ARTICLE

CROP BREEDING AND
APPLIED BIOTECHNOLOGY

Phenological characteristics and yield potential
of some late-ripening peach hybrids

Aleksandar Radovi¢’, Vera Rakonjac?, Grujica Vico3, Boban
Pordevic?, Dejan Durovic?, lvana Baki¢* and Dragan Nikolic?

Abstract: Phenological characteristics and yield potential in eight promising
peach hybrids from selection based on fruit quality were studied in this paper.
The hybrids flowered from late March to mid-April, and fruit ripened from late
August to late September. The FS3, FS4, and FS7 hybrids had the highest density
of flower buds. The initial fruit set was quite high (73.9%) and the final fruit
set was much lower (32.2%). Fruit weight ranged from 129.8 g (FS4 hybrid) to
178.1 g (FS7 hybrid). The FS3 and FS7 hybrids had the highest yield per 1 m of
shoot length (3.5 kg), and the FS2 hybrid had the highest yield per tree (25.3
kg) and the highest yield efficiency (0.30 kg cm™). The FS2, FS3, and FS7 hybrids
stood out based on yield potential. They are good candidates for release as new
high-yielding peach cultivars or for use in further breeding efforts.

Keywords: Prunus persica, phenology, density of flower buds, fruit set, yield.

INTRODUCTION

Peach is a fruit species characterized by a long season of consumption (June
to October) in the Northern hemisphere. It is most commonly used for fresh
consumption, although it is also appropriate for various types of processing
into juice, compote, jam, etc. Peach is composed of a very dynamic range
of varieties. New cultivars are quickly created and released for production,
replacing old cultivars. So far, over 6.000 cultivars of different ripening time, size,
appearance, and fruit taste have been created worldwide (Iglesias et al. 2010,
Nikoli¢ et al. 2016). Of particular interest are the cultivars that ripen outside
the main season, as their fruit attains a higher price on the market (Raseira et
al. 2018). Most peach cultivars have been created by planned hybridization,
although other methods are used, such as inbreeding, clonal selection, and
induced mutations, as well as new biotechnology methods (Nikoli¢ et al. 2009).
Currently, the main goal in peach breeding is creating cultivars that are adapted
to different environmental conditions, resistant to diseases, and high yielding,
as well as the creation of cultivars with prolonged ripening time (from very
early to very late) and good quality, large, firm, and attractive fruit suitable for
storage and transport (Cantin et al. 2010, Batlle et al. 2012, Bassi and Foschi
2013, Iglesias 2013). One of the very important goals of peach breeding is the
creation of low-chill cultivars (Corréa et al. 2019). Also, some breeding programs
are aimed at creating rootstocks for peach of high uniformity, adapted to the
growing region and with good interaction with cultivars (Oliveira et al. 2018).
Work on the creation of new peach cultivars is most intense in the USA, Italy,
France, and China (Nikoli¢ and Fotiri¢-Aksi¢ 2013). Eleven (11) peach cultivars
have already been created in Serbia.
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In Serbia, flowering of peach takes place from the end of March to the end of April, depending on the genotype and
agroecological conditions (GliSi¢ et al. 2008). It is one of the most important phenophases in the annual cycle, but also
the most critical phase because peach yield largely depends on it. There is a high correlation between the flowering
time and the yield components of peach (Rakonjac 2005). Knowing the flowering time can thus affect the selection of
individual genotypes for growing in certain localities.

There are several groups of peach cultivars, which are divided into very early, early, early-medium, late-medium, late,
and very late cultivars according to time of ripening. Most peach cultivars are characterized by early-medium and late-
medium ripening, with very few cultivars of early and late ripening time. It is known that cultivars that are characterized
by very early and very late ripening times achieve significantly higher prices on the market than cultivars that ripen in
the main peach season in July and August. However, these cultivars generally have poorer fruit quality than that of the
early-medium and late-medium ripening cultivars. Therefore, at the Faculty of Agriculture of the University of Belgrade,
in the last two decades, a peach breeding program has been initiated with the aim of creating late-ripening cultivars
which have large, attractive, and quality fruit.

Recommendation of genotypes for growing must take into account not only the quality and market characteristics
of the fruit, but also yield. Peach yield is a complex trait that depends on numerous factors, primarily genetic but also
environmental. Genetic factors of yield are the length, type, and number of fruiting branches per tree, number of flower
buds per node and shoot, density of internodes, abundance of flowering, degree of fruit set, fruit size, etc. (Okie and
Werner 1996, Radovic et al. 2015). Among the environmental factors, climate factors, especially air temperature (e.g,
the occurrence of severe winter and late spring frosts), have the biggest impact on yield (Milatovi¢ et al. 2010). Sanzol
and Herrero (2001) state that the yield of fruit trees varies from year to year and is largely dependent on the weather
during flowering, which affects pollination, pollen tube growth, and ovule longevity.

In Serbia, in many localities where peach is grown, flower buds often freeze due to low winter temperatures; flowers
and young fruit may also freeze due to late spring frosts. Damage is particularly pronounced in genotypes that have
lower yield potential, that is, fewer flower buds per node and shoot. Depending on the year, locality, and genotype,
winter frost damage ranges from 10-100% (GliSi¢ et al. 2005), and late spring frost damage from 30-100% (Zec et al.
2012). Therefore, it is very important to grow cultivars that have higher yield potential in localities where flower buds
freeze so that satisfactory yields can be achieved.

The aim of this paper was to investigate the phenological characteristics and yield potential of eight promising
peach hybrids compared to the Summerset cultivar. These hybrids could be significant for releases for production or
for further breeding efforts.

MATERIAL AND METHODS

Eight promising peach hybrids obtained from crossing Flaminia x Summerset in the “Radmilovac” experimental
field of the Faculty of Agriculture of the University of Belgrade were used as material for investigation in this paper.
Selection of hybrids was based on late ripening time and fruit quality (Table 1). The hybrids are codified as FS1, FS2,

Table 1. Fruit quality of the peach hybrids and standard cultivar investigated

. . B Soluble Total Soluble -~
Goope i Fitgomd muew G sk S Smeesdl i e
FS1 Round Cream 20 16.30 0.63 25.87 Balanced Firm
FS2 Round Cream 40 16.85 0.79 21.33 Balanced Firm
FS3 Round Yellow 90 13.25 0.50 26.50 Balanced Firm
FS4 Ovate Orange yellow 50 18.00 0.51 35.29 Sweet Firm
FS5 Round Yellow 75 13.15 0.45 29.22 Sweet Medium
FS6 Round Yellow 30 16.05 0.64 25.08 Balanced Medium
FS7 Round Orange yellow 90 13.30 0.54 24.63 Balanced Firm
FS8 Round Orange yellow 50 15.60 0.70 22.29 Balanced Medium
Summerset Round Cream 20 14.80 0.74 20.00 Balanced Firm
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FS3, FS4, FS5, FS6, FS7, and FS8. The Summerset cultivar was used as a standard for comparison. The appearance of
fruit from the promising peach hybrids and the standard cultivar are shown in Figure 1. The orchard was planted in
2006. A ‘Fusetto’ training system was used, and tree spacing was 4.5 x 2.0 m (1111 trees ha). Vineyard peach was the
rootstock. Phenological characteristics and yield potential were studied in the selected hybrids and the standard cultivar
over a two-year period (2015-2016).

The phenological traits monitored were flowering and fruit ripening. The flowering phenophase was determined
according to the recommendations of the International Working Group on Pollination (Wertheim 1996). The duration
of flowering is the number of days from the start to the end of flowering, and the abundance of flowering is on a scale
of 0-5: no flowering (0), very poor (1), poor (2), good (3), very good (4), and excellent (5). The starting date of harvest
was the beginning of fruit ripening.

For vigor parameters, the length and diameter of 1-year-old shoots, length of internodes, and trunk cross-sectional
area were examined. Trunk cross-sectional area (cm?) was calculated based on the circumference of the trunk, which
was measured at a height of 20 cm above the graft union.

The yield-potential parameters examined included the number of flower and vegetative buds on 1-year-old shoots,
the ratio of flower buds/vegetative buds, the number of flower buds per node and in the length of 1 m of 1-year-old
shoots, fruit set, fruit weight, yield per 1 m of shoot length, yield per tree, and yield efficiency.

Based on open-pollination results, an initial fruit set (3 weeks after anthesis) and a final fruit set (just before harvest)
were determined. These values are expressed in %. Fruit weight was measured on a digital scale. Yield per 1 m of shoot
length (kg) was the product of the number of peaches per 1 m of shoot length by average fruit weight. Yield per tree
was obtained by weighing the fruit harvested from each individual tree in kg. Yield efficiency (kg cm?) was determined
by dividing the yield per tree by the cross-sectional area of the trunk.

Figure 1. Fruit appearance of promising peach hybrids and standard cultivar.
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The results obtained were processed statistically using analysis of variance. Arcsine square root transformation was
performed on the percentage data before the statistical analysis. Individual testing was carried out using Dunnett’s test
at P<0.05. Coefficients of variation (CV) were calculated as relative indicators of variability. Data analysis was performed
using the statistical software STATISTICA, Version 8 (StatSoft Inc., Tulsa, Oklahoma, USA).

RESULTS AND DISCUSSION

The peach hybrids in this study flowered between the end of March and the middle of April (Table 2). Flowering
began first in the FS1 and FS6 hybrids (27 March), and the FS8 hybrid was the last to begin (31 March).

On average, full flowering was at three days after the start of flowering; it was earliest in the FS6 hybrid (29 March) and
latest in the FS8 hybrid (03 April). The end of flowering was in accordance with the previous two sub-phases, occurring
earliest in the FS6 hybrid (05 April) and latest in the FS8 hybrid (12 April). The flowering time of peach hybrids in our
study is consistent with the results of Zec et al. (2009) for a similar locality. Flowering lasted an average of 11.1 days,
and ranged from 9.0 days (FS6 hybrid) to 13.0 days (FS2 hybrid). Flowering in the standard Summerset cultivar lasted
10.5 days. The degree of fruit set and yield largely depend on the abundance of flowering, which is a genetic trait of
the species and, specifically, of the cultivar. The Summerset cultivar had the worst score for flowering abundance (2.5)
and the FS5 hybrid received the best (5.0).

Determining the harvest time of peach fruit is extremely important for producers, traders, and consumers. A large
number of parameters should be taken into account in this determination: fruit size, reddish fruit skin, fruit firmness,
and content of soluble solids, total acids, and chlorophyll in the fruit (Sortino et al. 2015). Peach ripening time is a
highly heritable trait (De Souza et al. 1998a). The hybrids tested in our study were characterized by late ripening time
(from the end of August to the end of September). Ripening time was earliest in the FS8 hybrid (29 August) and latest
in the FS6 hybrid (27 September). Fruit from the standard cultivar ripened on 24 September. The FS2 and FS6 hybrids
had a later ripening time than standard cultivar. Fruit of the Summerset cultivar ripened slightly earlier in this study in
Radmilovac than under the conditions of Cac¢ak shown in the results of Ogasanovi¢ et al. (2002). This can be explained
by differences in the ecological conditions of these two localities. In the phenological phases of peach mentioned, the
highest variability was found for abundance of flowering (CV = 23.1%) and fruit ripening time (CV = 22.5%) and the
lowest for the start of flowering (CV = 4.1%).

Properties of 1-year-old shoots are a very important parameter in the evaluation of peach vigor and yield potential.
One-year-old shoots are mainly responsible for peach yield, and they provide fruit of the highest quality (Radovi¢ et
al. 2015). The length of one-year-old shoots varied slightly (CV = 9.2%) and did not differ significantly between hybrids
and the standard Summerset cultivar (42.5 cm) (Table 3). The FS8 hybrid had the longest one-year-old shoots (51.2 cm)
and the FS3 hybrid had the shortest (36.9 cm). The length of the one-year-old shoots in our study varied more than
the length determined by Okie and Werner (1996) for some peach cultivars in the United States, lengths which ranged
from 45.2 to 56.1 cm. The resulting differences may be due to a number of factors, such as genotype, agroecological
conditions, and crop management practices.

Table 2. Phenological characteristics of the peach hybrids and standard cultivar investigated (average 2015-2016)

Genotype Flowering dates Duration of flowering Abundance of flowering Date of harvest
Start Full End (days) (0—-5scale)

FS1 27 March 30 March 07 April 11.0 3.0 20 September
FS2 30 March 01 April 10 April 13.0 3.5 25 September
FS3 29 March 02 April 09 April 11.0 4.0 09 September
FS4 29 March 31 March 09 April 10.5 5.0 19 September
FS5 29 March 01 April 10 April 12.0 4.0 02 September
FS6 27 March 29 March 05 April 9.0 3.0 27 September
FS7 29 March 31 March 09 April 11.0 35 06 September
FS8 31 March 03 April 12 April 11.5 3.0 29 August
Summerset 29 March 31 March 08 April 10.5 2.5 24 September
CV (%) 4.1 4.3 19.7 9.3 23.1 22.5
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Table 3. Vigor parameters and number of flower and vegetative buds on 1-year-old shoots of peach the hybrids and standard cultivar
investigated (average 2015-2016)

One-year-old shoots Nr. of buds per shoot Nr. of flower buds

Trunk cross- Ratio of flower buds/

Genotype "?:rﬁt)h Di?anni;er irl;fé;frr{]c?d‘gs sech&rr:?;)area Flower  Vegetative vegetative buds Per node ﬁ::\;t:\n
FS1 39.6a 6.5a 19a 81.6b 18.7 a 203 a 0.94a 0.90a 49.4 a
FS2 411a 6.6 1.8a 85.6 b 213a 22.7 a 0.94 a 0.94 a 52.5a
FS3 36.9a 40b 2.2a 1023 a 240a 17.7 a 1.33b 1.33b 65.6 a
FS4 42.1a 59a 19a 95.3a 27.5b 22.7a 1.22a 1.20b 68.7 a
FS5 45.1a 6.2a 2.1a 192.0b 215a 21.7 a 0.99 a 0.99 a 54.3a
FS6 44.0a 7.5a 242 116.8 a 203 a 20.5a 0.98 a 1.03a 48.8 a
FS7 39.3a 6.4a 1.8a 120.2 a 22.5a 21.2a 1.07a 1.03a 60.0 a
FS8 51.2a 79a 2.3a 119.4 a 25.7b 22.5a 1.14a 1.13a 543 a
Summerset 42.5a 7.0a 2.2a 115.2 a 16.0a 20.0a 0.81la 0.77 a 38.1a
CV (%) 9.2 16.4 9.5 26.9 15.1 7.3 14.1 15.2 16.0

The averages followed by ‘a’ do not differ significantly, and the averages followed by ‘b’ differ significantly or very significantly from the standard according to Dunnett’s
test at P<0.05.

In contrast to length, the diameter of the one-year-old shoots in our study varied significantly (CV = 16.4%), ranging
from 4.0 mm (FS3 hybrid) to 7.9 mm (FS7 hybrid). The length of internodes is an important feature that can indicate
the genotype yield potential and vigor. In our study, length of internodes internode length did not significantly deviate
from the standard cultivar and ranged from 1.8 cm (FS2 and FS7 hybrids) to 2.3 cm (FS8 hybrid).

Trunk cross-sectional area indicates the vigor of hybrids. It depends not only on the genotype of the cultivar, but
especially on the rootstock on which the cultivar is grafted (Remorini et al. 2015). The trunk cross-sectional area averaged
114.3 cm? for all hybrids and the standard cultivar. It ranged from 81.6 cm? (FS1 hybrid) to 192.0 cm? (FS5 hybrid). This
indicates that the FS1 hybrid had the lowest vigor and the FS5 hybrid the highest vigor. Trunk cross-sectional area of the
Summerset cultivar was 115.2 cm?. The FS5 hybrid had significantly higher vigor and the FS1 and FS2 hybrids significantly
lower vigor compared to Summerset. The coefficient of variation for this trait was 26.9%.

The number of flower buds per shoot varied significantly among the hybrids studied. It was significantly higher in the
FS4 (27.5) and FS8 (25.7) hybrids than in the standard Summerset cultivar, which had the lowest number of flower buds
per shoot (16.0). This is in line with the results found by Milatovi¢ et al. (2017) for some peach cultivars in the Belgrade
region. The number of vegetative buds per shoot in the hybrids tested did not differ significantly from the Summerset
cultivar and ranged from 17.7 (FS3 hybrid) to 22.7 (FS2 and FS4 hybrids).

The ratio between the number of flowering and vegetative buds is a very important parameter to strike a balance
between yield and fruit quality. This ratio was on average near, or slightly higher, in favor of flower buds. The highest
ratio between the number of flowering and vegetative buds was found in the FS3 hybrid (1.33) and was significantly
higher than in the Summerset cultivar, which had the lowest ratio (0.81). In most hybrids, the ratio between the number
of flowering and vegetative buds was above 1, indicating that they have high yield potential.

In peach, the one-year-old shoots have flower and vegetative buds separated and together on the same node. The
number of flower buds per node is a very significant parameter of peach yield, especially in areas where late spring
frosts often occur. In such areas, a greater number of flower buds per node provide greater assurance of adequate yield
(Byrne 1986). The largest number of flower buds per node in our study was found in hybrids FS3 (1.33) and FS4 (1.20).
It was significantly higher in these two hybrids than in the standard Summerset cultivar, which had the smallest number
of flower buds per node (0.77). The number of flower buds per node was consistent with the results of Milatovi¢ et al.
(2017). Authors have characterized genotypes with more than 1.0 flower buds per node as potentially high yielding,
and genotypes with fewer than 0.8 flower buds per node as potentially lower yielding. According to this division, most
of the genotypes examined in our study can be considered potentially high yielding.

The number of flower buds per 1 m length is a significant indicator of flower bud density (Radovi¢ et al. 2015). Flower
bud density is very significant for yield (Thurzé et al. 2006). It is moderately heritable and is recommended as the most
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Table 4. Fruit set, fruit weight, and yield of the peach hybrids and standard cultivar investigated (average, 2015-2016)

Genotype Initial Iruit set Final foruit set Fruit weight Yield per 1 m of shoot length Yield per tree Yield efﬁc?;ancy
(%) (%) (8) (kg) (kg) (kg cm?)

FS1 76.5a 31.7a 1436 a 2.3a 19.5a 0.25a
FS2 76.82a 40.8b 173.4a 31a 25.3b 0.30b
FS3 79.3b 30.0a 169.2 a 35b 21.6a 0.22a
FS4 84.1b 33.6a 129.8b 29a 174 a 0.18a
FS5 70.0a 31.1a 151.0a 26a 20.1a 0.11a
FS6 83.0b 345a 1335b 19a 17.2 a 0.15a
FS7 74.7 a 33.3a 178.1b 35b 23.6a 0.20a
FS8 59.6a 29.6a 133.9a 2.2a 16.4 a 0.14a
Summerset 57.4a 253a 1553 a 15a 17.3a 0.15a
CV (%) 12.6 12.3 11.4 25.5 14.9 30.2

The averages followed by ‘a’ do not differ significantly, and the averages followed by ‘b’ differ significantly or very significantly from the standard according to Dunnett’s
test for P < 0.05.

important parameter when selecting peaches for yield (De Souza et al. 1998b). In our study, the number of flower buds
per 1 m length ranged from 38.1 in the Summerset cultivar to 65.6 in the FS3 hybrid and 68.7 in the FS4 hybrid. The
number of flower buds per 1 m length was higher and less variable than the number found by Milatovi¢ et al. (2010)
for some peach cultivars, in which the number of flowers per 1 m length ranged from 14.5 to 55.6. The genotype was
most likely the cause of manifestation of these differences.

Fruit set is a very important trait that has a preponderant effect on peach yield. Peach cultivars that have a medium
to high fruit set can achieve a yield of nearly 20 t ha in an adult orchard (Raseira et al. 2020). The hybrids studied had
a very high initial fruit set (Table 4). The highest initial fruit set was found in the FS4 hybrid (84.1%). A high initial fruit
set was also found in the FS6 (83.0%) and FS3 (79.3%) hybrids. These hybrids had a significantly higher initial fruit set
than the Summerset cultivar, which had the lowest initial fruit set (57.4%). In addition to the genotype, the fruit set in
peach also varies depending on the environmental conditions at the flowering time (Santana et al. 2020).

In accordance with the lowest initial fruit set, the Summerset cultivar also had the lowest final fruit set (25.3). The
FS2 hybrid had the highest final fruit set (40.8%) and it was significantly higher than the final fruit set of the Summerset
cultivar. The data for the initial and final fruit set of the Summerset cultivar are in accordance with the results of Milatovié¢
et al. (2010). The initial fruit set (CV = 12.6%) and final fruit set (CV = 2.3%) had fairly uniform variability.

Fruit weight is a very important trait that largely determines the market value of the fruit and the peach yield.
Breeding in order to increase fruit weight has achieved better results in industrial than in fresh peach cultivars (Corréa
et al. 2019). This trait is highly correlated with fruit dimensions (Albuquerque et al. 2004) and carotenoid content in
fruit (Matias et al. 2016). It ranged from 129.8 g (FS4 hybrid) to 178.1 g (FS7 hybrid) and was consistent with the results
found by Raseira et al. (2020). Fruit weight was significantly higher in the FS7 hybrid and significantly lower in the FS4
and FS6 hybrids compared to the Summerset cultivar (155.3 g). The fruit weight of the Summerset cultivar was higher
than the fruit weight determined by Ogasanovic et al. (2002) under the conditions of western Serbia. This indicates that
other factors besides the genotype (agroecological conditions and crop management technology) greatly affect fruit
weight. This is confirmed by the results of a study by De Souza et al. (1998a), who found that fruit weight in peach was
a moderately heritable trait under Texas conditions.

Yield per 1 m of shoot length was lowest for the Summerset cultivar (1.5 kg) and highest for the FS3 and FS7 hybrids
(3.5 kg). These two hybrids had significantly higher yield per 1 m of shoot length than the Summerset cultivar. Yield per
tree ranged from 16.4 kg (FS8 hybrid) to 25.3 kg (FS2 hybrid). The FS2 hybrid had a significantly higher yield per tree than
the standard cultivar (17.3 kg). Yield per tree in our study was higher than the yield obtained by Zec et al. (2014) under
a similar cultivation system for some cultivars of late-medium- and late-ripening peach in the Belgrade region. With
these authors, yield per tree ranged from 11.6 to 17.9 kg. These differences were largely a manifestation of the effect
of genotype. Yield per tree depends on genotype and also varies significantly depending on tree spacing; yield per tree
is higher with more widely dispersed plants than at high density; however, yield per hectare is higher with smaller tree
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spacing (Grossman and De Yong 1998, Caruso et al. 1999). Also, the yield per tree varies depending on environmental
factors, primarily the occurrence of low temperatures during flowering and different rootstocks on which are grafted
cultivars (Santana et al. 2020).

Yield efficiency is a significant indicator that integrates the yield and the vigor of genotypes. It is primarily conditioned
by genotype and, unlike yield per tree, does not differ significantly from one training system to another (Caruso et al.
1999). Although the FS5 hybrid had high yield per tree, it had the lowest yield efficiency (0.11 kg cm?) due to its high
vigor. In contrast, due to its high yield per tree and low vigor, the FS2 hybrid had the highest yield efficiency (0.30 kg
cm?). This indicates that this hybrid is suitable for growing in a dense planting system, in which it can achieve high yield.
Yield efficiency had greater variability (CV = 30.2%) than yield per 1 m of shoot length (25.5%) and yield per tree (14.9%).

CONCLUSIONS

Peach hybrids flower from late March to mid-April, and fruit ripens from late August to late September. The number
of flower buds per shoot was significantly higher in the FS4 and FS8 hybrids and the number of flower buds per node
significantly higher in the FS3 and FS4 hybrids than in the Summerset cultivar. The FS3, FS4, and FS8 hybrids had a
significantly higher initial fruit set and the FS2 hybrid a significantly higher final fruit set than the standard cultivar. Fruit
weight was significantly higher in the FS7 hybrid. Yield per 1 m of shoot length was significantly higher in the FS3 and
FS7 hybrids and yield per tree and yield efficiency in the FS2 hybrid than in the Summerset cultivar.

Based on yield potential, the hybrids FS2, FS3, and FS7 stood out. They are good candidates for release as new high-
yielding peach cultivars, and for growing in areas where there is a risk of frost. They can also serve as valuable material

for use in future breeding work.
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