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Abstract. The article presents a three-year traceability (2018, 2019, 2020) of biometric results of the fruits of eight peach and nectarine
varieties. The study covers the fifth, sixth and seventh vegetation period from the period of full fruiting. Varieties included in this investigation
were “Filina” (peach, clingstone), “Gergana” (nectarine, clingstone), “July Lady” (peach, semi-clingstone), “Ufo 4” (flat peach, semi-clingstone),
‘Laskava” (peach, freestone), “Morsiani 90” (nectarine, freestone), “Flat Queen” (flat peach, freestone), and “Evmolpiya” (peach, freestone).
The experimental collection plantation was created in the spring of 2014 on the territory of the Fruit Growing Research Institute, Plovdiv, (Iat.
42.10384828045957 and long. 24.72164848814686). The data analysis shows that the varieties “Laskava” and “Evmolpiya” produce fruits
with the highest weight - 319.60 g and 303.60 g, respectively. Medium weight is registered in the “Morsiani 90” variety (226.07 g) and the “July
Lady” variety (193.87 g). “UFO 4” is characterized with the smallest fruits — an average of 143.83 g and the highest flesh yield. Considering
the fact that the “Filina” variety is very early ripening, its fruits can be treated as large for the season - 170.21 g. The stones of the “July Lady”,
“Morsiani 90” and “Evmolpiya” varieties have the largest average mass.
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Introduction

Peaches and nectarines are among the most profitable
fruit crops grown in Bulgaria (MAFF, 2019). The second half
of the XX and the first two decades of the XXI century mark a
historically unique, qualitative leap in the development of the
peach and nectarine assortment. Today, the dynamics of the
varieties is extremely high. This is determined by the significantly
shorter life of peach orchards compared to those of other fruit
species and, above all, by the large supply of newer varieties.
Consequently, arises the need for rapid comprehensive studies
of varieties in order to introduce the best in the new peach and
nectarine plantations. (Zhivondov et al., 2020).

The great diversification of peach varieties is mainly due
to the long history of breeding programs (Cantin et al., 2010).
Today, there are many worldwide breeding programs targeting
to improve the physical and chemical qualities of the peach
and nectarine varieties. Breeding studies are long known in the
field of horticulture. They usually aim at quality improvement,
alternation of ripening period, disease control, chilling
properties, etc. (Kiden et al., 2018). The two best-developed
tasks in almost all programs are the calendar ripening period of
the fruits and the low temperature impact for varieties intended
for cultivation in areas with a Mediterranean climate (Fideghelli,
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2002; Bellini, 2005; Sansavini et al., 2006; Zhivondov, 2009;
Zhivondov et al., 2020). Frost damage is one of the main limiting
factors in the production and distribution of fruits worldwide,
despite the numerous research efforts to reduce it.

Representatives of the genus Prunus are of great
agricultural importance in Bulgaria, and in particular the Prunus
persica L. Batsch varieties. In Bulgaria, there is a certain lag
with the introduction of new varieties in production. In the
1960s, after the initial partial enrichment of genetic resources,
by introducing new for the period varieties from abroad, a
significantly higher level selection, pomological and genetic
research on peach and nectarine varieties started (Petrov and
Grigorov, 1981; Zhivondov, 2009).

The first organized and official breeding program for
improving the peach and nectarine assortment in Bulgaria was
launched in 1989 at the Fruit Growing Institute - Plovdiv. As a
result of this program, 5 new dessert varieties (“Flavia”, “Filina”,
“Puldin”, “Laskava”, Evmolpiya”), 1 canned (“Spasena”) and 1
nectarine (“Gergana”) were created, four of which are included
in the current study (Zhivondov, 2009, 2010a,b; Zhivondov and
Dabov, 2010; Zhivondov et al., 2015). Initial pomological studies
of newly introduced peach and nectarine varieties with a flat
shape were conducted in order to accelerate their introduction
in the agricultural production (Zhivondov et al., 2019).



The recent revival in the introduction of new peach and
nectarine varieties, as well as the new Bulgarian varieties,
necessitate a rapid study of their pomological characteristics
and economic qualities. As a result of such research, the best
varieties will be recommended in the varietal structures of the
new plantations. When evaluating new cultivars and varieties, it
is important to gain knowledge about the aspects of production,
potential breeding, as well as some quality indicators. This
situation determines the purpose of the present study - to
establish the biometric parameters of peach and nectarine fruit
varieties, object of this investigation.

Material and methods

The present study comprised of eight varieties from three
different pomological groups, covering a long period of the
country’s peach ripening season. The dessert peach group is
covered by the very early “Filina”, the mid “July Lady”, the late
“Laskava” and the very late “Evmolpiya” varieties. Nectarines
are represented by the early Gergana and the late Morsiani
90 varieties. The early “Ufo 4” and late “Flat Queen” varieties,
which have a flat fruit shape, were also included in the study.

The research was conducted during the period 2018-
2020, when the trees were in the fifth, sixth and seventh
vegetation periods, respectively, from their full fruiting. The
collection plantation was established at the Fruit Growing
Institute in Plovdiv BG (lat. 42.10384828045957 and long.
24.72164848814686) in the spring of 2014 at planting distances
5 m between rows and 3 m between trees in a row (Figure
1). All varieties are grafted on a peach seed rootstock and are
grown by the system of free-growing crown. The plantation is

Table 1. Peach varieties characteristics, object of analysis

grown using standard peach and nectarine technology, the
black fallow system, and the conventional plant protection.

Figure 1. Peach orchard, Fruit Growing Institute, Plovdiv

Biometric measurements of the fruits and stones (height,
width, thickness) of the monitored varieties were made with
a digital caliper connected to a data logger at the specialized
laboratory for breeding, selection and pomology of the
Fruit Growing Institute, Plovdiv. Fruit and stone weight were
established with the use of Kern 572 digital scale (Kern & Sohn
GmbH). For this purpose, randomized samples of 25 fruits
per variety were measured, after having been collected in full
maturity from all parts of the tree crowns.

Xlstat Pro software was used to statistically analyze the data.

Results and discussion

The peach fruit development period is highly dependent on
the variety (Rodriguez et al., 2019). The harvest date may change
every year depending on the climatic conditions and especially
temperature. Table 1 is a brief presentation of the studied varieties.

Harvest date Harvest time

Variety Type Flesh colour (days after full bloom)

2018 2019 2020 2018 2019 2020
“Filina” P Y 12 June 21 June 20 June 91 83 88
“Gergana” N Y 19 June 6 July 30 June 95 107 106
“Ufo 4” FP W 27 June 11 July 3 July 133 110 109
“July Lady” P Y 12 July 17 July 15 July 17 116 17
“Laskava” P Y 1August  9August  5August 138 139 136
“Evmolpiya” P Y 9 Sept 16 Sept 15 Sept 173 176 169
“Flat Queen” FP W 1 Sept 4 Sept 3 Sept 165 164 164
“Morsiani 90 N Y 17 Sept 25 Sept 23 Sept 180 186 184

*P- peach; N- nectarine; FP- flat peach; Y- yellow; W- white.

All of the studied varieties have a very predictable harvest
time. The early ripening varieties are ready after approximately
83 to 100 days after full bloom. The late ripening varieties have
a harvest time of 165-186 days after full bloom. The year 2020
is marked with the shortest harvest times with the exception
of the early ripening variety “Filina” where a delay of 5 days is
registered.

The data analysis from the three-year biometric studies
undoubtedly shows that the fruits of the peach varieties
‘Laskava” - 319.60+66.22 g and “Evmolpiya” - 303.60+25.46
g are the biggest in weight, and in size compared to the other
varieties (Table 2).

241



Table 2. Biometric data for fruits, averaged for the period 2018-2020

Fruit sizes, mm

Variety Fruit weight, g height width thickness Flesh yeild, %
“Gergana’ 159.47433.44% 67.24+2.87° 69.9746.01¢ 64.1745.67° 95.17
“July Lady” 193.87+61.30° 35.8347.64° 72.77+8.89% 70.4345.78° 95.01
“Evmolpiya” 303.60+25.46° 78.4942.96° 86.52+1.49° 81.57+3.48% 96.89
“Laskava” 319.60466.22° 76.75+6.55° 86.4445.30° 84.47+3.902 97.48
“Morsiani 90 226.07+65.90° 72.23£9.17° 75.77+7.25% 74.2947.26° 95.73
“Ufo 4” 143.834£19.22¢ 38.3243.16° 78.04+5.33" 80.42+3.95% 97.98
“Filina” 170.21427.06%¢ 67.84+3.06° 71.9415.36% 65.80+4.05° 95.83
“Flat Queen” 178.05+14.88% 46.85+1.88° 81.03+3.59 79.81+5.81° 97.83

*Values followed by the same letter are not significantly different (p>0.05) by Duncan’s multiple range test

The fruits of the nectarine variety “Morsiani 90” (226.07+65.90
g) are quite big, with statistical difference compared to the other
studied varieties. The fruits of the “July Lady” variety (Figure 2),
with average weight of 193.874+61.3 g, are large enough. The
smallest fruits belong to the “Ufo 4” variety - 143.83+19.22 g. It
is not uncommon for flat fruit varieties to have a lower average
weight than the traditional round-shaped varieties (Cantin et
al., 2010). Similar findings have been recorded in previous
studies (Zhivondov et al., 2019). Unlike the “Ufo 4” variety, “Flat
Queen”, which is from the same pomological group of flat fruits,
demonstrates a significantly higher mass per fruit - 178.05+14.88
g. This differentiation in fruit weight is due to the notable interval
in the ripening period of the fruits. The “Ufo 4" variety is early
ripening, while “Flat Queen” is a late season variety. It is known
that late maturing varieties form larger fruits than those with an
earlier ripening period. Similar assumptions can be found in the
paper of Mihaylova et al. (2021b). An exception to this rule is the
early ripening “Filina” variety, the fruit of which have an average
weight of 170.21£27.06 g. Although its fruits ripen around June
20, the average fruit weight is comparable to that of the late
“Flat Queen” variety and to some extent to that of “July Lady".
According to this indicator, the “Filina” variety is superior to the
nectarine variety “Gergana” and to the flat “Ufo 4”, although the
fruits of the last two varieties ripen about 20 days later than those
of “Filina”. Similar observations about the size and weight have
been recorded in the paper of Mihaylova et al. (2021a) concerning
the physical properties of mid-season peach varieties.

-.’,y - "' (—mk?;::g’ ‘”’_— aw-’,

Figure 2. Fruit samples from the tested varieties
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Varieties with a higher average fruit weight usually have larger
size. In all studied varieties with round shape of the fruit, the largest
size is the width of the fruit. In the varieties with flat fruits, the height
ofthe fruitis the smallest. The average values of the height vary from
38.32+3.16 mm in “Ufo 4” to 78.49+2.96 mm in “Evmolpiya” (Table
2). The values of the fruit width are in the range from 69.97+6.01
mm (“Gergana” variety) to 86.52+1.49 mm (“Evmolpiya” variety).
Fruit thickness is the smallest in the “Gergana” variety (64.17+5.67
mm) and the largest in the “Laskava” variety (84.47+£3.90 mm).
The results are comparable to the ones documented by Popova et
al. (2021) where different physicochemical and sensory attributes
of early ripening varieties are observed.

The lowest average yield was in 2018 when the fruit weight
of the studied varieties was the smallest. The other two study
years were marked with heavier fruits from the early ripening
to the late ripening varieties, with 2019 being the year with
the highest parameters. Higher yielding varieties proved to
be those harvested in the mid-season, while early ripening
nectarine varieties (‘Gergana”) are lower yielding. Fruit
weight in the peach varieties (“Filina”, “July Lady”, “Laskava’,
‘Evmolpiya”) was considerably higher than the fruit weight in
nectarine (“Gergana”, “Morsiani 90”) and flat peach (“‘Ufo 4’
“Flat Queen”) varieties.

“Morsiani 90" is marked with a 2/3 increase in the peach
size, as well as an increase of the stone. Similarly, during
the tested period “July Lady” doubles both its fruit and stone
size. “Filina”, an early ripening variety, is characterized with an
increased yield because of its increasing size and decreasing
stone. The studied flat peaches and nectarines are tending for
a slightly decreasing yield due to the increased stone size and
smaller weight.

The flesh yield is an important indicator of how much of
the total mass of fruit is used for consumption. The smaller
the stone, the larger the usable part of the fruit. Yield depends
on the genetic background of the variety, and agronomic and
environmental factors (Dirlewanger et al., 1999; Milatovi¢ et al.,
2010). The data show that the highest flesh yield is in the “Ufo
4” variety - 97.98%. Over 97% is also the flesh yield of the
varieties “Flat Queen” and “Laskava’.

The average three-year biometric data for the stones of the
studied eight varieties of peaches and nectarines show that
the highest average weight is that of “July Lady” - 9.68+3.14
g, “Morsiani 90" - 9.66+2.31 g and “Evmolpiya” - 9.44+1.62



g (Table 3). Their values have statistical differences (p<0.05)
compared to those of the other four studied varieties. The

smallest are the stones of both varieties with flat fruits “Ufo 4”-
2.904£0.41g and “Flat Queen” - 3.87+0.73 g (Figure 3).

Table 3. Biometric data for stones - average values for the period 2018-2020

Stone dimensions, mm

Variety Weight of the stone, g Relative share of the stone, %
height width thickness
“Gergana” 7.71£0.85" 38.88+2.89% 20.20+1.56% 26.19+1.74¢ 483
“July Lady” 9.68+3.14° 36.05+3.49% 21.40+2.54% 26.66+3.9" 499
“Evmolpiya” 9.44+1.62° 40.73+2.61° 21.89+1.99% 29.08+1.66° 3.11
“Laskava” 8.06+1.64% 35.98+3.61% 19.18+1.37¢ 27.30£2.31° 2.52
“Morsiani 90” 9.66+2.31° 41.76+7.23° 22.70+4.40? 28.62+4.47¢ 4.27
“Ufo 47 2.90+0.41¢ 12.86+0.87¢ 19.39+1.57¢ 21.47+1.22¢ 2.02
“Filina” 7.10+1.66° 35.78+3.09° 19.17+1.36° 25.07+2.51¢ 417
“Flat Queen” 3.87+0.73¢ 15.02+0.81¢ 21.97+1.54% 22.37+1.41¢ 217

*Values followed by the same letter are not significantly different (p>0.05) by Duncan’s multiple range test

The relative proportion of the stone to the whole fruit is a
reciprocal indicator of the fruit flesh and shows what part of the
whole fruit is unfit for consumption. The smaller the mass of the
stone, on the one hand, and at the same time the greater the
mass of the fruit, on the other, the smaller the relative share of
the stone. This is one of the selection goals of the programs for
creating new peach and nectarine varieties. In the study, the
values of the relative proportion of the stone are in the range of
2.02% in “Ufo 4” variety, to 4.99% in “July Lady” variety.

Figure 3. Stone samples of peach varieties
(1- “Flat Queen”; 2- “Filina”; 3- “Morsiani 90”; 4- “July Lady”;
5- “Ufo 4”; 6- “Gergana”; 7- “Laskava”; 8- “Evmolpiya”)

The relative share of the stone is also small in the varieties
“Flat Queen”, “Laskava” and “Evmolpiya”. There are no
varieties with a high relative share of the stone (8-10%) in the
studied group. Stones, themselves, are an interesting research
topic as the current scientific teams aim at repurposing waste,
and green and circular economy. Peach stones can be used
in the fields of food production (as flour, functional ingredient),
cosmetics (functional ingredient), biotechnology, etc.

Conclusion

The studied diverse pomological samples of peach and
nectarine varieties have distinct physical properties. The
varieties “Laskava” and “Evmolpiya” have the fruits with the
highest weight. Given the early ripening of the “Filina” variety,
its fruits can be categorized as large for the season. Among the
flat peach varieties, when it comes to proximate weight, “Flat
Queen” and “Ufo 4” are at a ratio 1.2:1.0. Given the established
low share of the stones, all of the studied varieties are with high
flesh yield. The eight selected varieties can justifiably occupy
a proper share of the areas in the newly established orchards
demonstrating the value of traditional fruit growing by newly
established recombination.
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