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ABSTRACT

The objective of this study was to evaluate the influence of the environment and the genetic factor on the the phenol-
ogy of 16 advanced selections of peachtrees in the municipality of Urussanga, state of Santa Catarina. The experiment 
was conducted in two areas (360 m and 220 m above sea level) in 2017, 2018, and 2019 harvests. The selections are part 
of the EPAGRI fruit breeding program. The dates of beginning, full, and end of flowering and budding, percentage of 
flowering, budding and effective fructification were determined. The standard model (number of hours with temperatures 
below 7.2 °C) was not the most suitable. Full flowering was anticipated by five days, on average over three years, at the 
highest altitude due to the greater accumulation of cold. The 16 selections were classified into three groups: early (harvest 
in October), medium (harvest in November), and late (harvest in December). It is concluded that the environment and the 
genetic factor influence the phenology of advanced peach selections. Being the first, it influences the periods of flowering 
and budding and the percentages of flowering, budding and effective fruiting. The second with emphasis the maturation 
cycle and the harvest period. 
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Climate adaptation is one of the main features investi-
gated in genetic improvement programs as a way for crops 
to express their maximum potential. Peach needs specific 
climatic conditions for its adequate development. Thus, 
several regional climatic factors interfere in the develop-
ment of plants, such as the accumulation of cold hours, 
temperature, radiation, frequency and intensity of winds, 
and water availability (Monet & Bassi, 2008).

These environmental factors influence the phenology of 
plants by interfering with the adaptability of a genotype in 
a particular region, as the requirements for winter cold and 
heat vary among the different peach genotypes. This varia-

tion interferes in the productive cycle and the phenological 
stages of flowering, budding, and ripening of each cultivar. 
Knowing this information intrinsic to each cultivar enables 
planning of the pruning period, phytosanitary treatments, 
an estimate of the risk of hail and frost, and predicting the 
harvest period (Nava et al., 2009).

Those are the reasons why, in the final stages of the 
breeding program, the genotypes are tested at different 
locations in the region of interest, to observe their behavior 
under different soil and climatic conditions.

Thus, it is necessary to study the phenology of geno-
types evaluated in a breeding program. This information 
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bank will play a fundamental role as a basis for decisions 
on which selection will have the potential to become a 
cultivar.

Therefore, the objective of this study was to evaluate 
the influence of the environment and the genetic factor on 
the the phenology of 16 advanced selections of peach of 
low chilling necessity in the municipality of Urussanga, 
state of Santa Catarina.

MATERIAL AND METHODS
This experiment in particular is the final phase of the 

evaluation of advanced selections of peach trees in the 
fruit breeding program of the Empresa de Pesquisa Agro-
pecuária e Extensão Rural de Santa Catarina (EPAGRI). 
The selection validation phase is carried out in orchards of 
farmers in the region of interest to track these genotypes in 
different soil and climate conditions and management prac-
tices. Thus, the study was conducted in two experimental 
areas located in the municipality of Urussanga, in the state 
of Santa Catarina. One area is located at 220m above sea 
level at coordinates 28°32’53.74”S and 49°19’52.84”W 
and the second is at 360m altitude located at 28°27’51.80”S 
and 49°15’18.96”W. Both areas are commercial peach tree 
farms.

The climate in the region is classified, according to 
Köppen (1936), as humid mesothermal with regularly 
well-distributed rainfall and hot summer (Cfa). The average 
temperature of the coldest month is within the range of 13 
to 15 oC, the normal average temperature ranges from 17.0 
to 19.3 oC (Dufloth et al., 2005). The normal total annual 
rainfall may vary from 1,220 to 1,660 mm. The average 
number of chill hours below 7.2 oC in Urussanga during the 
entire winter period is 234 (Pola et al., 2016a).

The 16 advanced selections were planted in August 
2014 at 6x1 m spacing, with the plants conducted in the 
“Y” system. For each selection, three seedlings were plant-
ed. The rootstock used was ‘Okinawa’, which is the most 
used in the region.

Both areas received the same management to avoid any 
influence on the results. Thus, a standard was defined for 
the management practices adopted in the experiment re-
garding soil management, fertilization, pruning, phytosan-
itary treatments, and thinning, according to the norms of 
integrated peach tree production, described by Fachinello 
et al. (2003).

Over the experimental period (January 2017 to De-
cember 2019), average hourly temperature data in °C were 

monitored. In the lower altitude area, a meteorological 
station was installed with an AKSO® datalogger placed 
in a wooden shelter at 1.5 m from the ground inside the 
orchard. On the other hand, in the higher altitude area, a 
conventional Campbell® station was installed.

For the calculation of the accumulation of cold during 
the endodormancy period, two models were considered: 
chill hours (CH) below or equal to 7.2 °C (Weinberger, 
1950), which was considered the standard model, and the 
one below 13 °C (Citadin et al., 2002) was the alternative 
model. The peach endodormancy period was considered 
between April (when the natural fall of most leaves) and 
June 15 (the date stipulated by Pola et al., 2022) for the end 
of endodormancy of peach trees in the experimental site.

To calculate the heat accumulation to overcome echo-
dormancy, the method of degree-days or heat units denom-
inated “Growing Degree Hour Celsius” (GDH °C), defined 
as one hour at a temperature of 1 °C above the peach tree’s 
base temperature of 4.5 °C. The unit of heat (GDH °C) was 
calculated by subtracting 4.5 from each hourly temperature 
between 4.5 °C and 25 °C, so the highest accumulation for 
an hour is 20.5 GDH °C, while there is no accumulation 
of heat at temperatures equal to or below 4.5 °C. The sum 
of these heat units indicates the degree-days (Richardson 
et al., 1975). The period used in this experiment was from 
June 16 until the date when flowering began. So, the aver-
age date of the beginning of flowering of the 16 peach tree 
selections was considered.

Phenology was controlled by selecting four year-branch-
es (two on each side of the plant) in which two of them 
were at 1.5 m above the ground and two at 1.8 m, with 50 
cm in length and over 4 mm in diameter.

In this branch plot, the total number of flowering buds 
and vegetative buds in the dormancy phase was counted. 
As flowering started, the number of open flowers, buds, and 
fruits was quantified three times a week until the phase that 
precedes thinning.

Using the total value of flowering and vegetative buds 
and the quantification of flowers, buds, and fruits on each 
evaluation date was possible to determine each phenolog-
ical stage. The average value of the phenological stage 
(PS) of the plant in each evaluation was obtained using the 
following equation: . Where NF or NV is the number of 
flowering or vegetative buds to calculate the percentage of 
flowering and vegetation, respectively, and TNB is the total 
number of buds. Thus, the following were determined: the 
beginning of flowering, when 5% of the flowers were open; 
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full flowering, when 50% of the flowers are open; and the 
end of flowering, when 90% of the petals had fallen.

The budding stages were considered the beginning, 
full, and end of budding when, 5%, 50%, and 90% of the 
vegetative buds sprouted, respectively.

The flowering period (difference in days of the flow-
ering start and end date), and the percentages of budding, 
flowering, and effective fruiting were also determined. 
Effective fruitification was calculated through the ratio 
between the total number of open flowers and the number 
of fixed fruits (with 5 mm in diameter), after a natural fall, 
on marked branches.

The fruits, at the ripening point (by visually determin-
ing the color of the skin of the fruit and light pressure with 
the hands to detect the firmness of the fruit), were harvested 
every three days, counting the total number of fruits per 
plant and the average fruit mass. These evaluations were 
used to determine the harvest period of each selection and 
the production throughout the harvest, enabling to deter-
mine the beginning, the full, and the end of the harvest 
where the full harvest is considered with 50% of the fruits 
already harvested. The fruit ripening cycle was determined, 
expressed in days, considering the period from full flower-
ing to full harvest.

The experimental design adopted in this experiment 
was the randomized block with split-plotsin a 2x16x3 fac-
torial scheme (two locations, 16 selections and three years 
of evaluation) with three replications, where four branches 
of a plant make up the plot.

The data on the percentage of effective fruiting, flower-
ing, and budding flowering period (days) and fruit ripening 
cycle (days) was first submitted to a normal distribution 
analysis using the Shapiro Wilk method. In this analysis, all 
percentage data showed a p-value less than 0.05. Thus, the 
percentage data were transformed by the equation . And the 
data expressed in days were transformed from the equation.

The data transformed were subjected to an analysis of 
variance (ANOVA) and, when significant, a comparison of 
means was carried out using the Scott-Knott test, also at 
5% of significance using the statistical program SISVAR. 
For the presentation of the analysis of the data, they were 
again transformed for a better understanding of the results 
and their interpretation.

The beginning, full and end dates of flowering and 
harvesting were submitted to a descriptive analysis.

A correlation was also performed using Pearson’s meth-
od at 5% significance between the characteristics of full 
harvest date and fruit ripening cycle, to observe whether or 
not these two variables were correlated.

RESULTS AND DISCUSSION
A difference was found between the years and between 

the areas evaluated for both chill quantification models 
(Table 1). The higher altitude area, at 360 m above sea 
level, had a greater accumulation of chill in the three years 
of evaluation, for both models (CH below 7.2 or 13 °C) 
in relation to the lower altitude, except in 2019, because 
in both areas there was no difference in the accumulated 
cold hours below 7.2 °C. Despite being located in the same 
areas in the same municipality of Urussanga, they have 
different microclimates, greatly influenced by the altitude 
of the places.

Among the three years of evaluation, regardless of the 
area evaluated, 2018 was the year with the highest chill 
accumulation, followed by 2017 and finally 2019 (Table 1). 
These differences between the years of cultivation influence 
the quality of budding and flowering and, consequently, the 
production of fruits. The importance of selecting genotypes 
adapted to the conditions of temperature fluctuations over 
the years, which is very frequent in the southern region of 
Brazil, is highlighted.

Table 1: Chill accumulation considering the models below 7.2 and 13 °C in April, May, and the first fortnight of June and accumulated 
heat (GDH °C) from the second fortnight of June until the beginning of flowering (average date of 16 peach tree selections) in 2017, 
2018 and 2019, in the two experimental areas: 360 m altitude and 220 m. Urussanga, SC, 2023

Model
2017 2018 2019

360 m 220 m 360 m 220 m 360 m 220 m 

HF ≤ 7.2 °C 30 10 74 51 0 0

HF < 13 °C 391 185 439 315 270 141

GDH °C 6587 8274 8762 9630 10180 11078
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A difference was found between the tested models. The 
year 2019 stands out as there was no accumulation of cold 
over this year when considering the model of chill hours 
below 7.2 °C.

Several models quantify the chill during the endodor-
mancy period, one of them, with the hours below 7.2 ºC is 
still the most used in the study of the most diverse crops. 
However, for subtropical regions, it would not be suitable, 
as it does not effectively represent the overcoming of 
dormancy of species adapted to milder winters (Chavarria 
et al., 2009). Therefore, the models that use milder tem-
peratures, such as 12 or 13 °C, are more suitable for these 
conditions (Citadin et al., 2002).

The accumulation of heat was lower in the area at 360 
m of altitude in relation to the area at 220 m of altitude, 
in the three years of evaluation (Table 1). In addition, it is 
noteworthy that among the years evaluated, regardless of 
the area, 2019 had the highest accumulation of heat, fol-
lowed by 2018 and finally 2017. This means that in 2019 
the peach tree selections needed more heat to overcome 
echodormancy.

Couvillon & Erez (1985) observed that the heat require-
ment is not specific and that flowering dates are determined 
by the amount of cold to which the species were exposed. 
When productive branches of apple, plum, peach, and pear 
trees are exposed to a greater amount of cold, it reduces 
the number of GDH ºC necessary for flowering, that is, it 
reduces the need for heat to overcome echodormancy.

This statement is in agreement with the data in  
Table 1, nevertheless, in the area of   higher altitude, there 
was a greater accumulation of chill, and the peach tree 
selections needed less accumulation of heat to overcome 
echodormancy.

Figure 1 shows that there was a difference between the 
years and the different altitudes regarding the flowering 
and budding period with the beginning, full and end dates. 
In general, there was an anticipation of the beginning and 
full flowering dates in the higher altitude area, in relation 
to the lower altitude, except in 2018. As for the dates of the 
end of flowering, no difference was observed between the 
areas in the three evaluated years.

For the beginning of flowering, the years 2017 and 
2018 did not differ from each other, with their earlier 
dates compared to 2019. As for the dates of full and end 
of flowering, regardless of the evaluated location, antici-
pation occurred in the year 2017, followed by 2018, and 
finally 2019. The results in Figure 1 demonstrate a strong 
influence of the environmental factors of the areas and the 
years evaluated in the flowering season of the peach tree 
selections.

Comparing the table 1 and figure 1, the year 2019 had 
the lowest sum of cold hours and flowered later. However, 
2018, which had the highest accumulation of cold hours, 
was not the one with the most anticipated flowering. Other 
factors are likely to have influenced the flowering dates 
this year.

Figure 1: Average period of flowering and budding (beginning, full and end) of advanced peach tree selections in the three years eval-
uated (2017, 2018 and 2019) in two experimental areas (360m and 220m above sea level). Urussanga, SC, 2023.
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According to Williams (1965), other factors besides the 
temperature influence the flowering date, such as early leaf 
fall in the summer due to phytosanitary problems, water 
shortage during the dormancy period, and cloudy and rainy 
days during the pre-and flowering periods. 

Regardless of the location, the years 2017 and 2018 
did not differ and had earlier budding compared to 2019. 
Except for full budding in the higher altitude area, where 
anticipation was obtained in 2017, followed by 2018, and 
finally 2019.

Opposite to flowering, buddings were very similar be-
tween locations, where the date of full budding was earlier 
in the higher altitude area in 2017 and 2019 and did not 
differ in 2018 in the lower altitude area. For the beginning 
of budding, in 2017 and 2019, the higher altitude area had 
earlier dates and in 2018 the lower altitude area had earlier 
budding. The dates of the end of budding did not differ 
between the sites in 2017 and 2018, however, in 2019, the 
area of   lower altitude obtained anticipation of the end of the 
budding in relation to the area of     higher altitude.

The comparison between the dates of flowering and 
budding showed that 2018 stands out, where the dates 
were very close in the area of     higher altitude, or even 
the budding started before flowering in the area of     lower 
altitude. Flowering and vegetative buds have different cold 
and heat requirements, in which the vegetative ones need 
a greater accumulation of cold to overcome dormancy 
(Biassi & Monet, 2008). This is one manner of prevention 
shown by the deciduous species so that the vegetative buds 
sprout later to avoid possible damage by low temperatures 
or frosts, which normally occur at the beginning of winter. 
In addition, it should occur before flowering and soon after 
budding as this would avoid energy competition by the 
plant, resulting in uniform flowering and adequate effective 
fruiting. However, in some cases, due to environmental or 
genetic factors, budding may occur together or even before 
the beginning of flowering (Nava et al., 2009).

In 2018, the cold required by the selections during dor-
mancy had been reached earlier, demanding later an accu-
mulation of heat, which is differentiated between flowering 
and vegetative buds. According to Citadin et al. (2003), the 
selection of individuals with a high heat requirement for 
flowering tends to delay flowering, but without delaying 
the budding season at the same intensity.

Thus, care must be taken with the thermal needs of the 
selections: when they have a low need for cold and heat and 
are planted in regions such as the one of this experiment, 

which has years with a low sum of CH. In this case, sprout-
ings may be early, which can lead to great losses and frost 
damage and impair flowering and fruiting.

Genes related to the cold and heat requirements play 
a very similar degree of influence in the peach flowering 
season, however, in the vegetative buds, the influence of 
genes that control the need for cold is higher, indicating 
that the genetic control for the heat need differs for floral 
and vegetative buds (Citadin et al., 2002). Therefore, the 
behavior of some cultivars that sprout before flowering is 
explained by the assumption that they have a greater heat 
need for flowering than for budding. Thus, the selection of 
cultivars with a low need for cold for sprouting and flow-
ering, but with a high need for heat, can be an interesting 
strategy for regions with a subtropical climate.

There were no significant differences in flowering and 
budding dates between selections. The need for cold and 
heat to overcome dormancy is a main feature in the objec-
tives of the peach fruit breeding program for regions with 
mild winters. Since the selection process, during the phases 
of the program, for this characteristic, is well intensified. 
Thus, the advanced selections present low variability for 
this characteristic.

For most of the assessed phenological parameters, a 
difference was observed between environments and years; 
thus, weather conditions affect the flowering, fructification, 
and budding of peach tree selections There was a differ-
ence between the peach tree genotypes evaluated for these 
parameters, demonstrating that the genetic factor also 
influences (Table 2).

Regarding the length of flowering, the location did 
not influence it; however, between the assessed years, a 
statistically but very small difference was found (Table 2). 
The year 2019 presented the longest period (25.6 days), 
followed by 2018 (23.94 days) and a shorter period in 2017 
(19.28 days). The year 2019 had less cold accumulation 
during the dormancy period (Table 1) and flowering oc-
curred later in relation to the other years (Figure 1), there-
fore, the flowering buds bloomed more slowly, extending 
the period. Among the selections, the flowering period 
ranged from 17.83 (sel. 0256) to 30.17 (sel. 1363), with a 
difference of 12.34 days.

Both short and extensive flowering period has some 
advantages and disadvantages. The shorter flowering peri-
od reduces the costs of phytosanitary treatment to control 
diseases such as brown rot on flowers and influences the 
harvest period, inducing a more concentrated crop of 
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the same genotype, reducing labor costs, and facilitating 
logistics. However, shorter flowering periods may harm 
fructification if it occurs during cloudy and rainy periods 
(Williams, 1965). If any environmental adversity occurs 
during flowering, the more widely spaced blooms may 
suffer less damage and thus not interfere so much with fruit 
production (Bassi & Monet, 2008). Thus, greater variabili-
ty between genotypes is interesting in a breeding program, 
as it presents different options for different foci.

Regarding flowering percentage, there was a statistical 
difference between the locations, where the higher altitude 
area showed a higher value (79.9%) than the lower altitude 
area (54.19%) (Table 2). Several factors may influence 
the flowering percentage, such as climatic factors such as 
temperature during the winter cold, the temperature during 
flowering, precipitation, and incident radiation; manage-
ment factors such as plant nutrition, among others (Bassi 
& Monet, 2008). Thus, one or more factors may have 
influenced this difference.

Among the evaluated years, despite the statistical dif-
ference, the percentage of flowering among the three years 
was very similar, between 66.77%, 66.94%, and 67.39%.

The over-intense flowering is advantageous in case 
some factors negatively influence fructification, such as the 
incidence of diseases, rainy periods, and late frosts; in these 
cases, there is less damage because of the large number of 
flowers. However, intense blooms coinciding with high 
fruiting provide a large amount of fruit, which results in 
greater labor for thinning. Therefore, the ideal would be 
to obtain balanced flowering, minimizing the practice of 
thinning, which currently limits the expansion of the crop.

Similar to flowering, a statistical difference was found 
in the percentage of fruiting between the locations, where 
the area with the highest altitude also presented a higher 
value (41.05%) than the one with the lowest altitude 
(38.81%). These results were most likely influenced by the 
microclimate of each site, with emphasis on the difference 
in the sum of cold hours during the winter period.

Table 2: Flowering period (days) and flowering, effective fructification and budding percentage of peach selections in the three exper-
imental areas (360m and 220m above sea level) in the three evaluation years (2017, 2018, and 2019). Urussanga, SC, 2023

Model Flowering period (days) % Flowering % Effective fructification % Budding

360m 22.77 ns* 79.9 a 41.05 a 85.35 a

220m 23.1  54.19 b 38.81 b 83.43 b

CV (%) 11.23 9.25 16.33 9.18

2017 19.28 c 66.94 b 44.83 a 85,16 a

2018 23.94 b 66.77 b 31.54 c 82,97 b

2019 25.6 a 67.39 a 43.39 b 85,03 a

CV (%) 12.11 10.89 13.18 8,97

3174 22.5 d 60.94 g 36,00 e 85.86 d

0184 23.83 c 65.88 d 38.66 d 82.91 g

0194 22,00 d 63.07 e 40.83 d 82.25 g

0256 17.83 f 60.41 f 30.05 f 86.68 d

0356 25.33 b 72.3 b 25.71 g 86.21 d

0374 24,00 b 68.85 b 43.63 c 85.54 e

0381 26.83 b 71.39 b 51.88 a 87.67 c

0391 23.67 c 68.06 c 49.38 a 84.78 f

0574 22.17 d 78.37 a 42.74 c 88.68 b

0581 18.33 f 72,00 b 25.13 g 86.85 d

0791 19.83 e 65.4 d 46.7 b 85.45 e

0891 19.33 e 62.2 e 32.98 f 79.87 h

1174 22.33 d 60.67 f 40.41 d 85.32 e

2874 25,00 b 55.33 g 50.66 a 64.92 i

0563 23.83 c 69.82 b 41.34 c 87.17 c

1363 30.17 a 77.9 a 42.79 c 90.03 a

CV(%) 9.33 12.56 15.67 10.11

Note: different letters indicate statistical difference by the test of Scott-Knott at 5% of significance. ns: non-significant.
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A statistical difference was observed for the fruit set 
between the years, which was higher in 2017 (44.83%), 
followed by 2019 (43.39%), and finally 2018 (31.54%).

Inadequate climatic conditions during the flowering 
period can also influence fruit sets by affecting pollination, 
pollen tube growth, and ovule fertility (Williams, 1965). 
Rain and high relative humidity are harmful as they facili-
tate the occurrence of diseases in flowers, especially brown 
rot (Gradziel & Weinbaum, 1999).

Effective fruiting ranged from 25.13 (sel. 0581) to 
51.88% (sel. 0381) among selections (Table 2). If a high 
flowering rate coincides with a high fruit setting rate, this 
implies a higher intensity of thinning and, consequently, 
higher labor costs. As an example, selection 0381 had a 
high flowering percentage of 71.39 and an effective fruiting 
of 51.88%, that is, it resulted in a high rate of fixation, 
which resulted in more intense thinning. On the other hand, 
selection 2874, which presented a low flowering 55.33%, 
resulted in good effective fruiting of 50.66%, indicating that 
half of the buds that flowered became fruits, causing a great-
er balance of the plant and less interference of thinning.

The peach tree generally has high effective fruiting rates, 
provided that flowering coincides with sunny, mild, and dry 
days, ranging from 13.5 to 83.2% (Monet & Bassi, 2008).

Knowledge of the fruiting process of a species, as well 
as other interrelated factors, is extremely important in the 
discernment of some cultural practices, such as pruning, 
fruit thinning, use of fertilizers, and growth regulators. 
Harvest estimates, as well as the final fruit size, are closely 
related to the fruiting characteristics of the species and the 
fruit thinning intensity (Nava et al., 2009).

Finally, the budding percentage showed a statistical 
difference between the two areas, with 85.35% in the area 
of   360m of altitude and 83.43% in the area of   220m of alti-
tude. There was no statistical difference between 2017 and 
2019 with 85.16 and 85.03%, respectively, both differing 
from 2018, which presented 82.97% of budding. Among 
the sixteen advanced selections, sprouting ranged from 
64.92 (sel. 2874) to 90.03% (sel. 1363) with an average 
of 84.39%, considered reasonable by many authors. All 
showed adequate budding percentage, which is essential 
for the establishment of vegetation in plants and also as a 
source of energy for fruit development.

Pearson’s correlation between full flowering date and 
fruit ripening cycle was not significant (p > 0.05). It was 
observed that selections 3174 and 1363, with a long cycle 
(above 125 days), showed earlier flowering than selections 

2874, 0391, and 0381, with a short cycle (from 79 to 94 
days), which were those that flowered later than the others, 
regardless of year or location. However, the mid-cycle 
selections did not show a pattern, which did not result in 
the significance of the correlation.

However, some authors point to a relationship between 
the ripening cycle and the date of full bloom. Pola et al. 
(2016b) developed regression models to predict the length 
of the period between flowering and harvest in Urussanga, 
Santa Catarina, indicating that the earlier the flowering 
date, the longer the cycle length.

With an outcome of 0.925 reliability, the fruit ripening 
cycle and the full harvest date showed a positive correla-
tion, that is, the longer the cycle, the later the harvest date, 
for example, among the 16 advanced selections, 2874, 
0391, and 0381 are harvested in October, with a ripening 
cycle between 79 and 94 days; some of them with harvest 
in November (selections 0256, 0374, 0574, 1174, 0184 
and 0194), which vary the cycle from 107 to 115 days and 
selections 3174 and 1363, with harvest in December have a 
longer cycle of 133 days.

This correlation may be important for the breeding 
program, as its objective is to investigate cultivars with an 
earlier, medium, or late cycle. That is, the characteristic 
size of the fruit ripening cycle is a strong indication of the 
harvest period that such genotype will present.

Selections such as 2874, 0391, 0381, and 0356 showed 
very interesting characteristics, because, among the 16 
genotypes, they are those that flower later and are harvested 
earlier. Such characteristics may result in flowering in peri-
ods with less incidence of frost because they are selections 
with a greater need for cold. Also, they can have shorter 
cycles, therefore, phytosanitary treatments in the fruits will 
cost less and as they are early selections with harvest in the 
last fortnight of October, they become important, as they 
promote the search for better commercialization prices due 
to the lower supply.

No statistical difference was found between the experi-
mental areas for the average ripening cycles of the advanced 
peach tree selection as the area with the highest altitude 
presented an average of 109.9 days and 109.78 days for the 
one with the lowest altitude. Among the evaluated years, 
the following differences were observed: 2018 had 110.87 
days, followed by 2019 with 110.03 and 2017 with 108.63. 
This may indicate that the environment, either the location 
or the climatic factors of each year, has little influence on 
the length of the cycle of peach selections.
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The fruit ripening cycle is genetically controlled but it 
may vary with the environmental conditions of each year 
(Marra et al., 2002). Several works have shown that the 
length of this phase is related to the temperatures that occur 
soon after flowering. Some authors particularly relate the 
temperatures that occur up to 30 days after flowering to 
the fruit development cycle, stating that the higher the 
temperature in this period, the shorter the cycle (Tombesi 
et al., 2010).

The date of full harvest also showed no statistical 
difference regarding the experimental areas, where they 
both presented the average on the same day, November 
11. However, the comparison between the years showed 
a statistical difference, where 2018 had a later harvest, 
approximately on November 15, not differing from 2019, 
which had an average harvest on November 12, but both 
differing from 2017, which presented an earlier harvest, 
November 6th, approximately.

Souza et al. (2019) evaluated the influence of the 
temperature on the cultivation of four peach cultivars 
(Tropical, Aurora-2, Ouro Mel-4, and Biuti) under subtrop-
ical conditions, and highlighted that temperature greatly 
influenced the development of fruits of each genotype, with 
a particular thermal requirement to complete the reproduc-
tive cycle in each material.

Thus, in the previous results, a strong relationship 
between the characteristics of the fruit ripening cycle and 
the harvest period of the peach tree selections is observed, 
where three groups of fruit maturation stood out (Table 3):
- Selections 2874, 0391, 0381, and 0356 are considered 
early, with a harvest period concentrated in October. These 
selections had an average cycle length of 94.21 days.
- Selections 0256, 0574, 0891, 0374, 0194, 1174, 0184, and 
0563 are classified as median, as their harvest is concen-
trated in November and the average fruit ripening cycle is 
110.42 days.
- Selections 0581, 0791, 3174, and 1363 are considered 
late, with harvest in December and the average period from 
fruit development to harvest is 125.22 days.

This classification and separation are fundamental in a 
breeding program. Therefore, it must be taken into account 
that the objectives of each period of the harvest are different 
and the selections must be compared within the groups and 
not among all.

It is observed how much the environment influences 
the phenology of the peach tree, therefore, crucial care 
in breeding programs is to test the behavior of genotypes 
under different conditions, so that the decision-making in-
dicated for a certain region is reliable. That is why climate 

Table 3: Fruit ripening cycle (days) and the harvest period of advanced peach tree selections. Urussanga, SC, 2023

Sel. Cycle 
(days)

Harvest dates

10/
Oct

15/
Oct

20/
Oct

25/
Oct

30/
Oct

04/
Nov

09/
Nov

14/
Nov

19/
Nov

24/
Nov

29/
Nov

04/
Dec

09/
Dec

14/
Dec

19/
Dec

24/
Dec

29/
Dec

2874 79.17 g

0391 89.84 f

0381 94.58 f

0356 109.27 d

0256 110.61 c

0574 111.00 c

0891 102.88 e

0374 112.78 c

0194 107.11 d

1174 112.44 c

0184 110.55 c

0563 116.00 b

0581 115.11 b

0791 119.33 b

3174 133.39 a

1363 133.05 a

CV (%) 8.16 EARLY MIDIAN LATE

Note: different letters indicate statistical difference by the test of Scott-Knott at 5% of significance. ns: non-significant. Light gray indicates harvest 
period and dark gray indicates full harvest.
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adaptation is the main objective pursued as it is from the 
level of adaptation that the maximum productive potential 
of the crop is guaranteed.

Finally, with the knowledge of the climatic character-
istics of the region of interest in the program, it is possible 
to extrapolate the indication of cultivars released to other 
places that present similar conditions. This enables to 
expand the crop to other regions with elite genotypes that 
show adaptation combined with productivity and fruit 
quality.

CONCLUSIONS
It is concluded that the environment and the genetic 

factor influence the phenology of advanced peach selec-
tions. Being the first, it influences the periods of flowering 
and budding and the percentages of flowering, budding and 
effective fruiting. The second highlights the maturation 
cycle and the harvest period.
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