Agrochemical Italia
(8.4% NAD) - 1.2 kg-Ha-1. Full Bloom when the
flowers on the wood of several years are in full
bloom/starting central flower petal fall.

2nd treatment - 6-Benziladenina - Brancher Dirado
Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3% NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

Trees were manually thinned later if needed.

1st treatment - Naphthalene acetamide (NAD) -
Amid Thin W Sumitomo Agrochemical Italia
(8.4% NAD) - 1.5 kg-Ha-1. Full Bloom when
the flowers on the wood of several years are in
full bloom/starting central flower petal fall.

2nd treatment - 6-Benziladenina - Brancher
Dirado Orius / Fine Agrochemicals (9.4 %
Benzyladenine) - 100 ppm or 1,5 L-Ha-1 +
Naphthalene acetic acid (NAA) - Dirager�
l.gobbi (3.3%NAA) - 0.150 L-Ha-1. When the
central fruit diameter was 10 mm.

Trees were manually thinned later if needed.

2 HORTSCIENCE VOL. 56(2) FEBRUARY 2021


