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Abstract

The almond tree (Amygdalus communis L.) is a fruit species of great importance, which finds favourable growing
conditions in certain areas in Romania and stands out due to the many properties of its fruit which have a long shelf life.
Being a species that enjoys a real appreciation due to its nutritional and medicinal properties, shows interest to fruit
growers, making necessary providing some varieties with late flowering and the adoption of modern culture technologies
and the aim of this review is to present the current situation and to highlight the importance of relaunching the almond

culture in Romania.

Key words: Amygdalus communis, importance, late flowering varieties, cultivation technologies.

INTRODUCTION

The almond tree (Prunus amygdalus L. sin.
Amygdalus communis L.) belongs to the family
Rosaceae,  subfamily  Prunoidae,  group
Amygdaleae and has its origins in arid
mountainous regions of Central Asia (Grasselly,
1976a). Almonds were collected here in the wild
10,000 years ago, and they were among the first
plants to be domesticated all over the world
around the third millennium BC (Albala, 2009).
Almonds are considered as one of the oldest
crops (Wani et al., 2021).

It is a harsh climate-adapted species with the
ability to develop a deep root system in a
centrifugal manner, these characteristics
allowing the almond tree to explore a wide range
of ecological niches, being adapted to conditions
with mild, dry winters, warm summers, typical
of the Mediterranean climate (Cociu, 2011). The
almond is cultivated currently in more than 50
country (Lopez-Granados et al., 2019).

Almond crop has begun to expand in countries
with less favorable conditions, and this fact is
due because in the last decades a series of new
cultivars have been created and cultivation
technologies have been improved (Cociu, 2000).
This review is about the current state of almond
in Romania and the benefits that this crop can
bring through the introduction of late flowering
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varieties and the adoption of modern cultivation
technologies.

Almonds became a “luxury” fruit, being expor-
ted in large quantities in most advanced coun-
tries at a great selling price (Gavat et al., 2013).
Almonds have long been known as a source of
essential nutrients; at present, they are in
demand as a healthy food with a growing
popularity for the general population and
farmers. Studies on the composition and
characterization of almond macronutrients
(Table 1) and micronutrients (Table 2) have
shown that the almond has many nutritious
ingredients (Barecca et al., 2020; Grundy et al.,
2016).

Table 1. Almonds macronutrients

Macronutrients (g) 100 g Fw
Protein 16-23
Lipid 44-61
Saturated Fats 3-4
Monounsaturated Fats 31-35
Polyunsaturated Fats 11-12
Carbohydrates 100 g Fw
Total Sugars 4-6
Total dietary Fibres 11-14

Sources: Barecca et al., 2020; Grundy et al., 2016



Table 2. Almonds micronutrients

Micronutrients (mg) 100 g Fw
Calcium 264-300
Magnesium 230-268
Phosphorus 440-510
Potassium 705-730
Zinc 3.0-4.1
Copper 0.9-1.3
Manganese 1.2-1.8
Vitamins 100 g Fw
Riboflavin 1.0-1.1
Vitamin E 25-27
Total Phenolic Compounds 260-350

Sources: Barecca et al., 2020; Grundy et al., 2016

Almonds is not appreciated only for fresh
consumption, but also for their numerous ways
of use: in food industry; in chemical-pharma-
ceutical industry (extraction of a valuable oil);
the endocarp, the hard shell, can be used to
prepare activated charcoal, necessary for the
absorption of toxic gases; the green covering the
mesocarp, after drying and calcination, gives an
ash that contains 40% potassium and can be used
to make soaps and for chemical fertilizers.;
Almond wood, due to its color, large density and
bright luster after sanding, can be used to make
art objects (Cociu, 2003).

The purpose of this review is to emphasize the
advantages of cultivating this species in
Romania, the importance of introducing new
cultivars with late flowering and modern
technologies.

MATERIALS AND METHODS

This review is a research based on the current
situation of almond crop, the prospective of new
cultivars introduction with late flowering and
modern cultivation technologies namely: the
right choice of planting density and the
importance of pruning.

THE CURRENT SITUATION IN ROMANIA
In Romania, the almond tree spreading area is
almost overposed with that of vineyard, peach
and apricot trees. At the beginning, almond trees
could be found intercalated around vineyards,
alleys and roads and even in the vineyard
because they do don’t produce big shadow and
doesn’t affect vineyard development (Cociu,
2003).
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The almond (Amygdalus communis L.) being a
specific plant to semi-steppe conditions, widely
spread in Central Asia, it grows in Romania
mainly in Banat, Dobrogea, in the area of
vineyards and in many other localities with a
warm climate (Ghena et al., 2004).

According to FAOSTAT in Romania there are
no statistics of the areas occupied by the almond
culture, this crop being included along with the
other nut trees.

It should be noted that the interest in this crop is
still low in Romania, while the interest shown
worldwide is increasing. The almond being one
of the crops that lends itself to pedoclimatic
conditions in certain areas of Romania, it can be
fully mechanized and is accompanied by a
multitude of benefits, proving to be an adaptable
and versatile species (Albala, 2009).

During the last 30 years, the almond tree has
been systematically cultivated in some research
stations (Gitea, 2013).

In order to stabilize the optimal culture areas and
the corresponding assortment, experimental and
production plots were organized in the Fruit
Research Stations in Oradea, Mehedinti,
Marculesti and Constanta (Cociu, 2003).

The first cultivar collection was organized in
1951, in Marculesti and after 10-12 years it was
transferred at Research Station for Fruit
Growing (RSFG) Constanta. In 1975, it was
reorganized and doubled at RSFG Oradea
(Cociu et al., 20006).

The Romanian gene bank for almond species
includes 138 genotypes of which 9 species:
Amygdalus bucharica, A. nana, A. intermedia,
A. fenzliana, A. kotski, A. kuranika, A. scoparia,
A. spinossa, A. webbii (Braniste et al., 2006).
Currently, at RSFG Constanta there are 54
cultivars and selections (MADR).

The current assortment has the following
autochthonous cultivars: Veronica, Mirela,
Sandi, Cristi, Adela, April, Ana (created at
RSFG Oradea) (Gavat et al., 2013).

PERSPECTIVE OF INTRODUCTION OF
NEW VARIETIES WITH LATE
FLOWERING

At present, the growing demand on the market
for nuts, places the almond culture in an
interesting position in which the production of
almonds with high quality organoleptic and
nutritional produced will be needed to meet



growing national and global demand (Socias et
al., 2017). Although this culture is widely spread
in the world, the production is limited by
ecological factors such as late spring frost
(Melhaoui et al., 2019).

Cold resistance decreases as the trees get closer
to entering the vegetation (Oprita et al., 2022).
Breeding late flowering cultivars to avoid spring
frosts is one of the most important objectives of
the researchers in various European almond
breeding programs (Rubio et al., 2017).

Like other temperate trees, the almond tree is at
rest during the winter and is generally without
leaves. In these conditions, it is strong in its
ability to endure very low temperatures.
Nevertheless, the almond is very sensitive to
cold during flowering and early fruit
development. During this period, depending on
many factors, in particular phenological stage,
temperature and exposure time, temperatures
below -1°C or -2°C can cause crop loss
(Guillamon et al., 2022).

Therefore, breeders are interested in delaying
the flowering time of new cultivars so that they
flower when the danger of frost is minimal
(Dicenta et al., 2017).

The cultivars that bloom late and ripen early are
considered as being very valuable from the bio-
logical and practical point of view, because the
fruit buds differentiation for the next yield per-
forms until late autumn; having a long dormant
period these cultivars are more resistant to tem-
peratures variation arising at the end of winters
and ensure high yields (Gavit et al., 2015).

The cultivars flowering time is therefore very
important and largely determines the success of
commercial exploitation (Socias et al., 2017).
In present, here are currently two major genetic
improvement programs: Davis University
Californian program (Dale E. Kester and R.
Janes) and the European programs, in which
Spain (A. Felipe and R. Socias), Italy (F.
Monastra and C. Fideghelli) and France (Ch.
Graselly).

In the former Soviet Union breeding begun in
the 1930’s at Nikita Botanical Garden (Yalta,
Crimea) by A. Richter and A. Yadrov who
focusing on tree hardiness and frost resistance,
as well as late bloom and productivity. Many
cultivars were released in this program such as
“Yaltinskij”, “Primorsrkji”, “Myagkoskolupy;j”
(Richter, 1972).
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In the 1960’s breeding work begun at INRA
Bordeaux, followed later at Montfavet, France,
by Ch. Graselly and later by H. Duval in the
1990’s, with the aim of obtaining late flowering.
The French breeding program was the most
popular program in Europe for many years, with
the successful introduction of “Ferragnes” and
“Ferraduel” in 1967, and the late-flowering,
self-incompatible  cultivar “Feralise” and
“Ferrastar” in 1970s (Graselly and Raynaud,
1980). In 1994 and 1997, Lauranne and Steliette
cultivars were introduced to the orchards
(Godini et al., 2001).

Scion breeding activity was introduced in the
1970’s, lasting 20 years, in Italy (F. Monastra at
ISF Rome), in Greece (D.K. Stylianides and G.
Syrigianidis at Naoussa) and in Tunisia (A. El
Gharbi and B. Jraidi at INRAT Ariana).

The breeding program from CEBAS-CSIC
(Murcia, Spain) has its main objectives based on
late bloom time (Socias et al., 2010).

The first releases in the late 1990°s were the
“Antoaneta” and “Marta” (Egea et al., 2000).
Two more recent cultivars, “Penta” and
“Tardona” are characterized by their exceptio-
nally late blooming time (Dicenta et al., 2009).
“Tardona appears to be the latest flowering
cultivar ever released (Dicenta et al., 2010).

A large number of cultivar and germplasm
evaluation took place in other countries,
including: Romania, Bulgaria, Morocco, Iran,
India (Socias et al., 2017).

Thus, from a breeding perspective, cultivars
have to fulfil many requirements to be succe-
ssful, even when they are intended for a single
purpose. Almond quality is determinate largely
by market acceptance (Socias et al., 2008).

The most effective way to prevent damage
caused by low temperatures is to use late
blooming cultivars, being the best method to
avoid crop damage (Imani et al., 2011).

The introduction of late flowering cultivars can
bring a special economic contribution to the
almond culture by increasing the productivity
and quality of the fruits (Neagu, 1975).

MODERN CULTIVATION
TECHNOLOGIES

The almond tree is an economically important
crop. Direct benefits get generated by the
adoption of new technologies in the target area
(Wani et al., 2021).



In order to constantly improve the production of
almonds, it is also necessary to improve the
increasingly efficient and sustainable cultivation
techniques by choosing optimal planting distan-
ces and suitable canopy (Maldera et al., 2021).
The application of an advanced agricultural
technique, of new, perfected technologies that
allow doubling, tripling of crop the same surface
is conditioned by the choice of suitable cultivars
(Neagu, 1975).

Planting density, which refers to the number of
trees per unit area, determines numerous aspects
of orchard profitability including the precocity
of production, yield in the mature stage of the
orchard, the initial investment, the cost and type
of orchard management and the commercial life
of the orchard. An increase in planting density
will lead to earlier production, thus reducing the
non-productive stage of the orchard (Socias et
al., 2017).

A new culture system in the super high densities
(SHD) one which is known as a “sustainable and
efficient system” due to the optimized use of
natural resources such as soil, water and
agronomic inputs such as fertilizers and
chemical treatments (Maldera et al., 2021).

The first crop of SHD almonds was in Spain, in
2010, and soon after several almond producing
countries such as Italy, Portugal started to adopt
the super intensive system of culture (Maldera et
al., 2021).

The productivity of modern high density
planting orchards is a function of their light
interception (Grapadelli and Lasko, 2007).

The growth habits of almond trees did not
evolve with farming in mind. An almond tree
left to grow freely would be difficult to harvest
and manage on a commercial scale. The primary
goal of both training and pruning is to exploit the
natural tendencies of the tree to create and
maintain a habit that will produce excellent
yields and facilitate cultural practices. In the first
years, the tree is trained to a structure that will
support future crop weight and allow for cultural
practices, while minimizing cuts which could
decrease early yields (Socias et al., 2017).

The implantation of these novel training systems
can give a significant impact (Casanova et al.,
2019).

Once the tree structure has been established,
pruning principally facilitates cultural practices
such as spraying and harvesting and removes
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dead and diseased wood. Pruning has been seen
as a way to invigorate tree growth (Socias et al.,
2017).

New canopy was designed, by increasing the
number of three axes to two in Bibaum, Bi-axis
or to three axes in Parallel Trident (Stanica,
2019).

The innovative feature of SHD almond orchards
is the possibility to fully mechanize the orchard
management operations (Iglesias, 2019).

The pruning is done mechanically by reducing
the height and width of the fruit trees row,
creating a hedgerow (Cioaca and Stanica, 2021).
A perspective of the strengths of the modern
SHD culture, we have in table 3, namely the
cultivars, planting distances, training and
pruning.

Table 3. Some characteristics of SHD system

Cultivars Late to very late blooming
Training and
planting Vertical Axis 4.0-45x 1.5
distances
Parallel U 4.0-4.5x 1.5-2.0
Trident 4.0-4.5x 2.5-3.0
Pruning Mechanical
Source: Stanica., 2019
CONCLUSIONS

The almond tree (Amygdalus communis L.) is a
fruit species of great importance, which finds
favorable growing conditions in certain areas in
Romania and stands out due to the many proper-
ties of its fruit which have a long shelf life.

The popularity of almond growing demand
resulting from this popularity make it necessary
to provide cultivars with late flowering which
correspond to the current climatic conditions
and the adoption of modern cultivation
technologies.

Almond cultivation offers interesting and
economically sustainable prospects.
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Abstract

The paper presents how the soil fertilization with NPK in different doses and combined with two types of foliar
fertilizers, applied to an apple tree orchard, changes the potassium content in soil and leaves. For a better
understanding of the results, chemical analysis of the leaves and of the soil at two depths: 0-20cm and 20-40cm were
chemically performed. The study was carried out in an apple orchard, located in the Didactic Farm “V. Adamachi" that
belongs to the University of Life Sciences from lasi (IULS), Romania. Results shows that fertilizers applied in the soil
had a positive influence, increasing the soil content of potassium closer to the optimal range: 200-300 ppm. However,
the content of potassium in the apple tree leaves stays low and below the optimum condition. The control (no fertilizers
applied) had the lowest content for Kt (0.99%) in the leaves. Studying the content of calcium (mean — 1.65%) and
magnesium (mean - 0.74%) in the dry matter of the leaves we see that there are not significant differences between the
fertilization variants. Their values exceed the optimal limits.

Key words: apple orchard, dry matter, foliar fertilizers, optimal content of potassium, NPK.

INTRODUCTION potassium fertilizers caused a decrease of foliar
nitrogen (Holb et al., 2009).

Potassium is a nutrient with major importance  In the soil, potassium is important especially

in the biochemical processes that take place in  through its accessible fraction to plants, which

the plant: protein synthesis, lignin formation,  represents approximate 1% of the total soil

transport and storage of carbohydrates  potassium. Specific to this form is the fact that

imprinting resistance to drought, diseases and it can undergo, in specific soil conditions, by

pests (Cheng, 2013; Malvi, 2011). decreasing the content accessible to plant
Potassium is the most abundant cation in the nutrition.  Suboptimal  concentrations  of
plant cell. potassium in the soil will force the plants to

The harvests are directly dependent on the absorb it against the electrochemical ingredient
presence in the soil in optimal quantities but  (Ragel et al., 2019). The harvests are at high
also in the plants, where it directly influences levels, when potassium represents more than
both the quantity and especially the quality of 5% of the amount of exchangeable bases
the production (Papp et al., 2004). The use of  (Davidescu & Davidescu, 1999).

different potassium fertilizers and different  The texture, the pH, the buffering capacity of
doses in a Golden Delicious’ orchard did not  the soil, as well as the alternation of dry and
determine the increase of the yield, but its  wet periods, determine the change of potassium
quality (Szewczuk et al., 2008). into fixed forms and therefore inaccessible to
Its action in the soil and plant cannot be  plants. Soil acidification leads to a decrease in
understood as a stand-alone one, but its  potassium in the leaves with negative effects on
evolution in both environments is directly fruit quality (color, sugar content) (Raese,
related to nitrogen and phosphorus, with which 1995) while Fazio et al. (2012) noted that the
it achieves high and stable productions. accessibility of calcium, phosphorus and
Increasing the concentration of some ions can ~ molybdenum increases with increasing pH,
lead to the blocking of others or reduce their ~ while the absorption of zinc, magnesium and
absorption by plants, thus the application of  potassium is not influenced by pH. In the same
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register, Malvi (2011) said that high pH soils
negatively affected potassium absorption,
which will aggravate the K/Mg antagonism.
This study was undertaken to improve apple
nutrition with potassium on calcareous soil
through minimal soil fertilization completed
with foliar fertilizers with macro and
microelements. The second aim was to increase
the concentration of available potassium in the
soil. During the three years of experiencing,
observations were made on the evolution of the
potassium content in the soil, the accumulation
of potassium, calcium and magnesium in the
plant.

MATERIALS AND METHODS

Location and experimetal design

The study was conducted for three years (2019-
2021) in the Didactic Farm V. Adamachi of
IULS, Iasi County, in an apple tree orchard,
Idared variety, grafted on MM-106 rootstock,
spacing between trees is 4 x 4 m. Orchard soil
type is aric cambic chernozem, rich in calcium.
Prior setting the experiment, the activity of
hydrogen ions from a soil sample is measured
potentiometric, in aqueous suspension (1:2.5):
the pH value is 8 for 0-20 cm and 8.3 for the
21-66 cm depth. For the same depths, through
Scheibler method, was determined CaCOs (%)
in soil: 4.8% (0-20 cm) - 7.8% (21-66 c¢cm), and
Ca*  (13.3%-16%), Mg* (0.45%-0.62%)
analyzed with atomic absorption
spectrophotometry method

Fertilizing treatments were randomized within
one block; groups of three trees; in three
replications. In the experience were studied 9
variants of fertilization with mineral and foliar
fertilizers, including the control: VI - Control
variant - no fertilizers; V2 - NPK 15.15.15 -
180kg ha! active ingredient, V3 - NPK
15:15:15 - 270kg ha™! active ingredient, V4 -
Pentakeep, V5 - Cropmax, V6 - V2+Pentakeep,
V7 - V3+Pentakeep, V8 - V2+Cropmax, V9 -
V3-+Cropmax.

An NPK complex fertilizer, with 15:15:15
NPK ratio was used for soil fertilization, at a
dosage of 180 kg ha! and 270 kg ha™! active
ingredient. Cropmax fertilizer was included in
the experiment being a  bio-stimulant
compatible with organic farming, rich in
nutritive elements, amino acids and vitamins,
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recommended for the efficiency of mineral
fertilization. Cropmax has 0.2% N, 0.17% P,
0.017% K, 0.001% Ca, 0.033% Mg and
microelements. Pentakeep Super fertilizer
contain: 16% N, 2.18% P, 2.49% K, 0% Ca,
1.8% Mg, microelements and 5-aminolevulinic
acid, with a much more concentrated
composition in nutritious elements applied on
trees foliage, recommended as well to complete
mineral fertilization.

The mineral fertilization with NPK 15:15:15
was applied and incorporated in the topsoil, 1/3
in autumn and 2/3 in early spring. Foliar
fertilizers (Pentakeep - 2 L/ha and Cropmax -
4 L/ha) were sprayed three times, received
when the fruit was 5 mm in diameter, and every
two weeks after. The spraying of the trees was
carried out using the atomizer with fine

spraying.

Sampling and Analysis

Annually, four soil samples were taken from
each plot at the beginning of the vegetation
period, before fertilization, from the upper 0-20
cm layer and 20-40 cm by using manual
sampling equipment. The samples were
brought to the laboratory, air-dried, grounded,
passed through a 2 mm sieve, homogenized and
stored in boxes until the chemical analyzes
were performed.

Available potassium content in soil (K-AL) has
been determined by treating the soil sample
with ammonium lactate acetate (AL), pH - 3.7
(Egner-Riehm-Domingo method), precipitation
of calcium from the solution with oxalic acid
(10%). Potassium was quantified by the flame-
photometry method.

Leaves were harvested from each tree were the
soil samples were taken, in middle of July,
from the middle part of the annual shoots. The
plant samples were washed with distilled water,
buffered with filter paper and dried at ambient
temperature, after which they were ground and
stored in glass jars.

Total potassium content in leaves (Kt) was
determined by mineralizing the sample with
sulfuric and hydrochloric acid followed by
flame photometry dosage of the solution.
Calcium and magnesium content in leaves was
determined  through  atomic  absorption
spectrophotometry method (AAS). For AAS,
plant samples were calcined until whitish ash



and solubilized with 5 ml of hydrochloric acid
(25%).

Statistical analysis was performed over the
results using analysis of variance (ANOVA).
Significant differences between means were
identified using the least significant difference
(LSD) test.

RESULTS AND DISCUSSIONS

In order to maintain and sustain soil fertility in
potassium it’s recommended to follow other
indicators, as: calcium and magnesium content
and ratio between Ca, Mg and K. Buffer
capacity of the soil is another indicator that
influence the availability of the potassium in
soil, knowing that there is a good correlation
related to the soil properties and clay content
(Shanker & Seth, 2018).

Soil fertilization and combined fertilization
variants record increases in mobile potassium
content for both depths. For the depth of 0-20
cm, the values are 214.1-239.8 ppm K-AL,
values that fall within the state of optimal
provision of the soil with potassium, compared
to the depth of 20-40 cm where the values
(128.5-172.3 ppm K-AL) show poor potassium
supply for apple crops (Table 1)

As expected, the K-AL content for the
exclusively foliar fertilization variants show
insignificant differences compared to the
control. The optimal values of the mobile
potassium content in the soil for apple orchards
are 200-300 ppm (L&acatusu, 2016), and the K-
AL in this study lies in the optimal range only
in the 0-20 cm layer.

Table 1. Fertilization influence on potassium content (K-AL, ppm) in soil (three years mean)

Variants K-AL ppm Mean K-AL ppm Mean
(0-20 cm) difference (20-40 cm) difference
V1 - Control 167.2 - 124.2 -
V2- 180 kg ha! NPK 214.1 46.9 157.9 33.7
V3 -270 kg ha! NPK 223.6 62.4 164.5 40.3
V4 - Pentakeep 176.0 8.8 128.5 4.3
V5 - Cropmax 170.9 3.7 128.5 4.3
V6 - V2+Pentakeep 230.3 63.1 165.7 41.5
V7 - V3+Pentakeep 237.4 70.2 172.3 48.1
V8 - V2+Cropmax 227.8 60.6 158.2 34.0
V9 - V3+Cropmax 239.8 72.6 167.1 42.9
*LSD 5% 41.16 *LSD 5% 24.00
**LSD 1% 49.86 *LSD 1% 28.41
***LSD 0.1% 59.22 ***LSD 0.1% 33.78

LSD - least significant difference

Foliar analysis for potassium, in apple leaves,
highlighted a series of aspects related to the
level of Kt % in plants, correlated with its
content in the soil, strongly depended on the
fertilization variants. Potassium content in
apple leaves in July could be sorted into the
low to medium potassium supply for all
fertilization variants. The exclusively foliar
fertilized variants raise leaves content in
potassium to 1.01% Kt when using Cropmax
and 1.11% Kt when using Pentakeep,
statistically insignificant increases in potassium
content.

During the period of vegetation, the nutrients
content varies in apple leaves (Mengel &
Kirkby, 2001). The analyses should be
performed in early stage in order to determine
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tree nutrition disorders. It is difficult to adjust
its deficiency or excess in the late growing
cycle (Uggun & Gezgin, 2017).

The researches carried out on the dynamics of
potassium absorption and its content in apple
leaves, shows that potassium concentration in
leaves, in July, states in the low range (Papp et
al., 2004), even the K-AL content in soil has
increased over the experimental years. Similar
values have been noted in an organic apple
orchard in Hungary (Nagy & Holb, 2006).

The variant with the highest total potassium
content is V7, with 1.35% Kt, which means an
optimal supply, with a statistically very
significant difference compared to the control.
Thus, the total potassium (Kt) in plants,
recorded for this fertilization option, correlates




with the mobile potassium (K-AL) content in
the soil. It results that root fertilization in
maximum NPK doses combined with foliar
Pentakeep determines a normal active
absorption of potassium (Table 2).

Table 2. Influence of differentiated fertilization on total
potassium content in apple leaves (Kt, %)

Coefficient
Variants Kt Percentage Mean of
(%) increase difference  Variation,
%
Vi -
Control 0.99 100 - 6.20
V2 1.19 120.2 0.20 13.40
V3 1.26 127.3 0.27 12.52
V4 1.11 109.4 0.12 9.56
V5 1.01 104.4 0.02 3.59
Vo6 1.19 120.2 0.20 11.04
v7 1.35 136.7 0.36 17.27
N4 1.17 118.5 0.18 20.18
V9 1.26 127.3 0.27 12.34

*LSD 5% - 0.20; **LSD 1% - 0.27; ***LSD 0.1% - 0.32

Increasing the concentration of potassium in
soil leads to optimal accumulation of it in the
plant (Kuzin & Solovchenko, 2021). Among
the potassium content in the soil, at 20-40 cm
depth, and the total potassium determined in
the apple leaves, a positive relationship was
identified; 88.04% of the variation in total
potassium content in plant can be attributed to
the variation of the accessible potassium in soil

(Figure 1).
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Figure 1. Dependence relationship between the available
potassium in soil and total potassium in leaves
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Calcium imprints the firmness of the fruit pulp,
neutralizes organic acids, stimulates the
formation of absorbent bristles on the root,
favors the processes of fruit formation and
ripening (Davidescu & Davidescu, 1999).

Regarding the calcium content in the apple
leaves, it records values between 1.55 - 1.75%,
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that express an excessive state of insurance
with this element (Lacatusu, 2016) (Table 3).
The  statistical  analysis  shows  that
increases/decreases of this element in plant
tissue are not significant and not in direct
relation with the fertilization options. The
concentration of this element is determined by
the high content of calcium carbonate in the
soil (7.8% CaCO0:s).

Table 3. The influence of fertilization on calcium
accumulation (Ca, %) in leaves (three years mean)

Coefficient
" Ca (%) Mean of
Variants ey
Mean + SD  difference ~ Variation,
%
V1- 1.62+0.16 0 9.62
Control
V2 1.60 +0.09 ~0.021 5.70
V3 1.65 £0.17 0.030 10.23
V4 1.65+0.09 0.030 5.71
V5 1.55+0.33 -0.072 21.33
V6 1.58+£0.21 -0.041 13.30
V7 1.68 £0.21 0.060 12.59
V8 1.75+0.14 0.130 8.13
V9 1.74 £0.13 0.120 7.55

*LSD 5% - 0.127;**LSD 1% - 0.132;***LSD 0.1% - 0.138

The analyses determined that calcium content
in dry matter is optimal in this study, and for
some variants of fertilization Ca recorded a
high state of insurance of the trees. In an
experiment Dilmaghani et al. (2004) noticed a
range of potassium and calcium content in
leaves that exceeded their critical limit values,
even so the calcium concentration was low in
fruits, due to its low mobility.

Magnesium has a major role in photosynthesis
and is contained in tissues at values denoting a
high state of supply, 0.70-0.83% (Davidescu &
Davidescu, 1999). Although there are many
studies on magnesium deficiency of apple trees,
there is no information on the effect of high
magnesium content.

Through fertilization with Pentakeep, the apple
trees benefited of an intake of magnesium.
Very significant increases were recorded for
the fertilization variants V7 and for the
exclusive fertilization with Pentakeep. For the
rest of the fertilization options, the increases
were insignificant (Table 4).

It is known that a high content of potassium in
the soil can cause a decrease in the absorption
of magnesium, resulting in a decrease in the



concentration of Mg in leaves. It has not been
proven, in all cases, that a high concentration of
this element in the soil can cause a decrease in
potassium intake.

Table 4. The influence of fertilization on magnesium
accumulation (Mg, %) in leaves (three years mean)

Coefficient
. Mg (% Mean of
Rlaniants Meagn(:t S)D difference Variation,
%
V1 - Control 0.70 +0.05 - 7.03
V2 0.72 £0.07 0.02 9.57
V3 0.77 +£0.05 0.07 5.93
V4 0.83 +0.03 0.13 3.43
V5 0.70 +0.05 0 6.79
Vo6 0.75 +0.08 0.05 10.13
V7 0.82 +£0.04 0.12 5.32
V8 0.72+0.07 0.02 10.30
V9 0.66 +0.07 -0.04 10.41

*LSD 5% - 0.09;**LSD 1% - 0.10; ***LSD 0.1% - 0.12

K/Ca, K/Mg and Ca/Mg are indicators that
refers to antagonism relationships between
these cations and are a better expression of the
nutrition state of the plants. In this study the
K/Ca ratio has values between 0.61-0.80, K/Mg
ratio has values between 1.34-1.91 and Ca/Mg
ratio has values between 1.99-2.64 (Table 5).
These ratios have under - optimal values
compared to other studies, where K/Ca = 0.87,
K/Mg = 3.9-6.0 and Ca/Mg = 4.55 (Fiileky,
1999) due to the low content of potassium in
leaves. It is recommended to wuse foliar
fertilization in order to achieve optimal calcium
in fruits (Mengel, 2002).

Table 5. Ratios of potassium, calcium and magnesium in
apple leaves (three years mean)

Variants K/Ca K/Mg Ca/Mg

V1 - Control 0.61 1.41 2.31
V2 0.74 1.65 2.22
V3 0.76 1.64 2.14
V4 0.67 1.34 1.99
V5 0.65 1.44 2.21
V6 0.75 1.59 2.11
v7 0.80 1.63 2.02
V8 0.67 1.63 243
V9 0.72 1.91 2.64
CONCLUSIONS

Soil fertilization causes significant increases in
the potassium content of the soil.

The concentration of potassium in the plant
recorded increases for all fertilization options,

there is a positive correlation between the
increase of the accessible potassium content in
the soil and the increase in its content in the
leaves.

The accumulation of calcium in plants is not
influenced by the application of fertilizers, but
is attributed to the high concentration of CaCOs
in the soil. Its values denote good insurance
with this element.

Fertilization with Pentakeep causes significant
increases of magnesium content in apple
leaves. All experimental variants have a high
magnesium content that lies in the high state of
insurance for apple trees. All three cations play
a major role in obtaining high quality fruit.
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Abstract

Fruit physicochemical parameters are essential for evaluating the new cultivars when tested in new planting conditions.
The article presents the fruit's biochemical characteristics during four-year research (2019-2022) for 30 peach and
nectarine cultivars. The orchard was established in 2017 in the Experimental Field of the Faculty of Horticulture in
Bucharest with Romanian and foreign cultivars grafted on Myrobalan 29C, Saint Julien A, Adesoto, and GF677
rootstocks. Vertical Axis and Trident were used as planting systems, and an integrated orchard technology was applied.
The size, average weight, flesh firmness, soluble solids, dry matter, titratable acidity, fructose and glucose content, and
absorbance index were measured/determined for fruit evaluation. The results present the range intervals for all monitored
parameters and the distribution of the cultivars on clusters depending on the physical and biochemical parameters. At
the same time, the rootstock and system planting influence on the fruit parameters are highlighted.

Key words: total soluble solids, dry matter, total acidity, DA-meter.

INTRODUCTION on their sweetness, and it has been shown that
there is a positive correlation between the sugar
The Rosaceae family includes the peach (Prunus and malic acid content of the fruits and their
persica (L.) Batsch) and the nectarine (Prunus flavor (Orazem et al., 2011). Large-fruited
persica var. nectarine Maxim). Due to the fruit's ~ nectarines became available in the 1980s, and it
simple adaptability to many ecological  was expected that nectarine cultivars would
situations, early fruit set, and lengthy harvest  eventually take over the market for fresh P.
time, peaches are widely planted. Low winter ~ persica in the 21st century (Hough, 1985).
temperatures and late spring frost at higher  Nectarines have increased in popularity over the
elevations limit peaches and nectarines (Kuden  past 20 years and currently makeup roughly
et al., 2018). According to FAO data, in 2021,  30% of all peach and nectarine types (Byrne,
the top-producing nations of peaches and 2002). Consumer preferences vary depending
nectarines worldwide were China (8,850,345 on consumption patterns, but customers prefer
tons), Italy (1,466,753 tons), Spain (1,221,698 fruits high in sugar yet low in acidity (Rossato et
tons), the United States (1,137,075 tons), Greece al., 2009). The sugar profile refers to the
(795,851 tons), and Turkiye (555,825 tons). proportion of each type of sugar in a particular
Peach and nectarine production holds a  fruit, being quite different from the total sugar
significant global position with a planted area of ~ content, that is, the sum of the four most
roughly 1.5 million hectares. Fruit quality in  significant sugars in fruit (sucrose, glucose,
peaches and nectarines is primarily influenced  fructose, and sorbitol).
by genotype. Other elements such as rootstock, The primary sugar in peach fruit is sucrose
the location of the fruit in the canopy, pruning  (Robertson et al., 1990). This disaccharide is
and thinning techniques, and the yearly climate  crucial as a fruit flavor antioxidant, sweetener,
are also known to have an impact (Fonti i  and energy source (Huberlant & Anderson,
Forcada et al., 2013). Peaches and nectarines' 2003). There are also lesser amounts of other
suitability for consumption primarily depends
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sugars, such as glucose, fructose, and sorbitol
(Moriguchi et al., 1990).

Since it is sweeter than sucrose and glucose,
fructose is a significant monosaccharide in fruit
flavor (Pangborn et al., 1963).

Furthermore, because it encourages the growth
of bifidobacteria and lactobacilli in the
gastrointestinal tract, fructose has been shown to
have positive benefits on digestive health (Muir
JG et al., 2009).

The present study aims to highlight the
qualitative indices and biochemical attributes of
14 peach cultivars and 16 nectarine cultivars to
spread the knowledge of this worldwide
consumed fruit with essential functions for
human health.

MATERIALS AND METHODS

The study was carried out in the experimental
field of the Faculty of Horticulture in Bucharest.
Both peach and nectarine cultivars were led on
two different planting systems: Vertical Axis
with 4.0 x 1.5 m (1,666 trees/ha - 1,666 axis/ha)
and Trident with 4.0 x 2.0 m (1,250 trees/ha -
3,750 axis/ha). Integrated management,
including fertilization, pest and disease
management practices, and irrigation, were used
to grow the trees. Tree branches were thinned to
the same relative fruit: foliage ratio, simulating
commercial culture.

The rootstocks were *GF677°, ’St Julien A’,
’Mirobolan29C’, and *Adesoto’.

Fruit quality is a broad notion that includes
sensory qualities (such as appearance, texture,
flavor, and aroma), nutritional value,
mechanical qualities, safety, and defects
(Crisosto & Costa, 2008). Together, these
attributes give the fruit a degree of excellence
and an economic value (Abbot, 1999).

To determine the fruit quality parameters, a
collection of 30 cultivars (peach and nectarine)
was evaluated between 2019 and 2022 for
caliber and weight, TSS (total soluble solid),
DM (dry matter), titratable acidity (TA),
fructose and glucose content, absorbance index
(IAD), and fruit flesh firmness.

For each cultivar, 2 or 3 trees were used, and ten
fruits per cultivar were sampled in analysis. All
fruits were harvested at the commercial ripe
stage, when fruits softened, had a yellow or
orange ground color (which was also
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characteristic of each cultivar), and were simple
to separate from the tree. To guarantee
consistency in maturity grade, one individual
only harvested them. Maturity dates ranged
from mid-June to mid-September, depending on
genotype. The yield (kg per tree) and total
number of fruits were recorded for each cultivar.
The average weight was estimated using these
measurements in 20 fruits in a representative
sample (Crisosto et al., 2001). The juice TSS
was measured with Kriiss DR301-95
refractometer, and data were given as °Brix.
The titratable acidity (TA) was measured in the
fresh fruit juice. The fresh juice was measured
with a pH electrode and diluted with distilled
water for titration to an end pH of 8.1 with 0.1
mol L™! NaOH according to the AOAC method
(AOAC, 2001). Data were given as g malic acid
per 100 g fresh weight (FW) since this was the
dominant organic acid in peach (Wills et al,,
1983).

Flesh firmness was determined on opposite sides
of the equator of each fruit with a penetrometer
Turoni with an 8 mm diameter probe on ten
fruits from each tree. Data averages were given
in kgf cm2 (Harker et al., 2002).

Dry matter content in a sample was determined
by weighing it before and after being incubated
at 105°C in a forced air draft oven for 24 hours.
The result was expressed as g dry weight (DW)
g ! fresh weight (FW) (Di Vaio et al., 2015).
For the descriptive statistics of the data,
Microsoft Excel 2016 and IBM SPSSv. 28.0.1.1
with a significance level of p = 0.05 were used.

RESULTS AND DISCUSSIONS

At the time of commercial harvest, high
variations existed in the values of fruit diameter
(Table 1), in peach and nectarine, being
influenced by both genotype and canopy shape;
the values obtained varied between 50-80 mm.
In nectarine, the Vertical Axis canopy imprinted
higher fruit weight values in most cultivars,
ranging between 64 g (Early Sun Grand/SJA)
and 150 g (Honey Royal/GF677). Fruit
diameters were between 55.5-68.73 mm.

Some cultivars, such as Caldessi2000/SJA_A,
Nectabelle/GF677_A, and Nectagrand4/SJA_A,
exhibited lower fruit diameter. These cultivars
tend to produce smaller and lighter fruits, which
might be preferred by consumers seeking



nectarines with smaller sizes and delicate flavor
profiles. Most of the studied nectarine cultivars
exhibited moderate diameter values ranging
from 54 to 64, representing a balanced fruit size
suitable for a wide range of consumer
preferences (Table 1).

At the peach cultivars, the Trident canopy shape
tended to lead to bigger fruits. Some cultivars,
including Royal Summer/GF677 A, Sweet
Dream/GF677_A, and Sweet Juana/GF677_A,
displayed diameter values ranging between 60
and 64, being into the category of medium-sized
fruits, catering to consumers seeking a balanced
size and taste experience (Table 1).

Several cultivars, such as Royal
Summer/GF677 T and Cardinal/M29C T,
displayed high values exceeding 65, known for
producing large and heavy fruits and being
visually appealing.

Royal Summer/GF677 cultivar had bigger fruits
than Royal Summer/Saint Julien A on both
canopy shapes. It produced more than 70% of
fruit belonging to the AA category (74-81 mm),
conforming to the retail group and supermarket
chain standards of European markets (Kader &
Mitchell, 1989).

The TSS level of peaches and nectarines showed
significant differences among cultivars ranging
from 8.00 £ 16.00°Brix (Table 1). All these TSS
values were over 8°Brix, considered the
minimum TSS established by the European
Union to market peaches and nectarines
(Commission Regulation 1861/2004). For high-
acid cultivars, consumer adoption in American
markets was highest when TSS > 10% to 1. In
contrast, for low-acid cultivars, the degree of
acceptance was at TSS 15% to 16%, above 90%
(Crisosto & Crisosto, 2005). Fruit biochemical
concentrations at maturity result from changes
produced throughout fruit growth. Previous

analyses of biochemical compound
developmental  alterations have  mainly
concentrated on  commercial  cultivars.

According to (Chapman & Horvat, 1990) and
(Chapman et al., 1991), physiological maturity
for peaches was characterized by the highest
sucrose and lowest quinic acid contents.

The results show a variation in the range of
°Brix values among the studied peach and
nectarine cultivars.

At nectarines, the Trident canopy registered
higher values than the Vertical Axis. Cultivars
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with  the highest TSA values were
Nectareine/M29C (14.293°Brix), Honey
Late/SJA (13.44°Brix), and Big Top/GF677
(13.75°Brix). The cultivars Big Bang/GF677
(8.733°Brix) and Big Fire/GF677 (9.623°Brix)
were the lowest values.

At peaches, most of the cultivars presented
similar TSS values on both planting systems, the
highest being at Sweet Henry/Adesoto and
Sweet  Juana/GF677, known for their
exceptional sweetness, making them highly
desirable for those who prefer intensely sweet
flavors.

The lowest values were Sugar Time/Adesoto
and Royal Glory/Adesoto, which may have a
milder sweetness, appealing to individuals who
prefer fruits with a less pronounced sweetness.
Royal Summer on GF677 rootstock registered
higher values for TSS than on the SJA.
According to (Moing et al., 2003), peach fruits
are typically regarded as inedible when there is
a high acid and extremely low sugar
content. Changes in  sugar and acid
concentrations during fruit maturation in P.
persica have been widely studied (Sandhu et al.,
1983; Selli & Sansavini, 1995). In lower levels,
sorbitol, a sugar alcohol, is the next most
abundant sugar in peach fruits after sucrose,
glucose, and fructose (Moriguchi et al., 1990;
Robertson et al., 1990). Malic, citric, and quinic
acids make up the majority of the acids found in
peach fruits (Sweeney et al., 1970; Wills et al.,
1983); lesser amounts of shikimic acid have
also been found (Wu et al., 2002). Since these
sugars and acids were found to have a significant
impact on fruit flavor (Sweeney et al., 1970;
Jensen, 1985; Esti et al., 1997), we searched to
identify patterns between cultivars and system
plantings that were linked to the quality of the
final fruit.

Typically, the concentration of malic acid
increased and then decreased as the fruit
developed (Ishida et al.,, 1971; Liverani &
Cangini, 1991). With fruit growth, the
concentration of quinoic acid rapidly dropped.
According to Chapman & Horvat (1990), quinic
acid was the primary acid in young fruits, but it
reduced as the fruit grew. Shikimic acid was
present in peaches in small amounts (Wills et al.,
1983), and (Wu et al., 2002) found that as the
fruit matured, the concentration dropped.
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The significant differences in several sugar traits
observed between the cultivars confirmed the
effect of sugar composition on the sensory
quality of peach fruit (Colaric et al., 2005).
Conversely, their high acidity often favored
yellow-fleshed peach and nectarine cultivars in
Europe and America. As shown, sugar and
acidity varied considerably for both white and
yellow-fleshed peaches and nectarines (Day et
al., 1997)

In the history of peach and nectarine breeding,
fruit total acidity was a quality parameter that
suffered changes in the newest cultivars.

In our collection, low acidity nectarines were
Nectabelle/GF677, Honey Late/SJA, and Big

Bang/GF677, and peaches were Royal
Summer/SJA, Red  Top/M29C, Royal
Glory/Adesoto, Sweet Ivan/GF677, Sweet

Dream/GF677, and Royal Summer/GF677.

The dry matter content in nectarines and
peaches, Trident, and Vertical Axis had similar
values to more cultivars (Table 2). At nectarines,
varied between 9.4-14.083%, these values
provide insights into the characteristics and
properties of these cultivars.

Cultivars registered the highest values.
Guerriera/SJA_T and Honey Late/SJA_T, and
the lowest by Big Bang/GF677 and
Nectagrand1/SJA.

At peaches, the highest values were at Sweet
Henry/Adesoto_ A, Sweet Juana/GF677_A,
Lucius/GF677_A, and Gladys/GF677_A.
Absorbance index (IAD) presented the maturity
level according to this parameter that was
analyzed in the fruits, most of the values being
under 0.4.

The 14 peach and 16 nectarine cultivars (2019-
2022) were grouped after the fruit traits using
hierarchical clusters (Wanpeng et al., 2017; da
Silva Torres et al., 2006).

At nectarines, five groups were formed for the

basic parameters (a) Big Fire/GF677 T,
Caldessi  2000/SJA_t, Nectagrandl/SJA T,
Maria  Anna/SJA T, Nectareine/M29C A,

Nectarine/M29C t, Stark Red Gold/SJA T,
Guerriera/SJA_T, and Honey Royal/GF677 T,
(b) Nectaross/SJA_A, Stark Red Gold/SJA A,
Honey Late/SJA T, Nectagrand4/SJA T, Big
Top GF677_A, Honey Late/SJIA A, Big
Bang/GF677_A, Nectagrand4/SJA A,
Nectabelle/GF677 _T; (c) Big Top/GF677 T,
Nectaross/SJA_T, Big Bang/GF677_T; (d) Big
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Fire/GF677_A, Early Sun Grand/SJA_A,
Caldessi 2000/SJA_A, Nectabelle/SJA_A, and
Nectagrand1/SJA_A; (e) Maria Anna/SJA_A,
Honey Royal/GF677/A, Early Sun
Grand/SJA_T, and Guerriera/SJA_A (Figure 1).
Nectareine/M29C and  Nectagrand4/SJA
presented a similar profile in both planting
systems, while the others differed.

s 10 15 20 25
1 N h n N

|

I

I

[REEmE|

i

I

T

Honey Late/SJA_T

Big Top/GFE77_A

T
Big Top/GF677_T 5|

Big Bang/GF&77_T 3|
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Early Sun Grand/SJA_T

A 21

Figure 1. Nectarine cultivars grouped by fruit quality
parameters

At peach, four groups were presented (a) Sweet
Dream/GF677 A, Royal Glory/Adesoto A,
Royal Jim/Adesoto T, Sweet Juana/GF677 T,
Lucius/GF677 A, Red Top/M29C, Royal
Majestic/Adesoto_T, Royal Jim/Adesoto A,
Royal Glory/Adesoto T, Sweet Ivan/GF677 T,
Sweet Juana/GF677_A, and Royal
Summer/SJA_A; (b) Royal Summer/SJA T,
Sweet Ivan/GF677_A, Gladys/GF677 A, and
Nabby/GF677_A; (¢) Red Top/M29C T, and
Springbelle/M29C; (d) Sweet
Henry/Adesoto T, Sweet Henry/Adesoto A,
Gladys/GF677_T, Lucius/GF677_T,
Cardinal/M29C T, Nabby/GF677 T, Sweet
dream/GF677 T, and Sugar Time/Adesoto A;
(e) Royal Majestic/Adesoto_A.

Royal Jim/Adesoto, Royal Glory/Adesoto,
Sweet Juana/GF677, and Sweet Henry/Adesoto
presented the same profile in both planting
systems (Figure 2).
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Figure 2. Peach cultivars grouped by fruit quality
parameters

CONCLUSIONS

The caliber values from moderate-sized fruits
suitable for various uses to larger-sized fruits
with visually appealing characteristics, growers
and consumers have a wide range of options to
select from based on their preferences. The
values were between 50-80 mm. Royal
Summer/GF677 has bigger fruits than Royal
Summer/Saint Julien A on both canopy shapes.
Trident has bigger fruits than Vertical Axis at
peach.

For total soluble solids (°Brix), the values
ranged between 8-15°Brix, highlighting a wide
range of sweetness levels when cultivars
exhibiting exceptional sweetness are highly
appreciated. Cultivars with moderate sugar
content and suitable performance could balance
flavor and tree management. Further research
can explore additional sensory attributes and
evaluate the performance of different canopy
shapes to optimize fruit production and enhance
consumer satisfaction.

Dry matter content varied between 7-15%. The
titratable acidity content recorded higher values
on the Trident canopy in some cultivars. It is
important to note that taste preferences can vary
among individuals, and some may prefer fruits
with higher or lower acidity levels based on
personal preferences. Other factors, such as
sweetness, aroma, texture, and overall fruit
quality, also contribute to the appreciation of a
cultivar.
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When evaluating the characteristics and
properties of these cultivars, it is crucial to
consider a combination of factors, including
titratable acidity, dry matter concentration, fruit
size, and adaptability to specific growing
conditions, to determine their overall
desirability and suitability for different uses.
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Abstract

The change in the occurrence of phenophases in fruit trees gave a challenge to climate change. Changes in average
temperatures and rainfall and increased short- and long-term extreme events are already affecting crop yields worldwide.
To avoid possible losses, it is necessary to provide helpful information to farmers in real time regarding initiating a
particular stage of fruit tree development. Modern breeding programs have launched cultivars with low winter chill
requirements onto the market, involving extensive zoning research in recent years. Also, there are species/cultivars with
a chilling requirement that can no longer be satisfied in some areas, leading to losses in production/economic inefficiency.
Climate change generated significant interest in developing specific tools and models adjusted for each crop. The paper
aims to present the available information on apple and pear trees' chilling and heat requirements, focusing on the methods
used for their determination. The results reflect comparing the methods used and their efficacity for those species.

Key words: chilling hours; chilling units; chilling portions; growing degree hours.

INTRODUCTION

The change in the occurrence of phenophases in
fruit trees gave a challenge to climate change.
Changes in average temperatures and rainfall
and increased short- and long-term extreme
events are already affecting crop yields
worldwide.

To avoid possible losses, it is necessary to
provide helpful information to farmers in real
time regarding initiating a particular stage of
fruit tree development.

Modern breeding programs have launched
cultivars with low winter chill requirements onto
the market, involving extensive zoning research
in recent years. Also, there are species/cultivars
with a chilling requirement that can no longer be
satisfied in some areas, leading to losses in
production/economic inefficiency.

Climate change generated significant interest in
developing specific tools and models adjusted
for each crop.

This paper aims to present information on apple
and pear trees' chilling and heat requirements,
focusing on the methods used for their
determination.
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RESULTS AND DISCUSSIONS

The apple (Malus x domestica Borkh.) and pear
(Pyrus communis L.) are temperate fruit trees
that need a resting period in the winter,
correlated with low temperatures.

In this period, fruit trees enter a dormant state
when most metabolic processes are temporarily
inactivating to avoid chilling injury (Campoy et
al., 2011). Dormancy includes endodormancy,
when chilling is required, followed by
ecodormancy, when budbreak is regulated by
environmental factors (Salama et al., 2021;
Cornelissen, 2021; Craven, 2022).

Apple and pear trees depend on winter chilling
during endodormancy to ensure uniform
flowering in spring. In recent years, climate
changes led to a decline in winter chill with
effects on the fulfillment of the chilling
requirements, reducing yield potential and
threatening the economic viability of temperate
fruit production (Delgado et al., 2021; Craven,
2022; Pertille et al., 2022).

Insufficient winter chilling leads to delayed bud
break, decreased flowering and fruit set, and
reduced fruit quality.



Apples low chill cultivars have under 800
chilling hours requirement, compared to the
1000-1500 chilling hours (for example, at
Golden Delicious), and can be a solution in these
regions.

Many breeding programs brought to the market
low chill cultivars, for example, apple Anna
with less than 300 hours (Hauagge & Cummins,
2000; Cornelissen, 2021), Princesa with less
than 450 CU, Baronesa 500-600 CU (Hauagge
& Cummins, 2000; Castro et al., 2016).

For pear, low chill cultivars were used, such as
Africana, Ayres, Ceres, Flordahome, etc.
(Hauagge & Cummins, 2000).

In the tree phenology research history, there
were more models for evaluating chilling hours
and heat requirements for a specific cultivar
from a species. The most used are:

For chilling accumulation

(1) The chilling hours model, which establishes
that a cold hour (CH) corresponds to an hour
with a temperature value between 0 and 7.2°C
(Weinberger, 1950; Richardson et al., 1975;
Anderson et al., 1986).

(2) The Utah model is based on quantifying cold
units (CU). One cold unit corresponds to one
hour for temperatures between 2.5-9.1°C, consi-
dered most effective in completing dormancy.
Other temperature ranges have 0.5 unity (1.5-
24°C and 9.2-12.4°C), zero contribution
(<1.4°C and 12.5-15.9°C), or negative (>16°C)
at rest (Richardson et al., 1974).

There were more extended variants for this
model, like the North Carolina model (Shaltout
& Unrath, 1983; Anderson & Seeley, 1992), the
Positive Utah model (Linsley-Noakes & Allan,
1994), Modified Utah Model (Linvill, 1990), to
simulate the local conditions better (Sheard,
2002).

(3) The dynamic model proposes accumulating
an intermediate value according to low tempe-
ratures that can be reversed by higher tempe-
ratures (first stage). Once the value has reached
a certain level, cold portions are added perma-
nently, unaffected by higher temperatures
(Fishman et al., 1987; Luedeling, 2012; Fadon
et al., 2020; Pantelidis & Drogoudi, 2023).

The base variable in all models is the tempe-
rature, specifically hourly medium temperature.
Special attention is given to local temperatures,
which can be registered with data loggers or

specific sensors in the meteo stations. More
applications have been available for many years
for the general public, especially for farmers and
all the stakeholders directly affected by local
climate conditions.

https://www.ecad.eu/ presents international
meteo stations with free daily data for 50-100
years in the past. ECA&D receives data from 85
participants from 65 countries, with 13 elements
at 23,335 meteorological stations.

Figure 1. A platform with more meteo stations and
applications for stakeholders (source: UCDAVIS)

Other local meteo stations (on site) with free
data or not are https://fruitsandnuts.ucdavis.edu/
chill-calculator (Figure 1),
https://www.meteoblue.com,
https://agrometeo.ch/ (Figures 2 and 3), etc.
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Figure 2. A platform for climatic data with more
application for farmers includes (Agroscope.ch)

Temperature can be recorded daily (Tmin,
Tmax, Tavg), hourly, every 30 minutes or 15
minutes, etc. In the phenology models, hourly
temperature is most used.

The chill units can be determined in a specific
region based on the available climatic data and
included in historical climatic databases. These
are very useful in wvalidating phenology
algorithms on a specific species.
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Figure 3. Application for phenology in dynamic (pear)
on https://agrometeo.ch/

For heat accumulation

(1) GDD (growing degree days) calculates the
days when the average temperature exceeds a
certain threshold specific to each species.

GDD = Tavg — Tbase, if Tavg >Tbase

GDD 0 if Tavg < Tbase (McMaster &
Wilhelm, 1997).

(2) GDH (growing degree hours) was defined by
Richardson et al. (1974) as the amount of energy
in the form of accumulated growing degree
hours, the number of hours above 4.4°C (40°F).
Anderson et al. (1986) defined GDH:

(1) GDH = F*A/2 [1+cos (x + © (TH-TB)/ (TO-
TB))], where: TH = hourly temperature, TB =
base temperature (4°C for trees), TO = optimal
temperature (25°C for trees), TC = critical
temperature (36°C in trees), A = TO-TB, F = a
stress factor (due to biotic/abiotic factors).

(2) GDH = F*A [l+cos (n/2 + n/2 (TH-TO)/
(TC-TO))]

If TH < TO, equation (1) is used; if TH>=TO,
equation (2).

More research was done in the tree phenology
modeling, each on a specific area and species,
respectively, cultivars.

Luedeling et al. (2021) proposed the PhenoFlex
model to predict spring phenology based on the
Dynamic Model for chilling accumulation and
the Growing-Degree-Hours Model for heat
accumulation.

The model was tested on apple (Boskoop grafted
on M9 rootstock) and pear (Alexander Lucas
grafted on Quince A until 2014, and Quince
Adams from 2015) in the Campus Klein-
Altendorf, in the experimental orchard of the
University of Bonn (6.99°E, 50.63°N).

Miranda et al. (2021) proposed an R package for
phenology modeling (fruclimadapt), including
functions defined for chill hours(), chill _units(),
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chill portions(), GDD_linear(), GDH_linear(),
and GDH_asymcur().

A large area of research focused on local
cultivars' chilling and heat requirements. Some
of the findings are presented below.

Australia (Parkes et al., 2020) - Apple

They used the Chill Hours, Utah, and Dynamic
models to assess chilling requirements for apple
cultivars. According to their results, they
grouped the studied cultivars with low
requirements (Cripps Red, Manchurian crab
apple), medium (RS103-110, Granny Smith,
Cripps Pink, Kalei), and higher chill (Galaxy,
Fuji, Hi-Early) classes.

Northwestern Spain (Delgado et al., 2021) -
Apple

The local apple cultivars were analyzed using
three chill models - the Chilling Hours Model,
The Utah Model, and The Dynamic Model. The
Growing Degree Hours Model (Anderson et al.,
1986) was used as a heat accumulation model.
Clara, Coloradona, Perezosa, Verdialona,
Blanquina, De la Riega, Teorica, Xuanina, and
Collaos were under 1300 CU, while Perico and
Raxao were 1495 CU.

Winchester, VA, USA (Sapkota et al., 2021) -
Apple

The endodormancy release for the two cultivars
was achieved after accumulating 1000 CH.
Ecodormancy release of Cripps Pink occurred at
3000 GDH and 4000 GDH at Honeycrisp
cultivar.

Brazil (Pertille et al., 2022) - Apple

Gala and Fuji were analyzed in three regions
with three chilling hours models and GDH for
heat accumulation. The chill and heat
requirements were different according to region
and cultivar.

Fluvia river lower course subbasin, NE Spain
(Funes et al., 2016) - Apple

Chilling and heat requirements for Brookfield
Gala, Granny Smith, Fuji Chofu, Golden
Smoothee, Early Read One, Red Chief, Aporo,
and Golden Reinders ranged between 62.5-68.4
CR and 9229.7-10272.5 HR.

USA, the Pacific Northwest region (Noorazar
etal., 2020) - Apple

Golden Delicious (50 CP) and Gala (50-55 CP)
were at risk for insufficient chill accumulation.
North-eastern Belgium (Drepper et al., 2020) -
Apple and pear



Four pear cultivars (Conference, Durondeau,
Doyenné, and Triomphe) and four apple
cultivars  (Jonagold, Golden Delicious,
Boskoop, and Cox Orange) were analyzed. Two
models were used, including the Dynamic +
GDH Model.

Australia (Parkes, 2017) - Apple and pear
They included climate change scenarios for
pome fruit in 2030 and 2050, including the likely
impact of climate change on winter chill and
extreme heat.

The outcomes included historical trends in
average temperatures, winter chill and heat days,
climate projections for average winter chill and
heat days, relationships between temperature
and flowering (Dynamic, Utah, and Chill Hours
were used), potential impacts of warming
temperatures on flowering, options for
adaptation: management of flowering under
future climates, relationships between summer
temperatures and the incidence of sunburn under
net and no net.

Ethiopia (Melke & Fetene, 2014) - Apple
Description of the apple production and
characteristics. Challenges identified included a
lack of adequate chilling temperature.
KwaZulu-Natal, South Africa (Sheard, 2002) -
Apple and pear

Utah chill unit model, Daily Positive Utah Chill
unit model (DPCU), and Dynamic model were
used. For apples, DPCU was determined for
Royal Gala (800-1000+), Golden Delicious
(800-1000+), Granny Smith (600), Braeburn
(800), and Fuji (800-1000). For pear Bon
Chretien and Golden Russet Bosc had 800-
1000+ DPCU, Forelle 600-700, Rosemarie 700-
800, Flamingo 700-900 DPCU.

Brazil (Carvalho et al., 2014) - Apple and pear
The research evaluated the dormancy dynamic
of Imperial Gala apple tree buds and Hosui pear
tree buds in a region of low chill occurrence.
Belgium (Drepper et al., 2022) - Pear

The study focused on identifying the
spatiotemporal trends of flowering, spring frost,
and their co-occurrence in Belgium at the pear
and comparing the effectiveness of a set of
recursive bias correction methods.

Subtropical climate (Verma et al., 2010) -
Apple and pear

A collection of data for chilling accumulation
and cultivars needs for different subtropical
regions.
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Romania (Chitu & Paltineanu, 2020) - Apple
and pear

The research evaluated the effects of climate
change in apples and pears on four phenological
stages: bud swelling (BBCH 51), budburst
(BBCH 53), beginning of flowering (BBCH 61),
and end of flowering (BBCH 69).

Pacific Northwest (Houston et al, 2020) -
Apple and pear

Identifying the chilling hour requirements and
approximate hardiness zones for several apple
and pear cultivars.

CONCLUSIONS

Apple and pear are well-studied fruit species,
including the correlation between phenology
and climate change. Besides diversified models
applied to quantify the chilling and heat
requirements, more cultivars are well known for
their chilling and heat needs to complete a
phenological stage.
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Abstract

Climate change is a reality of the difficult period we are going through. Plant evolution is generally strongly correlated
with variations in temperatures, precipitation, and solar radiation being affected by extreme events. Late frosts
influence fruit production, the number of cold hours (perhaps insufficient in recent years), and winter windows in which
very high temperatures occur and negatively influence the dormancy of some fruit-bearing species. Paw-paw (Asimina
triloba L. Dunal) and jujube (Ziziphus jujuba Mill.) are new fruit species for Romanian areas more resilient to climate
change. This paper aims to present the available information on this new fruit species’ chilling and heat requirements,
focusing on the methods used for their determination. The results reflected the scarcity of research on these fruit species
and the necessity to have a methodology with the possibility to extend to new cultivars in different areas.

Key words: chilling hours, chilling units; chilling portions; growing degree hours.

INTRODUCTION

Climate change is a reality of the difficult
period we are going through. Plant evolution is
generally strongly correlated with variations in
temperatures, precipitation, and solar radiation
being affected by extreme events. Late frosts
influence fruit production, the number of cold
hours (perhaps insufficient in recent years), and
winter windows in  which very high
temperatures occur and negatively influence the
dormancy of some fruit-bearing species. Paw-
paw (Asimina triloba L. Dunal) and jujube
(Ziziphus jujuba Mill.) are new fruit species for
Romania areas more resilient to climate
change. This paper aims to present the
available information on this new fruit species'
chilling- and heat requirements, focusing on the
methods used for their determination.

The timing of life-history events, or phenology,
can reveal information about species' types and
levels of interactions with their surroundings.
For instance, a plant's ability to compete for
light and its susceptibility to disease or cold are
influenced by phenology, which is the time of
leaf emergence, expansion, and abscission
(Lechowicz, 1984; Sun et al., 2000).
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According to Rosenzweig et al. (2008), long-
term phenological investigations conducted at
the species level and particular places can offer
concrete proof of the effects of climate
fluctuation and change. Global reports have
shown that plant phenology has apparent
responses to climate change. Despite these
crops' significant economic and agricultural
values, relatively little research has been done
on how fruit trees respond to climate change,
with most published studies concentrating on
phenological changes in natural vegetation
(Chmielewski et al., 2004).

According to Legave et al. (2008), fruit trees'
flowering phenology significantly affects fruit
set, pollination, and yield. Interest in how
climate change affects fruit blossoming has
grown globally. According to studies
conducted by Chmielewski et al. (2004), Grab
& Craparo (2011), Guédon & Legave (2008),
Legave & Clauzel (2005), and Wolfe et al.
(2005), global warming has caused various fruit
trees to flower earlier in numerous regions.
Nonetheless, delayed blossoming has been
observed in certain fruit trees planted in regions
significantly warmer than their natural habitat
(Elloumi et al., 2013; Legave et al., 2013). The



effect of climate change on plant dormancy is
most likely the cause of flowering's timing.
Asimina triloba (L.) Dunal, commonly known
as paw-paw, is the only member of the
Annonaceae family growing in temperate zones
and, in particular, grows wild in the eastern
United States, ranging from northern Florida to
southern Ontario (Canada) and as far west as
eastern Nebraska. Today, it is found in
temperate climate countries (i.e., Italy, China,
Japan, Israel, Belgium, Portugal, and
Romania). There are over 60 varieties
cultivated in the world, which differ in trunk
diameter tree, fruit size, skin and pulp color,
fruit flavors, and ripening periods (Pomper &
Layner, 2005; Brannan & Coyle, 2021).
Paw-paw has few disease problems thanks to
the high content of acetogenins in roots, twigs,
bark, immature fruits, and seeds (Ratnayake et
al., 1992; McLaughlin, 1997).

Research suggests that paw-paw fruit pulp has
the potential to be added to various consumer
goods to add increased nutritional benefits or
flavor enhancement (Brannan et al., 2012)
(Lolletti et al., 2021)

_

Ziziphus jujuba Mill. belongs to the family
Rhamnaceae, and more than 170 species are in
the Ziziphus genus.

Figure 1. Asimina triloba flowers

Figure 2. Zizizphus jujuba flowers
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The jujube tree is mainly distributed in the
subtropical and tropical regions of Asia,
Russia, northern Africa, southern Europe, the
Middle East, and the southwestern USA.
(Hernandez et al., 2014). Furthermore, it is
well-known for its highly nutritive fruits.

RESULTS AND DISCUSSIONS

Asimina (4simina triloba L. Dunal)

Asimina is well adapted to different climatic
zones and requires a minimum of 400 annual
chill units, 160 frost-free days, and 80 cm of
annual precipitation, with most falling during
spring and summer (Peterson, 1991).

Abu-Asab et al. (2001) integrated the
observation from more than 125 persons, who
contributed with records for first-flowering
dates through the years for 100 species,
representing 44 families of angiosperms, for 29
years of the 30 years 1970-1999 (1984 not
recorded) in the Washington, DC, area.
Asimina triloba is included in the list.

Crabtree (2004) evaluated GDDs required for
fruit ripening ranging from 2200 to 3200.
Between the studied populations, the growing
degree of days required for fruit ripening was
not found to be significantly different.
However, GDDs varied significantly between
accessions, with trees from New York requiring
the fewest GDDs to ripen, 2262, and the other
five populations requiring a similar number of
GDDs (2400-2500) for ripening. Growing
degree days (GDDs) were calculated using a
base temperature of 10°C, and the beginning
degree day accumulation was on May 15,
which was approximately the end of flowering
(http://wwwagwx.ca.uky.edu/calculators.html).
Pomper et al. (2008) studied the flowering and
fruiting  characteristics of  Middletown,
Overleese, PA-Golden, Sunflower, Wells,
Wilson, and NC-1 cultivars. The following
results were obtained: Flowering peak and
duration were not correlated with the growing
degree days; Growing Degree Days from the
first flower to the peak flower were similar in
2004 and 2006 and were significantly lower in
2005. The GDD from flower peak to harvest
peak were fewer for 2004 than for 2005 and
2006, indicating that these later years had
warmer temperatures than 2004. The number of
days was similar for the tested cultivars.



Growing degree days (GDDs) were calculated
using a base temperature of 10°C
(http://wwwagwx.ca.uky.edu/calculators.html).
Szilagyi et al. (2016) studied the flowering of
Asimina in the northern part of Romania. It was
noted that at the beginning, the button phase
lasted three days, and the ornamental potential
of the flowers, given by floral decoration that
displays itself until the fall of the corolla, lasted
24 days (in 2016). The end of the floral
decoration, marked by the fall of the corolla,
lasted three days (April-May).

Bivariate model partial dependence graphs
indicate that pawpaw is compatible with the
warmest circumstances in the study region,
with mean annual temperatures >9.0°C
showing a significant increase in compatibility.
It should be noted that the study area has a
strong link between temperature and preci-
pitation variables. This means warmer regions
receive less precipitation; for instance, an
average annual temperature of 9.0°C typically
translates to ~44 cm of growing-season precipi-
tation (May-September) (Tulowiecki, 2020).

Figure 3. Asimina triloba fruits

Jujube (Ziziphus jujuba Mill.)

Mishra & Krska (2008) studied to find a
suitable base temperature for different pheno-
logical stages in Ziziphus jujuba Mill. They use
temperatures above 7, 9, and 11 °C as threshold
values for the phenology of jujube. 11°C was
found to be the most suitable base temperature
for jujube.

Du (2009) studied the chilling requirements of
different jujube cultivars correlated with the
changes in carbohydrates during dormancy.
The cultivars were clustered according to their
chilling needs, from 399 C.U. to 580 C.U. It
also presented a method of identifying
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dormancy by measuring the changes in total
soluble sugar and starch contents.

Guo et al. (2014) studied PLS regression
between phenological dates, daily chilling, and
heat accumulation, which can be used
efficiently to identify chilling and forcing
periods and to estimate the chilling and heat
requirements of temperate trees provided long-
term temperature and phenology data available.
The forcing periods for jujube began after half
of the chilling requirements were met. During
the times shown to be significant for heat
accumulation and cooling, rates of both were
impacted by climate change. The heat buildup
of jujube has increased by 92.3 GDH annually
during the last 50 years. Although there was a
tendency for winter cold to rise, this trend was
not significant enough to rule out the null
hypothesis that there was no change over time.
Jujube flowering times were dictated by heat
accumulation, with a minor influence from cold
buildup on bloom timing.

Zou et al. (2017) presented the time
development for the jujube bud flower of Jinsi
No. 4 in Hunan between 2010 and 2011. Pre-
differentiation started on April 9th for 14 days,
continuing with initial differentiation (3 days),
sepal  differentiation (3 days), petal
differentiation (2 days), stamen differentiation
(2 days), pistil differentiation (2 days),
alabastrum (20 days), alabastrum break (2
days), sepal flattening (2 days), petal flattening
(2 days), stamen flattening (2 days). Filament
withering (2 days), ovule swelling (3 days),
early flowering period (11 days), full blossom
period (15 days), and the end of flowering
period (16 days).

In a study by Krishna et al. (2018), Growing
degree days were calculated following Mendes
et al. (2017) for a base temperature of 4°C.
They analyzed the phenological growth stages
of Indian jujube (Ziziphus mauritiana Lamk.)
according to the BBCH scale (Table 1).

Table 1. Phenological growth stages of Indian jujube and
GDDs (source Krishna et al., 2018)

BBCH Substage Duration Degree days
0 00 35 1,143.70
01 6 166.2
03 5 143.4
07 4 113.9
09 3 85.3



BBCH  Substage

1

10
11
12
13
14
15
16
19
31
32
33
34
35
36
37
38
39
51
54
56
59
60
61
62
63
64
65
67
69
71
72
73
74
75
76
77
78
79
80
81
85
88
89
91
93

Duration
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14

Degree days
56.7
30.8
31.2
30.4
29.9
32.7
29.6
59.5
228.6
198.3
168.5
198.9
125.7
101.1
129.1
83.5
110.2
430.1
135.6
132.6
109.5
83.1
52.9
75.6
75.6
50.1
52.4
101.2
76.7
224.7
287.4
166.9
152.8
155.5
218.9
166.4
195.4
83.8
36.3
27.6
26.3
459
189.9
640.1
229.8
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BBCH Substage Duration Degree days

95 10 256.3
97 15 406.8
Total accumulated degree 8,183.40

The chilling requirement of the Zhanshanmizao
cultivar was studied and presented by Deng et
al. (2018). The preliminary calculation showed
that the chilling requirement was 494 h,
according to the 0-7.2°C model.

Bai et al. (2019) proposed a different model to
assess the correlation between phenology
stages and temperatures in their study regarding
the WOFOST model in simulating jujube fruit
tree growth under different irrigation regimes.
According to the study by Gao et al. (2021), the
diploid Dongzao cultivar had higher levels of
cold tolerance than autotetraploid due to its
morphological and physiological analysis.

Figure 4. Ziziphus jujuba riped fruits

Chitu et al. (2022) presented a model-based
assessment of Romania's climatic suitability for
extending new fruit species, including jujube
crops, considering the 100-180 growing days.

It was found that, from the point of view of
climatic suitability, jujube trees present reduced
restrictions in most areas of the country. In
Romania, according to their study, Ziziphus
Jjujuba Mill. Species are restricted only in areas
where the temperature drops below -23°C.

CONCLUSIONS

The results reflected the scarcity of research on
the phenology of these fruit species correlated
to chilling and heat requirements and the
necessity for a methodology that could extend
to new cultivars in different areas.



ACKNOWLEDGEMENTS

This work was supported by a grant from the
University of Agronomic Sciences and
Veterinary Medicine of Bucharest, project
number 2022-007/16.05.2022 acronym
RealTimeFruit, within IPC 2022

REFERENCES

Abu-Asab, M.S., Peterson, P.M., Shetler, S.G. & Orli,
S.S. (2021). Earlier plant flowering in spring as a
response to global warming in the Washington DC
area. Biodiversity & Conservation, 10, 597-612.

Bai, T., Zhang, N., Chen, Y. & Mercatoris, B. (2019).
Assessing the Performance of the WOFOST Model
in Simulating Jujube Fruit Tree Growth under
Different Irrigation Regimes. Sustainability, 11,
1466. https://doi.org/10.3390/sul 1051466

Brannan, R.G. & Coyle, M.N. (2021). Worldwide
Introduction of North American Pawpaw (Asimina
triloba): Evidence Based on Scientific Reports.
Sustainable Agriculture Research, 10 (3), 19-24.

Brannan, R.G., Salabak, D.E. & Holben, D.H. (2012).
Sensory analysis of pawpaw (Asimina triloba) pulp
puree: consumer appraisal and descriptive lexicon. J
Food Res 1 (1), 179.

Chitu, E., Calinescu, M., Mazilu, I., Coman, M. &
Mateescu, E. (2022). Model-based assessment of
Romania's climatic suitability for the extension of fig,
Chinese persimmon, and jujube crops, RJH, 111, 131-
138.

Chmielewski, F.M., Miiller, A. & Bruns, E. (2004).
Climate changes and trends in phenology of fruit
trees and field crops in Germany, 1961-2000. Agric
For Meteorol, 121, 69-78.

Crabtree, S.B. (2004). Sexual and asexual reproductive
characteristics of the North American pawpaw [The
North American pawpaw [Asimina triloba (L.)
Dunal], University of Kentucky Master's Theses. 409.
https://uknowledge.uky.edu/gradschool theses/409.

Deng, Q., Wang, Y., Zhu, W., Zhou, Y. & Deng, Q.
(2018). Study on the Chilling Requirement and

Dormant ~ Physiology = of  Ziziphus  jujuba
‘Zhanshanmizao’.  Advances in  Engineering
Research, 170, 1385-1388.

Du, J.J. (2009). The determination of chilling

requirement and changes of carbohydrate during
dormancy for chinese jujube. Acta Hortic. 840, 369-
374, doi: 10.17660/ActaHortic.2009.840.51.

Elloumi, O., Ghrab, M., Kessentini, H. & Ben Mimoun,
M. (2013). Chilling accumulation effects on
performance of pistachio trees cv.Mateur in dry and
warm area climate. Sci Hortic 159, 80-87.

Gao, M., Wang, L., Li, M., Sun, P., Sadeghnezhad, E.,
Shi, H., Qian, J., Liu, Z., Liu, M., Liu, P. & Wang,
L., (2021) Physiological and transcriptome analysis
accentuates microtubules and calcium signaling in
Ziziphus jujuba Mill 'Dongzao’ autotetraploids with
sensitive cold tolerance, Scientia Horticulturae.

43

Grab, S.& Craparo, A. (2011). Advance of apple and
pear tree full bloom dates in response to climate
change in the southwestern Cape, South Africa:
1973-2009. Agric For Meteorol 151, 406—413.

Guédon, Y. & Legave, J.M., (2008). Analyzing the time-
course variation of apple and pear tree dates of
flowering stages in the global warming context. Ecol
Model, 219, 189—199.

Guo, L., Dai, J., Ranjitkar, S., Yu, H., Xu, J. &
Luedeling, E. (2014). Chilling and heat requirements
for flowering in temperate fruit trees, Int J
Biometeorol 58, 1195-1206.

Hernandez, F., Legua, P., Melgarejo, P., Martinez, R. &
Martinez, J.J. (2014). Phenological growth stages of
jujube tree (Ziziphus jujube): codification and
description according to the BBCH scale, Plant
Science and Microbiology Department, Universitas
Miguel Herndndez. Grupo de Fruticultura y Técnicas
de Produccion., Alicante, Spain

Krishna, H., Kumar, L., Haldhar, S.M., Singh, D. &
Saroj, P.L. (2018). Phenological growth stages of
Indian jujube (Ziziphus mauritiana Lamk.) according
to the BBCH scale, Plant Phenological Growth
Stages

Lechowicz, M. (1984). Why Do Temperate Deciduous
Trees Leaf Out at Different Times? Adaptation and
Ecology of Forest Communities. American Naturalist
124.10.1086/284319.

Legave, J., Blanke, M., Christen, D., Giovannini, D.,
Mathieu, V. & Oger, R. (2013). A comprehensive
overview of the spatial and temporal variability of
apple bud dormancy release and blooming phenology
in Western Europe. Int J Biometeorol 57,317-331.

Legave, J.M. & Clauzel, G. (2005). Long-term evolution
of flowering time in cultivars grown in the south-east
of France: what impacts to come in the context of
global warming.

Legave, J.M., Farrera, 1., Almeras, T., Calleja, M.
(2008). Selecting models of apple flowering time and
understanding how global warming has had an
impact on this trait. J Hortic Sci Biotechnol 83, 76—
84.

Lolletti, D., Principio, L., Ciorba, R., Mitrano, F.,
Ceccarelli, D., Antonucci, F., Manganiello, R. &
Ciccoritti, R. (2021). Asimina triloba: Crop years,
cultivars and ripening time influence on qualitative
parameters

McLaughlin, J.L. (1997). Anticancer and pesticidal
components of pawpaw (4simina triloba). Ann. Rep.
Northern Nut Growers Assoc. 88, 97-106.

Mishra, S. & Krska, B. (2008). Temperature as the basic
factor influencing phenological stages in Ziziphus
Jujuba Mill. Acta univ. Agric. et silvic. Mendel.
Brun., LVII (1), 89-96.

Peterson, R.N. (1991). Pawpaw (Asimina). In: More,
J.N., Ballington, J.R. (Eds.), Genetic Resources of
Temperature Fruit and Nut Trees. Acta Hort., 567—
600.

Pomper, K., Crabtree, S., Layne, D. & Peterson, R.N.
(2008). Flowering and Fruiting Characteristics of
Eight Pawpaw (4Asimina triloba (L.) Dunal)
Selections in  Kentucky. Journal- American
Pomological Society. 62, 89-97.



Pomper, K.W. & Layne, D.R. (2005). The North
American Pawpaw. Botany and Horticulture. Hortic.
Rev. 31,351-384.

Ratnayake, S., Rupprecht, K.J., Potter, WM. &
McLaughlin, J.L. (1992). Evaluation of Various Parts
of the Paw Paw Tree, Asimina triloba (Annonaceae),
as  Commercial Sources of the Pesticidal
Annonaceous Acetogenins, Journal of Economic
Entomology, 85 (6), 2353-2356.

Rosenzweig, C., Karoly, D., Vicarelli, M., Neofotis, P.,
Wu, Q., Casassa, G., Menzel, A., Root, T.L., Estrella,
N., Seguin, B., Tryjanowski, P., Liu, C., Rawlins, S.
& Imeson, A. (2008). Attributing physical and
biological impacts to anthropogenic climate change.
Nature 453, 353-357.

Sun, S., Jin, D. & Li, R. (2006). Leaf emergence in
relation to leaf traits in temperate woody species in
East-Chinese Quercus fabri forests. Acta Oecologica-
International Journal of Ecology 30, 212-222.

44

Szilagyi, B.A., Stanica, F. & Danaila-Guidea, S.M.
(2016). Flowering of Asimina triloba (L.) Dunal in
the conditions of Transylvania, Muzeul Olteniei
Craiova. Oltenia. Studii si comunicari. Stiintele
Naturii, 32 (1), 50-54

Tulowiecki, S.J. (2021). Modeling the geographic
distribution of pawpaw (A4simina triloba [L.] Dunal)
in a portion of its northern range limits, western New
York State, USA, Plant Ecol, 222, 193-208.

Wolfe, N.D., Daszak, P., Kilpatrick, A.M. & Burke, D.S.
(2005). Bushmeat hunting, deforestation, and
prediction of zoonoses emergence. Emerg Infect Dis.
11(12), 1822-7.

Zou, F., Duan, J., Xiong, H., Yuan, D., Zhang, L. & Niu,
G. (2017). Flower Bud Differentiation and
Development of ‘Jinsi No.4’ Jujube (Mill.) in Hunan
Province of Southern China. The Open Biotechnology
Journal, 11.09-15. 10.2174/1874070701711010009.



Scientific Papers. Series B, Horticulture. Vol. LXVII, No. 2, 2023
Print ISSN 2285-5653, CD-ROM ISSN 2285-5661, Online ISSN 2286-1580, ISSN-L 2285-5653

A DIGITAL SYSTEM TO MONITOR THE CANOPY
IN SOME APPLE AND QUINCE CULTIVARS

Ana Cornelia BUTCARU, Doru Ionel DUMITRASCU, Cosmin Alexandru MIHALI,
Florin STANICA

University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd,
District 1, Bucharest, Romania

Corresponding author email: mcosminalexandru@yahoo.com

Abstract

Nowadays, we still need to know every link in the production chain to optimize it by reducing costs and allocating
resources to develop essential segments. WinSCANOPY is a system that analyses tree canopy through image analysis.
This work aims to present the influence of the planting system and the fruit tree species on specific canopy parameters
(foliar index, direct, diffuse, and total radiation) by monitoring the canopy projection in an apple and quince orchard.
A secondary objective consisted of studying the canopy developing dynamic during a growing season in the analyzed
species. The results compare the parameters monitored on the four sides of the trees (North, East, South, and West) in
three moments of the day and five series in the vegetable season.

Key words: non-destructive equipment, foliar index, direct, diffuse, and total radiation

INTRODUCTION

Modern  analysis methods offer new
possibilities to understand the interaction of the
fruit tree with the environment and its response
to orchard management.

The paper aims to present a method to analyze
the influence of the planting system on some
apple and quince cultivars using several canopy
parameters. Foliar index, direct, diffuse, and
total radiation were measured. At the same
time, the canopy dynamic during a growing
season in the analyzed species was monitored.
In modern horticulture, selection, selective
crosses, and system planting designed for
super-intensive orchards led to yields of more
than 80 tonnes per hectare in the apple crop,
aided by modern cultivation technologies:
controlled fertilization (fertigation), foliar
fertilization, phytosanitary protection, and the
use of different canopy shapes that promote the
obtaining of fruits and the most judicious use of
the less and less available labor force for
carrying out maintenance and harvesting works
(Ghena et al., 2004; Stanica & Peticila, 2011).
In the last decades, we have gone from natural
selection and trees with natural and massive
crowns, challenging to harvest, which are still
found in nature today, to controlled selection
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and breeding, with clear objectives and the
creation of shape canopies adapted to the
demands of society of today, especially
maximum production with minimum labor
consumption.

From extensive orchards, we have moved to a
plantation with more than 3,300 plants per ha,
and the first step was the pyramid canopy. It
was still a canopy for the vigorous plants. Still,
it allowed better harvest management due to the
architecture, the skeleton being well defined,
strong branches, and the majority of the fruits
towards the outside due to the shading effect of
the axis. The pyramidal canopy shape was a
canopy that delayed fruiting, requiring a long
time to achieve it at planting densities (5/4 or
6/5 m). It was a canopy intended for extensive
orchards with  vigorous cultivars and
rootstocks.

The pyramid canopy shape was used and
promoted until around the 1950s when the Vase
canopy was discovered, which resembled the
pyramid's first floor. This was formed by
removing the spindle after the branches had
consolidated their position. The advantages of
the Vase system planting consisted of
redistributing the vigor of the pyramid's vertical
axis on the three or four arms of the Vase
canopy. This fact allowed the fruiting branches



to be closer to the ground, simplifying pruning
and harvesting and much better penetration of
light inside the crown, reducing the pressure of
fungal diseases that develop in an environment
with increased humidity and light radiation.
From this point, a step forward was the
flattened crown forms: Late Flattened Vase,
Simple Palmette, Tiered Palmette, Non-tiered
Palmette, Free Palmette, etc., which increased
the number of trees per hectare and brought the
fruit closer to the soil, implicitly facilitating
harvesting and maintenance work (pruning,
harvesting, phytosanitary protection).

The next step towards orchards with high-
yielding planting systems was the discovery,
creation, and use of low-vigor rootstocks,
which further increased the number of trees per
hectare and led to a change in tree crown
architecture to simpler, more productive, and
more accessible and faster to create.

Obtaining the Thin Spindle required removing
only a few pyramid levels and replacing them
with semi-skeletal, fruit-bearing branches. A
simple crown, in which only a few elements
represent the skeleton, was the zig-zag axis,
formed by replacing the arrow extension with
the competitor or the next branch, provided that
a relatively straight and vertical line of growth
was kept.

From an evolutionary point of view, the
following canopy shapes further simplified the
formation and creation of fruit system planting,
to be created by a workforce with as little
experience and training as possible. Simplicity
increased workforce efficiency.

The next canopy shape was the Vertical Axis
canopy shape. This was the simpler version of
the Slender spindle canopy. The skeleton (the
elements that remain in the architecture of the
tree throughout its lifetime) was represented
only by the trunk and its extension (axis), plus
the skeletal branches that were periodically
replaced (the fruiting branches) by minimal
cuts. This canopy shape speeded up fruiting.
For planting trees with early shoots (at least in
the case of apples), the first fruits were
obtained from the very first year after planting.
An economical production could be obtained
from the second or third year.

The canopy, which, instead of one axis, had
two parallel axes of identical force at the same
distance from the trunk, with the same
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branching angle between them, was called Bi-
Baum® (in German, "two trees"). This canopy
type could theoretically reduce the cost of
planting material by 50%. Practically, these
expenses were increased by the longer
formation time of this canopy in the nursery or
the newly established plantation.

In addition to the disadvantage of a more
extended formation and fruiting time, the Bi-
Baum® crown had the advantage of a longer
lifespan compared to the Vertical Axis and the
minor need for trees to establish a plantation.
The Trident canopy was formed similarly to the
Bi-Baum®, with the difference that it had three
instead of two central arms. So, this planting
system had the advantage of reducing the need
for planting material to a third of the Vertical
Axis. (Hoza, 2000; Gradinariu, 2002; Hoza,
2003; Ghena & Braniste, 2003; Iordanescu,
2008; Stanica & Braniste, 2011; Asanica &
Hoza, 2013; Sumedrea et al., 2014; Cimpoies,
2018).

At the farm level, there is a need to thoroughly
know every link in the production chain to
optimize it by reducing costs and allocating
resources to develop essential segments.
Growing fruit trees, although a storied activity,
still has aspects we do not fully understand or
have yet to measure.

WinSCANOPY system analyses tree canopies
through indirect methods and image analysis.
Modern  analysis methods offer new
possibilities to understand the interaction of the
tree's canopy with the environment and their
response to the applied culture technology.
These observations lead to the efficiency of
culture technology and the creation of more
efficient canopy shapes that require as little
input as possible for formation and
maintenance and give a qualitative and
quantitatively efficient production with a
reduced labor requirement.

The main objective of the research was to
determine the influence of the crown shape and
the tree species on specific parameters (foliar
index, direct, diffuse, and total radiation, etc.)
by using the WinSCANOPY system for
monitoring the canopy projection in some tree
species.

A secondary objective was monitoring how the
analyzed species' canopy shapes developed
during a growing season.



MATERIALS AND METHODS

The experiment was conducted in the Didactic
Experimental Field of the Faculty of
Horticulture, located north of the city, in the
University of Agronomic Sciences and
Veterinary Medicine of Bucharest. The
representative profile has the geographical
coordinates 44°28'10" N and 26°04'00" N.

Four canopy shapes were analyzed for the
biological material: Vertical Axis, Bi-Baum®,
Trident at apple, and Vase at quince.
WinSCANOPY system for monitoring the
crown projection was used (WinSCANOPY,
2014). The system includes image acquisition
hardware, a fisheye lens camera, and computer
programs for hemispheric and covers image
analysis and data visualization.

During these analyses, it was possible to
observe:

» Offset fractions per sky region, altitude ring,
and direction. Opening on the lifting ring.

 The level of direct and indirect (diffuse) solar
radiation above and below the crown and total
radiation throughout the day.

* The angle of the leaves in the crown.

* Distribution and duration of sunny areas at
crown level.

* Crowding index according to zenith angle and
sky region.

* The leaf projection coefficient depends on the
zenith angle.

* Distribution of measured and theoretical
shaded areas at crown level.

The method consisted of taking several
photographs and then analyzing them with the
WinSCANOPY software. The pictures were
taken in the phenophase of intensive shoot
growth in 5 series with repetition at ten-day
intervals. The device has a series of rings that
allow it to balance perfectly horizontally, with
the objective towards the zenith, or perfectly
downwards if a series of weights are placed on
it with which it is provided.

During the same day, three series of photos
were taken in the morning, around 9 o'clock, at
noon, when the sun was at its zenith, around 2
o'clock, and in the evening at 6 o'clock. The
trees were also photographed (from bottom to
top) from each cardinal point, resulting in a
total of 60 pictures for each tree (4 cardinal
points x 3 moments of the day x 5 series)
(Figures 1 and 2).
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Figure 1. Apple - Vertical Axis canopy shape, series 1,
morning (source: own data)

Figure 2. Quince - Vase canopy shape, series 1, morning
(source: own data)

For the descriptive statistics of the data,
XLScanopy software, Microsoft Excel 2016,
and IBM SPSS v. 28.0.1.1 were used for a
significance level of p = 0.05.

RESULTS AND DISCUSSIONS

The results quantified the canopy projection on
the ground for all experimental variants.
Influence of species and planting system on
crown projection

Gap fractions (% Cer_1) and crown openness
(% Cer_2) were rendered dynamically for the



two species and canopy shapes analyzed
(Figures 3-6).

In the quince, in the Vase planting system
(Figure 3), the East, North, and South showed
similar values, decreasing as the crown
developed, varying between 27.09% - 13.46%.
The analyzed data showed how the western part
of the canopy was more developed, the
parameters varying between 15.79%-6.45% in
the morning, 19.3%-8.29% at noon, and 10.99-
6.82% in the evening.

The values determined in the measurements
taken at noon were the highest, followed by
those in the morning and evening.

In the apple species, in the Vertical Axis
system planting, the values were between (1)

28.72-12.74% (East), 32.62-14.28% (North),
33.68-15.43 % (South), and 37.36-15.33%
(West) as well as (2) 38.75-13.03% (East),
39.02-15.15% (North), 38.98-14.43% (South),
and 43.43-16.02% (West) (Figure 4).

The Bi-Baum® system resulted in the
following values: 36.29%-15.48% (East),
36.76%-14.44% (North), 41.99-15.6% (South),
and 35.66-13.55% (West) (Figure 5).

In the Trident canopy shape, the values were
between 30.16-9.83% (East), 22.28-8.02%
(North), 32.26-9.91% (South), and 29.08-
9.69% (West) (Figure 6).
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The influence of species and canopy shape  2.03 (East), 0.76-1.53 (North), 0.78-1.5

on the evolution of the Foliar Index

The foliar index varied depending on the
cultivar and planting system/canopy. From
Figure 7, for quinces, Vase canopy shape,
significant differences in the index could be
observed between the four cardinal points. The
growth tendency was present, natural to crown
development. Values ranged from 1.34-2.11
(East), 1.17-1.91 (North), 1.08-2.53 (South),
and 1.78-3.69 (West).

In apple, at the Vertical Axis canopy shape the
following values for the Foliar index (1) 1.09-

(South), and 0.76-1.76 (West), respectively (2)
0.64-1.74 (East), 0.74-1.72 (North), 0.59-1.45
(South), and 0.67-1.73 (West) were presented
(Figure 8).

In the Bi-Baum® canopy shape, the Foliar
Index showed values between 0.94-1.83 (East),
0.63-1.6 (North), 0.9-2.56 (South), and 0.94-
1.98 (West) (Figure 9).

The Foliar index in the Trident system planting
had values between 1.31-2.74 (East), 1.03-2.14
(North), 1-2.87 (South), and 0.93-2.04 (west)
(Figure 10).
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Figure 10. The evolution of the leaf index in apple, Trident (source: own data)

The influence of species and canopy shape
on the level of direct and diffuse solar
radiation at the tree level

Depending on the tree's growing stage, a
decrease in direct and diffuse radiation values
was observed under the tree's canopy, a direct
cause being the increase in vegetative mass
(Figure 11). Species and canopy shape had
essential influences on the variation in these
factors, briefly outlined below.

In quince, Vase canopy shape, total radiation
decreased between the initial and final time of
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the experiment as follows: (East) 10.66-3.14
MjorMol/m*day with an average of 81% direct
radiation and 19% diffuse radiation (North)
12.43-1.63 MjorMol/m?/day with an average of
76% direct radiation and 24% diffuse radiation,
(South) 9.72-2.46 MjorMol/m?*/day with an
average of 82% direct radiation and 18 %
diffuse radiation, (West) 8.25-0.64
MjorMol/m*/day with average of 71% direct
radiation and 29% diffuse radiation (Figure 11).
The apple, on the canopy shapes analyzed,
presented the values summarized in Table 1.
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Figure 11. The level of solar radiation under the Vase canopy at quince (source: own data)

Table 1. The influence of the canopy shape and the orientation to the cardinal points on the solar radiation in apple

Vertical axis 1 Vertical axis 2 Bi-Baum Trident
Cardinal Total radiation Total radiation Total radiation Total radiation
point (MjorMol/m?day) (MjorMol/m?day) (MjorMol/m?day) (MjorMol/m?day)
max min max min max min max min
direct% diffuse% direct% diffuse% direct% diffuse% direct% diffuse%

14.81 4.31 17.45 4.48 16.82 7.58 13.44 4.2

East 85 15 84 16 87 13 86 14
16.47 7.03 23.58 6.32 18.63 6.54 10.23 3.74

North 89 11 87 13 88 12 87 13
20.14 7.82 18.46 6.5 19.3 6.77 15.65 2.13

South 90 10 87 13 87 13 81 19
15.84 6.84 18.03 5.03 19.75 4.19 19.37 1.96

West 87 13 85 15 83 17 76 24

CONCLUSIONS REFERENCES

Following the research, we recommend the
WinSCANOPY system as an extremely useful
tool for monitoring crown parameters in fruit
growing.

The method can be applied and extended to
more species. The results were significant for
optimizing technical decisions regarding
pruning and other tree management actions and
for deeper analysis of the tree physiology.
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Abstract.

Scientific and practical interest in sweet cherry fruit cracking has steadily increased in the last decades, due to the
higher incidence caused by climate changes. The problem is still less understood and the management strategies to
prevent the incidence of the disorder in susceptible cultivars as well. Hailstorms and heavy rainfall after a long period
of drought which are associated with new manifestations of climate changes might increase fruit cracking phenomenon.
Other factors related to fruit characteristics or some cultural practices are also influencing fruit cracking. The
responses of the trees to the application of some compounds (minerals, anti-transpirants and growth regulators) just
before harvesting, vary according to the cultivar, application time, concentration and their type, which makes it difficult
to generalize their effects. Moreover, their effectiveness it is not high and sometimes even counterproductive. Protecting
crops with macrotunnels or covering orchards with polyethylene films, the use of seaweed-based biostimulants or the
mechanical removal of rainwater have proven to be quite effective in many situations, but the need to develop new
strategies to mitigate fruit cracking requires extra information on the mechanisms leading to skin cracking. Many
studies have shown that some varieties manifest a high resistance to cracking, and phenotyping for selection the most
resistant genotypes can be correlated with new molecular research and findings of molecular markers associated with
fruit cracking, and also of the genes involved in the formation of the cuticle and cell wall. Current review explores the
factors which are contributing to fruit cracking in sweet cherry, report advances recommended measures to reduce this
disorder, and indicate directions for future research.

Key words: climate changes, fruit cracking, rainfall, sweet cherry.

INTRODUCTION 1972; Measham et al., 2009; Sekse, 1995;
Sekse et al., 2005).

Sweet cherries are extremely sensitive to The difference in the osmotic potential of the
cracking, most of the time with severe effects water inside the parenchyma cells of the
on commercial production. Chrinstensen  mesocarp and the water on the surface of the
(1996) showed that if only 25% of the fruits are fruit's skin (usually close to zero) sets in
affected, the harvest becomes uneconomical, = motion the necessary force for absorption by
moreover even in a smaller percentage the osmosis of water from the outside into the
fruits are quickly attacked by microbial agents, inside of the fruit (Grimm et al., 2020).
which makes them undesirable for marketing, In short, the theoretical model for sweet cherry
becoming at the same time a source of infection fruit cracking agreed most of the time implies
in the orchard. the acceptance of several aspects:
Considering that the phenomenon occurs - plasmolysis of the epidermal cells exposed to
before or after rain shortly before harvest, it is mesocarp juice due to the potential difference
considered that fruit cracking occurs due to the between them (Grimm et al., 2015);
water uptake (either osmotic, through the - in phase of rapid growth, most of the water
epidermis, or vascular, through the pedicel), and nutrients reach through the phloem in the
which results in increase fruit turgor, volume vascular system of the fruit (Briiggenwirth et
and area surface, up to a critical value that al., 2016) oriented primarily to the mesocarp
causes the fruit to crack - “critical turgor  and the ovules and less to the epidermis
pressure concept” (Considine and Kriedemann, (Grimm et al., 2017).
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Microcracks, usually detectable under a light
microscope, affect the cuticle and usually do
not assume damage to the mechanical
properties of the fruit skin (Briiggenwirth et al.,
2014), while macrocracks can reach the
epidermal and hypodermal cell layers (Correia
etal., 2018).

The skin (exocarp) of the sweet cherry fruit
consists of a cuticular membrane and several
dermal cell layers which forms the epidermis
(single layer of collenchyma cells) and the
hypodermis (up to 7 cell of collenchyma
subepidermal layers) having an insignificant
number of stomata and which are non-
functional at fruit maturity (Peschel et al.,
2003).

The cuticle. Minimization of water loss, water
proofing, protection against biotic and abiotic
factors, fruit appearance, and textural
properties are just some of the attributes of the
cuticle.

The cuticular membrane is synthesized by the
epidermis of fruits and all above-ground plant
organs, and must be seen as a lipidized cell
wall region (Guzman et al., 2014) whose
properties in terms of water permeability are
the focus of most theories regarding cherries
cracking susceptibility.

The basic element of the sweet cherry cuticular
membrane is cutin (whose synthesis is done
exclusively by epidermal cells), a series of
esterified fatty acids C16:0 or C18:1 (reported
mainly for sweet cherries), synthesized in the
plastids, to which a series of waxes
(epicuticular and intracuticular waxes with
triterpenoid acids-ursolic acid- as the main
component) are added (Lara et al., 2015).

In phase of rapid increase in fruit mass (stage
IIT of fruit development), the mass of the
cuticular membrane and wax per unit fruit
surface area decreases, this is due not only to
the fact that fruit surface increased by about
311% (while e.g. mass of the cuticular
membrane increased by 50% in this phase), but
also resulted from changes in the compositional
structure of the two elements (Figure 1), which
may affect some wetting characteristics and
mechanical properties of the cuticular
membrane (Peschel S. et al., 2007).
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Figure 1. Changes in cuticle deposition and
composition during the development of sweet cherry
(Lara I. et al., 2015)

CURRENT STRATEGIES IN SWEET
CHERRY FRUIT CRACKING
MANAGEMENT

Gibberellic acid, a chemical compounds, that
act as plant regulators, naturally synthesized in
the plant, from the family of phytohormones
(which can be both regulators and retarders or
inhibitors of various plant traits or
physiological processes), was most often
associated with the idea of increasing plant
resistance to biotic and abiotic factors,
promotes growth and elongation of cells
(Rothwell and Pochubay, 2014) increase fruit
size and firmness, delays peel senescence,
theoretically making it more difficult for fruit
flies to infest the fruit (Birke et al., 2006),
decrease mechanical injury and delay
maturation for the late-maturing genotypes
(Proebsting et al., 1973; Looney and Lidster,
1980) and delay exocarp coloration.

The signals regarding its use as a main pawn in
the fight against fruit skin cracking have been
mostly contradictory, due to a very high
heterogeneity in terms of environmental
conditions (Rothwell and Pochubay showed
that the optimum is above 20°C), application
doses, genetic diversity, application time and
sometimes it depends on the use of surfactants
(Rothwell and Pochubay, 2014).



Some studies showed that the application of
gibberellic acid (GA3) in the mandarin orange
cultivar ‘Nova’ increases fruit splitting when
applied at flowering, but reduces it when
applied a little later, shortly after the end of the
June drop (Garcia-Luis et al., 1994). The
results of the experiments initiated by Cline
and Trought also showed in the same direction.
They concluded that GA3 sprays had positive
effects on sweet cherry fruit quality parameters
(weight, moisture content, firmness, soluble
solids), but very unfavorable in terms of fruit
cracking (amount of fruit splitting and size
cracks) exceptionally wet weather at harvest
(Clineand  Trought, 2011). Completely
different were the results obtained by Yildirim
and Koyuncu (2010), who, in addition to an
improvement in some parameters related to
quality, their study showed that the GA3
applications (straw colour) at the rate of 20
ppm decreased the cracking index in the fruit.
In terms of achieving satisfactory results on
cherry fruit, most users agree that the timing of
gibberellic acid application is crucial. This can
vary from the end of the pit hardening phase,
before the rapid period of fruit cell enlargement
to straw colour, but always in the morning or
evening, on windless days.

Facteau et al. (1989) suggest that if dose is
increased, the result is reduction on flowering
of sweet cherry ('‘Bing' and 'Lambert' cultivars
in their experiment) for the next year,
especially on 1-year-old wood. The reduction
of transpiration on the surface of the fruit is the
reason for using gibberellin, but in case of
prolonged rains, the application of gibberellin
can have opposite effects (Kaiser et al., 2019).
The latest innovations involve the use of
biofilms (Figure 2) with a role in cuticle
supplementation. Developed and patented by
Oregon State University, the biofilm Parka
(Cultiva, Las Vegas, NV) is a wax-based
product, made from food grade, elastic and
hydrophobic  biopolymers,  applied to
supplement the fruit’s surface cuticle and allow
for increased elasticity and reduced cracking
(Vance and Strik, 2018).

Although the product guarantees a reduction in
the incidence of fruit cracking, not all
experiments carried out with this product have
shown this meaning (Vance and Strik, 2018).
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Figure 2. New biofilm with a role in cuticle
supplementation, Parka (source
https://www.cultiva.com)

Calcium physiology. As the fruit develops, the
xylem (the only pathway through which
calcium is transported) breaks the connection
with the fruit, and the fruit's needs will be
provided by the phloem, which leads to a
continuous decrease of calcium in the fruit
(Briiggenwirth et al., 2016).

Even if the results are contradictory, the use of
calcium-based foliar products is used as a
method to reduce sweet cherry fruit cracking.
Regarding the rationale for using calcium salts,
it is based on two mechanisms: calcium salts
are responsible for decreasing the osmotic
potential for water uptake, and a decrease in the
swelling of the cell wall simultaneously with
the increase in adhesion between cells. The
change in the osmotic potential following the
application of calcium salts, some studies (at
least at the theoretical level) have shown that it
would be quite small (a reduction in the
absorption of water through the skin with
values between 8.3 and 16.2%) and which
would be rather less visible under field
conditions (Knoche et al., 2014; Moing et al.,
2004). Schumann et al. (2022) demonstrated
the effectiveness of Ca salts in reducing the
swelling of cell walls (under laboratory
conditions, by incubating epidermal segments
in CaCly), the only impediment being the
ability of these salts to penetrate through the
intact cuticle, which implies their application
immediately after rainfall when they will enter
in contact with the emerging cracks.



In addition, Winkler and Knoche (2021)
showed that the absorption of calcium is
proportionally influenced by temperature and
humidity on the surface of the skin, the pedicel
cavity being the most important way for the
calcium salts penetration into the fruit.
Genetics. As early as 1985, Cuartero et al.
showed that fruit cracking has a strong genetic
determinism involving several genes, and this
character can be easily transmitted in the
offspring. Encouraged by the good results
obtained in tomato by Capel et al. (2015),
Quero-Garcia et al. (2021), in an extensive
study carried out between 2008-2016 which
involved the multi-year analysis of a population
of cherry hybrids (Prunus avium) - 3 hybrid
combinations resulting from the crossing of 4
genotypes, 2 known to be very sensitive to
cracking ‘Lapins’ and ‘Garnet’ and 2 that
showed reduced susceptibility - ‘Regina’ and
‘Fercer’ - managed to identify three stable
quantitative trait loci (QTL) for each type of
cracking (in the area of the peduncular cavity,
pistii and on the faces the fruit), which
confirms the complexity of this phenomenon.
From the breeder's perspective, locating
quantitative trait loci (QTL) with different
agronomic traits is very important for the
implementation of marker-assisted selection
strategies. But, as the authors go on to show,
despite using multiyear values and analyses,
the smallest confidence intervals for the most
significant quantitative trait loci (QTL)
spanned 4-5 cM (centimorgans), meaning that
at least 100 genes are present in these ranges,
which affected a realistic search for functional
candidate genes responsible for cracking
tolerance/susceptibility.

And in cherry, as in other species, increasing
the genetic base through the selection of
genotypes resistant to cracking and their
introduction into breeding programs, remains
an important direction to follow. Analyzing
more than 200 cherry genotypes in the
collection of Nikita Botanical Gardens in
Crimea, Gorina et al. (2021) identified four
genotypes that showed a high tolerance to
cracking (‘Znatnaya’, ‘Zagadka’, ‘Kutuzovka’,
‘Zemfira’) and which can be used in programs
to improve this character in cherry. At SCDP
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lagi, Corneanu et al. (2021) showed that
through the hybridizations carried out in cherry
breeding works, the new varieties obtained
showed a much lower rate of fruit cracking
than the parents used. Thus the new varieties
‘Catalina’ (6.0%), ‘Margonia’ (1.3%), ‘Maria’
(9.3%), “‘Andreias’ (5.5%) and ‘George’ (5.8%)
showed superior resistance to face cracking
comparing to the varieties ‘Van’, ‘Boambe de
Cotnari’, ‘Stella’, or ‘Fromm’ used as parents
(between 10.0% and 70.3%).

On the other hand, experiences with focus on
rootstocks have shown that they also influence
the susceptibility to fruit cracking. Some trials
conducted in The Dalles, Oregon, determined
that “Mahaleb’ is generally the most susceptible
rootstock, followed by ‘Mazzard’,‘Gisela
5°,‘Gisela 6’,'MaxMa 14’ ‘Krymsk 5°, and
‘Krymsk 6’ (Long et al. 2021).

Covers. The reduction in tree vigor has made
possible the increasing use of tree cover
systems to control fruit cracking. The high
marketable value of the sweet cherry fruit
could offset the rather high costs involved in
installing such systems. In conditions of high
precipitation, under Voen covering system,
high valuable marketable yield can reach 85%
and only 53% without cover due to high
precipitation (Rubauskis et al., 2013).

Taking into account some less favorable
aspects related to their use - high costs of
establishment and maintenance, additional
labor for installing them, problems related to
dormancy (Quero-Garcia et al., 2017), the
negative balance of some quality parameters
(Blanke and Balmer, 2008), the use of these
systems in areas with high vulnerability is
absolutely necessary.

In order to avoid such problems, some practices
have been imposed as necessary - cover
installation after bloom time (for example in
Norway) or, most of the times, much later, near
the fruit ripening (the third stage of fruit
development), various colors covers for early
ripening, retractable covers, etc. The
complexity of these systems has increased -
from the well-known the three-wire design
system to the much more efficient and versatile
Voen system Figure 3).



Figure 3. Three-wire design system (left side) and new Voen system (right side)

CONCLUSIONS

The phenomenon of cherry fruit cracking
strongly affects the commercial value of
production in many areas of the world,
especially in the recent years with an evident
climate change environment. Understanding
the mechanisms underlying this phenomenon
and choosing the best agrotechnical decisions.
These are highlighted as follows: proper choice
of the area to set up the plantation, the most
suitable wvarieties and rootstocks, a good
irrigation and fertilization programme and
application of phytosanitary treatments and
other special measures - like protective covers,
and mineral supplements in areas with high
climate vulnerability. All of these decisively
influence the quality of production and the
health of the plantation and make the difference
between a successful or uneconomic plantation.
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Abstract

With a total remaining area of approximately five thousand hectares, after the existence of approximately 6900 ha with
cherries was shown in 2013, Romania continues to be a country with relatively good productivity in terms of obtaining
cherries. The cherry tree germplasm fund is part of the plant biodiversity that has developed over time in nature in a
spontaneous and controlled way and that is the basis for the permanent improvement of cultivated varieties. The
activity of collecting and preserving biological material in organized collections has a long tradition. The importance
of this biological material is substantial, especially when we talk about the interaction of these genotypes with
quarantine viruses, especially Plum pox virus, considered the most devastating. The pollination scheme used under
SCDP Baneasa Bucharest conditions included one pollinating variety, Boambe de Cotnari, and four controlled

pollinated varieties, Daria, Izverna, Superb and Severin.

Key words: pollen, hybridization, fruits, quality.
INTRODUCTION

In the improvement of horticultural plants, the
history of the development of knowledge and
achievements in the field were specific to the
level of knowledge and the concrete
possibilities of each time.

In the Middle Ages, the Renaissance period
marked the moment when the first systematic
plant breeding works began, so this moment
can be considered as a second stage in the
development of plant breeding works.
Beforehand, new technologies and culture
methods were developed, species were
introduced, greenhouses were built, etc.
(Sestras, 2004).

On a global level, there is an intense and
continuous  concern  for the  genetic
improvement of cherry varieties as the main
way to improve agricultural performance,
harvest quality, increase the commercial value
of the fruit and the only possibility of
increasing disease resistance, with implications
in reducing the costs of production and the
level of pollution of the agro-ecosystem
(Research Institute and Development for Fruit
Growing Pitesti-Maracineni).
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The cherry is part of the family Rosaceae,
subfamily Prunoideae, genus Prunus (many
botanists use the genus name Cerasus for the
two species). The genus Prunus includes
approximately 150 species, some of which are
very important in fruit growing (those
cultivated) and in breeding works (Cimpoies,
2002).

Prunus avium (wild or bird cherry) is the
species from which most cherry varieties were
formed; in the spontaneous flora it is found in
South-Eastern Europe, the Caucasus, North
Africa, Asia Minor, China and shows a
pronounced polymorphism. The trees grow up
to 20-25 m in height, form a pyramidal crown
and are pretentious to heat. According to Buia
(1956), cited by Ardelean (1986), in our
country, within the species there are three
varieties: Sylvestris, Juliana and Duracina.
Cousin. Sylvestris Kirschl. (wild cherry) is the
one from which the varieties with small, black,
bitter fruits, with soft pulp and early ripening,
such as Early May and Early (Fruhesteder
Mark) come.

Cousin. Juliana L. (Ispas cherries), gave birth
to varieties with medium and large black fruits,
with soft and juicy pulp, sweeter than wild



cherries, with early and medium ripening.
Ramon Oliva and French Timpurie are part of
this variety.

Cousin. Duracina L. (stone cherries) is the
variety from which the wvarieties with late
ripening, large fruits, of different colors,
yellow, red or black, with hard pulp (Bigarreau,
"stone" varieties) come. This variety includes
the most valuable cherry varieties grown in the
world, including some well-known in our
country: Germersdorf (synonymous with
Schneiders's Spite), Hedelfinger, Napoleon
(synonymous with Royal Ann), Donissen and
others (Cimpoies, 2002).

From the multitude of these species, the most
valuable germplasm fund and sources of genes
suitable for cherry breeding work are made up
of local and improved varieties, belonging to
the cultivated species. The variability of
P.  avium varieties presents important
characteristics for culture and improvement,
such as productivity, fruit quality, resistance to
diseases, frost, drought, etc.

MATERIALS AND METHODS

The efficient use of genetic resources is the
most important step in the activity of
germplasm identification, collection, evaluation
and preservation. The more genetically diverse
the germplasm pool, the greater the possibilities
of obtaining new hybrid varieties with
increased productivity, superior quality, with
resistance to adverse environmental factors and
the action of phytopathogenic agents. The basic
principle of the efficient use of plant genetic
resources is for the breeder to constantly know
the gene pool as well as the objectives he
pursues in the process of creating new forms of
biological material.

If an effective selection within the germplasm
forms is desired then a pronounced variability
of the material is required. This can be natural,
but it can also be created by breeders if the
natural variability does not meet the
requirements of an enhanced diversity.
Regardless of the method of creating new
forms of biological material (varieties,
hybrids), it is mandatory to know the direction
of work and the objectives pursued. But even if
these problems are very clear, it will never be
possible to obtain valuable material if the
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germplasm pool is not sufficiently known and
if its variability is not sufficient.

For these reasons, before starting any breeding
process, a very clear evaluation of the initial
breeding material, separately for each species,
and the creation of databases that can be used
by the breeder in order to facilitate his
activities, are required.

The studies were carried out on a number of 5
varieties of cherry regarding the germinative
capacity of the pollen and on a number of 4
varieties regarding the induced or controlled
pollination. The germinative capacity of the
pollen was determined according to the
standard methodology.

The 5 cherry varieties were: Boambe de
Cotnari, Daria, [zverna, Superb and Severin.

RESULTS AND DISCUSSIONS

Germinative capacity of pollen, fertility (self-
fertility or self-sterility) and the quality of good
or poor pollinator for other genotypes are
particularly important characteristics in fruit
tree species, with direct implications on the
quantity and quality of the fruit harvest.

Even if the characteristics are determined
genetically, they are also influenced by other
factors, among which the climatic conditions,
especially the temperature has a determining
role.

Climatic conditions

The average temperature of January 2022
ranged from -11.5°C to 3.4°C. The highest
values, over 2°C, were recorded in the center
and south of Muntenia, including in the
Bucharest area, at the Baneasa meteorological
station. The deviation of the average January
2022 air temperature from the median of the
standard reference interval (1991-2020) was
positive over most of the country. Values above
3°C were recorded in the center and south of
Muntenia. Analyzing the severity classes of
thermal anomalies from January 2022, it can be
seen that the thermal regime was extremely hot
in the center of Muntenia.

The average temperature of February 2022
ranged from -9.7°C to 5.6°C. The highest
values, above 4°C, were recorded in large areas
of Muntenia. The deviation of the February
2022 mean air temperature from the median of



the standard reference interval (1991-2020) was
positive. Large deviations, over 3°C, were
recorded in Muntenia, including the Bucharest
area.

The average temperature of March 2022 ranged
from -11.8°C to 5.5°C. The highest values,
above 4°C, were recorded in most of Oltenia,
Banat and Crisana and locally, in the center and
north-east of Muntenia. The deviation of the
average air temperature in March 2022 from
the median of the standard reference interval
(1991-2020) was negative in all regions of the
country. Deviation values higher than 1.5°C
were recorded in extensive areas of the country.
Analyzing the severity classes of the thermal
anomalies from March 2022, it can be seen that
the thermal regime was cold in most of
Romania's territory. In southern Muntenia, it
was very cold and extremely cold.

The average temperature of April 2022 ranged
from -5.0°C to 12.7°C. The highest values,
over 12°C, were recorded in areas in the east
and south of Muntenia. The deviation of the
April 2022 mean air temperature from the
median of the standard reference interval
(1991-2020) was negative over most of the
country. Positive deviations had values below
1°C. In Muntenia, the thermal regime was
warm.

The national average temperature of May 2022
was between 1.2°C and 19.5°C. The highest
values, over 18 °C, were recorded in the south
and northeast of Muntenia, but also locally in
Banat. The deviation of the average air
temperature in May 2022 from the median of
the standard reference interval (1991-2020) was
positive in almost the whole country.
Analyzing the severity classes of the thermal
anomalies from May 2022, it can be seen that
the thermal regime was warm in most of Banat,
Crisana, Oltenia and Muntenia.

The cherry requires a certain number of cold
hours to complete the morphogenesis and
microsporogenesis processes, so it can be
assumed that in the climatic conditions of the
January-May 2022 period, many cherry
varieties did not accumulate the necessary cold,
which affected the processes of pollen
formation and pollination compatibility.
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Figure 1. Evolution of the average air temperature
between January and May 2022 in the Baneasa area of
Bucharest

The germination capacity of the pollen

The data from Table 1 regarding the pollen
germination capacity of the 5 wvarieties of
cherry show values between 42.94% (Severin)
and 68.75% (Boambe de Cotnari).

Table 1. Germination capacity of pollen in cherry

varieties
Nr. | Varieties | Microscopic Pollen grains Germination
crt. field i FeT———. percentage
1 |Daria 1 16 7 51.87
11 14 7
111 17 9
v 23 14
2 |Izverna 1 17 11 53.84
11 15 8
111 19 9
v 8 4
3 | Superb 1 11 6 50.45
11 12 6
111 13 5
v 17 10
4 | Severin I 15 9 42.94
1I 12 5
111 14 6
v 11 3
5 | Boambe 1 14 10 68.75
de il 15 9
Cotnari T 13 10
v 9 6

It can be considered that the varieties with
higher than average pollen germination
percentage (Boambe de Cotnari, Izverna) were
not influenced by the variable temperatures.
The other genotypes, Daria, Superb and
especially Severin, recorded anomalies in the
process of pollen formation.




Controlled pollination

From the 5 genotypes, the Boambe de Cotnari
variety was chosen as the pollinator variety.
The pollination scheme implemented was the
following:
Combination I
(minimum 300
flowers)

Daria ¢ X Boambe de Cotnari &
Combination II
(minimum 300
flowers)

Izverna Q@ X Boambe de Cotnari &
Combination IIT
(minimum 300
flowers)

Superb @ X Boambe de Cotnari &
Combination IV
(minimum 300
flowers)

Severin @ X Boambe de Cotnari &

castrated and pollinated

castrated and pollinated

castrated and pollinated

castrated and pollinated

Table 2. The situation of fruit formation following
controlled pollination

Nr. | Varieties | Number of | Number of Fruit
crt. pollinated fruits binding
flowers formed percentage
1. | Daria 315 217 68.88
2. | Izverna 320 237 74.10
3. | Superb 310 194 62.58
4. | Severin 310 187 60.32
TOTAL 1255 835 66.53

From the data in Table 2, it appears that the
total number of fruits formed was 835, which
represents 66.53% of the total number of
controlled pollinated flowers.

The highest number of tied fruits was recorded
for the Izverna variety (237), and the Severin
variety (187) had the lowest value.

The number of tied fruits compared to the 4
varieties was 208.75, according to the data in
Table 3. The largest percentage difference
compared to the average was registered by the
Izverna variety (28.25%), and the smallest
percentage difference, it was recorded in the
Daria variety (3.95%).
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Table 3. The difference recorded by varieties, in absolute
and relative values, compared to the average number of

fruits
Nr. Type Number | Difference | Difference
crt. of fruits from the from the
formed average average
(number) (%)
1 Average 208.75 - -
varieties

2 Daria 217.00 +8.25 3.95

3 Izverna 237.00 +28.25 13.53

4 Superb 194.00 -14.75 7.07

5 Severin 187.00 -21.75 10.42

Figure 2. Detail of the cherry fruit branch

-
T

o

Figure 3. Controlled pollination




Figure 4. Daria variety detail

Figure 5. Aspect from the orchard S.C.D.P. Baneasa
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Figure 6. Checking the binding of the fruits

CONCLUSIONS

The data regarding the germinative capacity of
the pollen and the controlled pollination of a
number of native cherry varieties, from the
Orchard Baneasa Research and Development
Station in Bucharest, in the climatic conditions
from January to May 2022, show the normal
variability of the absolute and average values,
the characteristic genotypes of the cherry
species.

There are, however, varieties that, by the values
of the monitored parameters, are below the
average of the analyzed genotypes. They are
varieties more vulnerable to the high
temperatures of the winter-spring period, which
deregulate the organogenesis processes of the
flower buds.

The pollen germination capacity of the 5 cherry
varieties shows values between 42.94%
(Severin) and 68.75% (Boambe de Cotnari).
The varieties Boambe de Cotnari and Izverna
were not influenced by the variable
temperatures during the study period.

The Severin variety registered anomalies in the
process of pollen formation.

The number of fruits formed, after controlled
pollination, represents 66.53% of the total



number of flowers. The highest number of tied
fruits was recorded for the Izverna variety
(237), and the lowest value was recorded for
the Severin variety (187).
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Abstract

In the period 2019-2021, the effect of different doses of complex fertilizers of the 16:16:16 type applied alone and
together with some foliar fertilizers of the Fertil Star and Aurora types on the production, quality and accumulation of
some nutrients in the leaves of the ‘Florina’ apple variety was monitored, cultivated on a cambic faeziom soil type from
Mehedinti. The productions were obviously marked by the complex application of the 3 macroelements, being between
20.35 t/ha and 25.61 t/ha. A clear influence of fertilization on the total dry matter content was found, between 11-17%,
the increase being directly proportional to the intake of nutrients from the applied fertilizers. High concentrations of K
cause their acidity to increase, which has the consequence of changing the ratio of sugar/organic acids and finally
changing the taste in the sense of increasing the flavor. Nutrient elements in the leaves changed favorably as a result of

the application of doses and types of fertilizer.
Key words: apple, fertilizers, quality.

INTRODUCTION

Apple (Malus domestica Borkh.) occupied
third place as the most consumed fruits,
worldwide (FAOSTAT, 2021). Five apple
varieties were among the most popular for
growing - ‘Golden Delicious’, ‘Red Delicious’,
‘Granny Smith’, ‘Florina> and ‘Melrose’
(Petkova et al., 2022).

The ‘Florina’ apple variety has a French origin
and it was imported in 1977 and now is quite
common (Dobrevska et al., 2022).

Fresh apple consumption in the EU is
approximately 15 kg per capita and is expected
to increase by 1 kg by 2030, while
consumption of processed apples is around 8
kg per capita (EC, 2020). Fruits and vegetables
are the most important natural sources of
vitamin C. Since apples are very popular
globally, they could be an excellent source of
vitamin C in the human diet (Lemmens et al.,
2020).

Contemporary trends in horticulture are aimed
at limiting the use of mineral fertilizers to the
necessary minimum, which is to guarantee
adequate profitability of production while
maintaining high-quality fruit and at the same
time preventing environmental pollution. In
this situation, it is necessary to develop a
rational method of N fertilization of apple
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orchards, allowing minimization of the use of
fertilizers (reduction of costs) and reduction of
the risk of contamination of the soil with an
excess of nitrates, while achieving optimal tree
growth, yield and fruits quality (Kowalczyk et
al., 2022). Intensive apple production has
primarily focused on increasing productivity
through intensification of fertilizers and water,
resulting in high production, financial and
environmental costs (Stefanelli et al., 2010).
Potassium is among essential mineral nutrients
with  long-known importance for plant
development and yields. Its optimal supply is
very important under the conditions of climate
change and in view of the need to obtain good
yields of high-quality fruits (Kuzin &
Solovchenko, 2021). Reaching this goal
requires up-to-date fertilization management
systems presuming balanced use of both
organic and chemical fertilizers (Gitea et al.,
2019). An adequate supply of K is essential for
uptake of other nutrients and plays an
important role in the formation of yield
improvement (Xu et al., 2020).

Titratable acidity of fruit is an important
parameter in determining fruit maturity and key
determinant of fruit taste. It also serves as food
substance and need by body in little amounts.
(Azher et al., 2020). Researchers showed that
titratable acidity of different apple varieties



grown in world ranged from 0.10% to 0.36%
respectively Chakespari et al., 2010, Vieira et
al., 2009, and Durrani et al., 2010, to 0.60%,
Dzanagov et al., 2021.

Increasing the acidity value of the fruits has the
effect of changing the ratio of sugar/organic
acids and finally changing the taste in the sense
of increasing the flavor of the fruits
(Dilmaghani et al., 2005).

In order to elucidate some aspects regarding the
effectiveness of foliar and root fertilizers in an
appple orchard, we conducted research in the
period 2019-2021 in Mehedinti County with
complex root fertilizers as well as with two
foliar fertilizers.

MATERIALS AND METHODS

The experiment was located on a cambic
faeziom soil type in Mehedinti County, in an
apple orchard, with the ‘Florina’ variety
comprising the following variants:

V1 - unfertilized control;

V2 - Fertil Star foliar fertilizer;

V3 - Aurora foliar fertilizer;

V4 - NagP4sKug root fertilizer;

V5 - NgoPsoKso root fertilizer;

V6 - NagPagKus+Fertil Star 5 1/ha;

V7 - NugPssKag +Aurora 4 1/ha;

V8 - NgoPgoKsgo +Fertil Star 5 1/ha;

V9 - NgoPsoKso + Aurora 4 1/ha.

Mehedinti County (44.63°N 22.88°E) is located
in the southwestern part of Romania, on the left
bank of the Danube.

Fertilizers were tested alone or in paired
combinations, in comparison to an unfertilized
control.

Applied foliar fertilizers have the following
chemical composition:

Fertil Star: N-67%, P20s5-6%, K20-4.2%, Cu-
0.025%, Fe-0.100%, Mn-0.010%, Zn-0.008%,
B-0.020%, Mo-0.001%, chelates with EDTA
Na

Aurora: N-10%, P205-0.5%, K»0-3.5%, B-
1.5mg/l, Ca-1g/l, Co-1.16 mg/l, Cu-3.8 g/l;
Mn-0.08, Fe-1.4 g/l; S-3.8 g/l, Mg-1.8 g/l; Zn-
1.5 g/1, biostimulant plant extract.

Complex extraradicular fertilizers 16-16-16,
were applied in two stages: 1/3 of the dose in
autumn and 2/3 of the dose in spring in the
budding phase, the complex being incorporated
into the soil at both stages.
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Foliar fertilizers were applied in three stages:

- after tying the fruit;

- two weeks after the first foliar fertilization;

- two weeks after the second foliar fertilization.
For characterization of climatic elements were
used information from the nearest weather
station, namely Drobeta  Turnu-Severin
Weather Station. According to this data, the
climate is Cfax type, continental climate, with a
weak Mediterranean influence, with an average
annual temperature of 10.8°C and an average
annual rainfall of 539.9 mm.

The soil on which the experiment was placed
was cambic faeziom type with the following
characteristics:

- profile formed by horizons: Am, Bv, B/C, C;

- clay texture;

- medium bulk density (1.38-1.49 g/cm?);

- medium total porosity (44.6-48.3%);

- hygroscopicity coefficient 4.76%;

- medium supply degree with nitrogen (3.26%
humus, Nt = 0.14-0.15%);

- good supply degree with phosphorus (52 ppm
P);

- very good supply degree with potassium (210
ppm K);

- weakly acid-neutral reaction (6.38-7.53);

- second quality class.

The ‘Florina’ variety is characterized by
medium to large fruit size, with a smooth,
greenish-yellow surface, the skin is hard,
greenish-yellow, covered with red-orange with
darker streaks on almost 80% of the surface
(Petkova et al., 2020). The pulp is yellowish-
white, with greenish shades, juicy, consistent,
with a slightly acidic sweet taste.

Analytical methods were applied, as fallows.
Total soluble dry matter content was
determined using a digital refractometer at
20°C and expressed as %.

The titratable acid content (acidity) was
determined by titration with 0.1 N sodium
hydroxide (NaOH) using phenolphthalein as
indicator.

Redox titration determined vitamin C using
Iodine solution of juice sample and finally
determine the titrate required for standard
(Mohammed & Hazim, 2016).

Statistical analysis were processed using the
statistical package SPSS 17.



RESULTS AND DISCUSSIONS

The average production obtained in the three
years of experimentation was between 20.35
and 25.61 t/ha. Radicular fertilization leads to
higher yields depending on the applied dose:
22.4-23.55 t/ha. Unilateral fertilization with
Fertil Star results in a small increase in
production compared to the unfertilized
control, 1.10 t /ha, which is only significant.

Very significant production increases are
obtained by using higher doses of root
fertilizer, respectively NgoPsoKso - 23.55 t/ha, as
well as for complex fertilizers NagPssKus,

particular importance in obtaining high quality
fruit by balancing these indicators.

It can be clearly seen that by using different
doses of root and foliar mineral fertilizers the
total dry matter content increases.

Thus, for the unfertilized control, dry matter
content has a value of 13.83%, while applying
the two single foliar fertilizers, dry matter
content increases to values of 14.59% and
14.92%, i.e. by 5.5 and 7.8%.

Table 2. Total dry matter content over the 3 years of
experimentation depending on the dose of fertilizer

Difference
NsoPsoKsgo + foliar fertilizer Fertil Star - . Dry | %tothe from Statistical
Variant matter unfertilize unfertilized significance
24.83 t/ha and Aurora 25.61 t/ha (Table 1), % deontrol | control | Si®
. . . . t/ha
which is in concordance with the results Unfortilized 1383 - N -
obtained by Zheng et al., 2016 and Dzanagov et control
Fertil Star 14.59 1055 0.76 E
al., 2021.
An important criterion in assessing the reaction Aurora 14.92 107.8 1.09 XX
of an apple tree to the application of mineral NasPasKas 14.72 106.4 0.89 -
fertilizers is the fruit quality indicators NePuKa 559 57 e -~
(Doroshenko, 2006).
NugPssKas 15.09 109.1 126 X
+Fertil Star
Table 1. Productions (t/ha) obtained for the Florina TXE:SIQS 15.25 1103 142 xx
variety as a result of the use of different doses of root NeoPsoKso 15.73 1137 1.90 o
and foliar fertilizers on average for 3 years of +Fertil Star
experimentation (2019-2021) NioPsoKso 15.88 114.8 2.05 XXX
+ Aurora
Difference DL5%=0.9 DL1%=1.31 DL0.1%=1.77
% to the from Statistical Note:
Variant ) unfertilized | unfertilized | G oo - No statistical difference compared to control;
Production control C?ﬁfl - X - significantly positive compared to control
- xx - distinctly significantly positive compared to control;
Unfertilize 20.35 - 1.10 - XXX - \iery distinctly significantly positive compared to
d control control.
Fertil Star 21.45 1052 175 X - : 1
Anrora 31 056 303 " The appl1cat19n of rpot mineral fertilizers has
NugPesKas 24 110.0 3.20 X the effect of increasing the dry matter content
Emgmﬁw ;3“5)? :}gz ;gg XXx to the values of 14.72% and 15.59%, i.e. by
45P4sKas X . K XXX - .
+Fertil Star 6.4-12.7%. Similar values regarding dry matter
NasPasKag 24.50 1204 415 XXX content were also reported by Mitre et al.,
+Aurora
NioPsoKso 2483 122.0 448 Xxx 2009.
+Fertil Star The combined application of root and foliar
NioPsoK. 25.61 1258 5.26 X - . .
By = fertilizers leads to significant or distinctly
DLS% =104 DLI%=246 DLO.1%=3.11 significant increases when using a dose of less
Note: than 48 kg of active substance (a.s.) and a

- No statistical difference compared to control;

- X - significantly positive compared to control;

- xxX - very distinctly significantly positive compared to
control.

The production quality was assessed by the dry
matter content (%), soluble dry matter (%),
titratable acidity. These indicators are of

significant increase when using the dose of 80
kg a.s./ha, the increase of dry matter content
reaching values of 1.9-2.05%.

The soluble dry matter content (%) was also
favorably influenced by the doses and types of
fertilizers used (Table 3).

The soluble dry matter content has been
slightly modified by the doses and types of



fertilizers. This content, as can be seen from the
data in Table 3, increases with the application
of different doses and types of fertilizers, but
the increases are less significant or even
insignificant.

Thus, following the application of Fertil Star
and Aurora foliar fertilizers alone, as well as
with small doses of root mineral fertilizers 48
kg a.s./ha, the increases are insignificant (0.11-
0.56%).

Only in the situation of fertilization with high
doses of root mineral fertilizers 80 kg a.s./ha
the percentage obtained increases, 0.64% and
0.88%, being significant or distinctly
significant.

Table 3. Influence of fertilizers on soluble dry matter
content, %

Variant Soluble % to the Difference Statistical
dry unfertilized from significanc
matter control unfertilized ¢
% control
t/ha
Unfertilized 10.96 - - -
control
Fertil Star 11.07 101.0 0.11 -
Aurora 11.25 102.6 0.29 -
NasPusKas 11.37 103.7 0.41 -
NsoPsoKso 11.58 105.6 0.62 X
NusPusKag 11.43 104.3 0.47 -
+Fertil Star
NasPasKug 11.52 105.1 0.56 -
+Aurora
NsoPsoKso 11.60 105.8 0.64 X
+Fertil Star
NsoPsoKso 11.84 108.1 0.88 Xx
+ Aurora
DL 5% =0.61 DL1% =0.80 DLO0.1% = 1.01
Note:

- No statistical difference compared to control;
- X - significantly positive compared to control;
- xx - distinctly significantly positive compared to control.

The titratable acidity of apple fruits is
expressed %, the determining factor of its value
being the potassium concentrations that directly
proportionally influence this quality indicator.
It can be observed from the data in Table 4 that
for the unfertilized variant was registred the
lowest titratable acidity value, 0.352%. Root
fertilization with N4sP4sKsg causes an increase
of this indicator by 0.036% or by 10.2%. Root
fertilization with NgoPgoKgo and together with
Fertil Star causes the increase of this indicator
by 19.6% and, respectively 19.8%, compared to
the unfertilized control.
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The most obvious statistically guaranteed
percentage increases are obtained in the case of
using root fertilizer together with foliar
fertilizers 18.2-27.8%.

Table 4. Titratable acidity according to different doses
and types of fertilizers

Variant TA % to the Difference Statistical
Y% unfertilized from signify
control unfertilized cance
control
t/ha
Unfertilized 0.352 100 - -
control
Fertil Star 0.391 111.1 0.039 X
Aurora 0.402 114.2 0.050 XX
NusPasKas 0.388 110.2 0.036 -
NsoPsoKso 0.421 119.6 0.069 XXX
NiusPusKagt 0.416 1182 0.064 XXX
Fertil Star
NusPasKust 0.431 1224 0.079 XXX
Aurora
NisoPgoKgotF | 0.422 119.8 0.070 XXX
ertil Star
NisoPsoKgot 0.450 127.8 0.098 XXX
Aurora
DL5% =0.037 DL1% =0.041 DLO0.1% = 0.056
Note:

- No statistical difference compared to control;

- x - significantly positive compared to control;

- xx - distinctly significantly positive compared to control;

- xxx - very distinctly significantly positive compared to
control.

The content of vitamin C for the variety
‘Florina’ varied under the influence of fertili-
zation between 8.1 mg/100 g and 8.9 mg/100 g
in comparison with the control variant, for
which the content of vitamin C recorded the
value of 7.8 mg/100 g.

Table 5. The content of vitamin C in the ‘Florina’ variety

Variant Vitamin C
(mg/100 g)
Unfertilized control 7.8
Fertil Star 8.1
Aurora 8.3
NagPasKag 8.5
NsoPsoKso 8.9
NasPasKag 8.2
+Fertil Star
NasP4gKag +Aurora 8.5
NisoPsoKso +Fertil Star 8.4
NsoPsoKso + Aurora 8.8

The data correlate with those obtained by
Dzanagov et al., 2021, for the same variety.
Reporting to the unfertilized control where the
recorded vitamin C content was 7.8 mg/100 g,



the recorded increases were between 0.3-
1.1 mg/ 100 g.

It is observed that the highest amount of
vitamin C is registered in the fertilized variants.
The highest amount of vitamin C was recorded
in the NgoPsoKso variant of 8.9 mg/100 g. In all
the other fertilized variants, smaller but higher
amounts of vitamin C are obtained compared to
the unfertilized control.

According to Schuphan, 1956, Mapson, 1970,
and Fisher, 1999, cited by Campeanu et al.,
2009, apple contains 2-30 mg ascorbic acid per
100 g, depending on the cultivars.

CONCLUSIONS

The experience with different doses of root and
foliar fertilizers carried out during 2019-2021
on the apple crop, ‘Florina’ variety, highlighted
the following aspects:

- Both the foliar fertilizers used, Fertil Star and
Aurora, as well as the complex root fertilizers
in doses of 48 and 80 kg a.s./ha increased
production by 5.2-8.6% for foliar fertilizers and
by 10.0-15.7% to root fertilizers, registering
significant increases.

- The application of foliar fertilizers in
combination with root fertilizers had the effect
of obtaining significant production increases of
17.9-25.8%, greater increases being obtained
when Aurora foliar fertilizer was used, which
has a more complex chemical composition as
well as biostimulatory extract from plants. In
this case, production reaches 25.61 t/ha
compared to 20.35 t/ha obtained for the
unfertilized control.

- Analyzing some production quality indicators
such as total dry matter, soluble dry matter,
titratable acidity and vitamin C, it was found
that these indicators were also improved
especially as a result of the combined use of
foliar fertilizers with root fertilizers, when very
significant increases of these indicators are
obtained.
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Abstract

The paper presents data related to the evolution during 2021-2022, of three chokeberry Aronia varieties, grown
organically in the farm belonging to FRDS Baneasa, located in N-E of Bucharest in Afumati, llfov County, in the Viasiei
Plain, a subunit of the Roman Plain. Aronia melanocarpa, is a crop that issuitable for organic system, and the importance
of fruits is given by the fact that it has special nutraceutical qualities, mainly due to the high contain of anthocyanins and
Sflavonoids among other important substances that can reduce the risk of serious illness. The study was continued on a
plantation established in 2020. The chokeberry varieties under observations were: 'Melrom', 'Nero' and 'Galicjanka'.
Planting distances 1.5 m/3 m, in 2 variants, plants canopy conducted as bush. In 2022, number of shoots and
inflorescences per plant, shoots length and the number of fruits per inflorescence were counted. Also, fruit weight, size,
sugar content, pH and citric acid for each variety was determined and compared to the 2021 results. The study will
continue in order to gather more data for the organic cropping system of Aronia.

Key words: chokeberry, organic technology, cultivars, canopy,growth dynamic.

INTRODUCTION Moreover, only a limited number of global
cultivars are well-suited to the specific
Black  chokeberry  [dronia  melanocarpa  pedoclimatic conditions present in Romania, as
(Michx.) Elliott] is a deciduous shrub native to indicated by Ligia Ion (2007, the National
North America, botanically classified as  Program for Rural Development 2014-2020).
belonging to the family Rosaceae. Shrub of  The traditional agricultural practices in Romania
chokeberry grows 1.2 to 2.4 m producing  emphasize the use of clean technologies,
beautiful white flowers and navy—blue berries of allowing for the establishment of
tart-sweet taste and aromatic flavour (Jeppsson,  environmentally friendly farming zones. This
2000, Brand, 2010) It is possible to establish a commitment to eco_friendly approaches 1s
chokeberry plantation in any climate. Because it reinforced by the increasing demand for organic
is a cold-hardy plant tolerant of very low  products, transforming organic farming into a
temperatures even below —35°C and it is not  viable source of income for the rural population,
sensitive to the spring frosts (Bussicres et al., as highlighted by many authors Sumedrea D. et
2008). Chokeberries are noted for their modest  a]. (2014) and Rati . V. (2008).
requirements and adaptability to different soil The paper reports on the research done in an
types (sandy, acid and humid soils) and soil organic system between 2021 and 2022 on three
management systems. cultivars of Aronia melanocarpa: ‘Galicjanka’,
According loan Viorel Rati (2016) increased ‘Melrom’, and ‘Nero’. The chokeberry and
population demands for healthy food has led to leaves of Aronia melanocarpa provide a
the expansion of shrubs cultures by: the  multitude of health benefits because of the
emergence of new growing areas; new systems  presence and high concentration of different

of cultivation (crgp prgtected ifl tunnel§, bioactive components, including vitamins,
greenhouses, growing without soil, organic  minerals, and polyphenolic compounds (Szopa
production). et al., 2017). Organic farming systems have
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become increasingly interested in cultivating
aronia because of its high demand for cultivation
due to its nutritional value and resistance to both
biotic and abiotic factors.

MATERIALS AND METHODS

The study took place over a span of two years,
from 2021 to 2022, at the Fruit Research and
Development  Station  Baneasa, = Moara
Domneasca Farm, situated in Ilfov County,
Romania. The site is positioned approximately
25 kilometers northeast of Bucharest in Ilfov
County. The locale features a continental
temperate climate with clearly delineated
seasons. Elevated temperatures define summers,
while winters experience cold conditions, often
accompanied by recurring droughts. The
average yearly temperature is 14°C, and the
annual precipitation falls within the range of 500
to 650 mm. The =zenith of precipitation,
frequently characterized by intensity, occurs
between May and July. During winter,
prevailing air circulation follows patterns from
the East and North-East, transitioning to the
West in the other months.

Maximum wind speeds vary between 11.5 and
20.5 km/h. The soil type is reddish luvisol. In the
depressed areas and in the crevices there are
reddish luvisols and stagnosols (Dragomir et al.,
2002).

The organic Aronia plantation was established
in the spring of 2020 (Figure 1.), and the
experiment was designed with two experimental
factors: cultivars: 'Melrom', 'Nero', 'Galicjanka',
mulching of plant rows with two systems: 1.
bare soil, 2. mulched with rests from wood. The
mulch was of approx 20 cm thick.

Figure 1. Aronia plants newly planted in 2020 mulched

In 2020, the soil between the rows was regularly
tilled and lacked grass. In contrast, by 2022, a
consistent grass cover was present, as shown in
Figure 2. The experimental design employed a
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randomized block design, with three replications
and a total of sixty black chokeberry plants.
During the trial, standard cultural, training, and
pruning practices were used, including drip
irrigation.

Figure 2. Aronia plants in organic experimental field
mulched (2022 Farm Moara Domneasca)

Variables linked to generative potential, such as
the count of shoots and inflorescences per plant,
along with the number of berries per cluster,
were assessed through counting. Biometric
measurements of the fruits were conducted
using 60 specimens for each cultivar and variant.
The height and diameter of the fruit were
measured using an electronic caliper, while the
weight of the fruit was determined using an
electronic balance with precision up to 0.01 g.
Sugar content expressed as % Brix, was
determined by the electronic refractometer
(Hanna instruments HI 96800), and the pH value
was measured by pH Meter Hanna HI 700630.
The data gathering process produced a number
of variants, and the MS Excel "Data analysis"
addon was used to statistically evaluate. The
Duncan-T-Student concordance test (t) with a
probability of 0.05 was used to assess the
samples for the statistical hypothesis on
differences between variants since there were
two variations in the study and data were
gathered for each cultivar in 2021 and 2022.
(Dragomir et al., 2002).

RESULTS AND DISCUSSIONS

There were no significant differences found
between treatments or years in terms of
generative potential, more especially in relation
to the number of shoots per plant. In the year
2021, the cultivar 'Melrom' in V2 showed the
most shoots per plant.



The application of wood chip mulch in both
years has affected the average number of shoots
per plant for all cultivars. More specifically, on
V1, the mulched variant showed 14-13 shoots
per plant in 2021, but on bare soil (V2) in 2022,
there were 18-15 shoots per plant (Table 1)

Table 1. Comparison of the generative potential
of aronia in 2021 versus 2022 regarding
the number of shoots per plant

Treatmen Average no. Average no.
t Cultivar shoots/plant | shoots/plant
2021 2022
Vi - GALICJANKA 11 12
mulched MELROM 14 14
NERO 15 13
Vah GALICJANKA 13 12
il [ [MELROM 19 1
NERO 7 s

As far as the average number of flower clusters
per plant is concerned, V2 had the highest count
in 2021 - an average of 17.33 flowers. By
contrast, V1 recorded 15.67 inflorescences on
average per plant in the same time frame.

The variation on the average number of
inflorescences per plant between the years 2021
and 2022 is notable. The mean number of
inflorescences per plant in V1 and V2 in 2022
was 156 (min. 153 and max. 197 clusters/plant),
as compared to 15.66, with a minimum of 10.33
and a maximum of 19.33 in 2021 (Figure 3).

250,00
200,00
M Average no. of
150,00 clusters/ plant
(pieces) 2021
100,00 M Average no. of
clusters/ plant
50,00 (pieces) 2022
0,00

Figure 3. Average number inflorescences per plant 2021
compared with 2022

Number of fruits/cluster

Regarding the data on the number of berries per
cluster, it here was little difference between the
cultivars in the two years.

When comparing 2021 and 2022 with respect to
the average number of fruits/cluster, the
'Galicjanka' cultivar in V2 had the highest
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average number of fruits per cluster (25.11
fruits/cluster in 2021) (Figure 4). The lowest
average number of fruits/cluster has been
observed by Nero'in V2 in 2021. If we compare
the cultivars production of fruits/ cluster in 2022
the highest number is observed also at the
cultivar 'Galicjanka' in V2 (23.00 fruits) and the
smallest number of fruits per cluster by
'Galicjanka’ in V1 (16.00 fruits).

30,00

25,00

20,00 17.44 16 78

15.00
15,00

10,00

5,00

Nero V1 Nero V2

Galicjanka Melrom V1
vi

Galicjanka Melrom V2
V2

m2021 m2022

Figure 4. Average number of fruits/cluster 2021
compared with 2022

30,00

25,00 24.06

18.72 18.67

20,00

1678 17.11 16.83

15,00

10,00

5,00

0,00
Galicjanka Melrom Nero V1 Galicjanka Melrom  Nero V2
V1 V1 V2 V2

Figure 5. Number of fruits/cluster average
for 2021 and 2022

In the Figure 5, it is shown the overall
production of fruits per cluster expressed as an
average number for each cultivar observed in
2021 and 2022. 'Nero' in V2 showed an
exceptionally high average number of fruits per
cluster - 16.83 berries per cluster - apart from the
'Galicjanka' cultivar with the highest average
fruits/cluster of 24.06.

Fruit analysis
Different sizes of chokeberry fruit cultivars were
noted based on the results (Table 2).



The ‘Galicjanka’ cultivar had the largest fruit
weight in 2021, followed by fruits from the
‘Nero’ and ‘Melrom’ cultivars. The average
weight of ‘Galicjanka’ fruit in 2021 was 1.09 g,
whereas in 2022 it was 0.71 gin VI and 0.52 g
in V2. The average weight of the other two
cultivars, Melrom and Nero, is comparatively
lower at 0.55 g.

Jeppsson (2000b; 2000a) classified large fruits
as weighing 71 g for 100 berries; this value is
lower than the weight of 109 g resulting from
extrapolation of the weight of the ‘Galcjanka’
fruit to 100 fruits. Since the average fruit weight
recorded during our experiment corresponds
with the first crop year, the conclusion of
(Jeppsson, 2000), these cultivars ranged in
weight from 65 to nearly 95 g. Every relevant
detail about the minimum and maximum fruit
sizes for the years 2021 and 2022, as well as the
average fruit weight, is included in Table 2.
Fruit pH in 2022 was determined to be at normal
levels; the highest value was found for ‘Nero’
fruits in VI (3.46), closely followed by
‘Melrom’ (4.45) and ‘Galcjanka’ (3.40) in V1.
Based on a probability test with a 0.05 P (T<=t)
probability, there is no statistically significant
difference between the pH cultivar values. Many
fruit characteristics as well as the amount of
sugar in the Aronia fruit all influence its quality.
The flavor profile of aronia fruit is often
described as having a complex combination of
dryness, tartness, earthy undertones, and
astringency. The elevated tannin content of the
fruit generates a profile reminiscent of
characteristics found in dry red wine. Aronia
fruit typically needs a significant sugar content
in order to be considered edible.

From the Figure 6, it can be observed that
maximum average value of Brix % in 2022 has
been reached by 'Melrom' V2 (19.10) followed
by 'Galicjanka' V1 with (18.80) Brix units.

19,50 19:16
18.80

19,00
18,50
18,00
17,50
17,00
16,50
16,00
15,50

Galicjanka (min-max) Melrom (min-max) Nero (min - max)

m 2022 - V1 (mulched) m 2022 -V2 (bear soil)

Figure 6. Minimum and maximum, sugar content
of aronia fruits (harvest 2022)

In addition to the fruit's sugar content, the citric
acid content was measured in 2021 and 2022.
This particular compound is particularly
significant because it is essential to the fruit's
overall composition and influences both its
flavour and possible health benefits. It has been
noted from the laboratory results that in 2022.

350 3.25
s 3.10
3.00 ;g9

3,00
2,50
2,00
1,50
1,00
0,50

0,00

Galicjanka (min- Melrom (min-max) Nero (min - max)
max)

W 2022 -V1 (mulched) m2022 - V2 (bear soil)

Figure 7. Minimum and maximum citric acid content of
aronia fruits (harvest 2022)

The highest acidity value was found in
'Galicjanka' V2 (3.25), and simultaneously in
V1 (1.98) had the lowest level (Figure 7.).

As can be seen from Table 2 values were
calculated for each year, and all three cultivars
were exhibiting comparable results.

Table 2. General characteristics of aronia fruit in 2021 and 2022

Fruit characteristics — C““.‘ vars
‘Galicjanka’ ‘Galicjanka’ ‘Nero’
Average weight of fruit (g) V1 best results
2021 1.09a 1.03a 1.08a
2022 0,71a 0.55a 0.51a
Fruit size diameter (mm) min.-max.
2021 9.55-14.40 9.45-14.61 9.66-14.35
2022 10.40-13.09 10.81-13.45 10.00-13.22
Mean fruit size
2021 11.98a 12.03a 12.01a




2022 11.81a 11,83a 11.38a
Sugar content (% Brix) Mean (% Brix)
2021 18.70a 16.90a 18.35a
2022 18.80a 17.70a 17.20a
pH mean
2021 (august harvest) 4.01a 3.98a 4.03a
2022 (july harvest) 2.62a 2.62a 2.95a

Considering that the study was conducted over
two years after the plantation was started in 2020
and that there were notable changes in the
weather (particularly with regard to rainfall and
solar insolation) during this period, the results
showed that, on average, the year 2021 produced
better fruit than the year 2022 in all categories
related to its quality and physical attributes.

CONCLUSIONS

The objective of the study was to investigate
changes from 2021 to 2022 in the organic aronia
plantation and the characteristics of its cultivars.
But drawing firm conclusions is difficult
because of the significant variations in the
weather throughout these two years. Early
findings from 2021 and 2022 suggest that
Aronia melanocarpa is a very adaptable plant,
demonstrating the ability to adapt to the soil and
climate in Romania's southeast.

The cultivar 'Galicjanka' had the greatest results
in both research years, followed by '"Melrom' and
"Nero'.

It is evident that the V1 mulched form has
yielded superior outcomes when comparing the
two varieties, V1 with mulch and V2 with bare
soil. This can be attributed to its capacity to hold
onto water, guaranteeing the plants a consistent
supply of moisture when needed.

To collect further data from years with similar
climatic circumstances, variables influencing
plant growth and development, and the
expression of distinctive features in aronia
cultivars, more study is required.
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Abstract

The scientific experiment was conducted during the period of 2018-2020 in a collection plantation of the Research
Institute of Mountain Stockbreeding and Agriculture in Troyan. The object of the study is the ‘Shopska Alena’ raspberry
cultivar. The plantation was created in the autumn of 2016. Correlation analyzes were made between the vegetative
indicators: number, height and thickness of the shoots with the yield. The highest values for height (1.38 m) and
thickness (8.41 mm) of the shoots were recorded in the second year of the experiment, and the highest yield was
obtained in the third year - 1.69 kg/Im’. A high correlation dependence between the height and thickness of the shoots
was recorded through all three years and between the height and thickness with the yield in the second and third year.

Key words: cultivars, fruits, raspberries, reproductive indicators, vegetative indicators.

INTRODUCTION

In the last twenty years, Europe has occupied
the largest share in rasperry production
(72.5%), followed by America (25.4%) and
Asia (1.9%).

World production has grown by 21.9% in the
last 5 years. According to FAO, the main
European raspberry producers are: the Russian
Federation (153 827 t), Serbia (93644 t) and
Poland (85616 t). (https://www.fao.org/
faostat/en/?#data/QCL/visualize).

Raspberry takes the first place among the
small-sized fruit species in Bulgaria. Under the
new economic conditions, there is an increase
in occupied production areas in Bulgaria
(except 2020 and 2021), due to the appropriate
agroecological conditions for its cultivation,
increased prices for producers and the rapid
return of the insurance funds invested.

In recent decades, the demand for small-sized
fruit, including raspberries, has increased many
times because of their optimal yields, healthy
ingredients and the ability to obtain attractive
food with rich biochemism and high market
value (Ivanova et al., 2012).

The cultivar structure in Bulgaria is made up of
Bulgarian and introduced raspberry cultivars.
Most of them are high-yielding, large-fruited,
resistant to abiotic and biotic stress factors,
with a good opportunity for mechanized
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harvesting and transportation (Boycheva, 1999;
Boycheva, 2001; Georgiev et al., 2012;
Domozetova et al., 2014; Bozhanska et al.,
2019; Serbezova et al., 2019).

Profitability of raspberry fruit production is
determined by the correct choice of cultivar,
suitable agroclimatic conditions of the habitat
(temperature, wind, precipitation, pests) and
modern cultivation technology (Woznicki et al.,
2016; Contreras et al., 2019).

The aim of the present research is to study the
correlational ~ dependences  between  the
vegetative and reproductive indicators of
‘Shopska Alena’ raspberry cultivar, grown
under the agro-climatic conditions of the
Troyan region.

MATERIALS AND METHODS

The scientific experiment was conducted in a
collection plantation of the Research Institute
of Mountain Stockbreeding and Agriculture in
Troyan. The planting scheme is 3.00/0.50 m, as
the experiment was laid out in three
replications, each one linear meter of the intra-
row area of the plantation.

The plantation is located on a north-eastern
slope, at an altitude of 460 m.

The soil on which the plantation was made is a
gray forest, typical of the Troyan region.

Its mechanical composition is heavy sandy-



clay, moderately eroded with a low content of
humus (Atanasova, 2021).

The raspberry cultivar ‘Shopska Alena’ was
created in 1954 by crossing [(Prussia x
England) x Newburgh] and was recognized by
the State Cultivar Comission in 1970 (Popov
and Hristov, 1970). The shrubs are fast-
growing, forming a large number of medium
thick shoots. The cultivar tolerates temporary
heat and droughts well during the harvesting
period. Fruits are average-sized to large-sized
with a spherical shape. It begins to ripen
towards the end of June, the beginning of July.
It is characterized by great fruitfullness. The
cultivar has great potential for yield and high
fruit quality (Hristov et al., 1988; Boycheva et
al., 1994; Serbezova, 2019).

The following biological and economic
indicators were monitored:

- average number of shoots per linear meter;

- average height of shoots (m);

- average thickness of shoots (mm),

measured at 10 cm from the soil surface;

- average fruit weight (g);

- average yield 1/m? (kg).

The methodology for studying plant resources

in fruit plants was used to report the indicators
(Nedev et al., 1979). The data were processed
by correlation analysis, the software product
MS Excel - 2010 was used.

RESULTS AND DISCUSSIONS

The results regarding the vegetative indicator
average number of shoots report that there is no
significant variation in the values during the
three-year period, which were in the range of
12.33-13.33 number (Table 1). The average for
the period was 12.66 number, which shows that
the cultivar has good shoot formation. The
average plant height was greater in the first
(1.35 m) and second year (1.38 m). The
average shoot height of 1.24 m was recorded
for the period. The average thickness of the
shoots was significantly higher in the second
year (8.41 mm), as the lowest was recorded in
the third year (6.64 mm). The average thickness
for the period was 7.48 mm, which necessitated
the use of a supporting structure for growing
the plants. According to Jenning (1980),
"thicker shoots are more favourable to fruiting
branches".

Table 1. Vegetative and reproductive indicators in ‘Shopska Alena’ cultivar for the period of 2018-2020

Average number of Average height of Average shoots Yield (kg/1 m?) Average fruit weight

shoots 1/m? shoots (m) thickness (mm) (2)
2018

12.33 | 1.35 | 7.40 [ 0.51 [ 3.26
2019

12.33 | 1.38 | 8.41 | 0.90 [ 223
2020

13.33 | 0.98 \ 6.64 | 1.69 | 2.50

Average for the period 2018-2020

12.66 | 1.24 [ 7.48

1.03 | 2.66

The lowest average yield was obtained in the
first experimental year (0.51 kg/1 m?), whereas
the highest value was registered in the third
year (1.69 kg/1 m?). The average yield for the
period was 1.03 kg/l m? The largest fruits
were gathered in the first experimental year
(3.26 g). The average fruit weight for the
period was 2.66 g, which defines it as medium-
large. The fruit weight is correlated with the
height and diameter of the fruit, the size of the
receptacle, the number of fruiting bodies and
the seed weight, as it increases during the
ripening process and decreases during pre-
ripening (Serbezova, 2019). According to
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Kichina (1990) no definite correlation was
found between the size and shape of the
raspberry fruits.

A very high correlation dependence was
reported in 2018, from the correlation analyzes,
between height and shoot thickness indicators
(0.93) (Table 2). It was high for number of
plants and height (0.86) and high but with a
negative sign between shoot thickness and
yield (-0.88). A significant correlation was
reported between number of plants with plant
thickness (0.60) and negative for shoot height
and yield (-0.64).




Table 2. Correlation dependences between vegetative and reproductive indicators in ‘Shopska Alena’ in 2018

Number of shoots Height Thickness Yield
Number of shoots 1
Height 0.86 1
Thickness 0.60 0.93 1
Yield -0.15 -0.64 -0.88 1

In the following year 2019, the correlation  between plant thickness and yield (0.92) and a
analyzes showed a very high correlation high correlation between height and plant
between shoot height and yield (0.98) and thickness (0.82) (Table 3).

Table 3. Correlational dependences between vegetative and reproductive indicators
in ‘Shopska Alena’ raspberry variety in 2019

Number of shoots Height Thickness Yield
Number of shoots 1
Height 0.09 1
Thickness -0.50 0.82 1
Yield -0.10 0.98 0.92 1

A significant but negative correlation was  plants (1.00) and height with the thickness of
reported between shoot number and thickness the shoots (0.99) (Table 4). High correlations
(-0.50). The obtained results regarding the were reported between plant thickness with
correlation dependencies differ to a significant yield (0.87), number of shoots with yield (0.88)
extent compared to the previous year. and plant height with yield (0.81). Based on the
In the third experimental year, very high correlation  dependences  between  the
correlation  dependences were registered  indicators, a repetitiveness in the three years of
between the indicators number and height of  high to very high correlation of the height with
shoots (0.99), number and thickness of the the thickness of the shoots can be reported.

Table 4. Correlational dependences between vegetative and reproductive indicators
in ‘Shopska Alena’ raspberry cultivars in 2020

Number of shoots Height Thickness Yield
Number of shoots 1
Height 0.99 1
Thickness 1.00 0.99 1
Yield 0.88 0.81 0.87 1
CONCLUSIONS from high to very high correlation was

recorded for number with plant height, shoot
The present study analyzed the height and thickness with yield.
interconnections between the vegetative and
reproductive indicators of the Bulgarian = REFERENCES
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Abstract

This study presents the growth and fruiting parameters of some new apricot varieties cultivated in Bucharest. The
research was conducted on 28 apricot cultivars (Prunus armeniaca L.) in the Experimental Field of the Faculty of
Horticulture, USAMYV of Bucharest. Myrobalan 29C (M29C), Saint Julien A (SJA), and Grande Ferrade 677 (GF677)
rootstocks were used, with two different planting systems, Parallel-U and Trident. The biometric parameters included
trunk cross-sectional area (SST), axis cross-sectional area (SSB), canopy volume, and the total number and length of
annual shoots under their influence. Generally, the cultivars grafted on M29C rootstock increase more vigor than those
grafted on GF677 and Saint Julien A, regardless of the system planting. The use of the Parallel-U system compared to
Trident involved the development of the SSB, with higher values in some studied cultivars. Depending on the purpose of
growing the plants and the climatic conditions of the cultivation area, it is good to use rootstocks and the
corresponding cultivation system to obtain the best performance of the cultivars used.

Key words: Trident, Parallel-U, Saint Julien A, Myrobalan 29C, GF677.

INTRODUCTION Pruning in temperate regions is generally

performed at the end of winter and the
Apricot, scientifically known as Prunus  beginning of spring at the same time as the
armeniaca L., belongs to the Rosaceae family plant's dormant season (Demirtas et al., 2010).
group of diploid trees. The origin of this plant ~ Proper pruning in the plant optimizes the
is Central Asia (Hormaza, 2002; Janick, 2005). relationship between shoot growth, available
Globally, the apricot cultivation area was leaf surface, and photosynthesis, which
nearly 560,000 hectares, which led to the  ultimately affects the production of high-
harvest of about 4 million tons per year (FAO, quality products (Lang, 2001).
2022). Various planting systems, such as Vertical axis,
Pruning is one of the most critical technical Bi-Baum, Trident, etc., are effective in orchard
functions in the cultivation technology of fruit =~ management. Increasing planting density in
trees. During the plant growth period, proper  orchards is also one of the results (Lauri &
pruning produces strong branches with a Lespinasse, 2000; Robinson et al., 2011;
suitable angle in the plant; this issue ensures  Hoying et al., 2012). Increasing the number of
that maximum light reaches the plant canopy axes to two in the form of Bi-Baum, Tatura
and increases the strength and durability of its trellis, Parallel Y, etc.; also, increasing the
components. Balanced conditions are provided number of axes to three in the Trident systems
for the growth and development of flower and  and even expanding the number of axes to four
fruit buds in the tree. In addition, proper in Mikado led to the development of new
pruning in fruit trees causes the regeneration of  canopy shapes in trees (Widmer & Krebs,
damaged branches and controls the size of the 2001; Musacchi, 2008; Dorigoni et al., 2011;
tree canopy and the plant height (Demirtas et Stanica & Platon, 2011; Elkins & DelJong,
al., 2010). 2011).
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In  Mediterranean  regions, in  apricot
cultivation, Myrobalan rootstock and trees
obtained from wild apricot are commonly used
(Ercisli, 2009; Miodragovic et al., 2019).
Rootstock affects scion phenology, vegetative
growth, fruit quality, plant performance, and
tolerance to biotic stress and nematodes
(Layne, 1994). The regression relationship
between tree height, canopy diameter, and
branch height was linear. Moreover, it was said
that there is a positive and non-linear
relationship between trunk cross-section and
tree height, canopy diameter, branch length,
and canopy volume.

Due to the limited compatibility between scions
and rootstocks originating from different
climatic conditions, studying and evaluating the
climatic compatibility of different apricot
rootstocks is vital and essential (Bujdoso et al.,
2019). In each cultural system, depending on
the climatic conditions, the right combination
of rootstocks and scions should be determined
and selected in research programs (Oprita &
Gavat, 2018).

In the study carried out in Romania, it was also
found that the use of a Trident planting system
in the apricot culture led to the facilitation and
improvement of the productivity, stability, and
efficiency of the new varieties introduced in
Romania (Stanica & Eremia, 2014).

Our study presents the growth and fruiting
parameters of some new apricot varieties
cultivated in Bucharest.

MATERIALS AND METHODS

The research was conducted on 28 apricot
cultivars  (Prunus armeniaca L.) in the
Experimental Field of the Faculty of
Horticulture in Bucharest. Myrobalan 29C
(M29C), Saint Julien A (SJA), and Grande
Ferrade 677 (GF677) rootstocks were used,
with two different planting systems, Parallel-U
and Trident. The monitored biometric
parameters included trunk cross-sectional area
(SST), axis cross-sectional area (SSB), canopy
volume, and the total number and length of
annual shoots under their influence.

The research period was 2020-2022.

The plantation was established in 2017. Two
rows containing 33 trees per row had planting
distances of 4 x 2 m, with tall concrete posts
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and four wires used to support the canopy. In
the Bi-Baum system, the third row had 45 trees
with a 4.5 x 1.5 m planting distance. The shape
of the canopy resulted from manual pruning
carried out annually in the summer in two
stages, the first being before the appearance of
the fruits and the second after harvesting.

The biological material consisted of the newest
apricot cultivars, tested in the specific
Bucharest conditions. On the Trident system
were cultivated Faralia/M29C, Fareli/SJA,
Anegat/M29C, Farbali/M29C, Farbali/SJA,
Farbela/M29C, Farclo/SJA, Farclo/M29C,
Farlis/M29C, Fartoly/SJA, and Primaya/SJA.
In the Bi-Baum (2.0 m) were -cultivated
Wonder  Cot/M29C, Lady Cot/M29C,
Delice/M29C, Lilly Cot/M29C, Milord/ M29C,
Swired/M29C, Congat/M29C, Mikado/M29C,
Lido/M29C, Med Flo/M29C, and
Flopria/M29C. In the Bi-Baum (1.5 m) were
cultivated Congat/GF677, Primando/ SJA,
Primaya/SJA, Rubista/M29C, Portici/ M29C,
Pisina/M29C, CMBU/M29C, Bergeron/M29C,
Vitilo/M29C, Boccuccia Liscia/M29C.

The methods used to evaluate the growth and
fruiting parameters of some new apricot
varieties planted in the Bucharest area were:
The formula determined the cross-sectional
area of the trunk (SST):

SST=nx 12

where r = D/2, D = trunk diameter.

The trunk diameter was measured 30 cm above
the grafting point using a digital caliper.

The formula determined the cross-sectional
area of the axis (SSB):

SSB=nx1%

where r = P/2 x m, P = axis section perimeter.
The perimeter of the axis section was measured
30 cm from the starting point, and the
measuring tape was used. They were calculated
for the two or three axes and then averaged the
values.

To determine the volume of the canopy, the
formula was used:

V=nx3'xr’xh,

where:

r = the length of the canopy in the direction of
the row and the width of the canopy at an angle
of 90 degrees to the row (average of these two
data/ 2 =r);

h= the tree's height from the first branches to
the top (without the height of the trunk).



The number and length of fruiting branches
were determined each year during the dormant
period of each tree in the experiment.

Statistical analysis of data was performed with
Microsoft Office (Excel) and SPSS programs,
using a 5% probability level.

RESULTS AND DISCUSSIONS

The cross-sectional area of the trunk (SST)
In the series of cultivars with the Trident
canopy shape, the highest value of SST in the
first year of the study was observed in the
cultivar Farbali/M29C (42.22 cm?), and the
lowest at Anegat/M29C (24.71 cm?) and
Farlis/M29C (22.80 cm?). In the second year of
the study, the highest SST value was observed
in Farbali/M29C, and Faralia/M29C cultivars,
and the lowest was recorded in Anegat/M29C.
In the third year of the study, the highest values
were recorded in the cultivars Farclo/M29C,
Farbali/M29C, Farely/M29C, and
Faralia/M29C (Table 1).

Table 1. Evolution of SST during the period 2020-2022
(cm?) at the Trident system

Maximum values ranged between 25.90 cm?
(2020), 29.48 cm? (2021) and 3522 cm?
(2022).

Table 2. Evolution of SST during the period 2020-2022
(cm?) at the Bi-Baum (2.0 m) system (M29C rootstock)

Variant 2020 2021 2022
Congat 19.35ab 19.62abc 25.26abed
Delice 21.79ab 24.46ab 26.95abed
Flopria 12.86bc 15.00Bc 18.69cd
Lady Cot 19.28ab 20.75abc 25.41abed
Lido 25.90a 29.49A 35.22a
Lilly Cot 18.91ab 22.42Ab 27.66abc
Medflo 24.01a 27.72A 34.39ab
Mikado 11.02bc 14.55Bc¢ 20.35bcd
Milord 21.06ab 23.35Ab 28.09abc
Swired 8.24¢ 9.19C 13.32d
X)Ot“der 20.80ab | 22.24Ab 23.59abed
Average 18.14ab 20.41abc 24.88abed
Swired/M29C showed the most diminutive

increase relative to the SST parameter in each
year of the study, 8.24 (2020) - 9.19 (2021) -
13.32 (2022) cm?. Similar behavior was shown
by Mikado/M29C and Flopria/M29C cultivars

Variant 2020 2021 2022 (Table 2).

Anegat/M29C 24.71b 25.67b 30.72¢ . . . . .

g In the series of apricot cultivars in the planting
Faralia/M29C 32.71ab | 41.66a 43 84abe system Bi-Baum (1.5 m), Primando/SJA and
Farbali/M29C 42.22ab | 42.39a 46.35ab Primaya/SJA showed the highest increases in
Farbali/SJA 33.94ab 33.95ab 39.52bc SST over the three years of the study, and
Farbela/M29C 29.87ab | 28.77ab | 34.88bc Bergeron/M29C and Rubista/M29C the lowest
Farclo/M29C 37.29ab | 38.62ab | 52.69a values (Table 3). The other cultivars had no
Farclo/SJA 28.60ab | 31.61ab | 38.45bc significant differences between them.

Farely/SJA 36.42ab 38.72ab 4591ab
Farlis/M29C 22.80b 30.33ab 33.30bc Table 3. Evolution of SST during the period 2020-2022
Fartoly/SIA 29.44ab | 33252 |  36.59bc (cm?) at the Bi-Baum (1.5 m) system
Primaya/SJA 28.38ab 32.59ab 42.39abc Variant 2020 2021 2022
Average 31.49ab | 34.33ab | 40.42abe | | Bergeron/M29C 10.67b 12.90b | 17.81¢
Boccuccia A
Analyzing the influence of rootstock on SST | Liscia/M29C 13.79ab 17667, | 19820
growth, SJA induced a lower increase than | CMBU/M29C 13.21b 17.38Ab 23.86bc
MZ?IChrootstock ir} Far;)ali and Farclo cultivars Congat/GF677 15.534b 20.19a 22 49bc
n all three years of study. . A
In the thre}; years of zesearch, the series of Pisana/M29C 153040 1919 | 2146k
apricot cultivars in the Bi-Baum (2.0 m) | Portici/M29C 14.36ab 19'29Ab 21.29ab
planting system showed similar results. Thus, Primando/SJA 19.34a 22.76A | 28.32a
the highest reported increase in trunk cross- Primaya/SJA 16.33ab 20.92a 35.02¢
sectional area was in Lido/M29C and Med | Rypista/M29C 13.09b 16.28ab |  16.97bc
Flo/M29C  cultivars compared to the other  [Vigionm200 145420 18.19ab | 25.01bc
cultivars studied in each research year. Average 143940 182630 | 23.000c




Comparing the growth rate for SST in the
Primaya/SJA variety between the two planting
systems (Trident; 2.0 m) and (Bi-Baum; 1.5 m),
it was observed the significantly higher values
presented in the Trident system compared to
the Bi-Baum (28.38/16.33 cm® - 2020;
34.83/20.92 cm?® - 2021; 42.39/35.02 cm? -
2022).

Comparing the evolution of the Congat cultivar
on the two rootstocks M29C and GF677 in the
Bi-Baum planting system (19.35/15.53 cm? -
2020; 19.62/20.19 cm? - 2021; 25.26/22, 49
cm? - 2022) there was a more substantial
increase in M29C in the first and last year of
the study.

The cross-sectional area of the axis (SSB)

In analyzing this growth parameter, the average
surface area of the axis section was taken into
the analysis (two for Bi-Baum and three for
Trident). In cultivars led with the Trident
planting system, values ranged between 5.08
cm? (Farclo/SJA), 6.22 cm? (Farlis/M29C), and
11.38 ¢cm? (Faralia/M29C) (similar value for
Fartoly/SJA, Farclo/SJA, and Farclo/ M29C) in
2020; 5.52 cm? (Farclo/SJA) and 13.31 cm?
(Fartoly/STA) in 2021; 7.34 cm? (Farclo/SJA)
and 16.23 ecm? (Faralia/M29C) in 2022. M29C
rootstock showed more vigorous growth than
SJA in the three years studied in Farclo and
Farlis cultivars.

In the series of cultivars Bi-Baum (2.0 m),
cultivar Lido/M29C had the highest value of
SSB in the three years studied, similar to
cultivar Med Flo/M29C. Swired/M29C,
Mikado/M29C, and Flopria/M29C showed the
lowest increases each study year compared to
the other variants. The values varied between
4.82 cm? and 12.44 cm? in 2020, 5.15 cm? and
13.57 cm? in 2021, 6.69 cm? and 16.46 cm? in
2022.

In the case of plants cultivated in the system
Bi-Baum (1.5 m), SSB varied between 4.23
cm?  (Rubista/M29C, similar to Bergeron/
M29C) and 8.42 cm? (Primando/SJA) in 2020;
5.57 cm? (Rubista/M29C, similar to
Bergeron/M29C) and 11.30 cm? (Primaya/
SJA) in 2021; 5.53 cm? (Rubista/M29C) and
14.53 cm? (Primaya/SJA) in 2022.

Comparing the SSB values of the Primaya/SJA
variant between the two Trident and Bi-Baum
systems planting (8.77/7.44 cm? in 2020,
10.56/11.30 cm? in 2021, 14.18/14.53 cm? in

&3

2022), similar values were observed in each
year of the study.

Analyzing the influence of the two rootstocks
M29C and GF677 on the SSB values of the
Congat cultivar in the Bi-Baum planting
system, 8.43/6.10 cm? in 2020, 9.14/7.95 cm?
in 2021, 12.79/9.05 cm? in 2022, it was
observed as in the case of SST, significantly
higher increases induced by M29C rootstock
compared to GF677.

Canopy volume study

In this study, the canopy volume was analyzed
every year for each variant, even if the
cultivation  technology required annual
shortening of the tree height by the needs of the
space allocated to each plant, a fact that
influenced the absolute values.

Following the application of the cultivation
technology, in the series of varieties cultivated
in the Trident system, the wvalues varied
between 1.91 m® (Fartoly/SJA) and 4.02 m?
(Farbali/M29C) in 2020; 2.86 m? (Farely/SJA)
and 3.83 m® (Farlis/M29C) in 2021; 3.61 m’
(Farbali/SJA) and 5.99 m? (Primaya/SJA).

In the Bi-Baum (2.0 m) planting system,
canopy volume values ranged between 1.48 m?
(Flopria/M29C, similar to Mikado/M29C and
Swired/M29C) and 2.95 m® (Lido/M29C) in
2020; 1.62 m® (Swired/M29C similar to
Mikado/M29C and Flopria/M29C) and 3.35 m®
(Milord/M29C, similar to Lilycot/M29C, Med
Flo/M29C, Lido/M29C, and  Wonder
Cot/M29C) in 2021; 2.08 m? (Swired/M29C)
and 4.98 m* (Med Flo/M29C).

The study of the response of the different
variants in the Bi-Baum (1.5 m) planting
system revealed a variation of tree canopy
volume values between 1.96 m? (Portici/M29C)
and 3.56 m® (Pisana/M29C) in 2020; 1.93 m®
(Primando/SJA) and 4.10 m® (CMBU/M29C)
in 2021; 1.88 m?® (Portici/M29C) and 6.06 m®
(Pisana/M29C) in 2022.

In the Primaya/SJA cultivar, the canopy
volume in the two Trident and Bi-Baum
systems varied between 2.33/2.76 m® in 2020,
3.74/2.95 m? in 2021, 5.99/5.33 m? in 2022.
The Congat cultivar, in the Bi-Baum system,
was led on the two rootstocks M29C and
GF677 at a canopy volume that varied between
1.97/2.21 m® in 2020, 2.76/2.55 m® in 2021;
3.85/2.73 m® in 2022.



Number of fruiting branches and annual
growths

Being a more vigorous rootstock, M29C
influenced the number of mixed and anticipated
branches and total annual growth compared to
SJA.

In the study of the different varieties, it was
found that the variety Lido had the highest
number of branches in both years of the study.
Also, total annual growth and Congat cultivar
had the lowest values (Bi-Baum, 2.0 m).
Comparison of the variants according to the
dynamics of the SST and SSB

Comparing the resulting matrices with SST and
SSB values in each wvariant, a similar
development behavior was observed in some
cultivars. Thus, in cultivars led in the Trident
planting system (Figure 1), Anegat/M29C and
Farlis/M29C showed similar growth behavior.
Also, Farely/SJA and Primaya/SJA variants.

In the Bi-Baum (2.0 m) planting system,
similarity in growth behavior was observed in
Swired/M29C, Mikado/M29C, and
Flopria/M29C; Milord/M29C and Lilycot/
M29C; Lido/M29C and Med Flo/M29C
(Figure 2).

In the Bi-Baum (1.5 m) planting system,
similarities in growth behavior were observed
in Portici/M29C, Pisana/M29C, and
Congat/GF677; Rubista/M29C and
Bergeron/M29C (Figure 3).

Tree growth, assessed by trunk cross-section
area (Kumar et al., 2014), was influenced by
rootstock and planting systems in this study. In
this study, plants grafted on M29C in the
Trident variants resulted in higher SST and
SSB values than SJA. The effect of the
rootstock on the growth stages has been
confirmed (Beckman et al, 1992; Layne,
1994).
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The choice of a suitable rootstock is one of the
critical factors affecting orchard management.
Plant growth, the quality of the fruits produced,
and the plant's response to environmental
conditions are affected by rootstocks. The
effect of the rootstock on the plant also varies
depending on the cultivar and the existing
environmental conditions. It was explained that
the rootstock influence on the growth
parameters of the plant is stronger than the
influence of the scion (Son & Kiiden, 2003;
Egea et al, 2004; Sitarek & Bartosiewicz,
2011; Milosevi¢ et al., 2015; MiloSevi¢c &
Milosevi¢, 2019; Paszti et al., 2022). According
to the results of our research, the use of
Myrobalan resulted in more significant
increases in SST compared to St. Julien A,
confirmed the Milosevi¢c & Milosevi¢ (2019)
study results. The positive effect of Myrobalan
on plant growth was also confirmed by Sosna
& Licznar-Matanczuk, (2012) and Milosevi¢ et
al. (2015).

In the planting system Bi-Baum (1.5 m), which
used three rootstocks, M29C, SJA, and GF667,
it was found that although SJA is known as a
rootstock of medium vigor, in some variants, it
caused growth higher compared to other
rootstocks. This aspect is probably related to
the shape of the canopy, Bi-Baum. The genetic
code of the rootstock is efficient in plant
growth. However, the different responses of the
grafted variety in different rootstocks cannot be
excluded (Hernandez et al., 2010).

The trend to have higher densities in
commercial apricot orchards has increased.
Changing the number of vertical axes in each
tree makes increasing or decreasing the
cultivation density per unit area possible. In
general, in commercial orchards, the presence
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of one or two axes is promoted (Dorigoni et al.,
2011; Stanica, 2019).

Using the two planting systems, Bi-Baum and
Trident, allows easier light penetration into the
plant’s canopy, the production structure is
easily renewed, the performance increases, and
the quality of the fruits is improved. In
addition, maintenance of the plant is more
accessible. Also, the tree's growth power is
distributed on three or two vertical axes,
creating an appropriate balance in the canopy
structure (Stanica & Eremia, 2014). The Bi-
Baum system is one of the most efficient when
using rootstocks with medium-high vigor
(Wertheim, 1998). One of the advantages of
dividing the plant's growth power into 2 or 3
axes is the reduction of pruning time and the
control of tree growth. Another advantage is
the acceleration of canopy formation
(Musacchi, 2008). The increase in SSB, SST,
and the canopy volume in cultivars driven by
this form can be related to the number of axes
and branches in the plant, which leads to a
better distribution of compounds resulting from
photosynthesis.

CONCLUSIONS

According to the results of this study, it was
found that using different rootstocks produces a
different response in the plant in terms of vigor
and growth speed. Different planting systems
led to varying effects on the biometric
parameters,  influencing  plant  growth
indicators. The research showed that the
canopy volume was influenced by the two
culture systems, Trident and Bi-Baum.
Similarities of growth were highlighted in
different cultivars throughout the study period.



Overall, the research showed that among the
rootstocks used in different cultivars, M29C
significantly affected branch production in the
tree compared to SJA, confirming the effect of
higher vigor on the trees—also, the Trident
canopy form led to higher vegetative growth
than Bi-Baum.

Depending on the purpose of growing the
plants and the climatic conditions of the
cultivation area, it is good to use rootstocks and
the corresponding cultivation system to obtain
the best performance of the cultivars used.
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Abstract

Like other temperate woody species, stone fruit trees (peach, nectarine, and apricot) must accumulate a specific amount
of chilling during endodormancy and heat during eco dormancy for proper growth and development. Each cultivar has
particular requirements, and special attention is needed to know them for an optimal decision support system. This paper
aims to present the available information on the chilling- and heat requirements of peaches, nectarines, and apricots,
focusing on the methods used for their determination. The results also reflected the necessity to standardize the
methodology with the possibility of extending to new cultivars tested in different areas.

Key words: chilling hours, chilling units; chilling portions; growing degree hours.

INTRODUCTION

Like other temperate woody species, peach,
nectarine, and apricots must accumulate a
specific number of chilling units during
endodormancy and heat during eco dormancy
for proper growth and development. Each
cultivar has specific requirements, and special
attention is needed to know them for an optimal
decision support system.

This paper aims to present some available infor-
mation on the chilling and heat requirements of
peaches, nectarines, and apricots, focusing on
the methods used for their determination. The
reviewed data were organized into five sections: (1)
General data; (2) Endo dormancy: chilling hours
accumulation. Models and adjusted models; (3)
Comparison between models justified by local
climatic conditions; (4) When endo dormancy
ends and starts heat accumulation (eco
dormancy); (5) Heat accumulation models and
patterns studied for different cultivars.

RESULTS AND DISCUSSIONS

(1) General data

Winter dormancy, the annual life stage of the
tree between leaf drops and bud break, is the
deciduous fruit tree mechanism to avoid damage
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from cold or freezing weather and has two stages
that cannot be visually separated in the field.

In the first part, called endodormancy, tree
growth is limited in the plant. A certain amount
of cool temperature is required to end this first
stage. This is referred to as the Chilling
Requirement. Temperatures between -1°C-
15.5°C contribute towards ending this first stage
of winter dormancy, with temperatures between
1.6°C-10°C contributing the most chilling
(Niederholzer, Scalabrelli & Couvillon, 1986).
In the second part of winter dormancy (eco
dormancy), growth is controlled by an external
factor - temperature. Each deciduous plant
species requires a certain amount of heat to
begin growing after the first stage of winter
dormancy has been completed.

In conclusion, deciduous fruit trees need some
cool weather and warm temperatures to start
growing. Different tree species need different
amounts of chilling and warm temperatures to
bloom and grow (Niederholzer).

When the specific amounts of chill or heat are
not completed, trees are affected by different
disorders (Parker et al., 2019).

Chilling and heat requirement is critical in
selecting cultivars for a given geographical
region. Chilling requirements are generally



largely satisfied in the temperate zone before the
end of the cold season. Flowering happens too
early, and low temperatures can induce an
essential yield loss by frost.

Late blooming in stone fruit has been the
objective of most breeding programs.

In subtropical areas, insufficient chilling is an
economic problem. Symptoms of insufficient
chilling are delay in flower and vegetative bud
break, bud breaks spread over an extended
period, or, in severe cases, a total lack of bud
break.

Cross-pollination is needed in the field, so cross-
compatible and simultaneously flowering culti-
vars must be selected as cultivars with similar
chilling and heat requirements (Razavi, 2011).
Since the accumulation of temperature in the
first 30 days after bloom plays a decisive role in
fruit phenology, it has been found that
increasing its temperature more than the
specified temperature during spring after
flowering in peach trees causes problems in the
formation of fruit in these trees. Growing degree
hours accumulate during the first 30 days after
bloom reduces the number of days between the
full bloom date and the reference date (Lopez &
Dejong, 2007).

Investigating the growth pattern and
phenological stages of early-maturing peach
trees in the Mediterranean region showed that
after 225 cold units to break dormancy, 6,244
growing degree hours (GDH) are required to
reach full bloom, and 27,106 GDH are required
before harvesting the fruit. About growing
degree days (GDD), the heat requirement for full
bloom was 329, and for fruit, harvesting was
1246 (Mounzer et al., 2008). It has been
explained that by increasing the duration of the
plant's exposure to chilling, the time and heat
accumulation of breaking flower buds in
peaches decreases exponentially (Okie &
Blackburn, 2011). The study of peaches and
nectarines cultivars found that the intensity of
rest was lower in the flower buds. The resting
intensity in the flower bud accompanied by
chilling is reduced with a lower ratio than the
leaf bud. In addition, it was found that the flower
and leaf buds had different endo-dormancy
depths but almost similar chilling requirements
(Gariglio et al., 2006). It has been explained that
terminal vegetative buds have a lower chilling
requirement in the peach plant than lateral
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vegetative buds and flower buds. Meanwhile,
the cold requirement in lateral vegetative buds
and flower buds of the Redhaven cultivar was
almost similar. In addition, it has been found that
a temperature of 7.2°C is effective in meeting
the cold requirement compared to 2°C or 3°C.
Increasing the duration of chilling (2,040 hours)
decreased the hours of growing degree required
for the opening of vegetative buds regardless of
temperature. However, the growing degree
hours required for the flower buds were reduced
by increasing the chilling duration to 7.2°C
(Scalabrelli &  Couvillon, 1986). The
investigation has shown that the number of days
to full bloom and the heat requirement for
blooming peach trees negatively correlated with
the accumulated chilling hours. In addition, it
was found that the accumulated chilling hours
had a significant negative correlation with the
fruit shape index and fruit tip lengths. This issue
confirms the effect of the number of chilling
hours on the appearance of the fruit in
dimensions and size. Hence, reducing the
number of chilling hours during winter delays
the bloom date in the tree and leads to the
production of deformed fruits in peach. This
issue can also be applied to other fruit trees in
temperate regions (Yong et al., 2016).

Today, there are concerns about climate change
and the lack of chilling requirements in trees
with high chilling requirements (Parker &
Abatzoglou, 2019). The study of 69 Japanese
apricots found that the chill requirement in these
cultivars ranged from 24 to 82 chill portions
based on the dynamic model. The heat
requirement in these cultivars was also observed
between 691.9 and 2634.7 growing degree
hours. The difference in the cold requirement of
the studied cultivars makes it possible to select
suitable cultivars for each region with specific
climatic conditions (Zhuang et al., 2016).

(2) Endo dormancy: chilling hours
accumulation. Models and adjusted models

The primary parameter in all the algorithms is
the temperature. It can be measured by data
loggers or specific sensors attached to meteo
stations. Nowadays, there are many meteo data
available worldwide on different platforms.
https://www.ecad.eu/ presents an international
meteo station with free daily data for 50-100
years in the past. ECA & D receives data from



85 participants from 65 countries, with 13
elements at 23,335 meteorological stations.
Other local meteo stations (on site) with free
data or not are https:/fruitsandnuts.ucdavis. edu/
chill-calculator,  https://www.meteoblue.com,
input companies (Syngenta, Bayer, etc.) and
more.

Temperature can be recorded daily (Tmin.,
Tmax., Tavg.), hourly, 30 minutes, 15 minutes,
etc. In the phenology algorithms, hourly
temperature is used. If this is not available, there
are more algorithms to transform daily data into
hourly temperature (Chow & Levermore, 2007;
Chitu, 2010).

The most used models to quantify the chilling
hours are:

The chilling hours model (known before the
1950s) has been widely used for its simplicity
and ease of use.

» Establishes that a cold hour (CH)
corresponds to an hour with a temperature
value between 0 and 7.2°C (this range of
temperatures is considered to affect
dormancy completion).

Temperatures below 0°C do not affect
slowed biological processes, and those
above 7.2°C (45 F) were considered not low
enough to affect dormancy completion.
Hutchins (1932), cited by Weinberger (1950);
Richardson et al. (1975); Anderson et al. (1986).

The Utah model

» is based on the quantification of cold units
(CU);

establishes different temperature ranges with
different  contributions to  dormancy
completion;

One cold unit corresponds to one hour for
temperatures between 2.5-9.1°C, considered
most effective in completing dormancy;
Other temperature ranges have:

0.5 unity (1.5-2.4°C and 9.2-12.4°C),

zero contribution (<1.4°C and 12.5-15.9°C)
or

» negative (>16°C) at rest.

Richardson et al. (1974). There are more
variations of the model, like the North Carolina
model (Shaltout & Unrath, 1983; Anderson &
Seeley, 1992), the Positive Utah model (Linsley-
Noakes & Allan, 1994), Modified Utah Model
(Linvill, 1990), in the effort to simulate the local
conditions better.

>

>
>
>
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The dynamic model (initiated in the 1980s):

» proposes accumulating an intermediate value
according to low temperatures that can be
reversed by higher temperatures (first stage).
Once the value has reached a certain level,
cold portions are added permanently,
unaffected by higher temperatures.

Fishman et al. (1987), Luedeling (2012),
https://ucanr.edu/sites/fruittree/How-to_Guides/
Dynamic_Model - Chill_Accumulation/
(University of California), Fadon et al. (2020),
Pantelidis & Drogoudi (2023).

The importance is given to the sequence of
temperatures during the cold season. Similar
temperatures at different times of the season can
affect chill accumulation differently.

(3) Comparison between models justified by
local climatic conditions

Researchers applied the existing chilling
accumulation models in different cultivation
areas and compared the results with the field
reality (Luedeling, 2012; https://fruitsandnuts.
ucdavis.edu/chill-calculator).

Miranda et al. (2021) published “fruclimadapt:
An R package for climate adaptation assessment
of temperate fruit species”, describing the
functions defined for chill hours(), chill units(),
chill portions(), GDD_linear(), GDH_linear(),
and GDH_asymcur().

Luedeling (2012) and most researchers compa-
red at least two to three methods on specific
cultivars for calibration. In the Lueding (2012)
study, the Dynamic model was considered the
best model for the species applied.

Zhu et al. (2022), in the study of flowering
phenology in peaches and comparing different
models with the purpose of monitoring
flowering, found that the investigation of
phenology based on BBCH comparison and the
use of the random effect model in comparison
with other models provides researchers with
more accurate information. The highest score
(98.82) correlated with the harmonic average of
model accuracy and recall was obtained in this
model. It is worth noting that real-time images
recognize the specific color range and area, and
the information related to the heat requirement
improves the model's performance. This
information facilitates the management of plant
breeding, such as heat stress management, water
requirements, and breeding programs.



The comparison of two critical data models and
critical chilling models by Miranda et al. (2013)
in Peach in Spain determined that the critical
chilling models were at least 40% more efficient
than the critical data model. Because in the
critical chilling model, the chilling temperature
was also calculated during the dormancy period.
The results showed that the evolution of diffe-
rent phenological stages in the studied peach
cultivars can be predicted with high efficiency
by simple sequential statistical fitted models. In
these models, chilling was evaluated by
dynamic methods and forcing heat accumulation
by growing degree sums. This model is applied
to a wide range of climatic conditions of peach
cultivation (Miranda et al., 2013).

In the study of the chilling and heat requirement
of 63 nectarine genotypes and 118 peach
genotypes over seven years, it was determined
that the Luedeling model, compared to the
Alonso model, was more successful in
estimating the chilling and heat requirement in
Argentina's climate conditions. In addition,
chilling accumulation could be calculated using
Chilling hours or positive Utah models (Maulion
etal., 2014).

The study of peaches and nectarines in different
climatic conditions showed that the chill
accumulation in Murcia-Torre Pacheco (Spain)
was 45 chill portions, in Coneo (Italy) and
Bucharest (Romania), 97-98 chill portions.
After earlier blooming in relatively cold areas
and with a delay of 7-11 days in warmer areas,
it can be explained that the bloom time is
significantly affected by the delay of rest
completion in those areas. The dynamic model
performed better than others in predicting the
bloom date (Drogoudi et al., 2023).

Another method for estimating chilling
requirements in temperate trees, such as peach,
can be using a portable E-nose. In the peach tree,
the use of the E-nose method and the Partial
Least-Squares Regression (PLSR) quantitative
analysis model successfully estimated the
chilling requirement. This method can also be
used in other fruit trees (Yan et al., 2021).

(4) When endo dormancy ends and starts
heat accumulation (eco dormancy)

There are more methods to estimate the point
where to stop counting the chilling accumulation
and when to start counting the heat amount:
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- Take the shots in the laboratory and make
observations in a controlled environment.

In the research of Milech et al. (2022), it was
found that the Tabuenca test, which is based on
the difference in the dry weight of the bud, has
shown excellent and acceptable performance in
estimating the end of dormancy in peaches. It
has been explained that the d+ 7.2°C and d+
11°C models are helpful and efficient in
calculating chilling accumulation. According to
the d+ 11°C model, the number of hours required
to complete dormancy for the BRS Bonio,
Esmeralda, Granada, and Eragil cultivars was
180, 250, between 300 and 400 and more than
500 hours, respectively (Milech et al., 2022).

- Recurrent algorithms (Gaylen et al., 1977).
Where temperature and complete bloom data are
available, but the end of rest data are not known,
the constants can be accurately estimated with
several steps through a recurrent algorithm. It
starts with an estimation of the CU requirement,
followed by an estimated date for the end of the
rest. Calculate GDH accumulation until the
observed date of full bloom for at least six years
of data. Calculate the standard deviation for the
GDH accumulations and repeat the steps.

(5) Heat accumulation models and patterns
studied for different cultivars

Since 1730, when Reamur introduced the
concept of the heating unit (McMaster &
Wilhelm, 1997), many methods have been
developed. GDD (growing degree days) and
GDH (growing degree hours) are the most
known.

GDD (growing degree days) collects the days
when the average temperature exceeds a certain
threshold specific to each species.

GDD = Tavg — Tbase, if Tavg >Tbase

GDD =0, if Tavg < Tbase

McMaster & Wilhelm (1997) highlight the basic
formula for GDD (Tmin./Tmax.).

GDH (growing degree hours) is defined by
Richardson et al. (1974) as:

(1) GDH = F*A/2 (1+cos (n + n (TH-TB)/ (TU-
TB))), where:

TH = hourly temperature,

TB = base temperature (4°C for trees),

TU = optimal temperature (25°C for trees)

TC = critical temperature (36°C in trees),

A =TU-TB,



F = a stress factor (due to biotic/abiotic factors).
In most of the research until now, F was
considered = 1

(for ex. Nutrition status, system planting - where

the Vertical axis can lead to one-week

harvesting airlines than Trident, etc.)

(2) GDH = F*A (l+cos (n/2 + n/2 (TH-TU)/

(TC-TU)))

If TH <TU equation (1) is used, if TH>=TU, (2)

(Gu, 2016).

How many GDH are needed to bloom (BBCH

67) or to be ready for harvesting (BBCH 87)

for peach/ nectarine/ apricot for a specific

cultivar?

In the literature are at least two methods: (1) take

the shoots in the laboratory and make

observations in a controlled environment

(Valentini et al., 2004; Pantelidis et al., 2022);

(2) make observations in the field and

summaries with multiannual data (Richardson et

al. (1975), Scalabrelli & Couvillon (1986),

Roman et al. (1998), Citadin et al. (2001), Marra

et al. (2002), Ruiz et al. (2006), Ruiz et al.

(2007), Mounzer et al. (2008), Litschmann et al.

(2008), Razavi (2011), Miranda et al. (2013),

Guo et al. (2015), Kwon et al. (2020), Fadén et

al. (2020), Rodriguez et al. (2021), Atagul et al.

(2022), Drogoudi et al. (2023).

More details in research found were on the

prediction of the harvest day correlated to GDH

in the first 30 or 60 days after blooming:

% Peach and nectarine: correlation between
GDH30 (Mimoun & Delong, 1999) or
GDHO60 () with the harvest day.

% Determine the GDH30 and GDH60, and
pruning can be applied to avoid smaller
fruits if there is an earliness in the harvest
time.

UC DAVIS — extension services for farmers:

(https://fruitsandnuts.ucanr.edu/Weather Servi

ces/Harvest Prediction_ About Growing Deg

ree_Hours/)

The researchers suggested that the blooming

time is more affected by heat. As more heat

accumulates, blooming in peach trees in Spain
and Greece has also occurred earlier (Pantelidis
et al., 2022). It has also been reported that heat
accumulation after bloom is one of the critical
factors in the harvest date and fruit development

(Day et al., 2008).

Different cultivars of Prunus persica (L.) Batsch

have different heat requirements for blooming

°,
X4
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and leafing. DellaNona and BR-1 cultivars had
high heat requirements. However, a moderate
heat requirement was observed in Planalto,
Sunlite, and Eldorado cultivars. The heat
requirement of Precoconho and Riograndense
cultivars was also low compared to the other
cultivars. During eco dormancy, the thermal
requirements of vegetative and flower buds
differed. Therefore, the results showed that
prolonging chilling increased leafing compared
to blooming (Citadin et al., 2001).

The study of different cultivars of apricot and
peach showed that the cultivars' time to remove
dormancy differed. This time in apricots was
from late December to early February and in
peaches from late December to mid-January.
Furthermore, the results showed that the
growing degree hour accumulations and
growing degree day accumulations are reliable
and effective methods for estimating the heat
requirement in trees (Valentini et al., 2004).
The study of heat requirement in 136 peach
cultivars for eight growing seasons showed that
its range differed between the studied years from
1362 to 10,348 growing degree hours. This
study observed a positive correlation between
the bloom date and chilling requirement and a
negative correlation between the chilling
requirement and the heat requirement. In
addition, it was found that the base temperature
in each genotype must be determined accurately
to determine the heat requirement accurately.
The type of different genotypes of peach in the
heat requirement provides the possibility of
using them in breeding programs and
introducing the cultivars capable of cultivation
in regions with different climatic conditions
(Atagul et al., 2022).

The study of 100-year data in Korea related to
the chilling and heat requirement of peach
cultivars showed that the chilling requirement of
15 investigated cultivars was between 263 and
2,123 chill hours, 377 and 1,134 chill units, 21.3
and 74.8 portions chilling. In the comparison
between the models (Chill Hours, Utah,
Dynamic, North Carolina, and Low Chilling
models), it was also found that the dynamic
model had the highest accuracy and the lowest
changes between the years. In the next place was
the Utah model. The range of heat requirement
varied between 4,825 and 5,506 growing degree
hours and was positively correlated with



flowering time. During the 100 years studied, in
the Utah and chill hours models, the start of
chilling accumulation was delayed by 10 to 12
days (Kwon et al., 2020).

CONCLUSIONS

Fruit growing stages is an old research field with
many steps made in the research network.
Modeling the processes and transferring them in
the deep learning machines were followed in
more regions of the world.

Stone fruits were highly researched, and
nowadays, accurate algorithms can be applied in
different support decision systems with
reasonable accuracy.
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Abstract

Sweet cherry, Prunus avium L. belongs to the Rosaceae family, and nowadays is cultivated worldwide in temperate
climates. Currently, plant breeders are using molecular markers, such as RAPD to reduce the time required to create
new hybrids and valuable varieties. In the present study, seven RAPD markers were used to study the genetic variability
and genetic relationships between 15 sweet cherry genotypes present in the orchard collection of USAMV Bucharest, 14
Romanian (‘George’, ‘Ludovan’, ‘Bucium’, ‘Maria’, lasirom’, Cociuvas’, ‘Alexus’, ‘Andreias’, ‘Rubin’, ‘Severin’,
‘Paulica’, ‘Boambe de Cotnari’, ‘Cetatuia’, and ‘Putna’) and the Swedish cultivar ‘Rivan’. All RAPD markers proved to
be polymorphic, allowing for amplification of 144 loci, with P63 amplifying the highest number of loci (27). The UPGMA
dendrogram build on RAPD data grouped the genotypes studied into 2 clusters, one cluster containing mostly descendent
of Van’ and ‘Boambe de Cotnari’, and the second cluster grouping varieties with German genitors. The present study
demonstrates the genetic variability among the Romanian genotypes present in the USAMV of Bucharest orchard
collection.

Key words: genetic diversity, Prunus avium L., genotypes, Random Amplification of Polymorphic DNA.

INTRODUCTION Over time, selective breeding and agricultural

practices have led to the development of the
The cultivation and use of cherries, Prunus  many varieties of cherries we have today. As
avium L., dates back thousands of years, the cherry cultivation was so popular, many
earliest recorded use of cherries tracing back to  European ex sifu collections include also wild
the ancient Greeks and Romans (Dirlewanger et relatives, since these can be a pool of extremely
al., 2007). Evidence suggests that cherries were  valuable genes, especially in the context of
known to the Greeks as early as 300 BC, and climate change (Anti¢ et al., 2020; Quero-Garcia
they were a popular fruit among the Romans,  etal., 2017). The ongoing climate changes force
who are credited with spreading cherries  breeders to accelerate the creation of new
throughout Europe and parts of Britain. During  cultivars that can withstand the new harsh
the Middle Ages, cherry cultivation continued to conditions, and this is possible only by

be popular in Europe (Campoy et al., 2016; incorporating molecular techniques alongside
Livarda, 2008). European settlers brought traditional breeding methods (Vicente, 2022).
cherry trees to North America in the 1600’s, One of the above-mentioned molecular

where they became established and started to be techniques is Random Amplification of
widely cultivated and later spread throughout  Polymorphic DNA (RAPD) (Udriste &
the world (Iezzoni et al., 2017). Romania is  Badulescu, 2019), developed in 1990 (Williams
among the top countries producing cherries et al., 1990), that uses a single random decamer
worldwide, most of the commercial sweet  primer that will attach to both forward and
cherry orchards being located in the south and  reverse DNA strands, and will amplify the
north-east of the country (Bujdosé & Hrotko, sequences between two annealing sites (Babu et
2017) al., 2021).
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RAPD technique has multiple applications, from
the study of genetic diversity among
populations, varieties, species, genera, to
checking the genetic stability of plants grown in
vitro, study of genetic relationships among
cultivars, and cultivar identification within
collections (Antic¢ et al., 2020; Ben Tamarzizt et
al., 2015; Berindean et al., 2016; Bramhanapalli
et al., 2017; Iancu & Chivu, 2021; Zarei et al.,
2017).

The goal of the present study is to reveal the
genetic variability and genetic relationships
among fifteen sweet cherry accessions present in
the USAMYV of Bucharest orchard collection.

MATERIALS AND METHODS

Plant material

In the present study were used 15 sweet cherry
accessions from the orchard collection of
USAMV Bucharest, 14 Romanian (‘George’,

‘Ludovan’, ‘Bucium’, ‘Maria’, lasirom’,
Cociuvas’, ‘Alexus’, ‘Andreias’, ‘Rubin’,
‘Severin’, ‘Paulica’, ‘Boambe de Cotnari’,

‘Cetatuia’, and ‘Putna’) and the Swedish variety
‘Rivan’ (Figure 1).

Figure 1. Fruits of 13 sweet cherry varieties

Genomic DNA extraction
Genomic DNA was extracted from young leaves
using the Innu PREP Plant DNA I KIT IPC 16

Kit (Analytik Jena) according to the
manufacturer instructions, based on the
optimization  reactions described  before

(Tonescu et al., 2022). Briefly, tissue was ground
to powder with liquid nitrogen, then mixed with
SLS lysis solution, and proteinase K, incubated
for 1 hour at 60°C, centrifuged to remove plant
tissue debris, supernatant treated with RNase A,
and transferred to plate for automatic DNA
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extraction in the InnuPURE C16 System, using
the Ext Lysis 200 C16_04 program.

DNA quality and quantity were checked with
Nanodrop 1000 (Biorad).

Measurement of DNA quantity and quality
DNA concentration and quality, based on the
A260/A280 and A260/A230 absorbance ratios,
were measured with the NanoDrop 1000
spectrophotometer (Biorad).

RAPD reaction

Polymerase chain reaction (PCR) was done with
the Platinum™ II Hot-Start PCR Master Mix
(2X)  (Invitrogen)  according to  the
manufacturer’s instructions. PCR reactions were
set up in a 10 pl total volume, a final
concentration of 2 ng/ul RAPD primer, and 1
ng/ul genomic DNA. For all primers used the
annealing step was done at 32°C. The seven
RAPD primers used were P59, P60, P61, P63,
P64, P65, and P66, their sequence being
presented in Table 1.

Table 1. RAPD primers nucleotide sequence

Primer DNA sequence
P59 5’-GTTGGTGGCT-3’
P60 5’-GGGAACGTGT-3’
P61 5’-CCGTGACTCA-3’
P63 5’-TGCCGAGCTG-3’
P64 5’-AGGTGACCGT-3"
P65 5’-GTTGGTGGCT-3’
P66 5’-GGGAACGTGT-3’

DNA fragments amplified by the RAPD
reactions were separated on 1.5% agarose gel

and visualized with the Pharox FX system
(BioRad).

Data analysis

The lengths of the amplicons were measured
with the Quantity One software (Version 4.6.9.,
BioRad), based on the 1 Kb Plus DNA Ladder
(Invitrogen). Data were converted into a binary
matrix and scored as present (1) or absent (0) in
a *.csv file, and later analysed with the BIO-R
software (Biodiversity Analysis with R for
Windows), version 3.0.



RESULTS AND DISCUSSIONS

All decamer primers were polymorphic, and the
DNA fragments amplified by PCR had lengths
between 170 and 2950 bp, with total number of

144 loci (Table 2). The highest number of loci
were observed for the primer P63 (27), and the
lowest number of loci was observed for the
primer P64 (12).

Table 2. The number of loci and amplicons’ lengths corresponding to each decamer primer used

Primer Number of f loci Amplicon sizes (bp)

P59 20 1500, 1450, 1200, 1050, 1000, 870, 810, 770, 730, 700, 670, 630, 610, 580, 560, 530, 480, 440, 410, 390

P60 24 2950, 2800, 2400, 2160, 1920, 1800, 1750, 1600, 1500, 1300, 1200, 970, 880, 820, 750, 650, 610, 560, 470, 430,
400, 320, 280, 250

P61 25 2450, 2170, 2000, 1700, 1620, 1530, 1400, 1350, 1250, 1060, 940, 900, 800, 740, 670, 620, 550, 500, 450, 400,
350, 300, 250, 200, 170

P63 27 2670, 2280, 2100, 1990, 1820, 1750, 1650, 1500, 1400, 1300, 1200, 1170, 1050, 900, 870, 810, 760, 740, 700, 650,
610, 550, 530, 480, 420, 400, 360

P64 12 2300, 1500, 1150, 1050, 870, 680, 600, 570, 470, 440, 300, 200

P65 17 2550, 2100, 1800, 1420, 1200, 1100, 950, 850, 700, 600, 550, 500, 430, 400, 350, 320, 300

P66 19 270, 2050, 1850, 1600, 1500, 1260, 1160, 1150, 1060, 900, 850, 730, 630, 590, 530, 440, 400, 220, 190

The calculated Roger’s genetic distances are
represented in Table 3. The shortest genetic
distance, 0.48, is observed between the ‘Rivan’

distantly related are the varieties ‘Alexus’ and
‘Ludovan’, followed by ‘Alexus’ and *Cetatuia’,
as it can be also observed from the dendrogram

and ‘Rubin’ varieties, whereas the most  presented in Figure 2.
Table 3. Roger distances calculated with the Bio-R software
3 z & = 8 3 < £ = 3 £ 83| 3 ~ =
George 057 | 052 | 060 | 051 | 053 | 0.64 [ 059 [ 0.60 | 0.54 | 0.53 | 0.60 | 0.60 | 0.61 | 0.60
Ludovan| 0.57 055 | 051 | 0.61 | 053 063 | 065 | 0.62 | 057 | 061 | 054 | 061 | 0.61
Bucium | 052 | 0.55 058 | 053 | 051 | 0.63 | 0.61 | 0.60 [ 0.56 | 0.56 | 0.60 | 0.57 | 0.61 | 057
Maria | 0.60 | 0.51 | 058 062 | 055 | 0.65 | 065 | 062 | 0.62 | 055 [ 0.63 | 0.61 | 062 | 0.58
lasitom | 0.51 | 0.61 | 0.53 | 0.62 054 | 063 | 054 | 056 | 0.60 [ 0.59 | 0.58 | 0.60 | 0.58 | 0.58
Cociuvas| 053 | 0.53 | 051 | 055 | 0.54 060 | 059 | 0.61 | 055 [ 051 | 0.61 | 061 | 0.65 | 059
Alexus | 0.64 ! 0.63 | 065 | 063 | 0.60 057 | 059 | 060 | 0.61 | 0.60 | 0.67 | 0.61 | 0.55
Andreias| 0.59 | 063 | 0.61 | 0.65 | 054 | 0.59 | 057 058 | 059 | 0.60 | 058 | 0.57 | 0.61 | 057
Rubin | 0.60 | 0.65 | 0.60 | 062 | 056 | 061 | 059 | 058 055 | 058 | 053 | 0.60 | 0.60 | 048
Severin | 0.54 | 062 | 0.56 | 0.62 | 060 | 055 | 0.60 | 059 | 0.55 057 | 058 | 0.62 | 060 | 0.54
Paulici | 0.53 | 057 | 056 | 055 | 059 | 051 | 061 | 0.60 | 0.58 | 0.57 057 | 063 | 0.62 | 053
Boambe
de | 060 | 0.61 | 060 | 0.63 | 058 | 061 | 0.60 | 058 | 053 | 0.58 | 057 058 | 0.60 | 0.51
Cotnari
Cetituia| 0.60 | 0.54 | 0.57 | 0.61 | 0.60 | 0.61 | 067 | 057 | 060 | 062 | 063 | 058 049 | 058
Putna | 061 | 0.61 | 0.61 | 062 | 0.58 | 0.65 | 061 | 0.61 | 0.60 | 060 | 0.62 | 0.60 | 049 0.55
Rivan | 0.60 | 061 | 057 | 058 | 058 | 0.59 | 0.55 | 0.57 | 048 | 0.54 | 0.53 | 051 | 058 | 055

The colour gradient ranges from Blue to Red, short to long distance

The UPGMA dendrogram built with the Bio-R
software grouped the genotypes into two main
clusters, the first one with 7 varieties, and the
second one with 8 varieties (Figure 2).

In the first cluster, ‘Bucium’ and ‘Cociuvas’ are
grouped together having as common genitor

98

‘Boambe de Cotnari’. ‘Ludovan’ and ‘Maria’
have the common genitor the variety ‘Van’. In
addition, four out of seven varieties in this
cluster have as genitor the variety ‘Van’. The
varieties present in the second cluster have a
larger pool of genitors, however many of these



are of German origin, and again the ‘Cetatuia’
and ‘Putna’ varieties, having as common genitor
‘Van’, are grouped together.

Table 4. Varieties’ origin

?ri Variety Origin

1. George ‘Cirese de octombrie’ x ‘Fromm’*
2. Ludovan “Van’ x ‘Boambe de Cotnari’*

3. Bucium ‘Van’ x ‘Boambe de Cotnari’*

4. Maria ‘Van’ x ‘Stella’*

5. lasirom ‘Van’ x ‘Boambe de Cotnari’*

6 Cociuvas ‘Boambe de Cotnari’ x ‘Bigarreau

. ociuvas N
i Moreau’*

7. Alexus Polenizare libera ‘Lijana’*

8. Andreiag HC.27/4 x Boambe de ‘Cotnari’*
9. Rubin ‘Hedelfinger’ x ‘Germersdorf”*
10. Severin “Thurn und Taxis’ x

‘Germersdorf”*

11. | Paulica ‘Bigarreau Drogan’ x ‘Fromm’*
12. | Boambe de Cotnari | Local selection**

13. | Cetatuia ‘Van’ x ‘Boambe de Cotnari’*

14. | Putna ‘Van’ x ‘Muncheberger Fruhe’*
15 Rivan ‘Early Rivers’ x “Van’***

*(Stefan et al., 2018)
**(Blaja et al., 1965)
*#*(Budan & Gradinariu, 2000)

It is interesting to note that in the first cluster,
three varieties, ‘lasirom’, ‘Bucium’, and
‘Ludovan’ have the same genitors: ‘Van’ x
‘Boambe de Cotnari’, however they are
separated in the three subclusters.

In addition, the ‘Cetatuia’ variety located in the
second cluster also has as genitors ‘Van’ x
‘Boambe de Cotnari’.

These apparent differences among close
relatives could be because RAPD markers are
dominant, so they cannot differentiate between
homozygous and heterozygous loci, and
furthermore, amplicons of similar lengths do not
have necessarily the same DNA sequence
(Amiteye, 2021), so some varieties may appear
closer related than they really are.

Nevertheless, for the purpose of this study, the
seven RAPD markers did highlight the genetic
variability among the wvarieties studied and
generated genetic fingerprints variety-specific.

Varieties

o

ge

Tasirom

Bucium

Cociuvas

Paulici

Ludovan

Maria

Alexus

Andreiag

Rubin

Rivan

Boambe

de Cotnari

Severin

3

Cetatuia

Putna

0.1

Figure 2. Dendrogram based on the RAPD data generated with the Bio-R software

CONCLUSIONS

RAPD analysis of the fifteen accessions from

the USAMYV of Bucharest orchard revealed that:

v' All random decamer primers identified
polymorphic RAPD loci.

v P63 marker identified the highest number of
loci, making it the most suitable marker to
discriminate among the fifteen accessions.

v’ Analysis of the data generated from the
RAPD reactions using the seven decamers
was used to construct a UPGMA



dendrogram, and to demonstrate the genetic
variability among the cultivars studied.
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Abstract

This paper presents aspects recorded in the area of influence of the Research Station for Fruit Growing lasi during
2020-2022 on five Hungarian sour cherry cultivars, able to capitalize on the Romanian agroclimatic conditions.
Analysing from a water stress point of view, the April-July time interval when the intensive growth of shoots took place,
during the studied years there was a deficit of -54.2 mm in 2020, -11.2 mm in 2021 and -113.8 mm in 2022 compared to
the multiannual amount for this period. Analysing the trunk section area in terms of the average of the three years of
study, the values were between 10.5 cm? (‘Erdi Ipari’) and 24.9 cm? (‘Erdi Bibor’). The highest values for the crown
volume were recorded in the cultivars ‘Erdi Kordi’ (4.53 m’/tree) and ‘Dukat’ (4.15 m’/tree) and the lowest crown
volume was recorded in the cultivars ‘Erdi Bibor’ (3.78 m*/tree), ‘Erdi Kedves’ (3.27 m*/tree) and ‘Erdi Ipari’ (2.20 m*/tree).
The density of the tree crown recorded values between 4.45 cm*/m’* (‘Erdi Ipari’) and 9.28 cm*/m?® (‘Erdi Bibor’).
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INTRODUCTION

The role of water as a vegetation factor is
decisive in the life of plants, representing the
main constituent of plant organisms. Water is
the vehicle of nutrients and the main thermal
regulator (Budan & Gradinariu, 2000; Asanica
& Hoza, 2013).

During the growing season, the water
consumption of fruit-growing trees is variable.
Thus, the critical phases of the vegetation
period when the water consumption is
maximum are the growth of shoots, the
flowering time and the growth of fruits (Toma
& Robu, 2000; Ghena & Braniste, 2003; Toma
& Jitareanu, 2007).

In the area of influence of the Research Station
for Fruit Growing Iasi, the low rainfall
throughout the year causes great damage in the
sour cherry orchards. The lack of water
determines a reduced vigour of the trees,
disorder of the regularity of the fruits
production and size of the harvests, the aging
and shortening of the growth and development
stages of the plants, gum discharges
(gummosis) and physiological imbalance with
pathogenic aspect (Milica et al.,1982; Vasilev
et al., 1982; Sestrag, 2004).
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The years 2020-2022 can be characterized as
years with special climatic peculiarities that
have negatively influenced the annual twigs
and fruit production in this area.

In this paper we present some aspects recorded
in the area of influence of the Research Station
for Fruit Growing lasi during 2020-2022 on
some sour cherry cultivars, able to capitalize on
the existing agroclimatic conditions.

MATERIALS AND METHODS

The studies were carried out between 2020 and
2022, having as research material five sour
cherry cultivars coming from Hungary (‘Erdi
Ipari’, ‘Erdi Kedves’, ‘Erdi Bibor’, ‘Erdi Kordi’,
and ‘Dukat’), which are in the sixth year after
planting. The trees are grafted on Prunus
mahaleb L., guided as freely flattened palmette.
The plantation is placed randomly, in three
repetitions of two trees per repetition, at 3.5 x 4
m resulting 714 trees per ha. On the row with
trees, the soil was prepared with the rotary
orchard tiller and between the rows the soil was
grassed.

The land on which the plantation was establi-
shed was in the Jijia-Bahlui depression, where the
multiannual average temperature was 10.2°C.



The meteorological factors (during the three
years of study) were analysed along with the
behaviour of the cultivars towards the drought
that took place during the studied period and
biometric measurements and determinations of
the tree and of the shoots were performed (the
trunk section area (TSA), the height of the tree
(H), the volume of the crown (CV), the length
of the annual twigs (LCA) and their amount on
the tree, the density of the crown (CD).

The height of the tree (H) and the length of the
annual twigs (LCA) were measured with the
measuring roulette, the trunk section area
(TSA) was measured by using the calliper on
the thickness of the trunk in two perpendicular
directions 30 cm high from the grafting point
(and the data taken at TSA were transformed
into cm?). In order to calculate the average
volume (m®) of the crown of the trees, the
Sarger method was used with the formula: V =
(D + d/2)* x H x 0.416, in which: CV - the
volume of the crown, D — the diameter of the
crown in the direction of the row of trees, d -
the average diameter of the thickness of the
fruiting hedge, H - the height of the trees, 0.416
- the correction coefficient (Lamureanu et al.,
2013), the density of the crown was calculated
according to the formula: TSA (cm?)/ CV (m?%)
(Parnia & Mladin, 1995).

The experimental data were interpreted
statistically by the variance analysis and the
method of multiple comparisons (Duncan test,
with P 5%). The determination of the
correlation coefficient (r) was performed using
Bravais’s formula (Timariu et al., 1978).

RESULTS AND DISCUSSIONS

In sour cherry, the requirements for water
increase starting with April and they rich the
highest point in the months of May-July, when
the intensive growth of the shoots takes place
(Roversi & Ughini, 1993), then in August when
the growth of the shoots ceases (the synthesis
of carbohydrate substances, proteins, etc. takes
place), followed by their thickening and at the
same time the differentiation of the buds begins
(Teaci et al., 1982; Gradinariu & Istrate, 2003).

The average annual temperatures recorded had
the following values: 12.1°C in 2020, 10.1°C in
2021, and 11.3°C in the first seven months of
2022 (the multiannual average being 10.2°C).
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Analysing the same period for the rainfall
parameter, the years 2020 (448.4 mm) and
2022 (142.4 mm the first seven months of the
year) recorded quantities below the multiannual
limit (562.6 mm), achieving a deficit of 114.2
mm in 2020 and 266.5 mm during January-July
2022. More, in 2021, the quantity of rainfall
was close to the multiannual average (Table 1).
From the analysis of the trunk section area
(TSA) in the sixth year (2022) after planting it
was found that the largest TSA was recorded in
the ‘Erdi Bibor cultivar (35.1 cm?), and the
smallest in ‘Erdi Ipari’ (9.8 cm?).

Analysing this parameter in terms of the
average of the three years of study, it can be
noticed that they do not have statistically
insured values, thus, negative differences in
comparison with the average of the variants
(19.4 cm?) were recorded by the cultivars ‘Erdi
Ipari’ (10.5 cm?), ‘Erdi Kedves’ (19.1 cm?) and
‘Dukat’ (19.3 c¢cm?), and the cultivars ‘Erdi
Bibor’ (24.9 cm?), and ‘Erdi Kordi’ (23.0 cm?)
recorded positive differences in comparison
with the average of the variants (19.4 cm?)
(Table 2).

Correlating these parameters for the trees in
their 6" year since planting resulted in a
positive correlation coefficient (R*= 0.7049),
statistically non-significant (Figure 1). Low
vigour of the tree is an important parameter for
establish high density of the orchards, the new
trends in the fruit tree growing being to
increase constant the productivity (Stanica,
2019). From our results, the cultivars 'Erdi
Ipari', 'Erdi Kedves', and 'Dukat' are suitable for
higher densities per hectare.

Analysing the crown volume (CV), the highest
values were recorded in the cultivars ‘Erdi
Kordi’ (4.53 m® tree, 3234.4 m’/ha) and
‘Dukat’ (4.15 m’/tree, 2963.1 m*/ha), and the
lowest volume of the crown was recorded by
the cultivars ‘Erdi Ipari’ (2.20 m®/tree, 1570.8
m?3/ha), ‘Erdi Kedves’ (3.27 m®/tree, 2334.7 m?
/ha), and ‘Erdi Bibor’ (3.78 m’/tree, 2698.9
m’/ha) (Table 2). According to Kiprijanovski et
al. (2018), crown sizes depend on lots of
factors, like rootstock vigorousness, planting
distance, or the correction by pruning.

The density of the tree crown (CD) had values
between 4.45 cm?*m® (‘Erdi Ipari’) and 9.28
cm?/m? (‘Erdi Bibor’) (Table 2).



Table 1. Climatic characterization of the years 2020-2021-2022
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*In 2022, the data for the first seven months of the year (January-July) was displayed

Table 2. Tree growth vigour and crown volume for some sour cherry cultivars in the sixth year after planting
(RSFG Iasi; average of 2020-2022)

Crown volume in the 6
) Trunk section area (cm?) yeasr Crown density
Cultivar (m°) 23
. Average of the years em’/m
Year VI IV-VI per tree per ha
Erdi Bibor 35.1* 24.9 3.78° 2698.9 9.28°
Erdi Kordi 30.8 23.0 4.53* 32344 6.80°
Dukat 28.3° 19.3 4.15% 2963.1 6.82°
Erdi Kedves 27.9° 19.1 3.27° 2334.7 8.53%®
Erdi Ipari 9.8¢ 10.5 2.20% 1570.8 4.45%
Average (x) 26.4 19.4 3.59 2560.3 7.18
DL 5% 6.4
DL 1% DL 5% =1.74 9.2 DL 5% =0.22 DL 5% =0.05
DL 0.1% 13.9

*- different letters correspond with the significant statistical difference for P < 5%, Duncan test.
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Figure 1. Correlation between trunk section area (cm?)
and crown volume (m?)

In August, when the growth of the shoots
ceased (the apical bud is outlined at the top of
the shoots), the length of the annual twigs in
the studied sour cherry cultivars were counted
and measured.

Analysing from a water stress point of view,
the April-July time interval when the intensive
growth of shoots takes place, in the studied
years there was a deficit of -54.2 mm in 2020,
of -11.2 mm in 2021, and of -113.8 mm in
2022 in comparison to 270.1 mm representing
the multiannual amount for this period (Table
1).

It is known that the lack of water reduces the
number and growth in length of annual shoots,
the photosynthesis, the transport of substances
in the plant and decreases the turgidity of cells
(Toma & Jitareanu, 2007). According with that
we recorded the number of annual twigs per
tree in conditions of the average of the three
years of study (2020-2022) and we observe that
the cultivars ‘Erdi Bibor’ with 58 twigs/tree,
‘Erdi Kordi” with 49 twigs/tree and ‘Erdi
Kedves’ with 45 twigs/tree got highlighted with
the highest amount of twigs per tree, recording
positive differences in comparison with the
average of the cultivars (43 pcs.). But, the
cultivars ‘Dukat’ with 26 twigs/tree and ‘Erdi
Ipari’ with 36 twigs/tree got highlighted as the
cultivars with the smallest amount of twigs per
tree, recording negative differences in
comparison with the average of the cultivars
(Table 3). Mika et al., 2011, showed that the
presence of the annual and two-year-old shoots
are favourable to the abundant setting of flower
buds and to flowering so after pruning should
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remain only these younger branches for a good
production.

Correlating the mean of the IV-VI years of the
trunk section area (cm?) with the mean of the
IV-VI years of the amount of annual twigs on
tree (pcs), it was noticed that the two
parameters are positively correlated (R?
0.3797), however statistically non-significant
(Figure 2).
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Figure 2. Correlation between trunk section area (cm?)
and the amount of annual twigs/tree (pcs.)

Analysing the average length of the annual
twigs in the studied three years, this parameter
oscillated between 45.7 cm (‘Erdi Ipari’) and
69.6 cm (‘Dukat’), statistically, the ‘Dukat’
cultivar recording positive differences in
comparison with the average of the cultivars
(56.2 cm) (Table 3). Correlating the mean of
the IV-V1 years for the trunk section area (cm?)
with the mean of the IV-VI years for the annual
twigs length (cm), it was noticed there was a
positive  correlation  between the two
parameters (R2 = 0.2076), statistically non-
significant (Figure 3). Considering that during
May-July when the growth and development of
the tree shoots takes place, the rainfall was
reduced (in comparison with the multiannual
average for this period (218.7 mm), the deficit
was -35.5 mm in 2020, -6.7 mm in 2021, and
-157.3 mm in 2022), the entire physiological
activity of the tree was reduced, recording
reduced values for the studied vegetative
pomological parameters.



Table 3. Data on the number of annual twigs per tree and their average length for some sour cherry
cultivars in the sixth year after planting (RSFG lasi; average of 2020-2022)

Average number of The average length of annual twigs
annual twigs on the tree (pcs.) (cm)
Cultivar Average of Average of the
Year IV | YearV | Year VI the years YearIV | YearV | Year VI years
IV-VI* IV-VI

Erdi Bibor 38 52 84 58* 453 84.2 43.4 55.6%
Erdi Kordi 17 52 78 4920 25.0 91.3 49.2 55.4°
Erdi Kedves 18 37 81 45° 21.2 92.7 53.5 54.5°
Erdi Ipari 14 36 59 36> 20.7 75.0%% 44.8 45.7°
Dukat 15 28 36 26° 37.7 120.07" 62.7 69.6*
Average (x) 20 41 67 43 30.0 92.6 50.7 56.2
DL 5% 11.7 16.1 49.7 22.6 17.6 18.1
DL 1% 17.0 23.4 72.4 DL 5% =5.44 329 25.7 26.4 DL 5% =5.96
DL 0.1% 25.5 35.2 108.6 49.4 38.5 39.6

*- different letters correspond with the significant statistical difference for P < 5%, Duncan test.
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Figure 3. Correlation between trunk section area (cm?)
and annual shoots length (cm)

According to rainfall amount in the studied
period (Table 1) we observed that ‘Erdi Bibor’
recorded an higher number of annual twigs
(Table 3) on the tree in conditions of 2021 and
2020, while ‘Dukat’ recorded an higher length
of annual twigs in conditions of 2021.

CONCLUSIONS

The research carried out in a period
characterised by great climatic fluctuations,
prove that the studied sour cherry cultivars
have a good resistance to the agroclimatic
conditions recorded during the studied period
in the North-East area of Romania.

Analysing the values recorded for all the
determined parameters, it was found that the
five sour cherry cultivars in the sixth year after
planting, have different biological traits of
growth.
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Regarding the volume of the crown of the trees,
it was estimated that the smallest crowns were
presented in the cultivars ‘Erdi Ipari’, ‘Erdi
Kedves’, and ‘Erdi Bibor’ which had a tight
growth of the crown.

Under the conditions of dry years, the cultivars
highlighted as the most resistant to drought
(with a large number of annual twigs on the
tree and high values for their length) were ‘Erdi
Bibor’, ‘Erdi Kordi’, and ‘Erdi Kedves’.
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Abstract

The research revealed some important initial vegetative and generative characteristics and tendencies in the early years
of development of Wilton's Red Jonaprince Select Eco ® /B9 (WRJSE) and Golden Reinders/M9 (GR) cultivar-rootstock
combinations in a field trial located at FRDS Bistrita, Northern Transylvania in a high density drip irrigated orchard.
The strongest vegetative growth was observed in Wilton's Star Red Jonaprince Select ECO®/BY in comparison with
Golden Reinders/M9 but on the other hand being young trees at early stages of development the before mentioned
cultivars gave similar results regarding trunk cross sectional area, tree height. The highest generative bud ratio was
found at GR, highest crop load was found on GR while the highest number of fruit per tree was found in GR and the
highest fruit diameter was found on WRJSE in comparison with GD. Being in the first years of development the obtained
yield/tree had close values (1.99 kg/tree at WRJSE and 1.95 kg/tree at GD), thus yielding a total production of 2.44-2.49
to/ha at WRJISE and GD.

Key words: apple, rootstocks, irrigation, yield, vegetative parameters, generative parameters.

INTRODUCTION strain and yield efficiency was similar
(Robinson et al., 2007; Russo et al., 2007). M9
Low vigour rootstocks present a series of  (sin. Malling 9, Paradis Jaune de Metz) is the
advantages related to productivity and precocity  traditional and best-known dwarfing rootstock.
but require very good soils and adequate It should be planted on a well-drained site. Trees
fertilization-irrigation systems. on this rootstock always require leader support
The rootstock M9-T337 (M9) (dwarf) is the  (Dayatilake and van Hooijdonk, 2015). The
standard for the apple industry and breeding rootstock is susceptible to fire blight and can
programs and Bud-9 (B9) (dwarf) is one of the develop burr knots (Russo et al., 2007). Nume-
most  dwarfing commercially available  rous clones of M9 are now being sold by
rootstocks. nurseries such as Pajam 1 (Lancep) and Pajam 2
B9 rootstock (sin Budagovsky 9, Bud.9) is a  (Cepiland) which are French selections
dwarfing rootstock resulting from a cross of M.8  relatively new. They are 35 to 40 % more
x Red Standard (Krasnij Standard) from Russia. ~ vigorous than M9 NAKB 337.
The leaves are a distinctive red. Regarding the High-density systems rely mainly on the
height, B.9 is slightly more dwarfing than M9,  rootstock M9, a highly productive dwarfing
about 25-35%, and has slightly higher yield  rootstock, which is particularly susceptible to
efficiency than M9. B9 appears to be resistant to rootstock blight. In heavy fire blight years under
collar rot and is very cold-hardy. It has natural conditions, tree losses greater than 50%
performed very well across a wide range of  are common for orchards planted on M9 root-
conditions (Gonda, 2003; Sharma et al., 2009). stock (Ferree et al., 2002; Robinson et al., 2007).
Trees needed to be supported. According to the Regulation of the Commission
The American strain was slightly less dwarfing  of the European Communities No 85/2004 of 15
and produced more burr knots than the European ~ January 2004, which lays down the marketing
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standard for apples (European Union, 2011),
Jonagold/Jonagored is classified with its
mutants, including Crowngold, Decosta,
Jonabel, Jonagold 2000, Jonagored Supra, King
Jonagold, and Red Jonaprince. The production
of Red Jonaprince in the European Union is
rapidly increasing, and even the United States
Department of Agriculture, while presenting
apple production in European Union, indicates
this specific mutant with Jonagold/Jonagored as
a group of Jonagold/Jonagored/Red Jonaprince
(Podbielska et al., 2017).

The cultivar Golden Delicious especially his
mutant Golden Delicious Reinders which is free
from russeting is one of the more promising
cultivars, whose production in commercial
orchards is increasing each year (Kruczynska,
2008; Czynczyk and Bielicki, 2012).

In the experiment of Czynczyk and Bielicki
(2006), Golden Delicious Reinders come into
biennial bearing quite early. It is known from the
foreign literature (Crassweller et al., 2001;
Bonany et al. 2002), that all growers of Golden
Delicious Reinders, in order to obtain good size
and regularly yielding trees, have to thin fruitlets
very heavily using bioregulators, which is often
corrected by hand, so this involves hand work.
To obtain good results, a lot of attention has to
be paid to pruning and thinning of fruitlets
(Czynczyk and Bielicki, 2012).

In this context, the paper presents an analysis of
the vegetative and generative parameters in the
North East region of Romania of Wilton'S Red
Jonaprince® Select Eco grafted on B9 and
Golden Delicious Reinders® grafted on M9
rootstocks, in order to put into evidence the
comparison of the shoot growth, tree height, and
trunk cross-sectional area. Regarding generative
parameters, the bud ration, crop load, number of
fruits, and their diameter were studied.

MATERIALS AND METHODS

The experiment was conducted in an apple
orchard at Fruit Research and Development
Station Bistrita (FRDS). FRDS Bistrita is
located at 47°10' North latitude and 24°30' East
longitude, at 358 m altitude with an average
annual temperature of around 10°C and a
multiannual average of 758.80 mm of rainfall,
according to the data recorded by the
meteorological station at FRDS Bistrita, in the
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last 30 years. The climate is temperate-conti-
nental, with relatively hot summers, and less dry
cold winters. The orchard was established in
2020, with Wilton's Red Jonaprince Select
Eco®/B9 (WRJSE) and Golden Reinders®/M9
(GR) apple trees in a high-density slender
spindle training system with drip irrigation. The
experiment had a bifactorial design using for
Factor A the scion cultivars WRJSE and GR
respectively for Factor B the rootstocks M9 and
B9 as graduations. In our study during 2021-
2022, we focused on three vegetative growing
parameters (trunk cross-sectional area, tree height,
shoot length) and six generative parameters
(yield per tree, fruit number per tree, crop load,
fruit diameter, fruit surface colour, brix degree
content of soluble solids). Fruit surface colour
was determined with application Image
Analysis Toolset - IAT by Google, and it’s
method is colorimeter RGB. Statistical compari-
sons of the mean values were performed using
ANOVA analysis of variance, followed by
pairwise correlations with Duncan's multiple
range test with P<0.0001 aimed by XLSTAT
(Addinsoft, France) statistical software package
using MS Excel platform.

RESULTS AND DISCUSSIONS

Early results showed that the planted young
trees with preformed crown produce vegetative
and generative organs well balanced in the first
years of growing with a good premise for yield
(Figure 1).

Figure 1. Aspects from the high-density orchard
Wilton'S Red Jonaprince® Select Eco/B9

From the first years of development, the trees
produced fruits and the soil substrate until now



seemed acceptable for M9 and B9 rootstocks in
molic eutricambosoil (Figure 2), the root system
explored well the upper surface of the soil.

Figure 2. Aspects from the high-density orchard
with Golden Delicious Reinders®/M9

Regarding the meteorological conditions of the
Bistrita area, the temperatures recorded in the
last three years fluctuated, influenced by the
complex factors of global climate changes.
Annual average temperatures were between
10.5°C (2019)-11.2°C (2022), with absolute
maximum temperatures between 34.6°C (2019)
ranging 35.6°C (2022). Regarding rainfall, the
total was 538.9 mm in 2019, 678.8 mm in 2020,
784.5 mm in 2021 and 759.3 mm in 2022 (Table
1). The average value of annual rainfall in the
Bistrita region is 758.8 mm, but the years 1999
and 2000 were very dry compared with 2021-
2022. A general observation during the last
years is that the rainfall distribution is uneven
during the year, which can cause an imbalance
of growth and fructification processes for apple
trees in non-irrigated plots. We concluded that
the lack of necessary water amount was espe-
cially in the summer months June-August where
drip irrigation is compulsory. In the drip
irrigated research field, the trees became the

required necessary water calculated by
FAOSTAT ETP Calculator aimed by
Pennmann-Monteth ETr formula for the

development and bearing processes.

Table 1. Climate indicators 2019-2022

Climate indicators 2019 2020 2021 2022
(“;‘S‘age annual temp. 105 100 95 112
Absolute maximum
temp.(°C) 34.6 33.7 33.6 35.6
Rainfall (mm) 538.9 678.9 784.5 759.3
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The strongest vegetative growth (Figure 3) was
observed in Wilton's Star Red Jonaprince
Select ECO®/B9 (36.27 cm shoot lenght) in
comparison with Golden Reinders®/M9 (26.36
cm shoot length), but on the other hand being
very young trees the before mentioned cultivars
gave quite similar results regarding trunk cross
sectional area (Figure 4), 5.79 cm? in WRISE
and 5.61 cm? in GR in our preliminary research.

40
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Figure 3. Comparison of shoots length (left-Red
Jonaprince/B9, right-Golden Reinders/M9)
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Figure 4. Comparison of TCSA (left-Red Jonaprince/B9,
right-Golden Reinders/M9)

Regarding tree height (Figure 5) we can
conclude that the studied cultivars gave slight
similar growth habit in the first years, 1.46 m
was registered at Golden Reinders ® M9 and
1.43 m at Wilton's Star Red Jonaprince Select
ECO®/B9.

The numerical differences between the variants
were multifactorial, mainly due to rootstock and
scion influence.
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Figure 5 Comparison of tree height (left-Golden
Reinders/M9, right-Red Jonaprince/B9)

The highest generative bud ratio (Figure 6) was
found at GR (31% from total) versus WRISE
(21% from total), highest crop load (Table 2)
was found on GR (3.53 fruit/cm?) in comparison
with WRISE (1.67 fruit/cm?), while the highest
number of fruit per tree (Figure 7) was found in
GR (16 in GR and 8 in WRIJSE).
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Figure 6. Comparison of generative buds
(left-Golden Reinders/M9, right Red Jonaprince/B9)

Table 2. Crop load in treatment cultivars

Table 3. Average fruit diameter of treament cultivars

Cultivars Fruit Diameter (mm)
Red Jonaprince 69.757 a
Golden Reinders 62.054 b

Cultivars Crop load (no fruit/cm?)
Golden Reinders/M9 3.532a
Red Jonaprince/B9 1.669 b

The results regarding the biometric measure-
ments showed that the size and diameter of fruits
(Table 3) was specific to the varieties, with the
largest fruit in for Wilton's Star Red Jonaprince
Select ECO®/BY9 cultivar with 69.76 mm,
followed by Golden Reinders ® M9 with 62.05
mm.

The indicator number of fruits per tree (Figure
7) showed that at Golden Reinders/M9 there
were registered an average of 15 fruits/tree and
7 fruits per tree at Wilton's Star Red Jonaprince
Select ECO®/B9. Golden Reinders/M9 in our
researches reached double the value obtained by
WSRJ showing the extraordinary bearing
capacity of this scion-rootstock combination,
but the size of fruits was different.
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Figure 7. Comparison of number of fruits per tree
(left-Golden Reinders/M9, right-Red Jonaprince/B9)
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Figure 8. Comparison of the yield kg/per tree
(left-Red Jonaprince/B9, right - Golden Reinders/M9)
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Results regarding yield (kg/tree) (Figure 8)
showed quite similar results in the first years of
development, showing 1.99 kg/tree in Wilton's
Star Red Jonaprince Select ECO®/B9 and 1.95
kg/tree in Golden Reinders®/M9.

Brix degree of soluble solids content were
ranging between 21-26.4 for WRISE cultivar
and between 12-15.8 for GR cultivar.

The studied cultivars reached very good fruit
surface color (80.23-99.9%), especially at
Wilton's Red Jonaprince Select Eco ®/B9.
Csihon et al. (2015; 2022) determinated the fruit
surface color and color intensity of the surface
for WRISE fruits, for two consecutive years and
the fruit surface color varied from 79 to 83, thus
our results are in agreement with our collegues
results.

Acording to Racsko et al. (2006), fruit no/tree in
GR/M9 varied between 38.2-44.7 fruits/tree
showing no extreme differences between on and
off alternating bearing years. The smallest
number of fruit per tree was 14.8, our results
having close values (15.63). Similar results were
observed at crop load indicator in GR (6.4
fruit/cm?) with the lowest values of 1.1
fruit/cm?, in our results being 3.53 fruit/cm?.
Average fruit diameter in our results
(62.05 mm) had close values to those obtained
by Racsko et al.(2006) with values of 79.9- 84.9
mm.

Yield data showed that the trees registered 3.5-
4.5 kg/tree in the experiments of Racsko et al.
(20006) in the off year, with quite greater results
than ours, due to the 4™ year of age of trees.
Regarding TCSA, our results (5.61 cm?) were
similar to Csihon et al. (2015) results, which
conclude that for WRJSE/M9 the trunk cross-
sectional area was 8.2 cm?. Our scion/rootstock
combination WRISE/B9 registered a weaker
growth because the vigor of B9 was slightly
weaker than M9, thus the slightly weaker
growing habit influences the weaker growth in
TCSA.

CONCLUSIONS

Results showed that the planted trees obtained
by Knipp technology produced fruits from the
first years after establishment, thus the bearing
capacity of both cultivars in drip irrigation
conditions was relatively good. The fruits
obtained at Wilton's Star Red Jonaprince Select
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ECO®/BY rootstock combination achieved a
good diameter for marketing and at Golden
Reinders®/M9 the Dbearing capacity is
extraordinary with many fruits per tree which
showed the necessity of thinning. Further
research will be made in order to study the
proper adaptation of the studied scion-rootstock
combinations in molic eutricambosoils in
Northern Transylvania climate region.

Our study provided wuseful information
regarding the expectancy of vegetative and
generative development characteristics of the
studied cultivars in the first years after
establishment, for fruit growing specialists and
farmers for establishment of new plantations in
molic eutricambosoils.
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Abstract

High-bush blueberry is an important economic and nutraceutical species, due to its high content of anthocyanins and
high antioxidant activity. Nowadays, climate changes are affecting plant growth and development, leading to changes in
plants’ adaptation to new environmental conditions. Consequently, the need to create new varieties and hybrids to cope
with changes and meet the growing demands of consumers is imperative. One way to hasten plant breeding is to employ
molecular methods, such as ISSR. In the present study, five ISSR molecular markers were used to study the genetic
relationships between seven Romanian blueberry cultivars and one hybrid. The dendrogram obtained following ISSR
analysis revealed the presence of two clusters, one cluster containing ‘Lax’, ‘Prod’, Vital’, ‘Azur’, and the second one
‘Simultan’, ‘Delicia’, ‘Compact’, and the hybrid obtained through free pollination of variety ‘Compact’. The shortest
genetic distance was noted between the hybrid genotype and the ‘Compact’ cultivar. The longest genetic distance was
noted between the varieties ‘Compact’ and ‘Prod’. The study also revealed common markers for the hybrid studied and
its maternal genitor, that could be used as markers in blueberry breeding.

Key words: Vaccinium corymbosum L., microsatellites, blueberry breeding, genetic variation.

INTRODUCTION diverse genitors to be involved in obtaining
novel varieties in shorten time.

Blueberries are very much appreciated fruits in Molecular biology techniques can supply at least

today’s culture, not only for their taste and  partially the answers to these demands, as

flavour, but also for their nutraceutical qualities =~ molecular markers can assess not only the

(Golovinskaia & Wang, 2021). genetic diversity across the range of genotypes
Consumed fresh or preserved by freezing, available to plant breeders, but also label certain
drying, or as gems and compotes, cooked in  genes of interest for fruit quality or for cultivar
desserts or consumed for breakfast in yogurts,  resistance to stress, and hasten the time needed
shakes and juices, they are part of people’s diet,  to check if the traits of interest have been

including those suffering of diseases such as transferred to the prospective new varieties
diabetes or high blood pressure (Afrin et al., (Debnath & An, 2019; Edger et al., 2022; Grover
2016; Bouyahya et al., 2022; Hameed et al., & Sharma, 2016; Iwata et al., 2016; Lobos &
2020; Wang et al., 2021). The demand for good Hancock, 2015; Nadeem et al., 2018).

looking and pleasant tasting fruits is linked with ~ ISSR (Inter simple sequence repeat) technique
the growing demand for high fruit content of  takes advantage of the presence in the genomes
anthocyanins from the consumer side, and with ~ of microsatellites or simple sequence repeats
the demand of resistance to biotic and abiotic (SSRs). SSRs are regions that consist of short
stress from the growers’ side (Asanica, 2018). DNA sequences, two to five nucleotides in size,
Consequently, the need for new cultivars  repeated in tandem multiple times (Gupta et al.,
answering all these demands is of high 1996). The ISSR technique uses a single primer
importance, and it translates into the plant  in the PCR reaction, its sequence based on the
breeders need for a wide range of genetically = microsatellite sequence, to amplify the region
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between two identical microsatellites. Since the
sequences amplified may or may not be
conserved, the technique is useful in studies
such as genetic diversity assessment and gene
mapping (Pradeep Reddy et al., 2002).
Microsatellite molecular markers have already
been mined and developed in V. macrocarpon
Ait. (Schlautman et al., 2015; Xu et al., 2021;
Zhu et al., 2012), and have been used to study
genetic  diversity in  various Dblueberry
populations  (Bhatt &  Debnath, 2021;
Rodriguez-Bonilla et al., 2020; Vega-Polo et al.,
2020).

Present study analyses the genetic diversity of
eight Romanian blueberry genotypes using
ISSR markers, as well as the inheritance of
genetic material from the maternal genitor
‘Compact’ to a hybrid obtained through free
pollination, demonstrating the utility of the
technique to plant breeders.

MATERIALS AND METHODS

Materials

Eight blueberry (Vaccinium corymbosum L.)
genotypes, seven Romanian cultivars (‘Lax’,
‘Prod’, “Vital’, ‘Azur’, ‘Simultan’, ‘Delicia’,
and ‘Compact’) and a hybrid resulted by free
pollination of the cultivar ‘Compact’, were
analyzed in the present study.

Genomic DNA extraction

Extraction of genomic DNA from young leaves
was performed using the Innu PREP Plant DNA
I KIT IPC 16 (Analytik Jena GmbH+Co, Jena,
Germany) according to the manufacturer
instructions. Frozen tissue was grounded to
powder with liquid nitrogen.

Briefly, for each sample, approximately
100 mg of powder was transferred to 1.5 ml
tubes, and then 600 pl lysis solution SLS and 20
pl proteinase K were added to the sample.
Thereafter, the samples were incubated for
1 hour at 65°C, centrifuged for 5 min at 10000 x
g, and then the supernatant was transferred to
prefilters fitted to collection tubes. After an
additional centrifugation for 2 min at 10000 x g,
2 ul of RNase A (10 mg/ml) were added and
samples were incubated for 5 min at room
temperature. After external lysis, samples were
further processed in the InnuPure C16 (Analitik
Jena), wusing the Ext Lysis 200 Cl16 04
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program. DNA quality and quantity were
checked with Nanodrop 1000 (Biorad).

ISSR reactions

PCR reactions were performed using the
Platinum IT Hot Start kit (Invitrogen) according
to the manufacturer instructions. PCR setup was
done according to Table 1.

Table 1. ISSR reaction setup

Component Volume Final .
concentration

Nuclease-free water 0.2 ul -
Platinum™ II Hot-
Start PCR Master Sul 1x
Mix (2x)
10 uM Primer P59 0.3 ul 0.3 uM
]l)?\;f/ ul Template 2.5l 2.5 ng/ul
Platinum GC 2l )
Enhancer K
Total 10 pl -

Annealing temperature optimization (between
30°C and 35°C) was done for all primers. PCR
program consisted of an initial denaturation step
of 2 min at 94°C, followed by 35 cycles of
denaturation 15 sec at 94°C, annealing 15 sec at
48/51°C (depending on the primer), and
extension 1 min at 68°C, and a final extension
step of 2 min at 68°C. The nucleotide sequences
of the primers used are presented in Table 2.

Table 2. ISSR primers nucleotide sequences

Primers Nucleotide sequence

ISSR 2 5’- ACACACACACACACACG-3’
ISSR 3 5’- CTCTCTCTCTCTCTCTRC-3’
ISSR 5 5’- CACACACACACACACARG-3’
ISSR 8 5’-GAAGAAGAAGAAGAAGAA-3’
ISSR 9 5’-ATGATGATGATGATGATG-3’

DNA fragments amplified in the ISSR reactions
were separated on 1.5% agarose gel, visualized
with the Pharox FX system (BioRad, California,
USA), and band lengths were measured using
the Quantity One software (Version 4.6.9.,
BioRad, California, USA).



Data analysis

Data were analysed with BIO-R software,
Biodiversity Analysis with R for Windows,
(version 3.0, BioRad, California, USA).
Amplicons were scored as present (1) or absent
(0) as a binary matrix in a *.csv file.

The Resolving Power of a primer (Rp) was
calculated with the formula Y1, , I, =1—
[2(0.5 — p;)], where Iy = band informativeness,
and pi is the proportion of the genotypes contain-
ning the band (Prevost & Wilkinson, 1999).

RESULTS AND DISCUSSIONS

All primers used proved to be polymorphic,
demonstrating on one hand their suitability for
this type of analysis, and on the other hand the
variability of the genotypes under study. Out of
the five ISSR primers used, three are based on
dinucleotide repeats (ISSR2, ISSR3, and ISSRY)
and two are based on trinucleotide repeats (ISSR
8 and ISSR 9) (Table 2).

Primer ISSR 2 amplified the 1370 bp band only
in the ‘Compact’ variety, the 740 bp band only
in the ‘Vital” variety, the 650 bp band only in the
‘Delicia’ variety, and the 460 bp band only in the
‘Azur’ variety. With the primer ISSR 3, the 1490
bp and 430 bp bands were specific for the ‘Lax’
variety, the 1630 bp band was specific for the
‘Prod’ variety, the 1600 bp band was specific for
the ‘Vital’ variety, the 340 bp band was specific
for the ‘Azur’ variety,

Since one of the genotypes studied is a hybrid
obtained by free pollination of ‘Compact’
variety, the amplified fragments with the same
sizes for both hybrid and its maternal genitor
were noted, as these markers could be inherited
from the parent genotype. A total of 14 bands
were common between the hybrid studied and
its maternal genitor, 4 for ISSR 2 (940 bp,
790 bp, 600 bp, and 520 bp), 3 for ISSR 3 (960
bp, 800 bp, and 540 bp), 1 for ISSR 5 (700 bp),
4 for ISSR 8 (2250 bp, 1300 bp, 680 bp, and 570
bp), and 2 for ISSR 9 (2300 bp and 1700 bp)
(Table 3). However, two of the amplified
fragments, with lengths of 790 bp amplified with
ISSR 2, and 680 bp amplified with ISSR 8,
should not be taken into consideration, as they
are monomorphic among all genotypes studied.
The rest of the common amplified fragments are
potentially inherited from the maternal genitor
and should be sequenced, and their location
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identified within the genome, to check if they are
within regions that contain genes of interest for
resistance to biotic/abiotic stress or genes of
interest related to fruit quality and could be used
as potential markers to select for/against traits of
interest by the plant breeders.

Table 3. The number of polymorphic and monomorphic
loci corresponding to each ISSR primer used

Primer
Number of
polymorphic loci
Number of
monomorphic loci
Amplified fragments
sizes (bp)*
Resolving power

1370, 1360, 1320,
1080, 1050, 1020,
940, 890, 790, 740,
670, 650, 620, 600,
520, 500, 460
1630, 1600, 1490,
1440, 1200, 1170,
1150, 1000, 960,
880, 860, 800, 750,
740, 710, 605, 540,
430, 410, 380, 340
2160, 2110, 2060,
1860, 1520, 1570,
1400, 1370, 1340,
1240, 1200, 1180,
1080, 1040, 1000,
750, 720, 700, 600,
570, 550
2570, 2500, 2350,
2250, 2100, 2000,
1840, 1780, 1670,
1590, 1560, 1470,
1300, 1250, 1110,
950, 860, 800, 680,
640, 580, 570, 560,
420, 410, 300, 290
2440, 2400, 2300,
2180, 1800, 1700,
1610, 1500, 1340,
1050, 800, 770,
540, 530, 500

*Fragments written with bold letters represent
monomorphic loci. Fragments underlined represent
common markers for the hybrid studied and its maternal
genitor, the ‘Compact’ cultivar.

ISSR 2

ISSR 3 22 11.75

ISSR 5 21 12.25

ISSR 8 28 14.50

ISSR 9 15 7.25

The genetic variability of the genotypes under
study is reflected into the calculated Rogers’
genetic distances visible in Table 4. As
expected, the shortest genetic distance was
noted between the hybrid genotype and its
maternal genitor, the ‘Compact’ cultivar (0.52).



The longest genetic distance was noted between  cluster, the genotypes are grouped two by two.
the cultivars ‘Compact’ and ‘Prod’ (0.72). These In the first cluster, ‘Lax’ is coupled with ‘Prod’,
results are also apparent in the dendrogram  and ‘Vital’ with ‘Azur’, whereas in the second
presented in Figure 1. cluster, ‘Simultan’ is coupled with ‘Delicia’ and
The UPGMA dendrogram is grouping the eight  the hybrid with its maternal genitor, ‘Compact’.
genotypes studied into two clusters, and in each

Table 4. Rogers’ genetic distances calculated with the Bio-R software

Cultivar Lax Prod Vital Azur Simultan Delicia Compact Hybrid
Lax 0.00 0.64 0.67 0.69 0.65 0.63 0.66 0.57
Prod 0.64 0.00 0.63 0.66 0.69 0.68 0.62
Vital 0.67 0.63 0.00 0.60 0.65 0.71 0.66 0.68
Azur 0.69 0.66 0.60 0.00 0.61 0.64 0.70 0.61

Simultan 0.65 0.69 0.65 0.61 0.00 0.58 0.59 0.59

Delicia 0.63 0.68 0.71 0.64 0.58 0.00 0.59 0.54

Compact 0.66 ‘ 0.66 0.70 0.59 0.59 0.00

Hybrid 0.57 0.62 0.68 0.61 0.59 0.54 0.00

The shortest Roger’s genetic distance between varieties is marked with green, and the longest genetic distance is marked with blue.

Lax

Prod

Vital

Azur

Simultan
Delicia
Compact
Hibrid
R I—

(Compactx ?)

Figure 1. Dendrogram based on the ISSR data generated with the Bio-R software
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CONCLUSIONS

Five ISSR molecular markers were used to
assess the genetic variability among eight
blueberry genotypes, the shortest genetic
distance being observed between the hybrid
genotype and its maternal genitor, the
‘Compact’ variety, and the longest genetic
distance, observed between the cultivars ‘Prod’
and ‘Compact’.

Twelve amplified DNA fragments were
identified in the hybrid under study as regions
potentially inherited from the maternal genitor,
‘Compact’, fragments that should be assessed in
a future project for becoming putative markers
for traits of interest.

ACKNOWLEDGEMENTS

This work was supported by a grant of the
University of Agronomic Sciences and
Veterinary Medicine of Bucharest, project
number 2021-0030, acronym BlueBerryGene,
within IPC 2021.

REFERENCES

Afrin, S., Giampieri, F., Gasparrini, M., Forbes-
Hernandez, T. Y., Varela-Lopez, A., Quiles, J. L.,
Mezzetti, B., & Battino, M. (2016). Chemopreventive
and Therapeutic Effects of Edible Berries: A Focus on
Colon Cancer Prevention and Treatment. Molecules,
21(2), Article 2.
https://doi.org/10.3390/molecules21020169

Asanica, A. (2018). Sensorial evaluation of 26 highbush
blueberry varieties in Romania. Scientific Papers -
Series B, Horticulture, No.62, 181-186.

Bhatt, D. S., & Debnath, S. C. (2021). Genetic Diversity
of Blueberry Genotypes Estimated by Antioxidant
Properties and Molecular Markers. Antioxidants,
10(3), Article 3.
https://doi.org/10.3390/antiox 10030458

Bouyahya, A., Omari, N. E., EL Hachlafi, N., Jemly, M.
E., Hakkour, M., Balahbib, A., El Menyiy, N., Bakrim,
S., Naceiri Mrabti, H., Khouchlaa, A., Mahomoodally,
M. F., Catauro, M., Montesano, D., & Zengin, G.
(2022). Chemical Compounds of Berry-Derived
Polyphenols and Their Effects on Gut Microbiota,
Inflammation, and Cancer. Molecules, 27(10), Article
10. https://doi.org/10.3390/molecules27103286

Debnath, S. C., & An, D. (2019). Antioxidant properties
and structured biodiversity in a diverse set of wild
cranberry  clones.  Heliyon,  5(4), e01493.
https://doi.org/10.1016/j.heliyon.2019.e01493

Edger, P. P., lorizzo, M., Bassil, N. V., Benevenuto, J.,
Ferrdo, L. F. V., Giongo, L., Hummer, K., Lawas, L.

117

M. F., Leisner, C. P., Li, C., Munoz, P. R., Ashrafi, H.,
Atucha, A., Babiker, E. M., Canales, E., Chagné, D.,
DeVetter, L., Ehlenfeldt, M., Espley, R. V., ... Zalapa,
J. (2022). There and back again; historical perspective
and future directions for Vaccinium breeding and
research studies. Horticulture Research, uhac083.
https://doi.org/10.1093/hr/uhac083

Golovinskaia, O., & Wang, C.-K. (2021). Review of
Functional and Pharmacological Activities of Berries.
Molecules, 26(13), Article 13.
https://doi.org/10.3390/molecules26133904

Grover, A., & Sharma, P. C. (2016). Development and use
of molecular markers: Past and present. Critical
Reviews in  Biotechnology, 36(2), 290-302.
https://doi.org/10.3109/07388551.2014.959891

Gupta, P. K., Balyan, H. S., Sharma, P. C., & Ramesh, B.
(1996). Microsatellites in plants: A new class of
molecular markers. Current Science, 70(1), 45-54.

Hameed, A., Galli, M., Adamska-Patruno, E., Kretowski,
A., & Ciborowski, M. (2020). Select Polyphenol-Rich
Berry Consumption to Defer or Deter Diabetes and
Diabetes-Related Complications. Nutrients, 12(9),
Article 9. https://doi.org/10.3390/nu12092538

Iwata, H., Minamikawa, M. F., Kajiya-Kanegae, H.,
Ishimori, M., & Hayashi, T. (2016). Genomics-
assisted breeding in fruit trees. Breeding Science,
66(1), 100-115. https://doi.org/10.1270/jsbbs.66.100

Lobos, G. A., & Hancock, J. F. (2015). Breeding
blueberries for a changing global environment: A
review.  Frontiers in  Plant  Science, 6.
https://www frontiersin.org/articles/10.3389/fpls.201
5.00782

Nadeem, M. A., Nawaz, M. A., Shahid, M. Q., Dogan, Y.,
Comertpay, G., Yildiz, M., Hatipoglu, R., Ahmad, F.,
Alsaleh, A., Labhane, N., Ozkan, H., Chung, G., &
Baloch, F. S. (2018). DNA molecular markers in plant
breeding: Current status and recent advancements in
genomic selection and genome editing. Biotechnology
& Biotechnological Equipment, 32(2), 261-285.
https://doi.org/10.1080/13102818.2017.1400401

Pradeep Reddy, M., Sarla, N., & Siddig, E. A. (2002).
Inter simple sequence repeat (ISSR) polymorphism
and its application in plant breeding. Euphytica,
128(1), 9-17.
https://doi.org/10.1023/A:1020691618797

Prevost, A., & Wilkinson, M. J. (1999). A new system of
comparing PCR  primers applied to ISSR
fingerprinting of potato cultivars. Theoretical and
Applied Genetics, 98(1), 107-112.
https://doi.org/10.1007/s001220051046

Rodriguez-Bonilla, L., Williams, K. A., Rodriguez
Bonilla, F., Matusinec, D., Maule, A., Coe, K.,
Wiesman, E., Diaz-Garcia, L., & Zalapa, J. (2020).
The Genetic Diversity of Cranberry Crop Wild
Relatives, Vaccinium macrocarpon Aiton and V.
oxycoccos L., in the US, with Special Emphasis on
National Forests. Plants, 9(11), Article 11.
https://doi.org/10.3390/plants9111446

Vega-Polo, P., Cobo, M. M., Argudo, A., Gutierrez, B.,
Rowntree, J., & Torres, M. de L. (2020).



Characterizing the genetic diversity of the Andean
blueberry (Vaccinium floribundum Kunth.) across the
Ecuadorian Highlands. PLOS ONE, 15(12), €0243420.
https://doi.org/10.1371/journal.pone.0243420

Wang, Y., Gallegos, J. L., Haskell-Ramsay, C., & Lodge,
J. K. (2021). Effects of chronic consumption of

118

specific fruit (berries, citrus and cherries) on CVD risk
factors: A systematic review and meta-analysis of
randomised controlled trials. European Journal of
Nutrition, 60(2), 615-639.
https://doi.org/10.1007/s00394-020-02299-w



Scientific Papers. Series B, Horticulture. Vol. LXVII, No. 2, 2023
Print ISSN 2285-5653, CD-ROM ISSN 2285-5661, Online ISSN 2286-1580, ISSN-L 2285-5653

PERSPECTIVE GENOTYPES FROM CHAENOMELES SP. LINDL.
FOR FRUIT PRODUCTION

Teodora MIHOVA, Petko MINKOYV, Georgi POPSKI, Boryana STEFANOVA,
Silvena TODOROVA

Agricultural Academy, Research Institute of Mountain Stockbreeding and Agriculture Troyan,
281 Vasil Levski Str., Troyan, Bulgaria

Corresponding author email: teodora.mihova@gmail.com

Abstract

Japanese quince (Chaenomeles sp. Lindl.) is fruit-medicine plant that is getting attention in the last year in Bulgaria. It
has valuable nutritional, dietary and medicinal qualities and deserves to be introduced into culture in Bulgaria. The
experiment was conducted in the three-year period (2018-2020) in the collection of RIMSA Troyan, Bulgaria. The
reproductive characteristics of the perspective for fruit production genotypes were studied with an average yield higher
than 3.5 kg per plant. They were followed also by fruit weight and biochemical compounds. During the period of the
study genotype SCH4 was with the highest average yield (6.88 kg), followed by SCH3 (5.09 kg). The thornless genotype

SCH 6 is with the lowest yield (3.71 kg).

Key words: Chaenomeles sp. Lindl., Japanese quince, phenology, fruits, yield, Bulgaria.

INTRODUCTION

In recent years, there has been an increasing
interest in preserving and researching the gene
pool of both cultivated and wild species,
including those with ornamental and medicinal
value. Additionally, there has been a focus on
developing products derived from these
species. The study of local genotypes enables
the identification of species for the purpose of
safeguarding, conserving, and enhancing the
biological diversity of the local flora
(Mezhenskyj, 2004; Minkov, 2012; Stoyanova
et al., 2014; Kikindonov et al., 2017; Kizekova
et al., 2017). One of these plants is the Japanese
quince  (Chaenomeles sp.), which was
distributed in Europe since the end of the IX
century. Chaenomeles is a perennial plant in
the family Rosaceae, subfamily Maloideae,
which originates from East Asia. Weber (1963;
1964). had a great deal of credit for the
botanical study of this plant species. He
identified and described significant taxonomic
diversity, including four species and four
interspecies hybrids According the current
changes of the climate, Japanese quince
(Chaenomeles sp. Lindl.) is a promising crop
due to its increased resistance to cold and
drought. In light of environmental pollution
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and rising population morbidity rates, plants
containing biologically active substances with

adaptogenic, antimutagenic,
immunomodulating, and geroprotective
properties  are  particularly  important.

Chaenomeles sp. Lindl., species and hybrids
native to China, Japan, and Tibet, are one such
source of valuable substances. Among these,
Ch. japonica and Ch. x superba (Frahm.) Rehd.
are the most widespread, thanks to their high
resistance to cold and drought. In Japan, Korea
and China, it has been grown and used for
centuries as a food, medicine, ornamental plant
(Mezhenskyj, 2015; Sahin, 2020; Turkiewicz et
al., 2020).

The fruits have different shapes, weight and are
rich in chemical composition. They are used in
the food and pharmaceutical industries
(Mezhenskyj,  2009;  Rumpunen, 2010;
Nahorska et al., 2014; Kaufmane and Ruisa,
2018). Some genotypes fruits, which can weigh
up to 150 g which are a valuable raw material
for the food processing, pharmaceutical, and
perfume industries due to their rich chemical
composition. Moreover, Japanese quince can
provide raw material for industry quickly and
affordably, meeting contemporary ecological
production standards. Chaenomeles sp. Lindl.
is characterized by early onset of fruit-bearing,



high yield (up to 2-10 kg per shrub), high
ecological plasticity, resistance to pests and
diseases, and low production costs (Komar-
Temnaya et al., 2001; Rumpunen, 2002;
Mezhenskyj et al, 2019). According to
Rumpunen and Garansson's research in 2003,
the fruits of Chaenomeles sp. have excellent
qualities and are well-received by consumers in
various products such as ice cream, lemonade,
jam and ext.

Chaenomeles sp. has been a popular
ornamental plant in Bulgaria since the late 19th
and early 20th century, as documented by
Mondeshka (2005) and Mihova (2016).
However, it has only gained popularity as a
fruit crop in recent years.

The aim of the present study was to examine
the perspective genotypes Chaenomeles sp.
Lindl. distinguished by a series of valuable
economic qualities.

MATERIALS AND METHODS

The study was conducted during 2015-2019 at
the RIMSA Troyan collection plantation of
Chaenomeles sp. to explore the available
genetic resources. The study focused on six
genotypes from seedlings that were obtained
through open pollination and had valuable

qualities. The soil preparation for new
plantations involved the trench method with
local stocking organic fertilization, and the
used planting scheme was 2.5 m/Im. The
shrubs were grown without irrigation; with
natural grassed inter rows that were mowed
several times depending on the rainfall during
the vegetation period (Table 1). The study
examined

The following indicators were studied:
Phenological calendar (according to BBCH
scale):

- onset of vegetation;

- onset of flowering;

- full flowering;

- end of flowering;

- picking ripeness of fruit;

- harvest.

Reproductive indicators:

- average fruit weight (g);

- yield per shrub (kg).

In terms of rainfall, the area of Troyan is within
the average rainfall for the country, which
varies around 410 I/m? for the period from
March to August.

The data analyses were conducted by Lidanski
(1998) and programs by Microsoft Excel.
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Figure 1. Climatic factors: temperature (°C), precipitation (mm), air humidity (g/m?).

RESULTS AND DISCUSSIONS

Throughout the study period, it was observed
that all selected genotypes of Chaenomeles sp.
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initiated their vegetation simultaneously. The
vegetation of the six genotypes, began between
March 5th to 10th, to the unusually warm
weather during the first few months of 2015,



which had an average temperature of 7.5°C in
March (Table 1). The earliest bud bursting
occurred on in genotype SCHS in 2015, and on

February 28th in 2017, while the latest was
observed on April 1st in genotype SCHI in
2012.

Table 1.Phenology of selected genotypes of Chaenomeles sp (acording to BBCH scale)

Genotypes Year BBCH (01) BBCH(61) BBCH (65 BBCH (69) BBCH (87)

2015 10 .03 15 .04 26 .04 11 .05 15 .10

2016 18 .03 22 04 25 .04 15 .05 07 .10

SCHI 2017 13 .03 26 .04 29 .04 14 .05 07 .10
2018 28 .03 19 .04 27 .04 10 .05 03 .10

2019 01 .04 21 .04 27 .04 03 .05 29 .09

2015 10 .03 16 .04 24 .04 12 .05 15 .10

2016 20 .03 22 .04 25 .04 12 .05 07 .10

SCH2 2017 12 .03 23 04 28..04 15 .05 07 .10
2018 28 .03 19 .04 27 .04 10 .05 03 .10

2019 03 .04 26 .04 29 .04 5 .05 22 .09

2015 05 .03 07 .04 20 .04 10 .05 05 .10

2016 08 .03 14 .04 20 .04 16 .05 07 .10

SCH3 2017 08 .03 10 .04 19 .04 17 .05 07 .10
2018 03 .03 12 .04 18 .04 5 .05 01 .10

2019 27 .03 19 .04 27 .04 10 .05 27 .09

2015 09 .03 15 .04 22 04 10 .05 17 .10

2016 18 .03 20 .04 24 .04 11 .05 26 .10

S4 2017 09 .03 26 .04 29 .04 13 .05 26 .10
2018 26 .03 14 .04 25 .04 10 .05 29 .10

2019 27 .03 18 .04 25 .04 03 .05 01 .10

2015 16 .02 06 .04 16 .04 10 .05 15 .10

2016 05 .03 10 .04 22 04 11 .05 20 .10

SCH5 2017 28 .02 03 .04 18 .04 11 .05 20 .10
2018 15 .03 10 .04 19 .04 06 .05 29 .09

2019 20 .03 11 .04 24 .04 03 .05 01 .10

2015 10 .03 13 .04 24 .04 10 .05 29 .10

2016 13 .03 20 .04 23 .04 12 .05 10 .10

SCH6 2017 11 .03 13 .04 19 .04 13 .05 10 .10
2018 27 .03 22 .04 28 .04 10 .05 03 .10

2019 29 .03 16 .04 25 .04 02 .05 24 .09

The onset of vegetation varied within wider
limits in 2016 and 2017. Genotype SCHS
showed the earliest onset of vegetation, ranging
from 28th February (2017) to 5th March
(2016), while genotype SCH2 showed the latest
onset, on 20th March in 2016. In the last two
years of the experiment, all genotypes except
SCHS5 entered into vegetation at the same time,
towards the end of March and on 1st April
(Table 1).

Genotype SCHS5 was found to be an early
flowering genotype as it began to bloom first in
all five years of the experiment, with flowering
starting by 11th April. Genotype SCH3
followed, with flowering beginning in the
second ten days of April, except in 2015
(Figure 2).
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The results of the study show that the onset of
vegetation and flowering, as well as the yield
of fruits, vary among different genotypes of
Chaenomeles sp. The earliest bud bursting and
flowering was observed in genotype SCHS,
which also had the highest yield of fruits in
2016. Genotype SCH4 also showed high yield
in 2016, which could be due to the high
precipitation in September of that year.
Flowering started in the second half of April in
all years of the experiment in genotypes SCH1,
SCH2, SCH4 and SCH6 with few exceptions.
The period of full flowering from the initial
began three days after the opening of the first
blooms in genotype SCH1 (in 2010); SCH2 (in
2009 and 2012); SCH4 (in 2010) and SCH6 (in
2010) to thirty days in genotype SCH3 in 2008



and SCHS in 2012. Only in genotype SCH5 in
2009 the full flowering started 16 days after the
onset of flowering.

Fruits from genotypes SCH1, SCH2 and SCH3
reached picking ripeness in the first ten days of
October in 2008, 2009, 2010 and 2011. They
ripened at the end of September only in 2012

because in July and August that year the
average month temperature reached the record-
breaking values of 24.2°C and 32.3°C,
respectively. In the rest three genotypes -
SCH4, SCHS5 and SCH6 fruits were harvested
3-4 weeks later.
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Figure 2. Phenogram of selected genotypes of Chaenomeles sp.
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Figure 3. Weight of fruits of the studied genotypes of Chaenomeles sp. (g)

The study also notes the effect of climate
factors, such as temperature and precipitation,
on the growth and yield of Chaenomeles sp.
For example, the warm weather in March 2015
resulted in earlier onset of vegetation and
flowering, while the high temperatures in July
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and August 2012 resulted in earlier ripening of
fruits. The study provides valuable information
for breeders and growers of Chaenomeles sp. in
selecting and managing genotypes for optimal
growth and yield under different environmental
conditions.




10.00

9.00

7.00

6.00

5.00

3.00

2.00

1.00

0.00

min

max

Schl Sch2

= Average yie
Sch3

—

Scha Sch5 Sché

Analysis of variance (ANOVA): LSD 0.05 - 2.57 ;LSD 0.01 - 3.46; LSD 0.0 01 - 4.58

Figure 4. Yield from a shrub of the studied genotypes of Chaenomeles sp. (kg)

The fruits of the investigated genotypes of
Japanese quince exhibit differences in their
shape, color, and size. Among the genotypes
studied, Sch4 and Sch6 had the highest average
fruit weight, both weighing around 60 g. On the
other hand, genotypes SCH3 and SCH1 had the
medium fruits, weighing 38.08 g and 40.59 g,
respectively (Figure 3).

CONCLUSIONS

The studied genotypes of Chaenomeles sp.

Lindl. demonstrate notable differences in
various parameters. There is considerable
variation in  reproductive  characteristics,

including fruit weight and yield per shrub.
Additionally, there are significant differences
in the timing of the phenologycal stages: the

onset of vegetation, flowering, and fruit
harvest, with a wide interval between
genotypes.

Among the studied genotypes, SCH4 and
SCHS stands out as highly productive, while
SCH3, and SCH6 are moderately fruitful.
Notably, genotype SCH4 appears to be the
most promising for cultivation in the Troyan
region, based on the study results.

Based on the study results, it can be inferred
that the Chaenomeles sp. plant can grow and
produce fruit successfully in the Central Balkan
Mountains region.

Additionally, the research indicate that
Chaenomeles sp. is relatively undemanding in
terms of soil and plant protection requirements.
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Abstract

The study was conducted in the towns of Troyan and Apriltsi and the nearby villages and hamlets in the Central Balkan
Mountain. During the expedition research, heirloom local apple cultivars and forms threatened with extinction were
discovered, marked and described. Their reproductive characteristics were studied. A large genotypic diversity of the
genus Malus, L. have been observed. The complex of agroecological conditions favours the growth, and longevity of the
apple trees. Most discovered and described trees are more than 100 years old, more than 15 m tall and more. The trees
bear fruit abundantly, but there is a tendency to alternate their fruit bearing. The subject of the present study are 11
late-ripening valuable cultivars with large-size fruit threatened with extinction, such as ‘Kandile’ - 129.51 g, ‘Sadova
Perusha’ - 108.07 g, etc., with the aim of studying their morphological, pomological and reproductive characteristics.
It has been found that most of them are distinguished by an attractive appearance, intensely coloured fruit skin and
valuable nutritional and dietary qualities. Their long-term storage under home conditions is also a valuable quality.

Key words: apple, gene pool, local cultivars and forms, biometric, physicochemia of fruit.

INTRODUCTION ensure that generations from now do not think
of ‘Red Delicious’ (or even the much-hyped
In the recent and distant past, apples were ‘Honeycrisp’) as everything an apple can be in

consumed fresh and mostly processed, dried or terms of taste, texture, shelf life and use, work
made into cider, vinegar or applesauce. People must be done to restore apple diversity to our
have cultivated cultivars specially suited for farms, backyard orchards, restaurants and home
specific purposes. The fruits range from crispy  tables.

to floury, from very tart to extremely sweet, Despite historical losses, unique apples are still
from juicy to dry, and each has its best  being found. Historic North American apple
application. If the skin of an apple is tough and (Malus domestica) orchards that flourished in
waxy, or brown and rough, it keeps well the late 19th and early 20th centuries, with
because this prevents the flesh from drying out. cultivars different from today's orchards, are
Today, some old ‘Golden Delicious’, disappearing. There are several reasons for this
‘Jonathan’ and ‘Mclntosh’ cultivars are on the loss: tree aging, tree maintenance costs, and
market as more widely available, but there is urbanization. Many groups have compiled local
not enough demand for most heirloom apples knowledge of apple history and horticulture
to make commercial production worthwhile. using both  phenotypic and genotypic
For example, apples that are red, with spotted  identification = methods, as (1) some
skin, rust, or completely covered with a rough characteristics are highly variable with
texture are not considered pretty, but the taste location, tree age, rootstock, etc.; (2) many
of many of them is amazing. The bad news is cultivars are phenotypically similar; (3) there
that the number of apple cultivars considered at are many cultivar synonyms (i.e., same cultivar
risk of being lost to the wild and from the food  but different names) that are not fully realized
table is greater than for any other type of food. until genotypically proven; (4) information is
To reverse this trend of loss of diversity in the  missing or scarce for some heirloom cultivars
market for one of our most beloved fruits and (Wallis et al., 2023).

125



The interest in preserving the apple diversity
requires to find the places where the cultivars
remain unique and growing them in situ or ex
Situ.

Kiprijanovski et al. (2020), presents the
pomological, qualitative and organoleptic
properties of 13 autochthonous cultivars, such
as: ‘Kolacara’, ‘Ciganka’, ‘Kojce’, ‘Crveno
pote’, ‘PaSinka’, ‘Karapasa’, ‘Sareno blago’,
‘Alamanka’, ‘Pariska palma’, ‘Djulabija’,
‘Zvecarka’, ‘Tetovka’ and ‘Avajlija’, with the
cultivar ‘Golden Delicious’ as reference. Some
of them deserve to be grown in traditional
orchards in typical rural areas, with reduced use
of chemicals and in environmental protection
programs. Others of these cultivars do not have
much economic and agronomic value, but this
local gene pool is of great sociocultural
importance and the cultivars should be
preserved in in situ collections.

Duralija et al. (2021) reported the long tradition
of fruit growing in the Republic of Croatia, due
to its geographical location, climatic conditions
and high quality of fruit crops, there is a
growing demand for functional foods obtained
from autochthonous and traditional plant
sources, as they are recognized as a very
valuable source of healthy Dbioactive
ingredients. Heirloom apple cultivars (Malus
domestica Borkh.) are characterized by good
morphological and pomological properties, less
need for chemicals during cultivation and a
higher proportion of biologically active
compounds (BACs). They have better sensory
acceptability  compared to  commercial
cultivars. However, their nutritional and
biological potential, as well as their ability to
be processed into functional food, is
underestimated. Conserving heirloom apple
cultivars and their cultivation importance
through innovative strategies can successfully
incorporate them into future selection
programs.

Musacchi & Serra (2018) assessed the impacts
and potential of both environmental conditions
and agronomic factors. Environmental and
agronomic factors throughout the vegetation
have a strongly impact on the final quality of
apples, including  nutritional ~ aspects.
Temperature and light modify colour quality
and dry matter accumulation, but can also
cause the unwanted effect of sunburn. Orchard
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design, shaping, and pruning can dramatically
affect fruit skin colour and fruit maturity. Crop
load and thinning can determine physiological
adjustments that favour fruit dry matter
accumulation. Watering and nutrition can
change the colour and chemical composition of
fruit flesh.

For apple storage, it is known that the later the
ripening period, the firmer the fruit flesh and
the better and longer the fruit will be stored.
Early ripening apples have soft flesh and do not
store well. Fruits that are not fully ripe are
selected for storage when the seeds are just

starting to colour, as for best results
temperature and humidity conditions are
controlled.

With the spread of commercial apple cultivars
since the second half of the last century,
hundreds of different local cultivars quickly
disappeared from orchards, and the specific
quality characteristics of these fruits are still at
risk of being lost today. From the 1920s to the
1960s, they were the main part of the apple
cultivar type in Bulgaria. As a result of the
introduction of new cultivars of American and
European selection, their cultivation and
distribution is decreasing and they are
threatened with almost complete extinction.
These cultivars are very well adapted to the
agroecological conditions of the Central Balkan
Mountain region, the fruits are large-sized with
very good taste qualities, good attractive
appearance, suitable for long-term storage,
relatively resistant to diseases and enemies,
which requires them to be sought out, stored
and studied. They are suitable for non-
conventional orchards, family farms, as well as
for selection programs, to improve some of
their qualities (Vitkov, 2015; Dzhuvinov et al.,
2016).

This genetic diversity is a huge resource that
could be used in selection programs that seek
high yields, good fruit characteristics, tolerance
to diseases and pests, as well as to abiotic
environmental factors. To exploit this wealth,
efforts should be made to survey different areas
to select desirable types for establishing gene
stocks (Ercisli et al., 2006).

The objective of the present research is the
preservation and study of the valuable local
apple cultivars, adapted to the agroecological
conditions of the Central Balkan Mountain



region, with large-sized fruits, with very good
taste qualities, suitable for fresh consumption
and processing and resistant to diseases and
enemies.

MATERIALS AND METHODS

During the expedition research in the Central
Balkan Mountain region, the towns of Troyan
and Apriltsi and their adjacent villages and
hamlets, at an altitude of 600 to 1100 m, old
local apple cultivars threatened with extinction
were discovered, marked and described.

The trees are over 100 years old, with a large
trunk circumference (over 1.5 m), crown height
over 15 m, with good vitality. They are grafted
at a height of 30-40 cm from the ground, and
some species at 1.20-2.00 m. The shape of the
crowns varies from globose to freely growing
cone-shaped. The trees bear fruit abundantly,
but there is a distinct alternateness. Marked
trees are found as a seperate specimen or in
abandoned old orchards, along small hamlets,
often overgrown with forest vegetation, without
application of agrotechnical and pomological
measures. Drying is often observed on the
trunk and crown.
The following
account:

e Reproductive - fruit weight (g), fruit size
(mm) (height and average diameter) and fruit
stalk (mm)

The terminal (king) fruit should be excluded
from the sample (UPOV 2005) Observations on
the fruit should be made on 10 typical fruits
taken from a minimum sample of 20 fruits, at
the time of ripeness for eating.

e Dry matter - with refractometer RHB-32
with a range of 0.0-32.0% (Brix %)

Density (firmness) of fruit flesh (kgf/cm?) -
determined with a digital penetrometer FHT-15
(3.5 mm), by measuring both sides of 25
randomly selected fruits. The fruit skin of the
measured fruits was removed.

Pomological characteristics —

sensory analysis (taste, aroma)

colour coordinates L - colour brightness;
+a - red color; -a - green color; +b - yellow
color -b - blue colour measured with Color

indicators are taken into
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meter CM-200S, reported according to the CIE
Lab system of the fruit skin. A/b colour tone
quality indicator was calculated.

e A visual assessment was made of the
attitude of the observed cultivars to the
economically significant diseases, such as
apple scab and powdery mildew on leaves and
fruits. Low susceptibility based on single spots
or absence of spots by the apple scab on leaves
and fruit was reported and no powdery mildew
symptoms were detected.

RESULTS AND DISCUSSIONS

According to the Guidelines for the Conduct of
Tests for Distinctness, Uniformity and Stability
(UPOV 2005), the determination of fruit size is
divided into 9 groups. The cultivars included in
the present study are large-sized in the
categories from medium (5) ‘Cox’s Orange
Pippin’) to very large (8) ‘Bramley’s
Seedling’).

The fruits of ‘Red Winter Calvil’ (229.7 g) and
‘Winter Green’ (196.2 g) had the largest size,
followed by ‘Bukhavitsa’ and ‘Perusha’ (about
187 g). ‘Garden Feather’ and ‘Ribstone Pippin’
had the smallest fruit (108 g). Accordingly,
fruit height was 68 mm in the largest, but the
largest average diameter was registered in ‘Red
Winter Calvile’ (82 mm), whereas in ‘Winter
Green’ it was only 46 mm, which gives an
elongated shape to the fruit of this cultivar.
‘Perusha’ (81.4 mm) and ‘Gankovata’ (76.3
mm) had a larger average diameter. According
to UPOV (2005), the shape of the fruits of most
of the studied cultivars is (7) obloid, for
example, ‘Sadova Perusha’, ‘Ribston Pippin’,
‘Red Winter Calville’. The fruit shape of the
cultivars ‘Kandile’, ‘Buhavitsa’ is (6) globose,
‘Winter green’ is (2) conic (Table 1).

The length of the fruit stalk is a characteristic
pomological indicator for each cultivar. It is
significant for the better appearance of the fruit,
it gives a better opportunity for exposure to the
sun and a longer time remaining on the tree.
Apples with a longer stalk are more preferred
by traders, as it favours storage capability. The
fruits of ‘Winter green’ and ‘Chardachka’ had
the longest stalks (20-22 mm) (Table 1).



Table 1. Biometric characteristics of fruits

Cultivar Fruit weight Height Diameter Fruit: general Frllélrtlgsttﬁlk
(® (mm) (mm) shape (mm)
X «£St.Dev. X4+ St. Dev. X = St. Dev. X + St. Dev.
Candle 129.50+£27.58  55.15+4.89  48.81+4.13 Globose (6) 13.84+4.41
Sadova perusha 108.07+£29.02  53.46+6.08  64.48+4.81 Obloid (7) 9.87+2.58
Buhavica 185.79+£29.50  63.90+2.49  76.62+3.03 Globose (6) 18.59+4.13
Perusha 187.08+37.61  62.82+4.38 81.42+5.58 Obloid (7) 9.10+1.19
Ribstone Pepin 108.45+12.3 54.51+4.44  63.34+1.78 Obloid (7) 15.77+1.19
Red Winter Calville 229.71+£73.94  67.76+6.62 82.24+7.20 Obloid (7) 16.74+5.30
Winter green 196.19+£10.50  68.03+2.07  46.16+0.87 Conic (2) 22.01+6.60
Chardachka 112.53+11.34  54.86+£2.52  70.22+2.69 Conic (2) 19.73£2.92
Gankovata 145.834+4.73 59.05+0.83 76.36+£0.23 Obloid (7) 15.61£2.35
Chichovata 115.79£19.40  53.16+4.03 67.42+3.54 Globose (6) 12.59+4.72
Tsar Alexander 153.34+42.08  56.35£5.90  72.92+6.49 Globose (6) 15.92+£3.76
LSD 0.05 43.67 5.86 5.66 5.10
LSD 0.001 76.74 10.3 9.94 8.96
A main characteristic of the sensory analysis is Delicious’, excessive red colour is an

the colour of the fruit skin. The cultivars, such
as ‘Kandile’, ‘Perusha’, ‘Winter green’ and
‘Chichovata’ have a green main colour, some
of them with white dots (‘Perusha’ and ‘Winter
green’), and others with a blush on the exposed
side (‘Red Winter’ ‘Calvil’ and ‘Gankovata’),
as ‘Perusha’ is with more pronounced rusts.

The cultivars ‘Buhavitsa’, ‘Ribston Pippin’ and
‘Chardachka’ have a red main colour (Table 2).
Skin colour is fundamental in apple production
as a grading criterion. Many of the most
cultivated apple cultivars are two-tone skin
color, with a varying range of intensity and
quality of red rind colour. Most of the world's
apple production is based on mutations of
original cultivars such as ‘Gala’, ‘Delicious’ or
‘Fuji’ (Musacchi & Serra, 2018). In automated
fruit sorting, machines are usually set to sort
based on the percentage of red colouring on the
surface of the fruit, such as 'Modi®' and 'Demi
Rouge™', with more than 70% dense red and
40 to 70% shades of over colour. For some
cultivars, such as ‘Granny Smith’ and ‘Golden
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undesirable quality for the market and highly
red apples decrease their commercial value
(Musacchi & Serra, 2018).

The fruit flesh is usually white (1 ‘Akane’,
‘Spartan’) ‘Kandile’, ‘Perusha’,
‘Chardachka’, ‘Tsar Alexander’; in the rest it is
greenish (4 ‘Gloster’, ‘Granny Smith’) and
rarely cream-coloured (2 ‘Jonagold’) (UPOV
2005), which is characteristic of the newer
selected cultivars. The fruit flesh of ‘Kandile’,
‘Buhavitsa’, ‘Ribston Pippin’, ‘Chichovata’ is
dense, whereas the rest of the cultivars are soft.
The fruits of the observed cultivars are
distinguished by juicy flesh. It is rather acidic
in ‘Sadova perusha’ and ‘Winter green’ to
sweet in ‘Chardachka’ and ‘Chichova’.

The cultivars, such as ‘Kandile’, ‘Tsar
Aleksandar’, ‘Chichovata’ have a pronounced
intense aroma, whereas ‘Buhavitsa’, ‘Perusha’,
‘Ribston Pippin’ are without aroma.

The researched cultivars satisfy both tastes of
both types of consumers of acidic and sweet
fruits.



Table 2. Pomological description of the cultivars

Cultivar Colouring of fruit, taste qualities
Fruit skin: green with blush and red non-broken vertical strikes, thick.
Kandile Fruit flesh: white, juicy, grainy structure, dense, slightly acid without a pronounced aroma,
refreshing.
Sadova Fruit skin: green with blush, dense, thick.
perusha Fruit flesh: greenish, soft, juicy, rather acid, without aroma.
Fruit skin: red broken and non-broken darker stipes, with waxing coat, dense, tough, not very thick.
Buhavica Fruit flesh: grenish, crispy, dense, comparatively tender with crystalline structure, juicy, slightly
acid, without aroma.
Fruit skin: yellowish-green with grey spots and rust around the stalk, thick with wax coating.
Perusha Fruit flesh: white, soft, slightly floury, dry, sweet, without aroma.
. Fruit skin: red with broken vertical darker stripes with white spots and a green cloud around the
11:1;);:?111 bottom part. Thick, tough, dense.
Fruit flesh: greenish, dense, slightly juicy, slightly fibre-like, firm, rather acid without aroma.
) Fruit skin: yellowish-green with an intense red over color and darker non-broken vertical red stripes,
gz;ivi\?{;mer sprinkled with white dots, relatively thick, dense with a light wax coating.

Fruit flesh: yellowish-green, juicy, crispy, slightly acid, with very good taste.

Fruit skin: green with white spots, thick, covered with a wax coating.

Winter green

Fruit flesh: green with grain structure, juicy, rather acid but not tough.

Fruit skin: red in non-broken stripes with white spots, glossy, thin, tough.

Chardachka Fruit flesh: white, soft, slightly floury, dry, sweet, without aroma.
Fruit skin: yellow with a blush on the sunlit side, thin, dense, tough.
Gankovata Fruit flesh: white, soft, slightly mealy, juicy, sweet with an interesting aroma.
. Fruit skin: green with red clouds and darker red non-broken stripes, thick, firm.
Chichovata Fruit flesh: green, dense, slightly tough, juicy, sweet with aroma.
Tsar Fruit skin: red with dark red broken stripes and yellowish colouring on the dark side.
Alexander Fruit flesh: white, soft, tender, fine, juicy, aromatic, slightly acid.

In the present study, the colour coordinates L -
colour brightness were measured; +a - red

colour; -a - green colour; +b - yellow colour;
-b - blue colour (Table 3).

Table 3. Fruit colour parameters

L a b a/b

Kandile 57.73 9.14 40.88 0.32
Sadova perusha 71.74 -6.09 63.42 7.92
Buhavica 57.58 11.92 51.44 0.28
Perusha 74.68 1.95 119.22 0.02
Ribston Pippin 52.14 18.60 52.48 0.43
Red Winter Calville 56.79 11.38 57.49 0.24
Winter green 66.26 -1.61 79.88 -0.02
Chardachka 52.27 14.34 48.56 0.34
Gankovata 62.55 0.78 62.85 0.01
Chichovata 62.36 -0.48 44.88 0.04
Tsar Alexander 66.08 2.43 39.27 0.11

LSD 0.05 11.70 11.93 14.04

LSD 0.01 15.62 19.03 16.04

Regarding the brightness of the skin, the
highest value was recorded for the fruits of
‘Perusha’ (L = 74.68), in which the yellow
colour (b = 119.22) was the most dominant.
High brightness values are also found in
‘Sadova perusha’ (L = 71.74), Winter green
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and ‘Tsar Alexander’ (L = 66), and with the
lowest value L 52.14 are the fruits of
‘Ribston Pippin’, in which the red color (a =
18.60) is the most pronounced. The ‘Sadova
perusha’ cultivar had the largest negative value
(-a=6.09), defining the ‘Green colour’.



The qualitative indicator colour tone a/b
(dominant wavelength) had the highest value
for the fruits of ‘Sadova perusha’ (7.92).
Soluble dry matter (Brix%) was recorded in
two periods - after fruit harvesting and 10 days
after storage in uncontrolled conditions. The
highest values (16.8 and 17% were recorded for
‘Perusha’ and ‘Gankova’, as after their storage
they also had the highest values, but the change
is very small (0.5% to 1%), compared to
cultivars that have increased the dry matter
after storage to more than 3%. These are
‘Winter green’, ‘Chichovata’ and ‘Kandile’
(Figure 1).

According to Hoehn (2003), soluble solids
content, firmness, and acidity are important
factors determining the nutritional quality of
apples. Tests with consumers have confirmed
that acceptance can be predicted by
instrumental measurements of total soluble
solids (refractometer). ‘Golden Delicious’ of
acceptable eating quality should reach a
minimum of 12° Brix for total soluble solids.
The highest values for fruit firmness were

measured in the ‘Chichovata’ with 14.44
(kgf/em?) and “‘Gankovata’® with 13.48
(kgf/cm?)  varieties  (Figure 1), which

corresponds to the sensory analysis according
to Table 2. An intermediate position is
occupied by ‘Red Winter Calville’,
‘Chardachka’ and ‘Ribston Pippin’, as with the
smallest value for fruit firmness are ‘Kandile’
and ‘Sadova perusha’.
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High dry matter cultivars also have firmer fruit,
except for ‘Kandile’, which has 17% dry matter
and a firmness of 7.62 kgf/cm?.

Softer fruits have a lower percentage of soluble
solids. Based on this density, cultivars are
defined as transportable and suitable for longer
term storage.

The importance of combining instrumental
methods (objective) with sensory methods
(subjective) in the assessment of fruit quality,
gives reliable and efficient information about
how they are perceived by the consumer.
Harker et al. (2002) considered that consumer
acceptance of ‘Gala’ and ‘Elstar’ appeared to
be less dependent on firmness, soluble solids
content and acidity, but dependent on flavour
quality and juiciness. In this regard, future
storage optimization should take into account
aroma aspects.

Tests with consumers have shown that liking
can be predicted by instrumental measurements
of total soluble solids (refractometer), titratable
acidity and hardness. ‘Golden Delicious’ can
be accepted if it reaches a minimum of 12°
Brix, a minimum acidity of 3.2 g/l and a
minimum hardness reading of 44 N. For
‘Elstar’, hardness should exceed 46 N and
soluble solids should be above 12° Brix.
‘Elstar’ with acidity below 4.0 g/l or high
acidity (> 6.5 g/l) did not appeal to consumers
(Hoehn et al., 2003).

X
X2

B | harvest maturity (soluble solids (Brix%) Ml storage 10 days (soluble solids (Brix%)

firmness of flesh(kgf/cm2)

Figure 1. Soluble dry matter (Brix %) and fruit flesh firmness (kgf/cm?)

A visual assessment was made of the attitude of
the observed cultivars to the economically
significant diseases, such as apple scab and
powdery mildew on leaves and fruits. Low

susceptibility based on single spots or absence
of scab spots on leaves and fruit was reported
and no powdery mildew symptoms were
detected.
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CONCLUSIONS

Based on the results of the present study, it was
found that the 11 apple cultivars studied in
terms of their fruit quality characteristics (size,
weight, flesh firmness, appearance, taste, etc.)
were not inferior to the standard ‘Golden
Delicious’ and ‘Granny Smith’ cultivars.

The largest are the fruits of the ‘Red Winter
Calvil’ (229.7 g) and ‘Winter Green’ (196.2 g),
the shape of the fruit of most cultivars is
obloid, the main colour of the fruit skin varies
from green, yellowish-green to red. The fruit
flesh is mainly white and green and their
shades, some varieties have a pronounced
aroma, others are without aroma.

The highest values of dry matter with 16.8 and
17% were reported in the fruits of the ‘Perusha’
and ‘Gankova’ cultivars, during ripening stage
and after storage for 10 days, and for fruit
firmness in the ‘Chichovata’ with 14.44
(kgf/cm?) and ‘Gankova’ with 13.48 (kgf/cm?).
The ‘Winter green’ cultivar could successfully
replace the most common, cultivated and
preferred ‘Granny Smith’ apple, in small
family farms for sustainable and organic
farming and non-conventional plantations.

We recommend the cultivarss we are
considering to complement the apple
assortment under the conditions of the Pre-
Balkan Mountain. Their inclusion in selection
programs can influence their biological
potential and deservedly gain a wider
distribution.

We identified promising cultivars best suited
for fresh consumption and commercial
cultivation, such as ‘Tsar Alexander’, ‘Winter
Green’, ‘Red Winter Calvil’. The rest are
suitable both for fresh consumption and for
processing (drying, sweet, distillates), and all
cultivars of the group are subject to long-term
storage, with the exception of ‘Tsar
Alexander’.
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Abstract

The intercropping system promotes biological interactions, increasing plant resources efficiency such as nutrients, water
and light use. The study was carried out in polytunnels using the organic Amandine® strawberry variety in the Baragan
plain, in the southeast of Romania. Along the polytunnel’s pole lines, Borago officinalis L. flower strip was seeded. For
soil sampling were chosen two moments (April and October 2022) and were analysed the following physicochemical and
microbiological parameters: pH, electrical conductivity, total soluble salts, total carbon and nitrogen and total number
of bacteria and fungi. The results pointed out that the number of bacteria in the soil covered with flower strips increased
significantly during the vegetation period for borage strips. In addition, Borage proved to be a companion species that
inhibit weeds growth successfully, including in high infestation of Johnsongrass. After the first year, no significant
differences regarding the soil physicochemical properties between the sampling periods were noticed.

Key words: flower strip, intercropping, soil health, strawberries, Borago officinalis L.

INTRODUCTION

The strawberry (Fragaria x ananassa Duch.) is
a fruit species cultivated worldwide, their fruits
being highly appreciated not only for the unique
taste but also for the height content in bioactive
ingredients and nutrients, and health benefits
(Dane et al., 2019; Giampieri et al., 2012;
Tulipani et al., 2008; Yang et al., 2020; Mitoi et
al., 2022). At the same time, the number of
consumers looking for nutritious food and
pesticide-residue-free or organically produced
berries is increasing. As a result of the need to
combat climate change and the demand for
wholesome products, it is imperative for farmers
to discover effective methods to create
innovative and resilient agricultural strategies.
These strategies should be focused on
maintaining berry production while
simultaneously minimizing detrimental
environmental impacts and promoting the
enrichment of functional biodiversity. In
particular, it is known that along with global
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warming, extreme effects appeared and
damaged the habitat both above and below the
ground. Moreover, through monoculture
technologies, pest control and intensive
fertilisation, biodiversity has been greatly
diminished (Geisen et al., 2019).

Intercropping is an agricultural practice that
involves growing two or more crops in
proximity. This method is part of polyculture
farming and is used for several reasons,
including to increase biodiversity, enhance
productivity, make efficient use of resources.
decreasing disease transmission, increasing soil
quality, crop yield, land efficiency and above all
it has an essential role in organic agriculture
(Blessing et al., 2022). Organic farming is a
growing sector in agriculture that uses fertilizers
of organic origin such as compost manure, green
manure, and bone meal and places emphasis on
techniques such as crop rotation and companion
planting or intercropping, with the aim to
reduces carbon emissions, improves soil health,
and reloads natural ecosystems for cleaner water



and air (Mihalache et al., 2015; Gamage et al.,
2023).

Accordingly, studies regarding the
agrochemical quality of the soil, have shown
that intercropping can reduce the leaching of
some nutrients from the soil and increase their
absorption in the current or future crop (Mocanu
et. al., 2016; Moghbeli et al., 2019; Astiko et al.,
2021; Romaneckas et al., 2020). Many studies
have also noted an increase in soil organic
carbon and total nitrogen, depending on the
plants used as companions. In particular, clover
has proven to be beneficial for maintaining a
high level of nitrogen in the soil. A study carried
out in 2021 by Li et al. demonstrated the
effectiveness of nitrogen absorption by the main
crop, intercropped with clover. Other studies
that tested intercropping between strawberries
and perennial plants showed benefits in terms of
weed suppression, water use efficiency, soil
biological activity (Dane et al., 2016; Laugale et
al., 2023). Another study also demonstrated
significant changes on soil biological properties
after a period of 3 years of intercropping (Dane
etal., 2017).

Intercropping usually leads to a pH decrease, but
it depends on the plants used for intercropping
(Lian et al., 2019; Romaneckas et al., 2020). Con-
sidering that strawberries prefer a moderately to
slightly acidic soil (Milosevic et al., 2009),
intercropping is a good way to improve soil pH
for this crop. Also, the slightly acidic pH
solubilizes certain micronutrients, improving
their absorption (Ritchey et al., 2014). In
addition to phosphorus, potassium, magnesium,
strawberries are a great source of iron, zinc,
manganese, i.e. the elements that are accessible
at a slightly acidic pH (Tulipani, 2012).

At a microbiological level, the soil experiences
more pronounced changes than chemical
alterations. Research has highlighted substantial
variances between monocultures and intercrops,
especially when evaluating  biodiversity
indicators like microbial and enzyme activities,
along with the total microbial population (Gong
et al., 2019; Lu et al., 2023). For strawberry
crops, monocropping is one of the biggest
problems, because it generally requires
protected spaces that cannot be changed easily.
Relevant studies showed a major decrease of
soil bacterial community after several years of
monocropping (Li et al., 2018; Lovaisa et al.,
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2017). Using companion plants in open or
protected spaces proved to be beneficial for
strawberry  crop. ~ Companion  planting
strawberries with borage led to a notable rise in
yield and market quality of the strawberries,
indicating enhanced insect pollination per plant.
The strawberries grown alongside borage
showed an average increase of 35% in fruit
production and a 32% increase in yield by
weight (Boeckmann, 2023; Griffiths-Lee et al.,
2020; Kellogg Garden Products, 2020).

This study's objective was to assess the impact
of intercropping strawberries with Borago
officinalis L. in high tunnels, focusing on the
physico-chemical properties of the soil and the
composition of soil bacterial and fungal
communities.

MATERIALS AND METHODS

The experiment was conducted in 2022 at
Cooperativa Agricola Rodagria Produce, an
organic farm located in Calarasi County, in the
south-east of Romania.

Strawberry plants (cv. 'Amandine') were planted
in April, in high polytunnels, with 5 raised
double-rows per tunnel. B. officinalis was
intercropped with strawberry being sown in May
2022 along the poles lines of the tunnel, next to
strawberry rows, in 60 cm wide strips.

The soil samples were collected in April 2022
(untreated/control) before planting strawberry
runners (stolons) and sowing the B. officinalis as
well as in October 2022. Each sample was
homogenized on the spot and was divided into
separate containers for physico-chemical and
microbiological analyses. The samples were
transported to the laboratory in cool boxes (3
hours from the sampling). The soil samples were
analysed for the physico-chemical and
microbiological parameters: pH, electrical
conductivity, total carbon and nitrogen and total
number of bacteria and fungi.

Physico-chemical analyses of soil samples

For the physico-chemical analyses, the samples
were dried at room temperature for 3 days, after
which they were ground in a soil mill
(Humboldt, USA) to a size of 2 mm.

The pH of the soil was determined
potentiometrically in aqueous extract (SR ISO
10390:2015) and the electrical conductivity



(EC) of the soil was determined
conductometrically in aqueous extract (SR ISO
11265:1994), using a multiparameter analyzer
(Mettler Toledo Seven Excelence.

The total content of soluble salts was calculated
conductometrically, based on EC value (Ilie and
Mihalache, 2013).

For the analysis of total nitrogen and total
carbon, the soil samples were sieved through a
250 um sieve (Haver & Boeck, ISO 3310-1:200,
Germany). The analysis was catried out by dry
combustion method (Mot et al., 2022), using the
CHNS elemental analyzer (Elemental Analyzer
EA 3100, Eurovector, Italy). All analyzes were
performed in triplicate.

Microbiological analyses of soil samples

For the microbiological analyses, the samples
were analyzed within 24 hours of collection.
The total number of bacteria (TNB) and the total
number of fungi (TNF) was determined by the
serial dilution method on PDA medium
(Mwangi, 2023; Martin et al., 2012). As a method
of determination, the number of colonies were
calculated based on colony counting at 1, 3, 5
and 7 days after inoculation, taking into account
the dilution and soil moisture (Brugger et al.,
2012). All analyzes were performed in triplicate.
Statistical analysis

The statistical processing of the results was
carried out using the statistical functions of
Excel - Office 2010 program (Pomohaci and
Vasca, 2017). Also, Duncan test (IBM SPSS -
statistical analysis software) was used for
univariate variance analysis at the P<0.05 level
to determine the significance between all groups
of the variants used in experiments.

RESULTS AND DISCUSSIONS

B. officinalis strip, as it showed very good
resistance to competition from weeds in the area.
Being a plant with rich foliage, with a relatively
well-developed root system, with fairly fast
growth and adapted to any type of soil, that is, a
plant with a special ecological plasticity that
immediately adapted to the respective
conditions.

It has been observed that the influence of
companion plants is very complex and
determines a multitude of effects on some
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parameters, which in many situations do not
have a typical or predictable evolution.
Although some studies did not observe
significant changes in chemical parameters (Suri
etal., 2019; Gikonyo et al., 2022), our results are
rather similar to those of Mansaray et al., (2023)
and Romaneckas et al., (2020).

As in the studies mentioned above, it is observed
that the pH of the soil had a tendency to decrease
in the case of the use of companion plants. At
the beginning of the experiment, the soil
reaction was neutral. In the case of the control
variant (monoculture), an increase in the pH
value was observed at the end of the experiment.
In the wvariant of intercropping with B.
officinalis, a significant decrease of pH by
9.09% was observed (Figure 1).
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Figure 1. pH evolution from the beginning
to the end of the experiment

Regarding soil EC and TSS, a significant
decrease is observed from spring to autumn.
This decrease is due to the fact that the
monitoring areas are located on the edge of the
tunnel, in the place where the rainwater drains
from the surface of the entire tunnel. Due to this
fact, the soil was repeatedly subjected to
leaching processes, and the mineral content
decreased (Figure 2).
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Figure 2. EC and TSS evolution from the beginning
to the end of the experiment



It is a known fact that intercropping enhances C
and N sequestration, thus improving soil fertility
but also contributing to reducing greenhouse gas
emissions (Cong et al., 2014; Chen et al., 2023).
Soil total nitrogen had a significant increase when
Borago was used for intercroping, compared to
the control (monocropping). It can be noted that
on the control version the content was similar
both in spring and autumn, without major
changes. On the control variant, there was a sig-
nificant decrease of total carbon, which means a
decrease of organic matter and implicitly, a
decrease of microorganisms number (Figure 3).
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Figure 3. Total nitrogen (N, %) and total carbon
(Ciot, %) evolution from the beginning to the end of the
experiment

Although from a statistical point of view the C:N
ratio had a significant decrease from spring to
autumn, from 10.17 to 9.74 (untreated) and to
9.56 (B. officinalis intercropping), from an
agrochemical point of view the value remained
within the limits of a normal soil (Swangjang,
2015) which means that the microbiological
balance has not changed. The fact that both
carbon and nitrogen had higher values means
that the soil provided more nutrients, which
causes a significant increase in microbial
activity (Figure 4).
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Figure 4. C: N ratio evolution from the beginning to the
end of the experiment
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Microbiological analyses showed an increase in
the number of bacterial colony-forming units
(CFU) from April to October 2022, from 15
*10° CFU/g soil to 1689.33 *10° CFU/g soil for
the control variant, as it included plant species
already adapted to specific environmental
conditions. In the case of the Borago flower
strips it was observed an increase in the number
of CFU from 15*10° CFU/g soil to 245.66 *10°
CFU/g soil, which indicates the beneficial effect
for the organic-maintained soil in the strawberry
plantation (Figure 5).
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Figure 5. Bacterial CFU evolution in soil samples

In the case of the fungal community in the
organic soil in the flowering strips of the
strawberry plantation, an increase from 0.33
*106 UFC/g soil to 2 ¥*106 UFC/g soil for the
control variant and to 2.67 *106 UFC/ g soil for
the version with B. officinalis (Figure 6).
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Figure 6. Fungal CFU evolution in soil samples
CONCLUSIONS

The results pointed out that the number of
bacteria in the soil covered with flower strips
increased significantly during the vegetation
period for borage strips. In addition, borage
proved to be a companion species that inhibit
weeds growth successfully, including in high



infestation of johnsongrass. After the first year,
a significant decrease of soil pH was observed,
bringing this parameter much closer to the
optimal value for strawberry crop. Also, using
borage as a companion plant, the amounts of soil
carbon and nitrogen increased significantly,
which led to an intense microbial activity.

The number of fungal CFU was very low
compared to bacterial CFU, but the fact that
Borago positively influenced the increase in the
number of microorganisms in the soil is a strong
point of this experiment.
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Abstract

Jujube (Ziziphus jujuba Mill.) is one of the most appreciated species in China with a long hystory in the Eastern Asia.
Consumers prefer to eat the jujube fruit fresh due to its sensory qualities, but also of its rich nutritional properties.
Studies have shown that the most advantageous nutritional characteristics of jujube fruit were its content of soluble
sugars, 2-3 times more than other fruits, vitamin C with 100 times more than other fruits, vitamin B, acid triterpenoid,
proline, polysaccharides, flavonoids, iron, potassium, calcium, and zinc. Jujube fruits contain a large amount of soluble
dry matter that can exceed 30% when the total carbohydrate content exceeds 27%. Fruit acidity can vary between 0.3-
1.0%. However, in the post-harvest period, ethylene can have adverse effects on fruits, such as senescence, rapid loss of
quality, nutrients, and increased chances of attack by pathogens. For a longer consumption period, these fruits should
be kept in a controlled atmosphere. This sudy aims to present a review focused on the biochemistry of jujube

highlighted through researches.

Key words: nutritional value, vitamin C, post-harvest period.

INTRODUCTION

Jujube (Ziziphus jujuba Mill.) is one of the
world's oldest cultivated fruit trees and the
most important species in the large cosmo-
politan family Rhamnaceae in terms of its
economic, ecological, and social importance.
The consumers prefer both fresh and dry fruits
as food or for pharmaceutical products, given
the high number of nutrients, and amino acids
(Xue et al., 2009; Choi et al., 2011).

Due to its biochemical composition, jujube fruit
is also used as food, food additives, and
flavoring (Li et al., 2006).

Ziziphus jujuba fruit shape varies from round,
oval to elliptical. The fruit size ranges from that
of a cherry to that of a plum (Markovski et al.,
2015).

The epidermis of the fruit is thin, lustrous, and
reddish-brown to chocolate in color (Soliman et
al., 2013). The hue of the fruit clearly indicates
the fruit's maturity.

Fruits with more than 50% dark brown colour
are the best suited to consumption, regarding
taste and juiciness.

The organoleptic characteristics are ordinary at
full maturity, when the fruit is fully pigmented,

138

but the fruits are more suitable for drying
(Chen et al., 2015).

Total soluble content and total acidity can be
used to determine the maturity stage (Yao,
2013).

The main soluble sugars in the fruit are
fructose, glucose, and sucrose, which improve
the sweet taste of the fruit (Pereek, 2013).
Lignin, cellulose, and hemicellulose were
mentioned in many studies as the primary
dietary fibers contained in the fruit, with an
essential role in food digestion. (Gao et al,
2013; Chen et al. 2018).

The vitamin C, flavonoids, carotenoids, and
saponin content, which has antioxidative, anti-
cancer, and anti-diabetes properties (Choi et al.,
2012) recommend the fruit.

Its contents of sugar, vitamin B, cyclic
nucleotide, proline, triterpene acids, potassium,
iron, and zinc, were studied by Hu (2011) and
Liu & Whang (2009).

Sugar, vitamin C, and cyclic adenosine
monophosphate (cAMP) concentration was
approximately 2, 100, and 1000 times that of
apples. Polysaccharides, flavonoids, alkaloids,
polyphenols, and pigments were also abundant
in the fruit (Liu & Whang, 2019).



Dried jujube had carbohidrates 630-763%
compared to fresh fruits, 23-32%, and sour
jujube, 74.8%. In the fresh jujube vitam C was
between 200-800 mg/100 g in the fresh fruit
and 12-29 mg/100 g in the dried one. Protein
content varied between 2.9-6.3% in the dried
fruits comparted to 1.2% in the fresh jujube. Ca
(mg/100 g) had values between 14 (fresh), 20-
63 (dried), and 270 (sour jujube). The phosphor
content was of 23 mg/100 g in the fresh jujube,
55-75 mg/100 g in the dried, and 59 mg/100 g
in the sour jujube. This biochemical profile
highlighted the high medicinal fruit quality.
The species of the genus Ziziphus entail 43
terpenoids, 31 saponins, 165 alkaloids, 151
flavonoids, and 40 other miscellaneous
compounds (Ahmad et al. 2017; Ji et al., 2017).
Terpenoids are abundant in the plants of the
genus Ziziphus. To far, about 43 triterpenes
have been isolated from the fruits, flowers,
leaves, and seeds of Z. celata, Z. spina Christi,
Z. mauritiana, Z. jujuba, Z. lotus, and other
plants, with numerous triterpenes exhibiting
potential biological properties (Ros et al., 2000;
Ahmad et al., 2017). Furthermore, saponins,
which are sugar conjugates of triterpenes, were
found throughout the genus Ziziphus. Most
plant species relate these compounds with
defense functions. Saponins have several
functional ~ (emulsification,  solubilization,
foaming, sweetness, bitterness) and biological
properties that have the potential to be used in a
variety of applications, including food,
cosmetics, and pharmaceutical industries, as
well as soil bioremediation (Ji et al., 2017).
There were approximately 31 saponins found in
the roots, leaves, fruits, and seeds of Z
mauritiana, Z. joazeiro, Z. jujuba, Z. spina
christi, and other plants. (Bozicevic et al.,
2017; Dubey et al., 2019).

The food value of jujube is high, mainly due to
the high soluble solids content exceeding the
value of 30%, being an natural source as
swetener.

The fruit’s acidity varies between 0.3 and
1.0%. Depending on the cultivar, it has a very
high content of ascorbic acid (vitamin C), with
values of 330-880 mg/100 g fresh weight. The
content of vitamin P exceeds 1000 mg/100 g
fresh weight (Ciocarlan, 2000).

Like in other species, the cultivar deaply
influence the biochemical profile of the fruit.
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Due to its flavor, crispness, and juiciness,
Dongzao is one of the most popular jujube
cultivat worldwide. The jujube for export is
harvested between August and October, with
September being the best harvesting month
(Morley-Brunker, 2010). Because of the limited
shelf life of the Dongzao cultivar, the market
supply is relatively short.

Several approaches have been tried to extend
the shelf life of this cultivar. Zong et al. (2005),
for example, investigated the influence of a
controlled environment. Their findings revealed
that the regulated environment preserves the
integrity of the fruit membrane and resistance
to browning and fermentation, hence extending
the fruit's shelf life. However, this preservation
mode is expensive, increasing the product's
cost and making it less competitive.

Another technique is to harvest and store the
fruit sooner, at the white ripening stage.
Although this process is affordable, the
influence on the nutritional quality of the fruit
is uncertain. As a result, it is critical to
understand the effect of development stages on
the nutritional quality of jujube fruit in order to
determine the optimal time at which the fruit
can be harvested to preserve its nutritious
value. The research presented the nutritional
composition and quality of the jujube Dongzao
depending on the maturity stages. The results
revealed that the maturity stage had a
substantial effect on the nutritious contents of
the fruit. The majority of essential elements
generated in the fruit grew until the full-red
stage, and those that fell from the white
maturity stage to the full-red stage exhibited
just a minor decrease at the semi-red stage. All
the carbohydrates increased significantly and
gradually from white to full-red stage in the
jujube fruit. Sucrose increased by 106% from
white to full-red, whereas glucose, fructose, L-
rhamnose, mannose, galactose, and maltose
grew by 56%, 48%, 39%, 64%, 65%, and
160%, respectively.  Overall, these results
showed an accumulation of soluble sugars,
mostly sucrose, mannose, and galactose, over
the fruit maturity stages Accordingly, semi-red
maturity seems to be the most appropriate stage
for harvesting the jujube fruit to preserve its
bioactive compounds (Zhang et al., 2020).

At the Faculty of Horticulture from Bucharest,
10 genotypes were studied: RI1P2, RI1P7,



RIP10 (Hu Ping Zao*), R2P7, R3P2, R3P3
(crack resistant), R3P4 (Hu Ping Zao*), R3P6,
R3P10 (Taigu), and Dong Zao. Two clones of
Hu Ping Zao (R2P8 and R3P4) and one
genotype R3P8 were analyzed in dehydrated
form (*clones of different origins), verifying
whether or not this preservation method
influences the quality parameters of the fruit.
Fresh fruits were harvested from the beginning
of September until October. After morpho-
logical measurements, fruits were stored at 2-
3°C and 90-95% relative humidity. Part of them
was dehydrated using an Excalibur dehydrator
for 20 hours at 45°C. The genotypes recorded a
fruit weight between 5.89 g (R3P1 selection) to
28.57 g (Cheng TuoZao). Most of the analyzed
genotypes had a solid soluble content higher
than 30% Brix. Fruit content in minerals varied
between 0.16% and 3.38%, with an average of
1.78%. The ascorbic acid content varied
between 110.0 mg/100 g fw and 1020.0
mg/100 g fw (RIP11 selection), averaging
306.1 mg/100 g fw. Fruit acidity, expressed as
malic acid, varied from 0.16% to 0.82% with
an average of 0.36% (Stanica, 2000; Stanica &
Vasile, 2008; Dicianu et al., 2017). The
polyphenol content changed during fruit
ripening. Thus, the highest polyphenols content
was found in the fruit at the beginning of its
formation and decreased with its maturation, all
this time protecting against pathogens and pests
(Wang et al., 2016; Shi et al., 2018).

Rahman et al. (2018) noted that 51.99-71.75%
of the jujube is edible, with the edible part
containing 4.43-6.01% protein, 82.35-89.63%
carbohydrates, 45.64-88.97 mg/100g ascorbic
acid, 0.48-0.63% lipids, 132.16-196.58 mg/100
g phenolics and 101.17-132.04 mg/100 g
flavonoids in its dry matter (Hendek Ertop &
Atasoy, 2018; Visnjevec et al., 2019).

Li et al. (2007) and Sunil (2013) described the
composition of various jujube cultivars
(Jinsixiaozao,  Yazao, Jianzao, Junzao,
Sanbianhong). Total phenols, minerals, and
vitamins were determined in their experiment
for the fruits of these cultivars; significant
variation was found for water (17.38-22.52%)),
carbohydrate (80.86-85.63%), proteins (4.75%-
6.86%), lipids (0.37-1.02%), soluble fibre
(0.57-2.79%), insoluble fibre (5.24-7.18%),
reducing sugar (57.61-77.93%), and ash (2.26-
3.01%) (Pereek, 2013). Glucose and fructose
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were identied as major soluble sugars in all five
cultivars, while rhamnose, sorbitol and sucrose
were also present in lower amounts.

TRADITIONAL MEDICINAL USES AND
POTENTIAL HEALTH BENEFITS OF
JUJUBE

Jujube (Zisiphus jujuba) has been used as a
traditional Chinese medicinal plant for many
years for its various and numerous health
benefits, including anti-inflammatory (Yu et
al., 2012), anti-cancer (Plastina et al., 2012),
gastro-intestinal protective (Huang et al,
2008), anti-oxidant (Cheng et al., 2012), anti-
insomnia and neuro-protective properties (Yoo
etal., 2010).

- SAPONINES
H & TRITERPENES

Antidiabetic
Christinm A & Batilicacid 7200

Antioxidant

Malinic acid & Oleanolic 1id

Antidiarrhoeal

Ussolic ackl & Cennolbic ackd @

Anticancer
Alphitolic ackl & Maslnic acid

Cytotoxic

Batilic acid, Oleanolic ackl ﬁ

Anti-inflammal

tory
Ceanothic acid & Zizybrenalic acid

Figure 1. Main biological activities of triterpenes and
saponins isolated from the genus Ziziphus (source:
Sakna, 2022)

According to the modern medicine industry,
jujube fruits and seeds are still utilized in
Chinese and Korean traditional medicine and
are said to relieve stress (Mill Goetz, 2009;
Chen et al., 2017; Shahrajabian et al., 2020; Lu
Y. et al., 2021). Among other health benefits,
jujube lowers blood glucose and lipid levels
and significantly lowers triglyceride, LDL, and
cholesterol levels (Hemmati et al., 2015).
Reche et al. (2019) observed 11 fatty acid
compounds in four jujube cultivars, including,
myristoleic acid, myristic acid, palmitic acid,
cis-palmitoleic acid, trans-palmitoleic acid,
stearic acid, oleic acid, 11-octadecenoic acid,
linoleic acid, elaidic acid, and linolenic acid.
Capric acid (C10:0), myristoleic acid
(C14:1n5), lauric acid (C12:0), palmitic acid
(C16:0), oleic acid (C18:1n9c), palmitic acid
(C16:1n7), and linoleic acid (C18:2n6c) were
found in four ripening phases of jujube fruit by



Song et al. (2019). Fatty acids are essential
nutrients, some of which must be ingested
through food to maintain health. The variety
and content of fatty acids in jujube fruit could
satisfy people's need for nourishment.

CONCLUSIONS

Jujube are sweet and nutritious, and have been
used as dietary supplements since ancient
times. For more than a thousand years, jujube
has been used in China as a traditional herbal
medicine for calming the mind. Modern
scientific research has shown that the bioactive
chemicals in jujube have anticancer,
hepatoprotective, neuroprotective, antioxidant,
anty-inflamatory and antiviral properties, as
well as other health benefits such as enhancing
immune function. Caution should be exercised
when attempting to infer associations between
the nutritional content and health functions of
jujube. This is because the variety, ripening
stage, storage and processing conditions of the
fruit will affect its nutritional value and
eventually lead to the increase or loss of some
active functions.
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Abstract

Raspberry (Rubus idaeus L.) is one of the most appreciated fruits in the world. According to FAO, the annual production
in 2021 was about 886.000 t, with Europe which reached the largest input (approximately 68%). Due to the perishable
nature of the fruits, there is a continuous need for improving the storage condition. The aim of the paper is to present the
influence of storage conditions on organic raspberry fruits. Raspberries from “Plapink" cultivar, were harvested in 2021
and stored in three different conditions: 1) normal atmosphere (NA) with 1°C and 85% relative humidity (RH), 2)
controlled atmosphere (CA) conditions with 1°C, 85% RH, 5% O: and 15% CO:, and 3) CA conditions with 1°C, 85% RH,
5% O3, and 15% CO: for 3 days followed by NA for 6 days. Several quality indicators and physiological parameters were
assed in order to verify the variations during the storage period. The total phenolic content values in NA decreased with
about 6.28% compared to the initial moment, but no decreases were recorded during 3 days of storage in CA.

Key words: raspberry, quality indicators, controlled atmosphere, bioactive compounds.

INTRODUCTION

Worldwide, the total production of raspberries
was more than 899 thousand of tons in 2020.
The largest producers of raspberry fruits are in
Russia, where more than 180 thousand tons are
obtained annually, Mexico with more than 140
thousand tons and Poland with more than 123
thousand tons in 2020 (www.fao.org).
According to FAO, the total production of
raspberries in Romania, in 2020 was 130 tons,
on a cultivation area of 70 ha.

The special quality of the raspberry, as a result
of the natural conditions specific to our country,
has made this fruit more and more in demand on
the international market, and as currently the
highest production of fruit is obtained from the
spontaneous flora, it is imperative the expansion
of raspberry areas both in commercial
plantations, exploited on modern bases, but also
in family gardens. (Hoza, 2005).

Raspberries are very perishable fruits, being
essential to be harvested at the right moment of
maturating. (Haffner et al., 2002).

To minimize losses and prolong the postharvest
longevity of organic raspberries, controlled
atmosphere conditions are becoming more
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prevalent as a key postharvest technology.
(Kruger et al., 2011).

Highly effective in extending the postharvest
period of raspberries were the storage methods
like cold, frozen and controlled atmosphere.
(Forney et al., 2015).

Application of postharvest storage and
processing techniques mentioned earlier, each
operating under distinct parameters such as
temperatures and processing times, could
induce potential variations at biochemical,
physical, biological levels (Bustos M.C. et al.,
2018). As a result, these fluctuations may
modify the content of bioactive chemical
compounds in the fruit, ultimately impacting the
nutraceutical properties valued by consumers
(Michalska A. et al., 2015).

The aims of the paper are:

monitoring and  characterization  of
physico-chemical indicators and nutritional
parameters of organic raspberry fruits during
storage under normal and controlled atmosphere
conditions;

- identification of optimal storage conditions in

a controlled atmosphere for organic raspberry
fruits.



MATERIALS AND METHODS
Samples
‘Plapink’ variety, harvested in 2021 was

delivered to Posharvest Lab., being analysed
before storage immediately after (initially
moment).

The fruits were divided in three aliquots and
stored in three different conditions:

1) normal atmosphere (NA) with 85% RH and
1°C;

2) controlled atmosphere (CA) conditions with
15%CO2, 5% 02, 1°C, 85% RH

3) CA conditions with 15%CO2, 5% O, 1°C,
85% RH for 3 days followed by NA for 6 days,
similar with Haffner et al. 2002. Samples were
analyzed in four moments in all storage
conditions: initially, after 3, 6, and 9 days of
storage.

Figure 1. Organic raspberries 'PLAPINK" cultivar before storage

Quality indicators

Quality indicators followed were represented
by: the average weight of 10 fruits, shape index,
pH, total soluble solids (TSS), dry matter
content, total titratable acidity (TTA), ascorbic
acid content, total phenolic content (TPC) and
antioxidant activity. The average weight of 10
fruits were measured using Radwag Partner PS
6000.R2 technical balance. Shape index were
determined using a Parkside calliper, the results
were reported using the formula h/D (h-height;
D-transversal diameter). Using the index, the
fruit form varies: shape index =1-round fruits;
shape index <I-flattened fruits; shape index
>]-elongated fruits. pH and TTA were
determined with the pH electrode of automatic
titrometer TitroLine easy. The procedure
involves weighing around 5 g £ 10% of fresh
homogenous sample, combining it with 25 mL
of bi-distilled water, measuring the initial pH
values, and subsequently titrating it with 0.1N
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NaOH until the pH value reaches 8.1, following
AOAC Official Method 942.15. The TTA
results were presented as grams of malic acid
per 100 grams of fresh fruit, similar to the
method described by Frincu et al., 2023.

Total soluble solids (TSS) results were
expressed using Kruss DR301-95 digital
refractometer (Catuneanu et al., 2017).

The dry matter content was determined by
thermogravimetric method using a UNI110
Memmert oven by drying 1 g £ 10% of the
sample at 105°C, following the method similar
with Stan et al. (2019), until constant weight
was achieved.

Ascorbic acid was determined using HPLC
method, similar with Stan et al., 2019.

Phenolic content and antioxidant activity
The quantification of total phenolic content
(TPC) was performed using the Folin-Ciocalteu
method protocol. Initially, 1 g + 10% of the
fresh sample underwent trituration with 10 mL



of 70% methanol, and the resulting mixture was
incubated overnight in darkness at ambient
temperature (approximately 22°C) within 15
mL centrifuge tubes. Subsequently, the
extraction procedure extended to stir for 1 hour
at 500 rpm followed by centrifugation at 7000
rpm at 4°C, for 5 minutes. The supernatant was
collected in 50 mL tubes, and the residual
material underwent two successive extractions
until reaching a final extract volume of 30 mL.
The initial step in the determination of TPC
involved combining 0.5 mL of the extract with
2.5 mL of Folin—Ciocélteu reagent, followed by
a 2 minutes incubation at ambient temperature
(approximately 22°C). The subsequent step
entailed the addition of 2 mL of 7.5% sodium
carbonate (Na2CO:s), followed by incubation for
15 minutes at 50°C. The final step represents
measuring the absorbance at a wavelength of
760 nm using a Specord 210 Plus UV-VIS
spectrophotometer  (Analytik  Jena, Jena,
Germany). The results were noted in of mg
GAE/100 g FW.

For the determination of antioxidant activity,
the DPPH (2,2-diphenyl-1-picrylhydrazyl)
method, similar to the approach described by
Bujor et al. (2016) with some adaptations. This
involved combining 0.2 mL of the extract with 2
mL of a 0.2 mM solution of DPPH in methanol,
followed by a 30 minutes incubation in darkness
with homogenization. The absorbance of the
resulting samples was measured at a wavelength
of 515 nm, and the outcomes were expressed as
mg Trolox/100 g FW, with methanol serving as
the reference.

Statistical analysis

Standard deviation was the statistical analysis
applied to all samples, representing the average
from the same sample, of three replicates

RESULTS AND DISCUSSIONS

Quality indicators

The raspberry samples, both the fresh ones and
the ones stored in the cold room and in the two
controlled atmosphere  conditions, were
analyzed in order to determine their quality,
following parameters such as: the average
weight of 10 fruits, their caliber, pH, total
soluble matter (% Brix), total dry matter (%),
total titratable acidity, ascorbic acid content,
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total polyphenol content and antioxidant
activity.

Thus, upon entering the cold room, the average
weight of 10 fruits was 5.85 g, registering a 16%

decrease until the last day of storage (Figure 2).

Average fruit weight and shape index
Normal Atmosphere

Initial 3days NA

(1°C, 85% RH)

6 days NA
(1°C, 85% RH)

9 days NA
(1°C, 85% RH)

m— Average weight of 10 fruits (g) ~ ==Shape index

Figure 2. Average fruit weight and shape index values in
Normal Atmosphere storage conditions

Before storage under controlled atmosphere
conditions, the average weight of 10 organic
raspberry fruits of the ‘Plapink’ variety was 5.29
g, registering a decrease of 23% by the last day
of storage (Figure 3).

Average fruit weight and shape index
Controlled Atmosphere

Initial 3daysCA
(15%C05. 5% O,.

1°C. 85% RH)

6 days CA
(15%C0,. 5% O,.
1°C. 85% RH)

9daysCA
(15%C05.5% O,.
1°C. 85% RH)

mm Average weight of 10 fruits(g) ~ ==@==Shape index

Figure 3. Average fruit weight and shape index values in
Controlled Atmosphere storage conditions

Organic raspberry of the ‘Plapink’ variety was
analyzed before storage in the controlled
atmosphere room for 3 days, followed by
storage in the cold room for 6 days. The average
weight of 10 fruits was 5.29 g at the initial
moment of analysis, registering a decrease of
18.3% after the 9 days of storage in the two
experimental conditions (Figure 4).



Average fruit weight and shape index
Controlled Atmosphere + Normal Atmosphere
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Figure 4. Average fruit weight and shape index values in
Controlled Atmosphere followed by Normal Atmosphere
storage conditions

Variations of pH and total titratable acidity were
monitored during storage in the cold room
yielding pH values of 2.82 initially moment and
2.83 after 9 days. The total titratable acidity at
the initial moment of analysis was 2.21 mg
malic acid/100 g fresh sample and 1.82 mg
malic acid/100 g fresh sample after 9 days of
storage in the cold room (Figure 5).

Variation of pH and acidity
Normal Atmosphere

25 2.84

Initial 3 daysNA
(1°C, 85% RH)

6 days NA
(1°C, 85% RH)

9days NA
(1°C, 85% RH)

= Total titratable acidity
(mg malic acid/100 g FW)

e=@=pH

Figure 5. Variation of fruit pH and acidity in Normal
Atmosphere storage conditions

Following the determinations made, after 9 days
of storage in NA, the pH of the fruits registered
a slight increase of 0.5% compared to the initial
moment and the total titratable acidity registered
a decrease of 17.64% compared to the moment
initial.
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Variations in pH and total titratable acidity were
also monitored during controlled atmosphere
storage with pH values of 2.73 at the initial
moment and 2.72 after 9 days. The total
titratable acidity at the initial moment was 2.00
mg malic acid/100 g fresh sample and 1.84 mg
malic acid/100 g fresh sample after 9 days of
storage in the cold room (Figure 6).

Variation of pH and acidity
Controlled Atmosphere

2.05 2.85
2
28
1.95
1o 275
1.85 27
18
2565
175
17 26
Initial 3 daysCA 6 daysCA 9 days CA

(15%C0;, 5% 0y, (15%C02,5% 0, (15%C03,5% O,
1°C, 85% RH) 1°C, 85% RH) 1°C, 85% RH)

= Total titratable acidity
(mg malic acid/100 g FW)

=8=—pH

Figure 6. Variation of fruit pH and acidity in Controlled
Atmosphere storage conditions

After 9 days of controlled room storage (15%
COz2, 5% O, 1°C, 85% RH), the pH of the fruits
registered a slight decrease of 0.5% compared to
the initial moment and the total titratable acidity
decreased by 8% compared to the initial
moment.

Changes in pH and total titratable acidity were
also monitored during combined storage,
controlled atmosphere for 3 days (15% CO-, 5%
02, 1°C, 85% RH), and normal cold room
atmosphere for 6 days, obtaining pH values of
2.73 at the initial moment of analysis and 2.82
after 9 days. The total titratable acidity at the
initial time of analysis was 2.00 mg malic
acid/100 g fresh sample and 1.83 mg malic
acid/100 g fresh sample after 9 days of storage
in the cold room (Figure 7).

After 3 days of Normal Atmosphere storage
followed by 9 days of Controlled Atmosphere
storage (15% CO2, 5% 0., 1°C, 85% RH), the
pH of the fruits registered a slight increase of
3.5% compared to the initial moment and the
total titratable acidity decreased by 8.5%
compared to the initial moment.



Variation of pH and acidity
Controlled atmosphere + Normal Atmosphere

3daysCA 3 daysCA
(15%C0,, 5% 0,,  (15%C04, 5% O,
1°C, 85% RH) 1°C, 85% RH)
+3daysNA

17
Initial 3zile CA
(15%C0,, 5% 0,,
1°C, 85% UR)
+6days NA

= Total titratable acidity
(mg malic acid/100 g FW)

e pH

Figure 7. Variation of fruit pH and acidity in Controlled
Atmosphere for 3 days followed by Normal Atmosphere
storage conditions

Variations of total soluble matter (% Brix) and
total dry matter (% DM) were monitored during
storage in the cold room obtaining values of
11.40% for Brix and 10.87% SU when
analyzing organic raspberry fruits at the initial
moment (Figure 8).

Variation of total soluble matter and total dry matter
Normal Atmosphere

Initial 3 days NA

(1°C. 85% RH)

6 days NA
(1°C. 85% RH)

9 days NA
(1°C. 85% RH)

m Total soluble matter (% Brix) ~ ==®=Total dry matter (% DM)

Figure 8. Variation of total soluble matter and total dry
matter in Normal Atmosphere storage conditions

Following the determinations made, after 9 days
of storage in a normal atmosphere in the cold
room, the pH of the total soluble substance
registered a decrease of 7.4% compared to the
initial moment and the total dry matter
registered an increase of 40.3% compared to the
initial moment.
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The variations of total soluble matter (% Brix)
and total dry matter (% DM) were monitored
during storage under controlled atmosphere
conditions obtaining values of 10.66% for Brix
and 12.74% DM when analyzing the fruits of
organic raspberry at the initial moment (Figure
9).

Variation of total soluble matter and total dry matter
Controlled Atmosphere

Initial 3 days CA
(15%C0;, 5% O,

1°C, 85% RH)

6 days CA
(15%CO,, 5% Oz,
1°C, 85% RH)

9days CA
(15%CO,, 5% Oz,
1°C, 85% RH)

= Total soluble matter (% Brix)  ==@=Total dry matter (% DM)

Figure 9. Variation of total soluble matter and total dry
matter in Controlled Atmosphere storage conditions

After 9 days of controlled room storage (15%
COz, 5% 02, 1°C, 85% RH), the total soluble
substance registered a decrease of 7.13%
compared to the starting moment and the total
dry matter registered an increase of 9.74%
compared to the initial moment.

Variations in total soluble matter (% Brix) and
total dry matter (% DM) were also monitored
during combined storage, controlled atmosphere
for 3 days and normal cold room atmosphere for
6 days, yielding values of 10, 66% for Brix and
12.74% DM when analyzing organic raspberry
fruits at the initial moment and 9.68% for Brix
and 13.94% DM after the 9 days of storage
(Figure 10).

As a result of the experiment carried out, after 9
days of combined storage, controlled
atmosphere for 3 days and normal atmosphere
in the cold room for 6 days, it can be seen that
the total soluble substance decreased by 9.2%
compared to the initial moment, and the total
dry matter registered an increase of 9.4%
compared to the initial moment of the analysis.



Variation of total soluble matter and total dry matter
Controlled Atmosphere + Normal Atmosphere

14

12

3zile CA
(15%C0;, 5% O,
1°C, 85% UR)
+6daysNA

Initial 3 daysCA
(15%CO,, 5% O,

1°C, 85% RH)

3daysCA
(15%C0;, 5% O,
1°C, 85% RH)
+3daysNA

' Total soluble matter (% Brix) ==@==Total dry matter (% DM)

Figure 10. Variation of total soluble matter and total dry
matter in Controlled Atmosphere followed by Normal
Atmosphere storage conditions

Determining vitamin C (acid ascorbic content)
in organic raspberries of the ‘Plapink’ variety at
the time of harvesting and before being placed
in the cold room (initial moment) recorded the
value of 21.68 mg ascorbic acid/100g (Figure
11). After 3 days of storage in the cold room,
vitamin C increased by 26.38% compared to the
initial time, and by the end of storage in the
normal atmosphere in the cold room, it
increased by 46.4%. This increase in the content
of vitamin C can be correlated with the
concentration in the total dry matter of up to
40.3% compared to the initial moment which
basically implies the dehydration of organic
raspberry fruits due to storage in normal
atmosphere in the cold room.

Vitamin C content
Normal Atmosphere

3 days NA 6 days NA 9 days NA
(1°C. 85%RH) (1°C. 85% RH) (1°C. 85% RH)

Initial
m mg ascorbic acid / 100g

Figure 11. Vitamin C content - Normal Atmosphere
storage conditions

The determination of ascorbic acid content in
organic raspberries of the ‘Plapink’ variety at
the time of harvest and before storage under
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controlled atmosphere conditions recorded the
value of 20.76 mg ascorbic acid/100 g (Figure
12). After 3 days of storage under controlled
atmosphere conditions (15% COz, 5% O., 1°C,
85% RH), the vitamin C content increased by
approximately 9.4% compared to the initial
moment, but up to the end of the storage period
presented a 5.5% decrease.

Vitamin C content
Controlled Atmosphere

3 days CA 6 days CA 9 days CA
(15%C03, 5% Os, 1°C, (15%C0;, 5% O3, 1°C, (15%C0s, 5% O3, 1°C,
85% RH) 85%RH) 85%RH)

23
22.5
22
215
20.5
20
195
185
18
Initial

mmg ascorbic acid /100g

Figure 12. Vitamin C content - Controlled Atmosphere
storage conditions

Vitamin C determination in organic raspberries
of the ‘Plapink’ variety at the time of harvest
and before combined storage (controlled
atmosphere for 3 days and normal atmosphere
in the cold room for 6 days), recorded the value
0f 20.76 mg of acid ascorbic/100 g (Figure 13).

Vitamin C content
Controlled Atmosphere + Normal Atmosphere

3days CA 3daysCA 3zile CA
(15%C0,, 5% 03, 1°C, (15%C0,, 5% 0y, 1°C, (15%C0,, 5% 0, 1°C,
85% RH) 85% RH) 85% UR)
+3days NA +6days NA

Initial

mmg ascorbic acid /100g

Figure 13. Vitamin C content in Controlled Atmosphere
followed by Normal Atmosphere storage conditions

The 3 days of storage under controlled
atmosphere conditions (15% COz, 5% O., 1°C,
85% RH) were common with the second
experimental variant, which is why the results
obtained for vitamin C are identical. However,
during the 6 days of normal atmosphere in the
cold room, the vitamin C content increased by
24.13%, which also can be correlated with the
total dry matter concentration during storage.



The determination of TPC (total phenol content)
in organic raspberries of the ‘Plapink’ variety at
the time of harvest and before being stored in
the cold room (initial time) recorded the value of
183.33 mg GAE/100 g (Figure 14). After 3 days
of storage in the cold room, TPC increased by
4.67% compared to the initial time, and by the
end of the storage period in the normal
atmosphere in the cold room, there was an
increase of about 17%.

Regarding the antioxidant activity, for the initial
moment, the value of 2373.46 mg Trolox
equiv/100 g was recorded. After 3 days of
storage in the cold room, the antioxidant activity
recorded  approximately  similar  values
compared to the initial moment, and by the end
of the storage period in the normal atmosphere
in the cold room, it recorded an increase of
approximately 12.57% compared to the initial
moment, fact which can be determined, as in the
case of total polyphenols, by the concentration
of nutrients, implicitly the content of total
polyphenols, due to the dehydration of the fruit
during storage.

A similar behavior was also observed by Gunes
et al. (2002) when they stored cranberries under
normal atmospheric conditions for 2 months,
noting that the antioxidant activity of the fruits
increased by 50% compared to the time of
harvesting. Moreover, they also observed that
antioxidant activity values for fruits stored in
CA (21% O: + 30% CO2) remained constant,
which may result from a bottleneck in the
release of phytochemicals during storage in CA,
which contributes to antioxidant activity.

Total fenolic contend and Antioxidant activity
Normal Atmosphere

2800
2700
2600
2500
2400
2300
2200

2100
Initial 3 days NA
(1°C. 85% RH)

6 days NA
(1°C. 85% RH)

9 days NA
(1°C. 85% RH)

g GAE/100g  =====mg Trolox equiv./100 g

Figure 14. Total phenol content and Antioxidant activity
of organic raspberries stored in Normal Atmosphere
conditions
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The determination of TPC in organic raspberries
of the ‘Plapink’ variety at the time of harvest
and before storage under controlled atmosphere
conditions recorded the value of 229.94 mg
GAE/100 g (Figure 15). After 3 days of storage
under controlled atmosphere conditions (15%
COz, 5% O, 1°C, 85% RH), TPC decreased by
approximately 6.3% compared to the initial
moment. Still, by the end of the period of
storage, the TPC registered a slight increase of
approximately 7.5% compared to the initial
moment.

Regarding the determination of the antioxidant
activity in organic raspberries of the ‘Plapink’
variety at the time of harvest and before storage
under controlled atmosphere conditions was
recorded the value of 2865.32 mg Trolox
equiv/100 g. After 3 days of storage under
controlled atmosphere conditions (15% COs,
5% 02, 1°C, 85% RH), the antioxidant activity
decreased by approximately 9.8% compared to
the initial moment, but by the end of the period
of storage the antioxidant activity registered a
slight increase of 4.13% compared to the initial
moment

Total fenolic contend and Antioxidant activity
Controlled Atmosphere
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(15%C05, 5% O,

1°C, 85% RH)

6daysCA
(15%C0,, 5% O,
1°C, 85% RH)
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(15%C0,, 5% O,
1°C, 85% RH)

N Mg GAE/100g  e====mg Trolox equiv./100 g

Figure 15. Total phenol content and Antioxidant activity
of organic raspberries stored in Controlled Atmosphere
conditions

The determination of TPC in organic raspberries
of the ‘Plapink’ variety at the time of harvest
and before combined storage, controlled
atmosphere for 3 days and normal atmosphere
in the cold room for 6 days, recorded the value
of 229.94 mg GAE/100 g (Figure 16). The 3
days of storage under controlled atmosphere
conditions (15% CO2, 5% 02, 1°C, 85% RH),
were common with the second experimental



variant, which is why the results obtained for
polyphenols are identical. However, during the
6 days of normal atmosphere in the cold room,
the TPC registered a slight decrease of about
6.28% compared to the initial moment.

The determination of the antioxidant activity in
organic raspberries of the ‘Plapink’ variety at
the time of harvest and before combined
storage, controlled atmosphere for 3 days and
normal atmosphere in the cold room for 6 days,
recorded the value of 2865.32 mg Trolox
equiv/100 g. The 3 days of storage under
controlled atmosphere conditions (15% COs,
5% Oz, 1°C, 85% RH), were common with the
second experimental variant, which is why the
results obtained for the antioxidant activity are
identical. However, during the 6 days of normal
atmosphere in the cold room, the antioxidant
activity registered a decrease of approximately
9.85% compared to the initial moment.

Total fenolic contend and Antioxidant activity
Controlled Atmosphere
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3daysCA 3 days CA 3zile CA
(15%C0;, 5% 05, (15%C0, 5% 0,,  (15%C0;, 5% Oy,
1°C, 85% RH) 1°C, 85% RH) 1°C, 85% UR)
+3daysNA +6daysNA
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Mg GAE/100 g =mmm=mg Trolox equiv./100 g

Figurel6. Total phenol content and Antioxidant activity
of organic raspberries stored in Controlled Atmosphere
followed by Normal Atmosphere conditions

The determination of the antioxidant activity in
organic raspberries of the ‘Plapink’ variety at
the time of harvest and before combined
storage, controlled atmosphere for 3 days and
normal atmosphere in the cold room for 6 days,
recorded the value of 2865.32 mg Trolox
equiv/100 g (Figure 16). The 3 days of storage
under controlled atmosphere conditions (15%
COz, 5% 02, 1°C, 85% RH), were common with
the second experimental variant, which is why
the results obtained for the antioxidant activity
are identical. However, during the 6 days of
normal atmosphere in the cold room, the
antioxidant activity registered a decrease of
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approximately 9.85% compared to the initial
moment.

CONCLUSIONS

In current experiment, all samples of organic
raspberries present variation of quality
indicators during the storage in all three
conditions.

According to our results, it is recommended to
store fruits in normal atmospheric conditions at
a temperature of 1°C and a relative humidity of
85% for a maximum of 6 days. Longer storage
will affect the nutritional and organoleptic
qualities of the fruits.

Regarding storage in controlled atmosphere
conditions with 5% O2 and 15% CO2, at a
temperature of 1°C and a relative humidity of
85%, a maximum of 9 days can be achieved, the
period in which the fruits maintain their optimal
consumption qualities.
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Abstract

The aim of this study was to evaluate the bioactive compounds with antioxidant activity in aqueous, 70% ethanolic and
80% methanolic extracts of Helichrysum arenarium inflorescences. Phytochemical screening was performed on the
three extracts to detect the presence of secondary metabolites such as alkaloids, flavonoids, phenolic compounds,
glycosides, phytosterols and tannins. The total flavonoid content was determined by aluminium chloride colorimetric
assay at 420 nm. Total phenol content was determined with Folin-Ciocalteu reagent at 765 nm. Antioxidant activity was
determined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) firee radical scavenging method and the total antioxidant
capacity (TAC) assay. The results showed that among the three samples studied, the 70% ethanol extracts had the
highest polyphenol and flavonoid values. Also, the antioxidant activity of the 70% ethanol extract was higher than that
of the aqueous and 80% methanol extracts. The high content of phenols and flavonoids indicated that these compounds
contribute to the antioxidant activity of Helichrysum arenarium. Phytochemical examination revealed the presence of
alkaloids, flavonoids, phenols, glycosides, phytosterols and tannins in all extracts.

Key words: Helichrysum arenarium, phenols, flavonoid, phytochemical screening, antioxidant activity.

INTRODUCTION

Helichrysum arenarium (L.) Moench. (also
known as “Sandy everlasting”, “Dwarf
everlasting”, “Immortelle”, and “Siminoc” in
popular Romanian folklore) belongs to the
Compositae family and is an herbaceous
perennial plant naturally distributed in Central,
Eastern and South-Eastern Europe, North of
Balkans, West Siberia, Central Asia, Mongolia,
and China (Pljevljakusi¢ et al., 2018). In
Romania it grows in the spontaneous flora of
the countryside, in sandy or calcareous places.
The plant is rich in bitter substances, tannins,
flavonoids, saponins, apigenin, astragalin,
colorants, glycosides, volatile oil, mineral salts.
The pharmacological profile of Helichrysum
arenarium has recently been improved by new
research (Danaila-Guidea et al., 2022).

It revealed additional effects by identifying
primary  phytochemical ingredients that
stimulate bile secretion production and
circulation. (Les et al., 2017). The antioxidant,
antidiabetic, and neuroprotective properties of
Helichrysum species were investigated in order
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to obtain novel therapeutic products. Various
studies regarding the composition of
Helichrysum arenarium have shown that the
presence of phenolic and flavonoid compounds
provides  antibacterial ~and  antioxidant
properties against pathogens (Czinner et al.,
2000).

The inflorescences of H. arenarium, being rich
in many bioactive compounds, have been used
in European herbal medicine for its various

beneficial properties for human health
(Gradinaru et al., 2014). The H. arenarium
essential oil demonstrated antimicrobial

activity (Moghadam et al.,, 2014) against
various microorganisms, including pathogenic
strains. Other authors (Tepe et al., 2005)
reported the antioxidant activity of the
methanol extracts of various Helichrysum
species.

H. arenarium  plant was  extensively
investigated in different parts of the world.
However, the plant has been less investigated
in Romania in terms of bioactive compounds
with antioxidant activity of inflorescence
aqueous and alcoholic extracts. Therefore, the



aim of this study was to evaluate the bioactive
compounds with antioxidant activity of
inflorescences Helichrysum arenarium various
extracts.

MATERIALS AND METHODS

Plant material. Dried inflorescences of
Helichrysum arenarium (producer: Hypericum
Impex Srl, Cluj-Napoca Romania) were
purchased from Bucharest city commercial
herb centres (Figure 1).

- LU B LAY ‘\\\‘\.\
« : y

o

INOC

S>I1M Ok
(Helichrysum arenarium) (¢>Z:.'\U(~__u

Figure 1. H. arenarium inflorescences material sources
(producer: Hypericum Impex Srl, Cluj-Napoca, from
Romania)

Samples preparation

Microwave-assisted extraction (MAE) method.
The plant material consisting of dried flowers
was weighed (1 g) and mixed with three
different solvents (30 ml): 70% ethyl alcohol,
80% methanol and distilled water. Each sample
(1 g/30 ml solvent) was placed in a microwave
oven at 700 W, temperature 85-90°C,
extraction time 4 min (Pan et al., 2003). After
microwave-assisted extraction, samples were
cooled and filtered. The extracts were then
analyzed for total phenol content, flavonoids
and antioxidant activity.

Determination of total phenolic content
(TPC). The concentration of phenolic
compounds in the extracts was determined by
the Folin-Ciocalteau method (Singleton, 1999).
Samples were reacted with Folin- Ciocalteau
reagent. After the formation of blue colored
compounds, a Na,CO;3 solution was added for
alkalinization and the samples were then
incubated for 2 h in the dark. After incubation,
samples are measured spectrophotometrically
(Eppendorf UV-Vis) at 750 nm against a
similarly prepared control, but in which the
sample extract is replaced by distilled water.
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For the determination of polyphenol concen-
tration, a calibration curve was performed,
starting from standard gallic acid solutions (50-
500 mg/l). The concentration of phenols (mg
GAE/]) in the samples was determined from the
equation of the standard gallic acid curve (y =
0.0009x + 0.0032; R = 0.9955) obtained for
different gallic acid concentrations (Figure 2).
The total phenolic content (TPC) in all samples
was calculated using formula:
TPC =c x V/M,

where:

TPC - Total phenol content (mg/g dry matter);

c Concentration determined from the

calibration curve (mg GAE/ml);

V = Extraction volume (ml);

M = Mass of plant material in the extract (g).

Gallic acid standard curve

Absorbance 765 nm

Concentration mg GAE/!

Figure 2. Gallic acid standard curve and the regression
equation

Determination of total flavonoids content
(TFC). The total content of flavonoids in the
samples was determined by the colorimetric
method with aluminum chloride (Chang et al.,
2002). The reaction mixture consisted of: 1 ml
sample/standard, 3 ml methanol, 200 pl AICI3,
200 ul 1 M potassium acetate and 5.6 ml
distilled water.

The absorbance of this reaction mixture was
recorded at 420 nm using a UV
spectrophotometer (Eppendorf UV-VIS). The
concentration of flavonoids (mg quercetin
equivalent/ml) in the samples was determined
based on the standard calibration curve (y =
0.009x + 0.0538; R?> = 0.9913) obtained for
different concentrations of quercetin (25, 50,
100, 150 and 200 pg/ml) (Figure 3).

The total flavonoid components in the extracts
in quercetin equivalents (QE) were calculated
by the following formula:



TFC=Cx V/M
where:
TFC = total flavonoid contents, milligram per
gram of sample extract in QE;
C = the concentration of quercetin established
from the calibration curve, mg/mL;
V = the volume of extract, milliliter;
M = the weight of sample extract (g).

Quercetin standard curve

Adsorbance 420 nm

100

150

Concentration (pg QE/ml)

Figure 3. Quercetin standard curve and the regression
equation

Phytochemical screening of extracts.
Phytochemical screening was carried out on the
three extracts to detect the presence of
secondary metabolites such as alkaloids,
flavonoids, phenolic compounds, phytosterols,
glycosides and tannins as described in
literatures (Kokate et al., 2006).

Between 0.5 and 1.0 ml of each extract was
used for each phytochemical test. The results
were expressed based on the intensity of the
colour developed by the reaction and were
noted with “+++” highly present, “++”
moderately present, “+” low and “-* absent.

Antioxidant activity

To evaluate the antioxidant properties of the
samples, two methods were applied to
determine the antioxidant activity: the DPPH
method and the phosphomolybdate method to
determine the total antioxidant capacity.

DPPH (2,2-difenil-1-picrilhidrazil) method.
The spectrophotometric method for assessing
the total antioxidant capacity of the samples is
based on the absorbance decrease of the DPPH
radical in the presence of antioxidants.

The free radical scavenging activity of each
sample was determined with 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) (Braca et al., 2001). A
volume of 200 pl of each sample of different
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concentrations (10-100 pg/ml) with 2 ml of
0.004% methanol solution of DPPH (0.1mM).
After 30 minutes of incubation in the dark at
room temperature, the color change from dark
purple to light yellow was determined at 517
nm against 1 ml methanol (as blank) using a
UV spectrophotometer (Eppendorf UV-VIS).
Different concentrations of ascorbic acid (10-
200 pg/ml) were used as a standard agent.

The antioxidant capacity of the samples was
expressed as inhibitory concentration, ICso
(ng/ml). The ICsois the concentration of an
antioxidant at which 50% inhibition of free
radical activity is observed. The lower
ICso value indicates the greater overall
effectiveness of the antioxidant. The ICso of the
samples was measured by spectrophotometric
method at the A max of DPPH, 517 nm.

The percent inhibition was calculated by the
following equation:

Inhlbltlol’l(";’z) : [(Aconlrol - A:amplc)/(AcoanI)] x 100
where: A conwol 1S the absorbance of the
control reaction.

All tests were performed triplicate.
Concentration of samples resulting in 50%
inhibition on DPPH (ICso value) were
calculated.

Total antioxidant capacity (TAC). The total
antioxidant capacity of the samples was
evaluated by phosphomolybdate method (Prieto
et al., 1999) using ascorbic acid as a standard.
The reaction mixture consisted of: 0.3 mL
extract combined with 3 mL reagent solution
(0.6 M sulfuric acid, 28 mM sodium phosphate,
and 4 mM ammonium molybdate). The tubes
containing the reaction solution were incubated
at 95°C for 90 min. After the samples cooled to
room temperature, the absorbance of the
solution was measured at 695 nm against the
blank using a spectrophotometer. Methanol
(0.3 ml) was used as control.

The results were expressed in ascorbic acid
equivalent in pg/ml extract based on the
standard calibration curve (y 0.0067x +
0.0029; R = 0.9982) obtained for different
concentrations  of ascorbic acid  (10-
200 pg/ml) (Figure 4). The higher absorbance
value indicated higher antioxidant activity.
Statistical Analysis. Results were expressed as
standard error of the mean (SEM) for triplicate
measurements. The graphics were plotted by
using Microsoft Office Excel 2010.

in



Ascorbic acid standard curve
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Figure 4. Ascorbic acid standard curve and the
regression equation

RESULTS AND DISCUSSIONS

Microwave-assisted extraction (MAE). Dried
flowers of H. arenarium were mixed with three
different solvents: ethyl alcohol 70%, methanol
80% and distilled water. For extracting
constituents from plant material, we used
Microwave-assisted extraction (MAE) method.
In recent years, the use of the microwave oven
for extracting constituents from plant material
has shown tremendous research interest and
potential.

Conventional techniques for extracting active
constituents are time and solvent consuming,
thermally unreliable, and the analysis of the
many constituents in plant material is limited
by the extraction step (Mandal et al., 2007).
Traditional solvent extraction techniques for
plant materials rely mainly on the correct
choice of solvents and the use of heat and/or

agitation to increase the solubility of the
desired compounds and improve mass transfer.
Usually, the traditional technique requires a
longer extraction time, which leads to a severe
risk of thermal degradation for most
phytoconstituents. The fact that a single plant
can contain up to several thousand secondary
metabolites makes the need to develop fast and
high-performance extraction methods an
absolute necessity (Nyiredy, 2004).

The use and development of new techniques
with shorter extraction times, reduced solvent
consumption, increased concern for pollution
prevention and special attention to thermolabile
constituents.

New extraction methods including microwave-
assisted extraction (MAE), supercritical fluid
extraction (SCFE), pressurized solvent
extraction (PSE) have attracted significant
attention over the last decade.

Total phenolic and flavonoids content. The
results for total phenolic and flavonoids content
of H. arenarium extracts are shown in Figure 5.
The total phenolic content of the 70% ethanol
(19.26 + 0.193 mg GAE/g dm) and 80%
methanolic (11.48 = 0.095 mg GAE/g dm)
extracts was higher than the aqueous extract
sample. Similarly, the content of flavonoids for
both alcoholic extracts was greater (59.58 =+
0.125 mg QE/g dm in 70% ethanol and 50.48 +
0.168 mg QE/g dm in 80% methanolic extracts)
than that of aqueous extract (30.99 + 0.199 mg
QE/g dm) (Figure 5; Table 2).

Total pheneolic and flavonoids content
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Figure 5. Total phenolics and flavonoids content in H. arenarium extracts
P1 - aqueous extract; P2 - 70% ethanol extract; 80% methanol extract



Czinner et al. (1999) suggested that the
choleretic and hepatoprotective activities of
Helichrysum arenarium inflorescence could be
attributed to the antioxidant properties of its
phenolic and flavonoid compounds. Various
studies have revealed the presence of numerous
bioactive  compounds in  Helichrysum
arenarium inflorescences that have medicinal
properties used in European phytotherapy
(Gradinaru et al., 2014).

Phytochemical screening

Phytochemicals are currently  enjoying
increased attention due to exciting new findings
on their biological activities (Cho et al., 2003).
Alkaloids, flavonoids, phenols, glycosides,
phytosterols and tannins detected in these
extracts could implicate these phytochemicals

as important bioactive agents in therapeutic
action (Aliyu et al., 2013). The high phenolics
content found in alcoholic extracts indicates
high antioxidant potentials because the
phenolics constituents can react with active
oxygen radicals such as hydroxyl radical
(Hussain et al., 1987), superoxide anion radical
(Afanasev et al.,, 1989) and lipid peroxyl
radical. The alcoholic extracts were found to
have phenolic contents of 19.26 mg GAE/g dm
for ethanol and 11.48 mg GAE/g dm and for
methanol (Figure 5).

Phytochemical examination revealed the
presence of alkaloids, flavonoids, phenols,
glycosides, phytosterols and tannins in all
extracts (Table 1, Figure 6).

Table 1. Phytochemical profile of H. arenarium extracts

Phytoconstituent Reagent/test Color change Presence
Aqueous Ethanolic Methanolic
extract extract extract
Alkaloids Wagner Reddish-brown ++ +++ +
Flavonoids Alkaline test Intense yellow +++ +++ ++
Phenols Folin-Ciocalteu Dark blue ++ +++ +++
Glycosides Keller — Killani Brown/green ring ++ ++ ++
Phytosterols Salkowsky Reddish-brown/Yellow +++ ++ +
Ferric chloride test Brown ++ +++ +++
Tannins
Note: +++: highly present, ++: moderately present, +: low, -: absent.
P1 P2 P3 P1 P2 P3
P1 P2 P3 :
4 4 A,
Alkaloids b Flavonoids :
P1 P2 P3 B A | P2 P3

'Ta“!'

y i N # -
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Figure 6. Presence of phytochemical compounds in H. arenarium extracts
P1 - aqueous extract; P2 - 70% ethanol extract; 80% methanol extract

Antioxidant activity
The antioxidant activity of H. arenarium
extracts was determined via two methods

(DPPH method and Total antioxidant capacity
(TAC) by phosphomolybdate method). Assay
based upon the use of DPPH radicals is among



the most popular spectrophotometric methods
for determination of the antioxidant capacity of
plant extracts because the radical compounds
can directly react with  antioxidants.
Additionally, DPPH scavenging method has
been used to evaluate the antioxidant activity of
compounds due to the simple, rapid, sensitive,
and reproducible procedures (Gongalves et al.,
2005).

In the present study, the ICso, value of ascorbic
acid, a well-known potent antioxidant, was
71.36+0.614 pg /ml.

The total antioxidant capacity (TAC) was based
on the reduction of Mo (VI) to Mo(V) by the

extract and subsequent formation of green
phosphate/Mo(V) complex at acid pH.

The anti-radical activity of the samples with
70% ethanol displayed higher values (DPPH
ICs0% 109.5£0.341 pg /ml and TAC
202+11.78 pg /ml) than the samples with 80%
methanol (DPPH ICsoy, = 125.7+0.344 pg /ml
and TAC 39.13+£9.011 pg /ml) and distillated
water (DPPH ICsy = 151.2+0.263 pg/ml and
TAC 9.41£0.129 pg /ml) by both methods.
These results were presented in Figure 7 and
Table 2.

Antioxidant activity

P1

P2

P3

W DPPHIC50% MTAC

Figure 7. Antioxidant activity of H. arenarium extracts

The results for ethanol extracts and their
antioxidant activity were in accordance with
the total phenolic content. (TPC) and the
concentration of flavonoids (TFC) (Table 2).

Table 2. Quantitative analyses of H. arenarium extracts

Sample TPC TFC DPPH TAC
mg GAE/gdm | mgQE/g  IC50%pg/ml  pg/ml
Pl 870=0.087 |3090:0.100 15120263 0410129
P2 | 1926:0193 | 50.5&0.125 109.5:0.M1 2021178
P3 11480005 | 50480.168 12570344 301320011

Data are mean + SEM for triplicate measurements
P1 - aqueous; P2 - 70% ethanol; 80% methanol

Various extracts (methanolic, ethanolic and
70% v/v ethanolic extracts) of Romanian sandy
everlasting (harvested from Botosani county),
containing high amounts of polyphenols, have
been tested for antioxidant properties (Babota
et al., 2018).
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CONCLUSIONS

The 70% ethanol extract of H. arenarium
showed the highest total flavonoid content and
total phenolic content compared to other
samples investigated. Moreover, ethanolic
extract has highest DPPH free radical
scavenging activity and TAC which could be
related to its higher phenolic content.
Phytochemical examination revealed the
presence of alkaloids, flavonoids, phenols,
glycosides, phytosterols and tannins in all
extracts. The presence of various bioactive
compounds in  Helichrysum  arenarium
inflorescences may have beneficial properties
for human health.
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Abstract

Highbush blueberry (Vaccinium corymbosum L.) is a significant specie in terms of economical, nutritional, and
medicinal point of view. Beside these attributes it is well known for its high anthocyanin content and antioxidant
activity. Therefore, obtaining new valuable blueberry genotypes resilient to climatic changing conditions is a priority
for breeders. The genotypes studied were obtained by a classical breeding method, respectively by free pollination, the
seeds being prior cold stored and then sown in seedlings trays with acidic peat. Germination lasted even two years for
some genotypes. The study presents the first phenotypic results for the obtained genotypes, highlighting differences and
similarities regarding the foliar system and health status. Thirteen local (including ‘Safir’, ‘Compact’, ‘Simultan’) and
international (Duke, Pink Lemonade, Berkeley, etc.) blueberry cultivars were used as parents. The results enclose

twenty hybrids obtained from free pollination.

Key words: highbush blueberry, high chill cultivars, genetic variability, blueberry breeding.

INTRODUCTION

Blueberries (Vaccinium spp.) are one of the
most economically significant and nutritionally
valuable fruit crops worldwide (Edger et al.,
2022). The demand for these antioxidant-rich
berries has fuelled research endeavours to
enhance cultivation practices, optimize yield,
and improve fruit quality (Mladin et al., 2008;
Patrick & Li, 2017; Hera et al.,2021; Edger et
al., 2022; Babiker et al., 2023).

Core to these efforts is the field of phenotyping,
a comprehensive approach that integrates
genetic, physiological and environmental
factors to characterize the measurable traits of
blueberry plants throughout their development
(Verde et al., 2013; Candea-Craciun et al.,
2018; Manzanero et al., 2023). In recent years,
the application of advanced phenotyping
technologies has emerged as a transformative
force in understanding the intricate genetic and
physiological mechanisms governing blueberry
growth and productivity. Phenotyping, broadly
defined as assessing observable traits, offers a
holistic  perspective beyond conventional
genetic studies. It involves the measurement
and analysis of morphological, biochemical,
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and molecular characteristics, providing
valuable insights into the complex interplay
between genotype and environment (Lobos &
Hancock, 2015; Asanica et al., 2017; Franeti et
al., 2020).

Current article explores the recent strides in
blueberry phenotyping, shedding light on the
innovative methodologies and technologies
driving progress in the field. By delving into
the intricacies of Dblueberry phenotypic
characterization, researchers aim to disclose the
mysteries surrounding the dynamic responses
of these plants to environmental stimuli,
stressors, and genetic variations. Through the
lens of phenotyping, we aim to elucidate the
intricate interplay between genotype and
phenotype in blueberries, offering insights that
can guide breeding programs toward
developing better cultivars with enhanced
nutritional profiles, improved tolerance to
different stressors, and increased adaptability to
diverse growing environments. Integrating
advanced phenotyping techniques marks a
paradigm shift in blueberry research, unlocking
new avenues for sustainable and resilient berry
production in the face of a changing climate
and evolving market demands.



MATERIALS AND METHODS

The biological material involved in the present
work was represented by foreign -cultivars
(‘Northland’, ‘Bluetta’, ‘Berkely’, ‘Coville’,
‘Draper’, ‘Duke’, ‘Nelson’, ‘Patriot’, ‘Spartan’,
‘Pink Lemonade’) and Romanian ones
(‘Simultan’, ‘Compact’, ‘Lax’ ‘Safir’) from the
blueberry collection of the Faculty of
Horticulture ~ Bucharest.  The  blueberry
collection is set up in containers where the soil-
specific properties could be better satisfied.
From the above blueberry cultivars fruits, as a
result of free pollination, seeds were extracted,
passed through the process of stratification in
cold rooms, and later sown and grown into
small pots. Some seeds germinated after two
years. Two and three years after germination,
one and three mature hybrids of each cultivar
were obtained. In the phenotyping process, five
leaves were collected for both cultivars and
hybrids that were morphologically analyzed
with the WinFolia system. WinFolia system
included an Epson scanner and software for
image analyses that accurately could measure
the principal biometrical leaves parameters. It
has been designed explicitly for analyzing
leaves in terms of leaf morphology and,
including color codes, to deliver the rate of the
disease foliar percentage.

Microsoft Excel 2016 and IBM SPSS .
28.0.1.1 software were used for the statistical
analyses of the data with a significance level of
p = 0.05 were used.

RESULTS AND DISCUSSIONS

The first data included the visual analysis of the
hybrids compared to the genitors. After
scanning with the WinFolia program, images
were obtained with the five leaves for each
cultivar and hybrid. In Table 1, the mother
genitor and the corresponding hybrids were
presented. They are valuable for future
applications for plant/cultivar/hybrid
recognition.

In the second phase, morphological parameters
were analyzed for hybrids and cultivars.
WinFolia software delivers results on leaf area,
perimeter, vertical length, width, ratio (W/L),
form coefficient, blade length, lobe angles, and
petiole length and area (Tables 2 and 3).

160

When analysing the leaf area, hybrids proved to
have a large variability, the values being
between 5.488 (PLS 7-3) and 23.218 cm? (PLS
52-1), the same characteristics being observed
in the other parameters.

For the petiole length, there were no significant
differences between variants. For the petiole
area, PLS 2-1 had the highest value (0.016
cm?), followed by PLS 18-3, PLS 25-23, PLS
22-6, PLS 52-13, PLS 7-4, PLS 2-2, PLS 59-
14, PLS 45-1, PLS 20-1, PLS 18-1, PLS 33-11
(no significant differences between them). The
group of PLS 7-3, PLS 18-2, PLS 29-15, PLS
52-3, PLS 49-22, PLS 21-2, PLS 52-1, PLS 21-
3 had lower values.

Table 1. Cultivars and the corresponding hybrids
analyzed with the WinFolia program

T

000 000 006 900
60 00 o0 060

Northland PLS52-1 PLS52-3 PLS 52-13
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For the healthy status of the plants, Winfolia
software was used with image analysis based
on color. At the hybrids, all the variants
presented similar values (Table 2), except PLS
21-3, which had a lower value (71.37%). In
general, hybrids had very good, healthy foliage.
Based on the morphological parameters,
hybrids were analyzed in clusters (Figure 1).
According to the obtained dendrogram, five
common groups were obtained. First group
included PLS 52-3, PLS 18-1, PLS 29-15, PLS
2-2, second group PLS 25-23, PLS 22-6, PLS
33-11, PLS 52-1, third group PLS 21-3, PLS
18-3, PLS 45-1, PLS 7-4, fourth group PLS 52-
13, PLS 59-14, PLS 21-2, and the fifth group
PLS 2-1, PLS 18-2, PLS 49-22, PLS 7-3. The
first and second groups shared characters
through the hybrid PLS 29-15 with PLS 33-11.
Groups three and four shared characters
through the hybrid PLS 59-14 with PLS 18-2.
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Based on the morphological parameters,
cultivars were analyzed in clusters (Figure 2).
According to the obtained dendrogram, four
common groups were obtained. The first group
included Coville PLS 19, Patriot PLS 22, and
Nelson PLS 29; the second group Simultan
PLS 7, Draper PLS 25, and Berkeley PLS 21;
the third group Lax PLS 13, and Safir PLS 18;
the fourth group Bluetta PLS 45, Northland
PLS 52, and Duke PLS 20.

PLSS52.3 2

PLS 181 14

PLS29.15 18

PLS 22

PLS 25-23

PLS 22-6

PLS3311 11

PLS 521 1
PLS21-3
PLS18-3
>

PLS 451 4
PLST4 5
PLS 2041

PLS 5213

PLS58-14
PLS 212 9
PLS2-1 8

i

Figure 1. Hybrids grouped in clusters based on the
morphological parameters

PLS18-2

PLS 48-22

PLST73

When the cultivars were analyzed (Table 3),
the same variability was observed for the leaf
area, where values ranged between 96.169
(Bluetta PLS 45) and 194.795 cm® (Pink
Lemonade PLS 9) (results expressed for the
five leaves). There was a slight variability for
petiole length; the values ranged from 0.232
(Bluetta PLS 45) to 0.520 cm (Pink Lemonade
PLS 9).

The petiole area recorded the highest value for
Pink Lemonades PLS 9 (0.091 cm?). The
lowest value for the Bluetta PLS 45 cultivar
(0.026 cm2), followed upwards by Draper PLS
25, Northland PLS 52, Compact PLS 33,
Berkeley PLS 21, Duke PLS 20, Simultan PLS
7, Safir PLS 18, Patriot PLS 22, Lax PLS 13,
Coville PLS 19, Nelson PLS 29, and Spartan
PLS 2.
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The leaf perimeter recorded the lowest value of
118.749 cm for the Bluetta PLS 45 cultivar,
increasing significantly to 172.25 for the Pink
Lemonade PLS 9. Vertical length has no
significant values in terms of variability (data
expressed for five leaves).

The WinFolia program used to analyze leaf
health highlighted the Bluetta PLS 45 cultivar
with the lowest value, having specific signs of
disease, and the Pink Lemonade PLS 9 cultivar
with the highest value (Table 3). In general,
cultivars had good leaf health.

Covle PLS 19 1

Patrict PLS 22 8

Nelson PLS 29 T

PikLinonde PLS M

SpartanPLS 2 101

Simuten PLS 7

Draper PLS 25 1

Berkeley PLS 21

LaxPLS13

Safi PLS 18
Bluetta PLS 45

Horhland PLS 52§}
DukePLS 20 13
Compact PLS 33 14

Figure 2. Cultivars grouped clustered by the
morphological parameters

Based on the morphological parameters,
cultivars were analyzed in clusters (Figure 2).
According to the obtained dendrogram, four
common groups were obtained. The first group
included Coville PLS 19, Patriot PLS 22, and
Nelson PLS 29; the second group Simultan
PLS 7, Draper PLS 25, and Berkeley PLS 21;
the third group Lax PLS 13, and Safir PLS 18;
and the fourth group Bluetta PLS 45, Northland
PLS 52 and Duke PLS 20.

CONCLUSIONS
The first data about the hybrid serie obtained

from mother plants by free pollination are
valuable for further research. A database of
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images and data was obtained and consist as a
useful base for an extended tool in performing
phenotyping research with the help of digital
tools.
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Abstract

In the last decade, European consumer demand for organic or ecological products has increased. Ecological
agriculture has the potential to reduce negative impacts on humans and ecosystems, but its productivity compared to
conventional agriculture remains a controversial issue. Consumers began to look for safer and better controlled fruits,
produced in a more ecological environment. Organically produced fruits are considered to satisfy consumer demands
while having a favorable impact on the environment and human health. European Union guidelines on organic
production prohibit the use of synthetic products (fertilizers and plant protection methods). The principles for organic
farming are similar in different European countries and the permitted inputs are regulated by law. In this paper, we
proposed to present principles and rules in ecological fruit growing sector, as well as fertilizers and varieties
recommended for apple culture in an ecological system in Romania.

Key words: apple, ecological system, rules, cultivars, fertilizers.

INTRODUCTION

The definition and state of ecological
agriculture

“Ecological agriculture” is a term protected and
assigned to Romania by the EU to define this
agricultural system and is similar to the terms
“organic agriculture” or “biological
agriculture” used in other member states. For
example, the term organic is used in Great
Britain, Cyprus, Ireland, Malta, the term
biological in France, Italy, Belgium, Greece,
Luxembourg, Austria, the Netherlands,
Portugal, and the term ecological in Denmark,
Sweden, Lithuania, Poland, Spain, Romania,
Slovenia, Hungary, Germany, etc. (Butac et al.,
2021).

The Food and Agriculture Organization (FAO)
and the World Health Organization (WHO)
define organic agriculture as an “integrated
system of managing the agricultural production
process, which contributes to supporting and
strengthening the resilience of the agro-
ecosystem, including biodiversity, biological
cycles and soil biological activity” (Butac et
al., 2021).

According to the most recent Research Institute
of Organic Agriculture (FiBL) data (2019),
organic agriculture is practised in 187
countries, and 72.3 million hectares of
agricultural land were managed organically by
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at least 3.1 million farmers. The regions with
the organic agricultural land areas are Oceania
(35.5 million hectares, 50% of the world’s
organic agricultural land), Europe (16.5 million
hectares, 23%), Latin America (8.3 million
hectares, 11%), Asia (5.9 million hectares,
8%), North America (3.6 million hectares, 5%)
and Africa (2 million hectares, 3%) (Figure 1)
(Willer et al., 2021).

1,

E Oceania HEurope W Latin America ®Asia #North America H Africa

Figure 1. Distribution of organic agfricultural land by
region, 2019 (surce: FiBl survey, 2021)

Worldwide, in 2016, fruit tree species from the
seed and stone fruit group in the ecological
system occupied an area of 254,600 hectares,
berries 56,443 hectares (Butac et al., 2021), and
nut crops occupied an area of 574,069 hectares.



In Europe, Spain, France, Italy, Germany and
Switzerland are the countries with the largest
orchard area in the ecological system.

Thus, Germany is the country with the oldest
tradition in organic agriculture, at the level of
2017, 15% of the total production of fruits
(apple, pear, plum, sweet and sour cherry,
apricot, peach, quince, walnut) being produced
in an organic system.

In Italy, in the South Tyrol region, 41,000 tons
of apples are produced annually, of which 10%
are organically grown. Under the slogan “in
harmony with nature”, the farmers of this
region formed an association of apple
producers in an integrated system, AGRIOS,
since 1988.

In Switzerland, the pioneer of organic farming
in the world, apples are the most sold fruits. At
the level of 1999, there were 366 farmers, who
owned 213 ha of apple orchards, of which 70-
80% produced organically.

In Romania, ecological agriculture included, at
the level of 2019, an area of approximately
395,228 ha, respectively 2.9% of the agricul-
tural area. Fruit trees occupy only 15,905 ha,
ie. a share of 4.0% of the total organic
agriculture at national level (Butac et al., 2021).
Principles of ecological agriculture (EA)
(Kienzle and Kelderer, 2017; Butac et al.,
2021):

1. The principle of health: EA must ensure and
improve the health of the soil, plants, animals
and people. Ecological farming is intended to
produce healthy food with superior nutritional
quality that prevent disease and maintain well-
being.

2. The principle of ecological: EA must achieve
an ecological balance by organizing agricul-
tural production systems, managing habitats
and maintaining genetic and agricultural
diversity.

3. The principle of fairness regarding the
environment and living conditions. Fairness is
expressed through respect, justice and
consideration.

4. The principle of management that EA must
be managed in a prudent and responsible
manner to protect the health and well-being of
current and future generations, as well as the
environment. EA must prevent the occurrence
of major risks by adopting appropriate
technologies.
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The main rules of ecological farming (Kienzle
and Kelderer, 2017; Butac et al., 2021):

1. Environmental protection. EA must reduce
or eliminate the use of synthetic or natural
products that destroy useful organisms in the
soil, diminish non-renewable resources and
diminish the quality of water, air and
agricultural products.

2. Maintaining and increasing soil fertility. EA
through specific practices aims to intensify the
activity of microorganisms in the soil, in order
to increase its fertility.

3. Respect for consumers' health. By practicing
EA, the aim is to obtain quality agricultural
products, without pesticide residues, with a
balanced content of proteins, carbohydrates,
lipids, vitamins, organic acids and mineral
salts.

4. The ecological farm must be a balanced unit
being a component of the ecosystem.

5. Recycling of materials and resources inside
the farm.

6. Maintaining the
agricultural ecosystem.
7. Cultivating plants in harmony with natural
laws.

8. Obtaining optimal and not maximum
productions. Maximum  productions are
achieved in most cases with an abusive use of
resources and environmental degradation.
Ecological agricultural systems aim to obtain
optimal productions, under the conditions of
environmental protection, agricultural products
and conservation of non-renewable resources.

9. The use of technologies suitable for the
ecological farming system.

10. Preserving the integrity of ecological
agricultural products, from their production to
marketing.

The legal framework and normative acts
regarding ecological fruit growing

The European Commission has established
rules for each type of activity through
Regulation  (EU)  848/2018  regarding
production and labeling of organic products,
Regulation (EC) no. 834/2007 and Regulation
(EC) 889/2008 which provide application of
appropriate  management of  biological
processes based on ecological systems using
natural resources (Kienzle and Kelderer, 2017).
In Romania, the ecological farming system is
regulated by the following normative acts:

biodiversity of the



- Order 464/2019 regarding the import of
ecological products from other countries;
MADR Order 181/2012 and 954/2016
regarding the organization of the inspection and
certification system in ecological agriculture;

- MADR Order 737/2014 regarding the
registration of operators in ecological
agriculture;

- Decision 131/2013 regarding the labeling of
ecological products;

- Order 51/2010 regarding the authorization of
imports of ecological agri-food products from
other countries;

- Regulation 889/2008 regarding production
and labeling of ecological products;

- Regulation 852/2004 regarding the hygiene of
food products.

Order no. 417/110/2002 regarding
labeling of ecological food products;

- Emergency Government Ordinance 34/2000
regarding ecological agri-food products.

Even if ecological agriculture has developed in
many countries, there is a need for research
activities, as follows:

* Creation of cultivars and rootstocks suited to
ecological systems;

» Using of fertilizers and pesticides suited to
ecological agriculture to improve soil fertility
and maintain the health of plants, people and
the environment.

Creation of cultivars and rootstocks suited to
ecological systems

Appropriate cultivars and rootstocks are a key
factor in development an orchard system
(conventional and ecological).

Apple cultivars should show resistance to
diseases, pests and abiotic factors such as frost
or sunburn.

After the 1990s, many new cultivars from
breeding programs around the world were
tested and promoted as tolerant or resistant to
one or more diseases.

In the last years, in the ecological fruit-growing
sector and also in the market was introduce
new scab-resistant cultivars with higher fruit
quality, such as ‘Topaz’, ‘Red Topaz’,
‘Dalinred’, ‘Santana’, ‘Ariwa’ and ‘Natyra’
due to collaboration between breeder, growers
and marketing organizations (Kienzle et al.,
2016; Kienzle and Kelderer, 2017). These
cultivars have the Vf scab resistance gene.

the

The breeding strategies for creation of new
cultivars are based on two new approaches:

1. Combining of scab resistances with powdery
mildew (Podosphaera leucotricha) resistance
and fire blight (Erwinia amylovora) tolerance
(Kellerhals et al., 2016).

2. Using in artificial hybridization of geneti-
cally distant cultivars. Avoidance of inbreeding
is also an important issue (Ristel et al., 2016).
The evaluation of varieties from pomological
collections for susceptibility to different
diseases is crucial for both approaches
(Kellerhals et al., 2016; Lateur et al., 1994.

In Romania, during the last 20 years, breeding
objectives have mainly focused on fruit quality
and disease resistance. The apple breeding
programs for resistance to scab (Venturia
inaequalis Cke.) have mostly concentrated on
VT gene originated from Malus floribunda 821
(Militaru et al., 2019).

Thus, from the breeding program carried out in
Romania, a number of 65 new apple cultivars
resulted, the great majority being resistant or
tolerant to specific diseases.

Many of these cultivars have been propagated
and spread in commercial plantations in our
country, being highly appreciated by growers
and consumers, such as ‘Romus 3’, ‘Romus 4°,
‘Rebra’, ‘Rustic’, ‘Valery’, ‘Remar’, ‘Luca’,
etc. (Table 1).

Table 1. Apple cultivars recommended for organic
farming

No. Cultivars Short description

1 Romus 3 Resistant to scab; summer
cultivar; fruit: red color, ovoid,
very good taste, highly
appreciated by consumers and

ZSrowers.

Romus 4 Resistant to scab; autumn
cultivar; fruit: red color,

flattened spherical, good taste.

Rebra Resistant to scab; winter cultivar;
fruit: red color, spherical, good

taste.

Rustic Resistant to scab; winter cultivar;
fruit: red color, spherical, good

taste.

Rumina Resistant to scab; winter cultivar;
fruit covered with rust on the

surface, with good storage.

Autumn varieties; resistant to
scab; fruit: yellow color with red
stripes in the Topaz cv., and red
color in the Red Topaz cv.;
sweet-sour taste.

Topaz and
Red Topaz
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No. | Cultivars Short description
7 Choupette® Winter cultivar; resistant to scab;
Dalinette fruit: red color; sweet taste; good
storage capacity.

8 Natyra Winter cultivar; resistant to scab,
but sensitive to powdery mildew
and bacterial cancer; fruit: dark
red epidermis, crispy pulp; good
storage capacity.

Using of fertilizers suited to ecological

agriculture to improve soil fertility

In ecological orchards, two categories of
fertilizers are allowed - organic fertilizers
(manure, urine, compost, green fertilizers and
plant residues) and mineral natural fertilizers
(rocks and mineral products) (Toncea et al.,
2016) (Table 2).

Table 2. Fertilizers used in ecological fruit growing

No. Fertilizers Short description and your role
tip

1 Manure Mixture of solid and liquid
manure from animals; it
contains many nutrients
necessary to restore soil fertility
and plant nutrition.

2 Urine and Liquid which are used both as

manure wort | basic and foliar fertilizer.

3 Poultry Fast-acting fertilizer with almost
manure double the N, P and K content

comparative with manure.

4 Compost Organic fertilizer resulting from
the controlled fermentation of a
mixture of organic waste, such
as vegetable waste, and urban
sludge, etc.

5 Green The plants used are peas, lupine,

fertilizers clover; when the plants are in
full growth; they are chopped
and inserted under the soil.

6 Natural In organic agriculture, only
mineral natural products are used as
fertilizers mineral fertilizers, not industrial

ones; these materials (natural
rocks, ores) in addition to a
dominant nutritional element
(phosphorus, potassium) also
contain other elements
necessary for plant nutrition.

CONCLUSIONS

Considering the fact that the agro-food market
is dominated by fruits from conventional
orchards, heavily chemical, by food additives
used to improve the color, flavor and structure

of food and their preservation, the organic
products market can contribute to the
protection of the environment and the health of
generations current and future.

Researchers should develop a set of measures
such as: breeding and introduction into culture
and market of cultivars with durable resistance
to  pathogens; improving technological
sequences for soil and vegetation management
with the aim of increasing yielding capacity
and fruit quality; improving technological
sequences to ensure plant health.
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Abstract

Pawpaw or Northern banana (Asimina triloba L. Dunal), is part of the Annonaceae family, although it is a temperate
fruit tree species. The pawpaw fruit is an exciting new food option for people looking for new, balanced food choices.
One hundred grams of pawpaw pulp delivers 80 calories and contains 1.2 g of proteins and 1.2 g of total fat. Studies
have shown that during ripening, loss of firmness is extremely rapid. This trait may be the biggest obstacle to
developing a broader market, as handling without injury is difficult. Cold storage of pawpaw seems limited to four
weeks at 4°C. Cold storage for longer than four weeks caused cold injury symptoms such as black discoloration, rapid
loss of firmness, impaired respiration, tissue acidification, decreased antioxidant content, reduced volatile ester
production, and development of off-flavor volatile compounds. This paper aims to review pawpaw ripening and

postripening characteristics under local conditions.

Key words: firmness, cold storage, cold injury, paw-paw.
INTRODUCTION

Pawpaw or Northern banana (4simina triloba
L. Dunal), is part of the Annonaceae family,
although it is a temperate fruit tree species.

The pawpaw fruit is an exciting new food
option for people looking for new, balanced
food choices.

This paper aims to review pawpaw ripening
and post-ripening characteristics under local
conditions.

RESULTS AND DISCUSSIONS

Asimina or paw-paw has a specific profile
regarding nutritional values.

One hundred grams of pawpaw pulp delivers
80 calories and contains 1.2 g of proteins and
1.2 g of total fat. At the same time, 18.8
carbohydrates, 2.6 dietary fiber, 1g vitamin A,
30.5 vitamin C, 0.8 mg/100 g fw) thiamin,
6 mg/100 g fw riboflavin, 6.5 mg/1000 g fw
niacin. For the minerals, in 100 g fw, there
were 9.9 g K, 7.9 g Ca, 5.9 g P, and 35.9 g. Mg,
56 g Fe, 6.7 g Zn, 22.2 g Cu, and 74.3 g Mn
(Paw-paw, 2023).
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The fat composition of pawpaw fruit consists
mainly of unsaturated fatty acids such as
palmitoleic (5.8-10.2%), oleic (23.2-42.0%),
linoleic (8.0-12.0%), and linolenic (14.0-
24.4%) (Peterson, 1982).

For the essential amino acids, in 100 g fw, there
were 21 g histidine, 70 g isoleucine, 81 g
leucine, 60 g lysine, and 51 g phenylalanine
(Paw-paw, 2023).

Despite the rancidity problem, pawpaw-derived
products as carbohydrate-based, fat-reducing
agents in baked food formulations have been
studied (Wiese & Duffrin, 2003).

More research suggested that pawpaw fruit
pulp had the potential to be added to various
consumer goods to add increased nutritional
benefits or flavor enhancement (Brannan et al.,
2012).

Pawpaw fruits are fragrant and nutritious, with
a unique aroma and flavors like a combination
of banana, mango, and pineapple (Duffrin &
Pumper, 2006).

Literature data consider pawpaw pulp as a good
source of polyphenols (ranging from 22.13 to
3736 mg GAE per g) and apples, oranges,
grapes, and strawberries (Brindza, 2019).



In particular, the predominant polyphenolic
compounds were three phenolic acids,
protocatechuic acid hexoxide, p-coumaroyl
hexoxide, and 5-O-p-coumaroylquinic acid,
and flavanols, particularly (—)-epicatechin, B-
type procyanidin  dimers and  trimers
(Brannan et al., 2015).

There has been interest in the pawpaw because
of its tropical scent and flavors, leading to its
niche use. Recent research has shown the
pawpaw to have a fermented yeasty smell, with
many of the natural scents coming from alcohol
or alcohol derivatives (Goodrich et al., 2006).
Volatile methyl esters increase as the fruit
matures. As the pawpaw ripens, fruity aroma,
sweet aroma, melon-like aroma, and fermented
aroma intensities increase, and cut-grass
(green) intensity decreases (McGrath &
Karahadian, 1994).

However, flavor and aroma vary among
pawpaw varieties, with some fruits displaying
complex flavor profiles that have not been
described.  Pawpaw  fruit ripening s
characterized by increased soluble solids
concentration (up to 20%), flesh softening,
increased volatile production, and, in some
genotypes, a decline in green color intensity
(McGrath & Karahadian, 1994).

Determining the levels of phytochemicals in
pawpaw may benefit attempts to commercialize
the fruit. Two studies have reported levels of
antioxidant compounds in pawpaw pulp. One
group reported that phenolic content and
antioxidant capacity in fruit from two pawpaw
cultivars tended to decrease with ripening
(Kobayashi et al., 2008).

The amount of total phenolics in pawpaw pulp
was not affected by the level of ripeness.
However, the level of total flavonoids was 40%
higher in underripe pawpaw than ripe, which
was 12% higher than in overripe pulp. The
level of total phenolics reported in pawpaw
(9.2 umol gallic acid equivalents per gram
fresh fruit) was similar to several commercially

important  Annonaceous  fruits, including
soursop/guanabana/graviola (Harris &
Brannan, 2009).

The preliminary analyses indicated that

firmness declined due to the action of at least
four enzymes: polygalacturonase, cellulase,
pectin methylesterase, and endo-B-man-nanase
(Koslanund, 2003).
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Pawpaw fruit has traditionally been harvested
from native plant stands and small orchards for
immediate sale and consumption. Other than
the decline in fruit firmness, there are no.
Obvious indicators of fruit ripening. This lack
of a good harvest index is also a problem with
the related cherimoya (Merodio & De la Plaza,
1997).

The fruits on a single tree do not ripen within
proximity in time to one another. An extended
harvest period of two weeks or more from a
tree is not uncommon. The protracted harvest
may be partly due to the staggered spring
bloom period, up to two weeks or more. Each
fruit cluster develops from an individual
flower, and fruit within a cluster often ripen at
different times. Cultivar variation in harvest
date also exists, with early to late season
cultivars ripening over 4 to 6 weeks. Currently,
multiple harvests from one tree are conducted
to obtain high-quality fruit. Because a decline
in firmness is the main indicator of ripening,
this requires repeated visits to and touching
individual fruit, which is very laborious. A
once-over harvest from a tree is not feasible
(Miller, 1989).

Since pawpaw exhibits an ethylene climacteric,
it too may be susceptible to ethylene treatment
to induce ripening and treatments to affect
ethylene production or action. It was found that
fruit harvested immature did not ripen, even if
treated with ethephon at 1000 mgeL™!, but
using commercially available growth regulators
to manipulate pawpaw ripening warrants
further study. Postharvest application of 1-
methylcyclopropene, an  ethylene action
inhibitor, has recently been used to successfully
slow the ripening of climacteric species and
may help do the same with pawpaw (Fan et al.,
1999).

Although germplasm selection and breeding
have led to more pawpaw cultivars, two main
obstacles to market interest development, the
fruit's rapid postharvest perishability and the
absence of harvest synchronization within and
among trees, have not yet been overcome.
Once riped, pawpaw fruit is marketable for
only 3-4 days when held at room temperature
(Archbold & Pomper, 2003).

When fully ripe, the fruit must be handled with
care since its thin skin and highly soft pulp
expose it to bruises and other physical damages



(Peterson, 1991; Archbold et al.,
Archbold & Pomper, 2003)

Pawpaws fail to complete the ripening process
if harvested too early (Archbold, personal
communication).

Ripe pawpaw fruit could be cold stored at 4°C
for 4 weeks with minor changes in fruit quality
(Archbold et al., 2003; Archbold & Pomper,
2003).

Like other climacteric fruits, pawpaw ripening
is characterized by increased ethylene
production and respiratory activity (Archbold
& Pomper, 2003; Koslanund et al., 2005).
Single peaks of each were generally detected
three days after harvest.

Mean ethylene on a fresh weight basis were 4.7
and 7.6 pug kg~'h™!, and mean respiratory (CO:
production) maxima on a fresh weight basis
were 220 and 239 mg-kg!-h™' in 1999 and
2001 harvests, respectively.

Ethylene and respiration peak values in
pawpaw were similar to those reported for
sugar apple and cherimoya. However, ethylene
values were significantly lower and respiration
values significantly higher than the values
reported in other climacteric fruits such as
apple, which at harvest produces 10-100 pg
CoHskg'h! and 5-10 mg COxkg'-h'!
(Kader, 2002).

2003;

Figure 1. Unripe pawpaw fruits (source: own data)

Harvested fruits are still living organs; hence,
even though detached from the plant, they
continue to exchange gas with and lose water to
the environment.

Since the connection with the mother plant has
been cut, the respiratory substrate and water

losses that occur cause permanent changes in
fruit composition (Burdon, 1997).

Many preharvest and postharvest factors, such
as genetics, cultural practices, maturity at
harvest, and postharvest handling techniques,
influence the composition and quality of fruit
by the time it reaches the consumer (Archbold
et al., 2003).

Figure 2. Ripe pawpaw fruits (source: own data)

Cold storage delayed the ripening of fruit and
significantly delayed firmness loss. However,
firmness declined rapidly upon removal from
cold storage, accompanied by a rise in ethylene
production and respiration.

Like cherimoya (Merodio & De La Plaza,
1997), cold-stored pawpaw fruit exhibited a
higher ethylene maximum than fruit ripened
after harvest (Archbold et al., 2003).
Preliminary observations indicated that more
extended storage periods resulted in external
and internal black discoloration of the fruit
(Koslanund, 2003), possibly symptoms of cold
injury similar to other Annonaceae like
cherimoya (Martinez-Tellez & Lafuente, 1997).

Figure 3. Harvested fruit (source: own data)



In the research of Galli (2007), fruit were cold
stored at 4°C for O (harvest) 2, 4, 6, or 8 weeks.
Measurements for ethylene production were
collected daily for three days after beginning
bench ripening and were expressed as pg
CoHa/kg fw/h. Respiration was determined and
expressed as mg CO2/kg fw/h.

The highest ethylene production was recorded
two weeks after harvesting by the Middletown
variety (7.00 pg CoHa/kg fw/h). Only PA
Golden and Taytwo fruits stayed mold—free
until the end of the eight weeks of cold storage.
9-58’ and Middletown fruits were the firmest
(32 N and 27 N, respectively) in 2004, and
Taytwo and Middletown fruit were the firmest
(28 N and 26 N, respectively) in 2005.

After two weeks of cold storage, the overall
number of fruits with firmness higher than 15
N decreased from 71% (at harvest) to 19%.
Taytow recorded the highest amounts of
glucose and sucrose in the 8th week and the
most significant amount of starch when the
fruit was unripe.

Taytwo pawpaw fruit pH significantly
increased with ripening after harvest and 4 or 6
weeks of cold storage. After eight weeks of
cold storage, the fruit pH had significantly
decreased.

Headspace volatile profile composition of
pawpaw cultivars at harvest was determined. At
harvest, when fruit was considered in the early
ripening stage, Wilson produced a significantly
higher amount of total volatile compounds, 10-
fold or more, than the other cultivars similar to
one another.

During bench ripening, the rise in volatile
production was principally linked to an
increased emission of hexanoate and octanoate
esters for Taytwo. The concentration of
hexanoates increased by more than 700-fold
during ripening. The major volatiles detected
were (following retention time) ethyl alcohol
(EA), ethyl acetate (EAC), ethyl butanoate
(EB), methyl hexanoate (MH), ethyl hexanoate
(EH), methyl octanoate (MO), octanoic acid
(OA), ethyl octanoate (EO), ethyl decanoate
(ED), ethyl propionate (EP), hexanoic acid
(HA), methyl butanoate (MB).

Regarding enzyme activity, in the Taytwo
cultivar, AAT activity was detected at an early
ripening stage. ADH activity in Taytwo fruit
was almost 50- and 3 times lower than ADH
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activity measured in apples and tomatoes at
harvest, respectively.

LOX activity at harvest was comparable to that
reported for apples and strawberries. As with
the ADH activity above, the variability of the

LOX data was high.
Alcohol  acyltransferase  (AAT), alcohol
dehydrogenase (ADH), and lipoxygenase

(LOX) activity of Taytwo fruit at 4 and 72 h
after harvest or after 2, 4, 6, or 8 weeks of cold
storage were determined. Enzyme activities
were expressed as mU/mg protein.

The highest total glutathione and GSH
concentrations were measured in fruit bench
ripened for 72 h after harvest and after 2 and 4
weeks of cold storage.

Content of total glutathione, oxidized
glutathione (GSSG), reduced glutathione
(GSH), and glutathione reductase (GR) activity
in Taytwo cultivar one week before commercial
harvest (unripe), at harvest, and after 2, 4, 6 and
8 weeks of cold storage was also determined.
Measurements were collected after 4 and 72 h
of bench ripening.

The ascorbate content of Taytwo fruit at harvest
was similar to that reported in other research.
The highest total ascorbate concentration was
in fruit at harvest. Values had significantly
dropped by two weeks of cold storage, and
there were significant declining trends over
storage time when measured at 4 or 72 h.
However, bench ripening did not affect total
ascorbate.

As for total antioxidant activity during storage
and ripening, no differences were found among
values one week before commercial harvest
(unripe), at harvest, or after 2, 4, 6, or 8 weeks
of cold storage, irrespective of 4 or 72 hours of
bench ripening. Even though cold storage did
not affect total antioxidant content, phenolic
concentration varied with storage length.
Carotenoid content varied among pawpaw
cultivars. Wilson cultivar had the highest
carotenoid content, and ‘8-20’ had the lowest.
Fruit of carotenoid-rich cultivars had the most
intense pulp color, and carotenoid-poor
cultivars had moderate pulp color.

PA Golden cultivar was used to investigate the
possible modification of carotenoid content
during cold storage. Carotenoid content at
harvest was significantly higher than in unripe
fruit, but no differences were observed between



fruit at the beginning and the end of bench
ripening.

Brannan (2015) conducted a study and
determined the PPO activity of five pawpaw
cultivars.  Significant Polyphenol oxidase
activity was observed in Sun Flower > Green
River Belle > Susquehanna > Wild > Sue. All
cultivars exhibited pulp pH in the range of 5.9-
6.3. Previous research has shown that pawpaw
pH exhibits maximum activity at pH 7.0, while
pH 6-7 range values exhibit high activity (Fang
et al., 2007; Brannan, 2015). In addition to
having the lowest PPO activity, variety Sue had
the lowest sugar content (15%) compared to the
other varieties. However, there was no clear
trend concerning sugar content and PPO
activity in the other varieties (Brannan, 2015).
In another study, GRB was the only variety in
common with both of the varieties analyzed in
each of the two phases of this study. The pH
values of the varieties ranged from 6.1 to 6.8,
which is in the high range of pawpaw PPO
activity. The PPO activity of GRB was in good
agreement between the two phases of the
current research, exhibiting PPO activity
(AABS/min/g protein) of 5.31 and 5.36. PPO
activity among the 12 variations showed that
six varieties (T2, RG, NCI1, OL, RAP, and
GRB) exhibited PPO activity statistically
higher than QD and LF. The other four
varieties (SAAZ, SHEN, ATW, IXL) exhibited
PPO activity that was not significantly different
from each other or QD and LF. However, they
were significantly lower than T2, RG, and NCI
(Brannan, 2015).

The antioxidant activity of Asimina triloba
genotypes evaluated by the DPPH method
ranged from 2.84 (AzT-01) to 7.04 mg TEAC.
g! (AzT-04). The variation coefficient
(31.77%) in all the genotypes tested confirmed
the degree of mean variability of parameters.
The antioxidant activity evaluated by the
molybdenum-reducing  antioxidant  power
varied from 97.25 (AzT-06) to 275.41 mg
TEAC.g"' (AzT-03). The degree of mean
variability of parameters was confirmed by the
variation coefficient (35.07%) in tested
genotypes (Brindza et al., 2019).

The total polyphenol content in Asimina triloba
genotypes ranged from 22.13 (AzT-05) to
37.36 mg GAE.g! (AzT-02). The variation
coefficient (16.87%) confirmed the high
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variability of the parameter. The differences
between the present and previously conducted
studies may be attributable to the plant's
geographical origin as well as the different
methods of extraction. The flavonoid content
varied from 15.10 (AzT-05) to 32.02 mg.g”! QE
(AzT-02). The variation coefficient (25.39%)
supported this parameter's observations of high
variability. The total phenolic acid content was
found to vary significantly among the various
Asimina triloba genotypes, possibly due to
their different botanical and regional origins.
The mean total phenolic acid of the studied
fruit genotypes was 25.16 mg.g-1 CAE, with
the highest phenolic acid recorded by genotype
AzT-02 at 32.02 mg. ¢ ' CAE, indicating its
superior antioxidant potential. The variation
coefficient (25.39%) supported this parameter's
observations of high variability (Brindza et al.,
2019).

The analysis of the ripening behavior of 10
different pawpaw cultivars (1-7-2, 8-20, 9-58,
Middletown, PA Golden, Shenandoah, Taytwo,
Taylor, Wells, and Wilson) over two seasons
showed that all genotypes ripened similarly
after harvest. For fruit held for up to three days
at room temperature, CO> production ranged
from 48 to 174 mg COz/kg fw/h, ethylene
production ranged from 0.2 to 2.7 ng C>Ha/kg
fw/h, and firmness decreased by 30-50%. In
both harvest years, ethylene and CO; peaks
were generally detected within 48 hours from
harvest. No differences in the cold storage
response were found among the different
genotypes. After cold storage, ethylene
production ranged from none detected to 28 pg
C2Hy/kg/h, respiration ranged from 0 to 214 mg
COy/kg fw/h, and firmness declined as the
storage period increased (Galli, 2007).
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Abstract

Changing the light regime during the growing season by using photoselective nets in devices protecting against hail can
have an impact on the yield and its quality. The white and black used nets do not change the spectral composition of the
light passing through the grids, but act as shades, reducing the amount of light that passes through the grids. The
influence of this effect on the sensory characteristics of Florina apple fruits was studied in an orchard with a support

structure located in Northern Bulgaria.

The sensory evaluation of the Florina cultivar shows that the fruits under the most commonly used black net in orchards
in terms of taste, aroma and consistency do not differ significantly from those grown under yellow and red coverings.
Only the influence of different types of nets on the appearance and skin colour of the fruits of the Florina apple variety

has been statistically proven.

Key words: Florina, photoselective nets, sensory analysis, appearance, colour, taste, aroma.

INTRODUCTION

The use of photoselective nets in modern fruit
growing is increasingly being applied as a safe

alternative to  successfully address the
challenges of various stressors threatening fruit
producing.

Net systems are usually used to protect
orchards from hail. Nowadays the systems are
also designed to screen spectral bands of solar
radiation and transform some of the direct light
into diffuse. This process controls the
physiological changes occurring in the plants
and can direct them in the direction desired by
the producer related to fruit quality (Raveh et
al., 2003).

According to Meena et al. (2016),
photoselective nets are able to scatter light and
this results in improved solar radiation

utilization efficiency of fruit plants. This would
change metabolic processes and positively
affect flower bud formation, flowering intensity

and  ultimately  better retention and
development of quality fruits (Sivakumar et al.,
2017).

The relationship between fruit trees and
environmental conditions affecting fruit quality
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differed for open areas and areas covered with
flower anti-hail nets. The reason for this is the
change of the microclimate under the nets,
which affects differently the coloring of the
fruit surface and the influence of chlorophyll
on the quality of the fruit flesh (Bosco et al.,
2015; Brglez Sever et al., 2015; Dussi et al.,
2005; Reay et al., 1998).

The characteristics determining the quality of
the fruit flesh - firmness, ripeness, sugar
content and acidity - are less affected in the
studies on the influence of the anti-hail nets,
compared to the parameters determining the
appearance of the 