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The effect of planting density on ‘BRS Rubimel’

peach trained as a “Y-shaped” system
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Abstract-The densification of orchards has become a viable alternative for producers seeking a greater use
of current area, as well as greater profitability. In this sense, the spacing and training system to be used in the
peach tree planting are extremely important to facilitate orchard management and, above all, to maximize
tree yield. Based on this, the present research aimed to evaluate the possibility of orchard densification
and the use of different numbers of main scaffolds to recommend the best way of training and spacing the
‘BRS Rubimel’ peach cultivar. The planting was carried out in 2010, in the city of Fraiburgo - SC, and eight
treatments with different spacings between the plants in the rows and number of scaffolds were evaluated
during four harvests (2013, 2014, 2015 and 2016): T1- 2 scaffolds and 0.75 m; T2- 2 scaffolds and 1.00
m; T3- 2 scaffolds and 1.25 m; T4- 2 scaffolds and 1.50 m; T5- 4 scaffolds and 1.00 m; T6- 4 scaffolds
and 1.50 m; T7- 4 scaffolds and 1.75 m; T8- 4 scaffolds and 2.00 m, totaling a plant density of 2667, 2000,
1600, 1333, 2000, 1333, 1143 and 1000 per hectare, respectively. The analyzed variables were the number
of fruits per plant, production per plant (kg); productivity (t ha-1); fresh fruit mass (g), total soluble solids
content (°Brix), total acidity (meq L), epidermal coloring and pulp firmness (pounds). The highest yields
were found in the treatment with two scaffolds and 0.75m between plants, as well as that with 4 scaffolds
in 1.0 m spacing in the 2014 and 2015 crops and two scaffolds in 1.0m in the 2015 harvest. The fresh
mass, soluble solids, total acidity and fruit firmness were not influenced by the different treatments. It was
concluded that the densification of orchards is feasible for peach trees of the ‘BRS Rubimel’ cultivar due
to the increase in productivity, without decreasing the quality of the fruits, indicating a spacing of 0.75 cm
between plants and two scaffolds in the “Y-shape” as ideal. Another option with good results is the use
of the four-scaffold “Y-shaped” training system, indicated for the ‘BRS Rubimel’ peach trees, due to the
maintenance of high yields and reduction in the number of plants per hectare when compared to treatments
with two scaffolds.

Index Terms: Prunus persica (L.) Batsch; tree training; spacing; planting density.

Resposta do adensamento de plantio de pessegueiros

Corresponding author:
andresouza@epagri.sc.gov.br

Received: October 02,2018
Accepted: December 10, 2018

Copyright: All the contents of this
journal, except where otherwise
noted, is licensed under a Creative
Commons Attribution License.

(co) T

‘BRS Rubimel’ conduzidos no sistema de “Y”

Resumo-O adensamento de pomares tem se tornado uma alternativa viavel na busca de maior aproveitamento
da area e rentabilidade. Nesse sentido, o espagamento e o sistema de conducdo a ser utilizado no plantio
de pessegueiro sdo extremamente importantes para facilitar o manejo do pomar e sobretudo, maximizar a
produtividade do pomar. Com base nisso, buscou-se avaliar a possibilidade de adensamento de pomares
e o uso de diferentes nlimeros de pernadas principais a fim de recomendar a melhor forma de condug@o e
espagamento de plantio do pessegueiro cultivar BRS Rubimel. O plantio foi realizado no ano de 2010, na
cidade de Fraiburgo — SC e oito tratamentos com diferentes espagamentos entre as plantas nas linhas e nimero
de pernadas foram avaliados durante quatro safras (2013, 2014, 2015 ¢2016): T1- 2 pernadas e 0,75 m; T2- 2
pernadas e 1,00 m; T3- 2 pernadas e 1,25 m; T4- 2 pernadas e 1,50 m; T5- 4 pernadas e 1,00 m; T6- 4 pernadas
e 1,50 m; T7- 4 pernadas e 1,75 m; T8- 4 pernadas e 2,00 m, totalizando uma densidade de plantas de 2.667,
2.000, 1.600, 1.333, 2.000, 1.333, 1.143 e 1.000 por hectare, respectivamente. As variaveis analisadas foram
o numero de frutos por planta, produgao por planta; produtividade; massa fresca dos frutos, teor de solidos
soluveis totais, acidez total, coloragdo de epiderme e firmeza de polpa. Concluiu-se que o adensamento de
pomares ¢ viavel para pessegueiros do cultivar BRS Rubimel devido ao aumento da produtividade, sem
decréscimo da qualidade dos frutos, sendo indicado espagamento de 0,75 cm entre plantas e duas pernadas
no “Y”. Outra opgdo com bons resultados ¢ o uso do sistema de condugdo com quatro pernadas, indicada por
proporcionar a manutencdo de altas produtividades e a redug¢@o no nimero de plantas por hectare em relagdo
aos tratamentos com duas pernadas.

Termos para indexaciio: Prunus persica (L.) Batsch; conducdo; espagamento; densidade de plantio.
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Introduction

Peach is one of the world’s most popular fruits
with a considerable consumption, mainly due to a flavor
that meets the different consumer demands (CHENG et
al., 2015). The cultivation of the peach tree is already
consolidated in the South of Brazil; however, the detailing
of production techniques is still necessary due to the
different plant responses when submitted to different
growing conditions (CARVALHO et al., 2015).

The definition of planting spacing and the
training system to be used in a peach orchard should
take into account the production capacity and access
of solar radiation by the fruits, which result in greater
color intensity, ease in phytosanitary treatments and
rationalization of the workforce, especially in cultivation
handling and harvesting. The manipulation of the plant
architecture in new configurations, when integrated to
the specific planting systems can be an alternative to
increase the productivity and efficiency of the orchards
(Tustin, 2014).

Several authors point out the advantages of
high-density peach tree plantations, such as the higher
productivity of manual labor due to the maintenance
of more compact trees, increased productivity per area
and productive efficiency and, consequently, economic
return (TOMAZ et al., 2010; MAYER; PEREIRA, 2012;
HOZA et al., 2015; MAYER et al., 2016). Once a trend,
the increase in planting density has become a reality in
Brazilian and global fruit growing, but in the peach crop
cultivation, the planting densities face difficulties mainly
due to the high vegetative growth caused by the use of
vigorous rootstocks produced by seeds. For these cropping
systems, it is necessary to reduce vigor through a more
compact tree training (SOUZA et al., 2017), which require
specific management in order to achieve efficient light
penetration in the trees canopy (HOZA etal., 2015). where
any reduction of photosynthesis results in poor growth,
delayed or insufficient flowering, and consequently lower
yield (FERREIRA etal., 2018). Studies of the influence of
the number of structural branches and production, from the
substitution of two to four branches are sought aiming at
reducing plant vigor, as well as a better balance between
vegetation and production.

In order to evaluate the possibility of orchard
densification and to recommend the best Y-shaped training
and planting spacing of ‘BRS Rubimel’ peach cultivar,
the objective of this study was to evaluate the effect of
different numbers of major scaffolds and spacings between
plants on productive characteristics and fruit quality.

Material and Methods

The study was carried out in the municipality
of Fraiburgo (Latitude 27° 01°05.9” S; Longitude 51°
00’ 58” W; Altitude: 1,038 m) in ‘BRS Rubimel’ peach
orchard. According to the Koppen classification, the
climate of the region is classified as Cfb - mesothermal
moist and mild summer (ALVARES et al., 2013). The
climatic data of the region where the research was carried
out are presented in Table 1, with the characterization
of the relative air humidity (%), average, maximum and
minimum temperatures (°C), average precipitation (mm),
accumulated cold hours (below 7.2°C) in the years 2013
to 2016 (EPAGRI/CIRAM, 2018).

Planting was carried out in 2010 following a block
randomization experimental design, with five replications
of five plants where the three internal plants of each plot
were evaluated to isolate the border effect. The rootstock
was ‘Capdeboscq’ and the seedlings were planted in
spacing between 5.0 m rows and trained in the “Y-shaped’
system. The treatments tested were the number of main
plant scaffolds and the spacing of the planting: T1- 2
scaffolds and 0.75 m; T2- 2 scaffolds and 1.00 m; T3- 2
scaffolds and 1.25 m; T4- 2 scaffolds and 1.50 m; T5- 4
scaffolds and 1.00 m; T6- 4 scaffolds and 1.50 m; T7- 4
scaffolds and 1.75 m; T8- 4 scaffolds and 2.00 m, totaling
aplant density of 2,667, 2,000, 1,600, 1,333, 2,000, 1,333,
1,143 and 1,000 per hectare, respectively. The fertilization
was based on the Manual of Fertilization and Liming for
the States of Rio Grande do Sul and Santa Catarina and
the management of the plants followed that recommended
for the culture.

The evaluations were carried out in 2013, 2014,
2015 and 2016, totaling four complete harvests. The
fruits of the observed plants were harvested, weighed
and taken to the laboratory of the Epagri Experimental
Station in Videira/SC to analyze the number of fruits per
plant, production per plant (kg); estimated productivity (t
ha''); fresh fruit mass (FFM - g), total soluble solids (TSS
- °Brix), total acidity (TA - meq L°1), epidermal coloring
(color scale) and pulp firmness (PF - Pounds).

The average production per plant was performed
by weighing the harvested fruits per plot, divided by the
number of plants. Based on the planting density of each
treatment, productivity was estimated. The fresh fruit
mass was evaluated in a precision scale, by weighing all
harvested fruits. After weighing and counting, a sample of
20 fruits per replicate was randomly picked to obtain the
other parameters. Soluble solids content was determined
through a digital refractometer; the total acidity by
titration, using 10 mL of juice, diluted in 90 mL of distilled
water and titrated with 0.1 N sodium hydroxide to pH 8.1;
the pulp firmness by means of a manual penetrometer; and
the fruit coloring was determined by a color scale ranging
from 1 to 4, being > 80% red, 60-80% red, 40-60% red,
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and 20-40% red, respectively.

The data were submitted to the Shapiro-Wilk
normality test. The fruit coloring variable, from the 1 to 4
color scale were transformed through the expression [log
(x+K)], where x is the mean obtained from each variable
and K is equal to 1. Analysis of variance was carried
out and when significant, the means of the treatments
were compared by the Tukey test, at a level of 5% error
probability.

Results and discussion

The number of fruits per plant is shown in Table 2,
where it is verified that an interaction occurred between
the spacings and number of scaffolds with the analyzed
harvests. The results indicate that the treatments which
stood out were: four scaffolds and 2.0 m in the 2015 and
2016 crops; and four scaffolds and 1.75 m in the 2016 crop.
The lower the number of plants per hectare, the higher the
number of fruits per plant, this is due to the greater size
of the plants when cultivated in less dense plantations. In
studies with the same species, Mayer et al. (2016) also
found that the number of fruits affected the production per
plant, with differences based on the different crops and
planting spacing. The number and mass of fruits depend
on the fruit load in the plants, but a relationship between
higher yield and smaller fruit size, and vice versa is not
always observed (ALMEIDA et al., 2014), further having
the influence of the different harvests studied.

When analyzing the production per ‘BRS Rubimel’
peach tree, a similar reasoning was obtained for the number
of fruits, where it was shown that in the years 2015 and
2016, the orchard trained in a less dense manner and with
a greater number of scaffolds (T7 and T8) produced more
fruits per plant, with an average of 27 kg (Table 3). The
treatments that produced the most fruits were the plants
that had four main branches and, thus, a larger number
of productive branches. The highest number of fruits and
yield per plant occurred in the treatments in which the
plants were larger, since they occupy the space between
one and the other, that is, the less densely packed the
orchard, the larger the plants and the greater the number
of plants, and consequently the higher the number of fruits
produced. However, when it comes to the densification
of orchards, we think of increased production per area,
despite the lower production per plant, since we have a
greater number of plants per hectare. Pramanick et al.
(2012) emphasize that one of the most pertinent criteria
in the densification is the maximization of yield of the
orchard area, making it possible to use a greater number
of plants per hectare. However, this condition should
not jeopardize the physiological aspects of the crop. The
planting densification does not reduce the size of the fruits,
but can significantly increase productivity (MAYER et al.,

2016) and this yield can be verified from the first year of
production of the peach tree orchards.

The treatments with four scaffolds become
interesting for allowing high productivity as well as a
lower cost of implantation of the orchard since the number
of scaffolds is doubled compared to the traditional “Y™.
It is possible to obtain a higher production per plant even
with high planting density, with a better balance between
vegetation and production, acting in control of vigor and
consequently, less need for green pruning.

The highest yields were found in the treatment with
two scaffolds and 0.75m between plants (Table 3), with
no significant differences from the 4-scaffolds ones in 1.0
m spacing in the 2014 and 2015 crops, and two scaffolds
in the 1.0m in the 2015 crop. When considering the sum
of the four harvests, we can see that the treatment with
two scaffolds and 0.75 m obtained greater productivity
in relation to the other spacings, which shows that the
planting densification provides greater productivity in
the ‘BRS Rubimel’ peach trees. Similar research with
‘Aurora-1’ peach trees showed advantageous results with
reduced plant spacing, which led to increases in fruit size,
productivity and even a reduction in the harmful effects of
the sun on the scaffolds of plants (MAYER; PEREIRA,
2012; MAYER et al. 2014).

Still evaluating the sum of the productivities, in
the first four years of production, the difference between
the plants with 0.75 and 1.5 m of spacing with two
scaffolds each stands out, which was approximately 63
tons per hectare. When comparing the two factors studied,
significant results were also obtained, where plants with
2 scaffolds and 1.50 m spacing produced around 17 tons
less than the T6 treatment, with 4 scaffolds and the same
distance between plants.

The current planting system of the Vale do Rio
Peixe with two scaffolds and planting between 1.25m
(T3 -30.7 tha') and 1.50m (T4 - 26.4 t ha!) are among
the lowest productivities when compared to the most
productive (T1 - 49.2 t ha!), thus, produce about 20 tons
less per year, a quantity that is of utmost importance in the
final production of the orchard. The higher value spent on
the acquisition of seedlings in the more densified system
is compensated with higher yields, and the difference
in value of the seedlings can be paid as early as the first
harvest with the highest productivity. These results meet
the main objectives sought by the producers, where
according to Maas (2008), Gleen et al. (2011) and Pasa
et al. (2017), the quickest return on investment with high
yields, can be achieved by increasing planting density in
these more modern cropping systems.

Peach trees trained with four scaffolds provide, in
addition to the production characteristics, more balanced
plants and consequently require less interference of green
pruning per hectare, which reduce labor costs, as well as
the initial cost of seedlings, since each plant occupies
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the space of two. Another highlight of this training
system with a greater number of scaffolds is related to
the physiological part of the plants, where with double
scaffolds, the intrinsic vigor (from the combination of
rootstock and crown and edaphoclimatic conditions
favorable to vegetative growth) is distributed in a greater
number of branches, which results in a greater balance
of the plant. This strategy of using rootstocks that induce
less vigor in densified orchards is already widely used in
apple tree crops and shows that it can also be used in other
crops such as the peach tree (GALARCA et al., 2013).
The fresh mass, soluble solids, total acidity and
pulp firmness of ‘BRS Rubimel’ fruits were not influenced
by the different treatments studied (number of scaffolds
and spacing), in contrast, significant differences were
presented (p <0.05) in the four harvests analyzed (Table
4). These results show that regardless of the spacing
or number of scaffolds, the fruits kept the size and, in
addition, the soluble solids content were not affected by
the greater densification and number of leaders per plant.
Corroborating with this information, in studies with
‘Chimarrita’ peaches, Mayer et al. (2016) also concluded
that the high-density planting did not affect the productive
potential of the plants and, consequently, the physical
characteristics of the fruits, such as mass and diameter.

The first year of evaluation (2013) resulted in fruits
with the highest values of fresh mass (130.51 g), soluble
solids content (10.95 °Brix) and pulp firmness (13.41 1bs).
On the other hand, the 2016 harvest was characterized by
the production of more acidic fruits, with approximately
67 meq L' of total acidity, followed by the 2013, 2014
and 2015 crops, showing the influence of environmental
conditions on fruit quality and not of orchard densification.
The reduction in total acidity during fruit maturation
stage occurs because organic acids are degraded, which
increases sugar accumulation (ETIENNE et al., 2013) and
is also related to the number of fruits per plant that may
alter the final accumulation of this component (OLIVEIRA
etal., 2017).

The pH of the fruits did not change with the
different treatments (Table 5). Among the harvests, the
2014 and 2015 crops stood out. In general, all treatments
for these years presented values superior to the other years,
as well as in 2013 for the treatments with two scaffolds
and 0.75 m and 1.0 m, with pH values between 3.98 to
4.11, which shows the presence of a crop effect. Broadly,
fruit coloration was also more intense in the 2014 and
2015 crops, as well as in 2013 (T2) and 2016 (T2, T3 and
T8), with average scales of 3 to 4. Carvalho et al. (2015)
showed that there are variations of fruit pH in consecutive
years due to environmental conditions of production.

Table 1. Relative air humidity (%), mean maximum and minimum temperatures (°C), mean temperature (° C), sum
of annual precipitation (mm) and accumulation of cold hours below 7.2 °C in the cultivation site of ‘BRS Rubimel’

peach in the 2013, 2014, 2015 and 2016 harvests.

Average of Average of Average of
Relative  the maximum  the minimum the average Precipitation Cold hours
humidity (%) temperatures temperatures temperatures (mm) (£7,2°0)
0 °O) Q)
2013 74.4 30.5 6.2 18.8 1841.4 487.0
2014 73.9 30.8 7.0 19.9 2000.1 246.0
2015 79.4 30.7 8.3 20.0 2265.9 92.6
2016 78.6 30.7 4.3 19.0 1661.8 487.2

Table 2. Number of ‘BRS Rubimel’ peach fruits harvested in the crops of 2013, 2014, 2015 and 2016 according to

the number of different scaffolds and spacings.

No. Spacing Number of fruits
Scaffolds (m) 2013 2014 2015 2016

2 0.75 48.74 Ac* 106.20 BCDb 148.20 Ea 170.00 BCa
2 1.00 41.94 Ad 101.60 Dc 166.30 DEa  133.60 Db

2 1.25 38.74 Ac 99.20 Db 181.10 DEa 15930 CDa
2 1.50 44.86 Ad 104.60 CDc 19540 CDa 165.70 BCDb
4 1.00 5634 Ac 140.60 ABb 198.10 CDa 15230 CDb
4 1.50 63.34 Ac 138.00 ABCb 22630 BCa  197.10 Aba

4 1.75 61.32 Ac 153.60 Ab 25190 ABa  225.60 Aa

4 2.00 52.88 Ad 160.20 Ac 280.20 Aa 228.20 Ab

*Means followed by the same letter, lowercase in the row and upper case in the column, do not differ from each other by the Tukey Test, at a 5% error probability

level. Coefficient of variation of 12.72%.
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Table 3. Production per plant (kg) and productivity (t ha') of peach fruits ‘BRS Rubimel’ in harvests (2013, 2014,

2015 and 2016), number of scaffolds and different spacing.

No. Spacing Production per plant Productivity

Scaffolds  (m) 2013 2014 2015 2016 2013 2014 2015 2016 Soma**
2 0.75 6.4 ABc* 128 Bb 146 Db 185 CDa 17.1Ad 34.1 Ac 388Ab 492 Aa 1392 A
2 1.00 54 ABc 128 Bb 158 CDa 162 Da 10.8BCc 25.7Bb 31.5Aa 32.5 BCa 100.5 C
2 1.25 5.0 Be 11.6 Bb 18.0 CDa 192 CDa 80Cc 186Cb 288BCa 30.7 CDa 86.1 De
2 1.50 58 ABc 128 Bb 18.7BCa 198 Ca 7.8Cc 17.1Cb 250Ca 264 Da 763 E
4 1.00 7.6 ABb 17.8 Aa 18.7 BCa 18.5CDa 153ABb 357 Aa 373Aa 37.0 Ba 1253 B
4 1.50 80 ABc 165 Ab 21.6 Ba 23.7Ba 10.7BCc 22.0 BCb 28.8 BCa 31.7 Ca 932 Cd
4 1.75 8.3 Ac 180 Ab 252 Aa 276 Aa 94Cc 206Cb 28.8BCa 31.6 Ca 904 Cd
4 200 6.8 ABc 192 Ab 27.6 Aa 288 Aa 6.8Cc 192Cb 27.7BCa 28.8 CDa 88.5 Cde

*Means followed by the same letter, lowercase in the row and uppercase in the column, do not differ from each other by the Tukey Test, at a 5% error probability
level. ** Means followed by the same letter in the column, do not differ by Tukey’s test, at a level of 5% of error probability. Coefficient of variation of 10.23%
for production per plant and 10.39% for productivity.

Table 4. Fresh weight (g), total soluble solids content (°Brix), total acidity (meq L) and firmness of pulp (pounds)
of ‘BRS Rubimel’ peach fruits in crops (2013, 2014, 2015 and 2016), number of scaffolds and different spacings.

Treatments

Total soluble

Fresh Mass . Total acidity Pulp Firmness
No. Scaffolds Spacing (m) solids
2 0.75 11487 ™ 1029 = 50.18 ™ 12.19 =
2 1.00 117.72 10.21 50.58 12.00
2 1.25 116.76 10.13 51.26 12.31
2 1.50 117.09 10.23 50.54 12.37
4 1.00 120.01 10.14 49.35 12.26
4 1.50 115.74 10.27 48.99 12.46
4 1.75 119.12 10.27 49.97 12.45
4 2.00 118.62 10.18 50.96 12.31
Year
2013 130.51 a’ 1095 a 5022 b 13.41 a
2014 12144 b 10.10 b 4413 ¢ 1141 ¢
2015 9737 ¢ 989 b 3993 d 1253 b
2016 120.65 b 992 b 66.63 a 11.83 ¢
CV (%) 6.95 4.52 11.02 7.45

* Means followed by the same letter, lowercase in the column, do not differ from each other by the Tukey test, at a 5% error probability level. ns: not significant.

Table 5. pH and color (color scale 1 to 4) of peach fruits ‘BRS Rubimel’ in harvests (2013, 2014, 2015 and 2016),
number of scaffolds and different spacing.

No. of  Spacing pH Coloring

Scaffolds (m) 2013 2014 2015 2016 2013 2014 2015 2016
2 0.75 4.10 Aa* 4.10Aa 398Aa 3.68 Ab 3.0 ABab 3.0 Aab 4.0Aa 3.0Ab
2 1.00 4.07 Aa 4.06Aa 399Aa 3.72Ab 3.4Aa 3.0Aa 3.0Aa 3.0Aa
2 1.25 396 ABCDa 4.05Aa 4.01Aa 3.76Ab 32ABa 3.0Aa 4.0Aa 3.0Aa
2 1.50 3.84 Db 406 Aa 401 Aa 3.74Ab 22Bb 3.0Aa 3.0Aa 3.0Aab
4 1.00 3.89BCDb 4.11 Aa 396 Ab 3.75Ac 3.2 ABab 3.0 Aab 4.0 Aa 2.0 Ab
4 1.50 4.04ABa 4.05Aa 400Aa 3.71Ab 2.6 ABbc 3.0 Aab 4.0 Aa 2.0 Ac
4 1.75 4.00ABCa 4.06Aa 401Aa 3.72Ab 24ABb 3.0Aa 3.0Aab 2.0 Ab
4 2.00 3.88CDb 4.07Aa 400Aab 3.72Ac 24ABa 3.0Aa 3.0Aa 3.0Aa

* Means followed by the same letter, lowercase in the row and uppercase in the column, do not differ from each other by the Tukey Test, at a 5% error probability
level. Coefficient of variation of 1.99% for pH and 3.77% for coloring.
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Conclusion

Orchard densification is feasible for peach trees
of the ‘BRS Rubimel’ cultivar due to the increase in
productivity, without decreasing the quality of the fruits,
with a spacing of 0.75 cm between plants and two scaffolds
being indicated.

The use of the four-scaffold training system is
another option indicated due to the maintenance of high
productivity and the reduction in the number of plants per
hectare in relation to the two-scaffold treatments.
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