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ABSTRACT. Peach is a temperate fruit species that is cultivated
under various edaphoclimatic conditions all over the world. In Brazil,
in the early 1950s, peaches were planted only in São Paulo state and
in the Southern states, and the harvest period was restricted to 15
days. Currently, mainly due to peach breeding programs, it is
cultivated in subtropical areas and even in high altitude tropical areas,
with a harvest period of over 100 days. Knowledge of genetic,
phenotypic and environmental parameters that influence characters of
economic importance is crucial for guiding breeding programs. The
objectives of this study were to estimate the heritability of
phenological characters, to evaluate their distribution within
populations, to test the possible existence of maternal effect and to
evaluate the relationship of these traits with brown rot incidence
(Monilinia fructicola). The study was performed in Pelotas, RS,
Brazil during 2015-2016 to 2017-2018 seasons. Sixteen first
generation (F1) progenies were evaluated, 10 of them being reciprocal
Genetics and Molecular Research 20 (1): gmr18684

©FUNPEC-RP www.funpecrp.com.br

M. Dini et al.

2

crosses. All genotypes were cultivated in the same area, under the
same cultural practices (without fungicide application). Full bloom
was considered when more than 50% of flowers were open, and the
harvest, when more than 10 fruits reached commercial maturity, the
fruit development period being calculated by the difference between
full bloom and harvest dates. Brown rot incidence was estimated by
the percentage of fruits with symptoms. Broad-sense heritability
estimates for full bloom date, harvest date, and fruit development
period were high (95 to 98%), and narrow-sense heritabilities were
medium to high (65 to 72%). A segregation study of these traits
suggests a maternal effect on their heritability, mainly for full bloom
and harvest date. The three phenological characters were significantly
correlated, and only harvest date had a negative and significant
correlation (-0.12) with brown rot incidence.
Key words: Prunus persica; Monilinia fructicola; Progeny segregation

INTRODUCTION
Peach (Prunus persica) is a temperate fruit that has been adapted to many different
growing conditions. Successful exploitation of this crop depends mostly on its location and
choice of the appropriate cultivar (Raseira et al., 2014). In Brazil, until the 1950s, the
species was only cultivated in the Southern region of the country and in São Paulo state. In
the South, the harvest period was restricted to 15 days, with two commercial cultivars
(Raseira et al., 2014). Nowadays, the planting has expanded to other subtropical areas and
even to high altitude tropical areas (Citadin et al., 2014). The harvest period has been
extended to more than 100 days, and there are, approximately, 100 peach cultivars
destinated for fresh fruit consumption, industry or dual purpose, besides nectarine cultivars.
This is, in great part, due to national peach breeding programs (Pommer and Barbosa, 2009;
Raseira et al., 2014).
Flowering and harvest date and fruit development are important phenological traits
for peach production, especially to determine the adequate cultivar for growers, and for
cultural practice decision-making. The flowering date, mainly the date of full bloom, is very
important, especially in regions where frost occurrs, because flowers and young fruits are
very sensitive to frost damage, and later bloom can be an alternative to avoid such damage
(Dirlewanger et al., 2012; Citadin et al., 2014; Raseira et al., 2014). Flowering date is a
complex character, and the genetic components have not yet been clearly identified. Besides
the influence of chilling accumulation to complete dormancy, heat requirements (number of
days of warm temperatures needed after dormancy suppression) has to be achieved for
normal and uniform flowering (Razavi et al., 2011; Carpenedo et al., 2017; 2020; Fadón et
al., 2020). At the same location, flowering dates may differ along the years, but flowering
sequence remains relatively constant among cultivars year after year (Byrne et al., 2012;
Raseira et al., 2014).
Harvest date is another goal of most breeding programs due to its importance for the
productive system, either due to the demand to substitute some commercial cultivars for
new ones with higher production and quality, or for the necessity to extend the harvest
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period. Ripening date is considered a polygenic inheritance character, involving major and
minor genes (Byrne et al., 2012; Raseira et al., 2014).
The importance of the fruit development period is, in part, due to the possibility of
having early ripening cultivars, with late bloom, which may escape from frost occurrence.
Short fruit development period brings benefits to growers, since the commercial value is
improved, and the production costs and risks are reduced due to the shorter period that fruits
remain on the tree. The risks to which the fruit is subjected (wind, hail, pests, diseases,
among others) are higher in long-cycle cultivars. Besides reducing risks and costs, when
peach trees are cultivated in humid and rainy regions, brown rot (Monilinia spp.) incidence
is higher (May-de Mio et al., 2008; Mondino et al., 2010; Raseira et al., 2014), requiring
frequent fungicide pulverizations, almost every week. This, increases grower‟s and
consumer‟s concern about health and environmental contamination risks (Elshafie et al.,
2015; Baró-Montel et al., 2019), as well as the generation of fungus strains resistant to
fungicides (Luo et al., 2010; Hily et al., 2011; Zhu et al., 2012; Chen et al., 2017; Fu et al.,
2017).
The knowledge of genetic, phenotypic, and environmental parameters, which
directly or indirectly, influences economically important crop traits is fundamental for
breeding program design (Ramalho et al., 2012). Taking these concerns into consideration,
the aim of this research was to estimate full bloom, harvest date and fruit development
period heritability, as well as to evaluate their distribution in the first generation (F 1) of
peach progenies, testing for maternal effects and the relationship of these characters with
brown rot incidence.

MATERIAL AND METHODS
The experiment was performed at Embrapa Clima Temperado, Pelotas, Rio Grande
do Sul, Brazil (31º40' S, 52º26' W, alt. 57 m) during the 2015-2016, 2016-2017 and 20172018 growing seasons. All genotypes were cultivated in the same area (Embrapa work
collection), under the same cultural and chemical management. The fungicides application
was minimal, being restricted to winter and spring applications.
Sixteen first generation (F1) progenies originated from controlled crosses were
evaluated, 10 of them being reciprocal crosses. The peach parents, corresponding to
different cultivars and advanced selections, were also evaluated (Table 1).
F1 progenies were planted in an experimental orchard with trees spaced at 0.5 m
within rows and 5 m between rows, where each tree corresponded to a different individual
(seedling). The 2008.159 and 2009.38 progenies were between six and 10-years-old, and all
other progenies began the study as three and ended as six-years-old. Parents had been
planted before the trial at working collections orchards in the surrounding area, and trees
were spaced at 2 m within rows and 5 m between rows. Each parent consisted of three trees
(between 10 and 14-years-old), propagated by budding (clones).
Observations were made for each tree in order to obtain the phenological dates of
beginning and full bloom (10% and > 50% of opened flowers, respectively); and beginning
of harvest time. Dates were transformed into number of days, starting on June 1. Beginning
of harvest was considered when at least 10 fruits reached commercial maturity, and fruit
development period was calculated by the interval (in days) between the date of full bloom
and the harvest date.
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Table 1. Parents of F1 progenies and number of seedlings of each progeny, in the Peach Breeding Program
at Embrapa Clima Temperado, Pelotas, Rio Grande do Sul, Brazil.

Reciprocal crosses

F1 progeny identification
2008.159
2009.38
2012.26
2012.43
2012.49
2012.61
2012.52
2012.66
2012.68
2012.88
2012.31
2012.46
2012.99
2012.107
2012.111
2012.114

♀
Conserva 1526
'Cerrito'
Cascata 1055
'Chimarrita'
Conserva 672
Conserva 1526
Conserva 947
Conserva 1600
Conserva 1662
'Maciel'
Cascata 1359
Chorão
Necta 506
Necta 532
Necta 540
'BRS Rubimel'

Parents
×

♂
'Cerrito'
Conserva 1526
'Chimarrita'
Cascata 1055
Conserva 1526
Conserva 672
Conserva 1600
Conserva 947
'Maciel'
Conserva 1662
Cascata 1577
'Maciel'
'Sunmist'
Necta 480
'Morena'
TX2D163

No. of
seedlings
7
23
18
25
18
7
17
12
24
17
31
25
20
25
25
21

The variance observed between the three clones of each parent gave the
environmental effect estimation, and the parents‟ variances average was used as the average
environmental variance (σe2). The observed variance among plants of the same progeny was
used as the total phenotypic variance (σ p2 - genetic plus environmental effects). The genetic
variance (σg2) was calculated by subtracting the environmental variance from the total
variance of each progeny (Centellas-Quezada, 2000; Côrrea, 2007; Wagner Júnior et al.,
2008). Broad-sense heritability (H2) was estimated dividing the genetic variance of each
population by the total variance, as shown in the following calculation formula (Allard,
1960; Dirlewanger et al., 2012; Griffiths et al., 2015):
𝐻2 =

σ2g
σ2g +

σ2
e
𝑒

(Eq. 1)

Where: σ2g = estimated genetic variance; σ2e = estimated environmental variance; e =
number of environments (seasons of experiment).
Narrow-sense heritability (h2) estimates were obtained by linear regression between
the average parent and progenies values. The estimated value of h2 corresponds to the slope
of the regression line, which means, the regression coefficient “b” of the linear equation Y =
a + bx (Griffiths et al., 2015).
Frequency distribution and their histograms were built with fruit development
period data, measured in days; and full bloom and harvest date, expressed in days from June
1.
The maternal effect was evaluated by comparing the population of each cross with
its reciprocal, testing the three phenological characters studied (full bloom, harvest date and
fruit development period) by the Mann-Whitney test at 5% of probability. This nonparametric test was used due to the nature of the variables (days), being discrete quantitative
variables; with two independent samples; without a normal distribution; and presenting
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populations with different number of individuals. Using the median, as the central distribution
parameter, the following contrasts were tested: F1 versus (vs.) F1 reciprocal, Pf vs. Pm, Pf + Pm vs.
F1, Pf vs. F1, Pm vs. F1, Pf + Pm vs. F1 reciprocal, Pf vs. F1 reciprocal, Pm vs. F1 reciprocal. Where
Pf is the female parent, Pm the male parent and F1 the progeny of hybrid individuals (Londero et
al., 2009; Wu et al., 2012).
Brown rot incidence (BRI) was estimated by the percentage of fruits with symptoms in
relation to the total number of fruits in the orchard, without inoculation. BRI and the
phenological characters (full bloom, harvest date and fruit development period) were analyzed
with Spearman‟s correlation using R software (R Core Team, 2020).

RESULTS AND DISCUSSION
High variability associated with full bloom and harvest date characters was observed in
the populations, evidenced by full bloom and harvest date intervals, 36 to 87 days and 138 to
230 days, respectively, both from June 1. These intervals were closely aligned to the average
values of the parents, 42 to 80 and 141 to 215, for full bloom and harvest date, respectively
(Figures 1 and 2). The variability observed in these characters has already been mentioned and
studied in several other studies, including Hartmann (2013) and Frett (2016).
High variability was also observed for the fruit development period character, indicated
by the interval of 72 to 178 days among the individuals of the progenies (Figure 3). This result
was expected, since the same character among the parents ranged from 81 to 157 days, and due
to the fact that additive genes determine this character (Vileila-Morales et al., 1981; Souza et al.,
1998). Our study values are similar to those found by Hartmann (2013), who evaluated nine
progenies and eight parents for fruit development period, and observed high variability for this
character, with intervals of 50 to 159 days and 66 to 133 days, for the progenies and the parents,
respectively.
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Figure 1. Full bloom histograms for peaches (expressed in days from June 1). Frequency of seedlings for all
progenies and all parents used on the study (A), individual F 1 progenies (B to L), B to F being reciprocal crosses.
Arrows represent parents. Peach Breeding Program at Embrapa Clima Temperado, 2015-2016, 2016-2017 and
2017-2018 growing seasons, Pelotas, Rio Grande do Sul, Brazil.
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Figure 2. Peach harvest date histograms (expressed in days from June 1 st). Frequency of seedlings for all
progenies and all parents used on the study (A), individual F1 progenies (B to L), B to F being reciprocal crosses.
Arrows represent parents. Peach Breeding Program at Embrapa Clima Temperado, 2015-2016, 2016-2017 and
2017-2018 growing seasons, Pelotas, Rio Grande do Sul, Brazil.
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Figure 3. Peach fruit development period histograms (expressed in days). Frequency of seedlings for all
progenies and all parents used on the study (A), individual F 1 progenies (B to L), being B to F reciprocal crosses.
Arrows represent parents. Peach Breeding Program at Embrapa Clima Temperado, 2015-2016, 2016-2017 and
2017-2018 growing seasons, Pelotas, Rio Grande do Sul, Brazil.
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For full bloom, harvest date and fruit development period characters, the H2 estimated
values were very high (Table 2). These results are similar to those found in other publications,
where the authors agree that broad-sense heritability for these characters is high to very high.
Values such as 98% (Centellas-Quezada, 2000), 67 to 89% (Dirlewanger et al., 2012), and 82%
(Hartmann, 2013) are mentioned for full bloom. Furthermore, for harvest date, H2 was estimated,
ranging from 76 to 99% (Dirlewanger et al., 2012), 92% (Hartmann, 2013), and 58-80% (Frett,
2016). For fruit development period, Hartmann (2013) estimated H2 = 91%, and Corrêa (2007)
from 90 to 92%.
Table 2. Broad-sense (H2) and narrow-sense (h2) estimated heritability for full bloom (FB), harvest date
(HD) and fruit development period (FDP) in peach progenies of the Peach Breeding Program at Embrapa
Clima Temperado, 2015-2016, 2016-2017 and 2017-2018 growing seasons, Pelotas, Rio Grande do Sul,
Brazil.
H2
FB
HD
FDP
(1)

96.21(1)
98.43
95.29

h2
2015/16
59.29
66.51
71.27

2016/17
85.04
81.55
72.75

2017/18
62.42
68.64
52.78

Mean
68.92
72.23
65.60

All estimated heritability values were expressed as a percentage (%).

The estimation of H2 is not the most useful for plant breeders, h2 being more important,
and it is calculated by dividing the additive genetic variance by the total phenotypic variance.
The selection effect does not depend on the total genetic variance, but on the magnitude of the
additive genetic variance. Consequently, h2 is more relevant to predict the selection response
(Griffiths et al., 2015).
The h2 estimates for full bloom were from 59.29 to 85.04%, according to the evaluated
growing season, with an average of 68.92% (Table 2). The h2 mean value for full bloom is
similar and intermediate in comparison to those estimated by Hansche (1990) who found 60%,
by Hartmann (2013) with 62%, and by Souza et al. (1998) with 78%; and it is almost twice the
estimated value found in Hansche et al. (1972), which was 39%.
Narrow-sense heritability for harvest date was estimated to range from 66.51 to 81.55%,
with an average of 72.23% (Table 2). This value is similar to other estimates for this character,
72% (Frett, 2016), 79% (Hansche et al., 1972), and lower than the estimates observed by
Hansche (1986) and Souza et al. (1998), which were 84% and 94%, respectively. Another
estimate found by Hartmann (2013) was 7%, different from the previous values. The same
author mentioned that such a low estimate for this character was not expected and justified it by
stating that the additive genetic variance only explained 4% of the phenotypic variance, while
the non-additive genetic component was responsible for 51% of the total phenotypic variance,
indicating the presence of major genes associated with this characteristic. In our study, on
average, there was a slight tendency towards the early parents (Figure 1).
In addition, h2 for fruit development period was estimated to be between 52.78 and
71.27%, with an average of 65.60% (Table 2). This value was lower than that estimated by
Souza et al. (1998), who obtained 91%, but was similar to the one found by Corrêa (2007), with
65%, for the same character. These authors concluded that h2 for fruit development period in
peach trees was very high and high, respectively, in contrast with the estimated values (6%) by
Hartmann (2013). According to Hartmann (2013), this low value was due to the estimated
additive genetic component, which explained only 3% of the total phenotypic variation, while
the non-additive genetic component was responsible for 44% of the total phenotypic variation,
Genetics and Molecular Research 20 (1): gmr18684
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indicating the association of major genes with this characteristic. It is interesting to point out that
the populations studied by Hartmann (2013) were different than the ones available in Brazil.
In most cases, studies that approach phenological characters such as the ones tested in
this study indicated that they are considered highly transmissible characters. In other words, they
are easily inherited, since narrow-sense heritability is high to very high, and, therefore, selection
based on phenotype is effective (Allard, 1960; Falconer and Mackay, 2001).
The evaluated characters were strongly affected by environmental effects, mainly FB.
The 2015-2016 and 2017-2018 growing seasons showed insufficient accumulation of chilling
hours below 7.2oC (74 and 77 hours, respectively) and higher temperatures than the historical
averages in the winter and spring. This leads to an earlier and irregular flowering, influencing
the other two characters (harvest date and fruit development period). In the 2016-2017 growing
season, the three phenological characters had the highest h2 estimates, due to the lower
environmental influence (smaller σ2e ). During the winter of 2016, according to the data obtained
from the weather station of Embrapa Temperate Agriculture, the accumulation of chilling hours
was 172, from May to September, positively affecting all genotypes that presented later and
more concentrated flowering (Agromet-Embrapa, 2020).
The relative frequency distribution showed that, in general, the progenies average were
similar to the average of their parents (Figures 1, 2 and 3). The existence of transgressive
segregation (individuals in the progenies with values below or above their parents‟) was
generally verified for each one of the three characters and for most progenies, as also observed
in previous studies (Hansche et al., 1972; Hansche, 1986; Souza et al., 1998; Corrêa, 2000;
Hartmann, 2013; Frett, 2016).
According to the histograms, it was observed differences when using a female or male
parent, since the progenies distribution is not the same when compared to their respective
reciprocal progenies (Figures 1B to 1F, 2B to 2F and 3B to 3F). Furthermore, it was noted a
tendency to group a larger number of individuals within or near the female parent class;
although, this has not happened in all the progenies. This trend, observed in the histograms for
the three phenological characters evaluated could suggest some kind of maternal effect. When
this occurs, heritability estimates that not considering this maternal effect could lead to a bias in
the heritability coefficients estimates (Eler, 2014). Reciprocal crosses are the simplest evidence
of maternal effect, since they produce individuals genetically similar but phenotypically
different (Eler, 2014; Ramalho et al., 2012), if there is indeed a significant maternal effect. This
tendency of individuals‟ concentration (seedlings) in the class corresponding to the female
parent was previously mentioned by Corrêa (2007), for the fruit development period character,
and by Frett (2016) in a harvest date study.
This possible effect was tested comparing contrasts for the three phenological characters
studied by the Mann-Whitney test, and Figure 4 synthesizes the results. This scheme contains
the five F1 progenies with their reciprocal progenies, indicating the parents and progenies median
values, and whether the contrast was significant or not.
Firstly, when parents were compared (female vs. male parent), in all cases and for the
three characters, the difference between them was significant. On the other hand, for the
contrasts between the reciprocal progenies (F1 vs. reciprocal F1), only one of the reciprocal
crosses was significant for the full bloom character (2008.159 vs. 2009.38). This indicates
differences when using Conserva 1526 and 'Cerrito', as female or male parents, since the
progenies generated by them were statistically different. In the other reciprocal crosses and in all
the harvest date and fruit development period characters contrasts, there were no significant
differences between the reciprocal progenies, indicating that there is no difference for this
character when using one of the parents as female or male.
Genetics and Molecular Research 20 (1): gmr18684
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When the two parents were confronted with their progenies, P f + Pm vs. F1 e Pf + Pm vs.
F1 reciprocal contrast, only three out of 30 tested contrasts showed significant differences. One
cross for each character was used; for full bloom, it was 'Chimarrita' + Cascata 1055 vs. 2012.43,
and for harvest date and fruit development period, it was Conserva 1662 + 'Maciel' vs. 2012.68.
For the first crossing, the progenies were closer to the female parent ('Chimarrita'), which had
earlier flowering. In the other two significant crosses, the progeny was also closer to the female
parent (Conserva 1662), with later harvest date and longer fruit development period. In the
remaining contrasts, there was no significant difference, indicating that the median of full
bloom, harvest date and fruit development period of the parent is equal to their progenies‟
median.
For full bloom character (Figure 4A), when P f vs. F1, Pm vs. F1, Pf vs. F1 reciprocal e Pm
vs. F1 reciprocal were confronted, i.e., the male and female parents were separately against their
own progenies. It was observed only five crosses with significant differences out of the 20 tested
contrasts, and four of these correspond to the male parent against their progeny. Thereby, there
is a trend towards the female parent for the full bloom character, since nine out of ten contrasts
among the female parents against their own progenies showed no significant differences.
However, no major differences were observed between male parents against their own
progenies, where four of them showed significant differences and six did not.
When studying the P f vs. F1, Pm vs. F1, Pf vs. F1 reciprocal and Pm vs. F1 reciprocal
contrasts analysis in the harvest date character (Figure 4B), it was observed that five out of 20
tested contrasts were significant, and four of these correspond to the male parent against its
progeny. In the same way as observed for full bloom, a trend towards the female parent was
identified.
A

B

Full Bloom

Cons. 1526 x 'Cerrito'
(77) ns
(38)

*

F1 (61)

C

Harvest Date

Fruit Development Period
*

*

***
'Cerrito' x Cons. 1526
(38) ns
(77)

*

*

F1 (48)

**

Cons. 1526 x 'Cerrito'
(187) ns
(203)

ns

F1 (186)

'Cerrito' x Cons. 1526
(203) ns
(187)

ns

*

F1 (193)

ns

Cons. 1526 x 'Cerrito'
(114) ns
(153)

*

F1 (128)

'Cerrito' x Cons. 1526
(153) ns
(114)

*

*

F1 (135)

**

***

ns

ns

Casc. 1055 x 'Chimarrita' 'Chimarrita' x Casc. 1055
(73) ns
(59)
(59) *
(73)

Casc. 1055 x 'Chimarrita' 'Chimarrita' x Casc. 1055
(168) ns
(177)
(177) ns
(168)

Casc. 1055 x 'Chimarrita' 'Chimarrita' x Casc. 1055
(114) ns
(98)
(98) ns
(114)

***

ns

F1 (63)

**

***

ns

ns

F1 (56)

*

ns

F1 (175)

ns

ns

F1 (170)

ns

ns

F1 (108)

ns

ns

F1 (106)

ns

ns

ns

ns

Cons. 672 x Cons. 1526 Cons. 1526 x Cons. 672
(71) ns
(77)
(77) ns
(71)

Cons. 672 x Cons. 1526 Cons. 1526 x Cons. 1526
(206) ns
(187)
(187) ns
(206)

Cons. 672 x Cons. 1526
(132) ns
(114)

Cons. 1526 x Cons. 672
(114) ns
(132)

ns

ns

ns

ns

**

F1 (72)

*

*

ns

ns

F1 (75)

ns

F1 (198)

F1 (60)

ns

ns

F1 (59)

ns

ns

ns

F1 (217)

Cons. 1600 x Cons. 947
(201) ns
(217)

ns

*

F1 (210)

ns

Cons. 947 x Cons. 1600
(149) ns
(140)
ns

ns

F1 (46)

ns

ns

F1 (214)

ns

F1 (150)

Cons. 1600 x Cons. 947
(140) ns
(149)
ns

*

F1 (148)

ns

ns

***

**
Cons. 1662 x 'Maciel'
(210) *
(185)

ns

F1 (120)

ns

ns

'Maciel' x Cons. 1662
(44) ns
(55)

*

F1 (116)

**

Cons. 947 x Cons. 1600
(217) ns
(201)

**
Cons. 1662 x 'Maciel'
(55) ns
(44)
F1 (60)

ns

**
Cons. 1600 x Cons. 947
(61) ns
(58)
ns

ns

F1 (195)

ns

*
Cons. 947 x Cons. 1600
(58) ns
(61)
ns

ns

ns

ns

'Maciel' x Cons. 1662
(185) ns
(210)

*

*
ns

F1 (204)

*

Cons. 1662 x 'Maciel'
(142) *
(128)
ns

F1 (148)

'Maciel' x Cons. 1662
(128) ns
(142)

*

*

F1 (144)

ns

ns

Figure 4. Parental and F1 peach progenies and F1 reciprocal, with their respective median values (parentheses) for
the full bloom (A), harvest date (B) (expressed in days from June 1 st) and fruit development period (C) (expressed
in days). Significance was tested with the Mann-Whitney test in the contrasts between F1 vs. F1 reciprocal, female
parental (Pf) vs. male parental (P m), Pf + Pm vs. F1, Pf vs. F1, Pm vs. F1, Pf + Pm vs. F1 reciprocal, Pf vs. F1
reciprocal, and Pm vs. F1 reciprocal. ns, *, ** and ***, nonsignificant and significant at P ≤ 0.05, ≤ 0.01, and ≤
0.001, respectively. Median values were calculated for three different growing seasons (2015-2016, 2016-2017
and 2017-2018). Embrapa Clima Temperado, Pelotas, Rio Grande do Sul, Brazil.
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For the fruit development period character (Figure 4C), in these same contrasts, it was
observed that seven out of 20 tested contrasts were significant. Four of these correspond to the
same cross and their reciprocal (Conserva 1526 × 'Cerrito' and 'Cerrito' × Conserva 1526), and
these parents were highly contrasting for fruit development period. In relation to the 16
remaining contrasts, only three were significant; two of the male parents against his own
progeny and one of the female parents with his respective progeny. Thus, it can be highlighted
again a slight tendency towards the female parent, although most of the contrasts were not
significant, considering the parent medians to be equal to their F1 progenies medians.
In summary, after analyzing the individual progenies distribution for the three studied
phenological characters and due to their high heritability estimates, it may be inferred that there
is a predominantly genes additive action (Allard, 1960). Deviations could be attributed to genes
of major effect or to a possible maternal effect (Roach and Wulff, 1987).
When the phenological characters were correlated with each other, all of them showed
highly significant correlations (Table 3). A very high positive correlation was found between
harvest date and fruit development period, indicating that the later the genotypes harvest, the
larger is the fruit development period. Souza et al. (1998) and Hartmann (2013) also observed
high correlations between these two characters. This could be expected since selection for low
chill generally leads to early blooming, even in genotypes selected for harvest season.
Table 3. Spearman‟s correlation between phenological characters (full bloom, harvest date and fruit
development period) and percentage of brown rot incidence in the peach progenies orchard of the Peach
Breeding Program at Embrapa Clima Temperado, in 2015-2016, 2016-2017 and 2017-2018 growing
seasons, Pelotas, Rio Grande do Sul, Brazil.

(1)

FB (1)
HD (2)
FDP (3)
BRI (4)

FB
-0.144
-0.270
-0.056

HD
**
-0.887
-0.121

FDP
***
***
-0.062

BRI
ns

*

ns

-

full bloom; (2) harvest date; (3) fruit development period; (4) brown rot incidence in the orchard (%). In the lower diagonal the Spearman´s
correlation value. In the upper diagonal: ns, *, **, ***; nonsignificant and significant at p ≤ 0.05, ≤ 0.01, and ≤ 0.001, respectively.

Regarding BRI, the variability was very high and strongly affected by the rainfall
occurrence during the harvest season. The percentage of BRI ranged from 0 to 100%, with an
average of 39.59% among all genotypes, on the three growing seasons evaluated (data not
shown). The correlations between BRI and phenological characters only showed a low negative
correlation with harvest date (Table 3), indicating that the later the harvest date, the lower is the
BRI, and vice-versa. This last correlation can be explained because the late harvesting was
originated by parents with certain degree of resistance to Monilinia fructicola infection;
hypothesis that should be confirmed with controlled conditions trials.

CONCLUSIONS
The heritability of phenological characters (full bloom, harvest date, and fruit
development period), in peaches, was found to be medium to high. The inheritance of the
studied phenological characters is predominantly additive, and deviations can be attributed to
maternal effects or major genes action. The phenological characters were correlated with each
other and ibrown rot incidence was negatively correlated with the harvest date.
Genetics and Molecular Research 20 (1): gmr18684
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