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Agronomic performance of the Maciel peach with different 
rootstocks

Desempenho agronômico de pessegueiro Maciel sobre diferentes 
porta-enxertos

Caroline Farias Barreto1*; Marines Batalha Moreno Kirins1; 
Pricila Santos da Silva1; Carina Radmann Schiavon2; 

Cesar Valmor Rombaldi3; Marcelo Barbosa Malgarim4; José Carlos Fachinello4

Abstract

The rootstock inÀuences the agronomic performance of fruit plants. In Prunus persica (peach), 
particularly those varieties produced in Brazil, this relationship is not well understood. We, therefore, 
set out to evaluate the performance of the peach cultivar Maciel with eight rootstocks, Aldrighi, 
Capdeboscq, Flordaguard, Nemaguard, Okinawa, Umezeiro, Tsukuba, and Seleção Viamão, planted in 
2006 and evaluated in the 2014/2015 and 2015/2016 seasons. Phenology of Àowering, trunk diameter, 
canopy volume, fruit number, and yield were evaluated in the ¿eld. For the fruit, we evaluated the mass, 
diameter, color, Àesh ¿rmness, soluble solids concentration, titratable acidity, concentration of total 
phenolic compounds, carotenoids, and antioxidant activity. Plants from the Aldrighi and Nemaguard 
rootstocks Àowered earlier than plants from the other rootstocks in 2014, and in 2015, Àowering 
was variable in all rootstocks. The cultivar Maciel on Umezeiro had low vigor, trunk diameter, and 
canopy volume. On Aldrighi, Capdeboscq, Flordaguard, Nemaguard, and Tsukuba this cultivar showed 
good production rates. The fruit color, Àesh ¿rmness, concentration of soluble solids, total phenolics, 
antioxidant activity, and total carotenoids were inÀuenced by rootstock and harvest.
Key words: Fruit quality. Vegeto-productive behavior. Phytochemicals. Prunus persica (L.). Batsch.

Resumo

O porta-enxerto inÀuencia o desempenho agronômico de plantas frutíferas. Porém, em pessegueiro, 
especialmente para as cultivares produzidas no Brasil, essa relação não está bem elucidada. Por isso, 
propôs-se avaliar o desempenho de oito porta-enxertos ‘Aldrighi’, ‘Capdeboscq’, ‘Flordaguard’, 
‘Nemaguard’, ‘Okinawa’, ‘Umezeiro’, ‘Tsukuba’ e ‘Seleção Viamão’ sob pessegueiros da cultivar 
‘Maciel’, plantados em 2006, e avaliados nas safras 2014/2015 e 2015/2016. As variáveis avaliadas a 
campo foram fenologia da Àoração, diâmetro de tronco, volume de copa, número de frutos e produtividade. 
Nos frutos avaliou-se a massa, o diâmetro, a coloração, a ¿rmeza de polpa, a concentração de sólidos 
solúveis totais, a acidez titulável, a concentração de compostos fenóis totais, de carotenóides totais e a 
atividade antioxidante. Os porta-enxertos ‘Aldrighi’ e ‘Nemaguard’ anteciparam o início da Àoração em 
2014 e no ano de 2015 os porta-enxertos induziram desuniformidade na Àoração dos pessegueiros. O 
porta-enxerto ‘Umezeiro’ induz menor vigor, diâmetro de tronco e volume de copa. Os porta-enxertos 
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‘Aldrighi’, ‘Capdeboscq’, ‘Flordaguard’, ‘Nemaguard’ e ‘Tsukuba’ induziram bons índices produtivos. 
A coloração dos frutos, ¿rmeza de polpa e a concentração de sólidos solúveis, fenóis totais, atividade 
antioxidante e carotenóides totais foram inÀuenciados pelo porta-enxerto e pela safra. 
Palavras-chave: Comportamento vegeto-produtivo. Fitoquímicos. Qualidade de frutos. Prunus persica
(L.). Batsch.

Introduction

The peach tree is cultivated in several Brazilian 
states, with the commercial cultivation concentrated 
in the states of Rio Grande do Sul, São Paulo, 
Santa Catarina, Minas Gerais, and Paraná. In the 
south of the country, peach production amounts 
to approximately 170 thousand tons, of which 136 
thousand tons are produced in Rio Grande do Sul 
(IBGE, 2015).

To meet the market demand for peaches, 
cultivation in Rio Grande do Sul depends on the 
optimization of canopy and rootstock combinations 
to increase yield and fruit quality. Most peach 
orchards use seed-bearing rootstocks, traditionally 
from the canning industry. However, these 
materials are genetically variable, leading to a lack 
of uniformity in the plants and hindering orchard 
management. In general, Aldrighi and Capdeboscq 
rootstocks are most commonly used (ROCHA et 
al., 2007). Other rootstocks have also been studied, 
including Flordaguard, Nemaguard, Okinawa, 
Umezeiro, and Seleção Viamão (COMIOTTO et al., 
2012; GALARÇA et al., 2013; COMIOTTO et al., 
2013). Advantageously, the rootstocks Okinawa, 
Nemaguard, and Tsukuba tend toward vigorous 
canopy growth in peach trees, Flordaguard tolerates 
cold, Okinawa has rapid initial growth and produces 
fruit early (MAYER et al., 2014), and Umezeiro, 
with low plant vigor, represents an alternative for 
orchard densi¿cation management (GALARÇA et 
al., 2013). 

Knowledge about the performance of rootstock/
canopy cultivar combinations is essential for the 
selection of suitable plant material prior to orchard 
planting (SCHMITZ et al., 2012). The study of 
different rootstocks as an alternative to those 
currently widely used in southern Brazil is essential 

to identify compatible combinations and to evaluate 
vegetative and productive characteristics as well 
as the quality and phytochemical characteristics 
of the fruit. The present study, therefore, has 
been undertaken with the goal of evaluating the 
performance of eight rootstocks grafted with 
peach trees of the Maciel cultivar with regard to 
the vegetative growth, production, and quality 
characteristics of the peaches.

Material and Methods

The experiment was conducted in a teaching 
orchard at the Palma Agricultural Center (Centro 
Agropecuário da Palma; CAP) belonging to the 
Federal University of Pelotas (Universidade Federal 
de Pelotas) in the municipality of Capão do Leão, in 
the state of Rio Grande do Sul (latitude 31º52’00” 
S and longitude 52º21’24” W). According to the 
classi¿cation of Köppen, the climate of the region 
is type Cfa, namely humid and temperate with hot 
summers. The region has an average annual rainfall 
and temperature of 1500 mm and 17.9 °C, respectively. 
The mean temperature, mean precipitation, and cold 
hours during the experimental period were collected 
from the Embrapa Temperate Climate (Embrapa 
Clima Temperadas) meteorological station at the 
Terras Baixas experimental station that is located 
in the municipality of Capão do Leão, Rio Grande 
do Sul. The cold hours were calculated based on 
temperatures below or equal to 7.2 °C.

The experiment was conducted during the 
2014/2015 and 2015/2016 harvests. The peach 
orchard used consisted of the P. persica (L.) Batsch 
Maciel cultivar grafted onto Aldrighi, Capdeboscq, 
Flordaguard, Nemaguard, Okinawa, Umezeiro, 
Tsukuba, and Seleção Viamão rootstocks. The 
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orchard was planted in 2006 with a “V” type plant-
organization system with 5 m of space between rows 
and 1.5 m between plants, amounting to a density of 
1.333 plants ha-1. The experimental design involved 
randomized blocks, with each plot being composed 
of ¿ve plants. The plants at the ends of each plot 
were disregarded, amounting to nine useful plants.

The variables evaluated in the ¿eld were: trunk 
diameter (mm), measured at 20 cm above the soil 
surface in two transverse positions with the aid of 
a digital caliper; canopy volume (m3), calculated 
according to Rossi (2004) using the equation V = 
[(L/2) × (E/2) × A× π]/3, where “V” is the volume 
of the canopy, “L” the distance between the main 
branches, “E” the average thickness of the main 
branches, and “A” the height of the canopy.

Flowering was evaluated by subperiods including 
early Àowering when 10% of the Àowers were open, 
full bloom when 50% to 70% of the Àowers were 
open, late Àowering when the petals were falling, 
and early sprouting when 10% of the fruit were 
formed. Fruit were monitored until harvest time 
when the number of fruit per plant (fruit plant-1) and 
productivity (t ha-1) were evaluated to determine 
production amounts.

After harvesting, the fresh weights (grams) of 
the peaches were evaluated by digitally weighing 20 
fruit per repetition, totaling 60 fruits. The ¿rmness of 
the pulp (Newtons), was measured at two opposite 
points in the equatorial region of peeled fruit using a 
manual penetrometer (model 53205, TR TURONI-
Italy) with an 8 mm tip; the color of the epidermis 
was examined using a colorimeter type Minolta CR-
300®, with a D65 light source that measured “L” 
(luminosity), “a*”, “b*”, and the hue or chromatic 
tonality represented by the “hue angle”; the total 
soluble solids (ºBrix) were measured using an 
Atago digital refractometer®; and the total titratable 
acidity (% citric acid) was quanti¿ed in 10 mL of 
juice diluted in 90 mL of distilled water and titrated 
with 0.1 mol L NaOH solution to pH 8.1 with the 
aid of the Quimus pHmeter®.

The following analyses were performed to 
determine the phytochemicals in peach pulp. Total 
phenolic compounds (mg Gallic acid per 100 g of 
sample) were determined according to the adapted 
method of Singleton and Rossi 1965 using the 
reaction with the Folin-Ciocalteau reagent; total 
carotenoids (mg β-carotene in 100 g of sample) 
were determined using the modi¿ed method of 
AOAC (2005) and an extraction solution (hexane-
acetone-alcohol-toluene); and antioxidant activity 
(mg trolox per 100 g fresh weight) was determined 
using the radical DPPH method adapted from Brand-
Williams et al. (1995). The data were evaluated for 
normality (Shapiro-Wilk test) and homoscedasticity 
(Hartley test) and then submitted to a variance 
analysis (F-Test), with the means compared using 
Tukey’s range test to identify signi¿cant differences 
(p ≤ 0.05).

Results and Discussion

In the 2014/2015 harvest season, development, 
growth, and Àowering of the peach trees occurred 
under climatic conditions similar to those of 
southern Rio Grande do Sul. This was determined 
by comparing the conditions to historically average 
years in places known for orchard management 
(Figure 1). However, the 2015/2016 harvest season 
was strongly inÀuenced by an El Niño phenomenon 
that determined the different behavior of canopy and 
rootstock combinations. The Àowering of the peach 
trees occurred uniformly and in a concentrated 
manner in the 2014/2015 harvest season (Figure 
2A), while in the 2015/2016 harvest season, there 
was variability observed in all rootstocks with 
regard to the timing of the beginning, peak, and 
end of Àowering. This was likely caused by the 
increased temperatures in the month of July to 
August (Figure 2B). 

In the 2014/2015 harvest season, the Maciel 
peach trees on Aldrighi and Nemaguard rootstocks 
started Àowering on July 7, 2014, seven days 
earlier than the beginning of Àowering in the 
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other rootstocks. Full bloom of all the peach trees 
occurred on July 28, 2014, excluding the plants 
on the Umezeiro rootstock that reached full bloom 
on July 21, 2014. Although there were differences 
in the Àowering period between rootstocks, the 
maturation of the fruits occurred in a similar way 
regardless of the rootstock; that is, the harvest peak 
on October 12, 2014, for all trees examined. 

In the 2015/2016 harvest season, determination of 
the phenological Àowering subperiods of the Maciel 
cultivar was impaired because sprouts, Àowers, and 
fruit were detected on the same branch at the same 
time, indicating variability in Àowering, regardless 
of the rootstock. Historically, in the region where 
the experiment was conducted, Àowering of the 
Maciel cultivar occurs in late July to early August 
(Raseira et al., 2014). However, in the 2015/2016 
harvest season, the peach blossoms occurred 
irregularly, beginning about a month before late July. 
Speci¿cally, Àowering began on August 6, 2015, in 
the plants with Tsukuba, Okinawa, and Umezeiro 
rootstocks and on June 12, 2015, in the plants on 
the other rootstocks. After this ¿rst Àowering, 
Àower loss occurred in all rootstocks because of 
oscillations in the temperature. The inÀuence of the 
El Niño conditions that included an increase in the 
mean temperature and greater precipitation during 
the Àowering period was observed, and in turn, 
caused changes in the duration of the phenological 
phases of the plant. On July 28, 2015, a second 
Àowering occurred with fewer Àowers in the Maciel 
peach trees on all rootstocks. This is likely to have 
occurred because 2015 had only 141 hours of cold 
and had extensive temperature Àuctuations during 
the winter. The Maciel cultivar requires 200 to 300 
hours of accumulated winter cold to Àower properly 
(RASEIRA et al., 2014).

There are reports that the phenology observed in 
the Maciel cultivar varies per crop. For example, in 
the same orchard (municipality of Capão do Leão, 
Rio Grande do Sul), Galarça (2013) observed that 
Àowering came early in the Maciel cultivar on 

Aldrighi, Capdeboscq, Umezeiro, Nemaguard, 
and Okinawa rootstocks in 2010 and on Aldrighi, 
Capdeboscq, Umezeiro and Okinawa rootstocks 
in 2011. The Aldrighi and Nemaguard rootstocks 
began Àowering early and Umezeiro came into 
full bloom early in the 2014/2015 harvest season. 
Conversely, the Àowering time was variable for all 
the rootstocks in the 2015/2016 harvest season, with 
two separate Àowering periods occurring.

There are reports that the phenology observed in 
the Maciel cultivar varies per crop. For example, in 
the same orchard (municipality of Capão do Leão, 
Rio Grande do Sul), Galarça (2013) observed that 
Àowering came early in the Maciel cultivar on 
Aldrighi, Capdeboscq, Umezeiro, Nemaguard, 
and Okinawa rootstocks in 2010 and on Aldrighi, 
Capdeboscq, Umezeiro and Okinawa rootstocks 
in 2011. The Aldrighi and Nemaguard rootstocks 
began Àowering early and Umezeiro came into 
full bloom early in the 2014/2015 harvest season. 
Conversely, the Àowering time was variable for all 
the rootstocks in the 2015/2016 harvest season, with 
two separate Àowering periods occurring.

The trunk diameter of Maciel peach plants varied 
between the harvests, with no differences observed 
between rootstocks in the 2014/2015 harvest season 
while in the 2015/2016 harvest season differences 
were observed. In this season, the diameter of the 
Aldrighi rootstock was larger than both Viamão and 
Umezeiro although it did not differ from the other 
rootstocks in terms of size (Table 1). In addition to 
a smaller trunk diameter, the Umezeiro rootstock 
resulted in lower canopy volume in both harvest 
seasons. While we observed differences between 
the trunk thickness of the rootstocks and the graft, 
suggesting that there is little af¿nity between the 
cultivars, an anatomical study is required to con¿rm 
this incompatibility. The smaller trunk diameter, 
plant vigor, and canopy volume results observed 
here are consistent with those reported by Comiotto 
et al. (2013) and Galarça et al. (2013).
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Figure 1. Average temperature, hours of cold, and amount of precipitation in 2014 and 2015 for Capão do Leão, Rio 
Grande do Sul. Provided by the Terras Baixas Experimental Station, Temperate Climate Embrapa, at the Capão do 
Leão municipality, Rio Grande do Sul, 2016.

The smaller trunk diameter and canopy volume 
in Maciel peach trees grafted onto Umezeiro is 
likely caused by both the lack of af¿nity between 
these cultivars at the grafting point and the nutrient 

absorption capacity of the root system. Tombesi 
et al. (2011) observed a lack of af¿nity between 
peach tree canopies and rootstocks that resulted 
in smaller xylem capacities and reduced hydraulic 
conductance.
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Figure 2. Dates of early, full bloom, late Àowering, and early sprouting of Maciel peach trees grafted on different 
rootstocks, in the municipality of Capão do Leão, Rio Grande do Sul for the 2014/2015 (A) and 2015/2016 (B) harvest 
seasons. 

The smaller trunk diameter and canopy volume 
in Maciel peach trees grafted onto Umezeiro is 
likely caused by both the lack of af¿nity between 
these cultivars at the grafting point and the nutrient 
absorption capacity of the root system. Tombesi et 
al. (2011) observed a lack of af¿nity between peach 
tree canopies and rootstocks that resulted in smaller 
xylem capacities and reduced hydraulic conductance.

The peach trees showed higher average fruit 
numbers when grafted onto all rootstocks except for 
Umezeiro in both harvest seasons (Table 1). There, 
however, were fewer fruit in the 2015/2016 crop 
than in the previous one because of the mild winter 
conditions that resulted in unfavorable temperatures 
at Àowering and a late frost (Figure 1).

The rootstocks Aldrighi and Capdeboscq are 
traditionally used in the southern region of Rio Grande 

do Sul because they provide good productivity 
(RASEIRA et al., 2014). Other rootstocks were 
also observed to have high productivity with the 
Maciel cultivar in the 2014/2015 harvest season, 
namely the Flordaguard, Nemaguard, Tsukuba, 
and Okinawa rootstocks. Greater productivity was 
also observed in the 2015/2016 harvest season for 
Flordaguard, Nemaguard, and Aldrighi, although 
no difference was observed with Capdeboscq and 
Tsukuba. Aldrighi and Capdeboscq have been used 
as peach rootstocks since the 1940s and are found in 
abundance in the canning industry. The pits of these 
cultivars came from plants that were grown over 
time as a canopy variety because of their greater 
edaphoclimatic adaptation and late maturation. 
Currently, commercial orchards of these two 
cultivars are rarely found because the availability of 
their pits is limited (MAYER et al., 2014). 
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Table 1. Trunk diameter (TD), canopy volume (CV), number of fruit per plant (NF), productivity (PE), and fresh fruit 
weight (FW), of Maciel peach trees on different rootstocks in the municipality of Capão do Leão, Rio Grande do Sul, 
for the 2014/2015 and 2015/2016 harvest seasons.

Rootstocks TD (mm) CV (m³) NF (numb) PE (t ha-1) FW (grams)
Harvest 2014/2015

Aldrighi 92.67 ns 3.71 a 106.30 ab 20.70 a 150.70 a
Capdeboscq 92.61 3.83 a 112.55 ab 18.95 ab 131.40 ab
Flordaguard 95.67 3.51 a 132.40 a 21.76 a 123.46 b
Nemaguard 94.21 3.44 a 131.40 a 21.16 a 124.95 b

Okinawa 95.29 3.06 a 103.80 ab 17.19 ab 124.21 b
Tsukuba 95.22 3.36 a 124.30 ab 20.94 a 126.33 b

Umezeiro 80.40 1.69 b 91.11 b 15.55 b 140.93 ab
Seleção Viamão 89.07 3.00 a 104.44 ab 16.09 b 119.90 b

CV (%) 8.24 14.6 14.31 13.31 8.92
Harvest 2015/2016

Aldrighi 111.83 a 2.79 a 81.41 a 12.80 a 118.15 ab
Capdeboscq 102.90 ab 2.90 a 82.25 a 11.59 ab 106.21 b
Flordaguard 104.79 ab 2.63 a 77.91 a 14.76 a 143.58 a
Nemaguard 103.71 ab 2.77 a 66.50 ab 13.23 a 104.00 b

Okinawa 99.38 ab 2.23 a 56.83 ab 7.76 bc 103.03 b
Tsukuba 98.21 ab 2.46 a 74.91 a 11.04 ab 111.03 b

Umezeiro 91.87 c 1.52 b 39.08 b 5.82 c 113.08 b
Seleção Viamão 97.46 bc 2.53 a 67.25 ab 7.73 bc 113.18 b

CV (%) 5.73 14.2 15.74 14.23 8.09
Means followed by the same lowercase letter do not differ signi¿cantly from each other (p ≤ 0.05), calculated using Tukey’s range 
test. CV (%) = Coef¿cient of variation. ns = not signi¿cant.

The fresh fruit weight was also affected by the 
rootstock and harvest season. In the 2014/2015 crop, 
fruit with the highest mass were harvested from 
peach trees grafted with Aldrighi, Capdeboscq, and 
Umezeiro rootstocks while in the 2015/2016 crop 
fruit with the highest mass came from peach trees 
with Flordaguard and Aldrighi rootstocks. From 
this evaluation, the best rootstock in combination 
with the Maciel cultivar was Aldrighi as it had high 
fruit productivity and fruit mass in both the harvest 
seasons. Notably, the low vigor Umezeiro rootstock 
produced large fruit (140.93 g) in the 2014/2015 
harvest season that were similar to those produced 
by Aldrighi (150.70 g) and Capdeboscq (131.40 g) 
rootstocks. This was probably because of the lower 
number of fruit on the peach trees of this rootstock 
(11.59 kg per plant) compared with Aldrighi 
and Capdeboscq (15.53 and 14.22 kg per plant, 
respectively). It is widely known that a reduction in 
the number of fruit per plant increases the source/

sink ratio, contributing to the production of larger 
fruit (DUARTE; PEIL, 2010).

The coloration of the Maciel peach epidermis was 
also affected by the rootstocks and by factors relating 
to the harvest season (Table 2). In 2014/2015 season, 
the fruit of plants grafted to rootstocks Flordaguard 
(87.28°Hue) and Nemaguard (88.23°Hue) were a 
yellow-green color, while those of plants grafted to 
Tsukuba (82.27°Hue) and Umezeiro (82.44°Hue) 
were a yellow-orange color. However, in the 
2015/2016 crop, all fruit were a yellow-orange 
color except those harvested from plants grafted 
to Capdeboscq (85.10°Hue) that showed yellow-
green coloration. Thus, although epidermis color is 
important for the fruit of the Maciel cultivar as it can 
affect in natura consumption, it was not possible to 
establish a direct relationship between the rootstock 
used and this variable as the physiological response 
changed depending on the harvest season. The exact 
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cause of this behavior has not been clari¿ed, but it 
is known that fruit epidermis coloration is strongly 
affected by genotype (MAYER et al., 2008), by 

green pruning management (GONÇALVES et al., 
2014) and, obviously, by the maturation stage of the 
fruit (MATHIAS et al., 2008). 

Table 2. The color of the epidermis, pulp ¿rmness (PF), total soluble solids (TSS), and titratable acidity (TA) of 
Maciel peach fruit on different rootstocks in the municipality of Capão do Leão, Rio Grande do Sul, harvested during 
the 2014/2015 and 2015/2016 seasons.

Rootstocks Color (°Hue) PF (Newtons) TSS (°Brix) TA (% Citric acid in 100 
g fruit)

Harvest 2014/2015
Aldrighi 86.85 ab 33.06 a 12.83 ab 0.70 ns

Capdeboscq 86.45 ab 27.56 bc 11.46 b 0.67
Flordaguard 87.29 a 30.35 ab 12.93 ab 0.69
Nemaguard 88.23 a 26.65 cd 12.83 ab 0.65
Okinawa 85.35 ab 26.63 cd 14.00 a 0.65
Tsukuba 82.27 b 24.93 de 12.30 b 0.66
Umezeiro 82.44 b 25.88 cde 13.20 ab 0.67
Seleção Viamão 84.65 ab 23.13 e 11.26 b 0.63
CV (%) 2.66 5.21 6.68 9.69

Harvest 2015/2016
Aldrighi 86.08 a 23.34 ab 10.60 bc 0.93 ns

Capdeboscq 85.10 b 25.93 a 10.30 c 0.84
Flordaguard 87.40 a 21.84 ab 11.16 b 0.83
Nemaguard 88.44 a 20.68 b 10.83 bc 0.85
Okinawa 86.36 ab 21.69 b 11.80 a 0.80
Tsukuba 86.60 ab 21.82 b 10.46 c 0.79
Umezeiro 86.14 ab 21.39 b 10.73 bc 0.87
Seleção Viamão 86.58 ab 21.18 b 10.76 bc 0.85
CV (%) 0.88 6.45 3.13 6.57

Means followed by the same lowercase letter do not differ signi¿cantly from each other (p ≤ 0.05), calculated using Tukey’s range 
test. CV (%) = Coef¿cient of variation. ns = not signi¿cant.

The highest ¿rmness of peach pulp was 
observed in peaches harvested from Aldrighi and 
Flordaguard rootstocks in the 2014/2015 harvest 
season and Aldrighi, Capdeboscq, and Flordaguard 
rootstocks in the 2015/2016 harvest season. Similar 
to epidermis color, pulp ¿rmness is a consequence 
of many factors, such as genotype, phytotechnical 
management, nutrition, and maturation stage 
(ALCOBENDAS et al., 2012). 

In addition to the changes observed in fruit 
color and ¿rmness, changes in total soluble solids 
between harvests were also observed. Along with the 
rootstocks Umezeiro, Flordaguard, Nemaguard, and 

Aldrighi, the Okinawa rootstock produced Maciel 
peaches with high concentrations of soluble solids 
in the 2014/2015 crop. However, in the 2015/2016 
harvest, the Okinawa rootstock produced peaches 
with greater concentrations of soluble solids than 
these other rootstocks. The best combination in 
terms of soluble solids across these two harvest 
seasons, therefore, was the Maciel cultivar with 
the Okinawa rootstock. When combined with 
the cultivars Talismã and Tropical, this rootstock 
also produced fruit with greater soluble solids 
(MONTES et al., 2008). Regardless of the rootstock 
studied, the titratable acidity of the fruit did not 
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differ signi¿cantly at the time of harvest for either 
harvest period. 

The highest ¿rmness of peach pulp was 
observed in peaches harvested from Aldrighi and 
Flordaguard rootstocks in the 2014/2015 harvest 
season and Aldrighi, Capdeboscq, and Flordaguard 
rootstocks in the 2015/2016 harvest season. Similar 
to epidermis color, pulp ¿rmness is a consequence 
of many factors, such as genotype, phytotechnical 
management, nutrition, and maturation stage 
(ALCOBENDAS et al., 2012). 

In addition to the changes observed in fruit 
color and ¿rmness, changes in total soluble solids 
between harvests were also observed. Along with the 
rootstocks Umezeiro, Flordaguard, Nemaguard, and 
Aldrighi, the Okinawa rootstock produced Maciel 
peaches with high concentrations of soluble solids 
in the 2014/2015 crop. However, in the 2015/2016 
harvest, the Okinawa rootstock produced peaches 
with greater concentrations of soluble solids than 
these other rootstocks. The best combination in 
terms of soluble solids across these two harvest 
seasons, therefore, was the Maciel cultivar with 
the Okinawa rootstock. When combined with 
the cultivars Talismã and Tropical, this rootstock 
also produced fruit with greater soluble solids 
(MONTES et al., 2008). Regardless of the rootstock 
studied, the titratable acidity of the fruit did not 
differ signi¿cantly at the time of harvest for either 
harvest period. 

The concentrations of the major groups of 
phytochemical compounds (total phenols, total 
carotenoids, and antioxidant activity) varied 
depending on the rootstock used for both harvests 
(Table 3), and between the two harvest seasons. 
Peaches harvested in the 2014/2015 season from 
plants grafted to the Aldrighi rootstock showed 
the highest accumulation of phenolic compounds 
and differed signi¿cantly only from Tsukuba 
that presented the lowest mean. In the 2015/2016 
season, the highest concentration of total phenols 
was observed in fruit harvested from Okinawa 

rootstocks that differed signi¿cantly only from 
Tsukuba and Nemaguard that had the lowest means. 
Thus, the Tsukuba rootstock was associated with 
the lower production of phenols in fruit.

The fruit of plants grafted to the Nemaguard 
rootstock had signi¿cantly higher carotenoid levels 
in both harvests compared with the other rootstocks. 
Overall, fruit from the 2014/2015 harvest had the 
highest carotenoid averages for each rootstock 
except Flordaguard when compared with the 
subsequent harvest, although high carotenoid 
concentrations were also obtained in the 2015/2016 
harvest for Capdeboscq, Aldrighi and Flordaguard, 
and Nemaguard (Table 3).

In the 2014/2015 crop, antioxidant activity in 
peach pulp was higher in the fruit of plants grafted 
to Okinawa, Aldrighi, Umezeiro, Capdeboscq, 
Flordaguard, and Nemaguard rootstocks than 
Tsukuba and Seleção Viamão. These phytochemical 
compounds are the main agents inÀuencing the 
antioxidant potential of yellow pulp peaches 
(SANTOS et al., 2013). In the 2015/2016 crop, fruit 
from the Okinawa and Flordaguard rootstocks had 
the highest concentrations of antioxidant activity. 
The antioxidant activity of the Okinawa rootstock 
was similar across the two harvest seasons (Table 
3). 

The results of this study indicate that 
phytochemical concentration is not clearly associated 
with rootstock or harvest season, suggesting that 
the relationship between canopy cultivar and 
rootstock has not been well established in terms 
of phytochemicals. The use of different rootstocks 
has previously been shown to alter phytochemical 
concentrations in peaches in studies by Picolotto et 
al. (2009), Remorini et al. (2008), and Forcada et 
al. (2013). However, phytochemical concentration 
can also be altered by plant management, fruit 
maturation, the position of the fruit on the plant, 
genotype (REMORINI et al., 2008), environmental 
condition, and harvest season (FORCADA et al., 
2013). 
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Table 3. Total phenols, total carotenoids, and antioxidant activity in the pulp of Maciel peaches from different 
rootstocks in the municipality of Capão do Leão, Rio Grande do Sul, harvested during the 2014/2015 and 2015/2016 
seasons.

Rootstocks Total phenols ¹ Total carotenoids 2 Antioxidant activity 3

Harvest 2014/2015
Aldrighi 147.19 a 55.65 ab 374.41 a
Capdeboscq 105.83 ab 67.76 ab 330.07 ab
Flordaguard 109.16 ab 42.47 b 263.71 ab
Nemaguard 105.58 ab 76.00 a 255.09 ab
‘Okinawa’ 119.33 ab 69.24 ab 395.10 a
‘Tsukuba’ 83.22 b 44.56 ab 183.55 b
‘Umezeiro’ 129.23 ab 52.14 ab 364.99 a
‘Seleção Viamão 114.32 ab  52.12 ab 177.74 b
CV (%)| 14.26  18.09 17.27

Harvest 2015/2016
Aldrighi 194.38 ab 42.24 ab 270.98 bc
Capdeboscq 187.14 ab 59.32 a 265.94 bc
Flordaguard 224.86 ab 44.51 ab 379.41 ab
Nemaguard 172.46 b 60.15 a 234.26 c
Okinawa 242.70 a 38.19 b 428.69 a
Tsukuba 158.56 b 37.49 b 187.49 c
Umezeiro 202.22 ab 33.90 b 220.49 c
Seleção Viamão 217.31 ab 37.43 b  270.55 bc
CV (%) 11.94  14.81  17.81

1mg Gallic acid equivalent 100 g-1 fresh weight. 2µg equivalent β-carotene 100 g-1 fresh weight. 4mg equivalent trolox 100 g-1 fresh 
weight.
Means followed by the same lowercase letter do not differ signi¿cantly from each other (p ≤ 0.05), calculated using Tukey’s range 
test. CV (%) = Coef¿cient of variation. ns = not signi¿cant. 

Conclusion

Use of the Umezeiro rootstock with the Maciel 
cultivar results in peach trees with low vigor, smaller 
trunk diameter, and reduced canopy volume.

The Aldrighi, Capdeboscq, Flordaguard, 
Nemaguard, and Tsukuba rootstocks grafted to 
Maciel peach trees had higher productivity and 
produced greater numbers of fruit.

The rootstock inÀuences the Àowering period 
of the Maciel cultivar and may delay Àowering or 
cause earlier subperiods of Àowering. 

The rootstock affects the fruit epidermis color 
and the pulp ¿rmness, soluble solids content, total 
phenols, antioxidant activity, and total carotenoids 
in Maciel peaches.
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