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Abstract

The bacterial blight caused by the Gram-negative bacteria Pseudomonas sp. is a significant problem in stone fruit
orchards. The resistance or tolerance of the cultivars is one important strategy for disease control. In the frame of a
study conducted with the support of the BNSF, administrative contract KII-06 M 46/2, was compared the reaction of
plum cultivars and rootstocks, after inoculation with the bacterial pathogen Pseudomonas sp. Flowers and shoots of the
cultivars ‘Topgigant Plus’ and ‘Jojo’ grafted on the two rootstocks - ‘Docera 6 (Prunus domestica L. x Prunus
cerasifera Ehrh.) and the seedling myrobalan plum rootstock (Prunus cerasifera Ehrh) were artificially inoculated. In
addition, two years old rootstocks ‘Docera 6°, seedling P. cerasifera and ‘Myrobalan 29C’ (Prunus cerasifera) also
were inoculated with bacterial suspension. The cultivar ‘Topgigant Plus’ had lower susceptibility to flower infection
when grafted on the seedling rootstock than ‘Docera 6°. The reaction of rootstocks fourteen days after inoculation
showed a lesion diameter of 400 mm on ‘Docera 6°, 433 mm measured on ‘Myrobalan 29C", and 41 mm on the seedling
rootstock P. cerasifera.

Key words: Artificial inoculation, ‘Docera 6°, ‘Jojo’, ‘Myrobalan 29C’, Pseudomonas sp., Topgigant Plus.

INTRODUCTION 2004). The disease caused by bacteria of
Pseudomonas sp. is primarily characterized by
The genus Prunus contains over 400 species, necrosis, gummosis and dieback of woody

including the European plum. Prunus  Plant tissues. In addition, the pathogens
domestica L. is a traditional fruit crop in colonize other plant tissues where they exist
Bulgaria (Bozhkova & Savov, 2016). The epiphytically or invade to cause leaf and fruit
South Central Region represents 22.2% of the spots and blossom blight. These tissues can be
total area occupied by plum trees and this reservoirs for later woody tissue infection
culture occupies third place after walnuts and (Crosse, 1966). The phytopathogenic bacteria
sweet cherries concerning planted areas - syringae is associated with several plant
(Ministry of Agriculture and Food, 2021). species (Gasi¢ et al., 2018; Kennelly et al.,
Bacterial canker, caused by members of the 2007; Lee et al., 2015; Ruinelli et al., 2019),
Pseudomonas syringae species complex, can be including ~ fruits and  ornamental plants
a major limiting factor in the cultivation of  (Scortichini et al., 2003; Vicente and Roberts,
Prunus spp. (Omrani et al., 2019; Vicente et 2007). It is a prevalent bacterial pathogen that
al., 2004). The diseases of fruit trees caused by ~ can incite stem and leaf diseases in various
the strains of P. syringae are resulting in severe ~ Crop plants, particularly in temperate regions
economic losses (Gomila et al., 2017; Lee et (Scholz-Schroeder et al., 2001). P. syringae
al., 2015; Young, 2010). Due to a lack of complex infects woody tissue, exhibits the
effective control measures, plant diseases ~ Symptoms of cankers, and eventually spreads to
caused by bacteria are a significant problem for the entire wood and kills branches (Gomila et
the global horticultural industry (Sundin et al., al., 2017; Perminow et al., 2018).

2016; Lee et al., 2023). Independently of the The rapid laboratory-based tests allowing
genotype used as rootstock, the most important screening for tree resistance is a major
cultural practice for avoiding tree losses caused challenge underpinning the rapid development
by Pseudomonas and other wound parasites is of new cultivars that resist pests and diseases
to avoid damage to the stem (Hinrichs-Berger, (Hulin et al.,, 2018). Bacterial canker
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(Pseudomonas syringae van Hall) is an
important disease in most plum-producing
countries. According to Ramming and Cociu
(1991), plums grafted on peach rootstock are
less susceptible than those on plum rootstock.
‘Myrobalan’ rootstock is less susceptible than
‘Marianna’ rootstocks. Nothing is known about
the inheritance of resistance to bacterial canker
in plums. It remains essential for future
breeding work to find sources of resistance
against bacterial canker. A resistance test was
developed for sweet cherries, which could be
adapted to plums (Santi et al., 2004).

The rootstock Marianna (a hybrid of
P. cerasifera and a native plum), is reported as
prone to infection (Wilson et al., 1953).
Seedling myrobalan plum (Prunus cerasifera)
is much more resistant as are most mazzard
seedlings. The Myrobalan B, Purple Pershore
and Mahaleb were supposed resistant. Grubb
(1937) does not feel that there is any direct
evidence that rootstocks affect the resistance of
the scion. If such an effect does exist, it is
thought to be due to the influence on vigor.

Differences in susceptibility to different parts
of the disease cycle of Ps. syringae have been
reported on many occasions. Growers have
noted that certain cultivars in mixed plantings
were more tolerant of infection than others.
Lists have been published by many research
centers giving the degree of susceptibility of
the cultivars in their experimental plantings.
These lists have varied widely depending on
the area, the phase of the disease being
considered, and the horticultural practices. The
degree of resistance, or tolerance, of a
particular cultivar, frequently depends on its
stage of development concerning the time that
inoculum is available. Because of differences
in the time of infection and climatic conditions,
cultivars listed as resistant in one part of the
world are classified as very susceptible in
another region. Within the Prunus species,
apricot is listed as the most susceptible, sweet
cherry and some plum cultivars as second,
followed by nectarine (Barss, 1915; Cameron,
1962).

Our study aimed to compare the reaction of
different tree parts of plum cultivars and
rootstocks after artificial inoculation with the
bacterial pathogen of Pseudomonas sp.
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MATERIALS AND METHODS

Disease symptoms of bacterial blight were
observed and the phytopathogen was collected
from an experimental plum orchard at the Fruit
Growing Institute-Plovdiv, Bulgaria. In the
growing seasons of 2021 and 2022, a survey
has been conducted to investigate the
symptoms of plum canker, lesions on branches,
twigs and shoots as well as angular spots on the
leaves and blight on flowers. The symptomatic
tissues from flowers, shoots and branches cut
were into squares using a scalpel and the
surface was disinfected with 75% ethyl alcohol.
The samples were washed 3 times with distilled
and sterile water, and tissues were placed on
King’s B media. A single colony of potential
strain was transferred on King’s B media after
48 h conducted for fluorescent pigment. The
obtained isolates were infiltrated into a tobacco
leaf's mesophyll to detect a tobacco
hypersensitivity (HR) reaction. The bacterial
suspensions was 10% cfu/ml, positive response
to white necrosis at the infiltrated area 24 h
after inoculation indicates the ability to induce
an HR. To assess the pathogenicity of
pathogens green plum fruits (cultivar
‘Topgigant Plus’), which were surface
disinfected were artificially inoculated with
bacterial suspensions (10° cfu/ml) by injecting.
For negative control were used green plum
fruits injected with sterile water. All plum fruits
were covered with plastic bags.

As a plant material in the experiment were used
blossoms and shoots of the cultivars ‘Topgigant
Plus’ and ‘Jojo’ grafted on the two rootstocks -
‘Docera 6’ (Prunus domestica L. x Prunus
cerasifera Ehrh.) and the seedling myrobalan
plum rootstock (Prunus cerasifera Ehrh) which
were artificially inoculated.

The study used also two years old plants of the
rootstocks  ‘Docera  6°, the  seedling
P. cerasifera and the clonal ‘Myrobalan 29C’
(Prunus cerasifera).

For artificial infection of the blossoms were
used I-year-old shoots, from trees show no
symptoms of diseases. A minimum of 200
flowers were used in each repetition for each
cultivar/rootstock combination. They were cut
in BBCH 57 phenophase and placed in water
containers. The inoculation was done by



spraying the opened flowers (BBCH 65) with

bacterial suspension (10° cfu/ml). Sprayed

shoots were covered with moist plastic bags

and maintained in favorable conditions (t =

23°C and 80-90% relative humidity) for 6 days.

Symptoms development was monitored daily.

After 5 days, the degree of attack was deter-

mined for each flower using a 5-grade scale:

0 - no symptoms;

1 - symptoms of necrosis on petals;

2 - symptoms of necrosis on pistil and

receptacle;

3 - symptoms of necrosis observed on sepals;

4 - symptoms of necrosis observed on all

flower parts.

An average degree of attack was calculated.

The level of susceptibility of the flowers was

formed in basic degree attack using a 6-grade

scale:

0- immune ( no infection);

1- resistant ( single infected flowers);

2- low susceptible (1-10% infected flowers);

3- moderately susceptible (11-25% infected
flowers);

4- susceptible (26-50% infected flowers);

5- highly susceptible (over 50%).

Plum shoots from the cultivars ‘Topgigant

Plus’ and ‘Jojo’ grafted on ‘Docera 6’ and

P. cerasifera were cut in the dormant period

and placed in water containers. The shoots'

surface was disinfected and inoculated with

bacterial suspension (10% cfu/ml). Ten shoots in

repetition were inoculated by sterile needle and

injection of 25ul bacterial suspension.

In the dormant period two-year-old plants of

the rootstocks ‘Docera 6°, ‘Myrobalan 29 C’

and seedlings P. cerasifera were planted in 3

liters plastic containers. The rootstock surface

was disinfected and inoculated using the same

methodology as the shoots infection. The

shoots and rootstocks were incubated at 25°C

for 2 weeks. To compare the reaction of the

plum cultivars and rootstocks, lesion blight

(mm) were measured in 7 and 14 days after

inoculation.

Each artificial inoculation was done with 24h

bacterial cultures plates on KB media and

incubated at 23°C.

The pathogen was reisolated from all

symptomatic tissues, to complement Koch’s

postulates and was compared to the original

isolates.

19

RESULTS AND DISCUSSIONS

Bacterial blight in the experimental plum
orchard in Plovdiv, Bulgaria, was identified by
visual observations and confirmed by
laboratory tests. A total number of nine isolates
were collected from different trees in the
orchard. Of these, only four isolates exhibit
fluorescence under UV light. All the studied
potential Pseudomonas spp. were Gram-
negative and positive to the tobacco HR test.
The tobacco leaves became hypersensitive 24 h
after the introduction of the pathogen into the
leaves. The positive reaction was observed in 3
days after inoculating green fruit plums with all
tested strains.

Crosse and Benmett (1955) observed the
damage caused by Pseudomonas spp. on plum
orchards. The cankers on plums start as small,
brown to reddish-brown spots that enlarge as
water-soaked streaks. In the spring, the area
between the streaks turns brown and the area
becomes uniformly brown and moist (Wilson
& Hewitt.,1939; Wormald., 1932 ). Wilson et
al. (1939) also describe gum formation as
follows: "As a rule, little if any, gum is exuded
from the affected tissues but, a watery material
may flow from cracks in the bark and cover the
limbs. The absence of gum is particularly
noticeable in the case of plums." Cracks appear
around the margin of the canker as the dead
area dries out.

From all isolates, one was selected for artificial
infections. The strain number TG/D007 was
gram-negative, had positive HR on tobacco,
produced fluorescent pigment after 24 h
cultivated on KB media and was positive for
pathogenicity test on green fruits.

As a control variant was used the cultivar
‘Stanley’ grafted on P. cerasifera rootstock.
Disease severity in cultivar ‘Jojo’ grafted on
P. cerasifera rootstock was 3.49% that was a
high value in the experiment (Table 1). This
cultivar/rootstock ~ combination was  with
statistically significant difference compared to
the other studied cultivars. For ‘Jojo’ grafted on
‘Docera 6’ was calculated 2.40% severity of
the disease. The difference was statistically
significant ~ compared to the  ‘Jojo’/
P. cerasifera. The control cultivar showed
0.67% severity of the disease.



Table 1. Percentage of infected plum flowers

Diseases Degree Level of
Cultivar/rootstock severity of attack suscentibilit
(%) (%) G

Jojo/Docera 6 240b 49.17 susceptible
Jojo/P. cerasifera 349a 88.0 high
Topgigant Plus/Docera 6 0.56¢ 12.70 moderate
Topgigant
Plus/P.cerasifera 0.32d 341 low
Stanley/P. cerasifera 0.67 ¢ 11.52 moderate

*Different letters in the same row/column indicated significant
difference (p<0.05) were compared by using Dunkan test.

The disease severity for ‘Topgigant Plus’ cv.
was a lower value compared to cultivar ‘Jojo’,
grafted on ‘Docera 6’. The difference was
statistically significant.

The susceptibility level in the cultivars varies
depending on the percentage of infected
flowers of each cultivar. The cultivar ‘Jojo’
grafted on P. cerasifera reacted as highly
susceptible with 88% infected flowers caused
by Pseudomonas sp., while the grafted on
‘Docera 6° was evaluated as susceptible to the
disease - 49.17% infected plum flowers.

The cultivar ‘Topgigant Plus’ grafted on
‘Docera 6’ and ‘Stanley’ were evaluated as
moderately  susceptible to the bacterial
pathogen. For both cultivars, the percentage of
the infected blossoms was of low value -
12.70% for ‘Topgigant Plus’ and 11.52% for
‘Stanley’. The percent of infected blossoms
was the lowest for ‘Topgigant Plus’ when
grafted on P. cerasifera and according to its
reaction the cultivar/rootstock combination was

evaluated as low susceptible to the
Pseudomonas sp. phytopathogen. In this
experimental stage the influence of the

rootstocks on the reaction to flower infection is
negligible.

The attack on flowers reported as blossom
blighting occurs on plums (Anderson, 1956)
but is not usually as severe as on sweet cherries
(Wilson et al.,1939). In England, shoot wilt of
plum is quite common and more frequently
incited by Ps. syringae than by Ps. mors-
prunorum (Crosse, 1954; Wormald, 1928).
However, both can cause the appearance of
similar symptoms (Wormald., 1931). The death
of dormant buds is not usually important in
domestic or Japanese plums.

The pathogenic Pseudomonas sp. strain was
used for artificial inoculation of cut plum one-
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year-old shoots and their reaction was
evaluated by measuring the infected part after
10 and 20 days. Non-significant difference was
observed for the reaction observed for
‘Topgigant Plus’ shoots from the cultivar
grafted on ‘Docera 6’ and grafted on P.
cerasifera. Twenty days after infection, the
measured lesion was longer - 500 mm for
‘Topgigant Plus’ cv. grafted on both rootstocks.
A similar situation was observed for the
cultivar ‘Jojo’, grafted on ‘Docera 6’. Ten days
after inoculation the infected part of the shoots
was 42 mm, compared to the same cultivar
grafted on P. cerasifera where the lesion was
37 mm.

Table 2. Lesion diameter (mm) of infected plum shoots

Rootstock Cultivar Lesion diameter (mm)
10 day 20 days

Togigant Plus 42a 500 a

Docera 6 Jojo 42a 450a

Topgigant Plus 45a 500 a

P. cerasifera | Jojo 37a 475a

Stanley 40 a 400 a

*Different letters in the same row/column indicated significant
difference (p<0.05) were compared by using Dunkan test.

The infected part of shoots 20 days after
inoculation showed a 450 mm lesion for the
cultivar grafted on ‘Docera 6’ compared to 475
mm for the cultivar grafted on the seedling
rootstock. The control variant ‘Stanley’ showed
the lowest result compared to other
cultivar/rootstock ~ combinations  in  the
experiment. On the 10" day after inoculation,
the lesion part was 40 mm, and on the 20" day,
it was 400 mm. The screening of plum shoots
showed non-significant differences between the
studied cultivar/rootstock combinations and the
control variant, 10 and 20 days after infection.

The plants of the plum rootstocks were
inoculated with a pathogenic strain of
Pseudomonas sp. and their reaction was
evaluated by measurement of the lesion 10 and
20 days after inoculation. On the 10" day was
calculated an average value from 5 repetitions
of each rootstock. The seedling rootstock
reacted with a 33 mm lesion. Non-significant
difference was observed between the seedling
rootstock and ‘Docera 6. The lesion measured
for ‘Myrobalan 29 C’ rootstock was 283 mm
which was the highest value in this experiment.



Table 3. Lesions diameter (mm) of infected rootstock

Lesion diameter (mm)
Rootstock
10 day 20 day
Docera 6 83b 400 a
P. cerasifera 33b 41b
Myrobalan 29 C 283 a 433 a

*Different letters in the same row/column indicated significant
difference (p<0.05) were compared by using Dunkan test.

Twenty days after inoculation a significant
increase was observed for ‘Docera 6’ and the
measured lesion was 400 mm. The result was
similar to 433 mm measured for the rootstock
‘Myrobalan 29 C’. The difference observed
between P. cerasifera and both other rootstocks
was statistically significant.

CONCLUSIONS

In this study, we report plum canker, lesions on
shoots and blossom blight caused by members
of the Pseudomonas sp. on plum orchards as
responsible for relevant yield losses in
Bulgaria. Isolated nine potential bacterial
pathogens and one was selected for inoculation.
The selected strain identified as Pseudomonas
sp. was gram-negative and positive to the
tobacco HR test. The pathogen was positive
reaction 3 days after inoculating green fruit
plums.

In our study, the flowers of cultivar ‘Jojo’” were
evaluated as susceptible to Pseudomonas sp,
while the flowers of ‘Topgigant plus’ reacted
with low susceptibility to the bacterial
pathogen. The value reported in shoot infection
showed similar results.
The rootstock does

not influence flower

infection and lesions on shoots. Minimal
differences between the cultivars grafted
different rootstocks were observed. The

reaction after shoots infection also showed
similar results. The rootstocks ‘Myrobalan 29
C’ and ‘Docera 6’ were evaluated as more
susceptible to Pseudomonas sp. than the
seedling P. cerasifera rootstock.
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Abstract

A wide range of herbaceous and woody plant species are known as host plants of Phytophthora pseudocryptogea, a
relatively newly described species. Recently P. pseudocryptogea was isolated from raspberry plants in Bulgaria.
Diseases plants were found in the 4 to 5 years old variety Ljulin plants on the biological production orchards in
Kostenets region. Canes suddenly wilt and turn brown at the onset of warm temperatures. The plants manifested
disease symptoms such as collar and root rot. The precise species determination of obtained isolate was done on the
basis of the colony and asexual spores morphology and sequence analyses of the ITS region of the nuclear DNA. The
pathogenicity of the fungus was tested by detached leaf bioassay on several raspberry cultivars in the laboratory.

Key words.: raspberry, collar and root rot, Phytophthora pseudocryptogea, Bulgaria.

INTRODUCTION

Phytophthora pseudocryptogea was
distinguished from Phytophthora cryptogea
sensu stricto and designated as a new oomycete
species several years ago (Safaiefarahani et al.,
2015). Both of plant pathogens possess a wide
host range, but recently was found that they
differ in their host range. Both of them are
pathogenic to the same plant species as some
solanaceous  (potato, tomato, eggplant),
pistachio, spinach, and clover. But other plant
species  express different responses to
inoculation of both pathogens and thus are able
to demonstrate the difference among their host
range. The cucumber, melon, watermelon,
alfalfa, soybean, cabbage, green pepper and rice,
are found to  be susceptible  to
P. pseudocryptogea, but are not infected by
P.  cryptogea (Delshad et al, 2020).
P. pseudocryptogea was reported as a part of the
Phytophthora pathogen complex responsible of
declining of some plants as common alder
(Alnus glutinosa) trees (Seddaiu & Linaldeddu,
2020) and pomegranate (Ghaderi & Habibi,
2021). In a few years the host range of
P. pseudocryptogea expands to include more
plant species.
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In this study, an isolate of P. pseudocryptogea
was obtained from diseased raspberry plants in
Bulgaria and characterized.

MATERIALS AND METHODS

Isolation of P. pseudocryptogea

The four and five years old wilting raspberry
plants of cultivar Ljulin, grown in the biological
production orchards demonstrated collar and
root rot. An isolate of P. pseudocryptogea was
obtained by baiting from a soil sample, taken
from the root area of diseased plants. The
collected soil sample was distributed on the
bottom of plastic boxes and covered by a water
layer (1 cm depth). Rhododendron leaves were
placed on the surface of the water (Themann &
Werres, 2000). After developing necrotic areas
on the leaves and common surface sterilization,
the causal agent of the spots wasisolated on
water agar and then transferred on a selective
for Phytophthora species PARNHB medium
(carrot agar supplemented with 10 mg
Pimaricin, 250 mg Ampicillin, 10 mg
Rifampicin, 50 mg Nystatin, 50 mg Hymexazol
and 15 mg Benomyl/1,000 ml) at 25°C. The
developed mycelium then was used for DNA
extraction and in pathogenicity tests.



Determination of P. pseudocryptogea specie
The determination of the exact species of
obtained Phytophthora isolate was done by
DNA sequence analysis. DNA extraction was
done from 10-days old mycelia using DNeasy
Plant Mini Kit (QIAGEN GmbH), followed by
PCR amplification of the ITS region with
primers ITS5 (5-GGA AGT AAA AGT CGT
AAC AAG G-3') and ITS4 (5'-TCC TCC GCT
TAT TGA TAT GC-3") using PuReTaq™
Ready-To-Go™ PCR beads (GE Healthcare
Life Sciences), according to the manufacturer’s
instructions and the following PCR thermal
program: 96°C - 2 min, 35 cycles of 96°C - 1
min, 55°C - 1 min, 72°C - 2 min, and final
elongation at 72°C - 10 min. The purified PCR
product was sequenced in GATC Biotech AG
(Germany). The obtained ITS sequene was
compared with others by performing a BLAST
search in the NCBI (National Center for
Biotechnology Information) database.
Morphology of colonies and asexual
structures

Phytophthora pseudocryptogea isolate was
grown on V8 juice agar (16 g agar, 3 g CaCO;3,
100 ml Campbell's V8 juice and 900 ml distilled
water), for 10 days in the dark at 20°C. Colony
morphology  patterns  were  characterized
according to Erwin and Ribeiro (1996). The
sporangia production was stimulated according
to Jung and Burgess (2009), by flooding
cultured V8 agar sections of approximately 20 x
15 mm with non-sterile pond water in 90 mm
Petri dishes. After 36-48 hours of incubation at
ambient conditions, the dimensions and the
characteristic features of 50 mature sporangia
chosen at random were determined under
microscope at x400 magnification (ZEISS Axio
Imager A2) with a digital camera (AxioCam
ERs 5S) and a biometric software (AxioVision
LE).

Pathogenicity test

The pathogenicity of the isolate was checked by
detached leaf assay on several plant species
(perennial woody and shrubby plants: Turkey
oak (Quercus cerris), sweet cherry (Prunus
avium), linden (Tilia tomentosa), blackberry
(Rubus  fruticosus), cherry laurel (Prunus
laurocerasus), Japanese knotweed (Fallopia
japonica). Turkey oak and linden are trees

widely spread in forest areas in Bulgaria, as well
as in urban green areas. Cherry laurel is also
broadly grown as a decorative plant in city
parks. Sweet cherry is often found in private
yards and in orchard gardens. Japanese
knotweed is an invasive plant in the country that
is easy to be seen in many different habitats,
often including human settlements.

Four fully developed detached leaves of each
plant species were placed separately in a Petri
dish each on moist filter paper. Pieces of PDA
(4 x 4 mm in size) with mycelium of tested
isolate of P. pseudocryptogea on it developed
for 7 days were placed with mycelium surface
on the upper sides of the leaf lamina. The Petri
dishes were covered and maintained at room
temperature. In additional detached leaves assay
five raspberry cultivars were tested for their
reaction in inoculation with mycelia mats of
Phytophthora pseudocryptogea. The assay was
maintained in the same way as it was done with
detached leaves of different plant species
described above. Five leaves of each raspberry
cultivar were used in the test. The diameter of
developed spots on the leaves was measured 7
days after inoculation.

RESULTS AND DISCUSSIONS

Determination of P. pseudocryptogea specie
The obtained Phytophthora isolate was
identified based on the sequence homology of
the ITS region and determined as Phytophthora
pseudocryptogea (100% of homology).

Morphology of colonies and asexual
structures
The obtained isolate of  Phytophthora

pseudocryptogea formed stellate colonies with
abundant aerial mycelium on V8 juice agar
medium (Figure 1, a). The species is with
heterothallic mating system and did not
produced sexual structures in single culture. In
non-sterile pond water  Phytophthora
pseudocryptogea formed small non-papillate
predominantly ovoid (Figure 1 b, ¢) and more
rarely obpyriform sporangia (Figure 1, d, e).
Their dimensions were as follows: average
length of 36.61+£0.62 pm, average width of
26.91£0.40 pm, and length to width ratio
1.36+0.01.
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i _
Figure 1. Morphology of the colonies and asexual structures of P. pseudocryptogea: a) 6 days culture of
P. pseudocryptogea on V8 agar media; b)-e) sporangia formed in non sterile pond water after 3648 h

Pathogenicity of P. pseudocryptogea The leaves of blackberry, linden and Japanese
The leaves of the tested woody and shrubby knotweed were not infected and there were no
plants show different responses on the leaf spots observed (Figure 2).

inoculation with mycelium of Phytophthora

pseudocryptogea.

Figure 2. Inoculated detached leaves of blackberry (a), linden (b) and Japanese knotweed (c), inoculated with mycelium
of P. pseudocryptogea 10 days after inoculation. No leaf spots developed

25



On the contrary very well formed large necrotic
lesions developed on the inoculation points on
the leaves of Turkey oak, sweet cherry and
cherry laurel (Figure 3).

The successful inoculation of the leaves of the
three plant species supposed that these plant

species are to great extent potential hosts of the
pathogen. The fact that the plants are broadly
spread in ature and in the living areas amplified
the risk of  the distribution of
P. pseudocryptogea and increased damages and
losses in city green areas, nurseries and forestry.

Figure 3. Inoculated detached leaves of Turkey oak (a), sweet cherry (b) and cherry laurel
(c), inoculated with mycelium of P. pseudocryptogea 10 days after inoculation.
Necrotic lesions appeared on the points of inoculation

The host range of P. pseudocryptogea is quite
extensive. Among the plant species that are
proven as hosts of P. pseudocryptogea are the
following woody and annual plants: Pacific
silver fir (Abies amabilis), kiwi fruit (Actinidia
chinensis), strawberry tree (Arbutus marina)
African daisy (Arctotis acaulis) thistle dyandra
(Banksia cirsioides), sugar beet (Beta vulgaris),
marri tree (Corymbia calophylla), cucumber
(Cucumis sativus), squash (Curcurbita pepo),
carrot (Daucus sp.), Isopogon buxifolius, walnut
(Juglans  regia), tomato  (Lycopersicon
esculentum), apple (Malus pumila), purple
African nightshade (Solanum marginatum),
eggplant  (Solanum  melongena),  potato
(Solanum tuberosum), Western Australian grass
tree (Xanthorrhoea preissii) (Khaliq et al.,
2019; Dalshed et al., 2020; Farr & Rossman,
2020; California Pest Rating Proposal for
Phytophthora pseudocryptogea, 2020). The
above mentioned list includes trees, annual
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plants, wild and endemic plants, and a large
number of cultivated crops. P. pseudocryptogea,
together with P. cinnamomi, P. cryptogea,
P. erythroseptica, and P. sp. kelmania are
reported to cause disease in pomegranate
orchards of Iran. P. pseudocryptogea and P. sp.
kelmania were isolated from root crowns of
infected trees (Ghaderi & Habibi, 2021).
P.  pseudocryptogea, P.  acerina, and
P. plurivora are reported as associated with
declining of common alder trees (4. glutinosa)
in Ttaly. All three Phytophthora species are
assumed as a serious threat to riparian alder
ecosystems in Sardinia, based on their
widespread occurrence and virulence (Seddaiu
& Linaldeddu, 2020).

P. plurivora and P. pseudocryptogea were
obtained using baiting and selective media from
soil samples taken around symptomatic oak
trees (Quercus robur) in Emirgan Grove,
Istanbul. Both Phytophthora species were



proven as pathogenic in inoculation tests on 2- to
3-year-old Q. robur and Q. suber seedlings. Thus
it is accepted that P. plurivora and P.
pseudocryptogea may play roles in the dieback
of the oaks, including Q. robur and Q. suber
(Kurbetli et al., 2022). P. pseudocryptogea is
also supposed to play a role in decline of Holm
oak (Quercus ilex) in Europe (Mora-Sala et al.,
2018). According to us, the Turkey oak
(Quercus cerris), sweet cherry (Prunus avium)
and cherry laurel (Prunus laurocerasus) are
reported as potential hosts of this pathogen for
the first time.

Detached leaf bioassays of raspberry
cultivars

Five raspberry cultivars were tested for their
response to the inoculation of

P. pseudocryptogea in detached leaf assays.
Three of them are Bulgarian raspberry cultivars
- Ljulin, Shopska alena and Balgarski rubin, and
two of them are introduced - Meeker and
Heritage. All five raspberry cultivars appeared
to be infected by the pathogen. However, there
was a slight difference in the response of the
cultivars (Figure 4).
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Figure 4. Response of raspberry cultivars to inoculation with P. pseudocryptogea in detached leaf assay

CONCLUSIONS

Phytophthora pseudocryptogea was isolated
from a soil sample and was associated with the
collar and root rot of raspberry in Bulgaria. It
was shown to be pathogenic to Turkey oak,
sweet cherry, and cherry laurel plants. Among
the tested raspberry cultivars there were not
found resistant ones, although a difference in
the response to the infection was noticed among
the cultivars.
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Abstract

The vigour of the variety-rootstock association, the crown shape, the planting distance, the age of the trees, and the tree
pruning pattern have been examined. The studies regarding the establishment of sweet cherry orchards, as well as the
growth and fruiting of the ‘Valerii Cikalov’, ‘Record’, ‘Ferrovia’, ‘Kordia’, ‘Regina’, ‘Stella’, ‘Skeena’, ‘Bigarreau
Burlat’, ‘Lapins’, ‘Early Star’, ‘Samba’, ‘Black Star’ sweet cherry trees grafied on the Prunus mahaleb L., ‘MaxMa
14’ and ‘Gisela 6’ rootstocks, in different combinations and planting distances, have been carried out in the Southern
and Central fruit-growing area of the Republic of Moldova. High vigorous trees are used on non-irrigated soils in
association with self-fertile varieties at optimal planting distances that ensure high yields. The sweet cherry trees,
grafted on the semi vigorous rootstocks (‘Gisela 6°) and the moderate vigour rootstocks (‘MaxMa 14°) are used on
fertile soils and irrigated at high densities. They can provide medium vigour of trees, which can be handled completely
from the ground level, produce early average yields, with low pruning and fruit harvesting costs due to increased
labour productivity. The pruning done during the growing period resulted in the vegetative growth of the trees and the
formation of fruiting branches that produced better flower buds compared to the pruning done during the dormant
period. The rootstock-variety association should be chosen in accordance with the direct task, the growing system and
the applied technology.

Key words: Cerasus avium, variety, rootstock, crown shape, density, cultivation system.

INTRODUCTION sustainable integrated culture systems have
been successfully introduced in the Moldovan
Sweet cherry orchards occupy more than 440 fruit growing sector (Babuc, 2012; Balan,
thousand hectares on the globe, and the world ~ 2019; Cimpoies, 2018).
fruit production is about 2,3 million tons per The modernization of the sweet cherry crop is
year, of which 35% is in Europe. In the  determined by the modern technological
Republic of Moldova, the sweet cherry methods and technology used, the soil being
orchards occupy 4,100 ha, which yield over = the main production resource. The early
10,000 tons per year. It is a rather modest yield  maturation, the type of fruiting, the pruning
in comparison with the average world yield  methods and crown shaping, its diseases and
(Cimpoies, 2018). During the last decades, the  pest’s resistance, the planting density and the
sweet cherry crop has worked up the market  rootstock used are other factors that contribute

due to the rich assortment of high-quality self-  to the realization of the biological production
fertile varieties, and the diversity of vegetative  potential of this crop. The viable technologies
semi dwarfing and moderate vigor rootstocks.  used provide for increasing efficiency per

Currently, the sweet cherry growing implies surface unit by adopting modern cropping
mechanized high-density orchard systems with ~ systems, which ensure quantitatively and
a high consumption of pesticides and fertilizers. qualitatively superior yields (Balan, 2015;
Therefore, in response to these requirements,  Balan & Sarban, 2021). Trees of narrow
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fusiform crowns of 3.0-3.5 m in height, suitable
for mechanized pruning both during the
dormant period and the vegetation period at
recommended for the orchards of tomorrow, in
order to obtain high yields and fruits quality, as
well as to reduces maintenance and harvesting
manual labor costs (Bennewitz et al., 2010;
Calabro et al., 2009; Long et al, 2014
Vercammen, 2002).

The creation of future systems in fruit growing is
based on the results obtained as a result of
theoretical and practical research carried out
abroad and, in our country, namely:

Biological material. The various vigor of
varieties and rootstocks allows good control of
the tree growth. The large number of generative
and vegetative rootstocks of different vigor
offers the opportunity of cultivar-rootstock
associations utilization in different cultivation
systems and tree crown shaping, but also on less
fertile soils (Gjamovski et al., 2016; Gyeviki et
al., 2008; Long, 2003).

Currently, for the sweet cherry crop, it is
recommended to use super-intensive orchards
with trees grafted on semi dwarfing rootstocks
(‘Gisela 5°), semi vigorous rootstocks (‘Gisela
6’, ‘P-HL-C’, ‘Krymsk 6’) and moderate vigor
rootstocks (‘Krymsk 5°, ‘MaxMa 14°, ‘Piku 1°,
‘Piku 4”) planted at a distance of 3-4.5 x 0.5-2.5
m using trellises and wires, or individual poles
installed in the year of the planting of the trees,
or intensive orchards with trees grafted on the
vegetative ‘Colt’, ‘CAB 6° ‘Krymsk 5°, “‘MaxMa
14, ‘Piku 1> and ‘Piku 4’ rootstocks at a
planting distance of 5-6 x 2.5-5 m, without any
support for the fruit trees, and classic orchards
with trees grafted on the vigorous rootstocks
(Seedlings Prunus avium; ‘Colt’, ‘SL 64”) which
are planted at a distance of 6-7 x 5-6 m, without
any support for the fruit trees (Vercammen,
2002; Long, 2003; Aglar et al., 2016; Sarban &
Balan, 2021; Usenik et al., 2010).

The tree crown shaping and pruning depends
on the variety-rootstock association, climate
(wind, temperature, relief, light, precipitation,
etc.) and soil; but it certainly depends on
tradition in order to maximize the biological
potential of a sweet cherry orchard (Long et al.,
2014; Ivanov & Balan, 2017; Balan et al.,
2018). The high-volume globular crown shape,
which is specific to extensive orchards, is
progressively replaced by the fusiform crown
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shape. The tree crown shape must provide
simplicity both in the process of crown shaping
and, in the methods, and periods of branch
pruning (Long et al., 2014).

Thanks to the large number of cultivar-
rootstock associations and the planting
distance, the sweet cherry tree can use all
cultivation systems. As a result of the diversity
of the existing biological material, numerous
researches regarding the crown shape have
been required. The following crown shaping
systems can be mentioned: the crown shape for
the extensive system - Rained Tiered Pyramid,
Thinned Tiered Pyramid with semi-open
center, Non-tiered Pyramid, Mixed Pyramid,
Kym Green Bush - KGB etc.); for the intensive
system — naturally improved low volume
crown, improved slender spindle crown,
Oblique-armed  palmetto, Horizontal-armed
palmetto, Loosely flattened palmetto, Vertical
cordon, Drapeau Marchand, Tall Spindle Ax
(TSA), Spanish Bush (SB), etc.; for the super-
intensive system - Upright Fruiting Offshoot
(UFO), Super Slender Ax (SSA) etc. (Musacchi
et al., 2015; Sumedrea et al., 2014).

Currently, in the Republic of Moldova, all
cultivation systems are used. That is why, the
diversity = of methods and  technical
opportunities, as well as the climatic conditions
in the area, must be an object of study that will
be the basis of the cultivation systems in the
future. At the same time, it is considered
appropriate to identify the theoretical elements
that condition the effectiveness of the orchard
(precocity, yields, fruit quality, etc.) and to
study all the elements that define the cultivation
systems and the relationships between them
(Babuc, 2012; Aglar et al., 2019; Bujdos6 &
Hrotko, 2012).

The aim of this research was to increase the
productivity of a sweet cherry orchard (Prunus
avium L.) by identifying highly productive
cultivar-rootstock associations and establishing
some strategies for tree crown pruning and
shaping, and developing methods to maintain a
balance between growth and fructification.

MATERIALS AND METHODS
The investigations regarding the development

of systems of high-yielding sweet cherries
cultivation were carried out on common semi



deep, humus, clayey chernozem in the
Southern, Central and Northern fruit-growing
areas of the Republic of Moldova, caring out 6
stationary experiments. The orchard belonging
to the "ProdCar" Ltd in the village of Negureni,
the district of Telenesti, was planted in the
spring of 2010 with sweet cherry trees of
‘Adriana’, ‘Ferrovia’ and ‘Skeena’ varieties
grafted on ‘Gisela 6’ vegetative rootstock at a
distance of 4 x 2 m. The trees had naturally
improved low volume and improved slender
spindle shaped crowns. The orchard belonging
to the "Terra-Vitis" Ltd in the village of
Burlacu, the district of Cahul, was established
in the Southern fruit-growing area of the
Republic of Moldova, in the spring of 2010,
with sweet cherry trees of ‘Bigarreau Burlat’,
‘Ferrovia’, ‘Lapins’ varieties grafted on the
vegetative ‘Gisela 6 rootstocks, planted at a
distance of 5x 1.5 m, 5x2 mand 5 x 2.5 m.
The trees had naturally improved low volume
and improved slender spindle shaped crowns.

The researches at the "Vindex-Agro" Ltd in the
village of Malaiesti, the district of Orhei, were
conducted in the orchard established in the fall
of 2003 which was planted with trees of the
‘Valerii Cikalov’ and ‘Record’ varieties grafted
on Prunus mahaleb L. saplings; the planting
distance was of 6x5m. The trees had naturally
improved high volume shaped crowns. To
achieve the intended purpose, the following
pruning systems were studied: V1 - the
maintenance and fruiting pruning during the
dormant period (the control group); V2 - the
maintenance and fruiting pruning during the
vegetation period; V3 - the reduction cut done
during the dormant period in 3- to 5-year-old
branches; V4 - the reduction cut done during
the vegetative period in 3- to S-year-old
branches. The same kind of works were done in
the orchard established in 2011, with sweet
cherry trees of the ‘Ferrovia’, ‘Kordia’,
‘Regina’ varieties grafted on the ‘Gisela 6’
rootstock, at a planting distance of 4x2.5m; the
trees had naturally improved reduced volume
and improved slender spindle shaped crowns.

Studies were carried out in the Central fruit-
growing area of the Republic of Moldova,
namely at the "StarAgro Group" Ltd in the
village of Ustia, in the district of Criuleni,
using the ‘Kordia’, ‘Regina’, ‘Stella’,
‘Ferrovia’ and ‘Skeena’ sweet cherry trees
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grafted on the ‘MaxMa 14’ rootstock. One of
the orchards was planted in the fall of 2012,
using trees of naturally improved reduced
volume shaped crowns, planted at a distance of
5 x 3 m. Another orchard was established in the
fall of 2015 with ‘Early Star’, ‘Samba’, ‘Black
Star’ sweet cherry trees grafted on the ‘Gisela
6°rootstock at a distance of 4 x 2 m.

Research methodology. The experiments were
organized using four groups of eight represen-
tative trees each. The scheme was made accor-
ding to the polyfactorial principle, with the
placement of the groups through the ran-
domized block system on 2 rows in the middle
of the strip for each variety (Moiiceituenxo et
al., 1994). The interdependence of the planting
distance, crown shape, tree pruning system and
time, as the basic factors that determine the tree
fruiting, yield and fruits quality, was studied.
Morphological, physiological and biochemical
analyses, biometric measurements and the sta-
tistical processing of results were performed. The
processed data are presented in average values
over the 3-8 years of research. A 5% signifi-
cance level test was used to compare the diffe-
rences between the variants ([{ocriexos, 1985).
The orchard maintenance. The agrotechnical
works in orchards were carried out in
accordance with the regulations in force. In the
orchards of the villages of Negureni, the district
of Telenesti, the village of Burlacu, the district
of Cahul and the village of Malaiesti, the
district of Orhei, weather stations were installed
to determine the state of the environment and
the plants. The orchards of the "ProdCar" Ltd,
the "Vindex-Agro" Ltd and the "StarAgro
Group" Ltd were drip-irrigated, and Watermark
transducers were installed at 20, 40 and 60 cm
deep in each plot to monitor the soil moisture.
Water was distributed by droppers fixed at a
height of 40 cm from the ground in the
direction of the row.

In the first two years after the planting of the
trees, the soil was maintained as a worked field;
during the following years, the soil between the
tree rows was naturally or artificially grassed.
The weeds on the 2-2.5 m wide strips of land
between the rows were mowed when necessary
and kept as mulches. The weeds were killed
with herbicides applied along the rows, or
mechanically weeded twice or three times
using sensitive weeding equipment.



RESULTS AND DISCUSSIONS

The research conducted by the State Agricul-
tural University of Moldova, on the increase of
efficiency of sweet cherry orchards, by
obtaining early bumper qualitative harvests, has
led to the use of trees with preformed crowns
thickened up to 90-100 cm which are planted
more densely, to the development of methods
to maintain a balance between growth and
fruiting by minimizing pruning in the first years
after planting, and to the utilization of inclined
branches, irrigation and fertilization (Balan,
2015; Sarban & Balan 2021; Ivanov & Balan,
2017; Ivanov et al., 2019; Balan et al., 2022).

It is very important to know the natural pote-
ntial of an ecosystem in order to implement a
cultivation system which would lead to a larger
and more qualitative crop, to lower mainte-
nance costs and even to the improvement of the
natural fertility of the ecosystem (Babuc, 2012;
Balan et al., 2001; Sumedrea et al., 2014). Most
soil types, with the exception of clay and anoxic
soils, are suitable for growing sweet cherry trees,
grafted on an appropriate rootstock (Cimpoies,
2018). The traditional rootstocks such as Wild
Cherry (Prunus avium L.), ‘Mahaleb’ (Prunus
mahaleb L.), ‘Sante Lucie’ (‘SL 64°), ‘Mazzard’
(Prunus avium) are still good for calcareous,
rocky, dry or hilly soils. The vegetative ‘Colt’
(P. avium x P. pseudocerasus) rootstocks are
used instead of the seedlings of Wild Cherry,
‘Mahaleb’ and ‘Santé Lucie’ on fertile and
moist soils (Babuc, 2012).

The tree pruning works have developed
considerably; researches have focused on the
pruning during the vegetation period rather
than on the pruning during the dormant period.
The basic objective of pruning is to maintain
the optimal parameters of the crown structure
and the balance of growth and fruiting in order
to control the development of a tree from the
earliest stage to maturity.

Regarding the effect of the types of pruning on
the average fruit production, according to the
data presented in Table 1, it can be said that
during the years 2012-2019, the largest crop
was produced when the fructification pruning
was done by reduction cuts in 3- to 5-year-old
branches during the vegetative period (V4)
with 46.8 kg/tree in the ‘Valerii Cikalov’
variety and 48.4 kg/tree in the ‘Record’ variety,
followed by the fructification pruning done by
reduction cuts in 3- to 5-year-old branches
during the dormant period(V3) with 42.5
kg/tree in the ‘Valerii Cikalov’ variety and 45.4
kg/tree in the ‘Record’ variety. The fruiting and
maintenance pruning during the dormant period
(V1) and during the vegetation period (V2) led
to a smaller crop compared to the fructification
pruning done by reduction cuts in 3- to 5-year-
old branches during the dormant period (V3)
and during the vegetation period (V4). The
obtained results prove the fact that the pruning
type significantly influenced the fruit harvest
recorded in the ‘Valerii Cikalov’ and ‘Record’
sweet cherries trees grafted on the ‘Mahaleb’
rootstock during the fruiting period.

Table 1. The yield of cherry trees depending on the variety and pruning type, kg/tree
(“Mahaleb’ rootstock, planting distance - 6 x 5m, the age of the trees - 10-17, Vindex Agro Ltd)

Pruning type Years Average yield (2012-2019)
2002 | 2013 [ 2014 [ 2015 [ 2016 | 2019
“Valerii Cikalov’ variety

V1 (control) 20.1 253 28.5 389 57.6 68.5 39.8
V2 22.7* 27.9 329 41.7 58.2 65.6 41.5
V3 21.8 30.2* 313 42.5 58.0 71.3 425
V4 23.4* 33.4* 39.4* 49.7* 62.9* 71.7 46.8

‘Record’ variety

V1 (control) 20.1 21.8 34.4 452 49.5 87.8 43.1
V2 22.3%* 23.7 359 473 49.9 88.7 44.6
V3 19.2 25.7* 37.0 49.1 55.4%* 85.9 454
V4 18.9 26.4* 41.4%* 52.3* 57.1% 4.2% 484

LSD 5% 2.14 3.12 4.16 4.74 4.51 5.04 -

The ‘Ferrovia’, ‘Kordia’ and ‘Regina’ sweet
cherry trees, grafted on the ‘Gisela 6 rootstock

32

and planted at a distance of 4 x 2.5 min the
orchard with 0.4-0.5 t/ha, began to bear fruit in



the 4th vegetation year, and in the 5th they
yielded 4.6-5 t/ha, but the values are not
statistically proved. Starting with the 3rd
fruiting year, the harvest tripled, being
statistically assured, amounting to 12.31-13.29
t/ha in the ‘Ferrovia’ variety and to 11.27-12.83
t/ha in the ‘Kordia’ variety. In the years 2017

and 2020, the fog, rain and cold during the
flowering period had a negative influence on
the harvest. The average yield during the first 7
years of the tree fruiting was of 8.19-8.31 t/ha
in the ‘Ferrovia’ variety, 7.65-8.31 t/ha in the
‘Kordia’ variety, and 7.21-7.88 t/ha in the
‘Queen’ variety (Table 2).

Table 2. The productivity of cherry trees depending on the variety and crown shape, t/ha.
(“Gisela 6’ rootstock, planting distance - 4 x 2.5 m, naturally improved low volume crown,
the age of the trees - 4-10, Vindex-Agro Ltd)

Average yield

Variety Years (2014-2020)
2014 | 2015 | 2016 [ 2017 [ 2018 [ 2019 [ 2020
Naturally improved low volume crown
Ferrovia 0.50 5.00 2.31% 7.90 10.88 3.73* 7.03 8.19
Kordia 0.40 4.60 11.27 7.50 7.60 3.81%* 8.37* 7.65
Regina 0.50 4.80 10.38 7.80 7.60 12.37 7.01 7.21
Improved slender spindle crown

Ferrovia 0.50 4.90 13.29%* 793 11.78 12.94 6.82 8.31
Kordia 0.40 4.70 12.83 8.88* 8.94 13.32% 9.12% 831
Regina 0.40 5.00 11.89 7.57 11.29* 11.99 6.99 7.88
LSD 5% - 0.845 0.529 0.82 0.675 0.315 0.783 -

The shape of the crown did not significantly
influence the yield in the studied varieties, because
the small volume crown shape has a favorable
impact on the growth of the sweet cherry trees
grafted on the Gisela 6 moderate vigor rootstock in
a high density system (Long, 2003; Usenik et al.,
2010; Balan et al., 2018). At the ,,ProdCar” Ltd,
the ‘Adriana’, ‘Ferrovia’ and ‘Skeena’ sweet
cherry trees, grafted on the ‘Gisela 6’, also came
into fruit in the 4th year after their planting

yielding 0.66-1.56 t/ha; in
yielded 4.25-5 t/ha (Table 3).
In 2015, as the trees got older, the fruit crop tripled
and amounted to 11.87-13 t/ha in the Adriana
variety, 13.25-14.12 t/ha in the ‘Ferrovia’ variety
and 16 t/ha in the ‘Skeena’ variety. In 2016, the
sweet cherry harvest doubled compared to the
previous year and amounted from 21.87-22.50 t/ha
in the ‘Adriana’ variety to 26.25-28 t/ha the
‘Skeena’ variety.

the 5th year they

Table 3. The yield of the sweet cherry trees according to variety and crown shape, t/ha.
(“Gisela 6 rootstock, planting distance - 4 x 2 m, the age of the trees - 4-11, ProdCar Ltd)

Variet Years Average yield

Y 2013 | 2014 [ 2015 2016 2017 | 2018 2019 | 2020 | (2013-2020)
Naturally improved low volume crown

Adriana 0.62 4.37 11.87 21.88 10.87 12.96 13.38 9.32 10.66

Ferrovia 1,12 4.87 13.25 4.75* 5.75% 5.22% 10.79 4.28* 12.51

Skeena 0.63 4.25 6.00* 6.25% 6.88* 7.58%* 7.04* 6.65%* 14.41

Improved slender spindle crown

Adriana 0.87 4.50 13.00 22.50 10.75 14.82 13.13 10.82 11.29

Ferrovia 1.56 5.00 14.13 4.50* 12.70 15.39 13.54 6.64* 12.93

Skeena 0.38 4.38 6.00* 8.00* 4.00* 7.50%* 7.42* 8.99* 14.58

LSD 5% - 0.435 0.971 1.315 1.429 1.423 2.305 1.314 -

In 2017, the crop decreased remarkably and
represented only 10.75-10.88 t/ha in the Adriana
variety, 12.70-15.75 t/ha in the ‘Ferrovia’ variety
and 14-16.79 t/ha in the ‘Skeena’ variety. The
average crop was larger when in the Skeena
variety the crown of which are of improved
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slender spindle shape (14.58 t/ha) followed by the
‘Ferrovia’ variety (12.93 t/ha). The smallest crop
was produced by the ‘Adriana’ variety (10.65 t/ha)
in the group in which the trees had naturally
improved low volume shaped crowns. It is a
medium-sized yield for a sweet cherry orchard




with trees grafted on ‘Gisela 6 rootstock (Ivanov
& Balan 2017).

The researchers conducted at the ,,Terra-Vitis”
Ltd included the analyses of the structure of the
sweet cherry orchard not only from the point of
view of the growth vigor of the rootstock and
variety, but also of the planting distance. The
density of the trees, in the first years of
vegetation, did not influence the length and
width of the crown. It is a well-known fact that
when the distance between the trees in a row,
from 1.5 m to 2.5 m, increases, the time to fill
the area reserved for the crowns increases t0o.

The crowns of the ‘Bigarreau Burlat’ and
‘Ferrovia’ varieties joined in the direction of
the row in the 4th year, and the ‘Lapins’ variety
- in the 5th year of their vegetation, and
reached the necessary parameters to capture the
maximum solar energy to produce large
harvests of qualitative fruits.

The trees began to bear fruit in the 4th year of
vegetation and yielded from 0.32-0.4 t/ha,
when planted at the distance of 5 x 2.5 m, to
0.67-1.07 t/ha when planted at the distance of 5
x 1.5 m (Table 4). In the 2nd year of fruiting,
the largest statistically proved crop (5.48-6.82
t/ha) was produced by the trees planted at the
distance of 5x1.5 m; the smaller crop (3.72-4.2
t/ha ha) - by the trees planted at the distance of
5x2.5 m. In the 3rd year of fruiting, the trees
yielded 8.0-12.86 t/ha; in the 4th year - 14.62-
20.07 t/ha. During the period of tree growth

and fruiting, the sweet cherry crop was higher
and statistically proved when the trees were
planted at a smaller distance from each other.
The trees the crowns of which are of improved
slender spindle shape turned out to be the most
productive, as compared to the trees the crowns
of which are of naturally improved low volume
shape, but these values are not statistically
proved. During the growth and fruiting period,
the ‘Bigarreau Burlat’, ‘Ferrovia’ and ‘Lapins’
cherry trees, grafted on the ‘Gisela 6°, produced
an average yield of 8-10 t/ha.

With regard to the variety productivity, it is
worth mentioning that the highest crop was
recorded in the ‘Ferrovia’ variety planted at the
distance of 5x1.5 m (18.94-20.07 t/ha), and the
lowest crop, with the trees planted at the
distance of 5 x 2.5 m (15.63-16.90 t/tree)in the
7th year of vegetation. The phenomenon can be
explained by the difference in the number of
trees per hectare between the two planting
schemes.

It is also worth mentioning that the cherry trees
grafted on the ‘Gisela 6’ rootstock and planted
at high density can have a medium-sized
crown, stimulate the early fruiting, increase
pruning productivity and make it possible to
gather fruit from the ground (Cimpoies, 2018;
Ivanov & Balan, 2017); planting density is
limited by the economic law of diminishing
marginal productivity (Sumedrea et al., 2014).

Table 4. The yield of sweet cherry trees depending on the variety, planting distance and crown shape, t/ha.
(“Gisela 6’ rootstock, the age of the trees - 7, Terra-Vitis Ltd)

. Planting Naturally improved low volume crown Improved slender spindle crown
Variety distance. m Year Year Year Year Year Year Year Year
’ 2013 2014 2015 2016 2013 2014 2015 2016
Bigarreau 5x1.5 0.79 5.96* 11.41* 17.98* 0.71%* 6.34* 12.21* 18.94*
Burlat 5x2 0.40 4.89 9.15 15.16 0.50 5.12 11.82 16.16
5x2.5 0.32 3.72 8.00 14.62 0.40 4.17 10.20 15.63
5x1.5 0.93 6.39* 12.72* 18.16* 1.07* 6.82* 13.82* 20.07*
Ferrovia 5x2 0.70 5.26 12.35 15.92 0.80 5.58 13.13 17.81
5x2.5 0.56 4.45 9.88 15.37 0.64 5.02 12.89 16.90
5x1.5 0.66 5.48* 12.28* 18.55* 0.67* 5.79* 11.86* 19.38*
Lapins 5x2 0.50 4.580 9.400 17.240 0.500 5.010 9.900 18.210
5x2.5 0.40 3.720 9.888 16.152 0.400 4.200 9.520 17.536
LSD 5% 0.275 0.647 1.375 1.284 0.275 0.647 1.375 1.284

During the fruiting period, the yield of cherry
orchards depends on the variety and the climatic
conditions (Figure 1). Thus, in 2018 the
‘Ferrovia’, ‘Kordia’, ‘Regina’, ‘Skeena’ and
‘Stella” sweet cherry trees, grafted on the ‘MaxMa
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14’ rootstock, yielded from 4.18 t/ha in the
‘Ferrovia’ variety to 15.70 t/ha in the ‘Skeena’
variety. A significantly higher crop was produced
by the ‘Kordia’ variety (10.94 t/ha), the ‘Skeena’
variety (15.70 t/ha) and the ‘Stella’ variety (9.13




t/ha). In 2019, the record harvest of 19.22-19.31
t/ha was produced by the ‘Kordia’ and ‘Regina’
varieties, and the lowest harvest - by the ‘Ferrovia’
(4.11 t/ha) and the ‘Stella’ varieties (7, 99 t/ha). In
the 10th year of vegetation, the ‘Regina’ variety
produced the highest yield (12.05 t/ha) as
compared to the ‘Ferrovia’ (2.73 t/ha) and the
‘Kordia’ varieties (2.91 t/ha). Over the years, the
‘Kordia” (11.06 t/ha), ‘Regina’ (12.35 t/ha) and
‘Skeena’ (11.31 t/ha) varieties produced an
identical crop, while the ‘Ferrovia’ (3 .68 t/ha) and
“Stella’ (8.81 t/ha) varieties produced a smaller
crop.

Sweet cherry yield, kg/ha
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Fig. 1. The yield of sweet cherry trees, kg/ha.
(‘MaxMa 14’ rootstock, planting distance - 5 x 3 m,
naturally improved low volume crown, the age
of the trees - 8-10, StarAgroGroop Ltd)

The ‘Early Star’ and ‘Black Star’ varieties,
grafted on ‘Gisela 6’ rootstock, planted at a
distance of 4x2 m started to bear fruit (2.9-3.7
t/ha) in the 4th year of vegetation, and the
Samba variety - in the 5th year of vegetation
(Table 5). In the 2nd year of fruiting, a higher
crop was produced by the ‘Samba’ (16.82 t/ha)
and ‘Black Star’ (10.75 t/ha) varieties; the
lowest crop was produced by the ‘Early Star’
variety (7.01 t/ha). In the 4th year of fruiting,
the ‘Black Star’ variety proved to be more
resistant to late spring frosts, thus it yielded
9.87 t/ha. The ‘Early Star’ and ‘Samba’
varieties yielded only 3.62 -4.46 t/ha. In 2021,
the crop of the ‘Early Star’ (9.45 t/ha) and
‘Samba’ (16.26 t/ha) varieties was significantly
larger as compared to the ‘Black Star’ variety
(5.50 t/ha). In the Sth year of fruiting, the crop
amounted to 9.44-11.01 t/ha, being higher in

the ‘Early Star’ variety. On average over 5
years, the most productive proved to be the
‘Samba’ variety which yielded 10.07 t/ha.

Table 5. The sweet cherry yield, t/ha.
(“Gisela 6’ rootstock, planting distance - 4 x 2 m,

improved slender spindle crown, the age
of the trees - 4-6, StarAgroGroop Ltd)
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Choosing the structure and the cultivation
system of sweet cherry trees

The effective utilization of natural resources
such as soils, light, slopes and land exposure
cannot be done without establishing the optimal
parameters of the geometric structure of an
orchard, which determine the yield and quality
of the fruit. In this context, it is appropriate to
identify the biotic and abiotic factors that
define the cultivation system, which
corresponds to the biological production
potential of the orchard and the economic
interests. (Balan, 2009; Balan et al., 2008).

To establishment of an orchard should be based
on the following principles: the geographical
conditions and natural soil fertility, the relative
vigor of the variety-rootstock association, the
planting density, early large harvests, and
simple crowns easily adaptable to partial
mechanization. At the present, there are a lot of
the sweet cherry varieties and rootstocks of
different vigor. The crown of this crop can be
easily and differently shaped, and it can also be
grown on less fertile soils and sloping lands
using all cultivation systems.

To describe the relationships between the
parameters of the structure of the fruit
plantation, the following formula was used

L=Htgo—-Htga+B



The method provides for the determination of
the distance between the rows of trees
according to the height of the crown (H), the
width of the bottom of the crown (B), the angle
of inclination of the lateral surface of the crown
to the geografical longitude (o) and latitude of
the locality (¢). The method described by V.
Balan, 1996 can be used to establish the
geometric structure according to their variation
in different geographical conditions.

When determining the optimal productive
potential of the sweet cherry orchard, the data
related to the ‘Ferrovia’ sweet cherry trees,
grafted on ‘Gisela 6’ rootstock, and the ‘Valerii
Cikalov’ sweet cherry trees, grafted on the
‘Mabhaleb’, in different positioning
combinations during the fruiting period were
used (Table 6).

Table 6. The optimal productive potential of the cherry orchard depending on the crown structure
(geographical latitude 47°, the angle of crown inclination 12°)

. . Real volume Crown
Distance Width of the Hight of the Level of soil | of the crown, surface, Production
between the | bottom of the .
crown, m covarage, % thousand thousand potential, %
rows, m crown, m 3 N
m°/ha m?/ha
‘Ferrovia’ variety, grafted on the ‘Gisela 6’ vegetative rootstock
4 1.5 2.9 37.5 6.5 16.4 71.7
4 2.0 2.3 50.0 8.8 14.4 68.3
5 2.0 3.5 40.0 8.6 15.3 65.5
5 24 3.0 48.0 10.6 14.5 67.0
‘Valerii Cikalov’ variety, grafted on the ‘Mahaleb’ generative rootstock
6 2.5 4 41.6 11.1 15.0 65.7
6 3.0 3.5 50.0 13.2 14.4 67.6

In order to determine the parameters of the
orchard structure, the relationship between the
height of the crown, the angle of inclination of
the crown and the free area between the crowns
in the neighboring rows were applied. In the
‘Ferrovia’ variety, in the tees 2.9 m in hight,
the level of the soil coverage was 37.5%, and in
the trees 2.3 m in hight, the level of soil
coverage was 50%. At the distance of 5 m
between the rows, the level of soil coverage
was 40.0-48.0%. In the Valerii Cikalov’
variety grafted on the ‘Mahaleb’ rootstock, the
level of soil coverage was practically the same
- 41.6-50.0%. The level of ground coverage
increases with the decrease in the tree height.

In the ‘Ferrovia’ variety, the actual volume of
the crown, at a distance of 4 m between the
rows, was 6.5-8.8 thousand m®/ha, and at a
distance of 5 m between the rows, the volume
was 8.6-10.6 thousand m*/ha. In the ‘Valerii
Cikalov’ variety grafted on the ‘Mahaleb’
rootstock, the volume increased significantly
and amounted to 11.1-13.2 thousand m®/ha.
Thus, the crown volume gradually decreases
with the increase in the density of the trees. The
obtained data demonstrate that in high-density
orchards, the actual crown volume reaches
optimal values depending on the structure of
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the orchard during the first 3-4 years. The
lateral surface of the crown was 14.4-16.4
thousand m?ha. The area of crowns in the
orchard decreases with a decrease in the height
of trees.

The value of the production potential of the
orchard was calculated according to the
efficiency coefficient of the orchard and the
volumetric density coefficient of the lateral
surface of the crown (Aradonos, 1983). The
obtained calculations show that the value of the
production potential of the orchard is higher in
the orchards with a crown width of 1.5 m and
constitutes 71.7%. The height of the trees is the
basic element in the development of the
cultivation system, because it modifies the
technologies of crown pruning and shaping,
determines the consumption of manual labor
when pruning the trees and harvesting the fruit
(Balan, 2009).

Comparing the data on the production potential
of sweet cherry orchards with the data
presented by other authors, it can be said that
they are almost equal to those considered
optimal, without changing the angle of
inclination of the lateral surface of the crown to
the vertical one. At the same time, when
reducing of the height of the trees, a better



lighting regime is created, which lead to the
development of the fruit and the production of
a large and qualitative harvests.

In conclusion, it has to be mentioned that the
cultivation system for the sweet cherry trees is
chosen depending on the variety-rootstock
association, the ecological and technological
conditions, which determine the productivity,
the yield and the quality of the fruit.

It is also necessary to specify that crowns in a
vertical plane up to 2.5-3 m high and 1.5-2 m
wide make it possible to organize the orchard
care, pruning and fruit picking at lower cost.

CONCLUSIONS

In order to achieve sustainable fruit production,
it is necessary to identify the biotic and abiotic
factors that define the orchard system of
tomorrow. For the cultivation of sweet cherries,
all sustainable integrated cultivation systems
are successfully used, which are based on
geographical conditions, the degree of natural
soil fertility, the relative strength of the
rootstock-varietal relationship, planting density,
simple crowns, early and high yields in order to
achieve high economic efficiency.

High vigor rootstock-varietal associations
(Seedlings of Prunus avium; ‘Colt’, ‘SL 64’)
are used on non-irrigated soils in association
with self-fertile varieties at optimal planting
distances that ensure high yields. Sweet cherry
trees, grafted on the semi vigorous rootstocks
(‘Gisela 6°, ‘P-HL-C’, ‘Krymsk 6’) and
moderate vigor rootstocks (‘Krymsk 5°, ‘MaxMa
14°, “Piku 1, ‘Piku 4°), are used on fertile soils
and irrigated at high densities, provides simple
crown shapes, medium-sized trees, which can
be managed from the ground level, early
harvests, medium yield, reduced costs of tree
pruning and fruit harvesting by increasing labor
productivity.

The cultivation system for the sweet cherry
crop is chosen according to the rootstock-
varietal association, the ecological and
technological conditions, which determine the
productivity, the yield and the quality of the
fruit.

The crowns in the vertical plane up to 2.5-3 m
high and 1.5-2 m wide make it possible to
organize the orchard care, pruning and fruit
picking at lower cost.
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Abstract

The given work relates to the study of the light regime and the structure of the vegetative composition in the Golden
Delicious Reinders and Red Velox apple tree varieties. The solar regime in the crown of the apple trees of the studied
varieties in the 4th year after their planting differs depending on the position of the sun in the sky, the distance from the
ground and the length of the tree rows. The intensity of the solar radiation gradually increases from 9 o’clock till 13-15
o’clock, then decreases. The penetration of the solar energy into the crown increases from the base of the crown to the
top of the tree. Based on the data obtained during the study, it can be asserted that the orchards in which trees have a
height of 3.5-4.0 m and a crown width at the base of 1.0-1.2 m which decreases towards the top up to 0.8-1.0 m, form
well-lit fruit-growing ecosystems, which receive in all areas of the vegetative ensemble more than 0.2 cal/cm? x min, i.e.
as much as it is necessary for the photosynthesis process. The volume of the crown of the studied varieties depends on
the vigour of the variety and the size of the trees. It provides light penetration to all elements of the crown, which
allows.

Key words: apple variety, light intensity, tree crown.

INTRODUCTION (Balan V. et al., 2018). The influence of soil
factors such as soil structure and fertility,
The apple tree, being a crop adapted to various limiting soil factors, and climatic factors such
ecological conditions, occupies over 60% of the as solar energy, temperature, its maximum and
total of fruit trees in the orchards of the minimum values, but especially the values
Republic of Moldova, with a share of over 70%  recorded during the growing season (fruiting
of fruit production; it is profitable and ensures phenophases), as well as the amount of
high profits. One of the main functions of the  precipitation and others should not be
orchard system is the conversion of solar overlooked. ( Stefan N., 1993). From the
energy into chemical energy bound in fruit. genetic point of view, the variety is the basic
Light interception studies have shown that, in  factor in determining the crop system and
order to obtain high yields, the crown of trees  technology.
must allow the interception of at least 70% of
the available light radiation (Bilici 1., 2018). At MATERIALS AND METHODS
the same time, the optimal level of soil
coverage by the projection of the tree crown  The research was carried out at the "Elit Fruct"
into full productivity turned out to be 65-70%  Ltd in the village of Cosernita, the district of
of the nutritional surface. (Babuc V., 2000; Criuleni, between the years 2015 and 2019. The
Cimpoies Gh. et al., 2001). However, this  orchard was founded in 2015. Planting material
cannot be achieved in modern orchards. (Dadu of 2-year-old trees of the “Certificate” category
C., 2000) the vegetative growth and the stem  with a crown base consisting of well-developed
development is determined by biological  branches evenly distributed along the axis was
(variety, rootstock, disease and pest resistance)  used. The Red Velox and Golden Delicious
and technological factors (the number of fruit, Reinders grafted on M9 rootstock were studied.
food and water supply), which condition the = The spacing between rows was 3.2 m and
development of the physiological processes  between trees — 0.8 m, which corresponded to
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3900 trees/ha. The grafting site was placed at a
level of 15-20 cm above the ground. Before the
orchard was planted, a tree support system was
installed monoplane, simple, made of
reinforced concrete poles, with a height of
about 4.0 m above the ground, and a metal wire
installed at a height of 50 cm above the ground
level, which was also used as a support for the
irrigation system. In the first year of vegetation,
five more metal wires were added. The first
two wires were fixed at 80 cm above the
ground and at 80 cm between each other, the
others - at 160 cm, 240 cm and 320 cm above
the ground, respectively. Four groups of trees,
8 trees each, were used in the experiment. The
research wa carried out according to the general
methodology for conducting experiments with
fruit trees.

The distribution of the solar energy in the
crown of the Red Velox and Golden Delicious
Reinders apple trees was determined by the
height of the sun relative to the horizon, the
height of the trees, and the density of the crown
at the base in the direction between the rows.
The rows of trees were in a north-south
direction.

RESULTS AND DISCUSSIONS

The light regime in the crown of the Golden
Delicious Reinders apple trees, which have an
improved spindle-shaped crown type, varies
depending on the position of the parts of the
crown in relation to the sun and the distance
from the ground. Since the crowns of the trees
closed along the row, daylight illumination was
studied not only in the centre of the crown
along the axis, but also in the area of crown
closure (Table 1, Figure 1a).

At 9 o'clock, the lowest amount of solar
radiation was recorded at the height of 0.5-1.5
m above the ground, in the western part of the
crown (0.21- 0.26 cal/cm**min) and in the
central part (0.24-0.29 cal/cm**min) of the tree
rOws.

The lowest amount of solar radiation was
recorded at the height of 0.5-1.5 m above the
ground, in the western part of the crown (0.21-
0.26 cal/cm?*min) and in the central part (0.24-
0.29 cal/cm**min) along the rows of the trees.
At the top of the crown, all parts were well lit
(0.32-0.36 cal/cm**min).
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Table 1. The light regime in the crown of the Golden
Delicious Reinders variety trees, cal/cm**min (the
planting year - 2015, "Elit Fruct" Ltd, July 2018)

Axis side
Time of Sf)lgr the

determination, rgdlatlon the the
i > | in open cast centre of "

o field side the side

crown

9% 0.43 0.31 0.28 0.25
11% 0.82 0.72 0.51 0.50
13% 1.07 0.89 0.57 0.72
15% 1.12 0.69 0.69 0.92
17% 0.89 0.58 0.68 0.70
Average 0.87 0.64 0.55 0.62

At 11 o’clock, the solar radiation level in the
open field was twice as high (0.82
cal/cm**min) compared to the level recorded at
9 o'clock (0.43 cal/cm?*min). At this time, the
eastern part of the crown benefited from more
solar energy (0.65-0.82 cal/cm?*min) compared
to the central part of the crown (0.31-0.62
cal/em**min) and its western part (0.38-0.67
cal/cm>*min).

Golden Delicious Reinders
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Figure la. The light regime in the crown of the Golden
Delicious Reinders apple trees, cal/cm**min

At 13 o’clock, the sides of the crown were illu-
minated identically and received a large amount
of solar energy (0.78-1.17 cal/cm®*min)
relative to the centre of the crown (0.42-1.13
cal/cm®**minutes).

While the upper part of the crown received a
high amount of direct solar radiation (0.88-
0.96 cal/cm®**min), at 0.5 m above the ground
the central part of the crown received only
0.42-.53 cal/cm?*min, and the western part -
0.62-0.79 cal/cm?*min.



Thus, at noon, the crown of the Golden
Delicious Reinders apple trees was well lit and
the light intensity differed slightly in the
eastern part compared to the western part, but
the inner areas adjacent to the axis and the
areas of crown interpenetration were less
illuminated (Figure 1b).
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Figure 1b. The light regime in the area of the axis of the
Golden Delicious Reinders apple trees, cal/cm?*min.

At 15 o’clock, the level of the solar radiation in
the open field was the highest (1.12
cal/cm**min), and the distribution of light in
the orchard depended on the area of the crown.
Thus, the highest intensity of the solar energy
was recorded in the area of the axis, in the
western part of the crown (0.84-0.99
cal/cm**min), followed by the central area
(0.63-0.93 cal/ cm**min) and the eastern part of
the crown (0.45-0.95 cal/cm?*min). In the area
of the crown closure, the same pattern of crown
illumination was recorded, in the sense that the
western part was better illuminated than the
central part and, to a lesser extent, the eastern
part of the crown.

At 17 o’clock, in the region of the central axis,
the western part of the trees in the orchard
received the greatest amount of sunlight (0.69-
0.79 cal/cm®**min). The central and eastern
parts of the tree rows were less illuminated -
0.62-0.75  cal/cm®*min  and  0.47-0.73
cal/cm?*min, respectively.

The light regime in the crown of the Red Velox
(Table 2.). apple trees proved that the variety
had a decisive influence on the illumination of
the crown.

The obtained experimental data show that a
smaller amount of light penetrates into the
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lower part of the crown along the row of trees
during the day compared to other parts of the
crown. The illumination in the tree crown
increases during the day as the height of the
crown above the ground increases. At the same
time, the illumination increases from morning
to 13:00, when the eastern part of the crown is
better lit, and the western and central parts of
the crown are less lit. The intensity of the light
the trees receive is slightly different at 13:00, In
the afternoon, the western part of the crown
receives more solar energy, and the central and
eastern parts of the crown receives less energy.
The Red Velox variety forms much smaller
leaves compared to the Golden Delicious
Reinders variety which forms much larger
leaves. Therefore, the light penetrates more
easily into the crowns of the Red Velox apple
trees, compared to the Golden Delicious
Reinders variety, ensuring a rational lighting of
the tree rows (Figure 2).

The light regime in the crowns of trees of the
Red Velox variety indicates that the variety has
a decisive influence on the illumination of the
crown. Thus, the penetration of solar energy
into the eastern and western parts of the crown
in this variety is relatively identical to the
Golden Delicious Reinders variety, but the
centre of the crown is much better lit.

Table 2. The light regime in the crown
of the Red Velox apple trees, cal/cm>*min
(the planting year 2015, "Elit Fruct" Ltd, July 2018)

Time of Solar Crown joining area

determination, | radiation the | the centre | the
hour in the east of the west
open field | side crown side

9% 0.40 0.34 0.32 0.28
11% 0.81 0.67 0.67 0.61
13% 1.05 0.89 0.81 0.85
15% 1.10 0.82 1.00 1.00
17 0.87 0.69 0.84 0.84
Average 0.85 0.68 0.73 0.72

At 9 o’clock, the Red Velox variety, both in the
area of the central axis and in the crown
closure, received 0.32-0.38 cal/cm”>*min or 80-
95% of radiation, and at 11 o’clock - 0.60-0.67
cal/cm**min or 74-83%. At 13 o’clock, when
the sun was at its zenith, the central part of the
crown received 0.76-0.81 cal/cm®*min or 72-
77% of the total radiation. In the afternoon, the
light intensity was quite high (0.87-1.10



cal/cm**min) and the central part of the crown
was lit very well. Thus, at 15 o’clock, the
illumination in the central part of the crown
was 0.71-1.0 cal/cm**min or 65-91%, and at 17
o’clock, the centrl part of the crown received
0.68-0.84 cal/cm?*min or 78-96% of the total
radiation.

Therefore, the light penetrated more easily into
the crowns of the Red Velox apple trees,
compared to the Golden Delicious Reinders
variety, and ensured a rational lighting of the
tree row (Figure 2).
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Figure 2. The light regime in the axis area of the Red
Velox apple tree, cal/cm?*min

Analysing the lighting regime in the apple tree
orchards of the Golden Delicious Reinders and
Red Velox varieties, it can be argued that in
continuous rows oriented from north to south,
the crown height of which at the base does not
exceed 120 cm, the problem of self-shading
does not persist, even if the height of the trees
reaches 3.5-4.0 m. The intensity of the solar
radiation received by the crown of the apple
trees in the 4th year after their planting changes
during the day depending on the height of the
crown from the ground, as well as the solar
radiation on open ground. The conducted
studies aimed at establishing the level of
illumination in the new varieties introduced
into intensive horticulture in the Republic of
Moldova will become the basis for establishing
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solar energy reserves to increase the

photosynthesis yield in modern gardens.
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Figure 3. The light regime in the crown
of the Red Velox apple trees, cal/cm>*min

The vegetative growth of the studied varieties
is expressed quantitatively in the amount of
accumulated annual vegetative growth, crown
height and width, crown surface and volume, as
well as the degree of soil coverage by the
shadow of the tree crowns (Figure 3.). The
height of the crown of the studied varieties was
256-265 cm in the 3rd year after their planting.
The dwarf variety Red Velox recorded the
lowest value of the crown height, namely
256 cm.

The width of the crown at the base recorded
maximum values (105-125 c¢m) admissible in
relation to the planting distance of the trees in a
row (80 cm). The width of the crown at the top
depends on the growth vigour of the variety
and varied between 25 cm in the Red Velox
variety, and 50 cm in the high-vigour Golden
Delicious Reinders variety.

In conclusion it must be said that the volume of
the crown in the studied varieties depends on
the vigour of the variety and the size of the
trees (Table 3.). It provides light penetration to
all elements of the crown, thereby creating the
necessary conditions for the growth of fruit
branches in order to obtain the highest possible
yield.



Table 3. The structure of the crown of apple trees according to age and the biological characteristics of the variety
(the planting year — 2015, "Elit Fruct" Ltd, 2017-2019)

c](?sgrrzeeolf S(;}llle The lateral surface
Crown Crown width, cm 8e by of the crown, Crown volume, m?
. . shadow of the tree 2
Variety hight, o thousand m*/ha
crowns, %
om t the
%asis at the top tree ha

the year 2017, 3-year-old trees
Red Velox 256 105 25 32.8 20975 1.6 6249
Golden
Delicious 265 115 50 359 22654 2.2 8593
Reinders

the year 2019, 5-year-old trees
Red Velox 285 130 45 40.6 24021 2.5 9765
Golden
Delicious 333 130 70 40.6 28748 33 12889
Reinders

The degree of soil coverage by the shadow of
the tree crowns which received solar energy
reached the values of 32.8-35.9%. The
difference in the use of the nutrition surface of
the trees was insignificant, since the distance
between the rows and within the row were
optimal for the apple varieties grafted on the
MO rootstock in high density orchards.

Using the data on the tree vigour, the crown
volume was calculated and related to the
surface unit. The lateral crown surface of the 3-
year-old apple trees was 20975-22654 m>/ha,
and the crown volume was 1.6-2.2 m%/tree and
6249-8593 m>/ha, respectively.

Along with the growth and development of the
trees, the parameters of the crown also
increased. In 5-year-old trees, the height of the
crown was 285-333 cm, depending on the
variety, and the width of 130 cm stayed
constant in both varieties studied (the distance
of 3.2 m between rows does not allow wider
crowns). The width of the crown at the top
varied from 45 c¢m in the trees of the Red Velox
variety, to 70 cm in the trees of the Golden
Delicious Reinders variety. The degree of soil
coverage by the shadow of the tree crowns
reached the optimum level possible for a row
spacing of 3.2 m and was 40.6% for both
varieties.

In 2019. the Ilateral surface of the crown
(24021-28748 m?/ha) increased significantly
compared to 2017 achieving optimal values for
such orchards. The crown volume, which
depends on the crown area, also increased
significantly, reaching 2.5-3.3 m’/tree and
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9765-12889 m®/ha, respectively. In 2019, the
crown area and volume were greater in the
Golden Delicious Reinders variety compared to
the Red Velox variety. Thus, in the 5th year of
vegetation, the trees of the studied varieties
reached the optimal surface and crown volume,
which characterizes the productive potential of
the orchard.

CONCLUSIONS

The intensity of the solar radiation gradually
increased from 900 to 1300-1500 and then
decreased; the penetration of the solar energy
into the tree crown increased from the base of
the crown to the top of the tree. In the first half
of the day, the leaves in the eastern part of the
continuous rows were better illuminated; in the
second half of the day, the western part of the
rows were better illuminated. The apple trees of
the studied varieties grafted on the low vigour
M9 rootstock, planted at a distance of 3.2 x 0.8
m and the crown of which are of improved
slender-spindle shape, of a height of 3.5-4.0 m
and a width of 1.0-1.2 m at the base and 0.8-1.0
m at the top, form well-lit orchards, which
receive in all areas of the crown more than 0.2
cal/cm?*min, i.e. the necessary amount for the
photosynthesis process. The light intensity in
the crown of the Red Velox variety is higher
because these trees form much smaller leaves
compared to the other varieties.

Along with the growth and development of the
trees, the parameters of the crown also increase.
In 5-year-old trees, the height of the crown is




285-333 cm, depending on the variety, and its
width of 130 cm remains constant in both
varieties which have been studied.

The width of the crown at the base of the tree
recorded maximum values admissible (105-125
cm) in relation to the planting distance of the
trees in a row (80 cm). The width of the crown
at the top depends on the growth vigour of the
variety and varied between 25 cm in the Red
Velox variety, and 50 cm in the high-vigour
Golden Delicious Reinders variety.

It has to be mentioned that the volume of the
crown in the studied varieties depends on the
vigour of the variety and the size of the trees. It
provides light penetration to all elements of the
crown, thereby creating the necessary
conditions for the growth of fruit branches in
order to obtain the highest possible yield.
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Abstract

The experimental plot is placed in the orchard “Codru-ST” Ltd. founded in 2006. The study subject of the experience
was Idared apple variety grafted on M 9 rootstock. The plant spacing is 3.5 x 1.2 m. The research was conducted
during the period of 2014-2017 years. The active substances applied were NAD (Geramid-New), NAA (Dirager) and
BA (Gerba 4 LG), using different doses and different thinning periods. During the research, such indicators as the
number and average weight of the fruit, the yield per tree and per unit area and the average fruit diameter were
studied. It was established that, the spray with Geramid-New in dose 1.2 [/ha when 80% of the petals have fallen + 2-3
days, Dirager in dose 0.2 I/ha when the king fruit diameter was 8-9 mm, and Gerba 4 LG in dose 2.0 l/ha when the king
Sfruit diameter was 10-12 mm have a significant effect on the number of the fruits, average weight, yield and fruits

diameter.

Key words: Growth regulators, thinning, average weight, yield, fruits diameter.

INTRODUCTION

The Idared variety is one of the most cultivated
red apple varieties in the Republic of Moldova
(Babuc et al., 2013; Balan & Vamasescu, 2011;
Cimpoies, 2012; Pesteanu, 2015). The Idared
variety flowers abundantly and regularly on all
types of fruiting branches forming high yields,
but in some years of lower quality (Ambrozic
Turk & Stopar, 2010; Pesteanu, 2015). In order
to exclude this negative phenomenon, it is
recommended to carry out the reduction of the
fruit load by different thinning methods,
(manual, chemical) with different growth
regulators and different treatment doses
(Greene, 2002; Ilie et al., 2016; Pesteanu, 2013;
Pesteanu, 2015; Pesteanu & Calestru, 2015;
Pesteanu & Calestru, 2020)

Therefore, at the initial stage, in apple orchards
the fruit load of the trees is optimized by
chemical method and then, if necessary, the
number of fruits is corrected by manual method
depending on the degree of development and
physiological condition of the plants (Balan &
Vamasescu, 2013; Basak, 2004; Pesteanu,
2015).

The chemical reduction of the reproductive
organs is also studied by many researchers for
various apple varieties, but no such research
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has been carried out for Idared, as it is grown
only in CIS countries. To solve this problem, it
is necessary to study the use of different growth
regulators whose active ingredient are NAD,
ANA and BA based products, which allow to
perform treatments from petal fall until the
central fruit in the inflorescence has a diameter
of 15 mm (Balan & Vamasescu, 2013; Basak,
2004; TIlie et al., 2016; Pesteanu, 2013;
Pesteanu & Calestru, 2017).

MATERIALS AND METHODS

The experiments on which the PhD thesis is
based were organized in the period 2014-2017,
in the intensive apple orchard of the "Codru-
ST" Ltd. company, planted near the village of
Paulesti, Calarasi district. The plantation was
founded in autumn 2006, with one year old
trees.

The Idared variety grafted on rootstock M9 was
taken as the object of study. The crown was
trained according to the improved thin spindle
system, planting distance 3.5 x 1.2 m.

To determine the fruit thinning efficiency of
Idared trees, growth regulators based on NAD,
ANA and BA, produced by 'L.Gobbi' SRL,
Italy, were used and the following experiment
was set up (Table 1).



The research was carried out according to the
general methods of carrying out experiments
with fruit species both in the field and the
laboratory.

Table 1. Experimental scheme for thinning method and
treatment dose of apple trees with growth regulators

there was a clear influence in the crown of the
alternation of fruiting (87 pes/tree), which
finally influenced the multiannual average
index (157 pcs/tree).

In 2017 the difference between years in terms
of the number of fruits on a tree shows lower
values of the index under study, based on the
higher number of fruits in the previous year

. . Treat
Variants of Activ
the ingredie g:f;: Aplication (20 1 6)
experiment nt 1 /ha’
Without Table 2. Influence of growth regulators
thinning and treatment dose on the number of fruit
(control) in the crown of Idared apple trees, pes/tree
Manual thinning after
Hand physiological fall, when the Variants of | Treat Years Avera
thinning central fruit reaches 15-20 the ment ge
mm in diameter. experiment dose 2014 | 2015 | 2016 | 2017 | 2014-
NAD 1.2 By spraying, at 80% petal fall (I/ha) 2017
Geramid (44.8 1.5 +2-3 days, when the central Without
New g/l) 20 fruit reaches 4-7 mm in thinning 210 87 258 73 157.0
i diameter. (control)
0.2 By spraying, when the central Hand
Dirager (13\;\11/%1) 0.3 fruit reaches 8-9 mm in thinning 110 13 116 110 122
g 0.4 diameter 1.2 128 136 140 117 130.5
6BA By spraying, when the central Geramid 15 10 | 117 | 113 | 89 | 1072
Gerba 4 LG @1g/) 2.0 fruit reaches 10-15 mm in New
g diameter. 2.0 94 87 90 80 | 877
0.2 116 113 124 101 113.5
; Dirager 0.3 95 92 101 80 92.0
Trees were treated with portable sprayers : :
during windless hours, in the morning, above 04 | M | T | 8 | 76| 780
+18°C. The amount of solution per tree was 20 | % | 100 | 104 | 8 | 972
. Gerba4LG [T733 69 74 ) 71 | 775
0.4-0.5 liters, based on the number of trees per
: . 3.0 54 66 70 51 60.2
unit area and the recommended water quantity
A g 105.1 96.5 1164 | 85.2
of 1000 1/ha. veree

Records for determining the number of fruits,
average weight of a fruit, yield per tree and per
unit area, and fruit diameter were established at
harvest time. The results were reported to the
control.

RESULTS AND DISCUSSIONS

The number of fruits on a tree results from the
number of flowers and the setting coefficient
depending on how the fruit load is managed
and the dose applied on each individual growth
regulator.

The data in Table 2 show that the number of
fruits was directly correlated with the factors
taken into account in the study. A higher
number of fruits in Idared trees was recorded
on the variants under study in 2016. In 2014-
2015 the number of fruits was at the level of
the multi-year average on the variants under
study, except for the variant without thinning.
In this variant, in 2014 a higher number of
fruits was recorded (210 pcs/tree), and in 2015
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The number of fruits on a tree also varies
significantly depending on how the fruit load is
managed during the research. In the no thinning
variant the number of fruits per tree after the
multi-year average was higher (157 pcs/tree)
compared to the manual thinning variant (112.2
pes/tree). In the variants with chemical
thinning, the index under study was correlated
with the product used for thinning. Depending
on the way of the fruit load management,
during the research an variable number was
scored in the control variant, without thinning,
when partial alternation of fruiting is clearly
observed, i.e. in one year (2014; 2016) a high
number of fruits in the tree and in another very
low. The number of fruits in the manual
thinning variant was constant throughout the
research and did not vary essentially from the
multi-year average value, as the aim was to
keep 110-115 pcs/tree in the crown.

The growth regulators used in chemical
thinning of reproductive organs during the
research had its contribution on the average



number of fruits in trees. A higher number of
fruits per tree was scored when treated with the
growth regulator Geramid New (87.7-
130.5 pcs/tree) compared to the product
Dirager (113.5-78.0 pcs/tree). The lowest
number of fruits per tree was obtained when
using the growth regulator Gerba 4 LG (97.2-
60.2 pcs/tree). The different number of fruits in
Idared apple trees can be explained by the
action of each active substance on the blocking
of seed development in the seed chamber of the
fruit and the climatic conditions that were
recorded during the treatment period.

Since it is known that Idared belongs to the
category of varieties in which the reproductive
organs are easily chemically thined, different
treatment doses from those recommended for
apple cultivation in the conditions of the
Republic of Moldova were also studied.

If, for example, the average number of fruits in
the years 2014-2017 in the variant Geramid
New 1.2 I/ha was 130.5 pcs/tree, then in the
variant Geramid New 1.5 I/ha the value of this
index was 107.2 pcs/tree, an approximate value
with the manual thinning variant. Increasing
the treatment dose of Geramid New to 2.0 1/ha
essentially decreased the number of fruit in the
trees, the index in the study being 87.7 pcs/tree.
The highest value in the variants where Dirager
was applied was recorded in the variant treated
with 0.2 l/ha. In the case of that variant, an
average of 113.5 pcs/tree remained in the
crown of the trees, and in the variants with
increased treatment dose, the number of fruits
per tree was decreasing. Thus, the Dirager 0.3
I/ha variant had 92.0 pieces of fruit per tree,
while the Dirager 0.4 l/ha variant had 78.0
pieces or a decrease compared to the Dirager
0.2 I/ha variant by 19.5 and 31.3% respectively.
In the case of the variants treated with the
growth regulator Gerba 4 LG there is a major
decrease compared to the variants treated with
Geramid New and Dirager.

The lowest number of fruits per tree when
treated with Gerba 4 LG was obtained in the
3.0 I/ha (60.2 pcs/tree) dose variant, then higher
values of the index in the study were recorded
in the 2.5 I/ha (77.5 pcs/tree) dose variant. A
higher number of fruits in the Gerba 4 LG
treated variants was scored in the 2.0 1/ha dose
(97.2 pcs/tree), but clearly lower in the
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Geramid New 1.2 1/ha, Geramid New 1.5 1/ha
and Dirager 0.2 1/ha variants.

The average weight of a fruit as an indicator of
quality (Table 3), varied greatly over the years
studied in Idared trees. The highest average
weight of a fruit was recorded in 2017
(201.3 g) and the lowest in 2016 (179.4 g).
During 2014 and 2015 the average weight of a
fruit recorded average values, constituting
185.1 and 191.4 g, respectively. This indicator
largely correlates with the number of fruit
obtained per tree and the weather conditions in
the reference year.

Table 3. Influence of growth regulators and treatment
dose on the average weight of a fruit in the crown of
Idared apple trees, g

Variants Treat Years Avera
of the ment ge
experim dose 2014 2015 2016 2017 2014-

ent (1/ha) 2017
Without -
thinning 103.9 189.7 95.5 220.1 1523
(control)
Hand
- 172.7 169.1 167.5 172.0 170.3
thinning
1.2 1574 | 155.7 151.3 169.5 158.5
Geramid 1.5 174.3 169.5 186.0 192.1 180.5
New 2.0 195.8 199.4 | 1953 201.3 197.9
0.2 168.7 1709 | 1583 191.7 172.4
Dirager 0.3 198.1 | 193.5 | 191.6 | 205.1 | 197.1
0.4 2173 | 215.1 199.7 2163 | 212.1
2.0 1944 | 1923 194.1 195.7 194.1
Gerba 4 2.5 2273 | 222.6 | 207.7 2183 | 2189
LG 3.0 | 2304 [ 2280 | 2268 | 232.1 [ 2293
Average - 185.5 1914 | 1794 | 201.3 -

The average weight of a fruit also changes
under the influence of the fruit load
management method. Lower values of the
given index were recorded in the variant
without thinning (152.3 g) compared to the
other variants (158.5-229.3 g). The essential
discrepancy in the control variant on the
studied index is explained by the different
number of fruits per year of research. A lower
fruit weight was obtained in 2015 and 2016
constituting 103.9 and 95.5 g, respectively,
with very high fruit values recorded in 2015
(189.7 g) and 2017 (220.1 ¢g). This
phenomenon was recorded as a result of the
alternation of fruiting, which in Idared is not as
pronounced as in trees of other varieties and
carries a partial effect. In the variant with
manual thinning we recorded an average
weight (170.3 g), which has balanced values
throughout the research.



The products used in the chemical thinning of
fruit also influenced the index in the study by
recording different average weights of a fruit
depending on the active substance used.
Comparing the average weight of a fruit
according to the growth regulators used in
chemical thinning, it was found that treating the
trees with Geramid New 1.2 I/ha resulted in a
value of 158.5 g, i.e. a decrease compared to
the manual thinning variant by 6.9%. In the
Geramid New 1.5 l/ha variant, the index
studied increased to 180.5 g and in the 2.0 1/ha
dose to 197.9 g. The increase in mean fruit
weight correlated with the number of fruits
obtained per tree on the variants studied.

When using Dirager and Gerba 4 LG growth
regulators in chemical thinning, the average
weight of a fruit at different treatment rates
shows an higher increase compared to the
Geramid New treated variants. Thus, if the
average weight of a fruit in the last Dirager 0.2
I/ha variant was 172.4 g, then in trees treated
with the 0.3 1/ha dose, the index in the study
increased and amounted to 197.1 g. Higher
values were obtained in the Dirager 0.4 I/ha
variant (212.1 g).

The growth regulator Gerba 4 LG had a more
visible action on the average weight of a fruit
and recorded lower values in the variant with
the 2.0 I/ha dose (194.1 g), then in ascending
order the 2.5 I/ha dose (218.9 g) was placed
and the fruits with higher mass were recorded
in the variant with the 3.0 1/ha dose (229.3 g).
Fruit yield is the main index by which the
effectiveness of the technological elements
applied in apple cultivation can be assessed.
Fruit yield in apple trees is a complex
characteristic that has a bearing on the method
of management fruit load, how much product
was applied at thinning and how these
technological  elements interacted  with
environmental factors.

The data in Table 3 show that the above-
mentioned factors had an impact on fruit
production in a tree.

The fruit production of a tree depends on the
number of fruits in the crown and the average
weight of a fruit. Higher fruit production in
trees with different methods of fruit load
management was obtained in 2016 compared to
2014 and 2015. In 2017, this index recorded
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lower values due to the above-mentioned
factors.

The method of reducing of the fruit load during
the research influenced the studied index,
recording higher values in the Geramid New
1.2 l/ha variant with 20.58 kg/tree, then
decreasing was the control variant, without
thinning (19.75 kg/pom). If in the previous
variant the gap during the research on fruit
production was not big enough, then in the
control variant we register lower values of the
given indicator in 2015 and 2017 as in the case
of the number of fruits.

An approximate value with the control variant,
without thinning, was recorded for the Dirager
variant 0.2 lI/ha (19.6 kg/tree). The manual
thinning variant recorded yields on a par with
the Dirager 0.2 l/ha variant, constituting
19.11 kg/pom and 19.46 kg/tree respectively.
The multi-year average yield per tree was
recorded in the Geramid New 1.5 1/ha growth
regulator treatment - 19.27 kg/tree and Gerba
4 LG 2.0 I/ha - 18.87 kg/tree.

Fruit yield per tree in the other variants was
lower compared to the previous variants.

The fruit production in the crown of the trees
was also influenced by the dose of product
applied during the period of chemical thinning.

In Idared trees, higher fruit yields were
obtained in the crowns of the variants treated
with the growth regulator Geramid New at the
doses of 1.2 I/ha (19.27 kg/tree) and 1.5 l/ha
(20.58 kg/tree), which were higher or
approximately the same as those obtained in
the variant with manual thinning. Increasing
the dose of product administered to 2.0 1/ha,
decreased the fruit yield in the trees compared
to the previous variants by 15.7 and 10.0%,
respectively.

Within the variants treated with the Dirager
growth regulator, fruit yield within a tree in the
0.2 I/ha treated variant where the index taken in
the study recorded higher values compared to
the Dirager 0.3 1/ha and 0.4 1/ha variants, by 7.3
and 15.2%, respectively.

Treatments with Gerba 4 LG regulator reduced
fruit yield in trees more than Geramid New and
Dirager. The yield of Idared trees ranged from
13.80 to 18.87 kg/tree. The value of this index
for Gerba 4 LG 2.0 1/ha was higher than for
Gerba 4 LG 2.5 l/ha and amounted to 18.87
compared to 16.06 kg/tree, i.e. an increase of



4.9%. In the case of Gerba 4 LG 3.0 I/ha the
yield per tree was the lowest (13.80 kg), i.e. a
26.9% decrease in the index in the study.

Fruit yield per unit area did not differ much
from that obtained from one tree because the
number of trees in the variants studied was
identical.

Averaged over the fruiting years, the highest

fruit production was obtained in 2016
(45.2 t/ha), then decreasing in 2014
(43.23 t/ha), 2015 (42.92 t/ha) and lower values
of this index were recorded in 2017
(40.09 t/ha).

The method of reducing of fruit load influenced
differently on fruit production per unit area.
Thus, if on average in the fruiting years (2014-
2017) in trees of Idared variety in the variant
Geramid New 1.2 lha fruit production
amounted to 49.36 t/ha, in the control variant,
without thinning, the value of the studied index
was 47.03 t/ha. Theoretically, it would persist
the hypothesis that the fruit yield would be
higher in the variant without thinning, but
based on the studies we record diametrically
opposite results, which is explained by
alternate fruiting of trees of the given variety in
2015-2017.

Table 4. Influence of growth regulators
and treatment dose on fruit production
in the crown of Idared apple trees, kg/tree

Variants Treat Years Avera
ofthe | ment 5513 T 5015 | 2016 | 2017 | &
experi dose 2014-
ment (I/ha) 2017
Without

thinning 21,82 | 16,50 | 24,64 | 16,06 | 19,75

(control)

Hand 19.00 | 19.10 | 19.43 | 18.92 | 19.11
thinning
. 12 [ 2014 | 2117 | 2118 | 19.83 | 50538

Geramid [ 5 19.17 [ 19.83 [ 21.00 | 17.09 | 14,5,

New -
2.0 1840 | 1735 | 17.57 | 1610 | |,
o 0.2 1956 | 1931 | 19.63 | 1936 | 1946
irager
03 1881 | 17.80 | 19.35 | 1641 | ¢ 0o
0.4 16.08 | 16.56 | 1697 | 1644 [ (¢,
et s 2.0 18.66 | 1923 [ 20.18 | 1741 | gg7
erba
Lo 25 15.68 | 1647 | 16.61 | 1550 | |0
3.0 1244 | 1505 | 1587 | 11.84 | |59
Average 18.16 | 18.03 | 1931 | 16.81 -

Identical values of the index taken in the study
with the manual thinning variant (45.5 t/ha)
were recorded in the chemical thinning variants
treated with Geramid New at 1.5 1/ha (45.88
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t/ha), Dirager 0.2 I/ha (46.50 t/ha) and Gerba 4
LG (44.92 t/ha). In the other variants this index
was much lower compared to the manual
thinning variant. The treatment dose for
chemical thinning in the growth regulators
taken in the study had a direct influence on the
fruit yield calculated per unit area. So, for
example, the fruit yield in case of treating trees
with the growth regulator Geramid New
1.2 1/ha was 49.36 t/ha, then the value of this
index in case of the variant Geramid New
1.5 l/ha was 4588 t/ha. With increasing
treatment rate, the value of the index in the
study decreases and in the case of Geramid
New 2.0 1/ha it was 41.32 t/ha (Table 5).

If, in the case of the variants treated with the
growth regulator Geramid New, the yield was
41.32-49.36 t/ha, then the Dirager product had
a stronger reducing effect on the fruiting organs
in the Idared apple plantation, constituting
39.31-46.50 t/ha. Higher fruit yields per unit
area were recorded in the Dirager 0.2 l/ha
(46.50 t/ha) variant, then in decreasing position
the Dirager 0.3 /ha (43.05 t/ha) variant, the last
position going to the Dirager 0.4 1/ha
(39.3 t/ha) (Table 5) variant, where the degree
of thinning was quite increased. The influence
of the Dirager growth regulator, i.e. when the
central fruit reached 8-9 mm in diameter, had
such a clear influence on the index under study.
Treating Idared trees when the central fruit
reaches 10-12 mm in diameter will reduce the
negative influence on fruit production per unit
area.

The Gerba 4 LG product influenced the fruit
yield on the studied variants, recording the
lowest values of the index taken in the study.
So, the average fruit production in the years
2014-2017 for Idared trees in the variant Gerba
4 LG in the dose of 2.0 I/ha was 44.92 t/ha,
then the value of this index in the variant Gerba
4 LG in the dose of 2.5 I/ha was 35.74 t/ha, or a
decrease by 20.4% compared to the previous
variant. The above-mentioned logic is also
valid for the variant treated with the growth
regulator Gerba 4 LG at the dose of 3.0 l/ha
where the fruit yield per unit area decreased by
26.9% compared to the variant Gerba 4 LG
2.0 V/ha and by 8.1% compared to the variant
Gerba 4 LG 2.5 I/ha (Table 5).



Table 5. Influence of growth regulators and treatment
dose on fruit yield in Idared apple orchard, t/ha

Variants Treat Years Average
ofthe | ment [ 2014 | 2015 | 2016 | 2017 | 2014-
experim dose 2017
ent (I/ha)
Without
thinning 51.95 | 39.28 | 58.66 | 3823 | 47.03
(control)
Hand 4524 | 4547 | 4626 | 45.04 | 4550
thinning
i 12 | 47.95 | 50.40 | 51.90 | 47.21 | 49.36
G;ﬁ"m‘d 15 | 45.64 | 4721 | 50.00 | 40.69 | 45.88
e 20 | 4380 | 4131 | 4183 | 3833 | 4132
02 | 4657 | 4598 | 46.73 | 46.73 | 46.50
Dirager | 03 | 4478 | 42.28 | 46.07 | 39.07 | 43.05
04 | 3828 | 39.42 | 4040 | 39.14 | 3931
N 20 | 4442 | 4578 | 48.04 | 4145 | 44.92
GeLer 4 725 [ 3733 | 3921 | 29.54 | 36.90 | 35.74
3.0 | 29.61 | 35.83 | 37.78 | 28.19 | 32.85
Average - 43.23 | 4292 | 4520 | 40.09 -

The higher temperature of 25°C during 4-5
days after treatment in the daytime period
influenced the degree of reproductive organ
thinning in Idared, which is considered to be an
easily thinned variety.

The analysis of the experimental data allows us
to highlight that the highest production at
chemical thinning of the reproductive organs
was recorded in the Geramid New variant at the
doses of 1.2 and 1.5 l/ha, in the case of the
Dirager product variant at the dose of 0.2 l/ha
and at the application of the growth regulator
Gerba 4 LG in the variant treated with 2.0 1/ha.

The quality of the fruit is a particularly
important feature when high yields are
recorded per unit area and is characterized by
various morphological, organoleptic,
technological, biochemical, and finally food
value characteristics.

Analysing the fruit diameter, which is a
criterion for classifying the fruit into categories
during the research and the variants taken in the
study (Table 6), we can see that the index taken
in the study is influenced by the method of
reducing the fruit load, the products used for
chemical thinning and the dose administered
per unit area.

Lower values of fruit diameter during 2014-
2017 in the investigated variants were in the

year with higher yields, ie. in 2016,
constituting 77.6 mm.
The highest average fruit diameter was

obtained in the year 2017 (81.8 mm), while in
the years 2014 and 2015 the studied index
recorded average values, constituted 78.5 and
79.9 mm, respectively. These average values

50

over the years of study highlight a large
diameter of fruit, which in the end may have a
more restricted access to consumers due to the
large weight and more difficult preservation in
the post-harvest period.

The method of reducing the fruit load also
influences the average diameter of a fruit.
Lower values of the given index are recorded in
the control variant without thinning (72.8 mm)
and the wvariant treated with the growth
regulator Geramid New 1.2 l/ha (72.7 mm).
Studying how this index developed during the
years of research, a more rational correlation of
the average diameter of a fruit was scored in
the variant Geramid New 1.2 1/ha compared to
the control (without thinning). In the control
variant due to the large gap per year of fruit
production, the index under study was directly
influenced. In years with high production
(2015; 2017) we record a small average fruit
diameter (59.1; 64.3 mm), and vice versa, in
years with low production per unit area we
record high values, the index under study
constituting 81.3 and 86.6 mm, respectively.
The variants treated with Geramid New at the
1.5 1/ha dose was slightly higher (77.2 mm)
than the value recorded in the control variant
(75.8 mm). The treatment with Dirager at the
0.2 1/ha rate recorded identical values (75.9
mm) to the control variant. The growth
regulator Gerba 4 LG which is characterized by
a higher degree of thinning of the reproductive
organs induced an increase in the index in the
study.

Table 6. Influence of growth regulators and treatment
dose on quality expressed as mean fruit diameter in

Idared, mm
Van:;::s of Treatment Years Average
experiment dose 2014-
(V/ha) 2014 | 2015 | 2016 | 2017 2017
Without
thinning 643 | 81.3 | 59.1 | 86.6 72.8
(control)
Hand 765 | 758 | 745 | 765 | 758
thinning
. 1.2 72.8 714 | 70.7 75.9 72.7
Osramid 15 | 771 | 747 | 762 | 807 | 772
20 78.9 | 80.7 | 85.7 | 84.4 824
0.2 768 | 772 | 71.8 | 71.7 75.9
Dirager 0.3 779 | 783 | 77.2 | 82.8 79.0
04 86.2 | 85.7 | 853 | 82.1 84.8
Gerba 4 2.0 782 | 779 | 784 [ 79.0 78.4
LG 2.5 87.3 | 87.8 | 87.5 | 86.2 87.2
3.0 88.0 | 87.7 | 87.2 | 88.1 87.8
Average 785 | 799 | 77.6 | 81.8




The average diameter of a fruit also changes
under the influence of the dose of product
applied per unit area. In the variants where
growth regulators were studied, we record, that
increasing the treatment dose increases the
average diameter of a fruit. If, for example, in
the variant Geramid New 1.2 1/ha the average
diameter of a fruit was 72.5 mm, then with
increasing the treatment dose to 1.5 I/ha it was
77.2 mm, and in the variant Geramid New
2.0 /ha - 82.4 mm. The legality mentioned
before is also valid for the growth regulators
Dirager and Gerba 4 LG, except that the values
taken in the study were higher than in the
previous variant, constituting 75.9; 79.0;
84.8 mm and 78.4; 87.2 and 87.8 mm,
respectively.

In general, we record that the number of fruits
per tree, the average fruit weight, the fruit yield
per tree and per unit area, and the average
diameter of a fruit correlates with the method
of reducing the fruit load, the fruit regulator
used for thinning the reproductive organs and
the dose applied, as well as the weather
conditions during the treatment period and the
following 4-5 days.

CONCLUSIONS

Growth regulators based on NAD, ANA and
BA in various doses influence differently the
number of fruits, their average weight, fruit
diameter and the yield.

For a more effective reduction of the fruit load
in Idared by chemical method and to exclude
the influence of climatic phenomenon it is
necessary to have 1-2 growth regulators to be
used depending on the respective phenotype.
For the Idared variety higher yields and higher
quality were recorded when treating with
Geramid New at the rate of 1.2 l/ha at the fall
of approx. 80% of flower petals plus 2-3 days.
If the weather conditions are not favourable for
Geramid New treatment during this period, the
growth regulator Dirager can be applied later at
a dose of 0.2 1/ha, when the size of the central
fruit in diameter will be 8-9 mm. In exceptional
cases, when the number of reproductive organs
in the crown of the trees is large, should be
used Gerba 4 LG at a dose of 2.0 I/ha, when the
size of the central fruit in diameter will be 10-
12 mm.
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Abstract

Supplying the trees with the optimal amount of nutrients is very important in order to obtain high quantity and high
quality yields every year. Prohexadione-Ca is a dual-acting substance that is both a growth regulator and an activator
of the natural defense mechanisms of apple trees against pests and diseases. The influence of this compound combined
with radicular or foliar fertilizers was evaluated in three apple cultivars: ‘ldared’, ‘Generos’ and ‘Florina’ grafted on
medium vigour M26 rootstock. The applied technology in the experimental plot included chemical treatments against the
main pests and diseases which commonly affect apple orchards in Northern Transylvania. Different fertilization methods
combined with this growth regulator led to a reduction of length of the terminal shoots with direct influence on labour
costs and efficiency of orchard management. The results obtained during 2019-2022 revealed the benefits of supplying
apple trees with foliar and soil fertilizers for the cultivars to maintain a high productive potential.

Key words: apple, fertilizer, growth regulator, terminal shoots

INTRODUCTION

Apple production represents an important
economic activity in Northern Transylvania,
Bistrita region. The fertilization of apple
orchards with an optimal supply of nutrients in
combination with growth regulators, are
necessary and very important activities that are
required to do in modern fruit trees technology.
Managing the vegetative growth in apple
orchards associated with manual pruning is an
intensive labour practice, essential to optimize
fruit quality and productivity of the trees
(Greene, 2007; Cline et al., 2016).

Many methods of growth control have been
practiced in the past (Greene, 2003; Miller,
1988), one of the most popular methods is the
use of dwarfing rootstocks (Greene, 2007).
Uncontrolled vegetative growth affects fruit
quality, productivity, pests and diseases control
and extremely high pruning costs (Atay &
Koyuncu, 2017).

The climate changes in the last years in Bistrita
region is causing the modification of flight span
and the attack degree of the most damaging
apple pests, which can affect the resistance of
the trees (Rosu-Mares et al., 2020).
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Prohexadione-calcium (Pro-Ca) is a plant
bioregulator (PBR) that was developed by
BASF, Germany and Kumiai Chemical
Industry, Japan (Meland & Kaiser, 2016). It has
been used as an inhibitor of excessive vegetative
growth in apples (Privé et al., 2002; 2006), pears
(Rademacher, 2016), strawberries (Reekie et al,
2002), and turf (Waddington et al., 1992). It was
effective at reducing the incidence of scab
(Venturia inaequalis) (Spinelli et al., 2010),
blossom fire blight and shoot fire blight
(Erwinia amylovora) (Rademacher et al., 1999;
Yoder et al., 1999; Wallis & Cox., 2019) but
also can reduce the occurrence of bitter pit (BP)
(Amarante et al., 2020). Prohexadione-Ca
induces changes in the metabolism of the plants
by inhibiting the phenylpropanoids, that have
often been found to be involved in defense
mechanisms of higher plants (Rademacher et al.,
1999) and prevention of the oxidation
(Amarante et al., 2019).

Several studies have demonstrated that the
prohexadione-calcium (Pro-Ca) has provided
for regulating apple tree extension growth
ranging from 20 to 60% (Greene, 1996; Byers &
Yoder, 1999; Unrath, 1999; Yoder et al., 1999;
Basak, 2004; Byers et al., 2004a; 2004b;



Porebski et al., 2006; Privé et al., 2004; 2006;
Ramirez et al., 2006; Cline et al., 2008). The
applications of Pro-Ca are recommended to be
made before and/or after the petal fall
phenophase (Rademacher & Kober, 2003). The
aim of this research was to evaluate the
influence of the growth regulator Regalis Plus
combined with different fertilizers on the
development and fructification of the apple trees
in Northern Transylvania.

MATERIALS AND METHODS

The experiment was carried out 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 around 10°C  and
multiannual average of 758.80 mm of rainfall,
according to the data recorded by the
meteorological station at FRDS Bistria, in the
last 30 years. The climate is temperate-
continental, with relatively hot summers, and
less dry cold winters.

The orchard was established in 2001 (22 years
old), with ‘Idared’, ‘Generos’ and ‘Florina’
apple trees, on M26 rootstock. The trees are
conducted as spindle-bush canopy, 1.5 m
between trees and 4 m between rows, with a
density of 1667 trees/ha. The experimental
design was arranged in 4 replicates for each
treatment using 10 trees per replication.

The treatments were applied annually during
2019-2022 growing season. The treatments
variants included: V1- fertilization with manure
+ foliar fertilizer (Cropmax) + growth regulator
(Regalis Plus); V2- fertilization with chemical
fertilizers NPK+ foliar fertilizer (Cropmax) +
growth  regulator  (Regalis Plus), V3-
fertilization with chemical fertilizers NPK, V4-
control trees. Regalis Plus was used as a source
of Pro-Ca water-dispersible granules. It was
applied at a rate of 1.5 kg/ha immediately after
flowering and the second applications at a rate
of 1.5 kg/ha was made after petal fall when new
shoots were less than 10 c¢cm long. Foliar
fertilizer Cropmax was applied in a dosage of 2
mL/L water (2 L/ha) four times during the
growth season, in four different phenophases:
pink buds stage (BBCH 57), fruit size up to
10 mm (BBCH71), fruit size up to 40 mm
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(BBCH 74) and fruits about half final size
(BBCH 75). The soil properties were improved
through the application of manure in a dose of
20 kg/tree (33 t/ha) and chemical fertilizers NPK
16:16:16 in a dose of 0.250 kg/tree (416
kg/ha). The assessment of the nutrition supply
status of the trees was carried out through soil
and foliar diagnosis to determine the quantity in
the main chemical elements necessary for a
good development of the trees and quality
production. The methods used to determine the
macro and microelements in the leaves were
performed by: Kjeldahl method (dosing by
titration) for N total, P (phosphorus) by
colorimetric ~ dosing ~ with  ammonium
metavanadate, K and Ca (potassium, calcium)
by flame photometric dosage, Mn, Zn, Cu, Fe,
Mg - dosage by atomic absorption spectrometry.
Soil analysis were performed by potentiometric,
colorimetric, flame photometric and titrimetric,
Kjeldahl and Walkley-Black methods. For an
efficient pest monitoring, pheromonal traps
were installed in each experimental variant. The
chemical plant protection treatments included
eleven sprays per year. The moment of spray
was decided depending on climate conditions
and observations of the pests and diseases
evolution in the experimental plots. All variants
were treated evenly. Products based on mineral
oil and copper were used for winter sprays. We
used fungicides based on fluxapiroxade,
ditianon, difenoconazole, myclobutanil,
piraclostrobin, boscalid, folpet, mancozeb,
captan, sulfur and tebuconazole against apple
scab (Venturia inaequalis) and powdery mildew
(Podosphaera leucotricha), the two main
diseases that cause damage in our region. The
pests that cause significant damage in Bistrita
region are Cydia pomonella, Anthonomus
pomorum, Quadraspidiotus  perniciosus,
Eriosoma lanigerum, Aphis spp., Panonicus
ulmi and Tetranichus wurticae. We used
insecticides from different chemical groups as
follows: acetamiprid, dimetoat, tiacloprid,
deltametrin, clorpiriphos methyl, lambda-
cyhalotrine, spirotetramate, spinosad; as well as
acaricides to control mites: hexitiazox and
spirodiclophen.

The evaluations included number and mean
length of shoots, fruit yield per tree, mean fruit
weight, trunk cross-sectional area and fruit
quality. The annual shoots were evaluated each



year with a regular measuring tape, on each tree
selected, and compared with the untreated
control. Ten vigorous shoots from ten trees
were measured at the end of growth period
(September) and a visual estimation of the tree
vigour was made at the end of vegetation period,
when all the leaves had fallen.

Statistical comparisons 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

In terms of climatic conditions of Bistrita area,
the temperatures recorded in the studied years
fluctuated. Annual average temperatures were
between 10.5°C (2019) to 11.2°C (2022), with
absolute maximum temperatures between
34.6°C (2019) ranging 35.6°C (2022) and
absolute minimum temperatures registered in
January of each year, recorded values from -
11.8°C (2019) to 17.5°C (2022). Regarding the
rainfall, the total was 538.9 mm in 2019, 678.9
mm in 2020, 784.5 mm in 2021 and 759.3 mm
in 2022 (Table 1). The normal value of annual
rainfall in Bistrita region is about 758.8 mm, but
the years 1999 and 2000 were very dry
compared with 2021-2022. The distribution of
rainfall was unevenly that caused an imbalance
of growth and fructification processes for apple
trees. The difference between 2019 and 2022
was 174.3 mm of annual rainfall.

Table 1. Climate indicators 2019-2020

Climate indicators 2019 2020 2021 2022
Average annual temp. (°C) 10.5 10.1 9.5 11.2
Absolute maximum 36 3BT 336 356
temp.(°C)

Rainfall (mm) 538.9 678.9 784.5 759.3

In May 2019 occurred a hail fall of low intensity,
which affected part of the apple plots in the
FRDS Bistrita area, leading to partial
destruction of the foliage of the trees with
repercussions on the formation and development
of the fruits (Figure 1). The late spring frosts
occurred in 4" of April 2020 and 2022 (-5.8°C,
respectively -2.2°C) and in 8™ of April 2021 (-
3.2°C) which did not affect the flower buds,
because the values were below their resistance
threshold. After analyzing the climatic data, we
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observed a warming of the weather and the
decrease of the rainfall volume in the first two
years and climatic accidents (hail and late
frosts), which lead to a decrease of the resistance
of fruit trees to the attack of diseases and pests,
as well as the modification of the manifestation
of pathogen infections on fruits and leaves even
at varieties with genetic resistance.

Figure 1. The effects of hail fall on foliage and apples

The results regarding the nutrition status of trees
indicated an adequate amount of macro and
microelements in the soil and leaves (Tables 2
and 3).

Table 2. Soil chemical content

Deepness Ph Humus Nt P K
cm % % mg/kg mg/kg
Vi 0-20 5.80 4.12 0.241 61.50 356.00
20-40 551 283 0.194 1825 17125
V2 0-20 5.63 4.05 0.257 6550 258.75
20-40 5.48 2.69 0.159 19.75 116.00
V3 0-20 5.70 393 0.240  54.50 246.00
20-40 541 3.10 0.175 16.50 139.5
Untreat 0-20 6.02 221 0.144  51.00 240.00
20-40 5.48 3.46 0.191 22.00 173.00
Table 3. Foliar diagnosis
Macroelements (%)
N P K Ca Mg
Vi 2.07 0.12 1.76 0.75 0.23
2.14 0.22 2.02 1.06 0.29
V2 1.92 0.13 1.66- 1.06 0.27
2.07 0.20 2.14 1.13 031
V3 1.93 0.13 1.68 0.96 0.25
2.17 0.21 2.01 1.33 0.34
Untrea 1.90 0.12 1.56 0.88 0.23
ted 2.14 0.20 1.67 1.06 0.30

The applied phytosanitary treatments contri-
buted to the prevention and combat of the
disease and pests flight were monitored with
pheromone traps (Figure 2). Considering that all



cultivars and all variants were treated with the
same treatment scheme, certain cultivars
presented a sensitivity to the disease attack.

Figure 2. Pheromonal traps for pests

The number and size of the annual shoots was
visibly lower in the treated variant compared to
the untreated variant (Figure 3) with the purpose
to obtain quality fruit production. Results
regarding the number of shoots in the treated
variant were between 15-25 shoots/tree when
compared with the untreated variant which were
between 40-55 shoots/tree.

Figure 3. Untreated variant vs. treated variant

Average length of shoots in the untreated variant
had values between 80-87 cm long, and in the
treated variant had values between 55-65
cm long (Figure 4).

Figure 4. Comparison of shoots length (left-untreated
variant, right-treated variant)
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After analyzing the data, results showed that the
length of annual shoots in all 4 years of study
were significantly different in the untreated
variant compared with treated variant (V1 and
V2) but no significant differences were observed
in V3 variant (NPK fertilizer applied but without
growth regulator) (Table 4). The time allocated
for pruning in the treated variant was
significantly reduced due to the reduction of the
number and size of the annual shoots.

Table 4. Length of annual shoots (cm)

Variant 2019 2020 2021 2022
Untreated- 83.793 a 83.069 a 86.483 a 87.138 a
Florina
Untreated- 80.379 a 79.586 ab 86.448 a 85.310 ab
Idared
Untreated- 80.345a 77.966 ab 85414 a 84.207 ab
Generos
V3 Generos  78.367 ab 72.967bed  73.200bc  74.633 cd
V3 Florina ~ 72.867 abc  68.333 cde 76.633 b 77.567 be
V3 Idared 67.600 bed  76.267 abc  73.100 bc  78.933 be
V2 Florina 61.100 cd 65.633 def 67.367bc  67.200 de
V2 Idared 58.833d 67.800 cde  68.767bc  65.567 ¢
V2 Generos  57.833d 67.033 de 67.467bc  68.900 de
V1 Florina  61.967 cd 68.333cde  70.467bc  71.367 cde
V1 Idared 57.267d 57.833 f 66.067 ¢ 64.833 ¢
V1 Generos  55.533d 59.867 ef 68.500 bc  64.633 ¢

Regarding the influence of Pro-Ca or fertilizers
on tree trunk growth over the years, we can
conclude that there are slight differences
between V1 variants when compared with the
untreated variants and chemical fertilizer
variants but these results must be correlated also
with the synergistic effect of the vigour of
rootstock/scion combination, knowing the fact
that ‘Florina’ cultivar has a stronger vigour than
‘Generos’ cultivar. The numerical differences
between V1 variants and the untreated variants
are multifactorial, mainly due to rootstock and
scion influence and just a slight effect being
produced by Pro-Ca. Analyzed generally, TCSA
relatively increased year to year in all variants
(Table 5) showing the wviability of the
scion/rootstock combinations still after 22 years
from the establishment of the orchard.

The results regarding the  biometric
measurements showed that the size and diameter
of fruits was specific to the varieties, with the
largest fruit in ‘Generos’ cultivar, followed by
‘Florina’ and ‘Idared’.



Table 5. TCSA (trunk cross sectional area cm?)

Variant 2019 2020 2021 2022
Untreated ~ 142.655 a 155.085 a 158.582a 161.080 a
Florina
Untreated ~ 93.774 ¢ 100.522.d 108.697 d 120.527 ¢
Idared
Untreated ~ 109.753 bede  117.598 bed 125370 bed  131.353abe
Generos
V3 Generos 113.687 bede  123.364 bed  130.340 bed  143.706abc
V3 Florina  129.091 ab 133.279ab  137.006 abc ~ 148.025 ab
V3 Idared  115.955bcde  128.253 abc 138.533 ab 148.025 ab
V2 Florina  121.242 abcd  128.091 abc  134.414 abcd  139.348abc
V2 Idared  94.986 de 105.819 cd  117.085bcd  127.364 be
V2 Generos 106.443 bede  116.000 bed 123.888 bed ~ 133.132abc
V1 Florina  123.413 abc 130.224 ab  137.006 abc  141.702abc
V1 Idared  93.878¢ 105.819 cd  109.269 cd 120.527 ¢
V1 Generos 101.570 cde 109.470 bed 118.001 bed  125.099 be

The weight of the fruits varied between 147.7-
262.7 g for ‘Generos’, for the ‘Florina’ the
weight of the fruits ranged between 131.8-223.8
g and 125.3-203.6 g for the ‘Idared’ cultivar.
The Pro-Ca did not have a significant effect on
fruit development, weight or quality. The fruits
were at optimal level of quality for ‘Generos’
and ‘Florina’ cultivars, exception made by
‘Idared’ cultivar, where the fruits showed a
higher sensitivity to the attack of diseases on the
fruits. The statistical data indicated that the V1
‘Florina’ variant was statistically different than
the other V2 and V3 variants, showing the great
influence of the applied manure together with
the foliar fertilization completed with the
productiveness and vigour of the ‘Florina’
cultivar, being a multifactorial influence of
variant V1. On the other hand the other V1, V2,
V3 variants were statistically not different
among them being in the same statistical class
when compared with the untreated ‘Idared’
cultivar (Table 6).

Table 6. Fruit production

Variant Fruit Production Yield

(kg/Tree) (tons/ha)
V1 Florina 31.025a 51.700 a
V2 Florina 26.250 ab 43.738 ab
V2 Generos 25.720 ab 43.485 ab
V1 Generos 25.325 ab 42.193 ab
V1 Idared 22.850 ab 38.055 ab
V3 Generos 22.750 ab 37.750 ab
V3 Florina 22.748 ab 37.350 ab
V2 Idared 21.425 ab 37.000 ab
Untreated Generos 16.500 ab 27.805 ab
V3 Idared 16.200 ab 26.233 ab
Untreated Florina 15.690 ab 25.975 ab
Untreated Idared 14.675b 20.350 b

The untreated ‘Idared’ variant in our research
produced the lowest yield per tree and per
hectare. The registered values were between
14.67-16.5 kg/tree for control variant (without
soil or foliar supply) and 21.42-31.025 kg/tree
for treated variants.

CONCLUSIONS

In all three cultivars ‘Generos’,’Idared’ and
‘Florina’ yield and average fruit weight at
harvest stage was not significantly different
among treatments, while the influence of growth
regulator Regalis Plus on the reduction of annual
growth was significantly different, compared
with the control. The time allocated for pruning
in the treated variant was significantly reduced
due to the reduction of the number and size of
the annual shoots, with direct influence on

labour costs and efficiency of orchard
management.
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Abstract

Even though raspberry cuts are simple, opinions differ when it comes to raspberry cuts. In general, for the exercise of a
modern orchard, the varieties must be adapted to modern mechanization and soil maintenance technologies. Following
the research carried out, we can specify the fact that the Cayuga variety has a high drajon capacity, and a greater
shortening of the stems leads to a decrease in drajon production. In the variants where the inflorescence's were not
removed, the production of raspberry stems does not decrease. The quality of the raspberry stems was influenced to a
very small extent by the removal or not of the inflorescence’s. The root system of the raspberry is more superficial, the
vast majority of the roots, about 80% of the roots are located closer to the soil surface, respectively in the soil layer
between 0-20 cm. An intense growth of raspberry stems takes place in the months of May-June and the beginning of
July, but along the way the pace of growth slows down, thus at the end of August their growth stops.

Key words: raspberry species, variety, shortening, quality.

INTRODUCTION

In order to obtain large and quality productions,
it is necessary to find methods of obtaining an
increasingly better planting material, which
corresponds both in terms of production quality
and quantity. A major interest is to maintain the
genetic material at a real biological potential
and at the same time to apply specific culture
technology (Butac, 2008). Many researches
have been carried out in the country to improve
the characteristics of the varieties of fruit trees
in order to increase the production and quality
of the fruits.

The characteristics of some raspberry varieties
created in Romania between 1967 and 2007,
namely varieties such as Citria, Ruvi, Star,
Opal and Gustar, were presented respectively
aspects of the fruit, of the plant, aspects of the
production and use of the fruit., (Braniste et al.,
2007). Within the Pitesti-Maracineni Research
Institute, the foundations were laid for
obtaining new  varieties with  greater
adaptability to climatic conditions and greater
tolerance to diseases and pests, thus in this
sense new raspberry varieties were obtained
such as be Star, Ruvi and Citria (Mladin, 2002).
Research on raspberry culture has expanded in
our country, thus establishing the most suitable

59

varieties for the southern part of the country,
especially for the psammosol area (Popescu et
al., 1989). In the lowland areas, on the basis of
the researches, it was reached the expansion of
raspberry varieties resistant to frost and
drought, such as Cayuga, Romy, (Botez et al.,
1984). Also, based on the research carried out,
it was found that the R 3-3-30 and R 5-3-30 FC
selections have large, firm fruits and a good
winter resistance (Mladin et al., 2008). Some
research carried out on raspberry varieties in
Estonia shows that some new raspberry
varieties Aita and Alvi are promising due to
their large fruits and very good resistance to
anthracnose. Helkal and Tomo varieties had the
highest sugar content (Arus et al., 2008). In the
northern area of Montenegro, research was
carried out on the propagation of raspberries, to
improve the characteristics of the fruits and to
increase the resistance to different biotic and
abiotic factors (Galic et al., 2012). Raspberry
growth can be affected by some plant materials
used as mulch, thus mulching with wheat straw
can affect plant growth, (Pedreros et al., 2008).
The optimization of production systems can be
achieved on organic matter substrates such as
wood bark, bark compost, wood fibers (Carlen
et al., 2020). The examination of the growth
mode of seven Primocane raspberry cultivars in



order to observe whether these cultivars are
suitable for the production of a summer crop,
states that of the studied cultivars only Imara
and Kwanza are suitable for the production of a
summer crop (Palonen et al. , 2020). In Latvia,
some raspberry varieties such as Gerakl, proved
good adaptability to the respective region and
the variety Babye Lato 2 recorded the highest
productions (Laugale, 2012). The history of
raspberry and blackberry cultivation in the
southern USA states that 20 cultivars, including
12 cultivars with interspecific hybridization,

have been created in different states of
Arkansas, Florida, Virginia (Ballinghton,
2016). Fertilization with different

macronutrients in raspberries with N, P, K, Ca
and Mg, shows some obvious toxicity
symptoms with N and K in Dormanred cultivar
(Spires et al., 1999). The behavior of three
raspberry cultivars under modified atmosphere
conditions was studied, where Qualicum and
Chilliwack cultivars showed better firmness
and better keeping characteristics (Toivonen et
al., 1999). The studies on the temporal
evolution of some parameters in the current
climate over Romania have highlighted a trend
of increasing air temperature and related
parameters, an aspect that can bring changes in
the growth of fruit trees and shrubs (Velea et
al., 2021). Worldwide, pathogens represent one
of the most important biotic stress factors of
fruit trees and scrubs, limiting their proper
growth and affecting their genetic reproduction
capacity and yielding potential, leading
sometimes even to the whole tree dieback
(Cotuna et al., 2020). Observations on the
factors that influenced the growth and some
phenological phases of several raspberry
varieties in Moldova (flowering period, etc.),
indicate that the Cayuga variety is one of the
varieties resistant to low temperatures in winter
(Sava, 2013). Norwegian raspberry cultivars
tested in an infested field for root rot revealed
that most cultivars were infested, except Varnes
(Roslash et al., 2002). An evaluation of the
vegetative growth of some raspberry and
blackberry cultivars was carried out in southern
Poland, where it was stated that the Willamette
variety had the highest number of stems but
also the highest number of leaves per stem, and
the Polesie variety had obtained the largest
fruits (Orzel et al., 2016).
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MATERIALS AND METHODS

The biological material is represented by the
Cayuga raspberry variety, the planting distance
being 2.5 m between rows and 1.0 m between
plants per row, respectively 4000 plants per
hectare. The experience took place in 2019, the
studies taking place between 2019 and 2021.
The experience includes 9 variants in 4
randomized repetitions, namely: V1 - Cut to 20
cm with the removal of the inflorescence
(Control); V2 - Uncut and leave the
inflorescences; V3 - Uncut and inflorescences
removed; V4 - Cut to 100 cm and leave the
inflorescences; V5 - Cut to 100 cm and remove
inflorescences; V6 - Cut to 50 cm and leave the
inflorescences; V7 - Cut to 50 cm and remove
inflorescences; V8 - Cut to 20 cm and leave the
inflorescences; V9 - Removed the aerial part
entirely. The experience was located in the
town of Breasta, Dolj county, on a land
sheltered from the prevailing winds with
protective curtains. The objective of the work is
the following:

- studying the influence of the shortening of
raspberry stems on the quantity and quality of
the production of planting material in order to
establish the optimal shortening of the stems;

- if the removal of inflorescences influences the
quantity and quality of planting material. In
order to achieve the established objectives, the
following observations and determinations
were made: the production of suckers; the
dynamics of suckers growth; quality of suckers
(height and thickness); the distribution depth of
the horizontal roots by the profile method; the
quality of the fruits, respectively some physical
and chemical properties of the fruits.

RESULTS AND DISCUSSIONS

The growth characteristics of raspberries state
that raspberry suckers live independently after
forming their own roots and becoming fruiting
stems, (Chira, 2000). Raspberry suckers begin
to appear in April and to study the dynamics of
their growth the first measurement was carried
out on May 13. The next three measurements
were made at an interval of 14 days, after
which they were made every 7 days until the
cessation of suckers growth was observed.
Looking at the dynamics of the increase in



length of suckers depending on the applied in the V8 variant (Cut to 20 cm and leave the
treatment, we find that at the time of the first inflorescences) and in the V9 variant (removed
measurement (May 13), the average length of  the aerial part), where the growth increments
suckers was close in most variants. It can be were 18 cm in the V8 variant and 16 c¢cm in the
seen that this growth of suckers is very intense =~ V9 variant between May 13 and July 30.
in the months of May - June and the beginning  Analyzing the data further, we can see a
of July, registering large increments in the decrease in the rate of growth for all variants
length of suckers. between June 25 and July 30, thus variant V 6
For example, in the V1 variant (cut to 20 cm  recorded an increase of 36 cm, V1 of 33 cm, V
and removed the inflorescences), the increase 7of31 cm, V50f25cm, V2of23cm,V4of
in growth was 70 cm from May 13 to June 25 22 cm. Thus, the increase in length from June
and 37 cm from June 25 to July 30. The lowest 25 to July 30 is between 16 cm for the V9
growth rate during this period can be observed variant and 37 cm for the V3 variant (Figure 1).

V8 — Cut to 20 cm and leave the inflorescences

V6 — Cut to 50 cm and leave the inflorescences

V4 — Cut to 100 cm and leave the inflorescences

V2 —Uncut and leave the inflorescences
V1 - Cut to 20 cm and removed inflorescences (Mt.)

0 20 40 60 80 100 120 140 160 180

M July 30 Growth spurtin length (cm ®July 30 Length (cm) June 25 Growth spurt in length (cm

June 25 Length (cm) W May 13 Growth spurt in length (cm) B May 13 Length (cm)
Figure 1. The dynamics of suckers growth in length depending on the applied treatment (period 14 May - 30 July)

Next, the rate of growth in the length of the On August 20, the growth spurt was between
suckers becomes upward until around August 30 cm (variant V 3) and 6.0 cm (variant V 2).
20, thus the length of the stems fell within the  The V7, V 8 and V 9 variants no longer had an
ranges of 191 c¢cm variant V 3 and 93.0 cm  increase in length. After August 20, growth
variant V 9. An upward growth in addition to stops due to the fact that part of the nutrients
the V9 variant was also recorded in the V 6  are directed to the fruiting process (Figure 2).
variant - 182.0 ¢cm, the V 1 variant - 160.0 cm,

the V 5 variant - 149.0 cm.

V9 - Removed the aerial part entirely

V7 — Cut to 50 cm and remove the inflorescences

V5 — Cut to 100 cm and remove the inflorescences

V3 = Uncut and removed inflorescences

V1 - Cut to 20 cm and removed inflorescences (Mt.)

0 50 100 150 200 250

September 4 Growth spurt in length (cm September 4 Length (cm) M 20.aug Growth spurtin length (cm W 20.aug Length (cm)
Figure 2. The dynamics of stems growth in length depending on the applied treatment (period 14 May - 04 September)
The greatest increase in length between May 13 and V 1 - 116.0 cm. The smallest increase in

and September 4 was recorded for the variants length was observed in variants V 7, V § and V
V3-152.0cm,V6-133.0cm, V5-126.0cm 9 (Figure 3).
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V9 - Removed the aerial part entirely

V8 — Cut to 20 cm and leave the inflorescences

V7 = Cut to 50 cm and remove the inflorescences

V6 — Cut to 50 cm and leave the inflorescences

V5 — Cut to 100 cm and remove the inflorescences

V4 — Cut to 100 cm and leave the inflorescences

V3 — Uncut and removed inflorescences

V2 = Uncut and leave the inflorescences

V1 — Cut to 20 cm and removed inflorescences (Mt.)

0

M Increase the length of suckers May 13 - September 4

20

40 60 80 100 120 140 160

M Increase the length of suckers May 13 - September 4

Figure 3. Increase the length of suckers (period May 13 - September 4)

Following the quality of suckers in 2020
(Figure 4), we notice that the average length of
suckers falls between 103.0 cm for the V9
variant (removed the aerial part) and 137.0 cm
for the V2 variant (uncut and leaving the
inflorescences), the values being insignificant.
Only for the V9 variant where the aerial part
has been removed, the value is negative. The

diameter of the suckers was influenced to a
very small extent by the applied treatment, the
differences being only 0.13-0.77 mm between
the variants, but the values being insignificant.
The average diameter of the suckers is between
6.5 mm for the V6 version and 7.93 mm for the
V5 version, falling within the STAS values.

V1 - Cut to 20 cm and removed inflorescences (Mt.)

-40 -20 0

H+d to: Mt.

+d to: Mt. Average

20

W +d to: Average

W +d to: Average

40 60 80 100 120 140 160

Diameter of suckers (mm) Average

M Length of suckers (cm) Average

Figure 4. The influence of the degree of shortening and removal of inflorescences on the quality of raspberry suckers

Analyzing the percentage of suckers by length
categories according to the degree of
shortening and the removal or not of the
inflorescences (Figure 5), we notice that the
percentage of suckers with a length of less than
50 cm is between 1.9 % for variant 3 and 6.3%
for variant 1. The percentage of suckers with
lengths of 50-80 cm is between 1.8% for
variant 8 and 17.9% for variant 2.

In the 81-110 cm category, the percentage of
suckers is 16.7% in variant 1 and 58.0% in
variant 9. In the 111-140 cm length category,
the percentage of suckers is 28.0% in variants 9
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and 2, and 62.3% for option 8. In the category
between 141 and 170 cm, the lowest percentage
is recorded in variant 9 of 7.1%, and the highest
of 30.2% in variant 4. In the category between
171 and 200 cm, the lowest percentage of
suckers is 1.8% in option 7, and the highest
percentage was recorded in option 3 of 13.0%.
In the over 200 cm category, the lowest
percentage was recorded for version 2 of 3.0%
and the highest for version 3 of 7.0%. From the
analysis of suckers by length categories
expressed in percentages, we found that most
suckers fall between 81 and 160 cm long.



V9 - Removed the aerial part entirely

V8 — Cut to 20 cm and leave the inflorescences

V7 — Cut to 50 cm and remove the inflorescences
V6 — Cut to 50 cm and leave the inflorescences

V5 — Cut to 100 cm and remove the inflorescences
V4 — Cut to 100 cm and leave the inflorescences
V3 = Uncut and removed inflorescences

V2 —Uncut and leave the inflorescences
V1 - Cut to 20 cm and removed inflorescences

0 10 20 30 40 50 60 70

W Percentage (%) of suckers by length categories (cm) Length greater than 200 cm M Percentage (%) of suckers by length categories (cm) Length of 171-200 cm
Percentage (%) of suckers by length categories (cm) Length of 141-170 cm Percentage (%) of suckers by length categories (cm) Length of 111-140 cm

M Percentage (%) of suckers by length categories (cm) Length of 81-110 cm M Percentage (%) of suckers by length categories (cm) Length of 50-80 cm

Figure 5. The percentage of suckers by length categories according to the degree
of stems shortening and the removal or not of inflorescences

Studying the distribution of horizontal roots by of the horizontal roots are found in the soil
the profile method, depending on the degree of  layer from 0-10 cm and 11- 20 cm (Figure 6).
shortening of the suckers and the removal or ~ Some of the roots reach deeper, but not in too
not of the inflorescences, we noticed that most ~ great a number (Table 1 and Table 2).

100
80
60
40
20 II
0 . S I SRR SRS - . .
* * * * * * * * *
L] a [ ] a [ ] a ° o [ ] a L] a L[] a L] a L] a
Vi V2 V3 V4 V5 V6 V7 V8 V9
VARIANT
H0-10cm m11-20cm 21-30cm 31-40cm m41-50cm
Figure 6. Distribution depth of raspberry roots according to the degree
of stem shortening and the removal of inflorescences
Table 1 - Distribution depth of raspberry roots according to the degree of stem shortening
and the removal of inflorescences
VARIANT
The distribution V1 V2 V3 V4 V5
depth of the roots o a . R a . R a . o a . o a «
0-10 cm 80 6 - 59 2 3 77 2 - 85 2 3 62 2 -
11-20 cm 17 3 1 38 4 3 22 2 3 24 3 3 28 5 3
21-30 cm 5 - - 8 1 - 8 - 1 7 2 - 16 5 -
31-40 cm - - - 4 - - 3 1 1 5 - - 6 - 2
41-50 cm - - - 4 - - - - - 6 - - 6 - -
Total roots by 02 | o 1| |7 6 | o | s | s | w2 |76 | us | 2|5
category
TOTAL ROOTS 112 126 120 140 135
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Table 2 - Distribution depth of raspberry roots according to the degree
of stem shortening and the removal of inflorescences

The distribution depth of the Vo6 V7 \%:] V9
roots . -] * . -] * . [-] * . -] *
0-10 cm 89 2 2 77 2 1 73 3 1 30 2 -
11-20 cm 22 1 - 33 4 - 9 4 - 24 3
21-30 cm 8 2 2 3 - - 5 - 2 12 - 2
31-40 cm 6 1 - 1 4 1 8 - - 9 - -

4150 cm 4 - - 3 - - 4 - - 5

Total roots by category 129 6 4 117 10 2 99 7 3 80 2 5

TOTAL ROOTS 139 129 109 87

Legend: e - roots less than 1 mm in diameter; @ - roots with a diameter between 1 —2 mm; * - roots over 2 mm in diameter

An essential condition of the functionality of
the root system is the exploitation by the root
system of a volume of soil as well as the
horizontal and deep extension of the roots
(Voiculescu et al.,, 2001). The roots are
generally superficial in raspberries and have the
particularity of forming buds from which root
shoots appear, (Militiu et al., 1962). The roots
have the role of ensuring an absorption of
nutrients from the soil, which will help an

optimal differentiation of the fruit buds (Cichi
etal., 2019).

Analyzing the percentage of roots at the depth
of 0-50 cm for each variant, the situation is as
follows:

Variant 1 (Cut to 20 cm and removed the
inflorescences) at the depth of 0-10 cm 76.7%
of the total roots were found, at the depth of 11-
20 cm 18.7 % were found and only 4.4% up to
30 cm deep (Figure 7).

0 e en ee en e
e o en e o o | [egend:
oe o o [ ] L BN )
¢ ® ¢ o o ® | e roots less than 1
e o o [ ) [ ) e o . .
mm in diameter
10 enp eepe o o .
e e o e e o oo |° - roots with a
ee o e o e diameter between 1 —2
20 e o * o 0 oo mm
o o * - roots over 2 mm in
° ° diameter
30 °
40
50

Figure 7. The distribution depth of the roots at V1

In variant 2 (Uncut and leave the
inflorescences) in the first layer at the depth of
0-10 cm 50.7% were found, in the second layer

of 11-20 cm the percentage was 35.7 %, 21-30
cm 7.1 % were found at 41-50 cm, 3.1% were
found at 31-40 cm and 41-50 cm (Figure 8).
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¢e e ® B Iy . roots with a

ee o e O e :

e * o * o o o diameter between 1 —
20 | @ 2 mm

° ° e | * -roots over 2 mm in

° o e e diameter
30

L] L]
40 °
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50 | e .

Figure 8. The distribution depth of the roots at V2
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In wvariant 3 (Uncut and inflorescences 21.4 %, from 21-30 cm 6.4 %, at 31-40 cm
removed) at the depth of 0-10 cm, 65.8% of the were recorded 3.5% and at 41-50 cm 4.2%
total roots were found, at the depth of 11-20  were found (Figure 9). In variant 5 (Cut at 100
cm, 22.5% and 7.5 % up to 21-30 cm deep, and cm and removed the inflorescences) in the first
in the layer from 31 - 40 cm only 4.1 %, layer of 0-10 cm 47.4% were found, in the
(Figure 9). In variant 4 (Cut at 100 cm and second layer 26.6%, from 21-30 cm 15.5%, at
leave the inflorescences) in the first layer of 0-  31-40 cm were recorded 5.9% and at 41-50 cm
10 cm 64.2 % were found, in the second layer  4.4% were found (Figure 9).

150

100

o1 |

o III.

V3 " V5

m0-10cm m11-20cm 21-30cm 31-40cm m41-50cm ®Total roots by category ™ ®TOTALROOTS =

Figure 9. Distribution depth of raspberry roots according
to the degree of stem shortening and the removal of inflorescences

In variant 6 (Cut to 50 cm and leave the the 0-10 cm layer, respectively V 7 - 62.0%,
inflorescences) in the first layer of 0-10 ecm  V 8 - 70.6% and V 9 - 36.7%. At the depth of
66.9% were found, in the second layer 16.5%, 11-20 cm the percentage of roots was 28.6% -
from 21-30 cm 8.6%, at 31-40 cm were V7,11.9% at V 8, and 31.0% at V 9. Only a
recorded 5.0% and at 41-50 cm 2.8% were  percentage of 2.3% - 3.6% - 5.7% is in the
found (Figure 10). Next, in variants 7, 8 and 9, layer between 41-50 c¢cm in variants 7, 8 and 9,
the highest percentage of roots is also found in  (Figure 10).
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VARIANT
mMO0-10cm ®11-20cm 21-30cm 31-40cm MW41-50cm MTotal roots by category W  ETOTALROOTS ®

Figure 10. Distribution depth of raspberry roots according
to the degree of stem shortening and the removal of inflorescences

The root is formed by the rhizome  raspberry roots develop more on the surface of
(underground stem) from which the wvast  the soil, it should be pointed out that the soil
majority of roots start at a depth of 10-50 cm  work should be carried out at a depth of 0-10
and very few reach deeper, (Popescu et al., cm per row and 5-10 cm between rows. Root
1992). Knowing the distribution of horizontal system growth occurs throughout the growing
roots in the soil helps to distribute fertilizers in season, but the intensity of growth varies. The
the place explored by the largest mass of roots, =~ most intense growth is observed during the
(Cichi et al., 2008). Due to the fact that flowering period and after harvest. Soil work
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must be carried out during the period of
minimum root growth, that is, before the buds
open and in September. The fruits obtained are
large, with an average weight of 2.5-2.8 g
reaching up to 3.0 g. Regarding the chemical
composition, they contain 4.0-4.10 g of sugar
per 100 g of fresh pulp, 1.60 g per 100 g fresh
pulp acidity expressed in malic acid and
26.10 mg per 100 g fresh pulp ascorbic acid.
The Cayuga variety has a soluble dry matter
content of 11.2%.

Along with the physical and chemical
properties of the fruits, the very pleasant aroma
and the possibility of obtaining numerous
industrialized products, we appreciate the
southern part of the country as a favorable area
for this culture. The evaluation of the
characteristics of an individual from a certain
region has an important role in identifying the
agrobiological performances of that individual
(Cichi et al., 2022).

CONCLUSIONS

The rooting capacity of the Cayuga variety is
generally medium to high. The severe
shortening of the stems and the total removal of
the aerial part leads to a decrease in the
production of suckers. The moderate shortening
to about 100 cm with the preservation of the
inflorescences on the stems of two years, allow
obtaining productions of 100 thousand pieces
of suckers/ha and at the same time obtaining
very good fruit productions. In the variants
where the inflorescences were not removed, the
production of suckers does not decrease, on the
contrary, the production increases. Raspberry
suckers have an intense growth in the months
of May-June and early July, then the rate of
growth decreases so that at the end of August
the growth of suckers stops. The quality of the
suckers was influenced to a very small extent
by the treatment applied and by the removal or
not of the inflorescences, the results obtained
were not significant. Most of the suckers
obtained have a length between 85-180 cm,
respectively in a percentage of 75- 80.0%. The
root system of the raspberry is quite superficial,
about 60-77.0% of the roots are located in the
soil layer between 0-10 cm, in the soil layer
between 11-20 cm there is a percentage of
11.0-35.0% roots and only a percentage of 2.3-
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5.7% reach up to 41-50 cm depth. It is
necessary to research different varieties in
different areas in the context of climate change.
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Abstract

Consumer-valued blueberry fruits are increasingly sought after for consumption in fresh or processed form due to their
beneficial effect on human health, as supported by extensive scientific evidence. In this study we looked at the effect of
organic foliar fertilizers on production and on the quality parameters of fruit in seven blueberry varieties. The
experiment was carried out at ICDP Pitesti-Mardcineni, over the course of the years 2020-2022, on a plantation
established in 2018, and was presented in a randomized block design with three repetitions and three fertilization
variants: control group (untreated), Codamix (0.25%), and Ecoaminoalga (0.25%). The treatment was repeated three
times at an interval of 14 days, beginning with the formation of the bud until the start of fruit ripening. At the harvest
time, production data and the following quality indicators were measured and recorded: fruit mass, firmness, color,
soluble dry matter content, total titratable acidity, and total sugar content. The results showed that organic fertilizers
had a positive effect on both the quantity and quality of blueberry fruits produced during this study.

Key words: blueberry, organic fertilizer, production, fruit quality.

INTRODUCTION

The blueberry  Vaccinium — corymbosum,
originally from North America, a member of
the Ericaceae family, has become an
international crop, currently enjoying wide
popularity (Retamales & Hancock, 2012). The
interest in cultivating this species is due to its
high profitability and special nutritional
benefits. According to the opinion of many
researchers, the consumption of blueberries
contributes to the prevention of many
cardiovascular and neurological diseases,
cancers, osteoporosis, diabetes, due to the anti-
inflammatory and antioxidant effect of the
phenolic compounds found at a high level in
the fruit (Curtis et al., 2019; Si, 2020). It has
been mentioned the improvement of memory
and cognitive performance at all ages (Miller et
al., 2018; Bell & Williams, 2021), the delay of
neurodegenerative disorders and brain aging
(Youdim & Joseph, 2001) due to the regular
consumption of these fruits. Previous studies
have shown that growing blueberries without
fertilizer produces almost negligible yields;
therefore, fertilization is necessary to ensure
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adequate productivity (Albert et al., 2011). In
recent decades, organic crop production has
gained the attention of many farmers (Neilsen
et al., 2009). Fruits obtained through organic
cropping systems are valued due to their higher
nutritional quality (Saba & Messina, 2003).
Numerous researches have proven the
beneficial effect of organic fertilizers on the
physico-chemical and biological properties of
soil and crops (Manea et al., 2019, Khan et al.,
2020, Wajid et al, 2020). Blueberry
fertilization has been the focus of many studies.
The blueberry prefers acidic soils, well-drained,
moist soils rich in humus and poorer in
nutrients compared to other fruit species
(Zydlik et al., 2019). The use of organic
fertilizers in critical phases of plant
development is of particular importance for
improving yields (Kandil et al, 2017,
Mahmood et al., 2020) and fruit quality (Al-
Kharusi et al., 2009; Schoebitz et al., 2019).
Fertilizing the plant's roots is the main way of
providing the plant with nutrients. Organic
fertilizers delivered directly to the soil require a
long decomposition time and provide a lasting
effect on crops (Sharma & Mittra, 1991). Foliar



practice quickly replenishes the supply of
minerals needed by plants (Wach & Blazewicz-
Wozniak, 2012; Karlsons & Osvalde, 2019).
Substances applied by spraying are absorbed
much faster than those applied on the ground
(Ciavatta & Benedetti, 2002).

Extraradicular administration of treatments
early in the morning or in the evening when the
stomata are open is recommended. The
temperature of the environment must be a
maximum of 27°C. Spray solutions should
cover the entire surface of the leaves. For
organic cropping systems, recommended
products provide a lower input of phosphorus
or potassium than chemical ones (Green, 2015).
Foliar solutions generally contain free amino
acids and peptides. They require a period of 3-7
days to be absorbed (Umemiya & Furuya,
2001). Applied nitrogen can influence fruit
weight, soluble solids levels, and the amount of
pigments in the fruit epidermis (Jiao et al.,
2017). Sugar content can be influenced by
culture  systems,  genetic  background,
environmental conditions, etc. (Glindogdu,
2019). It is believed that seaweed extracts can
improve the soluble solids content of
blueberries (Loyola & Muioz, 2008). However,

Panicker et al. (2016) reported a similar soluble
solids content to the untreated variant. In this
study, we followed the effect of foliar fertilizers
compatible with organic agriculture on the
production and on some fruit quality
parameters of seven blueberry varieties under
Romanian conditions.

MATERIALS AND METHODS

The experiment was carried out at ICDP Pitesti-
Maracineni, between the years 2020-2022,
within the Genetics and Breeding Laboratory
on a plantation established in 2018. From a
geographical point of view, the Institute is
located at 24°55' east longitude and 44°55'
north latitude, the altitude of the land being
between 200 and 290 m. The experiment was
located on a flat, alluvial type, on a brown-clay
soil with a clay-clay texture in the first 60-70
cm, and in depth the texture becomes sandy.
The plants were placed on drums covered with
black polyethylene. The soil was improved by
adding acid peat along the plant rows (30 t/ha).
The results of the agrochemical analyzes at the
end of the fruit harvesting season are presented
in Table 1.

Table 1. Soil chemical analyzes in the blueberry plot at fruit harvest(period 2020-2022)

Depth pH in Acidity The sum of Cation The degree of | Potassium | Phosphorus Total Humus IN Total
(cm) water | hydrolytic the bases exchange saturation P,0s organic % nitrogen
(me/100 g (me/100 g capacity T with bases ppm ppm carbon %
soil) soil) (me/100 g soil) V% %
0-10 528 5.89 12.74 18.63 68.36 178.80 24.29 7.39 12.74 1871 0.61
10-20 5.26 5.03 22.76 27.79 81.89 164.25 2143 3.30 5.68 4.66 0.27
20-30 5.48 3.67 13.56 17.22 78.71 169.71 24.29 244 4.20 3.31 0.20
30-40 5.66 3.88 13.39 17.27 77.53 169.71 15.71 2.52 4.34 3.36 0.21
The experiment was carried out in a  following quality parameters were determined:

randomized block design with three repetitions
and three variants of extraradicular fertilization:
control (untreated), Codamix (0.25%) and
Ecoaminoalga (0.25%). Codamix (V2) is a
complex of trace elements chelated with citric,
lignosulfonic acid, soluble in water specifically
to supplement the NPK supply. Ecoaminoalga
(V3) has as basic elements amino acids,
gibberellins, marine algae and microelements:
Mn, Cu, Fe, Zn, B. The treatments were
repeated three times at an interval of 14 days
during the time from bud formation to at the
beginning of fruit ripening. Seven blueberry
cultivars were analyzed ('Simultan', 'Safir’,
'Delicia’, 'Vital', 'Pastel’, 'Elliott' and 'Duke").
Production data were recorded and the
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fruit weight, firmness, color, soluble dry matter
content, total titratable acidity and total sugar
content.

To determine the productivity, the fruit
production on each plant was weighed (in
g/plant).

The fruit weight was determined according to
the ripening period of each variety by weighing
all the fruits in a sample (20-25 fruits) and the
average weight of the fruits was calculated, in
g/fruit, using a Kern balance, precision 0.00.
Fruit firmness was expressed in HPE units and
determined with the non-destructive Qualitest
HPE penetrometer equipped with a 0.25 c¢m?
diameter tip.



Skin color was determined using the Konica
Minolta CR 400 colorimeter in the system (L,
a*, b*). The CIELAB color space is organized
in the form of a cube. The maximum for L* is
100, which represents the color white, and the
minimum for L* is zero, which represents
black. Axes a* and b* have no specific nume-
rical limits. Positive values for a* show the
color red and negative values show the color
green. Positive values for b* show the color
yellow, and negative values show the color blue.
Soluble solids content, expressed in % Brix,
was determined with a digital Hanna
refractometer.

Total acidity. The organic acid content of
blueberry fruit was determined by the
titrimetric method, using 25 ml of aqueous fruit
extract neutralized with a 0.IN NaOH solution
in the presence of phenolphthalein as an
indicator. The total acid content was expressed
as malic acid (%).

Total sugar content was estimated by the
Fehling-Soxhlet method, 1968 (JAOAC, 1968).
The principle of the method is based on the
oxidation reaction between the copper in the
copper alcoholate of sodium and potassium
tartrate and the aldehyde and ketone grouping
of the reducing sugars. This method determines
the amount of reducing sugar which reduces a
certain volume of Fehling's reagent. Total sugar
content was expressed as a percentage (%).

All analytical determinations were performed
on three replications, and the data were

subjected to analysis of variance (ANOVA).
The influence of experimental factors was
analyzed by the Duncan test, with a
significance level of p<0.05. Correlations were
also made between the biochemical quality
indicators of the fruits. Statistical data analysis
was performed using SPSS 14.0 for Windows
software.

RESULTS AND DISCUSSION

Crop yield was significantly higher in the case
of the variant fertilized with Ecoaminoalga -
V3 (633.72 g/bush respectively 2.11 t/ha)
compared to the untreated control variant - V1
(577.96 g/bush respectively 1.93 t /ha), on the
average of the variants achieving an increase of
9.6% compared to the control variant (Figure
1). Koort et al. (2020) stated that organic
fertilizers have a significant effect on crop
yield, also.

The data of the present study show that the
composition of fertilizers is also significant on
plant productivity and the response of the
variety may be different.

Among the varieties, Delicia stood out with an
average production during 2020-2023 of
806.11 g/plant (2.69 t/ha), followed by the
Vital varieties with 669.59 g/plant (2.23 t/ha)
and Duke with 634.42 g/plant (2.11 t/ha).
During the experimental period it was observed
that the Simultan variety had the lowest
productivity 470.96 g/bush (1.57 t/ha).

Duncan test p<0,05

Yield (g/bush)

. _____a

Delicia Duke Elliott

safir

Simultan | Pastel vital Average

of the
variants

mV1| 811.85 | 521.66 | 455.91

518.94

463.33 | 590.63 | 685.20 | 577.96

V2| 713.04 654.67 493.07

545.77

445.66 596.09 671.56 579.48

mV3| 893.43 726.93 510.11

523.69

503.88 654.72 652.00 633.72

Figure 1. The effect of the fertilization option on blueberry fruit production according
to variety in the Arges area 2020-2022

ANOVA variance analysis data show that fruit
production, in g/plant, was significantly
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influenced by the genetic background of the
cultivar with 13.9%, environmental conditions



with 24.8% (p=0.000) and the fertilization
variant with only 1.6%.

The differences in productivity between years
are also due to the fact that the plants were
growing and the harvest was just beginning.
Once the crop reaches full maturity, yield may
fluctuate from year to year due to weather
conditions, crop maintenance practices
(cutting), etc. (Ranganna, 1986).

Other researchers have mentioned that the
production of this crop can be influenced by
environmental conditions, agricultural
practices, soil conditions (Ranganna, 1986;
Schoebitz et al., 2019).

Fruit weight. The weight of the berries,
expressed in grams, was higher in the case of

variant 3 - Ecoaminoalga (2.15 g) (Figure 2)
statistically not differentiated from the non-
fertilized variant (2.09 g). In the case of the
Codamix fertilizer, this was significantly lower
(2.01 g). Differences in fruit weight are
observed between varieties. The average upper
weight was higher in the wvarieties Vital
(2.33 g) and Simultan (2.32 g). In the Duke
variety, the average weight of the fruit was only
1.71 g, being significantly higher in the case of
the V3 variant (2.14 g). It can be said that the
composition of the applied foliar fertilizer can
have significant effects on the mass of berries.
Some fertilizers may have a beneficial effect
but without an obvious trend. This fact was also
noted by Koort et al. (2020).

Duncan test p<0,05

Fruit weight (g)

Delicia

Duke Elliott

|mv1
[mv2

213 192 |

192 |

2.08 148

Safir

227 |
203 |

Simultan | Pastel Vital | Average

of the
| variants

223 | 214 | 2% 200

215 217 225 2.01

150 i
|
\

|mva] 228 | 214 175 |

211

257 1.97 222 215

Figure 2. The effect of the fertilization option on the weight of the berries depending
on the variety in the Arges area 2020-2022

Fruit firmness. Evaluation of fruit firmness is
important for assessing the quality of fruits in
the marketing chain, especially those intended
for fresh consumption, in breeding programs
and for researchers in variety testing (Sekse et
al., 2011). It is considered to be dependent on
fruit water level, cell wall metabolism, and fruit
cuticle structure (Paniagua et al., 2013). This
can decrease as the berries reach the optimal
ripeness for consumption.

In the present study, environmental conditions
and genetic background had an important role
on fruit firmness according to the results of the
ANOVA analysis of variance test. It was
observed that the composition of the treatments
can have an effect on this quality indicator,
however without an obvious trend. Foliar
treatments increased the value of this
parameter. The results being significant in the
case of fertilization variant 2 - Codamix (32.38
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HPE units) compared to the unfertilized variant
(30.50 HPE units) (Figure 3). Analyzing the
influence of the variety on the firmness of the
fruit texture, the best results were recorded for
the Duke variety (37.27 HPE units) followed
by the Pastel variety (34.17 HPE units). The
lowest value of fructo-textural firmness was
registered by the varieties Simultan (27.35 HPE
units) and Elliott (27.60 HPE units).

Fruit color plays a key role in the marketing
plan (Comert et al., 2020), with consumers
preferring vivid, brighter shades of fruit.
Consumer perception of fruit color can be an
indicator of taste. According to Vangdal et al.
(2010) fruits become lighter (L* brightness
increases), redder (a* color feature increases)
and bluer (b* color feature decreases) as they
approach technical maturity (Vangdal et al.,
2010). In blueberries, the blue color is due to
the anthocyanin pigments in the epicarp and the



structure and quality of the wax on the skin
(Saftner et al., 2008). The color brightness
index L* between the fertilization variants
there were significant differences on the

numerical values of the brightness L* in the
CIELa*b* color space, according to the
Duncan test, presented in Table 2. In the
unfertilized fruits (V1), the numerical

Duncan test p<0,05

Fruit firmness (HPE)

Delicia Duke Elliott

mvi| 3024 | 3588 | 3214

Safir

3101 |

Average
ofthe

Simultan Pastel Vital

variants |

25.06 32.47 2581 30.50 ‘

V2
mv3

32.76
30.72

38.29
3765 |

22.69
2797

33.99
31.46

3033
26.68

36.43
33.60

3217
30.98

3238 ‘
3120 |

Figure 3. The effect of the fertilization option on the firmness of the berries according
to the variety in the Arges area 2020-2022

value of the brightness of the color being lower.
It is found that the type of foliar fertilizers is
significant on this characteristic. The mean of
the variants indicates two series of
homogeneous values. The brightness of the
color of the fruit fertilized with organic

products being higher. Among the varieties,
Duke stands out with the higher average
numerical value of brightness (32.64)
significantly higher than the other varieties as
can be seen from Table 2 (average of the
varieties).

Table 2. The effect of the fertilization variant (V1-V3) on the lightness index L*
of the color (from the CIELAB color space) of blueberries according to the variety

Variety/Variant Delicia Duke Elliott Safir
V1 - untreated 25.92 +1.49° 31.55 £4.30° 28.89 +2.56° 26.05 +£2.32°
V2 - Codamix (0.25%) 27.53 +£2.62% 3476 £2.51* | 30.72+1.35° 29.28 £2.70°
V3 - Ecoaminoalga (0.25%) 28.60 +1.77° 31.61 £1.69° 31.21 +1.86° 27.01 +1.43°
Average of the variety 27.40 +2.36° 32.64 +3.302 30.27 £2.06° 27.45 +£2.53¢
Variety/Variant Simultan Pastel Vital Average of the
variants

V1 - untreated 26.06 +2.38° 27.70 +1.74* 25.06 +1.232 27.32+3.14°
V2 - Codamix (0.25%) 28.84 +1.29¢ 27.09+£3.37" | 25.11+1.5% 29.00 £3.61*
V3 - Ecoaminoalga (0.25%) 26.77 £2.79° 2643 £3.3% | 26.35+2.34° 2829 £3.01*
Average of the variety 2722 +£247° 27.07+2.86° | 25.51+1.81¢ 28.21+3.32

Color coordinate a*. The numerical values of
the chromatic parameter a* in the color space
CIELa*b*, were also significantly influenced
by the fertilization system according to the
Duncan test, presented in Table 3. The average
values in the right column are grouped into two
classes of homogeneous values (a and b).
Organically fertilized fruits are redder. Among
the varieties, Safir stands out with the higher
numerical value of the red shade (3.70) as
shown by the average of the variety.

72

Color coordinate b*. As can be seen with the
other color indicators, the fruits obtained by
organic fertilization had the chromatic
parameter b* lower than the unfertilized ones
(Table 4). Codamix organic fertilizer positively
influencing this parameter significantly. It can
be said that organic foliar fertilizers have a
beneficial role on fruit color. Genetic
background has a very significant role in
determining fruit color.



The soluble dry matter content of the fruits is
an important parameter that correlates with the

texture and composition of the fruits

(Kamiloglu, 2011).

Table 3. The effect of the fertilization variant (V1-V3) on the color coordinate a*
(from the CIELAB color space) of the fruit epicarp according to the variety

Variety/Variant Delicia Duke Elliott Safir
V1 - untreated 0.56 +0.38° 0.47 £0.32¢ 0.19 £0.40? 0.85+0.71°
V2 - Codamix (0.25%) 0.66 0312 | 036£0.03% | 052044 7.25+531¢
V3 - Ecoaminoalga (0.25%) 0.81 +£0.322 0.82 +£0.54° 0.52+0.012 2.01 +1.41°
Average of the variety 0.69 + 0.34¢ 0.55+0.37° 0.41 £0.33¢ 3.70 +2.48°
Variety/Variant Simultan Pastel Vital Average of the
variants

V1 - untreated 0.52 +0.16° 321£1.69 | 091 +0.82° 1.10 £ 0.64°
V2 - Codamix (0.25%) 0.80 + 0.872 1.37 +1.13¢ 1.75 + 1.14 1.78 +1.322
V3 - Ecoaminoalga (0.25%) 0.22 +£0.20° 1.10 £0.71¢ 2.92 +£2.16 1.19+0.76*
Average of the variety 0.51£0.41¢ 1.89 +1.18° 1.86 +1.62° 1.36 = 0.96

Table 4. The effect of the fertilization variant (V1-V3) and on the chromatic parameter b* (from the CIELAB color
space) of blueberries according to the variety

Variety/Variant Delicia Duke Elliott Safir
V1 - untreated -1.49 £1.39* -3.30 £0.85° -3.68 +1.13° -1.59+0.73*
V2 - Codamix (0.25%) -1.69 +0.98° -9.17+7.51° -4.32 £1.02° -3.19+1.61°
V3 - Ecoaminoalga (0.25%) 220+ 1.77° -3.65+0.57* -4,11 +0.912 -1.99 + .59
Average of the variety -1.80 £ 1.39* -5.37+£2.98 | -4,03+1.01° -2.26 +1.18°
Variety/Variant Simultan Pastel Vital Average of the
variants
V1 - untreated -0.80 + 1.30? -2.09 £ 0.54* -1.32 £0.432 -2.04 £1.232
V2 - Codamix (0.25%) -2.78 +1.20° -2.20 £ 1.69* -0.76 £0.97* -3.40 £2.14°
V3 - Ecoaminoalga (0.25%) -1.38 £ 1.25% -2.94 £ 1.51*° | -0.76 + 1.69* -2.43 £ 1.54°
Average of the variety -1.65 +1.422 -2.41+1.32° -0.95+1.10* -2.63 £ 1.64

Testing the influence of experimental factors
on the content of soluble dry matter in all seven
varieties studied, we emphasize the following
(Figure 4): on the average of the variants, the
highest content of soluble dry matter was
observed in variant 2 - Codamix (12.55°Brix)
closely followed by variant 3 - Ecoaminoalga
(12.40°Brix).

On the average of the varieties, the Duke and
Pastel varieties recorded the highest content of
soluble solids from the fruits (12.86°Brix and
12.77°Brix  respectively), with significant
differences compared to the Safir and Vital
varieties (11.75°Brix respectively 11.41°Brix).
Koort et al. (2020) obtained a soluble dry
matter content that varied between 9.6 and
11.9°Brix in the blueberry cultivars studied
with a significant effect due to the organic
treatments administered.

Ongoing research studies the influence of
various cultivation technologies on the
biochemical quality of blueberry fruits (Wang

et al., 2008). Along with other phytochemical
compounds, the soluble solids content
contributes to fruit flavor.

Total titratable acidity. The influence of the
three studied factors (genotypic differences,
experimental  fertilization ~ models  and
environmental conditions) on the content of
organic acids (expressed as malic acid) in the
fruits was significant according to the ANOVA
analysis of variance test. From this point of
view, the effect of genetic factors was very
significant, at a rate of 33.7%. The effect of
crop practices was also highly significant at
16.0%. The 15.2% variation determined by
environmental conditions in the three years of
experimentation is highly significant (p=0.000).
According to the Duncan multiple variation
test, the tested fertilization models had a
significant impact on the total acidity of the
fruits, on the average of the variants (right
column) two classes of homogeneous values (a
and b) were observed (Figure 5).
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Figure 4. The effect of the fertilization option on the content of soluble solids
in blueberries depending on the variety in the Arges area 2020-2022
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Figure 5. The effect of the fertilization option on the content of organic acids
in blueberries depending on the variety in the Arges area 2020-2022.

Both foliar fertilizers applied caused a
significant increase in fruit acidity (1.17% and
1.27%) compared to the non-fertilized version
(1.02%); although in the fruits of the Duke and
Simultan varieties, no statistically guaranteed
variations were observed on this fruit quality
parameter.

From the point of view of the variety, the
highest values of malic acid in blueberry fruits
were obtained in the Pastel and Safir varieties
(1.47% and 1.29%, respectively) and the lowest
in the Duke variety (0.83%) and Simultan
(0.97%), the differences being very significant.
The data obtained are consistent with those in
the specialized literature. Lee and Kader,
(2000) mention that fruit acidity can also vary
according to post-harvest handling procedures.
Total sugar content. Along with the level of
organic acids, the content of sugars in fruits has
an essential role on the organoleptic quality of
fruits (Li et al., 2020). The metabolism of this

74

compound can be influenced by cultivation
technologies, climatic conditions, the genetic
baggage of the variety, soil properties, the
position of the fruits in the bush, etc.
(Davidescu, 1999; Giindogdu, 2019).

On average, over the three years of the study,
the total sugar content of blueberries was
significantly influenced by cropping systems.
The organic fertilization variants had a
beneficial effect on the value of this quality
indicator compared to the non-fertilized variant
(Figure 6), on the average of the variants, the
appearance of two classes of homogeneous
values (a and b) can be observed.

Among the varieties, Pastel had the richest
content of total sugars (11.18%) and the Safir
variety the lowest (7.73%). The beneficial
effect of the accumulation of sugars in the
biomass of horticultural products was also
observed in other studies (Kirina et al., 2020;
Paraschiv & Hoza, 2022).
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Figure 6. The effect of the fertilization option on the total sugar content
of blueberries depending on the variety in the Arges area 2020-2022

Tables 5 and 6 show the interdependence
between the characteristics analyzed. Fruit
production per plant correlated negatively,
distinctly significantly with fruit firmness
(Table 5), the correlation coefficient being
r=- 0.208. There is a positive but insignificant
correlation between fruit production per plant
and average fruit mass, which means that
production would be higher in plants with
larger fruits. There is a significant correlation
between fruit mass and color. Brighter fruits
(L*) have greater mass (correlation coefficient
=0.397). Also, bluer fruits (the value of b*

decreases) are larger (r=-0.178). The distinctly
significant negative correlation between color
brightness and the color coordinate b* indicates
that bluer fruits are brighter, meaning that
brightness increases as the fruit matures.

The content of soluble solid substance
correlates significantly negatively with the
value of the color coordinate b (Table 6) the
correlation coefficient being r=-0.161 which
means that the bluer fruits (the value of the
coordinate b decreases) have more soluble solid
substances.

Table 5. Pearson correlations coefficients for the productivity and the main biophysical
parameters of the fruits (mass, firmness and color)

0.063
-0.208(**) 0.060
-0.184(*) 0.397(**) 0.056
-0.009 0.053 0.023 0.017
0.075 -0.178(") 0.012 -0.470(**) 0.072
Sig. 0.309 0.010 0.869 0.000 0.297
N 213 213 213 213 213 213
** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).
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Table 6. Pearson correlations coefficients for the quality indicators for the studied blueberry varieties

Poarson Correlation ibsroke g T”é)m mﬁ L o b*
Total sugar content
'?’-Wm_ 0.057
flowalsojublersotida: 0.249 0.206
L5 0.231 -0.168 | 0.114
& 0.126 0195 | 0,086 0017
(" 0,049 -0.187 0.161() 0.470() 0072
Sig 0.839 0430 | 0.020 0.000 0.297
N 60 60 | 213 213 213 213

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

CONCLUSIONS

Different cultivation technologies significantly
influence fruit production. Considering the
positive effect of organic foliar fertilizers on
productivity and fruit quality, this practice
would be advisable.

Certain fruit quality parameters can be
significantly improved by applied foliar
fertilizers (mass, firmness, fruit color).

The variation in the content of organic
substances in the fruits of the seven blueberry

varieties ('Delicia’, 'Duke', 'Elliott', 'Safir',
'Simultan', "Pastel' and 'Vital') is dependent on
the genetic background, on agronomic

practices, the composition of applied foliar
fertilizers and climatic conditions.

Of the two organic fertilizers used,
Ecoaminoalga fertilizer is recommended for
increasing crop yield, and both products are
indicated for increasing quality.
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Abstract

This study was carried out to investigate the effect of three cytokines [6-benzyladenine (BA), meta-Topoline (mT), and
zeatin (Z)] on the in vitro propagation of C. avellana. The culture medium used in all in vitro culture stages was
McCown's Woody Plant Medium (WPM) supplemented with 100 mg/l Sequestrene 138.3% (w/v) sugar, solidified with
5 g/l. Plant agar and pH 5.8. At the initiation stage, single-node mini cuttings were inoculated on WPM medium
supplemented with 2 mg/l Z, and the initiation percentage was 66.66%. The highest proliferation rate (2.21 + 0.11) was
observed on the culture medium supplemented with 4 mg/l BA followed by the culture medium supplemented with 4 mg/l
Z (1.93 £ 0.03). The shortest shoots were measured on WPM medium with 4 mg/l BA, with an average length of 1.81 +
0.08 cm, and the longest shoots (3.46 £+ 0.02 cm) were obtained on WPM medium with 4 mg/l Z. The in vitro rooting
percentage was 81.66 + 0.39% when using the WPM medium with 1 mg/l Z. The rooted plants obtained in vitro showed
an acclimation rate of 97.66%, and out of these, 96% survived under greenhouse conditions.

Key words: Barcelona hazelnut, 6-benziladedine, meta-Topoline, zeatin, proliferation rate

INTRODUCTION

The hazelnut is considered a recalcitrant
species under in vitro growth conditions
because it exhibits a low rate of initiation and
multiplication, insufficient shoots elongation,
and high rates of microbial contamination (Yu
& Reed, 1995; Nas, 2004; Nas & Read, 2004;
Prando et al., 2014: Ellena et al., 2018;
Sgueglia et al., 2019; Silvestri et al., 2020;
Neda et al., 2020). Many basal media and their
modifications have been used for hazelnut mi-
cropropagation: Anderson medium (Anderson,
1984) (Yu & Reed, 1993), DKW (Driver &
Kunijuki, 1984) (Yu & Reed, 1993; Nas, 2004;
Tegg et al., 2016; Ellena et al., 2018), Murashige
and Skoog medium (MS) (Murashige & Skoog,
1962) (Nas, 2004; Silvestri et al., 2020), WPM
(Lloyd and McCown, 1980) (Clapa et al., 2019;
Kiran et al., 2021).

Furthermore, several studies have been
conducted with the aim of developing tissue
culture media to improve the micropropagation
systems for different hazelnut genotypes
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(Bacchetta et al., 2008; Hand and Reed, 2014;
Hand et al., 2014; Akin et al., 2017).

Among plant growth regulators (PGRs),
cytokinins played a crucial role in shoot
development (Wu et al., 2021). Thus,
exogenous and endogenous cytokinins used in
different concentrations in plant tissue culture
were considered closely associated with shoot
organogenesis (Garcia-Ramirez, 2023).
Consequently, some cytokinins were tested in
order to obtain maximum values recorded on
proliferation rates during the in vitro
multiplication stage of hazelnut. In several
studies, N6 benzyladenine (BA) was used at
different  concentrations for in  vitro
multiplication at hazelnut cultivars such as
Montebello (Daminano et al., 2005), Dorris,
Jefferson, and Sacajawea (Hand & Reed,
2014), Dorris, Wepster and Zeta (Akin et al
2017), Carrello, Ghirara, Minnulara, and
Panottara (Sgueglia et al., 2019) and also local
hazelnuts varieties collected from different
locations in Turkey (Kiran et al., 2021). Other
cytokinins used in hazelnut micropropagation



were:  kinetin, iso-pentenyladenine (IPA)
(Thomson and Deering, 2011), and zeatin
(Bacchetta et al., 2005; Thomson & Deering,
2011).

Conversely, some studies have shown that the
choice of iron source significantly influences
the success of hazelnut in vitro culture. Fe-
EDTA represents the most used iron source in
hazelnut micropropagation (Silvestri et al.,
2020). Sequestrene 138 has also been a source
of iron successfully used in in vitro culture of
hazelnut (Yu & Reed, 1993; Yu & Reed, 1995;
Thomson & Deering, 2011; Hand & Reed,
2014; Hand et al., 2014; Clapa et al., 2019).
Although in recent years, there have been
significant advancements in the development of
protocols for micropropagation of C. avellana,
proliferation rates have remained relatively
low. Therefore, the aim of this study was to
investigate the influence of three cytokines
(BA, mT, and Z) used in the in vitro multi-
plication stage of C. avellana and to develop an
efficient and reproducible micropropagation
protocol adapted for the Barcelona hazelnut
variety.

MATERIALS AND METHODS

Barcelona cv. was used for this study. All the
experiments were carried out using McCown's
Woody Plant Medium (WPM) supplemented
with 100 mg/l Sequestrene 138.3% (w/v) sugar,
and solidified with 5 g/l Plant agar. The pH of
the medium was adjusted to 5.8 with 0.1 N
NaOH and/or 0.1 N HCI before adding the
gelling agent and autoclaving at 121°C for 20
min. The in vitro cultures were incubated in the
growth chamber at 16 h photoperiod, 32.4 pmol
m2s!  light intensity (Philips CorePro
LEDtube 1200 mm 16W865 CG, 1600lm Cool
Daylight) and temperature of 23 + 3°C. The
chemicals used were purchased from Duchefa
Biochemie B.V., Haarlem, The Netherlands.

In vitro culture initiation

Young plants (Figure la), with juvenile
growths, were used for the initiation of in vitro
cultures. In April, shoot fragments measuring
5-7 cm in length with a 1-1.5 mm diameter
were harvested. After removing the leaves,
mini-cuttings were washed thoroughly, first
with running tap water and the distilled water
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with three drops of Twen 20 for 10 minutes on
a magnetic stirrer plate to eliminate all the dust
and impurities. After that, the shoot fragments
were disinfected with a bleach solution of 20%
ACE (Procter and Gamble, Bucuresti, Romania;
<5% active ingredient) for 20 min followed by
triple-rinse with sterile distilled water. The
single-node explants of hazelnut were
inoculated on WPM medium supplemented
with 2 mg/l Z and gelled with 5 g/l (w/v) Plant
agar in glass test tubes (11.5 X 2 cm o)
containing 5 ml sterile medium (Figure 1 b, c.).
In the in vitro initiation stage, 60 explants were
inoculated into the culture media and, after one
month of culture, the shoot growing percentage
and contamination rate was calculated.

In order to establish and provide plant stock for
subsequent in vitro multiplication experiments,
the regenerated shoots were further multiplied
at two month intervals through two passages on
WPM medium supplemented with 1 mg/l Z. In
the stabilization stage, 720 mL (v/v) culture
jars (13.5 x 9 cm @) with screw caps were used
as culture vessels. The screw caps were fitted
with ventilation holes (4 mm ¢) and with an
autoclavable plastic sponge (18 mm x 18 mm).
In each culture jar, 100 mL (v/v) of sterile
medium was dispensed and ten explants (1-
1.5 cm in length, containing 2-3 nodes) were
inoculated.

In vitro shoots multiplication

In the multiplication stage, the effect of three
cytokinins was examined: 6-benzyladenine
(BA), meta-Topoline (mT), and zeatin (Z).
Each was added to the culture medium at a
concentration of 4 mg/l before autoclaving. In
each jar (similar to those described above)
containing 100 ml of medium, 10 mini cuttings
with 2-3 nodes from the culture medium
supplemented with 1 mg/l Z were inoculated.
After two months of culture, the shoot length
and proliferation rate were calculated.

In vitro rooting and acclimatization

Rooting was tested in vitro on WPM
supplemented with 1 mg/l Z and after three
months, the percentage of rooting, the average
shoot length, the average no. of roots, and roots
length were measured and calculated from 108
plantlets (3 jars x 12 plantlets/jar in 3
replicates). Subsequently, in vitro rooted plants



were acclimatized in a floating hydroponic
system according to the method described by
Clapa et al (2013) for one week. Then, the
plantlets were planted in a mix of peat and
perlite (3:1, v/v) (Klasmann, TS3 Medium
Basic Standard, with pH 6) in mini-
greenhouses (Versay, T1, sizes 39 x 25 x 7.5
cm, PVC). The percentage of acclimated plants
was then recorded after 20 days of culture in
mini-greenhouses.

The rooted and acclimatized hazelnuts plantlets
were then transplanted into pots (VQB 9 x 9 x
9.5 black, SC BLONDY ROMANIA SRL
540390 Tg-Mures, Romania) containing peat-
based potting mix (Klassman TS3) and kept in
greenhouse conditions (21 + 4°C), under
natural photoperiod conditions. The survival
rates (%) under greenhouse conditions were
calculated after 30 days.

Data Analysis

The in vitro experiments were carried out in a
completely randomized design (CRD) and one-
way ANOVA was performed to check the
differences between the experimental variants.
When the null hypothesis was rejected, Tukey’s
HSD test (p < 0.05) was used to determine the
differences between the means. The values
presented are means + S.E.

RESULTS AND DISCUSSIONS

Previous research has shown that the in vitro
initiate potential of hazelnuts cultivars is
generally difficult due to microbial contami-
nants and  decontamination  techniques
(Bacchetta et al., 2008; Sgueglia et al., 2019;
Silvestri et al., 2020). In a study conducted by
Andrés et al. (2002) endogenous levels of

indole-3-acetic acid, abscisic acid, and
cytokinins (Z-type: dihydrozeatin,
dihydrozeatin riboside, zeatin, and zeatin

riboside; iP-type: N6 -isopentenyl adenine and
No6-isopentenyl adenosine), were determined in
leaves of hazelnut. The aforementioned study
shows that the ratios of iP-type/Z-type
cytokinins were low in the analysed samples
from autumn and spring leaves, while they
were high in the juvenile and forced outgrowth
samples. Thus, in our study, young plants, with
juvenile growths, were used for the initiation of
in vitro cultures and the cytokinin used was
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zeatin. Our results show that during the
initiation stage, when single-node micro-
cuttings were inoculated on WPM medium
supplemented with 100 mg/l Sequestrene 138
and 2 mg/l Z, 66.66% (Figure 1 b, c) of the
explants were viable, 21.66% did not show any
development or growth, and 11.66% were
infected with contaminants.

Previous studies have demonstrated an
improvement in the regeneration potential of
hazelnut cultivars within micropropagation
systems. In a study conducted by Silvestri et al.
(2020), an efficient in vitro establishment stage
was performed for the Tonda Gentile Romana
hazelnut variety. The researchers utilized a
half-strength MS medium supplemented with
20 g/L sucrose, 6 mg/l 6-benzyl aminopurine,
0.1 mg/l naphthalene acetic acid, 0.1 mg/l
thidiazuron, and 0.55% plant agar. Different
concentrations of CuSO4-5H>0 (0.0, 1.25, 2.5,
and 5 mg/L) were added to the medium. The
addition of copper sulfate was found to
significantly reduce bacterial contamination in
the culture medium. Specifically, 2.5 mg/l
CuSO04-5H>0 resulted in a significant decrease
in contamination frequency during the
establishment phase while maintaining a high
rate of bud sprouting. On the other hand, the
highest concentration (5.0 mg/l) of copper
sulfate significantly reduced contamination
rates but had a negative impact on bud
sprouting. Therefore, this concentration was
deemed unsuitable for the purpose of the study.
Sgueglia et al. (2019) conducted a study in
which they utilized axillary buds taken from 1-
year-old twigs of mature plants. The buds were
subjected to decontamination treatments
involving sodium hypochlorite and sodium
merthiolate for either 35 or 40 minutes. The
researchers observed that the 40+40 minute
treatment positively reduced explant
contamination in all cultivars. However, it also
led to a higher incidence of necrosis overall,
particularly in the Carrello cultivar (50%) and
the Panottara cultivar (46.7%). In terms of bud
survival, the 40+40 minute treatment yielded
the highest rates in Minnulara (26.7%) and
Ghirara (20%), while the 35 + 35 minute
treatment was more effective for Carrello
(33.3%) and Panottara (23.3%).

The shoots obtained during the initiation phase
of hazelnut in vitro culture were subsequently



transferred to the same culture medium used for
the initiation stage but with the addition of
1 mg/l Z. On this medium, the shoots exhibited
robust growth and successfully developed
roots. It is worth mentioning that the inoculums
containing apical buds demonstrated higher
growth compared to those with axillary buds.
Additionally, the results of our study showed
that the shoots obtained from apical buds
rooted at a 100% rate. This indicates that the
mini shoots with apical buds are more suitable
for rooting compared to other types of explants
in hazelnut micropropagation. (as depicted in
Figure 1, panels d and e).

In contrast, the use of mT at a concentration of
4 mg/l did not lead to any proliferation, with
only one shoot being generated from each
inoculum. This suggests that mT may not be as
effective as BA and Z in shoot multiplication in
hazelnut cultures. (Figure 2 c, d, and Figure 3).
The highest proliferation rate, recorded as 2.21
+ 0.11, was observed on the culture medium

supplemented with 4 mg/l BA (Figure 2 a, b)
followed by the culture medium supplemented
with 4 mg/l Z (Figure 2 e, f) which generated
an average rate of proliferation of 1.93 £ 0.03.
However, no significant differences were
observed between the mean values of the
multiplication rate for these two variants, as
depicted in Figure 3. A significant portion of
the literature emphasizes the positive outcomes
of using BAP for in vitro shoot multiplication
in hazel plants. For example, the multiplication
rate of hazelnut cvs. Nonpareil and Tonda
Gentile Romana were 3.2 respectively 3.1, on
DKW medium supplemented with 3 mg/l BA
(Yu & Reed, 1993). The effect of BA
concentration on shoot formation was tested on
the cultivar Montebello. Opposite of our
results, the highest multiplication rates were
obtained using concentrations of 1.5 and
2.0 mg /1 BA. The shoots treated with
3.0 mg I' BA were highly hyperhydric
(Damiano et al., 2005).

®

Figure 1. In vitro propagation of C. avellana, cv. Barcelona: (a) Plants used to initiate in vitro culture; (b, ¢) In vitro
culture initiation on WPM+ 100 mg/l Sequestrene 138 +1 mg/l Z; (d) In vitro shoot proliferation on medium WPM+
100 mg/1 Sequestrene 138 +1 mg/1 Z after 12 weeks of incubation; (e) /n vitro rooting of shoots cultured on WPM+ 100
mg/l Sequestrene 138 +1 mg/l Z; (f) Plants acclimatized in the greenhouse
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(e)

Figure 2. In vitro shoot proliferation of C. avellana, cv. Barcelona on WPM medium supplemented with

100 mg/1 Sequestrene 138 and different cytokinins and gelled with 5 g/l Plant agar after three months of

incubation: (a, b) Shoot proliferation on media containing 4 mg/l BA; (c, d) Shoot proliferation on media
containing 4 mg/l mT; (e, f) Shoot proliferation on media containing 4 mg/1 Z.

Table 1. In vitro rooting and acclimatization data recorded in micropropagated plants of C. avellana cv. Barcelona

Ex vitro Survival under
In vitro shoots and roots morphometry In vitro rooting (%)  acclimatization greenhouse
(%) conditions (%)
Length of No. of roofs Length of roots
shoots (cm) (cm)
6.35+0.25 3.65+0.36 2.10£0.04 81.66 +0.39 97.66 96
Values shown are means + SE.
Regarding the average length of the  hand, the longest shoots (3.46 £ 0.02 cm) were

proliferated shoots, the shortest shoots were
observed when using WPM medium
supplemented with 4 mg/l BA, measuring an
average length of 1.81 + 0.08 cm. On the other
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obtained when utilizing a WPM medium
supplemented with 4 mg/l Z (Figure 3).
Another study (Bacchetta et al., 2005) showed



that zeatin (1 mg/L) was more suitable than
BAP (0.5 mg/L) for shoot elongation.

Shoots morphometry
~
w

Shoot length (cm)

O4mg/IBA B4mg/ImT B4mg/IZ

Figure 3. The effect of 6-benzylidene (BA), metatopolin
(mT), and zeatin (Z) treatments on shoot proliferation in
C. avellana cv. Barcelona after 12 weeks of in vitro
culturing. Different lowercase letters above the bars
indicate significant differences between the means of the
same parameter according to Tukey’s HSD test (p<0.05)

Therefore, the WPM culture medium
supplemented with 100 mg/l Sequestrene 138
and 4 mg/l Z is the most suitable for shoot
proliferation in the Barcelona hazelnut variety
as it promotes the growth of longer shoots
compared to 4 mg/l BA.

For the in vitro rooting of hazelnut shoots,
different culture media were supplemented with
indole-3-butyric acid (IBA), indoleacetic acid
(IAA), or naphthaleneacetic acid (NAA) at
various concentrations and combinations. In
their study, Damiano et al. (2005) demonstrated
that the best rooting response in the Montebello
hazelnut variety was achieved with 9.8 uM (2
mg/l) of IBA, resulting in a rooting percentage
of 79%. At similar concentrations of IAA and
NAA, the rooting percentages were lower (71%
and 65%, respectively).

In our study, on the WPM medium with 1 mg/l
Z, 81.66 £ 0.39 % of the shoots were in vitro
rooted while the average number of roots per
plantlet was 3.65 + 0.36 and the average root
length was 2.10 = 0.04 cm (Table 1). The
plantlets rooted in vitro had a 97.66%
acclimatization rate (in floating hydroculture
followed by acclimatization in a mix of peat
and perlite in mini-greenhouses) and 96% of
the plants survived in greenhouse conditions
(Table 1; Figure 1 d, e, f).

Our results show that among the tested
cytokines, zeatin can be used in all stages of in
vitro multiplication in the Barcelona hazelnut

&3

variety. This can be explained by the fact that
juvenile hazelnut tissues as well as those with
forced growth show a high morphogenetic
potential, suggesting that the ratio of iP-type/Z-
type cytokinins may be a good index of the in
vitro potential of the hazelnut (Andrés et al.,
2002).

CONCLUSIONS

Our research has highlighted that the WPM
culture medium supplemented with 100 mg/1
Sequestrene 138 and 1-4 mg/l Z can be used in
all in vitro culture stages for hazelnut (Corylus
avellana L.) cv. Barcelona. In the initiation
stage, a 66.66% initiation rate was achieved on
the WPM culture medium supplemented with 2
mg/l Z. The longest shoots, measuring 3.46 +
0.02 c¢cm, were obtained on the WPM culture
medium supplemented with 4 mg/l Z, and an in
vitro rooting percentage of 81.66 = 0.39% was
observed when using the WPM medium with 1
mg/l Z.
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Abstract

Foliar fertilizers play a very important role in obtaining quality harvests and present more and more benefits that
increase the resistance of plants to diseases and pests and implicitly to reduce the number of treatments with fungicides
and insecticides that have a negative impact on the environment. In order to carry out the research, two lesser-known
peach varieties, ‘Piros Magdalena’ and ‘Gold Dust’ were studied. The varieties were treated with four foliar fertilizers
in three different growth phenophases: the phenophase of intense shoot growth, the phenophase of fruit growth and
before fruit ripening. The foliar products used were the following: Albit (organic product), Cropmax (organic product),
Folig N Universal and Solfert. Regarding the fruit mass, among the biological fertilizers, in both varieties, the best
results were obtained with the Cropmax fertilizer, and among the chemical fertilizers, the best results were obtained
with the Solfert fertilizer in the ‘Gold Dust’ variety, and with Folig N Universal fertilizer in the ‘Piros Magdalena "

variety.

Key words: fertilizer, peach, fruit mass, ‘Gold Dust’, ‘Piros Magdalena’.

INTRODUCTION

Fertilizer application is one of the essential
cultural practices that play a very important
role in obtaining quality harvests (Andreev et
al., 2018; Jia et al., 1999). A combination of
soil-applied and foliar applied fertilizers is
more efficient and can lead to yield benefit and
net income increase (Dixon, 2003; Gonzalez et
al., 2008).

Moreover foliar fertilizers present more and
more benefits that increase the resistance of
plants to diseases and pests and implicitly to
reduce the number of treatments with
fungicides and insecticides that have a negative
impact on the environment (Farahy et al., 2021;
Iordanescu et al., 2023; Kuepper, 2003;
Reuveni & Reuveni, 1998).

Persica vulgaris L. is a species that reacts well
to fertilization, being a significant consumer of
N and K (Damianov et al., 2022). In terms of
production, the peach is the second-most
significant temperate fruit crop globally after
the apple and one of the most appreciated fruit
(Manganaris et al., 2022; Olimpia et al., 2009).
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Peach consumption has positive effects on
one's health because they are rich in
antioxidants, polyphenols, and carotenoids,
which are all essential medicinal compounds.
Peach consumption has also been linked to a

number of therapeutic benefits, including
impacts on the heart, chemoprevention,
maintaining eye health, obesity,

neurodegenerative diseases and antidiabetic
activity (Bento et al., 2022; Byrne et al., 2007;
Hussain et al., 2021; Noratto et al., 2014).

Considering that in a pre-purchase situation, the
external appearance of the fruits has the
strongest effect that determines a consumer's
choice (Ali et al., 2021; Czarnocinska et al.,
2003; Tarancon et al., 2021; Zhang et al.,
2014), our research aims to study the effects of
some foliar fertilizers on the biometric
characteristics of the fruits of two peach
varieties in order to enhance fruit quality.

MATERIALS AND METHODS

In order to carry out the research, two lesser-
known peach varieties, ‘Gold Dust” and ‘Piros



Magdalena’ (Figure 1 and Figure 2) were
studied, which were treated with four foliar
fertilizers in three different growth phenophases:
the phenophase of intense shoot growth, the
phenophase of fruit growth and before fruit
ripening. Each variety was divided into four
different groups, each group being treated in all
phenophases with the same foliar fertilizer.

Figure 2. ‘Piros Magdalena’ variety

The foliar products used were the following:
Albit (organic product) (100 ml/ha), Cropmax
(organic product) (1.5 L/ha), Folig N Universal
(5 L/ha) and Solfert (4 kg/ha).

The experiment was conducted in the Lugoj
fruit-tree nursery (45°42'22.1"N 21°51'36.1"E),
during the year 2022.

The trees were planted in 2015 and are all
grafted on Oradea peach rootstock and trained
in a “vase-shape". The plantating distances
consists in spacing of 4 m between rows and
4 m in the row.

The biometric characterization of the peach
fruits involved the determination of their size
(fruit height, large diameter, small diameter)
and mass (with stone and without stone).

In order to analyze the specific parameters,
were taken 15 fruit samples from each group of
the two varieties. The fruits had been harvested
at their optimal ripening stage.

Fruit height, large diameter and small diameter
were determined with the digital caliper
(Insize-1108, Loganville, GA, USA) and the
mass of the fruits was measured using the
analytical  balance (Kern  PES620-3M,
Balingen, Germany).

Statistical calculations were performed using
SAS Studio software SAS® Studio 3.8,
applying One Way Anova and nonparametric
Kruskal-Wallis test at a significance level of
0.05.

RESULTS AND DISCUSSIONS

The results determined for the examined
parameters (fruit height, large diameter, small
diameter, fruit mass and stone mass) are
presented in Table 1, Table 2 and Figures 3-7.

Table 1. The influence of the fertilisers on the characteristics in the ‘Gold Dust’ variety

Fertiliser Variable Mean Standard Deviation Mini Maximum Median

Fruit height (mm) 50.78 293 48.41 54.05 49.87

Large diameter (mm) 55.20 2.56 53.44 58.13 54.02

Albit Small diameter (mm) 53.86 3.00 51.22 57.12 53.23
Fruit mass (g) 92.09 18.10 77.91 112.48 85.89

Stone mass (g) 12.51 1.57 10.87 13.99 12.68

Fruit height (mm) 52.22 2.12 50.21 54.44 52.02

Large diameter (mm) 57.35 2.40 55.08 59.86 57.11

Cropmax Small diameter (mm) 55.55 2.10 54.13 57.97 54.56
Fruit mass (g) 100.08 10.43 91.81 111.80 96.62

Stone mass (g) 12.86 1.44 11.26 14.05 13.27

Fruit height (mm) 52.25 1.56 50.96 53.98 51.80

Large diameter (mm) 58.05 3.16 54.68 60.95 58.52

Folig N Small diameter (mm) 56.76 2.81 54.27 59.81 56.20
Fruit mass (g) 101.84 10.22 90.86 111.09 103.56

Stone mass (g) 12.86 0.54 12.25 13.26 13.08

Fruit height (mm) 52.52 3.79 49.39 56.73 51.43

Large diameter (mm) 58.45 7.40 52.78 66.82 55.75

Solfert Small diameter (mm) 56.73 4.88 52.77 62.18 55.25
Fruit mass (g) 104.57 32.02 81.80 141.18 90.72

Stone mass (g) 11.81 1.93 9.93 13.78 11.73
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Table 2. The influence of the fertilisers on the characteristics in the ‘Piros Magdalena’ variety

Fertiliser Variable Mean Standard Deviation Minimum Maximum Median

Fruit height (mm) 51.82 1.97 50.12 53.98 51.35

Large diameter (mm) 57.39 3.01 55.41 60.85 55.90

Albit Small diameter (mm) 56.55 4.18 51.79 59.62 58.23

Fruit mass (g) 96.34 19.36 80.52 117.93 90.57

Stone mass (g) 12.08 0.22 11.94 12.33 11.96

Fruit height (mm) 55.20 3.15 51.67 57.73 56.20

Large diameter (mm) 58.46 2.05 56.10 59.81 59.48

Cropmax Small diameter (mm) 56.40 297 53.14 58.95 57.12
Fruit mass (g) 101.02 9.53 90.58 109.26 103.22

Stone mass (g) 10.20 1.22 8.89 11.30 10.42

Fruit height (mm) 53.36 1.83 52.05 55.45 52.59

Large diameter (mm) 57.36 3.19 53.69 59.42 58.98

FoligN Small diameter (mm) 56.33 3.55 52.38 59.23 57.39
Fruit mass (g) 100.43 15.26 83.20 112.22 105.88

Stone mass (g) 9.97 1.19 9.01 11.30 9.61

Fruit height (mm) 51.35 2.65 49.80 54.41 49.84

Large diameter (mm) 55.66 4.09 51.10 58.99 56.89

Solfert Small diameter (mm) 55.64 251 52.77 57.42 56.72

Fruit mass (g) 93.69 17.23 75.34 109.53 96.19

Stone mass (g) 9.85 1.13 8.65 10.89 10.01

Fruit height values (Figure 3)

‘Gold Dust* variety had values of the fruit
height between 48.41 mm (Albit fertiliser) and
56.73 mm (Solfert fertiliser), with an
experiment average of 51.94 mm, with no
significant differences recorded. The best
results (52.52 mm mean) were obtained with
the Solfert fertiliser. Between the organic
fertilisers the best result were obtained with the
Cropmax fertiliser (52.22 mm mean).

F 0325
Prob > F 08597

‘Gold Dust' fruit height (mm)
<

Albit Cropmax Foliq N Solfert

Fertiliser
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Figure 3. The influence of the fertilisers on the fruit height:

Fruit large diameter values (Figure 4)

‘Gold Dust® variety fruits had values of the
large diameter between 52.78 mm (Solfert
fertiliser) and 66.82 mm (Solfert fertiliser),
with an experiment average of 57.26 mm, with
no significant differences recorded. The best
results (58.45 mm mean) were obtained with
the Solfert fertiliser. Between the organic
fertilisers, the best results were obtained with
the Cropmax fertiliser (57.35 mm mean).
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Fruit height values in the ‘Piros Magdalena’
variety were between 49.80 mm (Solfert
fertiliser) and 57.73 mm (Cropmax fertiliser),
with an experiment average of 52.93 mm, with
no significant differences recorded. As can be
seen in Figure 3 (b) the best results regarding
the fruit height were obtained with the
Cropmax fertiliser (55.20 mm mean).
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'Piros Magdalena' fruit height (mmj)

52 -

50

Albit Cropmax Folig N Solfert

Fertiliser
()
(a) ‘Gold Dust* variety; (b) ‘Piros Magdalena“ variety

Values of the large diameter of the fruits in the
‘Piros Magadalena’ variety ranged between
51.10 mm (Solfert fertiliser) and 60.85 mm
(Albit fertiliser) with an experiment average of
5721 mm, the differences not being
statistically significant.

The best results for this variety were obtained
with the Albit fertiliser (57.39 mm mean).
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Figure 4. The influence of the fertilisers on the large diameter: (a) ‘Gold Dust‘ variety; (b) ‘Piros Magdalena“ variety

Fruit small diameter values (Figure 5)

‘Gold Dust® variety fruits had values of the
small diameter between 51.22 mm (Albit
fertiliser) and 62.18 mm (Solfert fertiliser),
with an experiment average of 55.72 mm, with
no significant differences recorded. The best
results (56.7 mm mean) were obtained with the
Folig N fertiliser. Between the organic
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fertilisers, the best results were obtained with
the Cropmax fertiliser (55.55 mm mean).

Values of the small diameter of the fruits in the
‘Piros Magadalena’ variety ranged between
51.79 mm and 59.62 mm (Albit fertiliser), with
an experiment average of 56.23 mm, the
differences not being statistically significant.
The best results for this variety were obtained
with the Albit fertiliser (57.39 mm mean).
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Figure 5. The influence of the fertilisers on the small diameter: (a) ‘Gold Dust’ variety; (b) ‘Piros Magdalena’ variety

Fruit mass values (Figure 6)

‘Gold Dust’ variety had values of the fruit mass
from 77.91 g (Albit fertiliser) to 141.18 g
(Solfert fertiliser), with an experiment average
of 99.64 g, with no significant differences. The
best results (104.57 g mean) were achieved
with the Solfert fertiliser. Among the organic
fertilisers the best result were obtained with the
Cropmax fertiliser (100.08 g mean).
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Fruit mass values in the ‘Piros Magadalena’
were between 75.34 g (Solfert fertiliser) and
117.93 g (Albit fertiliser), with an experiment
average of 97.87 g, with no significant
differences recorded. The best results regardind
the fruit mass were registered with the
Cropmax fertiliser (101.02 g mean).
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Figure 6. The influence of the fertilisers on the fruit mass:

Stone mass values (Figure 7)

The lowest values of the stone mass were
recorded in both wvarieties with the Solfert
fertiliser.

‘Gold Dust’ variety had values of the stone
mass from 9.93 g (Solfert fertiliser) to 14.05 g
(Cropmax fertiliser), with an experiment
average of 12.51 g, with no significant
differences. Among the organic fertilisers the
lowest values of the stone mass were obtained
with the Albit fertiliser (12.51 g mean).

The values of the stone mass in the ‘Piros
Magadalena’  variety were the closest
(p>0.0891) to a p-value that can indicate a
statistical ~ difference between the foliar
fertilisers. In this case, the studied parameter
values were between 8.65 g (Solfert fertiliser)
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and 1233 g (Albit fertiliser), with an
experiment average of 10.52 g. As shown in
Figure 7 (b), the highest values of the stone
mass were registered with the Albit fertiliser
(12.08 g mean), with a very small standard
deviation (+ 0.22 g) and the lowest values with
Solfert fertiliser (9.85 g mean).

Furthermore, to confirm the results obtained
after applying the One Way Anova test, the
non-parametric Kruskal-Wallis test was also
applied for all the examined parameters. In all
performed determinations, the p-value was
higher than 0.05, which also indicates that the
differences between the effect of foliar
fertilisers are small in value and do not have
statistical significance.
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Figure 7. The influence of the fertilisers on the stone mass: (a) ‘Gold Dust’ variety; (b) ‘Piros Magdalena’ variety
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CONCLUSIONS

The effect of foliar fertilizers on biometric
characteristics is different depending on the
variety, however, in this case without statistical
significance.

Regarding the fruit mass, the best results were
obtained with the Solfert fertiliser in the ‘Gold
Dust’ variety and with the Cropmax fertiliser in
the ‘Piros Magdalena’ variety. Among the
biological fertilizers, in both varieties, the best
results were obtained with the Cropmax
fertilizer, and among the chemical fertilisers,
the best results were obtained with the Solfert
fertilizer in the ‘Gold Dust’ variety, and with
Foligq N Universal fertiliser in the ‘Piros
Magdalena’ variety.

Future research is necessary, especially
regarding the influence of the fertilisers on the
internal characteristics of the fruits.
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Abstract

The scientific experiment was conducted in the period 2018-2020 in a collection plantation of the Research Institute of
Mountain Stockbreeding and Agriculture in Bulgaria. The plantation was created in the autumn of 2016. The planting
scheme of the plants is 3.00/0.50 m. The objective of the study is 'Tulameen' cultivar. Vegetative parameters were
monitored: average number of shoots, average thickness and average height of shoots and reproductive: average fruit
weight and yield per linear meter. The number of shoots had the highest values in the first year of the experiment
(29.33), and their height (1.51 m) and thickness (7.60 mm) in the second year. The highest yield was recorded in the
third year (1.48 kg/l m?). A high to very high positive correlation between shoot height and thickness was reported in
all three years. In the first year, a high correlation dependence was registered between shoot height and yield (0.76)
and negative in the second (-0.85) and third (-0.51) years of the experiment.

Key words: cultivar, fruit weight, raspberry, vegetative indicators, yield.

INTRODUCTION weight of their fruits per shrub. The study and
improvement of their economic qualities and
Raspberry production is traditional for the  traits marks continuous progress in science.
mountain and foot-hill regions of Bulgaria, The aim of the scientific work is to study the
which is directly related to a more efficient use  correlational interconnections between the
of arable land. To be economically profitable, a  vegetative and reproductive indicators in the
correct choice of cultivars, quality planting ‘Tulameen’ raspberry cultivar grown in the
material, suitable soil and climate conditions Troyan region.
and intensive cultivation technologies are
necessary (Georgiev et al., 2013; Serbezova, MATERIALS AND METHODS
2019; Georgiev, 2021). On the other hand, the
raspberry as a fruit crop is also attractive to ~ The scientific experiment was conducted in the
farmers because of its quick return on the  2018-2020 in a collection plantation of the
invested financial means to create plantations, Research Institute of Mountain Stockbreeding
as it bears fruit already in the second year after ~ and Agriculture in Troyan. The object of the
planting, and the full fruit bearing begins in the study was the introduced ‘“Tulameen’ raspberry
third year. cultivar, which was a result of crossing Nootka
Currently, a sustainable trend is noticed  x Glen Prosen (http://omafra.gov.on.ca/english/
towards the use of high-yielding and adaptable crops/facts/raspvarc.htm#Jewel).
cultivars, application of modern technologies  The planting scheme is 3.00/0.50 m. The plants
for productive fruit cultivation, ensuring  are grown under irrigated conditions with drip
optimal, regular and high yields is noticed  irrigation. Row spacings are naturally grassed,
(Leposavi¢ et al., 2013; Sensteby et al., 2013; as the necessary mowing was conducted, while
Domozetova, 2014). The productivity of  the intra-row area is maintained in black fallow
raspberries is determined by the number of by tillage.
shoots per 1 linear meter and their ‘Tulameen’ is a promising large-fruited
development, as well as by the number and  raspberry cultivar with high-quality fruits that
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ripen later and over a longer period. The
cultivar is distinguished by relatively firm
fruits, which is why it has good transportability
and is used both for processing into various
products and for fresh consumption (Daubeny
and Anderson, 1991; Ivanova et al., 2012;
Serbezova, 2019). The planting material used
was obtained by in vitro technology, providing
healthy plant specimens with an even growth
habit.
The following indicators were studied:
- average number of shoots per linear meter;
- average height of shoots (m);
- average thickness of shoots (mm),
measured 10 cm from the soil surface;
- average fruit weight (g);
- average yield of 1 m? (kg).
The experiment was set in variant with six
replications, each was one linear meter of the
intra-row area.
The plants are planted in pits measuring
0.30/0.30/0.30 m, with the application of
granulated chicken manure of 0.200 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 presented in Table 1 show that the
highest average number of shoots was in the

first experimental year (29.33), and in the

Table 1. Vegetative and reproductive indicators of

following two years the values were in close
range. Leposavi¢ et al. (2013) in a similar
experiment with 5 raspberry cultivars obtained
5.43 average number of shoots/m from
‘Tulameen’ in a 0.33 x 2.5 m planting scheme
under the conditions of Western Serbia.

The average number of shoots for the period is
24.39. The highest values for the average
height of the shoots were recorded in the
second year with 1.51 m. The smallest plant
height was recorded in the first and third year
with very little difference between the values.
Analogous results were obtained for the
average thickness of the shoots. In the second
experimental year, the thickness reached 7.60
mm, it was significantly smaller in the first year
(6.09 mm) and in the third year (6.51 mm).
Regarding the average fruit weight, the highest
value was reported in the first year (2.83 g) and
with close results in the following two years.
The average fruit weight for the period was
2.42 g. In our previous studies (Georgiev et al.,
2013), 193.98 cm height, 8.78 mm thickness of
raspberry shoots and 3.54 g fruit weight of the
tested cultivar were recorded. Leposavi¢ et al.
(2013) reported fruit weight (largeness) of 4.28
g and a yield per shoot 375 g, as the impact of
agroecological conditions being decisive,
especially in years with extreme temperatures
in the studied cultivar. The highest yield was
recorded in the third year (1.48 kg/1 m?), and
the lowest was recorded in the first year (0.80
kg/1m?). For the three-year period, the average
yield was 1.10 kg/1 m?.

‘Tulameen’ cultivar for the period 2018-2020

Average number of | Average shoot height Average shoot Average fruit weight Yield (kg/1 m?)
shoots per 1m? (m) thickness (mm) (g)

2018

29.33 | 1.34 | 6.09 | 2.83 \ 0.80
2019

22.33 | 1.51 | 7.60 \ 2.24 \ 1.03
2020

21.50 | 1.39 | 6.51 | 2.19 \ 1.48

Average value for the period 2018-2020
24.39 | 1.41 | 6.73 2.42 { 1.10

In the first year, a high correlation between
shoot height and thickness (0.80) and height
and yield (0.76) was observed. A significant
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correlation was recorded between thickness and
yield (0.67) (Table 2).



Table 2. Correlation interconnections between vegetative and reproductive performances in raspberry cultivar
‘Tulameen’ in 2018

Number of shoots Height Thickness Yield
Number of shoots 1
Height -0.19 1
Thickness -0.47 0.80 1
Yield 0.26 0.76 0.67 1

In the following year, a very high correlation
dependence between the height and the
thickness of the shoots was reported (0.93). A
high but negative dependence between height

and yield (-0.85) and a very high negative
dependence between thickness and yield
(-0.95) was registered (Table 3).

Table 3. Correlational interconnections between vegetative and reproductive performances
in raspberry cultivar ‘Tulameen’ in 2019

Number of shoots Height Thickness Yield
Number of shoots 1
Height -0.37 1
Thickness -0.02 0.93 1
Yield -0.08 -0.85 -0.95 1

In the third year, again a very high correlation
was observed for height with shoot thickness
(0.94) and significant between shoot number
and yield (0.58) (Table 4).

A significant negative dependence was reported
between height and yield (-0.51) and a
moderate  negative  dependence  between
thickness and yield (-0.42).

Table 4. Correlational interconnections between vegetative and reproductive performances in raspberry cultivar
‘Tulameen’ in 2020

Number of shoots Height Thickness Yield
Number of shoots 1
Height 0.03 1
Thickness 0.17 0.94 1
Yield 0.58 -0.51 -0.42 1

On average for the period, a very high
correlation was reported between shoot height
and thickness (1.00) and a high but negative
correlation between shoot number

and yield (-0.82). Significant but negative
correlation  dependences were registered
between the number of shoots with the height
(-0.66) and with the thickness (-0.64) (Table 5).

Table 5. Correlational interconnections between vegetative and reproductive performances in raspberry cultivar
‘Tulameen’ average for 2018-2020

Number

of shoots Height Thickness Yield
Number of shoots 1
Height -0.66 1
Thickness -0.64 1.00 1
Yield -0.82 0.11 0.09 1
CONCLUSIONS of the region, the applied agricultural

Based on the obtained results for the vegetative
and reproductive characteristics of the
introduced raspberry cultivar ‘Tulameen’,
combined with the soil and climate conditions

techniques and the cultivar specificity, it can be
assumed that the Troyan region is suitable for
its cultivation.

‘Tulameen’ has very good shoot-forming
ability. The shoots are thin, which requires the
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plants to be grown on a supporting structure. A
high to very high correlation between shoot
height and thickness was reported. In the
second and third years, a significant to high
negative correlation was recorded between
shoot height and yield and a moderate to very
high negative correlation between thickness
and yield. The cultivar is characterized by
average-sized fruits.
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Abstract

The results regarding the evaluation of the trunk cross-sectional area of the scion, the rootstock and the grafting point
and the calculation of the morphological index of thickening of the grafting zone in 5 sweet cherry cultivars ("Early
Lory', 'Early Bigi', 'Grace Star', 'Regina’ and 'Kordia'), grafted on 'Gisela 6' rootstock, are presented in this paper. The
research was carried out in a commercial orchard located in Orodel commune, Dolj County, South-West part of
Romania. The orchard was established in 2013, with a planting distance of 4 x 1.8 m. Based on the results obtained, the
morphological index of thickening of the grafting area fluctuated significantly depending on the cultivar, reaching the
highest value in 'Regina’ cv. (0.012), the lowest being recorded in 'Kordia' and 'Early Lory' cv. (0.008). The largest
differences between the rootstock and the grafting point were recorded in 'Grace Star' cv. (approx. 147 cm?), and the largest
differences between the grafting point and the scion were recorded in 'Early Lory' and 'Kordia' cv. (approx. 32 cm?).

Key words: compatibility, symbionts, trunk cross-sectional area.

INTRODUCTION

Sweet cherry (Prunus avium L.), belongs to the
genus Prunus, family Rosaceae (Aglar &
Yildiz, 2014) and is cultivated mainly in
countries with a temperate climate. Its fleshy
drupes are among the most valued fruits and
are mainly consumed fresh, but also processed
in various forms (jam, marmalade, juice,
compote, candied fruit) (Wani et al., 2014).
Rootstocks have been used for more than 2000
years as a method of vegetative propagation of
fruit tree species (Sitarek, 2008). Sweet cherry
production has greatly advanced as a result of
new selections of low-vigor rootstocks, the use
of modern methods of protection of orchards
against environmental factors, harvesting,
handling and storage of fruits (Musacchi et al.,
2015). Jakab-Ilyefalvi and Chiorean (2022)
mention the worldwide use in sweet cherry
culture of optimal management systems and
cultivar x rootstock combinations to control the
morphological characters of the plant and
implicitly the production yield. The most
commonly used rootstocks for cherry are
'Mazzard', 'Mahaleb', '"Weiroot 13', 'Colt',
'Gisela 5', 'Gisela 6', 'Gisela 12' (Long &
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Kaiser, 2010), 'Krymsk 5' and 'Krymsk 6"
Rootstock influences growth, production, but
also fruit size and quality (Martins et al., 2021;
Aglar et al, 2016; Aglar & Yildiz, 2014
Whiting et al., 2005). The use of semi-dwarf
rootstocks is preferred in orchards where a
higher production per unit area is desired
(Aglar & Yildiz, 2014). Choosing an
appropriate density according to the type of
rootstock used and maintenance works are
important cultural management strategies that
improve the quality of an orchard (Neilsen et
al., 2010). Trunk cross-sectional area (TCSA)
is also influenced by water regime (used
irrigation systems), soil treatments and tillage
(Neilsen et al, 2010). The 'Gisela' dwarf
rootstock series, developed at Liebig University
in Giessen, Germany, induces early production
and the current trend towards higher densities
in stone and pome orchards calls for the
adoption of more efficient management
systems (Musacchi et al., 2015). 'Gisela 6'
rootstock, exhibits a medium high vigor,
induces precocity, it is suitable for the vast
majority of soil types, but requires adequate
drainage (Long & Kaiser, 2010). Hrotko (2008)
mentions the insufficient existing data on



cultivar x rootstock interactions in sweet
cherry, although dwarf rootstocks are among
the most widely used. Lopez-Ortega et al.
(2016) confirm, following the study carried out
in Jumilla (Murcia, Spain), the influence of
rootstocks ('Adara', 'Gisela 5', 'Gisela 6',
'Mariana 2624', 'Ma x Ma 14', 'Mayor', 'Piku 1',
'Pika 3', 'Pika 4', 'Saint Lucie GF 64') on the
yield of 'Newstar' cultivar and implicitly on the
size, acidity, color and firmness of the sweet
cherry fruits. Sansavini and Lugli (2014)
mention 'Gisela 6' rootstock as being adapted to
hot climate conditions, but it requires suitable
cultivars, planting distances, appropriate
management systems, and to be successful, in
addition to an appropriate cultivar x rootstock
combination, the yield of the crop depends on
the vigor, photosynthetic efficiency and
nutritional balance of the plants. The same
authors exemplify 'Regina’ cultivar grafted on
'Gisela 6', as having larger, sweeter and firmer
fruits compared to the same cultivar grafted on
'W158'. The present work proposed the analysis
of the degree of compatibility of five sweet
cherry cultivars grafted on 'Gisela 6' rootstock
in a commercial orchard in the South-West part
of Romania.

MATERIALS AND METHODS
Materials
The experience was located in Orodel

commune, Cornu village (44°13'N 23°16'E),
Dolj County, South-West part of Romania. The
study was carried out in 2022, on the cultivars
'Early Lory', 'Early Bigi', 'Grace Star', 'Regina’
and 'Kordia' (trees in the 9" year since
planting) grafted on the semi-dwarf rootstock
'Gisela 6'. Planting distances are 4 m between
rows and 1.8 m between plants per row, with a
density of 1389 trees/ha. The shape of the
canopy is slender spindle with a support system
and anti-hail protection. The irrigation method
used in the plantation is drip irrigation.
Regarding the pedological data according to the
studies carried out, the plantation is located on
typical preluvosol.

Research area

From a climatic point of view, the area is
characterized by an average annual temperature
of 10.9°C, with a minimum monthly average of
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-0.9°C in January, and the highest in July with
23.1°C. The rainfall regime is characterized by
average annual precipitation of approx. 530
mm, the largest amount corresponding to the
month of May with approx. 73 mm and the
smallest amount corresponding to the month of
February with approx. 2.5 mm. Within the
plantation, the prevailing winds are from the
North-West and North-East.

Research method

To highlight the differences in vigor between
the two partners (scion x rootstock), the
method described by Zamfirescu (2022) was
used. The trunk diameter was measured 5 cm
above and below the grafting point, as well as
at the level of the grafting point. The difference
in thickening between the two symbionts was
determined based on the calculation of the
trunk cross-section area of scion (SA),
rootstock (SP) and grafting point (SI), by
applying the formula:

- TCSA = (D/2)* x 3.14, in which: TCSA =
trunk cross sectional area (cm?); D = trunk
diameter (cm).

After performing the three measurements, the
morphological thickening index of the grafting
zone MTI (morphological thickening index)
was calculated as the result of the ratio between
the trunk cross-sectional area of the scion,
rootstock and the grafting point: MTI
SA/SP/SI.

The obtained data were statistically processed
in the IBM SPSS Statistics 26 program and
represent the mean, standard deviation, limits
of variation and coefficient of variability. One-
way ANOVA followed by Duncan’s Multiple
Range Test at p < 0.05 were used.

RESULTS AND DISCUSSIONS

The statistical data of the trunk cross-sectional
area at the grafting point, below and above are
presented in Table 1. From the analysis of the
data, it appears that the cultivars 'Early Lory'
and 'Early Bigi' recorded the highest values in
terms of the measurement below the grafting
point (SP), respectively 108.55 cm’ and
107.85 cm?. The lowest value (75.77 cm?) was
identified in 'Regina' cultivar for the same
characteristic, i.e., 1.42 times lower than in
'Early Lory' cultivar. Regarding the data



obtained when determining the grafting point
(SI), 'Grace Star' cultivar recorded the highest
value (235.37 cm?) and the lowest was also
identified at "Regina' cultivar (147.14 cm?). For
this feature as well, a 1.59 times difference
between extreme mean values emerges.
Regarding the results obtained at the
measurement above the grafting point (SA),
there were significant differences, 'Grace Star'
cv. (215.14 cm?) registering the highest value
and 'Regina' cv. (132.64 cm?) the lowest value,
i.e.,, of 1.62 times less. Usenik et al. (2017)
reported the greatest differences in trunk cross-
sectional area above and below the grafting
point in sweet cherry grafted on 'Gisela 6'
(compared to 'Gisela 5', 'P-HLC', 'Piku 1' and
'Weiroot 158') in the study conducted in
Slovenia. The greatest difference between the
rootstock and the grafting point (Figure 1) was
147.07 ecm? corresponding to 'Grace Star' cv.
and the lowest value corresponding to 'Regina’
cv. with 71.37 ecm?. Regarding the differences
between the grafting point and scion (Figure 1),
'Early Lory' and 'Kordia' cv. with close values
(31.76 cm? and 31.63 cm?) and 'Regina’ cv.
with the lowest value of 14.23 cm’ The
coefficient of variation had values between
16.51 and 24.69%, which represents an average
and high variability between the analyzed
individuals.

Kordia 6.
— 02,01
Regina

—— .37

d 12684
d 147,07

Grace Star  |d 20,2

L F 90,1
Early Bigi 29.2
Early Lory 31,76

d 11931

d 117,66

MSA-SP wSi-SA ®Si-Sp

Figure 1. The differences between the trunk cross-
sectional area of the grafting point (SI), rootstock (SP)
and scion (SA) (cm?)

The difference in thickening between
rootstocks and scion had an average value of
84.19 cm?, the biggest differences being in the
case of the combination with 'Grace Star' cv.
(126.84 ¢cm?), and the smallest differences at
"Regina' cv. (56.87 cm?) (Figure 1). In all
scion x rootstock combinations it was found
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that the trunk cross-sectional area above the
grafting point (SA) was less than on the
grafting point (SI) and greater than below (SP).
The further the value of trunk cross-sectional
area in the symbiont grafting point is compared
to the values of the trunk cross-sectional area 5
cm above and below the contact zone of the
symbionts, the lower the degree of
compatibility of the combination (Asdnicda &
Tudor, 2011; Mladin et al., 2006). According to
Narandzi¢ and Ljubojevi¢ (2023), trunk cross-
sectional area measurements are frequently
used to assess tree vigor and growth
characteristics. Bisko et al. (2017) mention
'Gisela 6' rootstock as incompatible with
'Regina’ and 'Kordia' cultivars (compared to the
same cultivars grafted on 'Gisela 5', 'Piku 1' and
'PHL-C' following the study carried out in the
North-Western Croatia on very acidic soil,
using the drip irrigation system.

The assessment of the grafting compatibility of
the 5 sweet cherry cultivars in relation to the
rootstock was carried out by calculating the
morphological thickening index of the grafting
area (Table 2), resulting from the ratio between
trunk cross-sectional area of the rootstock (SP),
scion (SA) and the grafting point (Si), and it
was concluded that the morphological
thickening index of the grafting zone in all 5
sweet cherry cultivars associated with 'Gisela 6'
rootstock had low values, and the differences
between the trunk cross-sectional area of the
scion and the trunk section trunk cross-
sectional area of the rootstock were very large
(Figures 1 and 2), which indicates a reduced
level of compatibility between the two
symbionts.

According to the values of the morphological
thickening index (Zamfirescu, 2022), grafting
compatibility can be of three types: very good
compatibility (type A) when the values of this
index are greater than 0.330 and tend to 1.000;
good compatibility (type B) when the
morphological index values are between 0.300
and 0.330; poor compatibility (type C) when
the values of the morphological index are lower
than 0.300. As can be seen in Table 2, the
highest morphological thickening index was
calculated for 'Regina' cultivar (0.012), about
13% higher compared to 'Grace Star', but 31-
33% higher compared to the group of cultivars
'Kordia', 'Early Bigi' and 'Early Lory'. Although



there is poor compatibility (Figure 2) between
(rootstocks/scion),
maintenance work, climatic factors, applied

partners

canopy shape,

irrigation system, soil quality also influence the
vigor and productivity of the studied sweet
cherry cultivars.

Table 1. Statistical descriptors (mean, standard deviation, extreme values and variation coefficient)
of TCSA - trunk cross-sectional area (cm?)

Measuring point Cultivar Mean + SD* Min.-Max. CV (%)
'Early Lory' 108.55+25.10° 49.71-150.50 23.12
'Early Bigi' 107.85+22.34° 60.15-143.66 20.71
Below grafting point (SP) 'Grace Star' 88.30+16.90° 63.25-112.45 19.14
'Regina’ 75.77£13.32° 59.28-100.24 17.58
'Kordia' 102.21+16.33° 84.01-150.50 15.98
'Early Lory' 226.21+39.82* 147.06-295.96 17.60
'Early Bigi' 227.16+44.60° 133.70-310.69 19.63
At grafting point (ST) 'Grace Star' 235.37+36.64° 183.25-295.96 15.57
'Regina’ 147.14+36.33¢ 100.24-215.07 24.69
'Kordia' 195.12+35.09° 153.98-300.83 17.98
'Early Lory' 194.45+43.11° 111.85-286.33 22.17
'Early Bigi' 197.95+38.46° 114.85-262.97 19.43
Above grafting point (SA) 'Grace Star' 215.14+37.31° 161.06-273.13 17.34
'Regina’ 132.64+31.57¢ 91.94-181.73 23.80
'Kordia' 163.49+26.99° 127.26-223.42 16.51

*SD- Standard Deviation; CV%-coefficient of variation. For each measurement point, different letters placed next to the values indicate significant differences between them

Table 2. Descriptive statistics of the morphological thickening index (MTI) of the graft area

Descriptive statistics 'Early Lory' 'Early Bigi' 'Grace Star' 'Regina’ 'Kordia'
Mean + SD* 0.008+0.002° 0.009+0.002° 0.011+0.002° 0.012+0.002° 0.008+0.002°
Min.-Max. 0.005-0.015 0.006-0.014 0.008-0.014 0.009-0.017 0.005-0.011
CV (%) 25.00 22.22 18.18 16.67 25.00

*SD- Standard Deviation; CV%-coefficient of variation. For each measurement point, different letters placed next to the values indicate significant differences between them

'Kordia'

Figure 2 Grafting point of the five sweet cherry cultivars grafted on 'Gisela 6' rootstock

'Grace Star'

'Regina’

'Early Lory' 'Early Bigi'
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Abstract

Vaccinium corymbosum fruits are used as raw material for the food industry. It is known that the highbush berries,
compared to lowbush blueberries, are richer in dry matter and total sugar content. During 2021-2022, at the Researsch
Institute for Fruit Growing Pitesti-Maracineni, Romania was organized a field trial with two genotypes and their
progenies. Data were collected for: average fruit weight,size index, firmness, ph,total soluble solid, total sugar content,
vitamin C, total polyphenol, flavonoid, antocyanin, lycopene and f-carotene content. The aim of this study was to
compare the analysis of the fruit quality in hybrids of ‘Simultan’ and ‘Northblue’ cutivars. The results showed
significant differences between progenies. The fruit weight varied between 0.82 and 2.05 g, the firmness oscillated
between 8.13 and 28.27 N, total soluble solids reached a maximum of 17.43° BRIX, size index varied between 8.13 to
28.27, vitamin C content varied from 3.48 to 13,49 mg/100 g. Total polyphenol, lycopene and [-carotene content
averaged 1296.66 mg GAE/100 G, 0.10 mg and 0.42 mg. For the blueberry breeding programme, biochemical
evaluation of hybrids characteristics is an important objective.

Key words: hybrids, biochemical compounds, highbush blueberry.

INTRODUCTION growth and productivity high bush blueberry
needs well drained acid soils (pH n204.8-5.5)

In the last years, the recent global interest in the ~ with the pH adjustment and additional organic
consumption of berries with high levels of  matter before planting is necessary .The
functional  properties and nutraceuticals  blueberry breeding program started in 1983 and
compounds is gaining momentum (Zimmer et  were obtained varieties for adaptation in
al., 2014). The highbush blueberry (Vaccinium different ecological condition, prolonged shelf-
corymbosum) is original to North America and life of blueberries, quantified by the berries
their content in nutrients exceeds that of  firmness, technological flow and the content of
lowbush blueberry or rabbiteye blueberry. bioactive compounds.

(Korkak, 1988; Finn et al., 1993). The highbush breeding activity at the Research
The blueberries are one of the most important  Institute fot Fruit Growing Pitesti-Maracineni,
functional and nutraceutical foods in our diets achieved 9 cultivars: ‘Azur‘, ‘Safir‘, ‘Augusta’,
(Kahkonen et al., 2001) and it is were ‘Delicia‘, ‘Simultan‘, ‘Lax‘, ‘Pastel‘, ‘Prod‘
consumed worldwide. It is known that and ‘Vital‘.

blueberries (Vaccinium corymbosum) are an ‘Simultan‘ and ‘Northblue® cv. were selected
execellent source of bioactive compounds, such for breeding program due to earliness and the
as polyphenols, flavonoids, tannins, special qualities of the fruits.

anthocyanins In the light of this, the purpose of our study

In Romania, highbush blueberry was was the analysis of the fruit quality (berry
introduced for the first time in 1968 at the weight, firmness, size index, total soluble
Research Institute for Fruit Growing Pitesti- solids) and biochemical characteristics (total
Maracineni (Botez et al., 1984). For optimal sugar contents, vitamin C, total polyphenol,

flavonoid, antocyanin, lycopene and f-carotene
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content) of blueberry progenies obtained from
‘Simultan’ x ‘Northblue’ cv. for new cultivars
with more aroma, size and taste.

MATERIALS AND METHODS

Chemicals and Reagents

Folin-Ciocalteu’s  phenol reagent, 2,4,6-
Tripyridyl-s-triazine (TPTZ), 2,2-diphenyl-1-
picrylhydrazyl (DPPH), sodium hydroxide,
sodium carbonate, sodium bicarbonate, sodium
nitrite, aluminium chloride, methanol, acetone,

n-hexane, ethanol, citrate/acetate  buffer,
glucose, galli acid, catechin, vitamin C,
metaphosphoric acid, acetic acid, hydrochloric
acid, concentrated sulphuric acid were

purchased the reagents used in the study were
obtained from Merck, Darmstadt, Germany

Plant material

The biological material was represented by 20
promising blueberry progenies, tested in an
experimental seedling plot with their parental
forms as control. A number of 22 genotypes
were studied (2 cultivars and 20 progenies).

The fruits of two cultivars of highbush, namely
‘Simultan’ obtained from open pollination of
’Spartan’ cv. and ‘Northblue’ cv. was selected
in 1973 from a cross of G x Ashworth
(Vaccinium corymbosum) x US3 - paternal
selection, (Vaccinium angustifolium).

The experiment was set up at the Research
Institute Growing Pitesti, within the Genetic
and Breeding Department in 2019. The
genotypes were planted at a distance of 3 m x 1
m on a mixture of soil and peat. The samples
were harvested and immediately analyzed.
Determination of average and
chemical analysis

Following quality parameters and biochemical
analyzes were determined: berry weight, size
index, firmness, pH, total soluble solid,total
polyphenols, total flavonoids, antocyanin,
vitamin C content, total sugar content and
lycopene and B-carotene levels.

The average fruit weight was determined by
weighing of 50 fruits for each variety using
HL-400 digital. The index size of the fruit was
calculated by formula: (height + large diameter
+ small diameter)/3, (Botu et al., 1997). The
fruit firmness was determined for each sample

weight
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with a penetrometer Bareiss HPE II Fff
nondestructive test, with a measuring surface of
0.25 cm? pH were determined in fruit flesh
juice using a digital pH-metter.

The soluble solids (TSS) content was
determined as °Brix (°Bx) with digital
refractometer (Kern, ORF 45BM, Germany).
Determination of total polyphenols content
(TPC) was determined according to the
methodology suggested by Matic et al., 2017.
The results were expressed as mg gallic acid
equivalent (GAE)/100 g dry weight of vegetal
material.

The total flavonoids content (TFC) was
determined according to the methodology
suggested by Tudor-Radu et al., 2016. The
results were expressed as mg catechin
equivalent (CE)/100 g dry weight of vegetal
material.

The level of total anthocyanins pigments
(TAC) was determined according to the
methodology suggested by Di Stefano and
Cravero, 1989. The results were expressed as
cyaniding-3glucoside mg/100 g dry weight of
vegetal material (C 3 - G mg 100 g).

The total sugar content was determined using
the colorimetric method and the methodology
suggested by Dubois et al., 1956.

The results were expressed as g glucose/100 g
dry weight of vegetal material.

Vitamin C content was estimated according to
the colorimetric method and the methodology
suggested by Omaye et al., the vitamin C
content was determined by using 2,6-
dichloroindophenol (DCPIP), at pH 3-4.5.The
results were expressed in mg vitamin C/100 g
dry weight of vegetal material.

The lycopene and P-carotene content were
determined according to the methodology
proposed by Tudor-Radu et al, by the
carotenoids extraction in a mixture of hexane:
ethanol: acetone. The results were expressed in
mg lycopene/100 g dry weight of vegetal
material and mg B-carotene/100 g dry weight of
vegetal material.

Statistical analysis was performed using IBM
SPSS 14 program (SPSS Inc., Chicago, IL,
USA). All results were statistically evaluated
by analysis of variance (ANOVA). Differences
between cultivars were highlighted through
Duncan’s multiple test range (p< 0.005).
Graphical representations were performed with
Microsoft Office Word 2007.



RESULTS AND DISCUSSIONS

On the ensemble of the 22 genotypes from the
experiment, tables 1-3 reflect close biochemical
traits of the berries

As presented in Table 1, the average berry
weight oscillated between 0.82 g for 16-2-1
hybrid and 2.05 g for 16-2-26 hybrid. The
control ranged between 1.93 g ‘Simultan’ cv.
and 2.04 g ‘Northblue’ cv.

In the case of the size index, the hybrid 16-2-1
had the highest average compared to the other
genotypes studied (Table 1).

Analyzing the average values of the all three
years of the study, in the case of firmness, the
the highest value was recorded by ‘Simultan’
cv. 30.22 N, followed by the hybrid 16-2-13
with the value 28.27 N.

The pH (table 1) recorded normal values for the
blueberry berries, oscillated between 3.08 for
the hybrid 16-2-6 and 3.99 for the hybrid 16-2-
17.

Total soluble solids (TSS) content reached a
maximum of 17.63°Bx for the control
‘Simultan’ cv., and the hybrid 16-2-1 reached
of 17.63°Bx. Similar data of the soluble solids
content of the harvested fruits was in Guasca,
Colombia was in a range of 12.4 to 14.5 °Brix
(Cortes et al., 2016).

The results reported that the total phenolic
content of genitors varied from 505.66 mg
GAE/100 g for ‘Northblue’ cv. to 668.44 mg
GAE/100 g ‘Simultan’ cv., while their
progenies ranged from 225 to 1,296.67 mg
GAE/100 g. Similar results, 455.01 mg
GAE/100 g for ‘Duke’ cv. and 474.184 mg
GAE/100 g for ‘Hannah’s choice’cv. reported
by Ciucu et al., 2021.

Total flavonoid content in blueberry fruits of
‘Simultan‘ and ‘Northblue‘cultivars and their
progenies hybrids varied between 87.00 and
221.00 mg/100 g, having a mean value of
188.87 mg/100 g. It could be observed that
most of the ‘Simultan x Northblue’ hybrids had
flavonoid contents higher than their genitors
(195.04 mg/100 g, for ‘Simultan‘ and 211.39
mg CE/100 g for ‘Northblue*) and 16-2-17
hybrid was remarked (221.00 mg CE/100 g),
followed by 16-2-24 (203.67 mg CE/100 g).
The total sugar content is an important
biochemical marker used to determine the
quality of sweetness berries (Okan et al., 2019)
and sugars determine the organoleptic traits (Li
et al., 2020). TSC (Table. 2) of the fruits varies
between 4.76 g glucose/100 g for 16-2-3 hybrid
and 12.67 g glucose/100 g for 16-2-14 hybrid.
While the genitors registered the values 7.40 for
‘Simultan’ cv. and 8.09 for ‘Northblue’ cv.

Table 1. The average values of berry weight, size index, firmness, °Brix and pH at 22 blueberry genotypes

Genotypes Average  berry Size index Firmness (N) TSS (°Brix) pH
weight (g)

16-2-1 0.8240.24¢" 0.85+0.123¢ 21.7344.02:0<d 17.43+0.68* 3.58+0.074d
16-2-2 1.38+0.35% 0.75+0.025< 17.3+1.31 14.240.26% 3.67+0.1%0
16-2-3 1.65+0.13% 0.73+0.07¢ 27.5+8.36% 14.242.15%¢ 3.83+0.41%®
16-2-4 1.50+0.1¢d¢ 0.85+0.12% 245,63 16.57+2.14% 3.2440.09%
16-2-6 1.05+0.13" 0.73+0.04% 20.73+915%0c4 14.14].35%¢ 3.08+0.08°
16-2-8 1.49+0.1¢% 0.710.03¢ 26.3543.2% 13.42+0.28¢ 3.25+0.074
16-2-9 1.02+0.03"2 0.7740.0820¢d 15.94+0.56% 17.37+0.67* 3.30+0.08¢d¢
16-2-10 1.80+0.12% 0.88+0.07° 19.2343.0920¢d 14.841.35b0de 3.37+0.22¢d¢
16-2-11 1.53+0.35% 0.71£0.03¢ 24.67+5.59:0¢ 14.44+0.86b¢ 3.09+0.04¢
16-2-12 1.25+0.02¢" 0.73+0.04%¢ 24.07+2.71%¢ 14.10.304¢ 3.27+0.09¢d¢
16-2-13 1.4440.03¢¢ 0.73+0.09¢ 28.27+1.122 14.67+0.45b¢de 3.26+0.13¢¢
16-2-14 1.82+0.13% 0.73+0.07¢ 16.23+1.72%% 16.12.112bed 3.25+0.32¢de
16-2-15 1.88+0.06™ 0.71£0.03¢ 16.943.42¢0¢ 14.381.53bede 3.39+0.33¢d¢
16-2-16 1.66+0.06" 0.73+0.05% 21.19+5.7320ed 14.39£0.93bede 3.57+0.21%
16-2-17 1.37+0.03% 0.7840.042b¢d 17.2744.13b 17.13+£1.03* 3.99+0.08%
16-2-22 1.38+0.02% 0.770.075d 24.448.61%¢ 16.2+1.04%¢ 3.82+0.37%
16-2-24 1.68+0.02 0.7540.0254 18.2346.16 14.43+0.9b¢de 3.63+0.192d
16-2-25 1.81+0.02% 0.760.03d 8.13x1.51°¢ 12.87+£1.69¢ 3.59+0.53abed
16-2-26 2.05+0.05* 0.7740.022b¢d 16.7+0.62 13.84+0.69% 3.68+0.07%¢
16-2-31 1.33+0.1% 0.76+0.04b<¢ 13.17+1.5 14.4+0.46"d 3.40+0.11¢de

Simultan 1.93+0.17% 0.83+0.06° 30.22+7.58* 17.63+6.56° 3.47+0.43bcde

Northblue 2.04+0.292 0.7840.042b<d 15.3345.38¢d¢ 13.14+2.76° 3.2340.32¢%

“Means with the same letter are not significantly different at 5% level
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Table 2. The average values of total content of polyphenols, flavonoids,
antocyannins and total sugar content at 22 blueberry genotypes

Genotypes TPC (mg GAE/ 100 g) TFC (mg CE/100 g) TAC (C 3 - G mg/100 g) TSC (%)

16-2-1 581.33+3.06%" 182.67+0.58 316.15+89.67'h 11.56+0.01°
16-2-2 399.67+16.07° 124.3344.,5] defeh 222.07+15.84¢ 6.38+0.02¢h
16-2-3 549.67+15.5%" 88.67+15.04" 368.08+13.79¢f 4.760.05
16-2-4 615.33+22.37¢f 196.33+0.58%® 274.3346.66¢" 8.61+0.01¢
16-2-6 414.33+0.58°" 13440.41 % 57510 6.49+0.01¢
16-2-8 582.33+74.9d! 139.00+3.21% 280.67+7.09'h 6.42+0.01¢"
16-2-9 389+13.45" 138.00=:0.29¢f 834.00+89.71° 5.59:+0.3"
16-2-10 401+27.4" 108.67+2.52¢kehi 263.82:10.42¢" 5.01£0.019
16-2-11 464.67+59.08%" 195.67+5.69% 529.02+22.06% 4.86+0.02
16-2-12 954.33+103.85" 101.6743.06"h 472.97+42.03¢% 6.84+0.03¢
16-2-13 145.67+4.51¢ 113.67+3.06¢0 163.83+6.5" 6.77+0.02
16-2-14 657+12,120<d 87.00+0.211 348+140.58¢" 12.67+0.58°
16-2-15 709.33+22.37¢ 136.33+7.57%" 474.92432.09¢% 5.9+0.03"
16-2-16 969+296.08" 151.83+51.05%¢ 427.56£199.974%" 5.4£0.621
16-2-17 651£0.15 221.004+0.32¢ 686.69+0.09° 8.04+0.01"
16-2-22 1296.67+0.58* 118.67=0.58dfehi 269.28+0.07¢" 7.73£0.01
16-2-24 6390, 1 Pedef 203.67+0.58%® 162.96+0.05" 13.28+0.01*
16-2-25 1202.33+0.58° 129094 177.22+0.12" 10.05+0.01¢
16-2-26 610+£0.1%" 118.00-:29.44efehi 355.55+0.05°% 10.29+0.03¢
16-2-31 793.67+£354.49% 97.47£15.61¢" 297.9420.10%" 10.40+1.03¢

Simultan 668.44+109.43bd 195.04+57.15% 514.41£236.47% 7.40+3.04"

Northblue 505.66=181.66%" 211.39+79.73* 389.774222.06° 8.09+2.96"

"Means with the same letter are not significantly different at 5% leve.

The biggest level of total anthocyanins
pigments (TAC) 834.00 C 3 - G mg 100 g
recorded by the hybrid 16-2-9, followed by 16-
2-17 (686.69 C 3 - G mg 100 g). The genitors
had the lower level for ‘Northblue’ cv. (389.77
C 3 - G mg 100 g). Regarding the total vitamin
C content (Table 3) in blueberry fruits of
‘Simultan’ and ‘Northblue’ cultivars and their
progenies hybrids, oscillated between 4.76
mg/100 g (16-2-31 hybrid), and 12.67 mg/100
g (16-2-1 hybrid). In this case, genitors
contained lower vitamin C compared to most of

their hybrids. Carotenoids (Car) are bioactive
substances in foods with powerful antioxidant
bioactivity. There are abundant data showing
theirs preventive effects in humans for a
number of diseases (Stahl & Sies, 2003; Lila,
2004; Schmidt, 2004). Carotenoids include
diverse compounds such as lycopene, a- and 3-
carotene. The lycopene level oscillated between
0.01 mg/100 g (16-2-3 hybrid) and
0.37 mg/100 g (16-2-1 hybrid). Also, the -
carotene level varied from 0.02 mg/100 g (16-
2-3 hybrid) to 0.42 mg/100 g (16-2-1 hybrid).

Table 3. The average values of total content of Vitamin C, B-carotene and lycopene at 22 blueberry genotypes

Genotypes Vitamin C (mg/100g) p-carotene (mg/100g) Lycopene (mg/100g)
16-2-1 12.47+0.01% 0.4240.04* 0.37+0.03*
16-2-2 12.07+0.0720d 0.0740.04°d 0.06+0.1%
16-2-3 7.212£0.16°0cdele 0.02+0.02°¢ 0.01£0.06"
16-2-4 7.4240.0280cdefe 0.09+0.01¢d 0.06+0.07%
16-2-6 12.90+0.02 0.22+0.02° 0.2+0.01°
16-2-8 11.7340.36%00df 0.13+0.01°¢ 0.09+0.01%"
16-2-9 11.3540.0]20cde 0.07+0.01¢d 0.1+0.01%¢
16-2-10 10.23+0, ] 38bedel 0.07£0.01¢% 0.060.02"
16-2-11 11.3440.29 abedel 0.1£0.01¢¢ 0.06+0.01"
16-2-12 13.49+0.51* 0.03+0.01% 0.03+0.02"
16-2-13 8.86+0.0] 2bedefs 0.07+0.02¢d¢ 0.06+0.01%
16-2-14 3.77+02 0.2+0.01° 0.12+0.01
16-2-15 7.2140.1 1 tbedefe 0.08+0.01¢4 0.06+0.01¢
16-2-16 7.4241.5970cdefe 0.1140.09¢ 0.09+0.03
16-2-17 4.91£0.01% 0.04+0.01% 0.03+0.01"
16-2-22 5.12+0.02¢ 0.13£0.01¢ 0.07£0.01¢
16-2-24 5.960.0] <t 0.11+0.01 0.06+0.01"
16-2-25 3.8940.01¢ 0.06+0.01¢4 0.07+0
16-2-26 4.79+0.54"% 0.1140.12¢ 0.08+0.04
16-2-31 3.4840.168 0.02+0.03¢ 0.02+0.01"

Simultan 7.5247.16%dt 0.3940.06* 0.18+0.08°

Northblue 6.29:+6.80cdcle 0.64+0.45¢ 1.34+1.45¢
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CONCLUSIONS

According to the results presented in our study,
the berry weight, morphological and
biochemical characteristics of the fruits of these
new hybrids obtained by artificial hybridization
were closely of the genitors or the progenies
even exceeded their parents.

Important indices of biochemical evaluation,
can be analyzed in the next years, in order to
increase the efficiency of creating new cultivar.
Our results will strengthen the breeding process
in the Research Institute for Fruit Growing
Pitesti which aims to create new valuable
varieties of Vaccinium corymbosum L. with a
significant complex of biologically active
compounds, which makes the fruits of this crop
a trendy food product

ACKNOWLEDGEMENTS

This research was supported by the project
“PROINVENT”, Contract no.
62487/03.06.2022 POCU/993/6/13 - cod SMIS:
153299 financed by The Human Capital
Operational Programme 2014-2020 (POCU),
Romania.

REFERENCES
Badescu, G., Botez, M., Badescu, L., & Enache, E.
(1984,July). Intensive methods for blueberry

propagation. In /I International Symposium
Vaccinium Culture 165 (pp. 189-196).

Botu 1., Mihai Botu, (1997). Research methods and

techniques in fruit growing, Ed. Conphys.

CIUCU-PARASCHIV, Mihaela, and Dorel HOZA.

(2021). "The effect of foliar application with organic
and inorganic products on the biochemical quality
indicators of highbush blueberry (Vaccinium
corymbosum L.)." Scientific Papers. Series B,
Horticulture 65.1: 48-57.

Cortés-Rojas, M.E.; Mesa-Torres, P.A.; Grijalba-Rativa,
C.M.; Pérez- Trujillo, M.M. (2016).Yield and fruit
quality of the blueberry cultivars Biloxi and
Sharpblue in Guasca, Colombia. Agron. Colomb.,
34,33-41.

on

104

Dubois, M.; Giles, K.A.; Hamilton, J.K.; Rebers, P.A.;
Smith, F. (1956). Colorimetric method for
determination of sugars and related substances.
Analytical Chemistry, 28, 350-356.

Finn, C.E., Luby J.J., Rosen C.J., Ascher P.D.(1993).
Blueberry germplasm screening at several soil pH
regimes, I Plant survival and growth. J. American.
Soc. Hort. SCI1.118:337-382.

KahkoénenPM,HopiaAlLHeinonenM(2001).Berry
phenolics and their antioxidant activity. Journal of
Agricultural and Food Chemistry.

Korkak, R.F. (1989). Adaptability of blueberry species to
various soil types: IIl. Final growth and tissue
analyses. J. Plant Nutrition, 12 (11): 1273-1292.

Lila MA (2004) Plants pigments and human health. In
Plant Pigments and Their Manipulation. Davies KM,
ed, pp 248-274. Blackwell Publishing, CRS Press,
USA and Canada.

Mati¢, P.; Sablji¢, M.; Jakobek, L. (2017). Validation of

spectrophotometric methods for the determination
of total polyphenol and total flavonoid content. J.
AOAC Int., 100, 1795-1803.

Omaye, S.T.; Turnbull, J.D.; Sauberlich, H.E.
(1979).Selected methods for the determination of
ascorbic acid in animal cells, tissues, and fluids.
Methods Enzymol, 62, 3-11.

Oz, M., Deniz, 1., Okan, O. T., Baltaci, C., & Karatas, S.
M. (2021). Determination of the chemical
composition, antioxidant and antimicrobial activities
of different parts of Rosa canina L. and Rosa
pimpinellifolia L. essential oils. Journal of Essential
Oil Bearing Plants, 24(3), 519-537.

Schmidt R (2004) Deactivation of singlet oxygen by
carotenoids: internal conversion of exited encounter
complexes. J Phys Chem, 108: 5509-5513

Stahl W, Sies H (2003) Antioxidant activity of
carotenoids. Mol Aspects Med, 24: 345-351.

Tudor-Radu, M.; Vijan, L.E.; Tudor-Radu, C.M.; Tita, L;
Sima, R.; Mitrea, R. (2016). Assessment of ascorbic
acid, polyphenols, flavonoids, anthocyanins and
carotenoids content in tomato fruits. Not. Bot. Horti
Agrobot. Cluj-Napoca, 44, 477-483.

Yang G, Yue J, GongX, Qian B, Wang H, Deng Y, Zhao
Y (2014). Blueberry leaf extracts incorporated
chitosan coatings for preserving postharvest quality
of fresh blueberries. Postharvest Biology and
Technology, 92:46-53.

Zimmer KR, Blum-Silva CH, Souza ALK, Wulffschuch
M, Reginatto HF, Pereira CMP, Macedo AJ, Lencina
LC (2014). The antibiofilm effect of blueberry fruit
cultivars against Staphylococcus epidermidis and
Pseudomonas aeruginosa. Journal of Medicinal
Food, 17(3):324-331.



Scientific Papers. Series B, Horticulture. Vol. LXVII, No. 1, 2023
Print ISSN 2285-5653, CD-ROM ISSN 2285-5661, Online ISSN 2286-1580, ISSN-L 2285-5653

RESEARCH REGARDING INTEGRATED PEST MANAGEMENT
STRATEGIES IN SWEET CHERRY ORCHARDS IN
SOUTH-EAST ROMANIA

Daniel JALOBA!, Andrei CHIRILOAIE-PALADE?, Cristina Maria LUMINARE" 2,
Valentin-Marius CIONTU!2

'Research-Development Institute for Plant Protection, 8 Ion Tonescu de la Brad Blvd,
District 1, 013813, Bucharest, Romania
2University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Miristi Blvd,
District 1, 011464, Bucharest, Romania

Corresponding author email: daniel.jaloba@gmail.com

Abstract

Integrated Pest Management refers to a control system of harmful organisms designed to help farmers fight pests
effectively by choosing the most appropriate technological, physical, chemical and biological practices to ensure a high
yield, in terms of quantity and quality, and to be friendly to the environment and human health. Consequently, the
European Union requires the application of several principles of Integrated Pest Management that fit within
sustainable farm management. In sweet cherry orchards the combination of non-chemical methods that may be
individually less efficient than pesticides can generate valuable synergies. In Dobroudja region, Constanta county, in
sweet cherry orchards, it was successfully managed to integrate appropriate practices that discouraged the
development of pests and limited the number of phytosanitary treatments to the minimum necessary level. A high level
of yield was obtained to varieties Kordia, Van and Skeena, assessed in 2022.

Key words: sweet cherry, integrated pest management, harmful organisms, control

INTRODUCTION

Due to public awareness of the health
advantages of cherries, which are abundant in
polyphenolics (namely anthocyanins and
hydroxycinnamic acids), production and
consumption of cherries have surged in recent
years. Turkey, the USA, and Iran were the top
producers of sweet cherries in the world,
increasing production from 1.9 to 2.32 million
tons over the past 16 years.

Thanks to their luxurious tasting fruits and the
fact that they are among the first fruits to be
found on the market, cherries are highly
appreciated by consumers. They have high
content in vitamins, mineral salts, sugars, too.
The priorities for sweet cherry farmers are
increased  fruit quality, such as size,
appearance, firmness, flavor, and shelf life,
ripening time and extending seasonality, self-
fertility, abiotic and biotic stress resistance
(Budan & Petre, 2006; Sansavini & Lugli,
2008). Also, a big challenge for farmers is to
obtain fruit free of pesticide residues since year
after year diseases and pests damage crops and
large imports from neighbouring countries

reach the domestic market. So that, in fruit
growing, it is inconceivable to obtain high
yields in terms of quantity and quality without
the use of fertilisers and fungicides, as fruit
trees occupied land is generally poorly fertile,
terraced or unsuitable for other crops for a long
time (Jaloba et al., 2019). In cherry, monilliosis
in wet springs causes 60-100% loss of the fruit
crop and makes the trees sick until they die.
(Tomsa & Tomsa, 2003). Other deleterious
diseases are bacterial spot (Pseudomonas
syringae van Hall), shot-hole (Stigmina
carpophila Léveillé, M.B. Ellis), anthracnose
(Coccomyces hiemalis Higgins), leaf red spot
(Mycosphaerella cerasella Aderhold), witches'
broom (Taphrina cerasi Fuckel, Sadebeck),
leaf  scorch  (Gnomonia  erythrostoma
Auerswald) and others.

As regards for pests the most damaging to
cherry trees in Romania are the European
cherry fly (Rhagoletis cerasi L.), San José scale
(Comstockaspis  pemiciosa syn.  Quadraspidiotus
perniciosus C.), plum fruit moth (Grapholita
funebrana, T.), apple and thorn fruit weevil
(Rhynchites  aequatus L.,  Coleoptera:
Attelabidae), black cherry aphid (Myzus cerasi

105



F., Hemiptera: Aphididae), spotted wing
drosophila (Drosophila suzukii M., Diptera:
Drosophilidae).

Nowadays, buyers of sweet cherries and other
stone fruits are rightfully worried about the
contamination of the fruit with pesticides.
Consequently, the requirement for naturally
‘clean and safe' agriculture products is still
increasing (Pekar, 1999).

Pesticides with a focus on contact or systemic
effects have historically been used to treat
cherry diseases and pests from early spring
until just before harvest. However, it is also
desirable to minimize the use of plant
protection products and their risk by 50% to
fulfill the objectives of the “farm-to-fork”
strategy (https://ec.europa.eu/food/system/files/
2020-05/f2f action-plan_2020_strategy-info_
en.pdf). The EU Farm to Fork Strategy was
introduced by the European Commission in
May 2020 with the goal of ensuring a
sustainable food value chain. The idea of
Integrated Pest and Disease Management
(IPM) has undergone more than 50 years of
development and has been described and redu-
ced numerous times. The IOBC (International
Organization for Biological and Integrated
Control of noxious animals and plants) is one
company that has received special distinction
for developing IPM tactics. The Sustainable
Use Directive (directive 2009/128/EC), has
made IPM the norm for crop protection in
Europe. This study tested practical cultural
control strategies for integration into traditional
commercial sweet cherry growing, aimed at
controlling specific pests and diseases and
lessening the impact of pesticide use on cherry
ecosystems and the environment.

MATERIALS AND METHODS

The research was conducted in a commercial
sweet cherry orchard belonging to Ostrovit
S.A., Constanta county in 2022, where the
experimental plants material consisted of sweet
cherry trees of the cultivar Kordia (row
spacing: 4.5 m; plant spacing within the row:
2.5 m, vase-shaped crown) grafted on Gisela 5
rootstock, Van (6 m x 4 m, vase-shaped crown)
grafted on Mahaleb rootstock and Skeena (6 m
x 2 m, fan-trained tree) grafted on Colt. Eight
randomized points of assessment were chosen
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over the whole surface of each variety. During
growing season one hundred shoots, one
hundred flowers and one hundred leaves were
analysed visualy and in the laboratory under
the microscope. One hundred fruits were
examined before and during harvesting to

assess pests and diseases incidence. It was used
_ (n*100)

>

the following formula: Incidence %

where n represents number of plant organs
affected and N is number of organs assessed
(Vlad, 2020).

For pests there were assessements, seasonal
abundance was obtained by using pheromone
traps and yellow double-sticky traps (10
traps/orchard), hung in the middle exterior tree
canopy, 1.5-2 m above the ground, one trap per
tree, at a distance of 10-13 m from each other
and replaced every 5 days from April to June.

Other attractants after 3-4 weeks. The
ecological parameters of abundance (A),
dominance (D%), constancy (C%) and
ecological significance (W%) have been

calculated using specific formulas (Simionescu,
1983; Stan, 1994; Baban, 20006):

D% = A><100’ where: A - number of individuals

in a species (abundance); n - total number of
individuals of all species in a sample.

For the dominance values, species were
classified as subreceding species (D1 < 1%),
receding species (D2 = 1-2%), subdominant
species (D3 = 2-5%), dominant species (D4 =
5-10%) and eudominant species (D5 > 10%).
o = DS X100

with one species; n - total number of samples.
Regarding constancy values, species were
classified as accidental species (C1 = 1-25%),
accessory species (C2 25-50%), constant
species (C3 = 50-75%), and euconstant species
(C4 =75-100%).
Wop = 22C
100
species were classified as accidental species
(W1 < 1%), accessory species (W2 = 1-5%)
and characteristic species (W3 > 5%).

, where: ns - number of samples

For the ecological significance,

IPM measures

Organizational measures. When orchard was
set up, the planting material held a
phytosanitary passport and was free of viroids.
The varieties settled are resistant or diseases -
tolerant and yield efficient since the rootstocks



are very suitable to Dobroudja soil conditions
(especially Colt).

The exposure of the orchard is east and south —
east and is terraced on a hill bounded by a
protective hedge formed of acacia and carob
trees. It is located near a branch of the Danube
in the Pacuiul lui Soare area.

Trees were designed by yearly pruning as vase-
shaped form or fan-shaped. This improve the
structure, increase flowering wood and assist
with disease resistance by having good air flow
and low humidity. Planting density is wide
enough to reduce diseases (humidity), correct
spacing (no damage - entrance for bacteria).
Orchard soil has good drainage that increases
benefitial insects and decrease bacterial
infections.

Hygenic measures for machinery, equipments
and tools are taken so that at the end of every
working day they are cleaned or disinfected.
Spraying atomizers calibration is executed by
an authorized professional team that inspects
and adjust every year. The spraying machines
uses a drift-reducing technology.

Storage of pesticides and PPP remnants are
managed in accordance with EU laws and the
disposal of empty packages follows the
national programme SCAPA (The Pesticide
Packaging Collection System).

All the fruits are harvested in the whole orchard
so as not to keep a source of infection for the
next season.

Cultivation techiniques. Mechanical control of
the specific weeds orchards is practiced by
mowing between rows and by hoeing between
trees in order to remove them because they may
be vector viruses and serve as alternate hosts
for harmful insects. Also, the water in the soil
is thus preserved by the vegetal cover.

The branches and plant material resulting from
pruning are ground by a prunings harvesting
chopper (Figure 1). This enhaces the fertility of
the soil.

Figure 1. Chopped prunings

Removal of infected plant parts and prepruning
are carried out by qualified workers.

If frosts occurs between buds burst stage and
fruit set stage (especially at flowering), during
the night, orchard is protected by biofumigation
in order to save the yield.

Tree trunks are painted with lime in the spring
to prevent certain pests to reach their damage
place.

Organic fertilization (18 t/ha) is provided by
livestock manure from the company's Angus
cow farm located in the orchard located nearby.
Irrigation and treatments water is assured by
water pumped from the neighbouring Danube.
During flowering, over-pollination with Tripol
bumblebees (Bumbus terestris) hives is used
(Figure 2).

Figure 2. Pollination hives

Monitoring. In this case study two types of
traps were used for pest monitoring,
pheromone traps and yellow double sticky traps
with the dimensions of 20 x 40 cm (Figure 3).
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Figure 3. Yellow sticky trap

These traps were checked out daily by
specialized personnel and the results were
recorded on notebooks and reported to the
central data organizer.



Treatments. Spraying schedule (Table 1)

Table 1. Treatments applied in cherry orchard

Plant protection

Phenophase Product Target
. Bouillie Bordelaise WDG | Bacterial and fungal diseases,
Winter > .
dormancy Skg/ha common red spider mite,
Polisulf Tip MIF 20V/ha San José scale
Merpan 80 WP 2 kg/ha | Monilinia, leaf spot, shoot blight
Before Vitra 50 WP 1.5kg/ha | leaf scorch, leaf spot, crown gall,
bloom Teppeki 0.140 Vha aphids, flowering, stress
Evobor resistance
Score 250 EC 0.21/ha
Durin Navu Forte 4 kg/ha Monilinia, leaf spot, shoot blight,
bloo nf Algamin 2.5 I/ha foliar fertilization, resistance,
Kelom EDTA Calcium colour, growth
1 kg/ha
Slgnym 0.5 kgha Monilinia, anthracnose, cherry
After bloom Exirel 0.75Vha | g b fortilization, fruit fall
Fertigofol Ultra 4/ha ’ ’ ’
firmness
Borocal 21/ha

Dodifun SC 1.25 V/ha
Chorus 50 0.6 kg/ha

shoots, 2-5% on flowers and 3-7% on fruits.
Most common disease was anthracnose which
reached a maximum incidence of 10% in
Kordia variety. Symptoms of other diseases
didn't occur or they were very weak.

Three mechanised interventions have provided
good weed control, but the biggest problem is
Sorghum halepense, an invasive perennial
weed that can regenerate very quickly after
mowing, especially after high amount of
rainfall. Out of a total of 117 traps the total
number of individuals was 455 of which the
dominant species were Rhagoletis cerasi,
Grapholita  funebrana, Anarsia lineatella,
Rhynchites aequatus (Table 3). A relatively
low abundance had also the species Q.
perniciosus and M. cerasi, which do not appear
in the table, but because pest control is
difficult, the situation needs to be regularly
monitored.

Table 3. Cherry pests captures on yellow double-sticky
traps in the whole orchard

Fruit about Karate Zeon 0.151ha Lea.f spot, m(-)r)iliryia, chef‘ry
half final fruit fly, fertilization, foliar
size Cropmax 2kg/ha fertilizer
h Xilato ZnMn 11/ha
Rizammina 2.0 kg/ha
Switch 1 kg/ha
Fruit about | Merpan 80 WP 2 kg/ha Monilinia, shoot blight
70% of final | Movento 100 SC 1.8 fruit fly, aphids
size I/ha resistance, colour
Algamin 2.5 l/ha
RESULTS AND DISCUSSIONS

During the spring at flowering stage, weather
conditions made it necessary to carry out two
fumigation interventions during the night due
to the drop in temperature down to -3 degrees.
However, the percentage of affected flowers
was insignificant (3%). The flowers continued
to develop and additional pollination resulted in
a higher number of tied fruits. Treatments
scheme applied in the orchard together with
IPM measures proved very good efficacy in
diseases management. Their incidence % is
shown in Table 2.

Table 2. Diseases incidence % in cherry varieties

Sweet cherry

Taxa A D @ W

(no) Class | % | Class | % | Class | %

Tephritidae

Rhagoletis
cerasi,
Linnaeus,
1758

45 989 | D4 | 51.28 | C3 | 5.07 | W3

Tortricidae

Grapholita

funebrana,

Treitschke,
1835

30 6.59 | D4 | 3418 | C2 | 225 | W2

Gelechiidae

Anarsia
lineatella, 10 2.19 D3
Zeller, 1839

17.09 | C1 | 037 | WI

Attelabidae

Rhynchites

aequatus,

Schneider,
1791

Pathogen Kordia| Van | Skeena
Viroids 0 0 0
Pseudomonas syringae 0 0 0
Taphrina cerasi 0 0 0
Stigmina carpophila 8 5 6
Gnomonia erythrostoma 1 2 1
Monilinia laxa (shoots) 2 1 1
Monilinia laxa (flowers) 3 5 2
Monilinia fructigena (fruits) 7 3 5
Coccomyces hiemalis (leaves) 10 5 5
Nectria species 0 0 0

Moniliosis of cherry was very well controlled
so as it had a very low incidence: 1-2% on

Maintaining a clean orchard by picking up
dropped fruit from the orchard floor and
removing wild and abandoned host trees are
two crucial cultural controls that growers can
adopt to prevent or reduce European cherry
fruit fly (R. cerasi) outbreaks. Adding ground
cover, weed barrier cloth, or mulch to the soil
beneath the tree canopy will also aid in
preventing larvae from burrowing into the soil
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or emerging adults from appearing from the
soil.

After the end of the cherries harvesting in the
whole orchard, yields were calculated and
reported. The following productions resulted:
Kordia 13.8 t/ha; Skeena 11.5 t/ha; Van
12.4 t/ha. Fruits were very good - looking with
excellent marketability (Figure 4). Cracking
index was at a low level for each variety,
ranging from 2 to 5%.

Figure 4. Van harvested fruits

CONCLUSIONS

In the Ostrov fruit-growing area, sweet cherry
has been grown for a long time, so there is a
high load of pathogenic inoculum. The most
dangerous pathogen, monilliosis, was succe-
ssfully controlled, creating the conditions for a
high yield, commercial appearance and increa-
sed marketability. Other cherry diseases have
not caused any problems, but they should be
monitored in the future. Leaf blight of cherry
(anthracnose) had the highest level of incidence
(10% at Kordia variety), but this fact didn't
endangered the quantity and quality of the yield.
Besides targeted pest control and optimisation
of the way in which chemical treatments are
applied, one can start to think about
diversification in and around the cherry fields
to reduce pest pressure or increase biological
control. Also, this can be adjusted to improve
the crop’s capacity to withstand pests, be less
visible or attractive or be more competitive.
Climatic factors such as temperature, wind,
rain, and relative humidity, as well as natural
enemies, play important roles in the population
dynamics. Any of the regional pest species may
experience an outbreak in good years and
environmental circumstances. With a focus on
cost-effectiveness and environmental safety,
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sanitation and harvest management become
important for every orchard. In order to
mitigate the effects of disease and pests, our
work highlights the necessity to investigate the
potential impacts of local management in
cherry  orchards. However, a  strong
experimental design is still lacking to
demonstrate the significance of the identified
cultural practices. Given the unpredictability of
insecticide use (E.U. wanting to reduce by 50%
the use of chemical pesticides by 2030), local
crop management cannot entirely rely on
insecticide control.
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Abstract

In this paper we proposed to evaluate 53 pear genotypes collected in the germplasm collection of the Research Institute
for Fruit Growing Pitesti, Romania regarding the behaviour to the main diseases and pests, in order to identify
potential genitors for future breeding work. The evaluation was carried out between 2020 and 2022 after a scale from 1
(no symptoms) to 9 (very sensitive). The results obtained showed that there are enough sources of genes for resistance,
as follows: "Cu miezul rosu’, "Antig’, "Harbuzesti’, "Para lui Nita', ‘Pere gutui’, ‘Tudor’, 'Haydeea', "Argessis’,
‘Romcor’, ‘Cristal’, "Paradise’, "Euras’, "Aniversare’ cvs. for resistance/tolerance to fire blight; "Ervina’, 'Romcor’,
‘Para lui Nita', ‘Cristal’, ‘Tudor’, ‘Mustoase’, ‘Paradise’, ‘Daciana’, ‘Carpica’, ‘Republica’ cvs. for
resistance/tolerance to pear scab; Paradox’, "Corina’, "Pepenii’, "Haydeea', "Argessis’, "Untoasa de Tdrgu Mures’,
‘Isadora” - for the resistance/tolerance to Psylla. Some of these cultivars ("Cu miezul rosu’, ‘Isadora’, "Monica’,
‘Haydeea', ‘Ervina’, ‘Cristal’, "Euras’, ‘Paradise’) have already been introduced into artificial hybridization carried
out in the last years.

Key words: breeding, Erwinia amylovora, Psylla sp., Pyrus, resistance, Venturia pyrina.

INTRODUCTION reduction of the number of varieties that are
planted, as a result of the demand of the
The pears are cultivated today in all continents, =~ market, causes progressive erosion in the

both in the northern hemisphere and in the genetic heritage of the pear varieties.

southern hemisphere, totaling a production of  In our country, the pear breeding programs
over 25 metric million tons in 2021 provides the creation of a valuable assortment
(FAOSTAT, 2023). The genus Pyrus has at adapted to the local climatic conditions,
least 22 known species, all of which are native superior quality and resistance /tolerance to
to Asia, Europe and the northern areas of the diseases and pests. The main aim of these
United States (Bell et al., 1996). research programs were the conservation and
Disease and pests resistance is very important evaluation of pear genetic resources and the
objective to most pear breeders. Numerous diversification of disease and pests resistance
programs to improve the pears that are ongoing sources.

throughout the world have as main objective The fire blight caused by the bacteria Erwinia
the increase in fire blight resistance (the amylovora (Burrill) is the most dangerous
eastern and southern parts of North America, disease of the pear culture, and, in Romania, it
and many regions of Europe), also to pears  remains one of the limiting factors of the pear
Psylla (Cacopsylla pyricola Foerster) and scab culture. The attack of these bacteria manifests
(Venturia pirina Aderhold). Along with fire  itself on flowers, fruits, stems, especially young
blight, Psylla is responsible, in large part, for ladders, to which a typical symptom appears,

the decline of pear orchard (Alonso et. al., bending in the form of a stick, on which the
2007). In Europe the most pear varieties are dried leaves remain hanged. Combating the
come from Pyrus communis, also, in Romania. fungus through phytosanitary treatments is

The worldwide production of pears is expensive and does not always work, most of
dependent on relatively few cultivars, the
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the time the infected plantations must be
cleared.

Most varieties from Pyrus communis are
sensitive to Erwinia amylovora, among them
are very valuable, such as: "Williams', 'Clapp's
Favorite’, 'Comice’, "Anjou’, "Aurora’ (van der
Zwet, 1982, Thibault, B., 1983). Less than 5%
of the pear varieties have a resistance
appreciated as moderate, among the moderately
resistant varieties are Seckel and Kieffer
Sedling (Bell, 1990). Some of Romanian local
varieties, such as: 'Decana Krier’, 'Galbene’,
'Pere de iarnd’, 'Pere gutui’, '"Tamaioase de
Cilimanesti’ are potential sources of genes for
resistance to fire blight (Cociu et al., 1999).

The pear scab caused by the fungus Venturia
pirina Aderh with manifestations on leaves,
stems and fruits, causes damage to pear
production and depreciate these quality. On the
attacked fruits, brown spots appear and
possibly crap leather, they remain small or can
deform, and therefore their market value
decreases. Scab generally is not relevant in pear
culture as it is in apple. In scab management
the main goal is the reduction or prevention of
primary infections in spring. If this has been
successfully controlled, secondary infections
will not be serious.

From the research carried out so far regarding
the scab, it appears that none of the varieties of
Pyrus communis species is immune to the
attack caused by the pathogen Venturia pirina
Aderh. Among the varieties with a good
behavior in the scab attack are 'Williams’,
'Conference’, 'Dr. Jules Guyot’ (Bell, 1990),
'Republica’,  'Euras’,  'Argessis’, 'Maria
Romana’, etc. (Braniste et Andries, 1990;
Cociu et al., 1999).

Psylla attacks in three ways: it spreads a
mycoplasm that causes pears; it injects a toxin
on the tissue of the tree as it feed sand produces
honeydew while feeding. The attack of this
insect can stunt, defoliate, and even kill trees.
Because Psylla rapidly develops insecticides
resistance, chemical control is difficult to do. It
has already developed localized resistance to
pyretroids all across its range. As such, it is
very important to alternate between pesticide
classes to prevent or slow resistance (D.
Alston, 2007).

The varieties sensitive to the Psylla attack are
mostly from Pyrus communis. Psylla resistance
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has been found in  Asian  species
P. betulaefolia, P. calleryana, P. fauriei,
P. ussuriensis, P. bretschneideri, P. pyrifolia,
P. pashia. In Romania, researches on
resistance to Psylla, carried out by Braniste
(1980) and Andries (1990) showed that species
P. lindlezi, P.korchinski, P. salicifolia,
P. serotina, P. syriaca, P. serulata are resistant,
along with some biotypes and varieties with
ascendancy in P. serotina. Some Romanian
local  varieties 'Bulgéresti’, 'Tomnatice’,
'Craiese’, 'Cantalupesti’, 'Pletoase’, 'Popesti’
and 'Tmperiale’ have a good behavior at the
Psylla attack (Militaru et al., 2010; Braniste N.,
2000 ).

The main aims of this study were the
evaluation of pear genetic resourceslocated in
the germplasm collection at the Research
Institute for Fruit Growing Pitesti-Maracineni,
and identifying the resistant/tolerant of diseases
and pests that would help the reproduction
program to obtain resistance/tolerance of
varieties to these diseases and pests. The
environmental sustainability of pear production
would increase with the breeding and
development cultivars with durable
resistance/tolerance disease and pests.

MATERIALS AND METHODS

The experiment was carried out in pear
germplasm collection at the Research Institute
for Fruit Growing Pitesti-Maracineni, Romania,
from 2020 to 2022. The total number of
genotypes studied was 53, 32 of them are local
genotypes, 19 are breed Romanian varieties
and 3 foreign varieties (Table 5). Within the
study, the resistance/tolerance of these
genotypes to Erwinia amylovora, Venturia
pirina and Psylla sp. was carry out.

Assessment the genotypes to this disease and
pest was made in natural condition, with the
same currently treatments as in commercial
field, uniformly applied to all the cultivars. In
collection of Research Institute for Fruit
GrowingPitesti- Maracineni each genotype was
represented by two trees grafted on franc
rootstock, planted on 3.4 m between rows and
2 m between trees on row. In the field,
macroscopic observations of the symptoms
expression were made according to ECPGR
characterization and evaluation descriptors for
pear genetic resources, from 1: no visible



symptom to 9: maximum infection, tree
completely affected, nearly dead; maximum
infection, tree completely affected, nearly all
organs with symptoms (Tables 2, 3, 4).

The aim of this study was to investigate and to
compare the resistance/tolerance to Erwinia
amylovora, Venturia pirina and Psylla sp. for
50 Romanian cultivars (32 local varieties and
18 varieties bred) and 3 foreign varieties.

RESULTS AND DISCUSSIONS

The evaluation of different pears cultivars to
fire blight, scab and Psylla response showed
than the main factor in the development of
these diseases and pests was the genotype and
the meteorological conditions. Climatic data for
the vegetation season (March-October) over the
study period 2020-2022, registered at Research
Institute for Fruit Growing Pitesti-Maracineni,
are shown in Table 1.

Table 1. Meteorological data, registered during 2020-

2022
Year Months

11} v A4 VI VII VIII X X
< A 2020 7,7 | 10,9 15,0 19,6 | 22,1 22,2 | 189 | 124
E’_% 2021 4,1 8,6 15,6 193 | 23,5 22,4 | 15,6 7.9
E ; 2022 3,6 | 10,1 16,4 21,1 | 229 22,6 | 15,6 | 12,0
& 2020 | 62,9 | 47,7 64,4 71,0 | 63,2 61,0 | 62,6 | 82,4
E:\E 2021 | 64,6 | 64,8 65,1 733 | 614 61,3 | 674 | 799
é 7] 2022 | 659 | 74,7 72,9 75,2 | 70,3 77,6 | 84,0 | 82,6
_ 2020 | 30,0 | 21,1 | 104,1 | 166,2 | 52,0 29,8 | 682 | 92,7
E E 2021 | 66,8 | 38,4 65,4 | 1040 | 33,5 74,0 | 14,3 | 363
& |2022 19.4 | 88,0 72,6 25,6 | 253 | 142,1 | 49,6 4.3

Evaluation of Erwinia amylovora attack. Based
on the visual observations related to Erwinia
attack, in the most resistant class we list:
'Isadora’, 'Argessis’, 'Euras’, 'Romcor’, "Triumf’,
'Monica’ (score 1 - no visible symptom). The
'Ervina’ variety presented the highest average
of the attack average of 1.6%, showed severe
fire blight symptoms only in 2022, when many
branches were damaged (Figure 1). The
symptoms were also registered at 'Williams',
'Packham’s Triumph’, 'Lucele’, 'Untoasa de
Feleac’ cvs. (Table 6).

Evaluation of Venturia pirina attack. The
results showed that there are enough sources
genes for resistance/tolerance to Venturia
pirina. Cultivars studied showed a very strong
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scab resistance, only one of them, "Tomnatice’,
was identified as sensitive to the pathogen
agent with the average of the three years equal
to 2.3 (Figure 2).

Figure 2. Pear scab symptoms on "Tomnatice’ cv.

Evaluation of Psylla attack. The studied
varieties showed different responses to this pest
attack. During the three years of study the
following cultivars have been heavily affected:
'Falcd rosie’, "Varatice’ with score average 3.3
for these three years of study, 'Xenia’ cv. (2.6),
'Williams’ cv. (2.3), 'Galbene tamaioase’ cv.
(2.6). In some scientific papers, '‘Beurre Bosc/,

'Conference’, 'Williams’, ’'Abatele Fetel’,
'‘Beurre Hardy’, 'Clap’s Favorite’, 'Passe
Crassane’ cvs. are considered susceptible

(Campbell, 2002) which partial confirm our
study.

Romanian varieties 'Isadora’ and 'Euras’
presented a strong resistance to Psylla. The
score average for all study period was equal to
1, no symptoms appeared on leaves or fruit.



Table 2. Infection assessment scale to fire blight on

branches (Lateur, 1999)

Table 5. Origin of pear cultivars included in evaluation at
RIGF Pitesti-Maracineni

Visual rating No Variety Origin
Score Observation in the orchard estimation 1 Aniversare Doynned’hiver x Curé
Incidence (%) 2 | Antig Local variety
1 |No visible symptom 0 3 Argessis Napoca x Butirra precoce Morettini
2 One or very few small infections, detectable [0-1] 4 Boieresti Local variety
only on close scrutiny of the tree 5 Busuioace Local variety
3 | Directly apparent infections without important [1-5] 6 Carpica Napoca x Butirra precoce Morettini
consequences for the tree 7 Codita Local variety
4 _|X X 8 Corina Passe Crassane x (B.c.Pyrus serotina x
5 Discase widespread over the branches, Olivier de Seres)x Decana de iarna
inducing the death or the ablation of a large +25 9 | Cristal (Rosior pietros x Decana de iarna) x
part of the crown Decana de iarna x Beurre Hardy
6 |X X 10 | Cu miezul rosu Local variety
7 | Heavy infection; about half of the crown is £ 50 11 | Daciana Napoca x Butirra precoce Morettini
badly affected with risk of ablation or death 12 | DecanaKrier Local variety
8 |X X 13 | Ervina (Pyrusserotina x Williams) x Napoca
9 | Maximum infection, trec completely affected, > 90 14 | Buras (B.c.Pyrus serotina x Olivier de Seres) x
nearly dead Decana de iarna
X = intermediate rating 15 | Falca rosie Local variety
16 | Fetita Local variety
Table 3. Global assessment scale for scab 17 | Galbene Local variety
infection on leaves and fruits tamaioase_ -
18 | Harbuzesti Local variety
(adapted from Lateur and Populer, 1996) 19 | Haydeea Beurré Hardy x Bourré six
Visual rating 20 | Imperiale Local variety
estimation 21 | Isadora Haydeea x Tse Li (Pyrusserotina)
Score Observation in the orchard Incidence | Severity 22 | Lucele Local variety
(%) (%) 23 | Lucii timpurii Local variety
1 No visible symptom 0 24 | Monica Santa Maria x Principe di Gonzaga
2 A few small scab spots are detectable <1 25 | Mustoase Local variety i
on close scrutiny of the tree = 26 | Napoca Dr. Jules Guyot x pollen mix (Clapp’s
Scab immediately apparent, with favorite, Beurr¢, Clairgeau, Williams,
3 lesions very thinly scattered over the >[1-5] - Pastravioare, Zaharoase de vara)
tree 27 | Nina de Visani Local variety
4 X X - 28 | Packham's Uvedalé’s St. Germain x Williams’ Bon
Infection widespread over the tree, Triumph Chrétien
5 majority of leaves/fruits with at least >50 <5 (control)
one lesion 29 | Paradevin Local variety
6 X >50 X 30 | Para lui Nita Local variety
Heavy infection; multiple lesion or 31 | Paradise H 26-67-73 x Pastravioare
more large surfaces covered by scab on 32 | Paradox Monica x Pastravioare
7 most leaves/fruits. Partial leaf fall; >50 +25 33 | Paramis Monica x Passe Crassane
some fruits with skin cracks in scabbed 34 | Pepenii Local variety
lesions 35 | Pere de iarnd Local variety
8 |X >50 X 36 | Pere gutui Local variety
9 Maximum infection, leaves black with 50 ~75 37 | Piperate de | Local variety
scab often fallen; fruits black with scab - toamni
X = intermediate rating 38 | Postatele Local variety
39 | Republica Doyenne d’hiver x Madame Levavasseur
Table 4. Psylla sp. on leaves and fruits 40 | Romcor Passe Crassane x (Pyrus ser_’otina x Olivier
de Serres) x Decana Comisiei
(adapted from Lateur, 1999) 41 | Rosii de iulie Local variety
Visual rating 42 | Sarsarii Local variety
Score Observation in the orchard estimation 43 | Santaliesti Local variety
Incidence (%) 44 | Tamadioasd mica Local variety
1 No visible symptom 0 45 | Tomnatice Local variety
, | Oneor very few foci, detectable only on [0-1] 46 | Triumf Napoca x Be_urré Giffard
close scrutiny of the tree 47 | Tudor (Pyrus serotina x Decana de iarna) x Passe
5 | Directly apparent foci without consequences [15] Crassanc) x 30-40 Angers
for the tree 48 | Untoasda de | Local variety
4 X X Ardeal
5 Number of foci widespread over the 195 49 | Untoasd de | Local variety
branches, inducing the curling of leaves Feleac
6 X X 50 | Untoasa de Targu | Local variety
7 Heavy infection; about half of the +50 M}Jre§ :
leaves/fruits is badly 51 | Varatice Local variety
8 X X 52 | Williams UK
9 Maximum infection, tree completely =90 53 | Xenia Triomphe de Vienne x Nicolae Krier
affected, nearly all organs with symptoms

X = intermediate rating
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Table 6. Mean score of fire blight attack

Table 7. Mean score of pear scab attack

No. Variety 2020 2021 | 2022 | Average No. Variety 2020 | 2021 | 2022 | Average
1 Aniversare 1 1 1 1.0 1 Aniversare 1 1 1 1.0
2 Antig 1 1 1 1.0 2 Antig 1 1 1 1.0
3 Argessis 1 1 1 1.0 3 Argessis 1 1 1 1.0
4 Boieresti 1 1 1 1.0 4 Boieresti 1 1 1 1.0
5 Busuioace 1 1 1 1.0 5 Busuioace 1 1 1 1.0
6 Carpica 3 1 1 1.6 6 Carpica 1 1 1 1.0
7 Codita 1 1 1 1.0 7 Codita 1 1 1 1.0
8 Corina 1 1 1 1.0 8 Corina 1 1 1 1.0
9 Cristal 1 1 1 1.0 9 Cristal 1 1 1 1.0
10| Cu miezul rosu 1 1 1 1.0 10 | Cu miezul rosu 1 1 1 1.0
11 Daciana 2 1 1 1.3 11 Daciana 1 1 1 1.0
12 | Decana Krier 1 1 1 1.0 12 | Decana Krier 1 1 1 1.0
13 | Ervina 1 1 3 1.6 13 | Ervina 1 1 1 1.0
14 | Euras 1 1 1 1.0 14 | Euras 1 1 1 1.0
15 | Falca rosie 1 1 1 1.0 15 | Falca rosie 1 1 1 1.0
16 | Fetita 1 1 1 1.0 16 | Fetita 1 1 1 1.0
17 | Galbene tamaioase 1 1 1 1.0 17 | Galbene tamaioase 1 1 1 1.0
18 | Harbuzesti 1 1 1 1.0 18 | Harbuzesti 1 1 1 1.0
19 | Haydeea 1 1 1 1.0 19 | Haydeea 1 1 1 1.0

20 | Imperiale 1 1 1 1.0 20 | Imperiale 1 1 1 1.0

21 Isadora 1 1 1 1.0 21 Isadora 1 1 1 1.0

22 | Lucele 2 1 1 1.3 22 | Lucele 1 1 1 1.0

23 | Lucii timpurii 1 1 1 1.0 23 | Lucii timpurii 1 1 1 1.0

24 | Monica 1 1 1 1.0 24 | Monica 1 1 1 1.0

25 | Mustoase 1 1 1 1.0 25 | Mustoase 1 1 1 1.0

26 | Napoca 1 1 1 1.0 26 | Napoca 1 1 1 1.0

27 | Nina de Visani 1 1 1 1.0 27 | Nina de Visani 1 1 1 1.0
28 | Packham's Triumph 2 2 1 1.6 28 | Packham's Triumph 1 1 1 1.0
29 | Parade vin 1 1 1 1.0 29 | Parade vin 1 1 1 1.0
30 | Para lui Nita 1 1 1 1.0 30 | Para lui Nita 1 1 1 1.0
31 | Paradise 1 1 1 1.0 31 | Paradise 1 1 1 1.0
32 | Paradox 1 1 1 1.0 32 | Paradox 1 1 1 1.0
33 Paramis 1 1 1 1.0 33 Paramis 1 1 1 1.0
34 | Pepenii 1 1 1 1.0 34 | Pepenii 1 1 1 1.0
35 | Pere deiama 1 1 1 1.0 35 | Pere deiarna 1 1 1 1.0
36 | Pere gutui 1 1 1 1.0 36 | Pere gutui 1 1 1 1.0
37 | Piperate de toamna 1 1 1 1.0 37 | Piperate de toamna 1 1 1 1.0
38 | Postatele 1 1 1 1.0 38 | Postatele 1 1 1 1.0
39 | Republica 1 1 1 1.0 39 | Republica 1 1 1 1.0
40 | Romcor 1 1 1 1.0 40 | Romcor 1 1 1 1.0
41 | Rosii de iulie 1 1 1 1.0 41 | Rosii de iulie 1 1 1 1.0
42 | Sarsarii 1 1 1 1.0 42 | Sarsarii 1 1 1 1.0
43 | Santaliesti 1 1 1 1.0 43 | Santaliesti 1 1 1 1.0
44 | Tamaioasd mica 1 1 1 1.0 44 | Tamadioasamica 1 1 1 1.0
45 | Tomnatice 1 1 1 1.0 45 | Tomnatice 1 5 1 23
46 | Triumf 1 1 1 1.0 46 | Triumf 1 1 1 1.0
47 | Tudor 1 1 1 1.0 47 | Tudor 1 1 1 1.0
48 | Untoasa de Ardeal 2 1 1 1.3 48 | Untoasa de Ardeal 1 1 1 1.0
49 | Untoasa de Feleac 1 2 1 1.3 49 | Untoasa de Feleac 1 1 1 1.0
50 Untoasa de Targu 1 1 1 10 50 Untoasa de Targu 1 1 1 1.0
Mures Mures
51 | Varatice 1 1 1 1.0 51 | Varatice 1 1 1 1.0
52 | Williams 2 1 1 1.3 52 | Williams 1 1 1 1.0
53 | Xenia 1 1 1 1.0 53 | Xenia 1 1 1 1.0
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Table 8. Mean score to Psylla attack

No. Variety 2020 | 2021 | 2022 | Average
1 | Aniversare 3 1 2 2.0
2 | Antig 2 1 2 1.6
3 | Argessis 3 3 2 2.6
4 | Boieresti 3 3 2 2.6
5 | Busuioace 2 2 2 2.0
6 | Carpica 3 2 2 23
7 | Codita 3 3 3 3.0
8 [ Corina 1 2 1 1.3
9 |[Cristal 2 1 2 1.6
10 | Cu miezul rosu 2 2 1 1.6
11 | Daciana 3 2 2 23
12 | Decana Krier 1 1 1 1.0
13 | Ervina 1 1 1 1.0
14 | Euras 1 1 1 1.0
15 | Falca rosie 5 3 2 33
16 | Fetita 3 1 1 1.3
17 | Galbene tamaioase 3 3 2 2.6
18 | Harbuzesti 3 3 2 2.6
19 | Haydeea 2 2 2 2.0

20 | Imperiale 3 3 2 2.6

21 |Isadora 1 1 1 1.0

22 | Lucele 2 2 2 2.0

23 | Lucii timpurii 3 3 1 2.3

24 | Monica 1 1 2 1.3

25 | Mustoase 3 3 3 3.0

26 | Napoca 3 3 2 2.6

27 | Nina de Visani 3 3 2 2.6
28 | Packham's Triumph 3 3 1 23
29 | Parade vin 2 2 1 1.6
30 | Para lui Nita 3 1 3 2.3
31 | Paradise 3 1 1 1.6
32 | Paradox 1 1 1 1.0
33 | Paramis 2 2 2 2.0
34 | Pepenii 1 1 1 1.0
35 | Pere de iarna 1 1 3 1.6
36 | Pere gutui 2 2 2 2.0
37 | Piperate de toamna 3 2 2 2.3
38 | Postatele 2 2 2 2.0
39 | Republica 2 1 2 1.6
40 | Romcor 2 1 1 1.3
41 | Rosii de iulie 3 3 3 3.0
42 | Sarsarii 2 2 2 2.0
43 | Santaliesti 3 2 1 2.0
44 | Tamaioasa mica 3 2 1 2.0
45 | Tomnatice 2 2 2 2.0
46 | Triumf 2 3 2 23
47 | Tudor 2 1 1 1.3
48 | Untoasa de Ardeal 2 2 2 2.0
49 | Untoasa de Feleac 3 2 2 23
50 | Untoasa de Targu Mures 3 2 2 23
51 | Varatice 5 3 2 33
52 | Williams 3 2 2 23
53 | Xenia 3 3 2 2.6

Figure 3. Proportion of genotypes with fire blight

symptoms
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Figure 4. Proportion of genotypes
with pear scab symptoms
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Figure 5. Proportion of genotypes
with pear Psylla attack symptoms

CONCLUSIONS

The different response of pear varieties to
diseases and pests attack, tested at RIFG
Pitesti, Romania denoted a large variability, a
strong influence of the genotype in the
expression of resistance or tolerance to the
Erwina amylovora, Venturia pirina and Psylla

sp. Also, the meteorological conditions
influenced the appearance of these pathogens
and pests.

The Romanian cultivar 'Isadora’ was noted for
high resistance to diseases and pest compared
to other cultivars tested in the same conditions.
For fire blight, 50 pear cultivars (94.34% of
studied genotypes), were registered with “no
visible symptom”.

From 53 studied genotypes, "Tomnatice’ was
the scab susceptible cultivar, only, which is not
recommended to be grown in climatic
conditions from Maracineni, Arges.

The response of the 53 genotypes studied to
Psylla attack was very different: 20.76% of
them with “no visible symptom”, 54.71% with
“one or very few foci, detectable only on close
scrutiny of the tree” and 24.53% was “directly
apparent foci without consequences for the
tree”.

Several cultivars registered with “no visible
symptom” and considered as



resistance/tolerance to diseases and pests could
be used for further pear breeding programs.
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Abstract

The soil and climate conditions in the North-East area of Romania are considered suitable for sweet cherry cultivation,
but sometimes problems may arise due to the intensification of global climate changes, mainly in terms of the water
component. This study was conducted during the year 2022 using three sweet cherry tree cultivars as biological
material: ‘Van’, ‘Andreias’ and ‘Margonia’ from Research Station for Fruit Growing (RSFG) lasi. The aim of this
research was to evaluate physiological aspects of the water regime of the sweet cherry tree by determining the rate of
dehydration, water content as well as the stomatal conductance of the leaves from different levels of the trees.
Physiological determinations were carried out in three different phenological stages according to Biologische
Bundesanstalt, Bundessortenamt and CHemical Industry (BBCH) scale: full flowering (BBCH 65), fruit growth (BBCH
75), and fruit ripening (BBCH 89) and were correlated with the registered climate data.

Key words: dehydration rate, Prunus avium L., stomatal conductance, water content.

INTRODUCTION

Sweet cherry (Prunus avium L.) is an important
fruit tree species in Romania and occupies an
area of 6,120 ha and an average production of
74,930 t/year (FAO, 2021) with a large
expansion in the following years through new
established plantations.

Production and survival of fruit trees in
temperate zones depend on phenophases and
time of growth in synchrony with temperature
seasonal changes. Recent research shows that
global climatic changes have influenced plants
especially in the development of phenological
stages (Ansari and Davarynejad, 2008; Balaci
et al., 2008; Sirbu et al., 2016). Many results
showed that climate change influence greatly
the plant’s growth and its development.
Meteorological factors restrict the biological
cycle as well as the plant’s productive potential
(Slabu et al., 2012).

Water and temperature stresses are the main
limiting factors in crop production worldwide
(Shah et al., 2011; Ozherelieva & Lyakhova,
2021). Low water availability and abnormally
high temperatures cause changes in plant
metabolism and lead to water exchange
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violation in plants, at early phenological stages,
transpiration and photosynthesis are affected,
efficiency of water use increases, while
senescence and fruit falling are stimulated
(Jitdreanu et al., 2009). Influenced by drought,
plants experience cell dehydration and suffer
from a considerable increase in the temperature
of their tissues; all having a direct impact on
photosynthesis (Toma et al., 2008) and an
indirect impact on the entire metabolism. By
changing the metabolism, the lack of water
affects productivity, taste of fruits, and wood
density (Ozherelieva & Lyakhova, 2021).

In plant species diversity, sweet cherry is a tree
species whose leaves with a larger open
stomatal pore area have a higher stomatal
conductance and typically higher rates of
photosynthetic CO> assimilation and water loss
through transpiration (Franks & Farquhar,
2007). However, plants must maintain their
hydration within narrow limits, and the high
transpiration rate causes the water potential to
decrease throughout the plant, which would
cause mesophyll damage and xylem embolism
during drought. Plants thus close their stomata
in response to the drop in leaf water potential
(McElwain, 2016; Henry et al., 2019).



The objective of this study was to evaluate the
behaviour of some sweet cherry cultivars based
on their phenological stages progress and on
the dynamics of the water regime in terms of
climatic conditions of the year 2022 in the
North-East (N-E) area of Romania.

MATERIALS AND METHODS

The experiments were performed during 2022
on three sweet cherry cultivars existing in the
germplasm fund from Research Station for
Fruit Growing (RSFG) Iasi - Romania. The
studied sweet cherry cultivars: ‘Van’,
‘Andreias’ and ‘Margonia’ were cultivated on
P. mahaleb L. seedlings rootstock.

The foliar dehydration rate was performed at 1,
2, 3, 4 and 24 hours intervals, determining the
total content of bound water, referring to the
percentage of water lost in the first hour and in
24 hours, depending also on the free water
content of the samples. Water content of plant
leaves was calculated by the formula:

Dszjc—'"x 100%, where: DR - foliar
0

dehydration, %; xo - the first weighing of the
leaf, g; Xi-n - leaf weight after certain periods of
time (one to 24 hours), g (Jitireanu & Marta,
2020).

Dry matter content in leaves was determined,
using the formula (Cupcea et al., 1965, cited by
Popoviciu, 2018):

DM = %X 100%, where: DM - Dry matter

content, %; m; - weight of fresh material, g and
ms- weight of oven-dried material, g.

Stomatal conductance (gs) measurements were
carried out simultaneously with leaf water
potential measurements, on the same trees by a
leaf porometer. Leaf samples were taken from
the sunexposed mature leaves of one year old
shoots from different sides of the selected
plants (Kii¢iikyumuk et al., 2015).
Physiological determinations were performed
on different phenological stages, according to
Biologische Bundesanstalt, Bundessortenamt
and Chemical Industry (BBCH) scale and
Meier et al. (1994) at: full flowering (BBCH
65), fruit growth (BBCH 75) and fruit ripening
(BBCH 89). The obtained results have been
interpreted in relation with climatic conditions.
The climatic data were recorded with the
AgroExpert system of the RSFG Iasi, Romania.
Some obtained results were statistically
analysed and the differences were determined
by Duncan's test (p < 0.05).

RESULTS AND DISCUSSIONS

The evolution of climatic factors under the
conditions of the year 2022, in the lasi area
(North-Eastern of Romania) was analyzed
every month and presented in Table 1.

Table 1. Climate condition at Iasi county during the experimental period (RSFG lasi-Romania, 2022)

Month Average annual temperature (°C) Total annual precipitation (mm)
Monthly av. Multiannual Deviation Monthly sum Multiannual Deviation

1 0.40 -3.30 -3.70 6.60 34.40 27.80

I 3.66 -1.50 -5.16 10.40 34.60 24.20
11 3.23 3.10 -0.13 56.94 28.90 -28.04
v 10.02 10.30 0.28 58.00 28.90 -29.10
\% 16.62 16.10 -0.52 17.40 27.40 10.00
VI 21.90 19.40 -2.50 26.60 28.10 1.50
VII 23.20 21.30 -1.90 27.80 40.30 12.50
VIII 22.50 20.50 -2.00 69.00 52.50 -16.50
IX 15.50 16.30 0.80 69.60 75.10 5.50
X 12.30 10.10 -2.20 12.60 69.20 56.60
XI 5.50 4.00 -1.50 69.20 57.60 -11.60
XII 1.40 -0.90 -2.30 16.20 40.80 24.60
Average/sum 11.35 10.64 -0.71 440.34 517.80 77.46
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The monthly average of air temperature and the
total amount of precipitation being established,
as well as the deviation from the multiannual
average. Thus, it was registered an annual
average of 11.35°C, with a deviation from
thermal multiannual average of 0.71°C.

The amount of precipitation recorded during
analyzed period had values of 440.34 mm and
was characterized by a deficit of 77.46 mm.
The months of interest for the pursuit of the
studied phenophases were March, April, May,

and June when the temperature was higher by
+2.87°C than the multiannual average and
precipitation deviation was higher with 45.64
mm although as annual average it was
pedological drought. The absence of rain and
the high diurnal and nocturnal temperatures
lead to the appearance of pedological,
atmospheric and physiological drought, thus
shortening the phenophases (Jitireanu et al.,
2009).
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Figure 1. Evolution of dehydration rhythm in full flowering phenophase
(65 BBCH sweet cherry cultivars, RSFG lasi, Romania, 2022)

The foliar dehydration rhythm was analyzed
and graphically represented as follows: full
flowering - 65 BBCH (Figure 1), fruit growth -
75 BBCH (Figure 2) and fruit ripening - 89
BBCH (Figure 3). In the flowering
phenological stage, the dehydration rhythm
drops from 97.72% (‘Van’), 85.30%
(‘Andreias’) and 86.74% (‘Margonia’) to
72.82%, 50.59% respectively, 46.69%, after 24
h. The most intense foliar rhythm of
dehydration was recorded in the phenophase of
fruit growth, recording differences of
approximately 45% during 24 hours (‘Van’)
(Figure 2). There are no evident differences
between the studied cultivars.

During fruit ripening phenophase, the foliar
dehydration rhythm was more intense at
‘Andreias’ cultivar, registering values of
31.67%.

The average values of the sweet cherry
cultivars studied recorded minimum values of
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the dehydration rate, in the phenophase of fruit
ripening, of 27.56% and maximum in the
phenophase of fruit growth, of 39.24%.

These results are in a close relation with
temperatures, normal for the period and with an
excess of precipitation.
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Figure 2. Evolution of dehydration rhythm in fruit
growth phenophase (75 BBCH sweet cherry cultivars,
RSFG Iasi, Romania, 2022)
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Figure 3. Evolution of dehydration rhythm in fruit ripening phenphase
(89 BBCH sweet cherry cultivars, RSFG lasi, Romania, 2022)

Averages of stomatal conductance
measurements made in different phenological
stages are shown graphically in Figure 4. The
stomatal transpiration rate decreased during the
fruit growth phenophase. Stomatal conductance
recorded the highest values in the fruit ripening
phenophase, between 14.73 (‘Van’) and
16.81 mol H,O/m?/s (‘Margonia’).

The lowest stomatal conductance values were
recorded in the phenophase of fruit growth,

when all physiological processes are intensified
and were between 7.01 (‘Van’) and 7.57 mol
H,O/m?%s (‘Margonia’).

The partial closure of stomata increases the
availability of water in the plant and decreases
dehydration stress in drought conditions (Henry
et al., 2019). The varied stomatal conductance
is a response of the trees to the water supply
relative to the needs of the plant and the
phenological stage (Downton et al., 1990).
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Figure 4. Stomatal conductance in different phenological stages
at sweet cherry cultivars (RSFG Iasi, Romania, 2022)

The dry matter content of the leaves of the
sweet cherry cultivars studied in three different
phenological stages is presented in Table 2.
The dry matter content values varied both
between cultivars and phenophases. Thus, the
highest dry substance content of the leaves was
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recorded in the phenophase of fruit ripening
(36.22% at “Van’ cultivar, 37.91% ‘Andreias’
cultivar and 35.52% ‘Margonia’ cultivar).
Statistically  significant differences were
highlighted between the flowering and fruit
ripening phenophases. On average, the lowest



amount of dry matter in the leaves was at ‘Van’
cultivar (29.09%) in flowering phenological
stage. The maximum accumulation of dry
matter in sweet cherry leaf tissues (36.55%)
due the natural aging of the leaves was also
accompanied by a decrease in water content,
which is primarily due to environmental
conditions.

Table 2. Dynamic of dry matter (%) content in the leaves
in different phenophases at sweet cherry cultivars
(RSFG Iasi, Romania, 2022)

Phenophase! ‘Van’? ‘Andreias’ | ‘Margonia’
65 BBCH 29.09° 33.40° 29.66°
75 BBCH 35.88¢ 30.81° 35.25°
89 BBCH 36.22% 37.91* 35.52*

Min. 29.09 30.81 29.66
Max. 36.23 3791 35.52
Average 33.74 34.05 33.48

1-BBCH-Phenological growth stages (Meier et al.,, 1994): 65 (full
fowering); 75 (fruit growth); 89 (fruit ripening);

2-Different letters after the number correspond with statistically
significant differences for p 5% - Duncan test.

Other authors note an average of dry matter
accumulation over the years, in drought
summer conditions of 38.6%, 2.8% higher than
in conditions of sufficient water availability, in
the case of cherry (Ozherelieva & Lyakhova,
2021) and plum trees (Prudnikov, 2022).

The dry matter content is taken as a parameter
associated with the optimal water regime and
which characterizes the metabolic processes.
The accumulation of dry matter by plants is the
result of the relation with environmental factors
and allow the assessment of growth and
development conditions.

CONCLUSIONS

The climatic conditions analysed during the
year 2022 had a favorable evolution in terms of
temperature and the amount of precipitation for
growth and development of the studied sweet
cherry cultivars.

The most intense foliar dehydration rate was
recorded in the phenophase of fruit growth and
development, when in terms of total rainfall, a
surplus was recorded.

The dry matter content of sweet cherry leaves
varied according to climatic factors and the
phenophase, being lower during periods with
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lower temperatures and abundant precipitation
and higher when temperatures are higher and
the precipitation quantitatively lower.

The optimal values regarding the sweet cherry
studied cultivars water regime indicators have
been in accordance with the phenological stage
and climatic conditions.

The results of this study could help to improve
the cultivation of sweet cherry, as well as other
Prunus fruit trees with similar phenology and
water stress behavior, not only in areas where
water is insufficient, but also in regions where
water availability is not a problem at the
present, even without additional irrigation.
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Abstract

In Dobrogea the culture of the peach tree has had great perspectives even from the beginning due to the extremely
favorable climate. The peach species loves warm weather and has always found good growing and harvesting
conditions in the south-eastern part of Romania. In this period, 7 Romanian and foreign peach tree cultivars were
studied at Research Station for Fruit Growing (RSFG) Constanta: ‘Mimi’, ‘Catherine sel.1’, ‘Springcrest’, ‘Raluca’,
‘Cardinal’ ‘Filip’ and ‘Cora’. This paper presents the manner in which certain peach tree cultivars reacted to frost in
the springtime of 2020, 2021 and 2022, as well as the effect of the hail on Jun 14th, 2022 on the peach production. The
greatest losses caused by the frost were registered in the spring-time of 2020 as far as the fructiferous buds are
concerned: 90% at ‘Springcrest’, 80% at ‘Cardinal’, 60% at ‘Raluca’ and ‘Filip’, 40% at ‘Mimi’, ‘Cora’ and
‘Catherine sel.1’, 20%. The losses caused by the hail on July 14th, 2022 affected the production of the ‘Springcrest’
cultivar by 80% and of the ‘Cardinal’ and ‘Cora’ by 70%. The climatic changes that have been registered throughout
the past 10 years have negatively influenced the culture of the peach tree and the effects have been classified according
to the cultivar and its biology, as well as to the topographic placement of the allotments. The studies that have been
carried out, together with the obtained results demonstrate the importance of choosing the cultivar assortment taking
into account the favorability of the area, as well as the importance of installing anti-hail nets when setting up fruit-
growing plantations

Key words: climate change, cultivar, hail, Prunus persica.

INTRODUCTION impact of climatic changes upon fruit-growing
species can already be felt. For instance, by the
This paper deals with the manner in which the  end of the 1990s, the flowering of the trees in
frost and the hail influenced the fruit  Germany was occurring several days earlier
production of certain peach tree and nectarine  (Chmielewschi et al., 2004 and 2005). The
tree cultivars cultivated in Dobrogea in the  vegetative season in Europe became longer by
years 2020, 2021 and 2022. 10 days in the past 10 years (Chmielewschi and
The frosts which occur in March and April  Rotzer, 2002). Due to the early flowering of the
after a relatively warm period are more  trees, in certain regions of Europe there was an
dangerous than those which occur during the  increase in the risk of damage caused by late
obligatory resting period (December-January). frosts (Anconelli et al., 2004; Sunley et al.,
The floriferous buds in the pink button stage 2006; Legave and Clazel, 2006; Legave et al.,
can resist to temperatures as low as -3.9°C for 2008; Chitu et al., 2004 and 2008) or by the
2-3 hours; the blossomed flowers can tolerate a  disorders in the pollination and fruit setting
temperature of -2.8°C, while the newly tied  processes (Zavalloni et al., 2006).
fruit can resist to temperatures as low as -1.1°C ~ According to the estimations of the weather
(Chira et al., 2005). forecasts, there have been presented in the
The species of peaches and nectarines develop frame of the 4th report of the International
well in the climatic and soil conditions of = Committee for Climatic Changes in the year
Romania, especially in the area of Dobrogea 2007, the whole Europe and implicit Romania
(Dumitru, L.M,, 2003; Mihailescu I. F.L. and will be confronted in future with a process of
Pavel M., 1993). global warming, characterized by increasing of
Previous research papers have revealed that the temperatures with 0.5-1.5°C for the period
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2020-2029 and with 2-5°C for the period 2029-
2099. In the period 2090-2099 Romania will
confront with pronounced drought during the
time of summer. Researches from many
countries, in the frame of climatic research
methodology have the approached aspects
regarding climatic changes effects on growth
and development of some fruit tree species
(Chmielewski and Rotzer et al., 2002; Olensen,
2002; Sunley et al., 2006; Chitu et al., 2010;
Sumedrea et al, 2009). Climatic changes
occurred also in Romania, they have
determined meteorological phenomena, which
are manifesting with augmented amplitude and
intense frequency (severe drought, intense
flooding, tornados, hail).

MATERIALS AND METHODS

The experimental plot is situated within the
RSFG Constanta, with its headquarters in the
village of Valu lui Traian, Constanta county,
Dobrogea region, Romania. The geographical
coordinates are: 44°10° North, 28°29° East, 70-
72 m altitude.

During the period of 2020-2027 peach tree
genotypes were studied, organised in a
demonstrative plot that was created in 2011.
The plot has 20 trees per row, with a planting
distance of 4m x 4 m (625 trees/ha), with the
canopy shape a vase and the rootstock a wild
Tomis 1. Among the studied cultivars there, as
well as cultivars promoted in the regional and
national assortment, these are: ‘Mimi’,
‘Catherine Sel.1’, ‘Springcrest’, ‘Raluca’,
‘Cardinal, ‘Filip’ and ‘Cora’. The system used
for the soil management system was with
cultivated strips both between the rows as well
as in the row. The soil is a calcareous
chernozem (CZka), with a loamy texture and a
high, alkaline pH (8.2) in its entire profile. All
in all, the climatic conditions were favourable
to the growth and fructification of the peach
trees. The applied culture technology is the one
specific  to the peach tree: pruning
phytosanitary treatments, soil works, irrigation,
harvesting, conditioning and capitalisation of
the fruit.

Due to climatic changes over the past few
years, the resistance of peach trees seems to
have become very different from one year to
another. However, there are other factors
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involved as well, such as the topographic
position of the orchard lot in which the peach
trees are planted (in the case of the studied
cultivars the land was the same - a plateau), the
alternation between minimum and maximum
temperatures during winter, which renders the
trees less resistant and last but not least, the
severity of climatic accidents.

The study focused on how certain peach tree
cultivars reacted to hail damage and change in
climatic conditions in the winters of the above-
mentioned years.

In addition, the overall climatic conditions were
favorable to the growth and fructification of the
trees, with exception of the years 2020-2022,
when a very strong frost was registered in both
April and March, leading to the loss of some of
the floriferous buds, while the hail on Jun 14th,
2022 affected the production of the Springcrest
and Cora cultivars. With regard to these
cultivars we observed the main fructification
phenophases: the beginning of the blossoming,
upon the appearance of the pink button; the
beginning of the flowering, upon the
appearance of the first open flowers; the ending
of the flowering, when most of the flowers
have lost their petals. The duration of the
flowering phenophase at a certain cultivar can
vary according to the action of the maximum
temperatures during the day and the intensity of
the wind, correlated with the degree of
differentiation of the trees (i.e. the amount of
flowers per tree). The intensity of the flowering
was graded on scale from 0 to 5 - 0 being used
when the cultivars displays no flowers at all,
while 5 is used when the cultivar displays a
plethora of flowers. The hardening of the core
was determined by means of piercing it with a
needle at regular intervals, usually 2 days. The
process was carried out progressively and
calendaristically, in the same day for all the
observed cultivars. The harvesting maturity is
largely influenced by a series of climatic and
agro-technical factors, such as: temperature,
drought, quantity of fruit per tree, shape of the
head, density of the trees, etc. The observations
and determinations were carried out 3-5 days
after the climatic accidents recorded in 2020,
2021 and 2022, respectively and the production
was assessed after the hail occurrence on July
11th, 2022. The hail, with a dimension of
approximately 5-20 mm, seriously damaged the



fruit production of some of the peach tree
cultivars, more exactly those who had not been
harvested until July 14th, 2022. The climatic
data were recorded with the aid of an automatic
meteorological station (the WatchDog type)
and were processed as daily averages.

RESULTS AND DISCUSSION

In the period 2020-2022 the blossoming of the
floriferous buds of the peach trees occurred

between the following limits: between 09.03
and 16.03 for the ‘Mimi’ cultivar, between
18.03 and 27.03 at the ‘Catherine Sel. 1’
cultivar, between 13.03 and 27.03 at the
‘Springcrest’ cultivar, between 23.03 and 30.03
at the ‘Raluca’ cultivar, between 22.03 and
28.03 at the ‘Filip, between 18.03 and 29.03 at
the ‘Cora’ cultivar. Calendaristically the
blossoming at the apricot tree occurred between
25.03 and 10.04 (16 days) in the studied years

2020-2022. (Table 1)

Table 1. The main stagers of fructfication and peach in the 2020-2022 period

The swelling The flowering
No. Cultivar | Year of the Ere . Duration InFen- The hardeng HarvesFlng
floriferous : Ending sity | of the stone maturity
buds nning (days)
1 |Mimi 2020 11.03 24.03 08.04 15 5 04.06 29.07
2021 09.03 22.03 04.04 14 5 10.06 27.07
2022 16.03 25.03 10.04 16 5 09.06 22.07
Limits
. 18.03- | 08.04-
? - - - -
?/x 09.03-16.03 24.03 14.04 14-16 5 04.06-10.06 | 22.07-29.07
2 |Catherine 2020 18.03 30.03 11.04 11 5 10.06 02.08
Sel. 1 2021 27.03 02.04 20.04 18 5 08.06 07.08
2022 22.03 05.04 24.04 19 5 17.06 15.08
Limits
- 18.03- 30.03- | 11.04-
? - - -
?/x 27.03 05.04 24.04 11-19 5 07.06-10.06 | 02.08-15.08
3 | Springcrest 2020 13.03 30.03 15.04 15 1 03.06 18.06
2021 27.03 28.03 16.04 18 2 08.06 16.06
2022 22.03 05.04 18.04 13 4 07.06 21.06
Limits
. 13.03- 28.03- | 15.04-
? - - - -
?/x 27.03 05.04 18.04 13-18 1-4 | 03.06-08.06 | 16.06-21.06
4 |Raluca 2020 26.03 04.04 17.04 13 2 06.06 18.07
2021 30.03 09.04 23.04 14 3 10.06 20.07
2022 23.03 20.04 28.04 8 4 08.06 24.07
Limits
. 23.03- 04.04- | 17.04-
? - - - -
?/x 30.03 20.04 28.04 8-14 2-4 | 06.06-10.06 | 18.07-24.07
5 |Cardinal 2020 22.03 05.04 20.04 15 2 07.06 15.07
2021 28.03 11.04 18.04 7 3 10.06 13.07
2022 23.03 20.04 30.04 10 3 08.06 18.07
Limits
e 22.03- 05.04- | 18.04-
? - - - -
?/x 28.03 20.04 30.04 7-15 2-3 | 07.06-10.06 | 13.07-18.07
6 |Filip 2020 22.03 09.04 19.04 10 4 07.06 17.07
2021 28.03 03.04 12.04 9 5 09.06 20.07
2022 25.03 05.04 12.04 7 5 10.06 22.07
Limits
e 22.03- 03.04- | 12.04-
? - - - -
?/x 28.03 09.04 19.04 7-10 4-5 | 07.06-10.06 | 17.07-22.07
7 |Cora 2020 18.03 01.04 10.04 10 5 07.06 20.06
2021 29.03 06.04 17.04 11 4 09.06 27.06
2022 25.03 18.04 27.04 9 5 10.06 25.06
Limits
o 18.03- 01.04- | 10.04-
? - - - -
?/x 29.03 18.04 27.04 9-11 4-5 | 07.06-10.06 | 20.06-27.06
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The beginning of the flowering. For all the
studied cultivars the beginning of the flowering
in the period 2020-2022 was recorded;
however, the cultivars entered this phenophases
at different times, albeit not necessarily
significant (a few days from one cultivar to the
next), so that mutual pollination was fully
ensured. The limits for this phenophase were
18.03 and 20.04.

The ending of the flowering. In the studied
period 2020-2022 the ending of the flowering
occurred between 08.04 and 14.04 for the
‘Mimi’ cultivar, between 11.04 and 24.04 for
the ‘Catherine Sel. 1’ cultivar, between 15.04
and 18.04 for the ‘Springcrest’ cultivar,
between 17.04 and 28.04 for the ‘Raluca’
cultivar, between 18.04 and 30.04 for the
‘Cardinal’ cultivar, between 12.04 and 19.04
for the °Filip’ cultivar, between 10.04 and
27.04 for the ‘Cora’ cultivar. The dates were
recorded as the days when the flowers lost their
last petals. The duration of the flowering at the
peach tree (average for the three studied years)
expressed in number of days varied between 7
days (the ‘Cardinal’ cultivar in 2021) and 19
days (the ‘Catherine Sel. 1’ cultivar in 2022).
The intensity of the flowering. In 2020, 2021
and 2022 the following cultivars displayed a
weak intensity of the flowering: ‘Springcrest’,
1 (2020), ‘Auras’, 2 (2012), ‘Springcrest’, 2
(2021) and ‘Raluca and Cardinal’, 2 (2020).
The hardening of the core. This phenophase
occurred in the first half of the month of June
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(between 3™ and 10%) in the years 2020, 2021
and 2022.

The harvesting maturity. Calendaristically,
each ripening period has large variation limits
from one year to another, depending on how
the climatic factors determine the type of
vegetation in a specific year: early, late or extra
late. The harvesting maturity of the fruit had as
variation limits the 16™ of June and the 15" of
August.

Figure la shows that the coldest month was
January 2020, with an average minimum
temperature of -2.5°C and an absolute
minimum temperature of -7.3°C. Although the
average minimum temperatures for the months
of March and April were positive, absolute
minimum temperatures of -5.6°C (17.03.2020)
and -4.3°C (3.04.2020) were recorded, which
caused the loss of floriferous buds.

Figure 1b shows that the coldest month was
February 2021, with an average minimum
temperature of -1.1°C and an absolute
minimum temperature of -13.4°C. In March, an
absolute minimum temperature of -5.5°C was
recorded (7.03.2021), which contributed to the
loss of fruit buds.

For the period January-April 2022, it can be
observed that the coldest month was March,
with an average minimum temperature of -
2.2°C and an absolute minimum temperature of
-7.5°C (Figure lc), which caused the loss of
fruit buds.
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Figure 1. a, b, c. Air temperature (°C) in October 2019-April 2020 (a), October 2020-April 2021 (b),
October 2021- April 2022 (c) at Valu lui Traian, Constanta

The observations were carried out with the aim
of assessing the losses of floriferous buds
because of temperature variations during winter
and the low temperatures during the day.

Thus, for the ‘Mimi’ cultivar the losses
recorded for 2020 were of approximately 40%,
42% for 2021 and 30% for 2022, there being
difference from one cultivar to another. The
winter frost caused losses for the ‘Catherine
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Sel. 17 cultivar of 20% in 2020, 30% in 2021
and 10% in 2022. For the ‘Springcrest’ cultivar,
the losses were of 90% in 2020, 80% in 2021
and 60% in 2022. The °‘Raluca’ cultivar
recorded losses of 60% in 2020, 24% in 2021
and 24% in 2022. For the ‘Cardinal’ cultivar,
the losses were of 80% in 2020, 70% in 2021
and 55% in 2022. The ‘Filip’ cultivar recorded



losses of 60% in 2020, 40% in 2021 and 30%
in 2022. The ‘Cora’ cultivar recorded

losses of 40% in 2020, 70% in 2021 and 30%
in 2022 (Figure 2).

We must bear in mind the fact that the losses
caused by the winter frost of 2020, together

with those caused by hoarfrosts and late frosts
were very severe, taking also into account the
surface of the Station’s orchards cultivated with
this cultivar.

% Buds perished in the years 2020, 2021, 2022, - trees planted on the same form of relief

¥ % buds perished 2020

Procentage of buds perished (%)
8

B % buds perished 2021

B % buds perished 2022
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0

Mimi Catherine Sel. 1 Springcrest

Raluca Cardinal Filip Cora

Varietie studied

Figure 2. Percentage of peach tree flowering buds perished due to frosts during the winter
0f 2020, 2021 and 2022 at Valu lui Traian, Constanta

A good resistance to frost during the winter of
the three studied years was displayed by the
peach cultivar, with the following percentages:
‘Catherine Sel.1’, 20% and ‘Raluca’, 24%
(Figure 3).

In these conditions, the ‘Cardinal’, and
‘Springcrest’ cultivars were more than 63-70%
damaged.

At R.S.F.G. Constanta, in the second week of
June 2022, more exactly on July 14" the
amount of precipitations was accompanied for

10 minutes by hail, which affected 80% of the
fruit production for the Springcrest cultivar (the
fruit were just beginning to ripe) and 70% for
the ‘Cardinal and Cora’ cultivar (Figures 4 and
5). The hail bruised the fruit, the shoots and the
stems, thus creating a good environment for
future infections and diseases. The bruises on
the fruit, despite some of them becoming scars,
diminished the commercial aspect and the
quality of the production.
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Figure 3. Percentage of peach tree flowering buds perished because of frosts
(average over the three years), Valu lui Traian
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CONCLUSIONS

The greatest production losses were recorded
for the “Springcrest’ cultivar in 2020 - 90% in
2021 - 80% and 60% in 2022.

The smallest losses during the three studied
years were recorded by the peach tree cultivars
‘Catherine Sel.1".

The hail from July 14, 2022, which lasted for
only 10 minutes, affected the ‘Springcrest’
cultivar (80%) and the ‘Cardinal and Cora’
cultivar (70%).

These cultivars were affected by the hail that
occurred on July 14" 2022, which facilitated
the development of moniliasis especially at
cultivars that were in full harvesting maturity.
In order to protect the trees from hail
occurrences we recommend that the orchards
be equipped with anti-hail nets.
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Abstract

The object of the researches were cherry trees of the Kordia variety grafted on the MaxMa 14 rootstock. The research
was carried out during 2021. To study the effect of the growth regulators Auxiger (1-naphthylacetamide (1-NAD - 1.5
g/l) and 1-naphthylacetic acid (1-NAA - 0.6 g/l)) and Gibbera, SL (gibberellins, 10 g/l mixture of GA4+7) on the degree
of fruit setting, development processes, fruit production and economic production efficiency, the following treatment
variants were experimented: 1. Control — no treatment; 2. Auxiger, 0.7 l/ha; 3. Gibbera, SL, 0.25 l/ha; 4. Gibbera, SL,
0.5 l/ha. The growth regulator Auxiger was administered only once, during the period of intensive fruit growth, when
their diameter reached 12-13 mm (14.05.2021), and Gibbera, SL in three rounds. The first treatment at the end of the
flowering phase (26.04.2021), and subsequent two at an interval of 7-10 days, (05.05.2021) and (14.05.2021),
respectively. In the reference period it was established that the degree of fruit binding, development processes, higher
fruit productions was recorded when treated with the growth regulator Gibbera, SL in a dose of 0.5 l/ha.

Key words: cherry, growth regulator, degree of binding, ripening period, production.

INTRODUCTION Most cherry varieties produce a high level of
ethylene during flowering. Ethylene has a
The cherry is a tree species adapted to the  negative influence on flowers, registering their
conditions of the temperate zone and has amajor ~ premature aging, which ultimately results in low
importance from an economic point of view. In  pollination and binding to flowers (Neamtu &
recent years, world production of cherries has Irimie, 1991).
grown rapidly due to the health benefits of their =~ We record cherry yields below the expected
consumption and high profits for producers level when there was inadequate pollination by

(Long et al., 2014; Pesteanu et al., 2018). insects in the plantation, low viability and
Cherries are a food, which contains high germination of pollen, unsuitable climatic
amounts of nutrients such as vitamin C, conditions for the uniform growth of the pollen
polyphenols, carotenoids, potassium and fibre,  tube, rapid senescence of ovules, lack of overlap
while being comparatively low in calories. of flowering with pollinators, or insufficient
Cherries are also rich in tryptophan, serotonin ~ number of pollinators. To solve the respective
and melatonin (Cimpoies, 2018). problems, it is necessary to plant 2 pollinating

In determining the importance of the crop,  varieties and increase the density of pollinating
cherry production and fruit size are the main trees (Budan & Gradinariu, 2000; Cimpoies,
indicators that growers pay attention to (Balan, 2018; Long et al. 2014; Long et al., 2020).

2015; Long et al., 2014). Cherry growers tend to In order to extend the period of successful
maximize plantation productivity, however,  pollination and increase the productivity of the
there is a negative correlation between yield per  plantation and the quality of the fruits, the use of
tree and fruit quality. In addition, the  growth regulators is recommended (Neamtu &
productivity of the cherry plantation can be quite Irimie, 1991; Pesteanu & Lozan, 2021; Sabir et
variable depending on the variety/rootstock  al. 2021). Different concentrations of growth
association, years and production areas (Budan  regulators administered at optimal times can
& Gradinariu, 2000). influence the degree of flower setting, fruit size,
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fruit shape, fruit firmness and weight, fruit
ripening period, including their handling (Zhang
& Whiting 2011).

There are multiple studies on the effects of
growth regulators in fruit trees, and the results
vary depending on the PGR, the time of
application, the concentration and even the
application technology. Gibberellins also play a
vital role in pollen germination, fruit formation
and cherry fruit development (Greene, 1988;
Zhang & Whiting, 2013).

Preharvest applications of gibberellins to
cherries increased fruit size and delayed
ripening (Kappel & MacDonald, 2007; Pesteanu
et al., 2018; Sabir et al., 2021; Stern et al., 2007)
Ovule viability and the degree of fruit set in
cherry can be influenced by treatment with GA3,
GA4+7 and the mixture of these gibberellic
acids. Compared to other GA isomers alone, the
combination of GA3 and GA4+7 improves
ovule longevity and increases cherry production
(Sabir et al., 2021).

The application of GA4+7 slows down the
senescence process of the leaves in the year of
application and increases the average weight of
the leaf blade compared to the control (Neamtu
& Irimie, 1991).

Gibbera SL growth regulator is recommended
especially for apple, but is now widely used in
other fruit species as well. The product contains
10 g/l gibberellic acids GA4 and GA7 and is
designed to support plants during flowering and
fruiting. Gibbera, SL stimulates the formation of
fruits, increases the number of buds, ovaries and
fruits, improves the growth and formation
processes, accelerates the ripening time,
increases the yield, as well as prevents cracking
and discoloration of the fruits, improves the
appearance and quality of the products
(Pesteanu & Lozan, 2021; TIlemrsny &
Kymnanuu, A., 2021). The objective of this
research was to evaluate the potential effects of
different concentrations of GA4+7 on the
increase in the number of bound ovaries and
fruits in the crown, the intensification of growth
processes and the maintenance of the
physiological balance in the crown of the tree,
the increase of the yield and the quality of
production in cherry plantations from the Kordia
variety, trees grafted onto MaxMa 14 rootstock.
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MATERIALS AND METHODS

The researches were carried out during the 2021
vegetation period in a cherry orchard, planted in
the spring of 2015 with annual trees in the form
of a rod. Trees of the Kordia cherry variety,
grafted on the MaxMa 14 rootstock, served as
the object of research. Planting distance 5.0 x 3.0
m. The trees were guided according to the usual
spindle crown system. In accordance with the
elaborated experience scheme, the following
variants were tested (Table 1).

The plots were placed randomly, consisting of 4
repetitions in each variant. Each repetition
consisted of 5 model trees. The boundaries
between the experimental plots were isolated
from the rest of the orchard by a row in which
no growth regulator treatments were applied. An
untreated tree was left between replicates to
prevent accidental spraying of treated trees with
other variants and surfaces during treatments.

Table 1. Experimental scheme for determining the
effectiveness of the growth regulator Gibbera, SL, for
stimulating growth-formation processes, accelerating the
ripening time of cherries

Method and date of

Activ substance S
application

Variants

Control - no
treatment

I-naftilacetamida
Auxiger LG - (1-NAD - 1,5 g/l) By spraying during the

0.7 Uha and acid 1- period of intensive fruit
’ naftilacetic (1- growth (14.05.2021)
NAA - 0,6 g/l)
i The first spraying,
Gibbera, SL - )
0 125 /e}:z at the end of the flowering
’ phase (26.04.2021), and
(IGO%H/)I’ two subsequent ones at an
Gibbera, SL - 08 interval of 7-10 days,
0,50 I/ha (05.05.2021) and

(14.05.2021), respectively

The treatment of the trees on the experimental
sector was carried out with the portable sprinkler
in the morning hours, when there was no wind.
The amount of solution expected when treating
a tree with the growth regulators studied to
stimulate the growth-formation processes,
accelerating the ripening time of cherries was
1.6 litres, resulting from the number of trees
per unit area and the amount of water
recommended by 1000 1/ha.



The researches were carried out in field and
laboratory conditions according to accepted
methods of conducting research on fruit crops
where the growth regulators were tested.

The leaf surface study was determined
according to the method described by V. Balan
(2009).

Average and total one-year growth length was
determined by measurements on 4 model trees
of each variety.

Observations to determine the degree of
flowering of the trees were carried out during the
white button period and after the fall of the
ovules at the beginning of June.

Cherry production was determined at the stage
of full fruit ripening by recording the weight.
The production from each tree was collected
separately and weighed, then the average
production for each variety was determined and
converted to tons per hectare.

Average fruit weight was determined by
weighing 100 fruits and then dividing the result
by 100, in four replicates.

The fruits were harvested in two periods, as they
ripened. The proportion of fruit harvested in the
first and second periods was determined by
weighing and counting for the model trees in
each replicate.

The economic efficiency of the production of
cherries of the Kordia variety was established by
the method of calculating the investments made
in the cherry plantation in the year 2021.

The obtained results were processed statistically
by the dispersion analysis method.

RESULTS AND DISCUSSIONS

Among the main photometric characteristics of
fruit plantations, the leaf area and the length of
annual growths are of particular importance,
since the productive potential of the orchard
depends on these indicators.

The obtained experimental data (Table 2)
demonstrate that the smallest leaf area within a
tree was recorded in the control variant -
10.8 m?/tree.

Treating the variant with the growth regulator
Auxiger LG at a dose of 0.7 I/ha resulted in an
insignificant increase in the leaf surface (11.1
m?/tree), i.e. a 2.8% increase compared to the
control variant.
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The use of the growth regulator Gibbera, SL in
doses of 0.25 1/ha and 0.5 1/ha increased the leaf
area compared to the control variant and the
variant treated with the growth regulator
Auxiger LG in a dose of 0.7 I/ha. In the case of
the variant treated with the growth regulator
Gibbera, SL, in a dose of 0.25 1/ha, the leaf
surface increased by 10.2% compared to the
control and by 7.2% compared to the variant
where the Auxiger LG product was administered
in dose of 0.7 I/ha.

When the variant was treated with the growth
regulator Gibbera, SL at a dose of 0.5 1/ha, the
leaf area increased to 12.6 m?/tree, or 13.6%
higher compared to the treated variant with the
growth regulator Auxiger LG in a dose of 0.7
1/ha and with 5.9%, respectively with the variant
treated with the product Gibbera, SL in a dose of
0.25 l/ha.

In the case of treatment with the growth
regulator Gibbera, SL in a dose of 0.25 1/ha and
0.5 1/ha, the difference between the studied
variants of this index was 0.7 m*/tree, which was
also confirmed by statistical data of
mathematical processing.

To obtain stable productions, fruit plantations
must form 25-30 thousand m*/ha of leaf surface.
The conducted research demonstrates that in the
control version, without treatment, the smallest
leaf area was recorded - 7.2 thousand m?/ha.
The use of the growth regulator Gibbera, SL at a
dose of 0.25 and 0.5 I/ha resulted in an increase
in leaf area compared to the control variant. In
the case of the variant treated with the growth
regulator Gibbera, SL, in a dose of 0.25 1/ha, the
leaf surface per surface unit increased by 0.7
thousand m?/ha compared to the control variant
and by 0.5 thousand m? /ha compared to the
variant where the Auxiger LG product was
administered in a dose of 0.7 I/ha.

The leaf area registered in the variant treated
with the growth regulator Gibbera, SL in a dose
of 0.5 I/ha increased the index in the study by 1.2
thousand m*/ha compared to the control variant,
and in the case of the variant Auxiger LG in a
dose of 0.7 /ha, with 1.0 thousand m?*/ha.

The development of annual growth is another
important indicator that changes under the
influence of the studied growth regulators.
Stresses during the growing season, such as:
drought, high temperatures, insufficient soil
moisture, blocking the activity of mineral



elements, aggravate the physiological processes
in plants and slow down the development of
annual growth. Only treatment with growth
regulators can contribute to the improvement of
biochemical processes in the plant and a more

uniform  development of  physiological
processes.

The study carried out on the average and
summed length of one-year increases

demonstrates that the growth regulators used in
the research influence the studied indicator in a
different way (Table 2).

The lowest value of the average length of the
annual growth was registered in the control
variant, without treatment - 80.0 ¢cm, and the
most developed branches in the variants treated
with the growth regulator Gibbera, SL in a dose
of 0.5 I/ha.

The research carried out proves that the average
length of the annual growths in the variant
treated with the growth regulator Auxiger LG in
a dose of 0.7 I/ha was 82.0 cm, which represents
an increase of 2.5% compared to the control
variant.

In the case of the variant treated with growth
regulator Gibbera, SL at a dose of 0.25 I/ha, the
average length of annual growth increased by
7.4% compared to the variant Auxiger LG at a
dose of 0.7 1/ha and with 10.0% compared to the
control variant.

Table 2. Influence of growth regulators on leaf area and
annual growth in the Kordia variety cherry plantation

Leaf surface Length of annual
. growths
Variants thousan
2
m?*/tree ds m¥ha cm m/tree
Control 10.8 72 80.0 20.0
Auxiger LG - 0.7 11.1 74 82.0 20.5
I/ha
Gibbera, SL - 0.25 119 7.9 88.0 22.0
1/ha
Gibbera, SL-050 | 5 ¢ 8.4 94.0 235
1/ha
LDS 0,05% 047 0,36 3.9 0,94

The use of the growth regulator Gibbera, SL in
a dose of 0.5 l/ha, led to obtaining the highest
values (94.0 cm) of the average length of the
annual growths, being 6.9% higher compared to
the variant treated with the growth regulator
Gibbera, SL at a dose of 0.25 1/ha, by 14.7%
with the variant Auxiger LG at a dose of 0.7 1/ha
and by 17.5% compared to the control variant.
These results are also proven by statistical data.
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The summed length of one-year growths
correlates with the number and average length of
one-year branches formed in the crown of the
tree, which changes under the influence of the
treatments with the studied growth regulators.
Lower values of the total length of annual
growth during the study period were recorded in
the control variant, and higher in the variants
treated with the growth regulator Gibbera, SL in
a dose of 0.5 I/ha. If in the control version the
total length of annual growth was 20.0 m/tree, in
the version treated with the growth regulator
Auxiger LG, in a dose of 0.7 Vha - 20.5 m/tree,
then in the versions where the product Gibbera,
SL was administered in a dose of 2.5 and 0.5 1/ha
- 22.0 and 23.5 m/tree, respectively. This
phenomenon is explained by the fact that the
variants treated with the growth regulator based
on gibberellic acid improve the physiological
processes that take place during the intensive
growth of the shoots, namely during the months
of May-June.

The results recorded in the version treated with
the growth regulator Gibbera, SL in a dose of
0.25 1/ha show that the total length of annual
growth decreased compared to the version
treated with the growth regulator Gibbera, SL in
a dose of 0.5 I/ha by 1.5 m/tree, but increased
compared to the version where the Auxiger LG
product was used in a dose of 0.7 I/ha by 2.0
m/tree, and compared to the control version by
3.5 m/ tree.

The study carried out in the spring of 2021
showed that in the crowns of cherry trees of the
Kordia variety, a sufficient number of flower
buds were differentiated and no significant
deviations were observed on the variants taken
in the study, ranging from 7990 pcs/tree in the
case the variant in which the treatment with the
growth regulator Gibbera, SL in a dose of 0.5
I/ha was foreseen and it increased to 8020
pieces/tree in the variant Gibbera, SL in a dose
of 0.25 1/ha (Table 3).

The treatments carried out in accordance with
the research program demonstrated that in the
variants treated with the growth regulator
Gibbera, SL in a dose of 0.25 and 0.5 1/ha,
allowed the formation of a different number of
fruits in the crown of the trees.

A smaller number of fruits in the crown of
cherry trees of the Kordia variety was recorded
in the control variant - 1786 pcs/tree and in the



variant treated with the growth regulators
Auxiger LG in a dose of 0.7 I/ha - 1800 pcs/tree.
The number of fruits in the variants treated with
the growth regulator Gibbera, SL, based on
gibberellic acid, varied from 1900 to 2023
pes/tree, i.e. there was an increase of 6.4 - 13.3%
compared to the control variant.

Examining separately the effect of the growth
regulator on the number of fruits formed in the
crown of cherry trees of the Kordia variety, it is
observed that approximately identical values as
in the control variant were recorded in the
variant treated with the growth regulator,
Auxiger LG in a dose of 0.7 1/ha - 1800 pcs/tree.
This phenomenon is explained by the fact that
treatment with this growth regulator is
recommended only once during the period of
intense fruit growth (fruit diameter of 12-13
mm) and has no positive effect on increasing the
degree of binding and the number of fruits from
the crown of trees of the Kordia variety.

Table 3. The influence of growth regulators on the
number of fruits and the percentage of their binding in
the crown of cherry trees of the Kordia variety

Number of Number of Binding
Variants flowers, fruits, percentage,
pes./tree pes./tree %
Control 8009 1786 23
Auxiger LG LG -
0.7 Vha 7995 1800 22.5
Gibbera, SL - 0.25 8020 1900 237
I/ha
Gibbera, SL - 0.50 7990 2023 253
I/ha
LDS 0.05% 375 84,1
The obtained results demonstrate that

gibberellic acid GA4+7 has a positive effect on
the number of fruits formed in the crown of
cherry trees. In the case of using the growth
regulator Gibbera, SL in a dose of 0.25 1/ha, the
number of fruits formed was 1900 pieces/tree,
which represents an increase of 6.4% compared
to the control variant and 5.6 % in the case of the
Auxiger LG variant in a dose of 0.7 1/ha.

In the case when the trees were treated with the
growth regulator Gibbera, SL in a dose of 0.5
I/ha, there was a 13.3% increase in the number
of fruits tied in the crown of the trees compared
to the control variant. Compared to the variant
treated with the growth regulator Auxiger LG at
a dose of 0.7 I/ha, this indicator increased by
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12.3%, and compared to the variant Gibbera, SL
at a dose of 0.25 I/ha, with 6.5%.

This increase in the degree of flower binding in
the variants treated with the growth regulator
based on gibberellic acid GA4+7, Gibbera, SL in
a dose of 0.25 and 0.5 I/ha also influenced the
obtaining of a greater number of fruits in the
crown of trees of the Kordia variety compared to
the control variant and the variant treated with
the growth regulator Auxiger LG at a dose of 0.7
I/ha.

Lower values of the degree of fruit set was
recorded in the control variant (22.3%), which
in turn was followed by the variant treated with
the growth regulator Auxiger LG in a dose of 0.7
1/ha (22.5%).

The variant treated with the growth regulator
Gibbera, SL in a dose of 0.5 1/ha recorded the
highest values of the index in the study (25.3%),
and in the case of the treatment dose of 0.25 1/ha
the weight of the fruits. bound decreased
(23.7%), i.e. an average value was recorded
between the previous variants and the control
variant.

The results obtained do not allow to conclude
that the treatment with the growth regulator
based on gibberellic acid GA4+7, Gibbera, SL in
a dose of 0.5 1/ha had a positive impact on the
stimulation of fruit shapes, respectively on the
binding percentage of them. in the crown of the
tree and finally on the number of fruits formed.
It was suggested to study yield and average fruit
weight, as there are dogmas in the literature that
if trees are treated with a growth regulator whose
active ingredient is gibberellic acid (GA4+7),
fruit development is blocked, production in
within a tree and per unit area is reduced and can
negatively influence the differentiation of fruit
buds for the next year, i.e. a weaker flowering is
expected. Other studies show conflicting results
compared to the hypothesis mentioned above.
The studies carried out demonstrated that the
studied growth regulators, Auxiger LG and
Gibbera, SL positively influence the average
fruit weight and production in general.

The average fruit weight in the studied variants
underwent insignificant changes and was
correlated with the number of fruits obtained
within the tree and the growth regulator used in
the treatment.

The investigations carried out highlight the fact
that higher values of the average weight of the



fruits were recorded in the Auxiger LG version
in a dose of 0.7 1/ha - 9.4 g. In the control ver-
sion, the average weight of the fruits was 8 .9 g.
Productivity is an indicator that shows how all
agronomic measures have been applied in the
Kordia cherry orchard.

The previously presented results showed that the
highest number of fruits was obtained in the
variants in which treatments were carried out
with the growth regulator based on gibberellic
acid GA4+7, Gibbera, SL in a dose of 0.25 and
0.5 I/ha, 1900 and 2023 pcs/tree, respectively,
compared to the other variants (tab. 3).
Consequently, the average fruit weight
decreased insignificantly in these variants,
where it constituted 8.9 and 8.7 g, respectively
(Table 4).

Table 4. The influence of the growth regulator on the
number of fruits, the average weight and the production
of cherries of the Kordia variety

Avera | Fruit production In %
Number e compar
Variants of fruits, weigh | ke/ Fruit ) ed to
pes/tree ¢ troe producti control
- & on, t/ha
Control 1786 8.9 159 10.6 100.0
Auxiger LG -
0.7 Uha 1800 9.4 17.3 115 108.5
Gibbera, SL -
025 Vha 1900 8.9 16.9 11.3 106.6
Gibbera, SL -
0.50 Uha 2023 8.7 17.6 11.7 110.4
LDS 0.05% 87 0.22 0.73 0.49

In the case of using the growth regulator
Gibbera, SL in a dose of 0.25 1/ha, the average
fruit weight was at the same level as in the
control variant, but the number of fruits was
much higher, which proves that the products
based on of gibberellic acid have an influence on
the average weight of the fruits and the yield of
the trees.

Because, the control variant, recorded a reduced
number of fruits within the crown of the trees,
respectively, in this variant, lower productions
were obtained per tree (15.9 kg) as well as per
surface unit (10.6 t).

The investigations carried out highlight the fact
that the treatment carried out with the growth
regulator Gibbera, SL in a dose of 0.25 l/ha,
recorded lower values of fruit production
compared to variants 2 and 4, but higher
compared to the control variant, constituting
16.9 kg/tree and 11.3 t/ha, respectively.
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In the variant treated with the growth regulator
Auxiger LG at a dose of 0.7 I/ha, due to the
lower number of fruits per tree and the
significant increase in the average fruit weight,
it had a positive impact on the production
obtained per tree (17.3 kg) and productivity per
surface unit (11.5 t/ha), a fact also confirmed by
statistical data. The values obtained in the
respective variant were approximately equal to
those recorded in the variant treated with the
growth regulator Gibbera, SL in a dose of 0.25
1/ha.

The investigations carried out highlight the fact
that the variant treated with the growth regulator
Gibbera, SL in a dose of 0.5 1/ha registered a
slight decrease in the average weight of the fruits
compared to the other variants, and due to the
greater number of fruits recorded a significant
increase in production per tree (17.6 kg) and per
surface unit (11.7 t/ha).

In the case of the study of the effect of the
treatment dose on the recorded yield, the
difference between the variants treated with the
growth regulators Auxiger LG in the dose of 0.7
1/ha and Gibbera, SL in the dose of 0.5 1/ha is not
recorded, which is also confirmed by statistical
data.

That is, the difference between the fruit
production obtained between the control variant
and the variant treated with the product Auxiger
LG in a dose of 0.7 1/ha was 8.5%, in the variant
Gibbera, SL in a dose of 0.25 I/ha - 6.6%, and in
the Gibbera version, SL in a dose of 0.5 1/ha, the
corresponding value reached 10.4%.

The optimal moment for harvesting cherries is
considered ripe for consumption, because after
the fruit is easily separated from the fruit
formation, no physiological process takes place
in it to improve its quality.

In 2021, the flowering of the cherries was
triggered over a longer period of time and
therefore the ripening was more staggered.
Therefore, the cherries were harvested in two
stages, when they had the characteristic color of
the variety and a better flavor.

The investigations carried out highlight the fact
that the treatment of the experimental variants
with the growth regulators Auxiger LG in a dose
of 0.7 1/ha and Gibbera, EW in a dose of 0.25
and 0.5 1/ha influenced the coloring of the fruits.
The proportion of fruits harvested in the first and
second pass of the picker is considered to be the



most important indicator for that species. The
obtained results show that in the control version,
67.5% of the fruits were harvested in the first
harvest period (07.05.2021), and the rest, 32.5%
in the next installment (07.08.2021) (Table 5).

Table 5. The influence of the growth regulator on the
weight of fruits of the Kordia variety collected when
reaching the optimal harvest period, %

Harvesting period
Variants
05.07.2021 08.07.2021
Control 67.5 325
Auxiger LG - 0.7 I/ha 89.5 10.5
Gibbera, SL - 0.25 I/ha 87.4 12.6
Gibbera, SL - 0.50 I/ha 92.4 7.6

Treating the trees with the growth regulator
from the Auxiger LG variant in a dose of 0.7 'ha
increased the weight of the fruits harvested at the
first pass to 89.5%, an increase of 22.0%
compared to the control variant. At the second
collection, the share of harvested fruit was
10.5%.

Variants treated with the growth regulator
Gibbera, SL, at a dose of 0.25 and 0.5 1/ha, also
had a positive impact on the weight of fruits
harvested at the first harvest.

If the trees were treated with the growth
regulator Gibbera, SL in a dose of 0.25 I/ha, the
proportion of fruits harvested at the first pass
was slightly lower (2.1%) than in the variant
treated with the growth regulator growth
Auxiger LG in a dose of 0.7 I/ha and which was
87.4%.

The highest proportion of cherry fruits harvested
at the first harvest was recorded in the version
treated with the product Gibbera, SL in a dose of
0.5 1/ha, where this indicator constituted 92.4%
and 7.6%, respectively, of fruits from the crown
of trees.

The economic efficiency of cherry production
depends on some strict economic rules that
allow to minimize production costs.

The investigations carried out highlight the fact
that the growth regulators Auxiger LG and
Gibbera, SL had a positive influence on the
weight of the bound fruits and the productivity
of the plantation, which allowed to obtain a
higher sales income compared to the control
variant.
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In the case of the control variant, the income
from sales was 307.4 thousand lei/ha, when
treated with the growth regulators Auxiger LG
and Gibbera, SL, this figure recorded values of
339.0 - 351.0 thousand lei/ha. Higher values of
the income from sales were registered in the
Gibbera, SL version in the dose of 0.5 1/ha -
351.0 thousand lei/ha. Next, in decreasing order
are the variants treated with the growth
regulators Auxiger LG in a dose of 0.7 l/ha -
342.0 thousand lei/ha and Gibbera, SL in a dose
0f 0.25 I/ha - 339.0 thousand lei/ha (Table 6).

Table 6. Economic production efficiency of cherry fruits
from the Kordia variety in the case of treatment with
growth regulators

Sales income, Cgst;.)f Profit, The
Variants thousands of production, | ¢ susands profitability,
X thousands of .

lei/ha lei/ha of lei/ha %
Control 307.4 100.4 207.0 206.2
pumeerlG- | 5a0 1070 | 2350 | 21956
OGlzb;’f/f; SL- 339.0 105.5 2335 | 2213
S‘sbé’f/f; SL- 351.0 1072 2437 | 2271

The investigations carried out highlight the fact
that for the treatment with the growth regulator
Gibbera, SL in the dose of 0.25 l'ha - 0.3
thousand lei/ha was invested in the procurement
of the product, for the variant Gibbera, SL in the
dose of 0.5 1/ha - 0.6 thousand lei/ha, and when
treated with the growth regulator Auxiger LG in
the dose of 0.7 1/ha - 1.4 thousand lei/ha.

The lowest production cost was recorded in the
control version - 100.4 thousand lei/ha. In the
version treated with the growth regulators
Gibbera, SL in a dose of 0.25 1/ha, the studied
indicator was 105.5 thousand lei/ha. The
treatment with the growth regulators Auxiger
LG in a dose of 0.7 1/ha and Gibbera, SL in a
dose of 0.5 1/ha had a significant impact on the
production cost (107.0-107.3 thousand lei/ha),
as the additional investment to purchase the
product and collect the additional fruit took its
toll compared to previous variants.

The profit of the product is directly related to its
sales revenue and production cost. Lower profit
values were recorded in the control version -
207.0 thousand lei/ha, and higher in the version
treated with the growth regulators Gibbera, SL
in a dose of 0.5 1/ha - 243.7 thousand lei/ha. The



variants treated with the growth regulators
Gibbera, SL in a dose of 0.25 I/ha and Auxiger
LG in a dose of 0.7 1/ha, recorded a profit of
233.5 and 235.0 thousand lei/ha, respectively.
The effectiveness of the treatment with the
growth regulator Gibbera, SL in the dose of 0.5
I/ha is also confirmed by the Ilevel of
profitability. While the level of profitability of
the control variant was 206.2%, in the case of
the use of growth regulators the indicator in the
study varied from 219.6 to 230.0%, but
maximum values were recorded in the variant
treated with the product Gibbera, SL in a dose of
0.5 I/ha - 227.1%.

CONCLUSIONS

Based on the experimental results, the growth
regulator Gibbera, SL can be included in the
technological scheme of cherry plantation
cultivation to increase the degree of fruit
binding, intensify the processes of growth and
formation, and accelerate the ripening of cherry

fruits in the dose of 0.5 1/ha, applied 3 times by
foliar treatment. The first treatment to be carried
out at the end of the flowering period, and the
next 2 at an interval of 7-10 days after the
previous one.
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Abstract

Aronia fruits (Aronia melanocarpa) are very rarely used in the Romanian diet, although they have the highest antioxidant
properties of all fruits. Therefore, the objectives of this study were to evaluate the bioactive compounds and antioxidant
activity of fresh aronia juice and dried fruit residues. The antioxidant activity of the samples was determined by DPPH
assay. Total antioxidant capacity was evaluated by the phosphomolybdate method. The content of polyphenols, flavonoids
and anthocyanins in the aronia samples was also investigated. The results showed that fresh aronia juice contains the
highest levels of phenols, flavonoids and antioxidant activity. A high level of anthocyanins was found especially in the
dried fruit residues. These results demonstrate the potential of Aronia melanocarpa as a healthy and nutritionally rich
dietary food with many functionalities and benefits.

Key words: Aronia melanocarpa, phenols, flavonoids, anthocyanins, antioxidant activity.

INTRODUCTION (Ljubuncic et al., 2005; Martini et al., 2009).

Therefore, aronia leaves might contain bioactive
Aronia (Aronia melanocarpa), commonly called ~ compounds and have biological effects resulting
black chokeberry, belongs to the Rosaceae  from the polyphenols, flavonoids, and
family and is a shrub native to North America  chlorophylls that they contain. Other studies
whose fruits are highly sought after and valued focused on the juice of the aronia fruit (Sainova
for their wonderful therapeutic properties. etal.,2012; Kim et al.,2013; Sharif et al., 2013),
Aronia was introduced in Europe about a aronia leaves (Nhuan Do Thi & Eun-Sun
century ago (Kulling & Rawel, 2008; Sainovaet =~ Hwang, 2014) and on Aronia wastes obtained
al.,, 2012; Kim et al., 2013). Aronia culture, after juice extraction because these products
relatively new in our country, is conquering  contain many phenolic compounds, including
more and more farmers, especially those with  anthocyanins (D’Alessandro et al., 2013).
not very large plots of land. Thus, they may have =~ Anthocyanins are phenolic compounds which
the opportunity to come to the market with some  are  water-soluble  pigments. They are
fruits quoted at a better price and recognized for ~ responsible for imparting a variety of colors to
their extraordinary therapeutic properties. The  the plants like orange, red, pink, blue and purple.
components of the plant contain several useful It is well known that anthocyanins possess

bioactive compounds such as polyphenols, antioxidant activity and have different other
flavanols, and anthocyanins (Kulling & Rawel, = pharmacological properties. Anthocyanins can
2008; Sharif et al., 2013; Malinowska et al., be used industrially as natural colors and can be
2013) with a positive effect on the human health. used for a wide variety of foods, cosmetics, and

Previous studies on aronia have reported that the ~ drugs. As a natural product, anthocyanins are
leaves of several Aronia species are used in  good for health due to their antioxidant
traditional medicine because of their anti- properties and may have a role in immunity by
inflammatory, antiviral, antimicrobial, and  boosting our immune system (Wegdan et al.,
antiproliferative activities against cancer cells 2020). Data on the antioxidant activity and
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phenolic content of chokeberry have been
reported in several studies (Oszmianski &
Wojdylo, 2005; Jakobek et al., 2007; Denev et
al., 2012).

In this context, the aim of this study was to
evaluate the content of total phenolics, fla-
vonoids, and anthocyanins as well as antioxidant
properties of chokeberry fresh juice and dried
residue material.

MATERIALS AND METHODS

Plant material. The fresh chokeberry fruits of
the 'Melrom' variety were purchased from the
Research and Development Station for Fruit
Tree Growing Baneasa, Bucharest (Figure 1).

Figure 1. Fresh fruits of Aronia melanocarpa
“Melrom” variety

Samples preparation. 60 g of fruits were
weighed and blended to obtain juice. The aronia
residue was dried at 100°C until 1 g of dry
substance was obtained. Then 1 ml of juice and
1 g of dry material were each mixed with 10 ml
of methanol acidified with 2% HCI. The
obtained fresh juice and the acidified methanol
extracts were used for the determination of the
total phenolic content (TPC), total flavonoids
(TFC), total anthocyanins (TA), as well as for
the determination of the antioxidant activity.

Determination of total phenolics. For
determination of TPC, a method with Folin-
Ciocalteu reagent (Sigma-Aldrich) (Singleton,
1999) was used. An aliquot (20 pL) of diluted
chokeberry sample or standard solutions of
gallic acid (25-500 mg/L) was mixed with 1580
puL of distilled water and 100 uL of Folin-
Ciocalteu reagent. A volume of 300 pL of
sodium carbonate solution was added to the
mixture. After incubation at room temperature
for 2 h, the resulting absorbance was measured
by the spectrophotometer (Eppendorf UV-Vis)
at the wavelength of 765 nm against the blank
sample, which was used as reference. The
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results were calculated according to the calibra-
tion curve for gallic acid as follows: y = 0,0012x
+0,0153; R =0,9994 (Figure 2), where: y is the
absorbance at 765 nm and x is the concentration
of gallic acid in mg/L; R2=0.9994. Total
phenolics were expressed as mg of gallic acid
equivalents (GAE) per 1 of chokeberry juices
and as mg of GAE per g of dry matter (dm).

Gallic acid standard curve
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Figure 2. Gallic acid standard curve
and the regression equation

Determination of total flavonoids content.
The total content of flavonoids in the samples
was determined by the colorimetric method with
aluminum chloride (Chang et al., 2002). Quercetin
was used as a standard agent, and the total
flavonoid content was expressed in pug quercetin
equivalent/ml. The reaction mixture consisted
of: 1 ml sample/standard, 3 ml methanol, 200 pl
AICl3, 200 pl 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 mg/ml) (Figure 3) and as mg
of QE per g of dry matter (dm).

Quercetin Standard Curve
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Figure 3. Quercetin standard curve
and the regression equation



Determination of total anthocyanins content.
Total anthocyanins content (TA) was carried out
using the pH differential spectrophotometric
method (Giusti & Wrolstad, 2000). Each sample
was diluted 10 times to a final volume of 2 ml in
two buffer solutions: potassium chloride buffer
0.025 M (pH 1.0) and sodium acetate buffer 0.4
M (pH 4.5). The diluted portions were filtered
using PTFE membrane filters (0.2 mm). After
filtration the absorbance of each diluted solution
was measured at 520 nm against distilled water
as blank and corrected for haze by measuring the
absorbance at 700 nm. TA in juice was
calculated according to the following formula
and expressed as mg cyanidin-3-glucoside
equivalents (CGE) per ml of chokeberry
samples and as mg of CGE per 100 g of dm:

Ax Mw x DF x 103

Exl
Where:

A (Abs) = (As20 nm— A700 nm)pH 1.0 — (4520 nm — A700 nm) pH 4.5;

MW (molecular weight) = 449.2 g/mol for
cyanidin-3-glucoside; DF (dilution factor) = 10;
1 (pathlength) in cm; & (molar extinction
coefficient) = 26,900 L x mol™' x cm™ for
cyanidin-3-glucoside; and 10° = conversion
factor for g to mg.

Antioxidant activity

DPPH method. The free radical scavenging
activity of the samples taken in the study was
determined with 1, 1-diphenyl-2-picrylhydrazyl
(DPPH), described by Braca et al. (2001). A
volume of 200 pl of each sample of different
concentrations (10-100 pg/ml) with 2 ml of
0.004% methanol solution of DPPH (0.1 mM).
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 (blank) using a UV
spectrophotometer ~ (Eppendorf ~ UV-VIS).
Different concentrations of ascorbic acid (10-
200 pg/ml) were used as a standard agent. The
scavenging ability (%) was calculated as
follows:

o Standard absorbance — Crude extract absorbance
% Inhibition =

Standard absorbance

Ascorbic acid was used as positive standard. The
antioxidant capacity of the samples was
expressed as inhibitory concentration, ICso
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pg/ml. The lower ICso value indicates the greater
overall effectiveness of the antioxidant. Total
antioxidant capacity. The total antioxidant
capacity of the samples was evaluated by
phosphomolybdate method (Prieto et al., 1999)
using ascorbic acid as a standard (Garrat, 1964).
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.

Acid ascorbic standard curve
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Figure 4. Ascorbic acid standard curve
and regression equation

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.

RESULTS AND DISCUSSIONS

Total phenolics, flavonoids and anthocyanins
Total phenolic content values were higher in
crude juice (P1) (2.69 + 0.009 mg GAE/l) than
in acidified methanolic juice (P2) (0.182 £+ 0.002
mg GAE/l) and dried berries residue (P3) (1.02
+ 0.024 mg GAE/g dry matter). Lower or higher
values reported in the literature might have
resulted from different extraction methods used
for analysis, differences in analytical procedures



applied, different processing technologies and
storage conditions, or differences in chokeberry
cultivars (Denev et al., 2012). Researchers
report processing influences the phenolic
content of final products reaching consumers
(Kobus et al, 2019), it was found that Aronia
melanocarpa products contain high amounts of
polyphenols (Toli¢ et al., 2015). Toli¢ et al.
(2017) showed how weather conditions, such as
temperature and insolation, influenced phenolic
content in the juice. It was found that warm and
dry climate conditions have a positive impact on
the increasing value of total phenolics.
Flavonoid content was predominant, and their
amounts varied from 295.92 mg of QE/ml in P1
sample to 57.92 mg of QE/ ml in P2 sample.
Average of total flavonoid content in dried
berries residue (P3) was 158.8 mg QE/g dry
matter. These results suggest that flavonoids
were the most abundant in chokeberry fresh
juice and in dried berries. In this case, our results
are in concordance with other research which
showed that the content of total flavonoids was
higher in fresh juices and in dried chokeberries
(Kapci et al., 2013).

The total flavonoid content was predominant,
and their amounts varied from 295.92+6.801 mg
of QE / ml in P1 sample to 57.92+0.163 mg of
QE/ ml in P2 sample. Average of total flavonoid
content in dried berries residue (P3) was 158.8
mg QE/g dry matter. These results suggest that
flavonoids were the most abundant in
chokeberry fresh juice and in dried berries. In
this case, our results are in concordance with
other research which showed that the content of
total flavonoids was higher in fresh juices and in
dried chokeberries (Kapci et al., 2013).

Anthocyanins content

Chokeberries contain relatively higher amounts
of anthocyanins compared to other berries
fruits, grape and cherry, which are known as rich
sources of anthocyanins (Kulling and Rawel,
2008; Denev et al, 2012). Our results sowed
lower amounts of anthocyanins in juice mixed
with methanol/2 % HCI1 (20.15 + 0.619 mg CGE
/ml) and in fresh juice (14.2 + 1.338 mg CGE
/ml) and a higher concentration of anthocyanins
accumulated in fruit residue (155.9+5.891 mg
CGE/100 g dry matter). Cyanidin-3-galactoside
and cyanidin-3-arabinoside are predominant in
the berries with a cumulative content >90 %

(Denev et al.,, 2012). As a natural product,
anthocyanins are good for health due to their
antioxidant properties and may have a role in
immunity by boosting our immune system
(Wegdan Ali Shehata et al. 2020). The content
of total phenolics (TPC), total flavonoids (TFC)
and total anthocyanins (TA) in aronia raw juice
and in acidified methanolic extracts of juice and
dried material are presented in Table 1 and in
Table 2.

Table 1. Total content of phenol (TPC), flavonoids
(TFC) and anthocyanins (TA) in aronia fresh juice

Sample TPC TFC TA
mg GAE/l mg QE/ml mg CGE/ml
Pl 2.69+0.009 295.92+6.801 14.2+1.338
P2 0.182+0.002 57.9240.163 20.1540.619

The values are presented as mean + SEM for triplicate measurements.
P1 - chokeberry fresh juice, P2 - chokeberry juice mixed with
methanol/2% HCI.

Table 2. Total content of phenol (TPC), flavonoids
(TFC) and anthocyanins (TA) in aronia residue

Sample TPC TFC TA*
mg GAE/g dm mg QE/g dm mg CGE/100 g dm
P3 1.02+0.024 158.84+0.136 155.9+5.891
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The values are presented as mean + SEM for triplicate measurements.
P3 - Berries residue with methanol/2% HCI. Contents of TPC and TFC
in dried berries residue methanol/2% HCI samples are expressed as mg
per g of dry matter (dm) and *TA are expressed as mg of cyanidin-3-
glucoside equivalent (CGE) per 100 g of dry matter (dm).

Antioxidant activity

To evaluate the antioxidant activity of Aronia
melanocarpa, the most commonly used assays
include the inhibition of DPPH radicals (2,2-
dipheny-I-1-picryl-hydrazyl) (Oszmianski &
Wojdylo, 2005). In our experiments, DPPH
scavenging ability assay and total antioxidant
capacity (TAC) assay were used to evaluate the
antioxidant activity of each sample. The results
are show in Table 3.

Table 3. Antioxidant Activity by DPPH and TAC assays

Sample DPPH TAC
ICs0% (ng /ml) (ng/ml)
Pl 14.42+0.226 1442.1+1.825
P2 54.21+0.032 61.97+1.770
P3 25.14+0.223 197.846.93
AA 12.27+0.294

Data are mean + SEM for triplicate measurements.

P1 - chokeberry fresh juice; P2 - chokeberry juice mixed with
methanol/2% HCI; P3 - chokeberry dried material with methanol/2%
HCI; AA - Ascorbic acid.

In present study, ascorbic acid as a well-known
potent antioxidant, was used as positive control
for DPPH scavenging activity. Concentration of




samples and ascorbic acid (AA) resulting in
50% inhibition on DPPH (ICsoq, value) were cal-
culated. The lower ICso value indicates a higher
antioxidant activity. Chokeberry raw juice (P1)
showed highest ability in DPPH scavenging
activity (14.42 + 0.226 pg/ml) followed by
methanolic chokeberry dried residue (P3)
(25.14+0.223 pg/ml) compared to methanolic
juice sample (P2) which measured by the lowest
ICso value (54.21 £ 0.032 pug/ml), but it has
lower antioxidant capacity compared to ascorbic
acid (12.27 = 0.294 pg/ml) (Figure 5).

DPPH antioxidant activity
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Figure 5. DPPH antioxidant activity in aronia samples

(P1 - chokeberry fresh juice; P2 - chokeberry juice mixed
with methanol/2% HCI; P3 - chokeberry dried material
with methanol/2% HCI; AA - Ascorbic acid)

The phenolic content in the raw juice and
residue samples may contribute to the antioxi-
dative action by hydrogen donating ability. The
high content of polyphenols is responsible for
the strong antioxidant properties of chokeberries
and their products (Toli¢ et al., 2017).

The phosphomolybdate method has been used
routinely to evaluate the total antioxidant
capacity of plant extracts (Prieto et al., 1999;
Prasad et al, 2009). The total antioxidant
capacity (TAC) of different chokeberry samples
is shown also in Table 2 and in Figure 6. The
higher absorbance value indicated higher
antioxidant activity (Prasad et al., 2009).
Examined samples showed that the highest total
antioxidant activity is rich by chokeberry raw
juice (P1) (1442.1 + 1.825 pg/ml) and
methanolic dried material (P3) (197.8+6.93
pg/ml), and the lowest total antioxidant activity
was in methanolic/2% HCI chokeberry juice
(P2) (61.97 + 1.770 pg/ml) (Figure 6).

These results are in accordance with other
reports in the literature, which showed positive
strong correlation between antioxidant activities
and total polyphenol contents (Zhao et al, 2008).
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Figure 6. Total antioxidant capacity (TAC) of different
chokeberry samples
(P1 - chokeberry fresh juice, P2 - chokeberry juice mixed
with methanol/2% HCI; P3 - chokeberry dried material
with methanol/2% HCI)

CONCLUSIONS

In this investigation, high contents of phenolic
and flavonoid compounds and high values of
antioxidant properties were observed in the fresh
juice of Aronia melanocarpa. The presence of
anthocyanins was observed in high amounts,
especially in the residual material. The results
show that the fresh fruits have significant
antioxidant properties. Due to their high content
of natural antioxidants, their consumption could
bring health benefits. The present study
contributes to the existing knowledge by
providing new data.
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Abstract

The purpose of this paper was to analyze the influence of climatic factors and their impact on the phenology of some
plum varieties grown in RIMSA Troyan_during the period 2019-2021. The phenophases of the beginning of flowering,
the end of flowering and the period of fruit ripening were observed and analyzed. Regarding the flowering phenophase,
it was found that earliest blossoming of plum cultivars occurred at the beginning of April in 2019. The blossoming
period for ‘Kyustendilska’ both began and ended at the latest time. Every year, within 10-11 days, there was a complete

overlap of the blossoming of all the studied cultivars.

Regarding the fruit ripening, higher temperatures combined with low amounts of precipitation, cause an earlier onset

of the ripening phase.

Key words: plum, cultivars, phenology, climate change.
INTRODUCTION

Agro-climatic adaptability and ecological
plasticity of plum cultivars are key elements for
research in agriculture and the information is
essential for the creation of sustainable and
competitive plantations. Jakab-Ilyefalvi et al.
(2021) believe that data on the occurrence and
duration of phenophases are bioindicators of
climate change events and are key elements in
fruit crop technology. The large variation in
spring temperatures mainly affects early
cultivars, which affects the technology, market,
prices and investment costs of farmers (Jakab-
Ilyefalvi et al., 2021). Temperature factors
cannot be controlled directly, therefore suitable
cultivars are selected for the establishment of
orchards, according to the period of
blossoming. Modeling detailed phenology is
the key to the correct selection of optimal
cultivars in a specific geographic area (Ganji
Moghaddam et al., 2011).

Tree fruit species synchronize their physiology,
including blossoming and annual development
patterns, according  to environmental
conditions, as temperature is a major factor.
Stone fruit species are the earliest to enter the
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blossoming process. Fadon et al. (2021)
reported that the earliest blossoming dates were
associated with a large amount of heat
following a prolonged cold spell. These
findings may support the development of new
modeling frameworks that can help predict the
impacts of climate change on tree dormancy.
Potential yields of fruit species are also
strongly influenced by climate conditions that
regulate dormancy and subsequent blossoming.
Yield fulfillment at the end of the vegetation
season depends on several additional factors,
including environmental conditions and
cultivation technologies. Information on how
the reduction of cold (i.e., global warming)
affects crop yield is crucial for farmer decision-
makers, especially in warm fruit growing
regions (Whitney, 2021).

The date of mass swelling of flower buds
occurs after an increase in the average day and
night air temperatures above 5°C and is taken
as a sign of the termination of the "forced
dormancy" in fruit species. An increase in the
average daily temperature above 10.5°C leads
to a sharp increase in the temperature sum.
Broad limits for the beginning and end of fruit
bud break were found by Kazandzhiev &



Malasheva (2016). Cool and rainy weather
prolongs the blossoming phase, and dry and
warm weather shortens it. Very rapid
overblooming is not favorable, because most of
the flowers are not pollinated by insects.
Milatovic et al. (2019) for the conditions of
Belgrade, The average flowering time of the
tested cultivars was in the first half of April,
and the average duration of flowering varied
from 7.4 to 10.4 days. Glisi¢ et al. (2016)
investigate phenological, pomological and
productive properties of three new plum
cultivars (‘Zlatka’, ‘Mildora’, ‘Krina’) and one
standard (‘Ca¢anska Rodna’) developed at
Fruit Research Institute, Cadak. Maghlakelidze
et al. 2017 defines the cultivars a collection
plot of the Scientific-Research Center of
Agriculture, in village Jighaura of Georgia,
according to flowering time: Early (‘Amers’,
‘Bluefree’), Middle (‘Stanley’, ‘President’,
‘Empress’) and late (‘Chanchuri’, ‘Tophit”)
cultivars during flowering. there were 12- daily
difference between early and late cultivars
during flowering.

Dimitrova & Sotirov (2020) found a strong
correlation dependence between the tempera-
ture sums above 5 and 10°C and the number of
days for blossoming and fruit ripening.

The objective of the present study was to
determine the phenological response to climate
change and the behavior of some plum
cultivars in the Central Balkan region for the
period 2019-2021.

MATERIALS AND METHODS

Materials

The ‘Rutgerstetter’, ‘Top First’, ‘Katinka’,
‘Tegera’, ‘Hanita’, ‘Strinava’, ‘Gabrovska’,
‘Mirabelle de Nancy’, ‘Stanley’,

‘Kystendilska’, ‘Jojo’, ‘Elena’ plum cultivars
have been studied at the RIMSA-Troyan
(42°53'N 24°43'E). The trees are grown on
light gray forest soil, under nonirrigated
conditions, with tillage in the row-spacings.
The investigated plum cultivars find suitable
conditions for good growth and development in
the Troyan region. Crowns typical for the
respective cultivar are formed, with sizes
corresponding to the age.
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Methods

Observations were made throughout the year
for each phenophase. The phenophases -
beginning of blossoming, end of blossoming
and fruit ripening periods - were established
and the number of days was determined
according to the generally accepted
methodology for studying plant resources in
fruit plants (Nedev et al., 1979).

Based on data from the Meteorological Station
on the territory of RIMSA, the meteorological
factors were analyzed, such as average monthly
temperatures and total amounts of precipitation
for 2019-2020 compared with a 20-year base
period (Figure 1); temperatures, precipitation
and atmospheric humidity by ten days in March
and April (2019-2020) (Table 1).

RESULTS AND DISCUSSIONS

Climate conditions for the Troyan region are
characterized by warm and dry summers and
not very cold winters. For the study period,
warmer winter months (January and February)
were recorded in 2020 (with 1.5-2°C) and 2021
(with 1.5°C) compared to the average for a 20-
year base period (Figure 1). In 2021, March

and April were very cold, which is a
prerequisite for delaying the onset of
vegetation.

For the summer months of 2021 (May and
June), a complete coincidence of temperatures
compared to the base period was reported,
while July, August and September were each 2
degrees warmer and without significant
amounts of precipitation (only 12 mm), i.e. this
period is characterized as drought.

It was found that after mid-summer, during
fruit ripening, autumn rainfall was scarce (from
16 to 30mm), except for October 2020 (114
mm). The temperatures in August, September,
October in all three years were higher than the
basic average, which is a sign of a tendentious
global climate warming and changes that will
seriously affect the factors on which the
favourable cultivation of plums in our area
depends.
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Figure 1. Average monthly temperatures and total precipitation (2019-2021) and 20-year base period (2001-2020)

During the period of the beginning of
blossoming, the changes in the factors, such as
temperature, humidity and the amount of
precipitation for 2019-2021 were different as
the difference in precipitation during the first 2
ten days of April 2019 (50.4 mm) and 2020
(10.6-9.2 mm) was distinct. In 2021, very low
temperatures (from 3.3 to 6.3°C) were
registered in March and the beginning of April,
which is the reason that blossoming began in

the third ten days of April, when they reached
11.3°C. In 2020, temperatures above 10°C
were recorded in the second ten-day period,
and then the blossoming begins, because at the
beginning of the vegetation season, they are
from 5.3 to 5.9°C, and in 2019, even at the
beginning of April, the average temperature for
the first ten-day period was 9.8°C, which is a
prerequisite for early blossoming (Table 1).

Table 1. Meteorological factors in March and April in ten-day period (2019-2021)

March April

2019 1-10 10-20 21-31 1-10 10-20 21-30
Relative humidity (%) 61.0 69.0 62.0 68.0 79.0 70.0
Rainfall (mm) 1.6 143 0.6 50.4 45.1 11.4
Temperature (°C) 8.0 7.9 6.8 9.8 8.1 12.0

2020
Relative humidity (%) 72.9 69.2 77.6 70.7 66.4 69.0
Rainfall (mm) 39.0 5.6 8.8 10.6 9.2 4.6
Temperature (°C) 8.9 7.2 53 5.9 11.3 11.1

2021
Relative humidity (%) 69.1 83.1 75.2 72.7 75.1 733
Rainfall (mm) 5.1 20.0 22.6 26.0 20.6 10.4
Temperature (°C) 3.6 3.3 3.9 6.3 7.3 11.3

For these reasons, in the first year of the study
(2019), the earliest blossoming started for
‘Jojo’ cultivar on 28 March, followed by
‘Tegera’ and ‘Elena’ (29 March), and the latest
(5 April ) for ‘Kystendilska’. The end of full
blossoming was from April 13 to 19 for
‘Stanley’, ‘Hanita’ and ‘Kyustendilska’ plum
cultivars (Figure 2).

In 2020, the earliest blossoming period began
for ‘Jojo’ (7 April.) and the latest (15 April) for
‘Kystendilska’, but this is 10 days later than in
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2019. The latest date for the end of blossoming
period for ‘Kyustendilska’, ‘Katinka’ and
‘Hanita’ cultivars was reported on 30 April.

In 2021, blossoming period began for ‘Jojo’
and ‘Tegera’ (9 April), whereas the latest date
for the beginning was registered for
‘Kystendilska’ (23 April). The latest date for
the end of blossoming was registered for
‘Kystendilska” (06 May) and ‘Katinka’ (02
May) reaching the month of May. In 2020, the
duration of blossoming stage was about 3 days



shorter than 2019. On average, the blossoming
period is about 15 days, ac the longest
blossoming period was registered for
‘Mirabelle de Nancy’. The high temperature of
spring causes a shorter flowering period and
the "full flowering" phenophase lasts only a
few days.

‘Jojo’ is defined as the earliest blossoming of
the group of German cultivars, followed by
‘Tegera’” and  ‘Hanita’.  ‘Kyutendilska’
completed its blossoming phase in 2019 — 05
April; in 2020 - 15 April; 2021 - 06 May. This
has been investigated and confirmed in our
other studies as well (Stefanova et al., 2017,
Stefanova, 2019).
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Milatovic et al. (2017), the average time of
flowering of tested cultivars was in the first
half of April, and the average duration of
flowering varied from 7.8 to 11.3 days. The
average time of maturation ranged from July,
17 (‘Valerija’) to July, 31 (‘Hanita’).

For each year, within 10-11 days, there was a
complete overlap of the blossoming of all
investigated cultivars. In 2019, this was the
period from 02 to 13 April; in 2020 from 10 to
20 April; in 2021 from 16 to 26 April. This
indicator ensures good mutual pollination of
the cultivars and favours the harvest.

Figure 2. Blossoming phenogram (2019-2021)

The studied plum cultivars cover a harvest
period from mid-July (‘Rutgerstetter’) to the
end of September (‘Elena’ and ‘Kyustendilska’
cultivars). For the ‘Stanley’ cultivar, in most
cases the fruits reach ripening stage at the end
of August, beginning of September. In the
second half of August and the beginning of
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September, the average daily temperatures in
2021 were higher and the low amounts of
precipitation, compared to the base 20 year
period, caused an earlier onset of ripening stage
by about 5-6 days, compared to previous years
(Figure 3).
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Figure 3. Ripening Phenogram (2019-2021)

Directly related to the power of flowering and
the duration of flowering is the realized yield.
Agro-ecological factors and their variability
affected flowering, by later onset of
phenophases, but posed a risk of late spring
frosts. They are most sensitive in the fruit set
phase. Certain climatic conditions also affect
the attack of diseases. Early brown rot
compromised the harvest in 2019, yields
(measured real and objective) were the lowest
for the study period. The highest yields were
registered in 2021, as a result of the favourable
course of blossoming, good pollination and the

formation of a large percentage of fruit-set.
Heavy rains in June and July (Figure 1)
allowed the fruits of most cultivars to ripen.
The highest yields were gathered from
‘Kyustendilska” (31 kg), ‘Stanley’ (26 kg),
‘Tegera’ (26 kg). These conditions, without
prerequisites for the development of econo-
mically important fungal diseases, allowed the
cultivars to reach their biological potential,
with the exception of ‘Strinava’ and ‘Jojo’,
which are susceptible to drought and remain
with the lowest yields in 2021 (Table 2).

Table 2. Average yield per a tree by cultivars (2019-2021)

Average yield per a tree (kg) 2019 2020 2021
Rutgerstetter 3.0 4.2 7.0
Top first 4.3 3.0 5.0
Katinka 17.0 13.5 19.0
Tegera 12.0 14.3 26.0
Hanita 7.5 8.0 19.0
Strinava 19.5 23.4 8.0
Gabrovska 13.0 19.2 17.0
Nancy mirabella 22.5 26.5 32.0
Stanley 14.0 22.3 26.0
Kyustendilska 5.3 11.0 31.0
Jojo 24.0 25.0 6.0
Elena 14.5 12.7 17.0

St. Dev. 7.000 8.015 9.678
CV (%) 53.64 52.53 54.52
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CONCLUSIONS

The earliest blossoming of plum cultivars for
the conditions of the Troyan region occurred at
the beginning of April in 2019. Each
subsequent year, the permanent increase in
temperatures above 10°C was delayed by 10
days.

The ‘Jojo’ cultivar is determined as the earliest
blossoming of the German -cultivar group,
followed by ‘Tegera’. ‘Kyustendilska’,
‘Katinka” and ‘Hanita’ cultivars had later
blossoming period. The blossoming period for
‘Kyustendilska’ both began and ended at the
latest time.

Every year, within 10-11 days, there was a
complete overlap of the blossoming of all the
studied cultivars. It is the longest for the
‘Mirabella du Nancy’ cultivar (17-18 days).

In 2020, the average blossoming period for all
cultivars was about 3 days shorter than in 2019
and 2021.

The drier conditions in 2021 caused an earlier
ripening of the fruits by about 5-6 days,
compared to the previous years.
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Abstract

The research was carried out in an orchard from Cenad village, Timis County, throughout 2021, and compared five
recently introduced varieties (Topend Plus®, Topfive®, TopHit , Toptaste®, Amers) with a control variety (President).
Some physical and chemical characteristics of the fruits (major diameter, minor diameter, length, weight, total soluble
solids, carbohydrate content, pH, and vitamin C) as well as plum production were monitored and measured. The plum
components and economic indicators differ significantly between the varieties evaluated. In the majority of the
examined indicators, all five newly introduced varieties outperformed the control, indicating the necessity to change the
plum varietal assortment not only to satisfy market demands, but also to meet the suitability for industrialization and
obtaining jams, juices or compotes, an important criterion given the net downward trend in demand for alcoholic
products derived from plums. Economic indicators must be considered for fruit breeding success, particularly in light of
current market trends caused by increases in labor costs, fertilizers or pesticides.

Key words: plum trees, varieties, weight, firmness, yield, assortment, orchards.

INTRODUCTION producers countries. In this context, Romania
has become the Balkan and European country
The great adaptability to different climate and  with the highest plum production, as well as a
soil conditions has made the plum to grow and  major exporter of fresh or dehydrated fruit
produce spontaneously or cultivated, with the (Zagrai et al., 2022).
area of spread and the variety of varieties being  The large number of plum varieties, which
practically limitless (Kédthner et al., 2017, exceeded 2,000 at the beginning of the
Svanes and Johnsen, 2019). The plum tree is twentieth century, is the result of an ancient
found all over the world, particularly in  culture whose beginnings are lost in antiquity
temperate climates of the northern hemisphere (Suranyi, 2019). However, in recent years, a
(Dimitrova et al., 2021). With around 1.7 severe decrease in the cultivated areas with
million ha and a total production of  plum trees has been noticed, even though there
approximately 13.5 million tons, the species are currently programmes that support the
ranks 11th in the world after apples, citrus  establishment of new orchards (Kaufmane et
fruits, bananas, peaches, and pineapples, and al., 2019).
second in temperate areas after the apple (Ukar ~ Romanian fruit growers have recently turned

et el., 2022). Asia produces the most plums, their attention to crops that are more profitable
followed by Europe, North America, South (apricot, peach, cherry) or easier to manage
America, Africa, and Oceania (Afanador-  (hazelnut, walnut), even in good and highly

Barajas et al., 2023). China, the United States, favourable places for plum orchards (Gitea et
Turkey, Argentina, Yugoslavia, and Romania  al., 2019). Nonetheless, due to its adaptability
are the world's top producers (Wang et al., and economic value, plum culture will
2023). Former Yugoslavia, Romania, Germany, undoubtedly retake its former position in
Bulgaria or France, are FEuropean major =~ Romania's fruit-tree crop hierarchy.
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The plum varietal assortment in western
Romanian orchards is relatively limited to two
varieties: Stanley and Anna Spath. This
assortment has recently begun to be slightly
diversified by the introduction of new cultivars
with high economic value. This diversification,
however, must be of good quality, offering
truly valuable cultivars compatible with the
pedoclimatic conditions of each orchard
location (Woznicki et al., 2019).

Plums are known to be consumed fresh but also
dehydrated (dried plums), and they are used to
make jams, marmalade, compotes, jellies,
liqueurs, and last but not least the famous
Romanian plum liqueur (Varga et al., 2022).
Plum blossoms are an important source of
honey and provide a spectacular view for entire
regions (Hasnain et al., 2023; Fotiri¢ AkSi¢ et
al., 2022).

When compared to other fruits, plums have the
highest nutritional value. Plums have diuretic,
laxative, depurative, nerve stimulant, and liver
decongestant properties, with a sugar content of
16-20% (malic acid and in small amounts citric
and benzoic acids) (Lin et al., 2023).

Fresh plums contain all of the microelements
that humans require for normal life, such as
potassium 170 mg%, Ca 12 mg%, Mg 10 mg%,
P 18 mg%, Na 1mg%, Fe 0.5 mg%, Cl
1.5 mg%, and so on (Tomi¢ et al., 2022).
Among the most representative vitamins are:
vitamin C under 4.0 mg%, carotene 0.9 mg%,
B 10.83 mg%, B1 0.03 mg%, PP 1.0 mg% and
others (Panahirad et al., 2019). As a result,
plums are balanced foods in terms of vitamins,
minerals, carbohydrates, and other nutrients or
regulatory substances of human metabolism (Li
et al.,, 2023). The world trends regarding the
improvement of varieties are common, and
they propose the preservation of valuable
varieties, that respond to the local pedoclimatic
and agrotechnical requirements on the one hand
and to commercial and consumer ones on the
other, with good economic results (Kuchay et
al., 2022). The trees must produce abundantly
and constantly from the first years, with
significant  adaptability to the various
pedoclimatic zones, be rustic, quite resistant to
diseases (Seethapathy et al., 2022).

The fruits must be large (over 40 g),
attractively colored, with a pleasant taste,
sugar, acidity, and tanoid substances in a well-
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balanced ratio, and a rich content of vitamins
and mineral substances useful for the human
body (Park et al., 2021).

The study's objective was to evaluate the
physical and chemical parameters of several
plum varieties cultivated in the environment of
western Romania.

MATERIALS AND METHODS

The research was conducted during the year
2021, in an orchard located in the Cenad area,
Timis County. The characteristics of some
varieties recently introduced into the area's
varietal assortment (Topend Plus®, Topfive®,
TopHit, Toptaste®, Amers) were monitored.
The observations and determinations were
made in comparison to the President variety,
which is grown in the area and provides good
to very good results.

The study focused on the phenology, physical,
and chemical characteristics of the fruits, such
as length, width, weight, soluble dry matter,
pH, carbohydrate, malic acid, and vitamin C
content, fruit firmness, and plum production.
BBCH codes were used to evaluate the
phenophases of flowering and harvest maturity.
The soluble sugar content was measured with
the digital refractometer, the pH was
determined using a pH metre, the firmness of
the fruits was determined using a penetrometer,
and the acidity was determined by titration. The
HPLC method was used to separate vitamin C
by high-performance liquid chromatography.

Statistical analysis

The XLSTAT software was used to analyse
data from experiments designed in accordance
with specific statistical designs (by Addinsoft,
2018, Statistical and Data Analysis Solution
Version 2018.7.5). P values (p <.05; p< .01 p
< 0.001) were used to estimate the source of
variation.

RESULTS AND DISCUSSIONS

The recent climatic variability has influenced
the success of plum culture in many
circumstances, which is why fruit growers have
changed their strategy to varieties with later
flowering or are experimenting with various
methods to induce a phenophase delay of at



least a few days (Florea et al., 2019). The
investigated varieties flowered later than the
control variety, both in terms of phenophase
initiation (BBCH 61) and phenophase ending

the same time as the President variety, were at
the opposite pole (Table 1).

Table 1. Flowering stage code

(BBCH 65) (Meier, 2018). Variety Beginning of Full Difference
Early flowering varieties are more vulnerable flowering | flowering |  to control
to late spring frosts than later ones. Late frosts BBCH61 | BBCH 65 B]gdCazIS)és
have a greater negative impact on production Topend Plus® 15.04 21.04 3
when the climatic incident happens in BBCH Topfive® 13.04 19.04 3
65, as compared to BBCH 61. Toptaste® and | FopHit 9.04 16.04 -
T d Plus® varieties reached the BBCH 65 Toptaste 1504 2204 g

opend Flus® v i Amers 10.04 17.04 1
phenophase 6 and 5 days later, respectively, President (C) 9.04 16.04 -
than the control variety. TopHit and Amers
varieties, which reached the BBCH 65 stage at

Table 2. Plums maturity stage - BBCH 87
Variety August September October
1-10 10-20 20-30 1-10 10-20 20-30 1-10

Topfive® 8.08
Toptaste® 12.08
TopHit 7.09
Amers 12.09
President (C) 19.09
Topend Plus® 8.10

Regarding harvest maturity, it is preferable that
the chosen assortment be planned over a longer
period in order to avoid production peaks,
better manage the required labour force, and
ensure the consumption and storage of fresh
fruit for as long as possible. The Topfive®
variety was the first to reach harvesting
maturity (BBCH 87) among the varieties
studied, followed by the Toptaste® variety 4-5
days later (Table 2). These two varieties ensure
early production, which benefits from higher
prices at the start of the season, for plums in the
first half of August. TopHit reached harvest

maturity around 12 days earlier than the control
variety in the first decade of September.
Topend Plus® was the only variety that
achieved harvesting maturity later than the
control variety, allowing a late consumption of
plums towards the end of the season when
prices become competitive again. The chosen
assortment ensures that the plum production is
distributed over a long period of time, around
60 days, allowing for both an easier distribution
of the production and a decrease in the pressure
on the processing activities.

Table 3. Plums length and width measurements

Variety Major diameter (L) Minor diameter (1) Difference to control (mm)
mm % mm % L L
Topend Plus® 45.68 104.48 42.78 104.06 1.96" 1.67™
Topfive® 39.22 89.70 36.12 87.86 -4.5" -4.99
TopHit 50.92 116.46 48.25 117.36 7.2"" 7.14™
Toptaste® 41.89 95.81 38.95 94.74 -1.83™ -2.16°
Amers 49.74 113.76 44.22 107.56 6.02"" 3.1
President (C) 43.72 100.00 41.11 100.00 - -

*t significant at p <. .05; **t significant at p < .01;***t significant at p <. .001
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Table 4. Main physical parameters of six plum varieties

Variety Length Weight Difference to control (mm)
mm % g % Length Weight
Topend Plus® 53.64 103.09 61.12 113.10 1.61™ 7.08""
Topfive® 53.11 102.07 57.23 105.90 1.08" 3.19"
TopHit 61.12 117.47 76.38 141.33 9.09"* 22.34™
Toptaste® 50.17 96.42 52.26 96.70 -1.86" -1.78
Amers 54.11 103.99 59.21 109.56 2.08™ 5.17"
President (C) 52.03 100.00 54.04 100.00 - -

*t significant at p <. .05; **t significant at p <. 01;***t significant at p <. .001

Like other fruits, buyers choose plums mostly
based on how they look; the largest plums with
the most appealing skin are always in demand.
The success of the product's marketing is
assured if the physical traits are combined with
palatable flavour qualities and a non-sticky
pulp. It is desirable that most of the production
be valued through direct fresh consumption that
ensures immediate income. Therefore, all the
researched varieties have large, attractive fruits,
with a plus for the TopHit and Topend Plus®

varieties, which, compared to the control, have
a statistically significant higher fruit weight.
The only variety that, both in terms of fruit
length and weight, had lower values than the
control was Toptaste® (Tables 3, 4). In similar
research done on 10 varieties of plum, Tomi¢ et
al. (2022) found an average plum weight
ranging from 26.9 to 57.9 g. Dimitrova et al.
(2017) after the research of fresh fruits of
10 cultivars, found an average shorter length of
plums among 33.26 and 47.8 mm.

Table 5. Chemical properties of plums varieties

Variety Total soluble solids (TSS) Carbohydrates Difference to control (mm)
(% Brix) Content % Content Total soluble Carbohydrates
solids

Topend Plus® 19.27 98.52 18.16 98.64 -0.29™ -0.25™
Topfive® 19.84 101.43 18.59 100.97 0.28™ 0.18™
TopHit 19.23 98.31 18.11 98.37 -0.33m -0.3m
Toptaste® 20.09 102.71 18.88 102.55 0.53" 0.47"
Amers 20.11 102.81 18.93 102.82 0.55" 0.52"
President (C) 19.56 100.00 18.41 100.00 - -

*t significant at p < .05;

Besides appearance, the taste and chemical
composition of plums are important, especially
when the fruits are processed (Table 5). Total
soluble solids were comparable between
varieties, ranging from 19.27 to 20.09% Brix.
Toptaste® and Amers were the only varieties
that outperformed the control with statistically
significant  differences.  Plocharski  and
Konopacka (2003) found in two Polond plum
varieties a lower total soluble solids amount
between 11.8 and 16.9%.

Plum varieties had very similar carbohydrate
content, with limits ranging from 18.11 to
19.93%; the differences in carbohydrate
content between the Amer and Toptaste®
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varieties compared to the control were also
statistically significant.

In addition to the dry matter and carbohydrate
content, the pH, malic acid content, and
vitamin C content are important parameters that
contribute to balanced overall plum content
(Table 6).

The ph level for all varieties was generally
close, with limits ranging from 3.55 for the
control variety to 3.86 for the Amers variety. It
should be noted that the pH recorded slightly
significant values for the control variety in all
varieties investigated. Larger and higher limits
of Vitamin C (4-11 mg/100 g) were found in
Poland plums by Walkowiak-Tomczak (2008).



Table 6. Plums pH and malic acid content (% or mg/100 g fresh matter)

Variety pH malic acid Vitamin C

(% or mg/100 g fresh matter) (mg/100 g)
Topend Plus® 3.75 0.74 3.94
Topfive® 3.62 0.67 3.88
TopHit 3.57 0.63 3.65
Toptaste® 3.59 0.66 3.73
Amers 3.86 0.62 3.57
President (C) 3.55 0.71 391

Table 7. Firmness in plums variety

Variety Firmness | Relative | Difference
(kg/cm?) value to control
(%)

Topend Plus® 2.42 109.50 0.21"
Topfive® 1.98 89.59 -0.23"
TopHit 1.85 83.71 -0.36"
Toptaste® 1.94 87.78 -0.27"
Amers 2.09 94.57 -0.12"
President (C) 2.21 100.00 -

*t significant at p <. .05;

The malic acid content was also within normal
limits, with close relative values between the
varieties, ranging between 0.62 for the Amers
and 0.74 for the Topend Plus® variety.

Plums are known to be vitamin C-rich fruits,
with the content ranging between 3.57 mg/100
g for the Amers variety and 3.94 mg/100 g for
the Topend Plus® variety.

The only variety that recorded higher values
than the control for vitamin C content was the
Topend Plus® variety.

Table 8. Plums production parameters

Variety Plum production Difference to control
kg/tree kg/ha % (kg/ha)
Topend Plus® 323 20187.5 110.6 1937.5™"
Topfive® 28.2 17625.0 96.5 -625.0"
TopHit 29.4 18375.0 100.7 125.0m
Toptaste® 26.5 16562.2 90.7 -1682.8™
Amers 31.6 19750.0 108.2 1500.0""
President (C) 29.2 18250.0 100.0 -

*t significant at p <. .05; **t significant at p < .01;***t significant at p <. .001

Fruit firmness is an essential variable that
impacts the shelf life of the product, transport
resistance, and handling (Table 7). Firmness
values ranged from 1.85 for the TopHit variety
to 2.42 for the Topend Plus® variety, which
was also the only variety with significantly
better firmness than the control variety.
Topfive®, TopHit®, Toptaste®, and Amers
varieties are not considered less popular despite
having lower firmness values than the control.
Finally, the plum production obtained is the
most important indicator that has a significant
impact on the economic results and profit of
each orchard. The researched varieties
produced favourable results, with yields
ranging from 26.5 kg/tree for the Toptaste®
variety to 32.3 kg/tree for the Topend Plus®
variety, yielding 16562.2 kg/hectare and
20187.5 kg/hectare, respectively (Table 8).
Although the Topfive® and Toptaste®
varieties have early fruit ripening, they have

155

reached satisfactory levels of production per
hectare, which, coupled with higher prices
since the beginning of the consumption season,
make these varieties attractive variants within
the assortment of varietals. Topend Plus® and
Amers, the most productive varieties, were the
only ones that outperformed the control with
statistically significant differences. These are
also the latest varieties, ensuring an extension
of the plum consumption season and, as a
result, off-season prices.

CONCLUSIONS

Plum culture is very common in Romania, from
the plains to the sub-Carpathian areas and even
to the highlands. However, for unknown
reasons, there has been a significant decrease in
the ratio of newly established plum orchards to
those of other fruit tree species in the past few
years. With the development of new plantations




of other fruit tree species, like hazelnut, walnut,
and cherry, areas planted with plum have been
limited in the western part of the country.

In the west of the country, the plum varietal
assortment is relatively small, with the Stanley
and Anna Spath varieties predominating in a
significant proportion. This assortment no
longer meets the consumer's current demand
for more diverse products, ranging from fresh
plums to dehydrated plum consumption, juices,
nectar, and other processed products. As a
result, it is necessary to expand the varietal
assortment by introducing valuable varieties
with clearly different appearance and quality
characteristics that are suitable for multiple
applications. The new varieties introduced into
the assortment must be adaptable to the
pedoclimatic resources of the area while also
being resistant to diseases and pests, requiring
fewer treatments, or even being cultivated in
order to achieve financial efficiency, in an
organic system that has been successfully
implemented in Romania in recent years.
Climate change has caused significant
production losses in recent years, including in
plum orchards; therefore, the later the varieties
bloom, the less likely they will be destroyed by
late spring frosts. Toptaste® and Topend Plus®
are recommended in this regard because they
bloom 5-6 days later than the control. The
studied varieties responded favorably to the
natural conditions of the cultivation area,
yielding positive results for the commercial
quality  standards, the physico-chemical
composition, and plum production.

Due to the distribution of fruit maturity over a
period of about 60 days, the plum assortment
chosen ensures a long period of fresh fruit and
benefits from good prices from the beginning
(Topfive® and Toptaste®) to the end of the
season. All five investigated varieties are also
suitable for processing, particularly as juices
and nectar, due to their sugar, acidity, pH, and
malic acid content.
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Abstract

Drought and heat stress are significant factors limiting fruit crop yield in arid conditions. Foliar fertilization is a common
practice of supplying fruit crop production with mineral nutrients, especially under limited soil nutrient availability
conditions. Nutrient management is a determining element of the technology in fruit quality. In this study we aimed to
evaluate the impact of a the radicular (NPK+S) and foliar (Cropmax) fertilizer on fruit quality parameters in an apricot
orchard during 2019 -2021 period. According to our results, the weight of the fruits increased by 30% in the b1 treatment
(radicular fertilizer with NPK+S) and 34% in the b2 treatment (radicular and foliar fertilizer with Cropmax) at Olimp
cultivar and by 40% in the bl treatment and 53% in the b2 treatment at Goldrich cultivar in the three years of study
compared to the control treatment. In conclusion, the fruit quality can be improved in apricot orchard using of the

radicular and foliar fertilizer.

Key words: climate conditions, fertilization, fruit size, Prunus armeniaca, weight.

INTRODUCTION

Apricot (Prunus armeniaca L.) is a mesotonic
diploid fruit tree species belonging to
the Rosaceae family and originated from
Central Asia (Janick, 2005). Globally, the
apricot orchard systems are shifting from
medium-low planting densities  (600-750
trees/ha) to high-density (1000-1250 trees/ha)
plantings (Giovannini et al., 2010).

Essential plant nutrients are mainly applied to
soil and plant foliage for achieving maximum
economic yields (Fageria et al., 2009). The
fertilization is a great way to maintain the health
and vigor of trees. Fruit tree crops are
agricultural commodities of great biological and
economical importance, and therefore, precise
knowledge of treatments that boost fruit
production and quality, is of great importance.
The quality of fruits, except for genetic
characteristics, are significantly influenced by
cultivation techniques. Fertilization is one of
these practices. Nowadays foliar fertilization has
become a basic management tool in the
intensive orchards. Perennial fruit trees are
frequently exposed to various abiotic stresses
during their lifetime that limit crop yield and
quality. Foliar fertilizers have an interesting
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potential to improve fruit quality, with
relatively low costs and low environmental
impact (Csihon et al., 2021). Application of
sprays supplies nutrients to plants more rapidly
than the soil fertilization (Tagliavini et al., 2002;
Nagy et al., 2012; 2019).

The benefits of biostimulators on fruit quality
are also confirmed by other researchers (Hudina
et al., 2003; Basak & Mikos-Bielak, 2008; Nagy
etal., 2019; Csihon et al., 2013; 2021).

The aim of this work was to provide data
on the effect of “Cropmax” foliar biostimulator
on the fruit quality in an apricot orchard.

MATERIALS AND METHODS

Experimental site. The experimental lot is
located in Valu lui Traian commune, Constanta
district, Dobrogea region, Romania. The climate
is semiarid, with a climatic water deficit (WD),
ranging from approximately -400 mm on the
Black Sea coast to -320 mm (Paltineanu et al.,
2007). The soil is a calcareous chernozem with
clayey texture and alkaline soil pH that has good
soil structure (0-60 cm deep, with 27-32% w/w
clay content,

1.6-2.8% w/w humus content, 1.5-6.8% w/w
carbonate content), while in the unstructured



subsoil, the humus content is less than 1% w/w
and carbonates from 9 to 14% w/w; the slope of
the land is between 2.0 and 2.5% (Paltineanu et
al., 2011).

The apricot orchard was planted in spring of
2012. Trees were grafted on Constanta 14
rootstock and designed with spacing of 4 x 2.5
meter with north-south row orientation. The
canopy shape was a classic vase with the height
of 2.5 m.

The experiment design was based on the split-
plot method with three treatments: 1) radicular
fertilizer with NPK+S, 15: 15: 15 + 12.8;
2) radicular and foliar fertilizer (Cropmax);
3) control, each one containing four replicates.
The soil management system is represented by
clean cultivation both between tree rows and in
the row. Plant protection refers to the principles
of integrated pest management.

The climatic data: solar radiation, air
temperature, relative humidity, wind speed at
the height of 2 m, precipitation (P) and Penman-
Monteith reference evapotranspiration have
been recorded by an automatic weather station
(iMetos, IMT 300, Pessl Instruments, Austria)
by a 1-h step. These data have been periodically
processed as diurnal means and used in
calculations.

Applied treatments. The main objective of this
study was to evaluate the impact of radicular and
foliar fertilizer on the fruit quality in an apricot
orchard. The trial consisted of three treatments
(control, radicular fertilizer and radicular+foliar
fertilizer). The first treatment with foliar
fertilizer was applied in full bloom in 2019, 2020
and 2021, then the treatments were repeated 3
times (Table 1). Biostimulant treatment was
applied to apricot orchard in the vegetation
phases with 0.5 L/ha dosage (Figure 1). Every
spring, in the apricot orchard was applied to the
soil the complex NPK fertilizer enriched with
easily absorbable S (15: 15: 15+12.8), 500
kg/ha, respectively. Each treatment was applied
to 16 trees.

Table 1. Foliar fertilizer application moments (2019-

2021)
2019 2020 2021
01.04.2019 08.04.2020 19.04.2021
13.05.2019 17.05.2020 11.05.2021
29.05.2019 31.05.2020 09.06.2021
12.06.2019 17.06.2020 25.06.2021
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Figure 1. Foliar fertilizer applied at apricot orchard

Applied materials. The apricot tree (Prunus
armeniaca) has been selected for this study as it
is one of the most cultivated fruit tree species
worldwide, especially in the warm temperate
climate regions. Olimp is an apricot cultivar
obtained at Research Station for Fruit Growing
(RSFG) Baneasa and patented in 1994 (Figure
2). Goldrich is a cultivar of apricot of American
origin (Figure 3).

Figure 2. Olimp cultivar

Figure 3. Goldrich
cultivar

NPK complex fertilizers, with a balanced
formula in the content of nitrogen (N),
phosphorus (P), potassium (K), guarantee a
fertilization rich in nutrients with direct results
on increases in the quality and quantity of fruit
products. Cropmax is a complex super
concentrate nutrient for foliar fertilization,
which is 100% natural, produced by Farming
Holland BV. Cropmax fertilizer presents the
following chemical composition: growth plant
stimulator (auxines, cytokinins, gibberelins),
organic amino acids, vegetal vitamins, vegetal
enzymes, macroelements: N - 0.2%, P - 0.4% ,
K -0.02%, Fe - 220 mg/L, Mg - 550 mg/L, Zn -
49 mg/L, Mn - 54 mg/L, Cu - 35 mg/L, other
elements: B, Ca, Mo, Co, Ni - 10 mg. Being a
natural product, Cropmax is well absorbed by
leaves and stems. Influence on photosynthesis
leads to the increase of carbohydratesamount.
Also, are reduced metabolic deficiencies.



Assessed parameters. Each year was tested
average samples of 15 fruits/treatment. Fruit
growth ~was monitored by measuring
longitudinal and transversal fruit diameter and
fruit height after harvest. The measurements
were performed using a metric digital caliper
(Insize Co., Ltd. China). The average weight of
a fruit was determined by weighing 10
fruits/treatment and dividing by the number of
weighed fruits. The weighing of the fruit was
performed with a precision balance (Kern &
Sohn GmbH, Germany). Fruits of Olimp were
harvested between the 8th to the 9th of July in
2019, from 16th to the 17th of July in 2020 and
25th to the 26th of July in 2021. Fruits of
Goldrich were harvested between the 26th to the
27th of June in 2019, from 1st to the 2nd of July
in 2020 and 8th to the 9th of July in 2021.

Data analyses. SPSS 14.0 software and
Microsoft Office Excel were used for the
analysis of variance and various calculations for
fruit quality properties. Different letters in the
graphs indicate significant differences for the
probability (P) < 0.05 according to Duncan’s
multiple range test.

RESULTS AND DISCUSSIONS

Climate conditions. In the experimental period,
in the growing season, the climate conditions are
characterized by mean annual values of
temperature and precipitation of 19.5 °C and
213.8 mm, respectively, and precipitation is not
uniformly distributed across the growing season.
The reference evapotranspiration was 717.0 mm
with mean values of 134.0, 150.0 and 134.7 mm
month! during summer months: June, July and
August. The climatic water deficit (WD= P-
(PM-ETO)) is high in the summertime (-79 mm
in June, -124.3 mm in July and -125.0 mm in
August) and its sum for growing season is -
500.2 mm (Septar et al., 2022). The mean value
of yearly and monthly climate data during the
growing season in the experimental period is
shown in the Figure 4 (a, b) and Figure 5 (a, b).
The period of experiment (2019-2021) was
considered as a relatively normal period, with
monthly temperature means of 22.3°C in June,
24.0°C in July and 23.9°C in August,
respectively.
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Figure 4. The mean values of annual air temperature,
maximum air temperature, minimum air temperature (a),
precipitation, reference evapotranspiration and water
deficit (b) during the growing season in the 2019-
202 lexperimental period versus the long-term, 1980-
2015, Valu lui Traian, Romania

Air temperature, °C
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Figure 5. The mean value of monthly air temperature,
maximum air temperature, minimum air temperature (a),
precipitation, reference evapotranspiration and water
deficit (b) during the growing season in the 2019-2021
experimental period versus the long-term, 1980-2015,

Valu lui Traian, Romania

Biometric measurements and weight of
apricot fruits. After harvesting, in the
laboratory, biometric measurements and fruit
weighing were performed. The presented values
represent average values of the three years of
study.



In the Olimp cultivar, the fruits had a
longitudinal diameter of 45.98 mm to 54.14 mm,
with the largest longitudinal diameter in the b2
treatment. There were significant differences
among the studied treatments on fruit
longitudinal diameter as indicated by different
letters according to probability (P) < 0.05
according to Duncan's multiple range test,
Figure 6a. The transversal diameter of the fruits
had the same trend. The lowest value was
obtained in treatment b3, 41.5 mm and the
highest value in treatment b2, 47.3 mm,
respectively. Significant differences between
the studied treatments in terms of fruit
transverse diameter are shown in Figure 6b. The
apricot fruits had a height of 53.8 mm to 60.5
mm. Figure 6¢ shows significant difference
between the fertilizer treatments and control
treatment regarding the fruits’ height.

The fruit weight determined on the fruits of the
studied treatments had the same trend. The
highest value was recorded in treatment b2, 71.0
g respectively, and the lowest value in treatment
b3, 529 g. Figure 6d shows significant
difference between the fertilizer treatments and
control treatment regarding the fruits weight.

In the Goldrich cultivar, fruits had a longitudinal
diameter of 46.8 mm to 56.8 mm, with the
largest longitudinal diameter in the b2 treatment.
Figure 7a shows significant differences between
the studied treatments as indicated by different
letters according to probability (P) < 0.05
according to Duncan's multiple range test. The
transverse diameter had the same trend. The
highest value was obtained in treatment b2, 51.0
mm, Figure 7b. Fruit height of the Goldrich
cultivar ranged from 50.4 mm to 60.2 mm.
Figure 7c shows significant differences between
the studied treatments in terms of fruit height.
The fruit weight determined on the fruits of the
studied treatments varied between 87.1 g in the
b2 treatment and 56.9 g in the b3 treatment.
Significant differences between the studied
treatments are shown in Figure 7d.
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CONCLUSIONS

The obtained results show that the combined use
of radicular and foliar fertilization contributes to
the improvement of fruit quality.

In Olimp and Goldrich cultivars, fruit weight
was higher compared to the control treatment

using radicular fertilization with NPK+S and
foliar fertilization with Cropmax.

Application of bio-stimulator treatments
resulted in improvement of all biometric
indicators for apricot fruits.
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Abstract

Asimina triloba (L.) Dunal, or pawpaw, is the only temperate plant species that belongs to the Annonaceae family. Is a
native North American fruit species from Florida to South Canada. In Romania, the first pawpaw plants were brought in
Transylvania from North America at the beginning of the 20th Century, in 1926 by Suciu family from Alba County. They
were locally cultivated and remained unknown in the rest of country. Only after 2000, have begun to be studied at the
Faculty of Horticulture, in Bucharest. Regarding nutritional value, asimina is comparable to apple, banana, orange,
peach and grape since it is high nutritionally rich fruit with high levels of minerals, vitamins and antioxidant compounds.
The color of the fruit changes from white-cream at bright yellow to shades of orange. The flavor of ripe pawpaw fruit
resembles a combination of banana, mango and pineapple. Pawpaw fruit are best eaten fresh when fully ripe but the
intense tropical flavor may be useful for preparation of food products such as: ice cream, smoothie, candy, juices, cakes

and others.

Key words: northen banana, products, minerals, vitamins.

INTRODUCTION

Asimina triloba (L.) Dunal, or pawpaw, is the
only temperate plant species that belongs to the
Annonaceae family (Padmanabhan & Paliyath,
2016; Zhang Lin, 2016) the tropical custard-
apple family and is the largest tree fruit native to
the United States (Darrow, 1975; Desmond,
1996). All but one of the 130 genera of the
Annonaceae family thrives in the tropical
region. Only the genus Asimina grows in the
temperate climate zone (Callaway, 1993),
specifically the USDA growing zone 5 (Brannan
et al., 2012; Pomper et al., 1999).

Is a native North American fruit species
including  nine  species of  Asimina
(Padmanabhan & Paliyath, 2016) grows on the
eastern part of the continent, from Florida to
South Canada (Stan et al., 2022). In the south-
eastern part of Florida and Georgia State, there
are eight other members of Asimina genus:
Asimina incarna (flag paw-paw), Asimina
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longifolia, Asimina obovata, Asimina parviflora
(dwarf paw-paw), Asimina pygmaea, Asimina
reticulata, Asimina tetramera (oposum paw-
paw), Asimina * nashii (Callaway, 1993; Stan et
al., 2022; Stanica et al., 2008).

About 70 varieties of Asimina have been cited in
the literature, but only 40 are -currently
commercially available (Stanica et al., 2008).
Asimina triloba is a species with high frost
resistance, surviving at -25 to -30°C, well
adapted to different soil types, preferring loose,
well-drained soils, with a neutral or slightly
acidic pH. Also, it has a resistance to diseases
and pests, being easy to grow in the organic
system (Stanica, 2012; Tabacu et al., 2020).

Is reported to be the largest tree fruit native to
the United States because the pawpaw fruit,
which can grow up to 1 kg by weight (Darrow,
1975; Zhang Lin, 2016).

In 1541, was written the first documentation
about Asimina triloba. In the present, despite its



long history, it is still a mysterious fruit that is
not commonly recognized.

A sensory study of tropical fruits shows that less
than 10% of consumers who liked better the
pawpaw taste could identify it correctly from
other tropical fruits (Brannan et al., 2012; Zhang
Lin, 2016).

In Romania, the first Asimina plants arrived in
Transylvania from North America at the
beginning of the 20" Century, in 1926, when in
Pianu Nou, Alba County, Ioan Suciu family
obtained plants from some seeds brought from
Ohio State (Cepoiu et al., 2004; Stanica, 2002;
Stanica, 2012).

They were locally cultivated and remained
unknown in the rest of country (Daniila et al.,
2004; Stan et al., 2022).

Only after 2000, at the Faculty of Horticulture in
Bucharest, was a scientific evaluation of this
interesting species started with the goal of
studying the propagation techniques, orchard
management and its behaviour under Romanian
conditions (Cepoiu et al., 2004; Stan et al., 2022;
Stanica & Cepoiu, 2003; Stanica et al., 2004;
Stanica et al., 2008; Stanica, 2012).

Other Asimina triloba genotypes are currently
found in Romania in the ‘Dimitrie Brandza’
Botanical Garden of the University of Bucharest
and other sites of the city, Geoagiu (Hunedoara
County), Simeria, Baia Mare (Cepoiu et al.,
2004; Tabacu et al., 2020).

ABOUT ASIMINA TRILOBA FRUIT

Usually, the pawapaw fruits is highly perishable
and only available for purchase in local markets
or from private gardeners’ backyards.

The promotion of pawpaw to standardized mar-
kets is relatively difficult for it has weaknesses,
due to perishability (Zhang Lin, 2016).

The shelf life of a ripened fruit stored at room
temperature is 2 to 3 days, but with refrigeration
[4°C (39.2°F)], fruit can be held up to 3 weeks
while maintaining good eating quality (Layne,
1996; Templeton et al., 2003). Though the fruit
is still at the edible stage, after the color of cut
pawpaw pulp turning in dark-brown, its
appearance is not favorable and for this reason
impact consumers’ perceptions of quality and
freshness (Boyd, 2015; Zhang Lin, 2016).
During the growing season, the pawpaw has a
whitish to light-green color. The color of the
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pulp changes from creamy white through bright
yellow to shades of orange that turns to brown at
maturity (Brannan et al., 2012; Layne, 1996;
Levine et al., 2015; Peterson, 2003; Pomper &
Layne, 2005; Wood & Peterson, 1999; Zhang
Lin, 2016).

Pawpaw fruit has a sweet and sour taste, the
flavor of ripe pawpaw fruit resembles a
combination of banana (Musa x paradisiaca),
mango (Mangifera indica), and pineapple
(Ananas comosus),; however, flavor varies
among varieties, with some fruit displaying
more complex flavor profiles (Desmond, 1996;
Kobayashi et al., 2008; McGrath & Karahadian,
1994b; Nam et al., 2018; Padmanabhan &
Paliyath, 2016; Pomper & Layne, 2005; Stan et
al., 2022) and the soft flesh surrounds two rows
of large bean-shaped dark brown seeds. The skin
of pawpaw should not be eaten. (Brannan et al.,
2012; Wood & Peterson, 1999; Zhang Lin,
2016).

Although pawpaw is sometimes confused with
papaya (Carica papaya), but it is an entirely
different species (Levine et al., 2015). Papaya is
a tropical plant grown in tropical regions, but
pawpaw can grow well in tropical regions as
well as in humid microthermal climates
(Padmanabhan & Paliyath, 2016; Stan et al.,
2022).

In the Figure 1 we found some health benefits of
pawpaw fruits.

NUTRITIONAL COMPOSITION AND
HEALTH BENEFITS

Pawpaw is a nutritionally rich fruit with high
levels of antioxidant compounds, regarding
nutritional value. The pawpaw antioxidant
content is similar to values for strawberry and
orange, and is almost ten times higher than
values for banana and apple (Nam & Jang, 2018;
Pellegrini et al., 2003).

Brannan et al. (2015), reported that pawpaw
fruit contains a large amount of procyanidins,
which have antioxidant effects, and Kobayashi
et al. (2008), demonstrated that pawpaw fruit
exhibits antioxidant activity (Nam et al., 2018).
Pawpaw is a nutritionally superior fruit, being a
good source of some vitamins, minerals, and
amino acids than in apple (Malus sylvestris var.
domestica), grape (Vitis spp.), and peach
(Prunus persica) (Jones & Layne, 1997;



Peterson et al., 1982; Templeton et al., 2003).
Are high in vitamins such as vitamin C, niacin,
protein and minerals, amino acids and they can
be considered an excellent source of potassium,
calcium, phosphorus, iron and magnesium, all
very important micronutrients that are often

lacking in the diets of children and seniors, along
with unique taste, make it an interesting
alternative to the most commonly consumed
fruits (Galli et al., 2007; Stan et al., 2022;
Templeton et al., 2003).
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Figure 1. Health benefits of pawpaw - Source: Original

A pawpaw’s caloric content is composed of
about 13.5% fat, in contrast with apples (5.5%
fat) and bananas (4.7% fat) (Jones & Layne,
1999). Because other fruit purees have been
successfully used to replace fat in baked
products (Charlton & Sawyer-Morse, 1996;

Swanson & Munsayac, 1999), the composition
of the pawpaw fruit makes it a unique and
realistic candidate as a fat-reducing agent in
baked goods (Duffrin et al., 2001).

The general nutritional value data of pawpaw
are presented in the Table 1.

Table 1. Fruit nutritional value of pawpaw

Nutritional value (per 100 g) Vitamins (per 100 g) Minerals (per 100 g)
(1 [2] [3]: [4]; (m 2] | BLH; [ [2] [3]: [4];
[5] [51 [5]
Energy (Kcal) 85 84 80 Vitamin A (IU) 82 1 Calcium (Ca)/(mg) 13 8 7.9
Moisture (g) 745 | 79.1 75.3 Thi (B1)/(mg) 0.8 Iron (Fe)/(mg) 0.2 0.3 56
Carbohydrates (g) 23.8 | 18.6 18.8 Riboflavin (B2) 6 Magnesium 10 359
(mg) (Mg)/(mg)
Lipid (g) 0.6 0.4 1.2 Niacin (B3)/(mg) 6.5 Manganase 74.3
(Mn)/(mg)
Protein (g) 0.7 1.5 12 Vitamin C (mg) 24.01 1.0 30.5 Pl us (P)/(mg) 5.9
Ash (g) 04 | 04 0.7
Dietary fiber (g) 4.5 58 2.6 Potassium (K)/(mg) 201 239 345
Total Sugar (g) 16.3 13.1 Zinc (Zn)/(mg) 0.5 6.7
Fructose (g) 2.2 1.7 2.6 Copper (Cu)/(mg) 22.2
Sucrose (g) 11.4 9.3 8.2 Sodium (Na)/(mg) 1.0 1.0
Glucose (g) 2.7 2.1 2.9

Source: ' Brannan et al., 2021; ?'Nam et al., 2018; B! Galli et al., 2007; ) Peterson, 1991; FTUSDA, 2005

PROCESSING

Pawpaw fruit can be eaten raw, processed and
frozen. Ripe pawpaw fruit soften and have a
powerful aroma (McGrath & Karahadian,
1994a; Shiota, 1991). The flavor of a pawpaw

fruit can intensify as it over-ripens, as with
banana, resulting in pulp that is excellent for use
in cooking (Templeton et al., 2003).

Currently, pawpaws are primarily consumed as
fresh fruit. Pawpaw fruit are best eaten fresh
when fully ripe.
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The intense tropical flavor and aroma (Shiota,
1991) also may be useful for developing
processed food products (blended fruit drinks,
baby food or puree, ice creams, juices, jam and
other products, as are their Annona relatives.
Pawpaws easily substitute in equal part for
banana in most recipes.

The flesh purees easily and freezes nicely
(Alkofahi et al., 1989; Brannan & Wang, 2017,
Jones & Layne, 1996; Rupprecht et al., 1986,
1990; Nam et al., 2018; Pomper & Layne, 2005).
Research suggests that pawpaw fruit pulp has
the potential to be added to various consumer
goods to add increased nutritional benefits or
flavor enhancement. The intense, tropical-fruit-
like flavor makes it a potential source of natural
fruit flavor (Brannan et al., 2012; McGrath &
Karahadian, 1994a).

Refrigeration of ripe pawpaw pulp exhibits no
effect on phenolics, flavonoids, reducing
potential, and radical scavenging compared to
fresh pulp (Brannan & Wang, 2017; Harris &
Brannan, 2009). Frozen pawpaw pulp is
commercially available and usually includes
ascorbic acid as a browning inhibitor.
Nonetheless, frozen tissue browns very easily
upon thawing and longer-term frozen storage
(Brannan & Wang, 2017).

Frozen pawpaw
fruits

Enzymatic browning could have a significant
effect on both food quality and food nutrition
value. Enzymatic browning in pawpaw pulp
produces a color deemed undesirable. Although
commercial frozen pawpaw pulp preserved with
ascorbic acid is on the market, anecdotal
evidence suggests that this pulp browns during
storage and especially quickly once thawed. A
strategy to inhibit enzymatic browning during
frozen storage would be useful for the nascent
pawpaw industry (Brannan & Wang, 2017).

In the “The edible pawpaw — A collection of
delicious and nutritious recipes” book, by the
Ohio pawpaw growers association we found a
lot of recipes with pawpaw fruits: breads,
muffins and biscuits; cake; cream and
cheesecake; cookies; custards; dips; ice cream

and sherbet; pasta; pies, preserves; jam;
puddings; dressing and sauce for salads;
smoothie.

Pawpaws varies in flavor and intensity. The
sugars in pawpaws are converted at high
temperatures into caramel or butterscotch
flavours, so the browner the cookies, the more
these flavours develop at the expense of the
pawpaw flavor. In the Figure 2. are presented
most of all the possibilities for storing and
processing pawpaw fruits.

m Pudding

“a®
/
B

2 3 weeks
The storage period
Pawpaw fruits

Figure 2. Processing of pawpaw - Source: Original

CONCLUSIONS

Asimina triloba (L.) Dunal is an interesting fruit
and with a hight nutritional potential for the
whole country, but also for Romania.
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Abstract

The main phenological and biological features of the introduced apple cultivars were studied, for the period 2019-2021
in the region of Troyan. In order to establish their influence on the phenological manifestations of apple cultivars in
order to be able to recommend them for cultivation from a practical point of view. It was found that in 2021 flowering
was abundant and occurred 5-8 days later than the previous year. The latest date for the end of flowering was
registered for the "Reanda" cultivar on May 12. The period from the beginning of flowering to its end is about 15-17
days. The fruits of the observed apple cultivars ripened in the period from mid-September to the first 10 days of
October. The fruits of 'Remo’ and 'Revena’ reached the earliest stage of ripening, and 'Granny Smith' was the latest.

Key words: Troyan region, climatic conditions, apple, cultivar, phenology.

INTRODUCTION

The main ecological force of the phenology of
fruit species in the temperate climate zone is
temperature. Temperature increases because of
global warming clearly have an impact.
Nevertheless, predicting the effects of tempera-
ture fluctuations on tree phenology is challen-
ging because the relationship between specific
dormancy temperatures and blossoming time
remains unclear. After a period of low
temperatures, in order to overcome winter
dormancy, buds require warm weather, which
will trigger their growth (Fadon et al., 2021).
Kalvane et al. (2021) found that the blossoming
and ripening period in apples are genetically
determined to occur almost simultaneously: in
the last week of May, in an interval of 4-5 days.
Koutinas (2010) presented new information on
apple and cherry trees over the last 20-30 years,
on factors and conditions that affect the flower
bud formation and reproductive organ quality,
paying attention to agronomics, particularly
summer pruning, fertilizing, irrigation and
treatment with growth regulators, through
which the processes of flower bud formation
can be regulated.

As a consequence of rising spring tempera-
tures, apple blossoming in Europe has occurred
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significantly earlier over the last thirty to forty
years with an average advance of 2-3 days per
decade (Unterberger et al., 2018; Vitasse et al.,
2018). Grauslund (1996) determined the
blossoming dates of apple cultivars over a ten-
year period (1985-94) and found that the
beginning of flowering occurred about 1 month
apart over the period, and the phenophase
length varied from 16 to 37 days.

The long-term selection program of Dresden-
Pilnitz apples are recognized and established
cultivars resistant to economically important
diseases and to critical changes in the
conditions of climatic factors. Characteristics
determining the influence of abiotic factors, for
different ripening periods and the direction of
use of the fruit production of these cultivars are
combined (Fischer & Fischer, 2002).

To expand the assortment of apple cultivars for
the Troyan region, trees of scab-resistant
cultivars of the Re series and low susceptibility
to powdery mildew of the Pi series were
imported from Germany 20 years ago, which
were selected in_the Institute in Dresden-
Pillnitz (Peil et al., 2004).

At this stage of their cultivation in the
conditions of the Troyan region have been
established their growth and reproductive
manifestations, biological and economic



significance, suitability for cultivation in the
conditions of the region and the actual
resistance to diseases (Dinkova et al., 2009;
Stefanova et al., 2016). Correct identification
of phenological stages in plants is very
important for cultivar characterization, crop
management, as well as disease and enemy
management Martinez et al. (2019).

The analyzes on the phenology of development
and the phenophases during the vegetation are
the main key element for establishing the
suitability of a given cultivar to the local
agroecological conditions, in particular the
climatic ones, such as temperature,
precipitation, air humidity. In combination with
the applied agricultural techniques, stable
yields and quality of the fruit production can be
guaranteed. Given the need for constant
changes in the structure of the apple assortment
and the fact that climate conditions have a
significant impact on the yield and quality of
fruits, the objective of the present study is to
determine and describe the agroecological
conditions of the Troyan region and their
impact on the phenological performances of
some apple cultivars, so that they can be
recommended for cultivation from a practical
point of view.

MATERIALS AND METHODS

Materials

The main phenological and biological features
of the introduced apple cultivars were studied:
'Melrose', 'Reanda’, Revena, Retina, Pilot, Topaz,
Jonathan and Granny Smith, grafted on the
rootstock MM 106, whereas Pingo, Remo,
Reglindis, Idared, Grafenstein and
Roseneisenapfel were on a seedling rootstock.
The planting scheme is 5x4m. They are
cultivated according to the generally accepted
technology in RIMSA in Troyan, under
nonirrigated  conditions,  without  plant
protection. The row-spacing are covered by
grass.

Methods

The phenophases of flowering and fruit
ripening were studied, according to the
generally accepted methodology for studying
plant resources in fruit plants (Nedev et al.,
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1979). The plot was periodically visited to
observe each of the identified stages.

Experimental site

Climate factors for the study period (2019-
2021) were compared with a 20-year base
period. The factors were measured in a weather
station on the territory of RIMSA Troyan. The
climate is moderately continental with mild and
warm winters and dry, not hot summers. The
altitude is 420 m.

Indicators
Phenology
of cultivars
Reproductive - yield per a tree (kg)

flowering and ripening periods

RESULTS AND DISCUSSIONS

Temperatures (°C) in March was higher by
over 1°C in 2019 and 2020 than the base
(6.1°C), and by 2.5°C lower in 2021 (3.6°C). In
April, the trend is reversed as in 2019 the
average monthly temperature was higher
(10.2°C), whereas in 2021 and 2020 it was
1.3°C less than the base (10.7°C). The base
average temperature in May was 15.3°C, as in
2021 it was the same, whereas in 2020 and
2019 it was 14.7°C, which was 0.6°C less
(Table 1). Precipitation in the spring months of
March, April, May was less than the base
period (norm), except for April 2019, when it
was 109 mm. The months of blossoming (end
of March, April) had a lower average monthly
temperature in 2021, compared to the previous
2 years. This strongly affects the blossoming
periods of the studied apple cultivars by
delaying it. The best precipitation amount was
reported for the fruit ripening processes in 2020
in every summer month, incl. July, August and
September, but the quantities were significantly
smaller compared to the base 20 year period.
The temperature values are the same as the
base period, as in 2019 the same phenomena
were reported, whereas the summer months in
2021 were with 2°C warmer than the average
and there were extremely low amounts of
precipitation (respectively 12; 56; 12 mm for
July, August and September), and already in
June the rainfall was only 64 mm, compared to
120 mm for the base period (Table 1).



Table 1. Climate factors (2019-2021) and average 20-year base period (2001-2020)

I 11 111 IV \Y% VI VII VIII IX X XI XII

2001-2020
precipitation | 452 | 460 | 626 | 69.3 | 106.8 | 1204 | 109.1 | 67.2 | 797 | 709 | 33.1 | 51.0

(mm)

2021 828 | 256 | 477 | 570 | 828 | 648 | 124 | 562 | 118 | 728 | 144 | 6856
2020 154 | 662 | 534 | 244 | 638 | 1290 | 754 | 564 | 33.6 | 1142 | 204 | 274
2019 404 | 552 | 165 | 1069 | 824 | 2346 | 1067 | 377 | 219 | 162 | 296 | 168
20¥1(;2C°)20 03 | 22 | 61 | 107 | 153 | 187 | 207 | 200 | 159 | 110 | 64 | 21
2021 T°C 16 | 37 | 36 | 94 | 154 | 189 | 227 | 227 | 162 | 87 | 75 | 26
2020 T°C 04 | 44 | 71 | 94 | 147 | 178 | 204 | 211 | 178 | 127 | 52 | 38
2019 04 | 25 | 75 | 102 | 148 | 199 | 202 | 204 | 162 | 135 | 85 | 32

For the conditions of the warmer spring in
2019, the earliest start of blossoming period
was registered in ‘Grafenstein’ cv. (March 29),
followed by ‘Remo’ and ‘Reglindis’ (April 1),
as ‘Melrose’ cv. registered the latest star of
blossoming (11.04) (Figure 1). The same year
was registered the longest flowering
blossoming from 16 days for ‘Ravena’ to 25
days for ‘Melrose’ and ‘Pingo’. Throughout the
month of April 2019, the average daily
temperatures were from 8.5°C to 12.2°C with
moderate rainfall, allowing the maintenance of
favorable conditions for prolonged blossoming.
In 2020, blossoming was weak. It started on
15.04 for ‘Reglindis’, as this date was preceded
by 5 consecutive days with temperatures above
10°C. Several days with low temperatures
followed, and by 25.04 the lastest blossoming
began for ‘Melrose’ and ‘Remo’ cultivars were
the cultivars, which started their blossoming.

For the conditions of 2021, blossoming was
abundant and took place 5-8 days later than the
previous year. It started on 14.04 for
‘Grafenstein’, the last blossoming started for
‘Melrose’ 29.04, ‘Granny Smith’ and ‘Revena’
28.04 (Figure 1). The latest date for the end of
blossoming was registered for ‘Reanda’
cultivar on 12.05. Similar occurrences and
timing were reported in 2015 by Stefanova et
al. (2016) for the same cultivars. Kalvane et al.
(2021) has been found that in recent decades
the full blossoming of apple trees is earlier, i.e.
for the sub-period (1959-1967) full blossoming
occurred on May 28 (148th day of the year),
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and in 2002-2019 even earlier on May 21 (142
th day of the year).

From one year to the next, the order in which
budding occurred is preserved, but the period
of development changes depending on
environmental factors, location, habitat, etc.
(Cosmulescu et al., 2022). Gheorghiu &
Cosmulescu  (2022), determine that in
depending on climatic conditions, the duration
between phenophases differs by year, from the
flowering stages of BBCH 60 "first open
flowers" to BBCH 69 "end of flowering: all
fallen petals") have a different duration on
average 10 days in 2018 and 2020, 6.7 days in
2019 and 8.3 days in 2021.

For our study the total matching of all cultivars
for each year is 6 days, as in 2019 it is in the
period from April 06 to April 12, in 2020 from
24.04 to 30.04), in 2021 from 27.04 to 05.05.
This is important for their mutual pollination
and fertilizing.

‘Grafenstein’ apple cultivar is distinguished not
only as an early bloomer but also as the earliest
ripe. Its characteristic is that the fruits do not
ripen at the same time. ‘Retina’, ‘Reglindis’
and ‘Remo’ reached ripening stage at the
beginning of September, in 2019 even at the
end of August. ‘Melrose’, ‘Pilot” and ‘Revena’
trees ripened at the end of September, in 2021
even at the beginning of October (Figure 2).
The harvesting period of individual cultivars is
about 5-6 days, after which the fruits remain on
the tree for a long time.
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Figure 1. Blossoming phenogram (2019-2021)
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Figure 2. Ripening phenogram (2019-2021)

According to the period of fruit ripening, and Rewena and Topaz are winter. The highest
‘Reglindis’ and ‘Retina’ are autumn cultivars, 3-year total yield was obtained from ‘Florina’
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(75.1 kg/tree) and ‘Reglindis’ (63.6 kg/tree)
trees Dimitrova & Sotirov (2020).

Favorable climatic conditions in 2019 allowed
prolonged flowering and good pollination of
flowers, retention of a useful knot and
formation of the highest yields for the period of
the study. The ‘Grafenstein’, ‘Roseneisenapfel’
and ‘Reglindis’ cultivars each having 80-90
kg/tree (Table 2). ‘Retina’ cultivar has the
lowest yields 15-35 kg/tree, followed by ‘Pilot’
and ‘Remo’.

As a result of the weak flowering in 2020, the
apple cultivars produced poorly. In the earlier
cultivars (‘Retina’, ‘Reglindis’, ‘Grafenstein’)
there was no fruiting. The fruits that reached
harvesting maturity were mainly from
representatives of the winter cultivars, for
which during ripening (September, October)

precipitation was 35 mm (Table 1). In 2021,
climate conditions favoured normal blossoming
and the fruit bearing of apple cultivars was
abundant. The highest yield for the
‘Grafenstein’ cv. was recorded (70.0 kg), and
the lowest for ‘Granny Smith’ (7.0 kg). For the
rest of the apple cultivars, the yield was
relatively high (Table 2). Fruits that reached
ripening stage were smaller in size than the
average standard fruit for the cultivars studied.
The fruits of the early ripening apple cultivars
do not ripen together and remain on the tree for
almost a month.

‘Melrose’, ‘Pilot’, ‘Revena’ (the latest ripening
of the studied group) - ripen in early October
(Figure 2), are larger, with a fruit weight > 100
g, and exhibit high drought resistance and the
fruits manage to grow (plump) sufficiently.

sufficient humidity was not provided,
Table 2. Reproductive parameters of apple cultivars (2019 and 2021)
Fruit weight (g) Yield (kg/tree)
2019 2021 2019 2021
Remo 112 93£15.10 50 45
Reglindis 100 80+11.22 80 40
Retina 126 69+5.41 35 15
Reanda 133 64+5.77 40 52
Revena 107 114+11.55 55 28
Rosenaisennapfel 150 104£13.04 85 15
Grafenstein 106 69+11.81 90 70
Pingo 134 128+15.18 70 55
Pilot 142 110£11.07 50 20
Melrose 156 83+4.28 65 41
Granny Smith 150 106+7.75 50 7
LSD 0,05 13.66
LSD 0,01 18.22
LSD 0,001 23.81
Dinkova et al. (2009) registered the highest CONCLUSIONS

yields in 2006, for the initial fruit bearing
period 2003-2007, as ‘Reanda’ and ‘Revena’
each having 28-30 kg yield per tree. In the
present study, after 12 years of cultivation, the
yields were significantly higher for these
cultivars.

The extent to which plants are affected by
changes in temperature and precipitation, their
inherent capacity to adapt, will ultimately
determine the potential for sustainable
ecological stability and food security (Fitchett
etal., 2015).
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The studied apple cultivars from Re and Pi
groups are suitable for cultivation in the
mountaine region of Troyan and are
recommended for enriching the assortment.

For each year of the study period, ‘Grafenstein’
was the earliest to blossom and ‘Melrose’ was
the latest. ‘Grafenstein’ apple cultivar is
distinguished not only as an early bloomer but
also as the earliest ripener.

The cultivars ‘Retina’, ‘Reglindis’ and ‘Remo’
reach harvesting maturity at the beginning of
September, ‘Melrose’, ‘Pilot’, ‘Revena’ at the



October. The largest are the fruits of the
‘Pingo’ and ‘Pilot’ cultivars.
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Abstract

In the present study, shoots of Ziziphus jujuba Mill. cv. 'Huping Zao' were used to identify an in vitro propagation
protocol. Murashige and Skoog medium was used for this purpose. In the initiation and establishment stage, the best
variant in terms of explant growth proved to be the one to which 2 mg L' IBA + 0.1 mg L' GA; + 1.5 mg L' NAA were
added. Regarding the explant multiplication stage, the best results were obtained using 2 mg L' IBA, respectively 2 mg
L' IBA + 0.5 mg L' NAA. The obtained results confirm the role and importance of different concentrations of

hormones on the growth and development of explants.

Key words: in vitro, jujube, tissue culture, shoots.
INTRODUCTION

Ziziphus jujuba Mill. (jujube, Chinese date)
belongs to the Rhamnaceae family, it is a fruit
tree species originating in China for more than
7000 years and the place where most varieties
are found (Liu et al., 2020; Jin, 2018). Jujube is
intensively cultivated mainly in China, USA,
India, Middle East, Australia, Italy (Liu et al.,
2020) due to its beneficial properties on health
(Stan et al, 2021; Chen et al., 2019
Cosmulescu et al., 2018), used in traditional
medicine as anti-inflammatory, detoxifying,
antioxidant, antimicrobial,  gastrointestinal
protective, cardiovascular, anticancer (Liu et
al., 2021). It is a species that is quite difficult to
multiply by generative methods (Karimpour et
al., 2013; Sapkota et al., 2020; Rahaman et al.,
2018) and if this is possible, the percentage of
germination is very low (Stanica, 2019). The
vegetative propagation methods among the
most used are grafting, propagation by cuttings
and shoots (Stanica, 2019; Yao, 2016), but if
the procedure is not carried out correctly, the
chances of success are non-existent and also the
lack of rootstocks makes this aspect very
difficult. A rapid propagation method is tissue
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culture (buds, shoots, leaves, callus) or in vitro
micropropagation (Dai et al., 2009; Gu &
Zhang, 2005; Khazaei et al., 2015). According
to Hussain et al. (2012) plant tissue culture
allows the growth of whole plants, organs,
tissues or cells under controlled aseptic
conditions in the laboratory, provides all the
nutrients, energy and water necessary for
explant growth through the used culture
medium, and the explants development can
then be manipulated by adding growth
hormones (Phillips & Garda, 2019) depending
on the pursued objectives (callusogenesis,
organogenesis, rhizogenesis). This method has
advantages and disadvantages. Among the
advantages we can mention the rapid
micropropagation (Iliev et al.,, 2010), in a
relatively short time, of a large number of
plants identical to the donor plant (the mother
plant from which the plant material is
harvested), obtaining clones, viruse free plants,
grown under aseptic conditions and controlled
environmental factors (George et al., 2008).
The process is laborious, expensive (Liu et al.,
2015), it is carried out in sterile laboratory
conditions, and special attention must be paid
to the preparation of the plant material in order



to have a chance of success (Rahaman et al.,
2018). Of course, the most common culture
medium used by researchers for in vitro
propagation of jujube is the Murashige and
Skoog culture medium (Yildirim et al., 2015;
San et al., 2014; Zhou & Liu, 2009; Goyal et
al., 2006; Jian et al., 2006; Gu & Zhang, 2005)
supplemented with different growth hormones
in different concentrations. Due to climate
changes, i.e. increasing  temperatures,
lengthening of the growing seasons, increasing
periods of drought on the territory of Romania,
as well as the strategic position on the globe,
the Chinese jujube can be considered a suitable
species for future orchards or as individual
plants in private gardens (Stanica, 2019).
Recent studies have demonstrated the
adaptability of this species to the climate of our
country, in teaching nurseries, research
stations, private gardens, but especially due to
the existence of the spontaneous jujube
("Dobrogea olive") present in Dobrogea area,
Southeast part of Romania (Stanica, 2019). The
purpose of this research paper was to establish
a proper sterilization protocol for jujube
explants, i.e. to find an appropriate growth
medium and hormonal balance for their
successful micropropagation.

MATERIALS AND METHODS

Plant material and sterilisation

The biological material was represented by
Ziziphus jujuba Mill. cv. 'Huping Zao'. Jujube
branches were harvested from the collection
orchard of USAMV of Bucharest during
dormancy (BBCH 00), transported to the
laboratory and subjected to a fungicidal
treatment by surface sterilization using 0.1%
Thiophanate methyl 70% and 0.2% Mancozeb
80%. The branches were kept in water at room
temperature (24 + 2°C) until the time of onset
of vegetation (BBCH 10-11/31), when the
shoots were detached and subjected to two
methods of sterilization under aseptic
conditions. The first method was the one
described by Soliman and Hegazi (2013),
namely washing the explants with detergent for
5 minutes, then rinsing them with an
antioxidant solution (1 g of ascorbic acid + 5 g
of citric acid dissolved in 200 mL of sterile
distilled water), followed by washing for 15

minutes with a 20% sodium hypochlorite
solution, then one minute with a disinfectant
solution (2 mL disinfectant + 200 mL sterile
distilled water) and finally 6 rinses with sterile
distilled water. The second sterilization method
consisted of washing the explants for 20
minutes with water and detergent, followed by
20 minutes with 40% sodium hypochlorite
solution, a rinse with alcohol (70%) for 10
seconds, respectively 6 rinses with sterile
distilled water.

Culture medium and conditions

Explants were grown on MS culture medium
(M5519, Sigma-Aldrich) supplemented with
3% sucrose (w/v) and gelled with 7 g L'! agar.
Different concentrations of growth hormones
(Sigma-Aldrich) on 4 variants in the case of the
initiation and establishment stage, respectively
3 variants in the case of the multiplication and
transfer stage were used (Table 1). The pH of
the initial medium was 4.6 after preparation,
and adjusted to 5.8 before autoclaving (Raypa
AES-8 for 20 minutes at 121°C) by adding IM
NaOH. After sterilization, the culture medium
was distributed in sterile Erlenmeyer flasks in a
laminar flow hood. After inoculation, the
explants were incubated in a climatic chamber
(Sanyo MLR351) at a temperature of 24 + 2°C,
3000 lux light intensity and 70% humidity,
with a photoperiod of 16 hours. After 40 days
on initiation medium, explants were multiplied
and transferred to MS culture medium using 3
variants of hormones (Table 1). The explants
were carefully cut, brown spots and yellowed
leaves were carefully removed, so that only
perfectly healthy explants were inoculated on
the new culture medium.

Table 1. The used growth regulators
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. Growth hormones (mg L-)*
Stage Variant [7r7 T BAP | IBA | GAs | NAA
A 0.25 0.1
Initiation and Az 0.5 0.1
establishment Az 1.5 0.1
Ag 2.0 0.1 1.5
T Vi 2.0
tiotn [
Vi 1.0
*TDZ-thidiazuron; BAP-benzyl amino purine; IBA-indole-3-butyric acid; GA3-Gibberellic acid; NAA-1-

Naphthylacetic acid

Statistical analysis
Measurements of shoot height (starting from
the surface of the culture medium), shoot




diameter (expansion at the widest points taking
into account the tips of the leaves) and number
of leaves per shoot were made. The obtained
data were processed in the IBM SPSS Statistics
26 program and represent the mean, standard
deviation, the limits of variation and the
coefficient of variability.

RESULTS AND DISCUSSIONS

Important in the case of disinfection of plant
material from the natural environment, consists
in the application of an appropriate fungicidal
treatment. Hansika et al. (2017) used Captan
50%, 1.2 g L', Thiophanate methyl 70%, 2 g
L' and Chlorothalonil, 1.8 mL L' as a
disinfectant for jujube explants, the best results
being obtained by immersing shoots in Captan
for 20 minutes with a 79.9% success rate. The
treatment applied by surface sterilization in this
study (0.1% Thiophanate methyl 70% and
0.2% Mancozeb 80%) had a success rate of
87.3%. Regarding the sterilization of explants,
both used variants gave promising results with
their survival percentage of 77% in the case of
the first sterilization variant, while Soliman and
Hegazi (2013) had an explant survival rate of
86% using the same protocol, respectively 92%
in the case of sterilization option number two.
Safarnejad (2015) mentions in his study the
sterilization of jujube buds using 0.02% HgCl»
for 3 minutes, 70% ethanol for 2 minutes and
30% NaOCl for 15 minutes. Also Yildirim et
al. (2015) sterilized jujube shoots by immersion
in 3% NaOCl (v/v) for 18 minutes, followed by
three rinses in sterile distilled water for 5
minutes. Another sterilization option with a
yield of 65.5% is that described by Melyan et
al. (2014) using 2% Ca(ClO); for 15 min and
70% ethanol for 3 min. Khazaei et al. (2015)
mention the use of 70% ethanol for 1 minute
and 2% sodium hypoclorite for 25 minutes,
followed by rinsing with distilled water for 25
minutes for jujube buds disinfection protocol.

The best variant in the initiation and
establishment stage of the in vitro culture was
the A4 variant in terms of all three determined
morphological characteristics, namely the
height of the explants (with an average of 1.77
cm), the diameter of the shoots (with a value
average of 1.58 ¢cm) and the number of leaves
(with an average of 5.67 leaves/shoot) (Table

2). This demonstrates the role of growth
hormones used 2 mg L' IBA + 0.1 mg L' GA3
+ 1.5 mg L! NAA compared to the other
variants. Yildirim et al. (2015) had the best
results using the combination of 0.1 mg L™
TDZ + 0.5 mg L' BAP + 0.1 mg L' IBA +
0.3 mg L' GA; in the production of new
shoots in Ziziphus jujuba multiplied in vitro. At
the same time, Ma et al. (2012) confirmed the
use of thidiazuron (along with AgNOs and
NAA) as beneficial in the shoot regeneration
process and Wang et al. (2013) the use of
thidiazuron in combination with IBA in the
process of new shoot emergence. Huo et al.
(2007) mention IBA in a concentration of 0.2
mg L' along with 5 mg L' BA as being
beneficial for the proliferation of jujube
explants in the variety 'Gagazao'. The high
coefficient of wvariability indicates large
differences between the inoculated Erlenmeyer
flasks within each variant. Herman (2015)
mentions IBA and NAA as being among the
most used auxins in tissue culture for cell
division, callus formation, shoot growth and
rooting. Thidiazuron is considered a frequently
used cytokinin in the case of woody species
(Huetteman & Preece, 1993) but with a lower
incidence compared to BAP. Gibberellic acid
(GA3) was successfully used for jujube shoot
elongation along with benzylaminopurine by
Melyan et al. (2014).

Table 2. Results obtained during the initiation and
establishment phase

Var Desc_riptive Shoot height ) Shoot Number of
statistics® (cm) diameter (cm) leaves
Mean+SD 1.24+0.63 148 +£0.93 421+1.55

A Range 0.30-3.00 0.10-3.80 1.00-7.00

CV% 50.80 62.83 36.81
Mean+SD 1.28 £0.45 1.54+0.97 3.83+£241
A, Range 0.40-2.10 0.20-3.60 0.00-1.00
CV% 35.15 59.74 62.92
Mean+SD 1.30+0.76 1.15+0.66 429 +1.81
A; Range 0.30-2.70 0.50-2.30 1.00-7.00
CV% 58.46 57.39 42.19
Mean+SD 1.77+0.23 1.58 +£0.72 5.67+0.52
Ay Range 1.40-2.00 0.80-2.40 5.00-6.00
CV% 12.99 45.56 9.17
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*SD = Standard Deviation; CV% = Coefficient of variation

Hao et al. (2013) successfully used a hormone
balance composed of thidiazuron and NAA in
MS medium for callus culture and subsequent
shoot emergence of jujube. The hormonal
variant with thidiazuron in this study had the
lowest values in terms of shoot elongation




(with an average of 1.24 cm) followed by the
variant with BAP (with an average of 1.28 cm)
in terms of the same characteristic using
0.25 mg L', Zhou and Liu (2009) confirm the
use of gibberellic acid as having an important
role in the elongation of the shoots,
respectively 0.5 mg L in the case of "Dongzao'
shoots, results consistent with those obtained in
this work, the two variants with GA3 having the
higher results regarding this characteristic (but
in a lower concentration 0.1 mg L'").

Regarding the multiplication and transfer stage,
although no root emergence was observed, the
best effect on shoot height growth and leaf
emergence and formation was 2 mg L' IBA,
with mean values of 2.01 cm, respectively
5.30 leaves/shoot. V2 was beneficial to shoot
diameter expansion, respectively 2 mg L' IBA
+0.5 mg L' NAA, with an average of 1.71 cm.
Yildirim et al. (2015) suggest the use of 2 mg
L' IBA as beneficial to root formation (with a
percentage of 76.7% root formation in their
study) (Table 3). In the present study the same
concentration of IBA used had no impact on
rhizogenesis formation. The high coefficient of
variation indicates a high degree of variability
within the determinations performed and
between variants.

Table 3. The results obtained in the multiplication and
transfer stage

Descriptive Shoot height S hoot Number of
Var - diameter
statistics™® (cm) leaves
(cm)
Mean+SD 2.01£0.31 1.51+0.42 5.30+0.73
Vi Range 1.10-2.60 0.80-2.50 4-7
CV% 15.42 27.81 13.77
Mean+SD 1.91+0.37 1.71£0.62 5.00+1.64
Va Range 1.40-2.50 1.00-3.30 3-8
CV% 19.37 36.25 32.80
Mean+SD 1.30£0.55 0.64 +0.47 2.00+2.74
Vs Range 0.80-1.90 0.30-1.20 0-5
CV% 42.30 73.43 137
*SD = Standard Deviation; CV% = Coefficient of variation

Hansika et al. (2017) used MS culture medium
supplemented with 1.5 mg L' BAP and
obtained a percentage of 96.66% in terms of
shoot elongation, and the lowest values using
TDZ 02 mg L' (3.33%), but with callus
production. They also mention the lack of
formation of new shoots in any of the two
variants used and the lack of root formation on
medium supplemented with IBA, results
consistent with those obtained in this paper.
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Future research on other hormone combinations
will be conducted to identify the best variant in
terms of emergence and formation of new
shoots and root formation respectively. The
obtained results confirm the role and influence
of hormones on the growth and development of
jujube explants. Compliance with the work
protocol, starting from the choice of explants,
their disinfection, sterilization, inoculation and
ensuring the environmental factors necessary
for development, is the key to the success of
the culture initiation and establishment stage.
Aseptic conditions are the most important
aspect of tissue cultures to avoid unwanted
infections. The culture medium and the
hormonal balance are the decisive factors in the

appearance and development of certain
morphological  processes  (differentiation,
dedifferentiation, callus formation, shoot

elongation, leaf growth, new shoot formation).
CONCLUSIONS

Growth hormones influence the growth and
development processes of explants. MS culture
medium using the combination of IBA, GA3
and NAA was found to be beneficial during the
initiation and establishment stage of the culture.
Special attention must also be paid to the
sterilization of the explants in order to have as
high a percentage of success as possible. None
of the hormonal variants caused the emergence
of new shoots and the formation of roots.
Further = research  on  increasing  the
concentration of hormones but also the use of
others will be carried out to establish a suitable
protocol for the in vitro propagation of the
Chinese jujube.
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Abstract

The aim of this study was to assess the yield and fruits quality of apple produced in ecological system. In 2022 the
influence of different fertilizers on yield and fruits quality at three apple cultivars was carried out. The trees were
planted in a spacing of 3 x 2 m, according to the following experimental scheme: Factor A - cultivar, with three
graduation (al - ‘Romus 3°, a2 - ‘Idared’ and a3 - ‘Golden delicious’); Factor B - fertilization variant, with four
graduations (bl - Biohumus - 0.5 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar application + Cifamin BK -
1 L/ha, foliar application; b2 - Biohumus - 0.7 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar application +
Cifamin BK - 1 L/ha, foliar application; b3 - Biohumus - 0.9 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar
application + Cifamin BK - 1 L/ha, foliar application; b4 - ‘Unfertilized’). As results of the investigations we found that
the highest fruit yield and fruits quality was obtained at ‘Idared’ (28.66 kg/tree, respectively 215.66 g) cultivar in
fertilization variant 3.

Key words: apple, cultivar, fertilizers, yield, fruits quality.
INTRODUCTION al., 2021). The objective of this paper was to
evaluate yield and some important quality
parameters of three apple cultivars from
orchards managed under ecological system in
Maracineni - Arges area, Romania.

In the last decade, consumers started to look to
ecological products which have lower
environmental impacts and higher nutritive
values (Amarante et al., 2008, Cuevas et al.,
2015; Butac & Chivu, 2020).

In ecological agriculture, the use of synthetic

MATERIALS AND METHODS

carried out in a

pesticides and fertilizers is not allowed, but  The

only organic ones such as animal and green
manure, compost, sulfur and copper products,
pheromone traps and other biological control
methods (Holb et al., 2003; Peck et al., 2006;
Jonsson, 2007; Amarante et al., 2008; Butac et
al., 2021).

Ecological apple production is still quite
limited in most European countries, due to the
reduced possibilities to control the diseases and
pests (Jonsson, 2007; Amarante et al., 2008), as
well as due to the lack of organic fertilizers
(McArtney & Walker, 2004), which limits
profitability of ecological apple orchards.In
Romania, ecological agriculture included, at the
level of 2019, an area of approximately
395,228 ha, respectively 2.9% of the
agricultural area. Fruit trees occupy only
15,905 ha, i.e. a share of 4.0% of the total
organic agriculture at national level (Butac et
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experience was
demonstrative plot established in 2010 at
Maracineni, in a private farm from Arges
county, Romania. The trees were planted in a
spacing of 3 m between the rows and 2 m
between trees, according to the experimental
scheme from Table 1.

Table 1. Experimental scheme

Factor Variant/Origin Doses and method
of application

A- V1. Romus 3 -Romania

Cultivar V2. Idared - USA
V3. Golden delicious -USA -

B- V1. Biohumus + - 0.5 L/tree, soil
Feritilizati | Macys BC 28 + -2 L/ha, foliar
on variant | Cifamin BK - 1 L/ha, foliar

V1. Biohumus + - 0.7 Litree, soil
Macys BC 28 + - 2 L/ha, foliar
Cifamin BK - 1 L/ha, foliar
V1. Biohumus + - 0.9 Litree, soil
Macys BC 28 + - 2 L/ha, foliar
Cifamin BK - 1 L/ha, foliar
V4. Unfertilized




The determinations were carried out in 2022
year. Biohumus fertilizer was applied in spring
before the start of vegetation and in autumn
after the fall of the leaves. Macys BC 28 and
Cifamin BK fertilizers were applied after flo-
wering and in the young fruit phase. The expe-
riment was carried out in a randomized block
design, in 3 replicates with 3 trees per plot.

In these experimental variants we carried out
the following parameters: fruits yield in
kg/tree; fruits weight in g; fruits soluble solids
content with a digital refractometer in °Brix;
pH of fruits with the device Minititrator Hanna
Instrument  84532; fruits firmness was
measured with non-destructive penetrometer
Qualitest HPE.

The results of the experiment were analyzed
statistically using Duncan‘s multiple range test
at a 0.05% significance level.

RESULTS AND DISCUSSIONS

Fruits yield. Between the fertilized and
unfertilized variants there are significant
differences of fruits yield. The ‘Idared’ cv.
registered the highest fruit production (24.83
kg/tree) significantly exceeding the ‘Romus 3’
(20.33 kg/tree). With the increase of Biohumus
doses, the production of fruits also increases
(from 23.11 kg/tree in V1 to 25.77 kg/tree in
V3) (Table 2).

Table 2. Influence of the fertilizers on the yield (kg/tree)

Cultivar Fertilization variant*
Vi V2 V3 V4 Average**
Romus 3 21.33 21.66 22.00 16.33 20.33 b
Idared 24.66 27.66 28.66 18.33 24.83 a
Golden 23.33 24.33 26.66 18.66 23.24a
delicious
Average** | 23.11b | 24.55ab | 25.77a | 17.77 ¢
*V1 - Biohumus - 0.5 L/tree, soil application + Macys BC 28 - 2 L/ha,
foliar application + Cifamin BK - 1 L/ha, foliar application; V2 -

Biohumus - 0.7 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar
application + Cifamin BK - 1 L/ha, foliar application; V3 - Biohumus -
0.9 Litree, soil application + Macys BC 28 - 2 L/ha, foliar application +
Cifamin BK - 1 L/ha, foliar application; V4 - Unfertilized

**Duncan multiple ranges test. Mean values followed by the same
letter within a column are not significantly different (P<0.05).

The fertilization variant 3 determined a higher
fruit production than the other wvariants,
respectively 25.77 kg/tree, exceeding the fruits
production obtained in V1 with 2.66 kg/tree,
with 1.22 kg/tree in V2 and with 8.00 kg/tree in
unfertilized variant. In conclusion, it can be

said that among all the 3 varieties studied, the
highest fruit production was obtained in the
fertilization variant 3 - Biohumus - 0.9 L/tree,
soil application + Macys BC 28 - 2 L/ha, foliar
application + Cifamin BK - 1 L/ha, foliar
application (Table 2).

Fruits weight. The ‘Idared’ cv. registered the
highest fruit weight (215.16 g) significantly
exceeding the ‘Romus 3’ (121.91 g) and
‘Golden delicious’ (185.33 g). With the in-
crease of Biohumus doses, the fruits weight
also increases (from 178.00 gin V1 to 213.55 g
in V3).

The fertilization variant 3 determined a higher
fruit weight than the other variants, respectively
213.55 g, exceeding the fruits weight from V1
with 35.55 g, with 42.99 g in V2 and with
79.22 g in unfertilized variant. In conclusion, it
can be said that among all the 3 varieties
studied, the highest fruit weight was obtained
in the fertilization variant 3 - Biohumus - 0.9
L/tree, soil application + Macys BC 28 - 2
L/ha, foliar application + Cifamin BK - 1 L/ha,
foliar application (Table 3).

Table 3. Influence of the fertilizers
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on the fruits weight (g)
Cultivar Fertilization variant®

Vi V2 V3 V4 Average**
Romus 3 120.66 108.66 150.00 108.33 12191 ¢
Idared 212.00 | 223,33 | 271.33 | 154.00 215.16 a
Golden 201.33 | 180.00 | 219.33 | 140.66 185.33 b
delicious
Average** 178.00 170.66 | 213.55 | 134.33

b b a ¢
*V1 - Biohumus - 0.5 L/tree, soil application + Macys BC 28 - 2
L/ha, foliar application + Cifamin BK - 1 L/ha, foliar application; V2 -
Biohumus - 0.7 L/tree, soil application + Macys BC 28 - 2 L/ha,
foliar application + Cifamin BK - 1 L/ha, foliar application; V3 -
Biohumus - 0.9 L/tree, soil application + Macys BC 28 - 2

L/ha, foliar application + Cifamin BK - 1 L/ha, foliar application; V4 -
Unfertilized

**Duncan multiple ranges test. Mean values followed by the same
letter within a column are not significantly different (P<0.05).

Fruits soluble solids content. On average of
the experimental variants, the highest soluble
solids content was recorded on the ‘Golden
delicious’ cv. (12.75°Brix), followed by the
‘Idared’ cv (12.19°Brix).

The highest fruits soluble solids content was
obtained in the fertilization variant 3
Biohumus - 0.9 L/tree, soil application +
Macys BC 28 - 2 L/ha, foliar application +
Cifamin BK - 1 L/ha, foliar application (12.68°
Brix) (Table 4).




Table 4. Influence of the fertilizers on the fruits soluble
solids content (° Brix)

Table 6. Influence of the fertilizers on the fruits firmness

. Fertilization variant*

Cultivar Vi V2 V3 V4 Average**
Romus 3 11.33 12.06 11.53 11.56 11.62 b
Idared 12.16 11.90 13.06 11.63 12.19 ab
Golden 11.36 12.80 13.46 13,40 12.75a
delicious
Average** 11.62¢ | 12.25b | 12.68a | 12.20b

*V1 - Biohumus - 0.5 L/tree, soil application + Macys BC 28 - 2 L/ha,
foliar application + Cifamin BK — 1 L/ha, foliar application; V2 -
Biohumus - 0.7 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar
application + Cifamin BK - 1 L/ha, foliar application; V3 - Biohumus -
0.9 Litree, soil application + Macys BC 28 - 2 L/ha, foliar application +
Cifamin BK - 1 L/ha, foliar application; V4 - Unfertilized

**Duncan multiple ranges test. Mean values followed by the same
letter within a column are not significantly different (P<0.05).

Fruits pH. On average of the experimental
variants, the highest value of fruits pH was
obtained on the ‘Golden delicious’ cv. (4.22),
which indicates sweeter fruits compared to the
‘Romus 3’ (3.86) and ‘Idared’ (3.92) cultivars.
The highest value of fruits pH was obtained in
the unfertilized variant (4.02) and the lowest
pH value of the fruits was obtained in variant 3
- Biohumus - 0.9 Li/tree, soil application +
Macys BC 28 - 2 L/ha, foliar application +
Cifamin BK - 1 L/ha, foliar application (3.99)
(Table 5).

Table 5. Influence of the fertilizers on the fruits pH

(HPE units)
Cultivar Fertilization variant®
Vi V2 V3 V4 Average**
Romus 3 68.63 75.66 69.23 69.06 70.64 a
Idared 73.60 71.10 71.13 70.23 71.52 a
Golden 73.30 72.66 70.96 65.06 70.50 a
delicious
Average** 71.84 73.14 70.44 b 68.12
a a c

Cultivar Fertilization variant
V1 V2 V3 V4 Average**
Romus 3 3.76 3.95 3.83 3.89 3.86b
Idared 3.85 3.90 3.92 4.02 3.92b
Golden 438 4.15 4.23 4.14 422a
delicious
Average** 4.00 a 4.00 a 3.99a 4.02a

*V1 - Biohumus - 0.5 L/tree, soil application + Macys BC 28 - 2 L/ha,
foliar application + Cifamin BK - 1 L/ha, foliar application; V2 -
Biohumus - 0.7 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar
application + Cifamin BK - 1 L/ha, foliar application; V3 - Biohumus -
0.9 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar application +
Cifamin BK - 1 L/ha, foliar application; V4 - Unfertilized

**Duncan multiple ranges test. Mean values followed by the same
letter within a column are not significantly different (P<0.05).

Fruits firmness. On average ‘Idared’ cv. had
firmer fruits than ‘Romus 3’ and ‘Golden
delicious’ cvs., between these cultivars being
differences but not statistically assured (Table
6).

The fruits of all cultivars studied had higher
flesh firmness at harvest time in all fertilization
variants than unfertilized variant (Table 5),
results confirmed by other authors as well
DeEll and Prange (1992), Reganold et al.
(2001), Weibel et al. (2004), Peck et al. (2006)
at apple.

*V1 - Biohumus - 0.5 L/tree, soil application + Macys BC 28 - 2 L/ha,
foliar application + Cifamin BK - 1 L/ha, foliar application; V2 -
Biohumus - 0.7 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar
application + Cifamin BK - 1 L/ha, foliar application; V3 - Biohumus -
0.9 L/tree, soil application + Macys BC 28 - 2 L/ha, foliar application +
Cifamin BK - 1 L/ha, foliar application; V4 - Unfertilized

**Duncan multiple ranges test. Mean values followed by the same
letter within a column are not significantly different (P<0.05).

CONCLUSIONS

The culture of fruit trees in an ecological
system has a positive influence both on the
environment and on the fruits yield and their
quality.

The results of our study showed that the
production and fruits quality had higher values
in the case of the fertilized variants compared
to the unfertilized variant.

Also, with the increase of Biohumus doses, the
production and fruits quality increases at all
cultivars studied.
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Abstract

The cultivation of Chinese jujube can be traced back 7,000 years to the Neolithic era, making it one of the oldest
cultivated fruit plants in the world. In Romania, Chinese jujube can be found in nature, semi-spontaneously, in
Jurilovea and Mahmudia in Tulcea County and Ostrov in Constanta County. This paper describes the genotypes of
Chinese jujube (Ziziphus jujuba Mill.) found in the Dobrogea region, specifically in Jurilovca, Mahmudia, Bugeac, and
Ostrov. The study focuses on the chemical analysis and mineral composition of seven local jujube genotypes from
Dobrogea and five Chinese cultivars. In the analyzed jujubes, sugar content varied between 15.91% to 31.07%;, dry
matter varied between 19.50% and 39.00%;, total polyphenols varied between 390 to 1,020 mg gallic acid/100 g,

calcium varied between 6.29 and 47.95 mg/100 g.

Key words: Chinese jujube, polyphenols, sugar content, mineral composition.

INTRODUCTION

Ziziphus jujuba Mill., also known as jujube in
English or Zao in Chinese, originates from the
middle and lower regions of the Yellow River,
the "mother river" of the Chinese people. Its
fruits are often confused with Indian jujube
(Ziziphus mauritiana), but these are two
different species.

The Ziziphus jujuba tree produces flowers in
early summer (June-July), and the fruits ripen
gradually in autumn (September-October). The
fruits can be consumed fresh, dried, or
processed into juices, wines, syrups, preserves,
candies, and vinegar.

Jujube stands out with its unique composition,
encompassing 23 types of amino acids rarely
present in other fruits. This diversity
contributes to its reputation as a traditional and

functional Chinese food renowned for its
numerous health benefits. The primary
minerals in jujube include phosphorus,

potassium, calcium, and manganese. Notably,
sodium, zinc, copper, and iron are also present
(Shahrajabian, 2019).

The cultivation of Chinese jujube can be traced
back 7,000 years to the Neolithic era, making it
one of the oldest cultivated fruit plants in the
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world. During the Han Dynasty, approximately
2,000 years ago, the cultivation of Chinese
jujube spread throughout the entire region of
Northern and Southern China (Liu, 2020).

In Romania, Chinese jujube can be found in
nature, semi-spontaneously, in the localities of
Jurilovca, Mahmudia in Tulcea County, and
Ostrov in Constanta County. It is believed that
they reached our country through the Silk Road
and routes near ancient Greek, Roman, and
Byzantine cities, such as the Argamum Fortress
(Jurilovca, Tulcea County), Enisala Fortress (a
fortress overlooking the Razim and Babadag
lakes today), Salsovia Fortress (Mahmudia,
Tulcea County), and Vicina Fortress (located
on Pacuiul lui Soare Island, also known as the
sunken fortress in the Ostrov area, Constanta
County) (Stanica, 2019).

MATERIALS AND METHODS

The study was conducted by analyzing the
fruits of seven wild jujube genotypes identified
in Tulcea and Constanta County, namely the
Jurilovea, Mahmudia, Bugeac, and Ostrov
genotypes, and on five jujube cultivars, namely
Taigu Ban, Hu Ping, Xuan Cheng Jiang Zao,
Jun Zao, and Hongan.



The cultivars of Chinese jujube were analyzed
to compare wild jujube genotypes for a better
understanding.

This study aims to present several biochemical
characteristics of the fruits, such as sugar
content (%), soluble dry matter (%), acidity
(citric acid%/100 g), total polyphenols (mg
gallic acid/100 g), and antioxidant capacity (mg
Trolox/100 g). Additionally, the mineral
content, including lead (pg/kg), cadmium
(ng/kg), chromium (pg/kg), copper (mg/kg),
zinc (mg/kg), manganese (mg/kg), iron
(mg/kg), sodium (mg/100 g), potassium
(mg/100g), calcium (mg/100 g), and
magnesium (mg/100 g), were also analyzed.

RESULTS AND DISCUSSIONS

The presented data shows that sugar levels
varied significantly among the samples of
Chinese jujube fruits, with values ranging from
15.91% to 31.07%.

The Jurilovca III 1, Ostrov, and Jurilovca I 1
genotype exhibit the highest sugar levels,
31.07%, 29.90%, and 26.40%, respectively,
while the Hu Ping, Jun Zao, and Hongan
varieties had the lowest sugar levels, 15.91%,
16.35%, and 17.45% (Table 1, Figure 1).

The presented data in Figure 2 refers to the
acidity level expressed as citric acid (%)
measured in different samples of Chinese
jujube  fruits. Acidity is an essential
characteristic of fruits and can influence their
taste and quality.

Acidity levels vary significantly among
genotypes, ranging from 0.26% to 1.05%.
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Figure 2. Acidity (citric acid %/100 g)

The Mahmudia 2, Jurilovca III 1, and
Mahmudia 1 genotypes exhibit the highest
acidity levels, 1.05%, 1.04%, and 0.90%. At
the same time, the fruits of the Hongan, Taigu
Ban, and Jun Zao varieties have the lowest
acidity levels, 0.26%, 0.40%, and 0.40%,
respectively (Table 1.)

Table 1. Biochemical analyses

Acidity Soluble dry matter Total polyphenols Antioxidant

Genotype Sugar content (%) (citric acid %/ (%) (mg gallic acid/ capacity (mg

100 g) 100 g) Trolox/100 g)
Jurilovea I 1 26.4 0.83 25.50 690 375.0
Juriloveca 12 19.04 0.73 24.75 750 382.5
Jurilovea III | 31.07 1.04 27.00 780 405.0
Mahmudia 1 19.71 0.9 21.75 720 397.5
Mahmudia 2 22.49 1.05 30.00 1020 442.5
Ostrov 29.9 0.64 39.00 510 232.5
Bugeac 26.17 0.64 34.5 690 315.0
Taigu Ban 19.03 0.40 21.00 420 142.5
Hu Ping 1591 0.41 19.50 390 120.0
Xuan Chen Jiang Zao 19.48 0.62 19.50 540 270.0
Jun Zao 16.35 0.40 21.00 480 202.5
Hongan 17.45 0.26 24.00 450 240.0
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Dry matter content (%) measured in different
fruit genotypes is presented in Figure 3, being

an indicator of fruit quality.

The dry matter levels varied significantly

among genotypes, ranging from 19.5% to 39%.
The Ostrov, Bugeac, and Mahmudia 2
genotypes exhibit the highest levels of soluble
dry matter, 39.00%, 34.50%, and 30.00%. At
the same time, the fruits of the analyzed
cultivars Hu Ping, Xuan Chen Jiang Zao, and
Jun Zao had the lowest levels for dry matter,
19.50%, 19.50%, and 21.00%.
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Figure 3. Dry matter (%)
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Figure 4. Total polyphenols (mg gallic acid/100 g)

Polyphenols are organic compounds found in
plants and are considered beneficial for health
as they can help prevent chronic diseases such
as cardiovascular diseases and cancer. In
general, foods that contain high levels of
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polyphenols are considered healthy, and
consuming them can benefit health.

Total polyphenol levels varied significantly
among samples of Chinese jujube fruits,
ranging from 390 to 1,020 mg gallic acid/
100 g. Mahmudia 2, Juriloveca III 1, and
Jurilovca I 2 exhibit the highest levels of total
polyphenols, with values of 1,020 mg gallic
acid/100 g, 780 mg gallic acid/100 g, and 750
mg gallic acid/100 g, respectively. At the same
time, the fruits of the analyzed cultivars Hu
Ping, Taigu Ban, and Hongan had the lowest
levels of total polyphenols, with values of
390 mg gallic acid/100 g, 420 mg gallic
acid/100 g, and 450 mg gallic acid/100 g,

respectively (Table 1., Figure 4).
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Figure 5. Antioxidant capacity (mg Trolox/100 g)

Antioxidant capacity refers to the ability of a
substance to neutralize or prevent cellular
damage caused by free radicals and other
reactive oxygen species. Antioxidants can be
found in various foods, including fruits and
vegetables, and help protect cells and tissues
from oxidative stress and the adverse effects of
aging and chronic diseases.

According to the presented data, antioxidant
capacity measured by the DPPH method varied
significantly among genotypes, with values
ranging from 120 to 442.5 mg Trolox/100 g.
Mahmudia 2, Juriloveca III 1, and Mahmudia 1
genotypes exhibited the highest antioxidant
capacities with values of 442.50 mg Trolox/
100 g, 405 mg Trolox/100 g, and 397.50 mg
Trolox/100 g, while the fruit samples of the
Chinese jujube cultivars Hu Ping, Taigu Ban,
and Jun Zao had the lowest antioxidant



capacity values of 120 mg Trolox/100g, 142.50
mg Trolox/100 g, and 202.50 mg Trolox/100 g,

respectively (Table 1., Figure 5).

Table 2. Mineral contain of Chinese jujube fruits

Genotype Pb Cd Cr Cu Zn Mn Fe Na K Ca Mg
ng/kg ng/kg ng/kg mg/kg mg/kg mg/kg mg/kg mg/100 g | mg/100 g | mg/100 g mg/100 g

Jurilovea T 1 7.88 <1 164.18 0.9 29 2.89 1.28 22.61 42.09 38.95 10.99
Jurilovea 12 13.53 <1 13796 | 0.99 1.96 251 0.38 22.95 51.99 37.51 11.06
Jurilovea IIT 1 16.8 <1 242 1.98 3.85 3.77 0.7 26.08 53.61 47.95 11.9
Mahmudia | | 49.86 | 3.87 102.2 0.76 2.59 4.06 0.13 25.42 55.16 34.66 11.56
Mahmudia 2 9.21 <1 63.4 147 372 4.03 0.39 26.78 51.06 36.3 11.94
Ostrov 4543 | 3.66 <1 1.54 221 248 0.22 26.41 52.54 14.44 9.46
Bugeac 8.9 <1 543.6 0.6 248 3.39 02 19.51 47.87 25.09 10.68
Taigu Ban 26.73 217 | 13039 1.89 6.28 2.04 124 32.02 53.6 9.44 821
Hu Ping 17.68 1.89 63.46 3.14 1.39 193 05 33.18 49.43 6.29 7.78
)%;ngcz};eon 20.77 258 | 11238 1.49 2.79 1.52 0.49 24.55 54.07 9.57 8.78
Jun Zao 17.37 23 <1 1.97 293 224 1.42 3239 51.88 8.33 7.85
Hongan 40 22 188.6 1.86 228 2.08 1.89 3035 49.79 9.97 8.47

The highest lead content was recorded on
Mahmudia 1 and Ostrov genotypes with values
of 49.86 ng/kg and 45.43 pg/kg. In contrast, in
the Chinese jujube varieties, the highest values
were found in the Taigu Ban variety, with a
weight of 26.73 ng/kg, and the Xuan Chen
Jiang Zao variety, with a value of 20.77 pg/kg.
According to Commission Regulation (EC) No.
1881/2006 on maximum levels for specific
contaminants in food products, the permissible
limit for lead content in fruits is 0.1 mg/kg,
equivalent to 100 pg/kg (Table 2).
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Figure 6. Content of lead, cadmium, and chromium
(ng/kg) from jujube fruits

Cadmium is another heavy metal that can be
toxic to the human body and can be found in
some fruits and vegetables, especially those
grown in contaminated soils or exposed to
other sources of pollution such as water or air.
Generally, fruits with thicker skins, such as
bananas, oranges, and grapefruits, tend to have
lower cadmium content than fruits with thinner
skins, such as apples or grapes. In our case, the
highest values were recorded in the fruits of
Mahmudia 1 and Ostrov genotypes, with values
of 3.87 pg/kg and 3.66 pg/kg. In the Chinese
jujube varieties, the highest values were found
in the fruits of Xuan Chen Jiang Zao and Jun
Zao varieties, with values of 2.58 pg/kg and
2.30 pg/kg, respectively (Figure 6). According
to Commission Regulation (EC) No. 1881/2006
on maximum levels for specific contaminants
in food products, the permissible limit for
cadmium content in fruits is 0.05 mg/kg,
equivalent to 50 pg/kg. Chromium is an
essential trace element for the human body and
can be found in many foods, including fruits
and vegetables. However, excessive
consumption of chromium can be toxic to the
body. In our case, the highest values in
Ziziphus jujube genotypes were recorded in the
Bugeac and Jurilovea III 1 genotypes, with
543.64 pg/kg values and 242.0 pg/kg values.
On the Chinese jujube varieties, the highest
values were found in Hongan and Taigu Ban
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varieties, with values of 188.59 ng/kg and
130.39 pg/kg (Table 2.).

\C

0

&
&

N

~\ Cid \\\\ & & “\@ AN IN N

& 2 S 8

,\g~ POy \\\\\‘ A3 ‘%\% N \*4 © o
& & F & < o
AR EPR O A 9

QO‘
4
T
HCu ®Zn EMn ®Fe

Figure 7. Content of Cu, Zn, Mn and Fe from jujube
fruits (mg/kg)

Copper is an essential mineral for human
health, involved in various physiological
processes such as red blood cell formation and
energy production. However, excessive copper
consumption can be toxic and adversely affect
health. In this case, the highest values recorded
in Chinese jujube genotypes were found in the
Jurilovea III 1 and Ostrov genotypes, with
values of 1.98 mg/kg and 1.54 mg/kg,
respectively. In the analyzed Chinese jujube
varieties, the highest values were found in the
Hu Ping and Jun Zao varieties, with values of
3.14 mg/kg and 1.97 mg/kg (Table 2, Figure 7).
Zinc is an essential mineral for human health
and can be found in many foods, including
some fruits. Zinc plays a vital role in the
functioning of the immune system, wound
healing, and average growth and development
of the body. In this case, the highest zinc
content was recorded in the Jurilovca III 1 and
Mahmudia 2 genotypes, with values of 3.85
mg/kg and 3.72 mg/kg, respectively. In the
analyzed Chinese jujube varieties, the highest
values were found in the Taigu Ban and Jun
Zao varieties, with values of 6.2 mg/kg and
2.93 mg/kg (Table 2, Figure 7).

Manganese is an essential mineral for the
human body and is necessary for the normal
functioning of many enzymes and metabolic
processes. Manganese can be found in many
foods, including fruits such as bananas, berries,
and pineapple. In this case, the highest content
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recorded in Chinese jujube genotypes was
found in the Mahmudia 1 and Mahmudia 2
genotypes, with values of 4.06 mg/kg and
4.03 mg/kg, respectively. In the analyzed
Chinese jujube varieties, the highest values
were identified in the Jun Zao and Hongan
varieties, with values of 2.24 mg/kg and
2.08 mg/kg (Table 2, Figure 7).

Iron is an essential mineral for the human body
and is necessary for producing hemoglobin in
the blood, which carries oxygen to the cells.
ron can be found in many foods, including
some fruits such as plums, figs, and raisins.
The highest iron content in our case was
recorded in the Jurilovca I 1 and Jurilovca III 1
genotypes, with values of 1.28 mg/kg and 0.70
mg/kg, respectively. In the analyzed jujube
varieties, the highest values were found in the
Hongan and Jun Zao varieties, with values of
1.89 mg/kg and 1.42 mg/kg (Table 2, Figure 7).
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Figure 8. Content of Na, K, Ca and Mg from jujube fruits
(mg/kg)

The genotypes with the lowest sodium content
were Bugeac, Jurilovea I 1, and Jurilovea I 2,
with  values of 19.51, 22.61, and
22.95 mg/100g, respectively. On the other
hand, the analyzed varieties, Hu Ping, Jun Zao,
and Taigu Ban, had higher sodium content with
values of 33.18, 32.39, and 32.02 mg/100 g,
respectively (Table 2, Figure 8). Generally, the
sodium levels in these genotypes varied
significantly, which can be important when
selecting or choosing between different
Chinese jujube varieties based on their sodium
content. High sodium content may be
associated with specific health issues like
hypertension.



A significant variation in potassium content can
be observed among genotypes, ranging from
42.09 mg/100 g to 55.16 mg/100 g. The highest
potassium levels were found in the genotypes
Mahmudia 1, Jurilovca III 1, and Ostrov, with
55.16, 53.61, and 52.54 mg/100g values. In
contrast, the lowest levels were recorded in
Jurilovca I 1, Bugeac, and the Hu Ping variety,
with 42.09, 47.87, and 49.43 mg/100 g values,
respectively (Table 2, Figure 8).

Calcium is an essential mineral for the human
body, involved in various physiological
functions such as maintaining bone and teeth
health, nerve impulse transmission, muscle
contraction, and blood clotting. A calcium-rich
diet can reduce the risk of osteoporosis and
bone fractures in advanced age.

The calcium content in these genotypes varied
significantly, ranging from 6.29 mg/100 g to
47.95 mg/100 g. Genotypes with the highest
calcium values were Jurilovca III 1, Jurilovea I
1, and Jurilovca 1 2, with values of 47.95,
38.95, and 37.51 mg/100 g, respectively. On
the other hand, the lowest values were recorded
in the Hu Ping, Jun Zao, and Taigu Ban
cultivars, with values of 6.29, 8.33, and
9.44 mg/100 g, respectively (Table 2, Figure 8).
Magnesium is an essential mineral for health,
involved in several critical metabolic processes
such as protein and DNA synthesis, nervous
and muscular system function, and blood
glucose regulation. Additionally, magnesium
plays a crucial role in maintaining bone and
heart health.

It can be observed that all genotypes had a
magnesium content of around 10 g/100 g.
However, there is a slight variation among
genotypes, with the highest values found in the
genotypes Mahmudia 2, Jurilovca IIT 1, and
Mahmudia 1, with values of 11.94, 11.90, and
11.56 g/100 g, respectively. Meanwhile, the
lowest values were present in the Hu Ping, Jun
Zao, and Taigu Ban varieties, with values of
7.78, 7.85, and 8.21 g/100 g, respectively
(Table 2, Figure 8).

CONCLUSIONS

The analysis of the biochemical composition of
Chinese jujube fruits revealed their significant
abundance in sugar content, dry matter,
polyphenols, and antioxidant capacity. Among
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the studied genotypes, Jurilovca III 1 showed
higher wvalues than most genotypes, with
Mahmudia 2 following closely.

As for mineral content, among the studied
genotypes again, Jurilovca III 1 showed higher
values for more minerals than others, followed
by Mahmudia 1 this time.

All fruits from the wild genotypes, except for
Ostrov, present higher potassium, calcium, and
magnesium values than those of the analyzed
varieties.
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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 nets used 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 Pinova apple fruits was investigated in an orchard with a support structure
with an anti-hail net located in Northern Bulgaria. The sensory evaluation of the Pinova cultivar shows that the fruits
under the most commonly used black net in orchards do not differ significantly in taste, aroma, and consistency from
those grown under white, yellow, and red coverings. Only the influence of different types of nets on the appearance of the
fruits of the Pinova apple cultivar has been statistically proven..

Key words: Pinova, photoselective net, sensory analysis, appearance, color, taste and aroma.

INTRODUCTION

The use of photoselective nets in modern fruit
growing is increasingly being applied as a safe
alternative to successfully address the challen-
ges of various stressors threatening fruit
production.

Net systems are usually used to protect orchards
from hail. Today, they 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).

Photoselective nets, through their ability to
scatter light, can improve the efficiency of their
use by fruit plants (Meena et al., 2016).
According to Sivakumar et al. (2017) this would
change metabolic processes and positively
affect the retention and development of quality
fruits.

The emerging new microclimate under the nets
affects fruit color and flesh quality differently.
This is the reason for the different relationship
between plants and the environment in areas
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without nets and those covered with nets (Bosco
et al., 2015; Brglez Sever et al., 2015; Dussi et
al., 2005; Reay et al., 1998).

In studies on the influence of nets on fruit flesh
quality, parameters such as firmness, ripeness,
sugar content, and acidity were less affected
than parameters determining the appearance of
the fruit - size and color. The firmness of the
fruit flesh under the differently colored nets is
different. Differently colored photo selective
nets provoke different reactions regarding the
flesh of the fruit species. According to Giaccone
et al. (2012) covering with white nets increased
fruit sugar content, in contrast to red ones. Other
authors did not indicate differences in the acidity
of the fruits of trees covered with differently
colored nets (Ordoifiez et al., 2016).

Sunburn is one of the factors that can reduce the
quality of fruits. It can cause a 10-50% reduction
in apple fruit yield (Wiinsche et al., 2001;
Kalcsits et al., 2017). Some cultivars are very
susceptible to these damages (Dussi et al.,
2005). Black nets are more effective in shading
and reducing burn rates compared to white nets
(Amarante et al., 2011).



Safety nets in fruit growing are constantly being
improved. Attention is paid to their characte-
ristics affecting the quality of fruit production.
Research on the impact of photo selective nets
on the physicochemical and sensory quality
characteristics of fruits in apple cultivars is
insufficient. In our experiment, we set ourselves
the task of studying them in the Pinova cultivar.
Pinova apple cultivar was obtained in Germany
by crossing Clivia and Golden Delicious
performed at the Institute of Fruit Growing in
the city of Pilnitz. The ripening period is in the
last ten days of September (Lichev et al., 2012).
The aim of the present work is to evaluate the
influence of photoselective nets on the sensory
characteristics of Pinova apple fruits based on
the overall sensory evaluation and the average
evaluations for the indicators of appearance,
color, consistency, aroma, and taste.

MATERIALS AND METHODS

The physico-chemical and sensory quality
characteristics of apple fruits of the Pinova
cultivar, grafted on M9 T337 rootstock and
grown in an apple orchard located in Northern
Bulgaria, were studied. The planting density is
250 plants per decare. A sod-mulch system is
applied to maintain the soil surface and trees are
drip irrigated. The anti-hail net system has been
built in white, yellow, red, and black colors.

The analyzes were carried out in the Food
Testing Laboratory at the Institute of Food

Preservation and Quality - Plovdiv using
standardized methods and adapted
methodologies.

Five fruits per variant were obtained on the day
of harvest and stored for one day at 20 + 5°C
until the sensory evaluation.

When assessing the quality of Pinova apple
fruits, a descriptive method was used with a
specific description of the sensory indicators
appearance, color, consistency, taste and aroma
depending on the characteristics of the cultivar
and according to Commission Regulation (EU)
No. 1580/2007 of December 21, 2007 to
determine the rules for the implementation of
Council Regulation (EU) No. 2200/96, (EU) No.
2201/96 and (EU) No. 1182/2007 in the fruit and
vegetable sector (Table 1). The advantage of this
method is that it is carried out by experienced
professionals.
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The analyzes were carried out in a training room
by a committee including five trained experts,
who were provided with apple fruits, as coded
samples of the four growing variants and the
specific descriptions of the indicators with
weighting factor respectively for appearance -
0.30; colour - 0.20; consistency - 0.20; taste -
0.20 and aroma - 0.10.

Table 1. Description of the studied sensory indicators of
apple fruits, cultivar Pinova

Parameters
Appearance
Fruit shape;

Description

Globose-conical, regular with a smooth
surface;
Handle and calyx fossa - wide and deep,
without specific features.

Medium to large, according to the size in
Commission Regulation (EU) No. 1580/2007
of December 21, 2007, the fruits belong to
group L Medium to large 150 to 300 grams
- Section diameter:
= extra - 60mm;
= 1st quality - 55 mm.
= 2nd quality - 50 mm
- Weight:
=extra90 g
= Ist quality - 80 g
=2nd quality - 70 g
According to the coloring in Commission
Regulation (EU) No. 1580/2007 of December
21, 2007, Pinova cultivar belongs to group
"C" - cultivars colored in stripes, but weakly
colored.

The general surface of the fruit with a pale red
coloration/slight reddening or streaking
coloration
or
yellow-green color with red-orange fuzzy
color or striped cover color covering 90% of
the fruit
or
yellow main color and bright red covering
color covering 70% of the fruit in stripes for;
="Extra" - 1/3;
= 1st quality - 1/10.

Strong, thick, and shiny

Size

Skin color

Strength of fruit
skin

Color of fruit Light yellow to a yellowish tinge
flesh
Consistency Juicy, with rather rough cells
Taste Thick, sweet-sour or pleasantly sweet - sour
Aroma Fine aroma to aromatic, strongly aromatic

The evaluation was carried out terminologically,
then quantified on a five-point hedonic rating
scale, in which these indicators are present in the
considered sample, by awarding points or by
constructing graphs.

All fruits in the quality determination group
were measured for weight, height, and width.
Fruit weight was determined with a laboratory
technical balance A200 S, expressed in grams
(g). Fruit height and width were measured with
a digital caliper, values were expressed in



millimeters (mm). The data were averaged for
each variant.

The  physicochemical indicators  were
determined: the soluble dry matter - BDS
17257:1991, the content of titratable acidity -
BDS 6996:1993, and the content of total sugars
- BDS 7169:1989 to determine the relatively
objective state of the fruits and to facilitate the
trained tasters to interpret the sensations for
taste, sweetness, and acidity.

Mathematical and statistical processing
Results presented are arithmetic means of at
least three parallel determinations, with
coefficients of variation less than 5%. The
statistical processing of the data was carried out
with the STATISTICA and ANOVA programs,
Microsoft Excel.

RESULTS AND DISCUSSIONS

The appearance and sensory qualities of the
flesh of the fruit are important for the acceptance
of a cultivar, as they influence consumer choice.
Figure 1 shows the average evaluation of the
experts for the appearance indicator. The
committee of experts evaluated the appearance
of apple fruits from all growing variants of
Pinova cultivar with scores above 4.45 in the
description of the attractiveness of appearance,
taking into account the shape, uniformity, size,
and background color of the coating. The
description of the indicator characteristic of the
cultivar is that the fruits are uniform, globular-
conical in shape, medium-large in size with an
average weight over 170.00 g, a diameter of the
section over 70 mm, and a smooth surface.

black net

1

Wwhite net yellow net red net

Figure 1. The appearance of fruits of cultivar Pinova
grown under different photoselective nets

The experts defined descriptions of the skin
color of the apple fruits on the differently
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colored networks and gave average ratings
above 4.5 (Figure 2).

6
4
2
0

white net blake net yellow net red net

Figure 2. Color of fruits of cultivar Pinova grown under
different photoselective nets

The maximum score for fruit skin color was
given for fruit grown under the red net (4.95)
(Figures 2). The fruits have a yellow-green main
color with small brown lenticel dots and red-
orange vertical stripes covering 90% of the fruit
(Figure 3).

Figure 3. Apple fruits of Pinova cultivar,
grown under the red net

Apple fruits grown under the black and yellow
net did not have a statistically distinguishable
mean skin colour score (4.85 and 4.80,
respectively) (Figure 2).

The skin colour of fruit grown under the black
net is mainly yellow-green with small brown
lenticel dots, red vertical stripes fuzzy over 90%
of the fruit surface, and pale cream dots (Figure
4).



Figure 4. Apple fruits of Pinova cultivar,
grown under the black net

Fruits grown under the yellow net are primarily
yellow with brown lenticel dots, with red
vertical stripes diffused over 2/3 or 70% of the
fruit surface and pale cream dots (Figure 5).

Figure 5. Apple fruits of Pinova cultivar,
grown under the yellow net

Fruits grown under the white net are yellow
main colour with brown lenticel dots, with red
colored vertical stripes covering 1/3 to 2/3 better
percentage of the fruit surface with pale cream
dots (Figure 6). Experts rated the fruits of this

variant with a relatively lower average rating of
4.54 (Figure 2).

Figure 6. Apple fruits of Pinova cultivar, grown under
the white net

The flesh of the fruits of the white and red net
variants is slightly yellow-cream colored, and of
the other two net variants, yellow and black, the
flesh is cream-colored.

Regarding the consistency indicator, the
committee rated all fruit variants with high
average scores above 4.7 (Figure 7) as
statistically indistinguishable. All apple fruits
are technologically ripe, the skin is strong, thick,
and shiny. The experts defined the fruit flesh of
all variants as firm with rough cells and juicy. In
the case of apple fruits grown under the yellow
net, the commission found juicier fruit flesh,
which is separated from the fleshy part when
compressed when chewing. There is no
significant influence of differently colored
photoselective networks on the quality indicator
consistency.

black net

N

w

N

white net yellow net red net
Figure 7. Consistency of fruits of cultivar Pinova grown

under different photoselective nets



Regarding the determination of the quality of
apple fruits, not unidirectional opinions can be
found in the literature in terms of which
indicators dominate. Important indicators of
quality are color, size, and wax cover (Hansen,
2003), recent studies on taste indicators show
that many consumers choose apple fruits based
on taste, aroma, and other intrinsic quality
attributes (Harker, 2002; Moxham, 2003).
Research was carried out to determine soluble
dry matter and the results showed that all apple
fruits have dry matter of about 15.0%, with the
same values for the fruits grown under white and
black net 15.6%, with the highest value being
the fruits under the red net 15.7% and with the
lowest 15.0% the fruits obtained under the
yellow net.

The sugar coefficient varies from 83% for fruit
under the black net to 88% for fruit under the
white net. The values for this indicator are the
same for fruits below the yellow and red nets -
85%. The sugar-acid ratio is the lowest for fruits
under the black net -12.76% and the highest for
fruits under the white net - 19.13%. The fruits
under the yellow and black nets occupied
intermediate position in this parameter with
17.70% and 14.65%, respectively.

These data on the indicators cited above helped
the experts in the interpretation of the
sensations.

The committee assessed the taste of all apple
fruits as thick and juicy, with average scores
above 4.5 (Figure 8).

white net black net vyellow net red net

iy

w

]

Figure 8. Taste of fruits of cultivar Pinova grown under
different photoselective nets

A linear relationship with an average coefficient
of determination R?>= 0.59 was found between
the evaluations of the taste and consistency
indicators. For the rest of the sensory indicators,
such dependencies were not established.

The fruits grown under white and black nets
have a medium sweet to sweet taste. A
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maximum score of 5 given by the experts was
obtained for fruits under the white net, which
confirms the conclusion of Giaccone et al.
(2012). A positive correlation was established
between the sensory-determined taste and the
analyzed soluble dry matter and sugar
coefficient of the fruits. Apple fruits grown
under the yellow net have a sweet-sour taste, and
under the red mesh, they have a sweet taste. The
fruits grown under the yellow net -4.50 are rated
lower. To form the sweetness and aroma of
apple fruits, the plants need high temperatures
and constant sunshine. Since apple fruits rarely
develop their full aroma immediately after
harvest, fruit aroma is defined as slightly
aromatic to aromatic (Figure 9).

black net

=Y

w

=]

1

white net yellow net red net

Figure 9. Aroma of fruits of cultivar Pinova grown under
different photoselective nets.

The experts rated the fruits grown under the red
and black nets as having aromatic intensity and
the fruits under the yellow and white nets as
having low aromatic intensity.

The general sensory evaluation containing all
indicators of the apple fruits from the studied
four variants is presented in Figure 10. All apple
fruits have a total sensory score above 4.5. Fruits
grown under the red and black net have a rating
of 4.8, and those grown under the white and
yellow net 4.7.

black net

EN

w

N

1

white net yellow net red net
Figure 10. Summary sensory evaluation of fruits of

cultivar Pinova grown under different photoselective nets



CONCLUSIONS

A study was conducted to evaluate the influence
of photoselective nets on the sensory
characteristics of apple fruits of Pinova cultivar
based on the overall sensory evaluation and the
average evaluations of the appearance, colour,
consistency, aroma, and taste indicators.

The average ratings of apple fruits according to
the studied indicators can be summarized as
follows:

- apple fruits grown under a white net have
maximum marks in terms of consistency, taste,
the content of soluble dry substances, and sugar
coefficient;

- the fruits grown under a yellow net have
maximum marks in terms of appearance, weight,
and size;

- the fruits under the red net have the highest
scores for the colour indicator;

- the apple fruits under the black net have the
highest score in terms of aroma and general
sensory evaluation.

Summary sensory scores were statistically
indistinguishable.

From the analysis of variance conducted at a
significance level a = 0.05 to establish the
influence of the colour of the photoselective nets
on the sensory indicators of the studied apple
cultivar, it was found that the factor of the colour
of the net affects the indicator of the appearance
of the fruits.
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Abstract

The suborder Auchenorrhyncha is a diverse group of sap-feeding insect species, many of them of economic importance.
The paper presents comparative results on the ecological characteristics of species communities of Auchenorrhyncha
sampled in one apple orchard and one plum orchard that belong to the experimental field Moara Domneasca Didactic
Station in the year 2022. The insects were collected using dual-sided yellow sticky traps. A number of 9 traps/orchard
was used from early April till mid-November (234 traps in total), replaced every two weeks. Altogether, 34 species have
been identified, 30 in apple orchard and 32 in plum orchard, totaling 7403 specimens, 6058 (81.8%) in the apple
orchard and 1345 (18.2%) in the plum orchard. The most abundant species found in the apple orchard was Empoasca
decipiens with 3614 specimens (59.66%), with a constancy of 64.1%. In the plum orchard, two species were the most
numerous, Fieberiella florii with 411 specimens (30.6%) and Zygina flammigera with 304 specimens (22.6%), having a
constancy in the samples of 24.8 and 29.9% respectively. Adult populations dynamics were performed for relevant

species in both orchards.

Key words: apple and plum orchards, invasive insects, leafhoppers, planthoppers.

INTRODUCTION

Apple and plum orchards are among the most
important sources of food worldwide. They are
affected by various pests and diseases,
including insects from the suborder
Auchenorrhyncha, also called “true hoppers”.
There are over 42,000 described species of true
hoppers characterized by insects that feed on
plant sap and they can use the phloem, xylem
and mesophyll as a food source, depending on
the species (Mifsud et al., 2010). Through their
way of feeding, by wusing specialized
mouthparts that pierce and suck on plant sap,
they can substantially damage the tissues of the
attacked plants or be involved in the
transmission of phytopathogens such as
viruses, bacteria and phytoplasmas. According
to Guglielmino et al. (2000), 73% of
Auchenorrhyncha species are considered
polyphagous, while the rest are oligophagous
located mainly on woody plants. More than 150
species of true hoppers have been described as
vectors of economically important
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phytopathogens (Purcell & Almeida, 2005;
Resh & Carde, 2009). They can also secrete
toxic substances while feeding on plant sap,
causing abnormal development, damage or
even death of the tissues and cells of the
attacked plants (Karavin et al., 2021). On the
other hand, a large number of true hoppers
constitute considerable components of food
webs in various ecosystems (Schmidt-Entling
& Siegenthaler, 2009).

More importantly, many members of the
Auchenorrhyncha suborder have acquired the
status of invasive species, which, in addition to
their economic impact on native vegetation and
crops, can also be a threat to native biodiversity
(Roques et al., 2009). In the European
continent, several authors have identified
different invasive species of true hoppers, with
a total of 32, most of them with origins in
North America and East Asia (Mifsud et al.,
2010; Gjonov & Shishiniova, 2014, Séiban &
Kosovac, 2020).

Because of their economically important status,
there are  different studies of the



Auchenorrhyncha fauna in Europe in various
especially in the case of bacterial and
phytoplasma vectors (Bleicher et al., 2006;
Tedeschi & Alma, 2006; Ricci et al., 2009;
Bleicher et al., 2010; Ayaz & Yicel, 2010;
Elbeaino et al., 2014; Lopes et al., 2014;
Grimova et al., 2016; Ben Moussa et al., 2016;
Cornara et al., 2017; Tsagkarakis et al., 2018;
Fischnaller et al., 2020; Thanou et al., 2020;
Theodorou et al., 2021; Karavin et al., 2021).
The only studies carried out in Romania
concerning the Auchenorrhyncha fauna refer to
their presence on apple, pear and plum in the
Bucharest area (Cean & Cean, 2013;
Chireceanu et al., 2019; Teodoru et al., 2021).
The purpose of this paper was to evaluate the
species belonging to the Auchenorrhyncha
suborder identified in one apple orchard and
one plum orchard in the experimental field of
Didactic Station in Moara Domneascd in 2022
in term of the ecological characteristics and the
adult population dynamic for the most
abundant species.

MATERIALS AND METHODS

The study area consisted of two commercial
orchards, apple and plum, that belong to the
experimental field Moara Domneasca Didactic
Station (44°29'59.1"N/ 26°15'31.7"E, 81 m
a.s.l) located at 15 km north-ecast from
Bucharest in the southern part of Romania and
the sampling took place in 2022. Both apple
(22.5 ha) and plum (7 ha) orchards were
established in 2005 and consisted in a mix of
cultivars. The orchards were chemically treated
for pests and diseases control, with the first
treatment on March 1* and the last one on July
22" The orchards were neighboring with
apricot and walnut orchards and sunflower and
corn crops.

The insects were collected using dual-sided
yellow optical sticky traps (A4 dimension)
produced in Romania at the Chemistry
Research Institute "Raluca Ripan" and placed
in the canopy of trees. A number of 9
traps/orchard was used from early April till
mid-November (234 traps in total), arranged
diagonally across the orchards and replaced
every two weeks. A SZ61 stereomicroscope
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types of orchards of fruit trees and shrubs,

with camera mount was used for the
identification of species in the
Auchenorrhyncha suborder following

morphological characteristics and identification
keys found in literature (Dietrich, 2005;
Biedermann & Niedringhaus, 2009;
Mozaffarian, 2018; Karavin et al., 2021).

The ecological parameters of abundance (A),
dominance (D%), constancy (C%) and
ecological significance index (W%) of species
communities of Auchenorrhyncha have been
calculated using formulas in literature (Stan,
1994; Baban, 2006; Carmo et al., 2013).
According to the values of the ecological
parameters, species were classified as
following: for dominance: subreceding species
(D1 < 1%), receding species (D2 = 1-2%),
subdominant species (D3 = 2-5%), dominant
species (D4 = 5-10%), eudominant species (D5
> 10%); for constancy: accidental species (C1
= 1-25%), accessory species (C2 = 25-50%),
constant species (C3 = 50-75%), euconstant
species (C4 = 75-100%); for ecological
significance index: accidental species (W1 <
1%), accessory species (W2 = 1-5%),
characteristic species (W3 > 5%).

The population dynamic of adult insects was
performed for the most abundant species in
both orchards.

RESULTS AND DISCUSSIONS

In the year 2022, the Auchenorrhyncha
complex in two studied orchards of apple and
plum has been evaluated by comparing
captured species on yellow sticky traps. A total
of 7403 specimens were caught on yellow
sticky traps in the April-November period,
2022 belonging to 34 species assigned to seven
families of true hoppers, 30 in apple and 32 in
plum (Table 1). The identified captured species
were represented by all the groups from the
Auchenorrhyncha suborder, namely
leathoppers (Cicadellidae family), planthoppers
(Cixiidae, Delphacidae and Flatidae families),
treehoppers (Membracidae family), spittlebugs
(Aphrophoridae family) and cicadas (Cicadidae
family).



Table 1. Number of species and specimens captured in
2022 on apple and plum

Plum
Specimens
85
2
1
3
2
3
1249
1345

Families Apple
Specimens
128
3
3
1
5
15 1
5903 22
6058 30

Species
3

Species
3

Cixiidae
Flatidae
Delphacidae
Cicadidae
Membracidae
Aphrophoridae
Cicadellidae
Total

— ===

24
32

Concerning the number of specimens, the apple
orchard totaled a much larger number, namely
6058 (82%), 4.5 times higher compared with
the plum orchard, where 1345 specimens
(18%) were found. In another study in Romania
concerning the Auchenorrhyncha fauna on
apple and plum, similar results were found,
with the abundance of adults on apple being
five times higher comparative to plum
(Teodoru et al., 2021). For both orchards, by
far the most abundant family was Cicadellidae,
with 5903 specimens on apple (97.44% of all
specimens from apple) and 1249 specimens on
plum (92.86% of all specimens from plum).
The most numerous species were also found in
the Cicadellidae family (Table 1), this result
being found in many recent scientific papers on
the fauna of Auchenorrhyncha in fruit tree and
shrub orchards of Europe (Teodorescu, 2018;
Tsagkarakis et al., 2018; Fischnaller et al.,
2020; Thanou et al., 2020; Theodorou et al.,
2021; Karavin et al., 2021; Teodoru et al.,
2021). Regarding the Cicadellidae family,
leathoppers from the Typhlocybinae and
Deltocephalinae subfamilies had the highest
abundance in  both  orchards. The
Typhlocybinae subfamily percentage was
83.06% in apple and 60.36% in plum, while the
Deltocephalinac  subfamily was 16.83% in
apple and 39% in plum. Although there were
much fewer specimens in the plum orchard, in
the case of the Cicadellidae family, two more
additional species were found compared to the
apple orchard. However, these species were
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considered accidental, as they comprised only a
few specimens.

During the monitoring period, the peak activity
of total Auchenorrhyncha fauna reached values
of 1031 specimens in early July-late August in
the apple in relation to the plum orchard that
reached 343 specimens in late September-mid-
October (Figure 1). The smallest flight activity
was in May-early June and late October-
November for both orchards.
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Figure 1. Auchenorrhyncha adults flight activity in the
two orchards in 2022

Regarding invasive species and vectors of
phytopathogenic organisms, 16 species were
identified as confirmed and potential vectors of
phytoplasma, totaling 77% in the apple orchard
and 49% in the plum orchard (Table 2). The
high abundance of phytoplasma vectors is
explained by the fact that the family with the
most numerous species of true hoppers is
Cicadellidae, and most phytoplasma vectors
belong to this family (Weintraub & Beanland,
2006; Wilson & Weintraub, 2007). An
additional five species were identified as
vectors of bacteria (two species) and viruses
(three species). Among invasive species, seven
species in our study were identified as new for
the territory of Romania, with five of them
playing an important role as phytoplasma
vectors. Table 2 shows the list of invasive
and/or vector species captured in the apple and
plum orchards in 2022.



Table 2. Invasive and/or vector Auchenorrhyncha species identified in apple and plum in 2022

Auchenorrhyncha species

Invasive species/first

Vector species - the transmitted phytopathogenic

Authors

reportin R organism and the associated host plant
Cixiidae/Cixinae
Confirmed vector: proteobacteria - Marginal Chlorosis of
Strawberry (Ca. Phlomobacter fragariae) - strawberry Danet et al., 2003
Cixius wagneri China, 1942 - Potential vector: proteobacteria - Disease Syndrome
“Basses Richesses” (Ca. Arsenophonus Bressan et al., 2008
phytopathogenicus) - sugar beet
: Confirmed vector: phytoplasma - stolbur (Ca. Mitrovi¢ et al., 2016
Hyalesthes obsoletus S t 1865 - ’
yasesines oosolelus Signore Phytoplasma solani) - grape vine, potato Kosovac et al., 2019
Reptalus quinquecostatus Dufour, . Potential vector: phytoplasma - stolbur (Ca. Phytoplasma Pinzauti et al., 2008
1833 solani) - grape vine Chuche et al., 2016
Flatidae/Flatinae
. . Potential vector: phytoplasma - aster yellows (Ca. Grozea et al., 2011
Metcalfa pruinosa Say, 1830 Yes (2009) ‘ Phytopl asteris) - Tagetes patula (French marigold) Mergenthaler et al., 2020
Delphacidae/Criomorphinae
Laodelphax striatellus Fallén, 1826 - | Confirmed vector: virus - Rice stripe virus - rice ‘ Otuka et al., 2010
Membracidae/Smiliinae
Stictocephala bisonia Kopp & Yes (1955) Potential vector: phytoplasma - apple proliferation (Ca. Popescu-Gorj, 1955
Yonke, 1977 Phytoplasma mali) - apple Duduk et al., 2008
Aphrophoridae/Aphrophorinae
Confirmed \{ector: bacteria - Xylella fastidiosa - ?.Wlde Godefroid et al., 2022
. . PR range of agricultural crops and ornamental plants
Philaenus spumarius Linnaeus, 1758 - ~ n -
Potential vector: phytoplasma - apple proliferation (Ca. .
. Hegab & El-Zohairy, 1986
Phytoplasma mali) - apple, celery
Cicadellidae/Aphrodinae
Potential vector: phytoplasma — stolbur .
Aphrodes makarovi Zachvatkin, (Ca. Phytopl solani) - grape vine Quaglino et al., 2019
1948 Potential vectox_’:-phytoplasn‘fa - Flavescence dorée (Ca. Bressan et al., 2006
Phytoplasma vitis) - grape vine
Cicadellidae/Agalliinae
Anaceratagallia ribauti Potential vector: phytoplasma - stolbur (Candidatus .
Ossiannilsson, 1938 B Phytoplasma solani) - broad bean Riedle-Bauer et al., 2008
Cicadellidae/Typhlocybinae
Confirmed vector: phytoplasma - Lime witches' broom Parrella et al., 2008
(Ca. Phytoplasma aurantifolia) - lime, Ranunculus sp. Alhudaib et al., 2009
Empoasca decipiens Paoli, 1930 - Confirmed vect,or: pk}ytoplasma N European.stone fruit Pastore et al., 2004
yellows (Ca. Phytoy prunorum) — apricot
Confirmed vector: phytoplasma - aster yellows (Ca.
Phytoplasma asteris) - Ranunculus sp. Parrella et al., 2008
Erasmoneura vulnerata Fitch, 1851 Yes (2018) - Chireceanu et al., 2020
f:lt::;)lal };/r:c;gr\iig};ytoplasma - stolbur (Ca. Phytoplasma Riedle-Bauer et al., 2006
Eupteryx at tata G 1778 - —
Upteryx atropunciaia Hoeze, Potential vector: viroid - Potato spindle tuber viroid -
Patschke et al., 1997
potato, sunflower, beans
Cicadellidae/ Deltocephalinae
Confirmed vector: .phytoplasma - Peach X-disease (Ca. Krezal et al., 1988
Phytoplasma pruni) - apple
Fieberiella florii Stal, 1864 : Potential vector: phyloplasma - apple proliferation (Ca. Tedeschi & Alma, 2006
Phytoplasma mali) - apple
Potential vector: phytoplasma - European stone fruit Landi et al., 2007
yellows (Ca. Phytoplasma prunorum) - cherry
Anoplotettix fuscovenosus Ferrari, Potential vector: phytoplasma - Flavescence dorée (Ca.
- L . Alma, 1995
1882 Phytoplasma vitis) - grape vine
Confirmed vector: phytoplasma - Flavescence dorée (Ca. Alma et al., 2015
Phytoplasma vitis) - grape vine Chireceanu et al., 2017
Orientus ishidae Matsumura, 1902 Yes (2016) Potential vector: p}llytoplasma - Peach X-disease (Ca. Davis et al., 2013
Phytoplasma pruni) - celery
Potential vector: Phytoplasma — apple proliferation (Ca. Oppedisano, 2017
Phytoplasma mali) - apple
Phlogotettix cyclops Mulsant & Rey, Yes (2016) Potential vector: phytoplasma - Flavescence dorée (Ca. Strauss & Reisenzein, 2018
1855 ” Phytoplasma vitis) - grape vine Chireceanu et al., 2020
. . Confirmed vector: phytoplasma - Flavescence dorée (Ca. Chireceanu et al., 2011
Scaphoideus tit: s Ball, 1932 . i
caproideus ilanus Bat, Yes (2009) Phytoplasma vitis) - grape vine Alma et al., 2015
Confirmed vector: phytoplasma - stolbur (Ca.
Neoaliturus fenestratus Herrich- Phytoplasma solani) - grape vine, green salad, carrot Orenstein et al., 2003
Schiffer, 1834 Confirmed vector: phytoplasma - aster Mitrovi¢ et al., 2019
Yellows (Ca. Phytoplasma asteris) - grape vine
Japananus hyalinus Osborn, 1900 Yes (1961) - Arzone, 1987

Psammotettix sp. Haupt, 1929

Confirmed vector: virus - Wheat dwarf virus - wheat,
barley

Manurung et al., 2004

Allygidius atomarius Fabricius, 1794

Confirmed vector: phytoplasma - Elm yellows (Ca.
Phytoplasma ulmi) - elm

Pavan, 2000
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The four most abundant species in studied
orchards, in descending order were Empoasca
decipiens  (59.66%),  Fieberiella  florii
(11.18%), Zyginidia pullula (6.82%) and
Zygina flammigera (6.54%) in the apple
orchard (Figure 2) and Fieberiella florii
(30.6%),  Zygina  flammigera  (22.6%),
Zyginidia pullula (15.46%) and Empoasca
decipiens (9.22%) in the plum orchard (Figure
3).

@

= Empoasca decipiens
= Zyginidia pullula
= Other species

= Fieberiella florii
= Zygina flammigera

Figure 2. The abundance of the main species of true
hoppers on apple

= Fieberiella florii
= Zyginidia pullula
= Other species

= Zygina flammigera
= Empoasca decipiens

Figure 3. The abundance of the main species of true
hoppers on plum

The abundance and the values of dominance,
constancy and ecological significance of the

two species communities, on apple and plum,
are presented in Table 3.

By far the most specimens captured in total
belonged to the species Empoasca decipiens
(Cicadellidae, Typhlocybinae), which totaled
3738 specimens (50.5%), so more than half of
all the specimens collected in both orchards
(3614 on apple and 124 on plum). As for the
ecological parameters, E. decipiens was found
to be eudominant (D5), constant (C3) and
characteristic (W3) in the apple orchard and
dominant (D4) and accessory (C2 and W2) in
the plum orchard. The second most numerous
species was Fieberiella florii (Cicadellidae,
Deltocephalinae), with 1088 specimens in total
(14.7%), 677 on apple and 411 on plum. For
the ecological parameters, on both apple and
plum orchards, the species was identified as

eudominant (D5), accessory (C2) and
characteristic ~ (W3).  Zygina  flammigera
(Cicadellidae, Typhlocybinae) also had a

considerable number of specimens (700),
representing 9.45% (396 on apple and 304 on
plum). The species was dominant (D4) and
accessory (C2 and W2) in the apple orchard
and eudominant (D5), accessory (C2) and
characteristic (W3) in the plum orchard.
Zyginidia pullula (Cicadellidae,
Typhlocybinae), with 621 specimens (8.39%),
413 on apple and 208 on plum, was the fourth
most numerous species. The species was
dominant (D4) and accessory (C2 and W2) on
apple and eudominant (D5), accidental (C1)
and accessory (W2) on plum. After the fourth
most abundant species (Z. pullula), each of the
following species in descending order
Edwardsiana rosae, Reptalus quinquecostatus,
Arboridia sp., Orientus ishidae and Neoaliturus
fenestratus represented below 5% in terms of
abundance. Of these, O. ishidae is invasive
species and R. quinquecostatus, O. ishidae and
N.  fenestratus three are vectors of
phytoplasmas.

203



Table 3. Ecological parameters for Auchenorrhyncha species captured in 2022

Apple Plum
Taxa A D C W A D C W

(no) | Class | % | Class | % | Class % (no) | Class | % | Class | % | Class %
Cixiidae/Cixinae
Cixius wagneri China, 1942 36 0.59 | DI | 18.12 | Cl 0.1 Wi 4 029 | Dl | 256 | C1 | 0.007 | WI
Hyalesthes obsoletus Signoret 1 0.01 D1 0.85 C1 | 0.00008 | W1 8 0.59 D1 4.27 Cl 0.02 W1
1865
Reptalus quinquecostatus Dufour, 91 1.5 D2 | 27.62 | C2 0.41 W1 73 542 | D4 | 1794 | C1 0.97 W1
1833
Flatidae/Flatinae
Metcalfa pruinosa Say, 1830 3 0.05 D1 2.56 Cl 0.001 W1 2 0.14 D1 1.7 Cl 0.002 W1
Delphacidae/Criomorphinae
Laodelphax striatellus Fallén, 3 0.05 | DI | 256 | Cl 0.001 Wi 1 0.07 | DI | 085 | Cl | 0.0005 | W1
1826
Cicadidae/Cicadettinae
Dimissalna dimissa Hagen, 1856 1 0.0l | DI | 0.85 | Cl | 0.00008 | W1 3 022 | DI 1.7 Cl | 0.003 | WI
Membracidae/Smiliinae
Stictocephala bisonia Kopp & 5 0.08 D1 3.41 Cl 0.002 W1 2 0.14 D1 1.7 Cl 0.002 W1
Yonke, 1977
Aphrophoridae/Aphrophorinae
Philaenus spumarius Linnaeus, 15 0.24 Dl 7.69 Cl 0.01 Wi 3 0.22 Dl 2.56 Cl1 0.005 Wi
1758
Cicadellidae/Aphrodinae
Aphrodes makarovi Zachvatkin, 3 0.05 | DI 1.7 Cl 0.0008 | W1 4 0.29 | DI 1.7 Cl 0.004 | WI
1948
Cicadellidae/Agalliinae
Anaceratagallia ribauti 3 0.05 D1 2.56 Cl 0.001 W1 3 0.22 D1 2.56 Cl 0.005 W1
Ossiannilsson, 1938
Cicadellidae/Eupelicinae
Eupelix cuspidata Fabricius, 1775 - - - - - - - 1 0.07 | DI 0.85 | C1 [ 0.0005 | W1
Cicadellidae/Typhlocybinae
Zyginella pulchra Low, 1885 17 028 | DI | 854 | Cl 0.02 W1 3 022 | D1 | 256 | C1 | 0.005 | WI
Empoasca decipiens Paoli, 1930 3614 | 59.65 | D5 64.1 C3 38.23 W3 | 124 9.22 D4 | 3333 | C2 3.07 w2
Zygina flammigera Fourcroy, 396 6.53 | D4 47 C2 3.06 W2 | 304 | 22.6 | D5 | 41.88 | C2 9.46 W3
1785
Erasmoneura vulnerata Fitch, 48 0.79 D1 15.38 | Cl 0.12 Wil 17 1.26 D2 9.4 Cl 0.11 Wil
1851
Eupteryx atropunctata Goeze, 18 029 | D1 | 1025 | C1 0.03 W1 12 089 | DI | 598 | C1 0.05 W1
1778
Zyginidia pullula Boheman, 1845 413 6.81 | D4 | 2991 | C2 2.03 W2 | 208 | 1546 | D5 | 1452 | Cl 2.24 W2
Edwardsiana rosae Linnaeus, 307 5.06 D4 | 29.05 | C2 1.46 w2 31 23 D3 7.69 C1 0.17 Wi
1758
Arboridia sp. 90 1.48 D2 28.2 C2 0.41 W1 55 4.08 D3 | 17.94 | C1 0.73 W1
Cicadellidae/ Delt hali
Fieberiella florii Stél, 1864 677 | 11.17 | D5 | 47.86 | C2 5.34 W3 | 411 | 30.55 | D5 | 25.64 | C2 7.83 W3
Anoplotettix fuscovenosus Ferrari, 21 034 | DI 9.4 Cl 0.03 W1 4 029 | DI | 341 | C1 | 0.009 | W1
1882
Orientus ishidae Matsumura, 113 186 | D2 | 2393 | Cl 0.44 Wi 7 052 | D1 | 427 | Cl 0.02 W1
1902
Phlepsius ornatus Perris, 1857 - - - - - - - 3 022 | D1 085 | Cl 0.001 W1
Platymetopius rostratus Herrich- 9 0.14 | D1 6.83 | Cl 0.009 W1 - - - - - - -
Schiffer, 1834
Platymetopius major Kirschbaum, 29 047 | DI | 1538 | C1 0.07 Wi 3 022 | DI 256 | Cl 0.005 W1
1868
Phlogotettix cyclops Mulsant & 8 0.13 | D1 | 341 | Cl 0.004 W1 - - - - - - -
Rey, 1855
Scaphoideus titanus Ball, 1932 7 0.11 | DI | 427 | Cl 0.004 W1 1 007 | D1 | 085 | C1 | 0.0005 | W1
Selenocephalus obsoletus Germar, - - - - - - - 2 0.14 DI 1.7 Cl 0.002 WI1
1817
Neoaliturus fenestratus Herrich- 102 1.68 | D2 | 24.78 | C1 0.41 W1 6 044 | D1 | 341 | Cl 0.01 W1
Schiffer, 1834
Japananus hyalinus Osborn, 1900 3 0.05 | DI 1.7 Cl 0.001 W1 2 0.14 | DI 1.7 Cl 0.002 | W1
Psammotettix sp. Haupt, 1929 14 0.23 D1 | 1025 | C1 0.02 W1 37 2.75 D3 | 12.82 | Cl1 0.35 W1
Penthimia nigra Goeze, 1778 - - - - - - - 1 0.07 | DI 0.85 | C1 | 0.0005 | W1
Allygidius atomarius Fabricius, 3 0.05 | DI | 256 | Cl 0.001 Wi 4 029 | DI | 256 | C1 | 0.007 | WI
1794
Allygus modestus Scott, 1876 8 0.13 | DI | 6.83 | Cl 0.009 Wi 6 044 | D1 | 427 | CI 0.02 Wi

The population dynamic of adults for the most
abundant species in both orchards insects was
performed. The dynamics of E. decipiens is
presented in Figure 4. In the apple orchard,

Empoasca decipiens reached its maximum
peak in the first half of July (953 specimens),
during the
following months, until October. In the plum

with considerable populations
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orchard, population of this species was very
low throughout the year, peaking at only 40
adults in August. E. decipiens is a common
occurrence in orchards (Emam et al., 2020) and
one of the most important pests in greenhouses
in Europe (Tounou et al., 2003).
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Figure 4. Population dynamics of E. decipiens in 2022

E. decipiens generally causes direct damage
through feeding and the symptoms on host
plants consist of chlorotic or necrotic areas also
called "hopperburn" (Darwish, 2018). It is a
highly polyphagous species and has been
recorded on a wide variety of cultivated and
spontaneous plants such as vines, tomatoes,
cucumbers, potatoes, maize, beans, sesame and
various ornamental plants (Raupach et al.,
2002; Emam et al., 2020). In addition, this
species has been identified as a potential vector
of the following phytoplasmas: lime witches'
broom (Ca.  Phytoplasma  aurantifolia)
(Alhudaib et al., 2009), European stone fruit
yellows (Ca. Phytoplasma prunorum) (Pastore
et al, 2004) and aster vyellows (Ca.
Phytoplasma asteris) (Parrella et al., 2008).

The population dynamics of Fieberiella florii
(Figure 5) reached one maximum peak, in the
second half of October on apple (397 adults)
and in the first half of the same month on plum
(225 adults).As a pest species, it is one of the
main vectors of peach X-disease (Ca.
Phytoplasma pruni) on apple, especially in
North America (Krczal et al., 1988). Tedeschi
& Alma (2006) demonstrated using the
molecular method that F. florii can be a
potential vector of the apple proliferation
phytoplasma (Ca. Phytoplasma mali), while
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Landi et al. (2007) detected European stone
fruit yellows phytoplasma (Ca. Phytoplasma
prunorum) in individuals captured in affected
cherry orchards.
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Figure 5. Population dynamics of F. florii in 2022

The population dynamics of Zygina flammigera
(Figure 6) showed that in the apple orchard the
species reached two peaks, the first between the
end of July and the beginning of August (82
specimens) and another one, in the second half
of August (99 specimens). In plum, the species
reached one maximum peak only, in the first
half of October (92 specimens).
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Figure 6. Population dynamics of Z. flammigera in 2022

Although this species has not been confirmed
as a vector of phytopathogens, it can still cause
direct damage through feeding on the sap of
host plants. It is a polyphagous species that is
common in fruit tree orchards (Teodoru et al.,



2021). It has been reported as a minor pest in
peach orchards of Italy (Viggiani et al., 1992)
and Spain (Torres et al., 2000) but also as a
major pest of peach and almond in Tunisia
(Chaieb et al., 2011).

The population dynamics of Zyginidia pullula
(Figure 7) showed that in both orchards, the
species reached a single maximum peak in the
first half of August, with 183 adults on apple
and 157 adults on plum.

180 Zyginidia pullula

—@— Apple —@—Plum

Figure 7. Population dynamics of Z. pullula in 2022

Like most of the leathoppers from the
Typhlocybinae subfamily, it causes direct
damage to cultivated plants. It feeds on the
mesophyll, so it directly affects the
photosynthesis process of plants. This species
is more common on grasses, including corn
crops (Verzé & Mazzoglio, 1994; Negri et al.,
2006).

CONCLUSIONS

Data on the Auchenorrhyncha fauna studied in
two managed orchards of apple and plum in
April-November 2022 showed that a total of 34
species were identified (30 on apple and 32 on
plum) with a total of 7403 specimens (6058 on
apple, 1345 on plum). The species belonged to
a total of six families, namely Cixiidae,
Flatidae, Delphacidae, Cicadidae,
Membracidae, Aphrophoridae and
Cicadellidae, with the later family being by far
the most abundant in both apple (97.44%) and
plum (92.86%) orchards. The species with the
highest number of individuals were cicadellids
Empoasca decipiens, Fieberiella florii, Zygina

flammigera and Zyginidia pullula. E. decipiens
alone was so abundant that it accounted more
than a half of all the other species collected in
both orchards (50.5%).

Of the 34 species captured on yellow sticky
traps, 16 are cited in literature as phytoplasma
vectors, 3 virus vectors and 2 vectors of
bacteria. Moreover, seven species among them
were identified as invasive in Europe and

Romania: Metcalfa pruinosa, Stictocephala
bisonia, Erasmoneura vulnerata, Orientus
ishidae, Phlogotettix cyclops, Scaphoideus

titanus and Japananus hyalinus.
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Abstract

This study identified genetic diversity in pear cultivars using ISSR techniques. In breeding programs, molecular
markers play an important role. Molecular markers are the most efficient tools for the study of taxonomy, genetic
variability, phylogenetic analysis, gene tags, gene localization and development of new cultivars. ISSR techniques were
used in the identification of the genetic diversity of 10 pear cultivars. Five out of the used primers in this study
amplified clear and reproductible bands. The ISSR primers produced 51 bands, and 45 of them were polymorphic, with
an average of 10.2 amplicons/primer. The size of the fragments varied from 200 to 1250 bp. The polymorphic bands,
registered per primer ranged from 6 (844) to 11 (primer UBC 830). The percentage polymorphism was between 83.33
for UBC808 and 100% for primer 844. Degree of DNA polymorphism was estimated at 89.54% (ISSR). PIC registered
values between 0.34 to 844 and 0.75 for UBC814. The primer 844 presented values of discrimination index (PI) 2.06.
The obtained results will be useful to serve plant breeding programs.

Key words: genetic analysis, ISSR markers, pear.
INTRODUCTION

One of the most diverse and large plant
families is the Rosaceae, comprising
economically important fruit trees. This one the
family consists of over 100 genera and 3,000
species and is considered the third plant family
in terms of importance economic importance in
temperate regions. (Zarei et al., 2017). The pear
with up to 20 species in the world is a species
belonging to the Pyrus genus of the Rosaceae
family of the Rosales team. One of the most
widely cultivated fruit crops in the world is the
common pear (Pyrus communis). In the world,
it is the most cultivated fruit species after the
apple, (Unal 2011). Today exist More than

5000 cultivars, although only a small
percentage of them are cultivated commercially
(Bell et al, 1996). The geographical

distribution of pears can be divided into two
main groups, including Asian and European
pears (Koushesh-Saba et al., 2017; Kumar et
al., 2017). European pears are located in
Europe, North Africa, Iran, Central Asia, Asia
Minor, and Afghanistan, with the most
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important species P. communis. Oriental pears
such as the P. serotina synonym P. pryifolia
distributed in Japan have originated from
Eastern Asia (Arzani, 2017; Koushesh-Saba et
al., 2017; Teng and Tanabe, 2004). Currently,
pears are commercially cultivated in more than
50 temperate regions. Over the past decades,
efforts have been made to evaluate the genetic
diversity of Asian and European pears and

other Pyrus species using biochemical,
morphological, and molecular  markers
(Koushesh-Saba et al., 2017; Nikzad

Gharehaghaji et al., 2014a).Molecular markers
have been used for studying the genetic
diversity, relationships, and origins of the
cultivars, as well as for cultivar discrimination
and fingerprinting of several fruit crops (e.g.,
Cervera et al., 1998; Dirlewanger et al., 1998;
Fang and Roose, 1997; Gianfranceschi et al.,
1998; Hokanson et al., 1998; Koller et al.,
1993). Molecular markers have many
advantages compared with phenotypic markers
because they are stable, detectable in all tissues
irrespective  of growth, development and
differentiation, and remain unaffected by



fluctuations in environmental conditions,
cultural impacts and pleiotropic effects (Gosal
et al., 2010). For cultivar identification and
taxonomic relationship studies in pears have
already been used (Botta et al., 1998; Oliveira
et al, 1999; Monte-Corvo et al., 2000)
polymerase chain reaction (PCR)-based
molecular markers such as randomly amplified
polymorphic DNA (RAPD) (Williams et al.,
1990) and amplified fragment length
polymorphisms (AFLPs) (Vos et al., 1995). For
genome studies inter-simple sequence repeat
(ISSR) amplification is another microsatellite-
based technique useful (Zietkiewicz et al.,
1994). The study investigated at the molecular
level some of the pear genotypes from different
counties to obtain more information about their
genetic relationships.

MATERIALS AND METHODS
A total of 10 pear cultivars belonging to three
counties from West part of Romania were used

in this study (Table 1).

Table 1. Biological material

Population | County | Population County
Caras- Mehedinti

1. Par rosu | Severin 6. Lubenicarka

2. Caras- 7. Par de | Mehedinti

Lubinite Severin Balvanesti

3. Caras- 8. Par de | Mehedinti

Malaiete Severin Malovat

4. Albe de | Timis 9. Mici | Timis

Sf.Petru galbene

5. Mehedinti Caras-

Limunka 10. Marganesc | Severin

DNA was isolated from young leaves using
method of Doyle and Doyle (1990). The PCR
reaction was performed with the following
protocol: 42 ISSR cycles (95°C/30s, 55°C/30s,
72°C/90s). Following amplification, the PCR
products (10 pL) were loaded in 1.5% agarose
gels, stained with ethidium bromide in Tris-
acetate-EDTA (TAE) buffer (40 mM Tris-
acetate, | mM EDTA, pH 8.0), and separated
by electrophoresis, and photographed on an
ultraviolet trans illuminator. Were selected for
the analysis, only clear, repetitive DNA
fragments. A dendrogram was constructed
based on the similarity matrix. In view of the
potential characterization of different molecular
marker systems to evaluate inter population
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variability in the studied genotypes, different
parameters were calculated:

- the total polymorphism generated by a certain
primer (PIC Polymorphic Information
Content) which indicates its discriminatory
power.

=1 n
2 22RF

iml

PIC=1-Y P} -
fml

J=i=l

Pi - frequency of allele i; Pj - frequency of
allele j; Pij - frequency of allele i for locus j;
n - the total number of loci.

- the discrimination index (PI), which certifies
the effectiveness of a particular primer in
detecting polymorphism.

PI=Y PIC

Genetic similarity among genotypes studied
calculated through coefficient Jaccard, which
was recommended to be used for dominant
markers ISSR, RAPD, taking in view that the
absence of a bands was associated to a
homozygous locus. JC = a/(a + b + ¢), where a,
b, c, represented the commons and un-
commons of those genotypes (Dangi et al.,
2004). On base of genetic similarity matrix
among genotypes, it was made the dendrogram
using the method of clusters average.

RESULTS AND DISCUSSIONS

As a result of reactions carried out with 5 ISSR
primers, 45 polymorphic DNA fragments were
obtained, their size varying from 200 to 1250
bp. The largest number of polymorphic
fragments was produced in reactions with
primers UBC 830, UBC 831 and UBC 808.
The average of amplicons/primer was 10.2. The
polymorphic bands, registered per primer
ranged from 6 (844) to 11 (primer UBC 830).
The percentage polymorphism was between
83.33 for UBC 808 and 100% for primer 844.
Degree of DNA polymorphism was estimated
at 89.54% (ISSR). These results were similar to
the one presented by Monte-Corvo et al., 2001,
where degree of DNA polymorphism was
(79.5%). PIC registered values between 0.34 to
844 and 0.75 for UBC 814. The primer 844
presented values of discrimination index
(PT)2.06.



Table 2. Polymorphism rate through ISSR primers

Primer No. of fragments | Polymor-phic % polymor- Pi PIC
sequence amplifyed band phism xS
5-3
UBC-831 (CT) 8T 11 10 90.9 4.54 0.454+0.044
UBC-808 (AG) 8C 12 10 83.33 4.1 0.41+0.05
UBC-830 (TG) 8G 13 11 84.61 5.08 0.462+0.049
UBC 814 (CT) 8A 9 88.88 6 0.75+0.068
844 (CT) 8RC 6 6 100 2.06 0.343+0.044
Total 51 45 89.54
Based on genetic similarity, pears populations genetic similarity of 61%. Between the

were hierarchically classified into three clusters
between which there is an average diversity of
approximately 46%. The first group included
four populations that possess approximately
65% of the common alleles of the five primers.
The populations Par rosu and Malaiete,
genetically similar to a degree of 72.55%, make
up a first subcluster, while the populations Mici
galbene and Marganesc differ from each other to
a degree of approximately 31%. The second
cluster is composed of the Limunka and Par de
Malovat populations, between which there is a

populations of these two clusters, there is an
average diversity of approximately 35%. The
Lubinite, Albe de SFP, Par de Balvanesti, and
Lubenicarka populations represent a separate
group that possesses approximately 65% of the
common alleles of the five primers.

The interpopulation similarity (Table 3) for the
alleles of the five ISSR primers had values
ranging from 27.45% between Par de Malovat
and Lubinite to 78.43% between Par de
Balvanesti and Albe de SfP.

Par rosu

| Malaiete

| Mici gabene

| Marganesc

| Limnla

| Par ceMdowat

| Lubinite

| AlbeSIP

| Par cb Bavanesti

Lubenicarla

T
as 06 o7

Similarity coefficient

|
08

09

Figure.1. UPGMA clustering of pears population using ISSR primers
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Table 3. Similarity matrix between pear cultivars using ISSR primers

Population 1 2 3 4 5 6 7 8 9
1. Par rosu 1
2. Lubinite 0.4314 1
3. Malaiete 0.7255 | 0.4314 1
4. Albe de Sf. Petru 0.6078 | 0.6275 | 0.5686 1
5. Limunka 0.6078 | 0.4706 | 0.6471 | 0.4902 1
6. Lubenicarka 0.6275 | 0.6471 | 0.6667 | 0.5882 | 0.4706 1
7. Par de Balvanesti 0.6667 | 0.6863 | 0.5882 | 0.7843 | 0.5098 | 0.6863 1
8. Par de Malovat 0.6078 | 0.2745 | 0.6863 | 0.4902 | 0.6078 | 0.4706 | 0.4314 1
9. Mici galbene 0.5882 | 0.6471 | 0.6275 | 0.5882 | 0.549 | 0.5294 | 0.6078 | 0.5098 1
10. Marganesc 0.7059 | 0.5294 | 0.6667 | 0.5490 | 0.5882 | 0.6078 | 0.5686 | 0.6275 | 0.6863
Table 4. Analysis of variance for pear populations concerning the bands of ISSR primer
Population Between groups Within groups F test
SS DF SS DF
1. Par rosu 0.20 1 9.96 49 0.98
2. Lubinite 9.83 1 2.80 49 172.27%%*
3. Malaiete 0.50 1 10.48 49 2.36
4. Albe de Sf. Petru 0.95 1 10.03 49 4.63*
5. Limunka 0.16 1 12.00 49 0.64
6. Lubenicarka 1.30 1 10.63 49 5.98*
7. Par de Balvanesti 1.92 1 8.67 49 10.86**
8. Par de Malovat 4.32 1 7.83 49 27.05%*
9. Mici galbene 1.97 1 9.37 49 10.29%*
10. Marganesc 0.05 1 8.57 49 0.31

Regarding the populations being studied (Table
4), a notable contribution to the total variability
regarding the spectrum of the different
fragments amplified by the ISSR primers was
observed in the case of the Lubinite and Par de
Malovat populations, which is highlighted by a
different allelic structure. The lowest variance
values were recorded in the Marganesc and Par

rosu populations. The highest variability of the
polymorphic bands within the first cluster was
recorded in the Malaiete population,
respectively in the Limunka population for the
second cluster. Lubenikarka and Albe de Sf.
Petru populations show a high influence on
diversity at the level of the third cluster.

Table 5. Correlation coefficients between the similarity matrices given by different ISSR primer

Primer UBC808 UBC830 UBC814 UBC844
e | S0 T e O b
UBC80s pous poo 105 p4ss
5 o
UBC814 233%2

The low and statistically uncertain value of the CONCLUSIONS

correlation coefficient between the genetic
similarity matrices identified using the different
ISSR primers, attests that in general, the
respective primers provide complementary
information regarding the diversity of the
analyzed pears populations.
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The largest number of polymorphic fragments
was produced in reactions with primers UBC
830, UBC 831 and UBC 808. The percentage
polymorphism was between 83.33 for UBC
808 and 100% for primer 844. Degree of DNA




polymorphism was estimated at 89.54%
(ISSR). Based on genetic similarity, pears
populations were hierarchically classified into
three clusters between which there is an average
diversity of approximately 46%. The first group
included four populations that possess
approximately 65% of the common alleles of the
five primers. The second cluster is composed of
the Limunka and Par de Malovat populations,
between which there is a genetic similarity of
61%. The Lubinite, Albe de SFP, Par de
Balvanesti, and Lubenicarka populations
represent a separate group that possesses
approximately 65% of the common alleles of the
five primers. The obtained results with the
ISSR analysis will be useful for plant breeding
programs.
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Abstract

Old apple cultivars, either originating from Romania or of foreign origin but grown widely in this region, were examined
to provide a characterisation of the varieties. The aim of the thesis was to observe and evaluate the phenological, and
morphological traits of the old apple cultivars using the following methods as: observation of flowering phenology traits
and the classification of the cultivars into flowering time groups; characterisation of the gene bank collection and the
determination of diversity using morphological markers; preparation of a number-coded characterisation based on the
morphological and biological traits laid down in the UPOV guidelines. Identified and collected material provides the
initial genetic source for variety improvement. Using the observations and determinations made, we identified the
potential genitors for different useful characteristics that we used in controlled intra and interspecific hybridizing.
Researchers constant concern refers to preserving, coplotting, periodically reorganizing and assessing the biological and
agrochemical characteristics of each genotype, the exchange of biological material into the restricted manner and the
assessment of the potential genitors for some useful characteristics used in genetic breeding programs.

Key words: Malus, varieties, evaluation, diversity.

INTRODUCTION restricted range of cultivars could endanger the
reliability and profitability of apple production
In the last years fruit consumption is becoming as we know it.
more and more varied and this trend leads to the In this scenario, the old apple cultivars have a
necessity for a more various fruit assortment  highly significant value from biodiversity the point
available on the market. This could be achieved of view due to the good resistance or excellent inner
in two ways: by re-introducing old varieties into quality, while others satisfy special consumer
cultivation, but also by using them as crossing  demands (Hammer K. et al., 2003).
partners in the development of new cultivars. Old varieties are a rich source of genetic source
Despite the fact that the apple is the third  with a highly significant role in breeding, and
cultivated species worldwide after citrus fruits some have very positive characteristics, which is
and bananas, global apple production involves  very important in cultivation (Routson' K. J. et
only a few dozen cultivars. This is understood as al., 2009).
in the last decades the role of local cultivars has The aim of the present study is to provide useful

become completely insignificant. information for gene bank analysis and to
Apple is a specie that is always vulnerable to achieve better knowledge of cultivar traits,
natural disasters, pathogens or different pests. which could be useful for scientists and growers.

Eliminating this vulnerability can only be done

when the maintenance and uninterrupted ~ MATERIALS AND METHODS

enrichment of the germoplasm field is achieved

(Corneanu G. et al., 2020; Volk, G.M. et al., During 2019-2022 there was performed a study
2005; Bignami, C., et al., 2003). in an apple orchard that involved 12 old apple
In the limit situations, like climate change or  varieties, traditionally grown (table 1) located in
appearance of new pathogen species, there could Solca and Cacica villages, Suceava, North-East
be reached an ecological catastrophe and this
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of Romania (Figure 1). The total number of
analysed trees was 162.

Orchard was established during 1850-1900 and
since then trees were constantly renewed.
Planting distances are 8 x 6 m. The average age
of all trees in research was 40 years. Trees have
been held under non-irrigated extensive cultural
practice.

The aim of research was to observe and evaluate
the phenological and morphological traits of the
old apple cultivars using the following
observation of flowering phenology traits and
the classification of the cultivars into flowering
time groups.

Figure 1. Location of the experience

Table 1. The list of studied varieties and location

period. The beginning of flowering, the peak
flowering period and the end of flowering were
determined by subjective observations (as laid
down in the UPOV guidelines).

The first phase of the study consisted of data
collection and centralization of information.
The second phase consisted of observations and
data systematization.

There were used UPOV descriptors for apple
(Batelja Lodeta Kristina et al., 2019).

The orchard (4.75 ha) is located on a plot of land
with a profile and soil type of the black soil
class. The cernisoil class includes soils where
the diagnostic horizon is A, relatively soft, rich
in calcium humus, almost exclusively or
predominantly humic of a dark color that also
penetrates the underlying horizon.

RESULTS AND DISCUSSIONS

Phenological traits

Data on flowering phenology were recorded
every two days during the flowering period. The
beginning of flowering, the peak flowering
period and the end of flowering were determined
by subjective observations.

In addition to subjective observations, measured
data were also recorded, based on the analysis of
30 flowers and fruits from each cultivar. The
samples required for the analyses were collected

Observations on flowering phenology were
carried out in the years 2019-2022. Data were
recorded every two days during the flowering
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Variety’s name/ . Nr. .
Abreviation Location of trees randomly, cpllectmg no more than one sample
;l:rr;iuben Solca village - own orchard 4 f.rom each 1nﬂoresc.:ence or shoot. Flowering
T : times were determined for all 12 old apple
®) Solca village - own orchard 2 cultivars.
(g;)mnesc Solca village - own orchard 130
“Belle Flour Jaune’ - Table 2. Flowering time groups
(BF)) Solca village - own orchard 3 and varieties distribution
‘Belle de Boskoop® .
(BB) Solca village - own orchard 4 Flowering period Variety
‘Renet de Canada’ . Gravenstein
(RC) Solca village - own orchard 2 Very early Papirovka
London Pepping Solca village - own orchard 2 Early Renet de Landsberg
(LP) Banatesc
“‘Parmen auriu’ Medium !
Solca village - own orchard 4 Belle Fleur Jaune
‘(PA) < e Domnesc
Renet de Landsberg Solca village - own orchard 2 Belle de Boskoop
fRL) . Late Renet de Canada
Jonathan Solca village - own orchard 5 London Pepping
Jo) i Parmen Auriu
Gravenstein Cacica village 2 Jonathan
G
Panirovia’ Very late Trauben
(P;lpll’OV a Solca village - own orchard 2
TOTAL 162 According to data registered in the orchard the

flowering times were divided into five flowering
time groups on the basis of the beginning of
flowering period. The groups are: very early,
early, medium, late, and very late (Table 2).



The fruit traits linked with phenology are the
times of harvest and eating maturity. As required
by the UPOV guidelines (2005), the harvest
maturity was scored using five categories and
the eating maturity using nine, ranging from
very early to very late.

Morphological traits

In Table 3 there were recorded data relating to the
average morphological traits and their state of
expression, according to UPOV (2005)
guidelines’.

Table 3. Average morphological traits and their state of

expression

Variabl Variety

e T | B[ D [BFI[BB [RC [LP[PA [RL JO [G [P
Average

fruit weigh94.8 | 73.3 [170.3[152.1/140.2/116.9]109.8] 112.0119.1 |111.1[139.8 [84.3
(9]

Average

fruit heigh62.2 | 57.2(76.9 | 74.4 | 56.8 | 57.8 | 56.957.2 |54.9 | 56.0 [64.3 [58.4
(mm)

Average

it 1503 150.0(83.8 [69.273.265.5] 68.3 64.3 [68.1 [67.1|72.8 |62.5
diameter

(mm)

Fruitshap{ 3.1 | 4 |42 |21 |41 [42] 3 [33 [3.1] 2 [33 [2
Ground | ) | s by | 2 3|3 la|2]2]3]2 |2
colour
Over coloy 1 2 3 1 3 1 5 1 1 3 1 1
Presenceq ) o L3 [ || a3 ]3|t
stripes.

Colourofl 5 |y by f o |3 |3 2]3 ]2 |2]2 1
flesh

Taste | 2 | 2 |2 [ 2 [ 1 [ 2]2]2]2 [2]2 |2
Flesh 1y Vsl a2 a|a|alal]s|a]a]3
firmess

The analyses were performed between 2019 and
2022, and observations were made on each
cultivar. It is important not to average the
categories determined over a number of years;
the category characteristic of each individual
variety is taken as that which occurs most
frequently in the separate annual classifications.
Figure 2 shows fruits exterior characteristics
(fruit size and shape, colour and presence of
stripes).

Analyzing the results for these old apple
varieties, we can say that fruit genetic traits are
very important in today’s breeding programmes
for new cultivars, like fruit weight, shape, skin
colour and flesh taste, stand out in explaining the
variability (Ficzek, G. et al., 2017; Urrestarazu,
J.etal., 2017).

Therefore, the conclusion that could be made is
that these apple varieties present a good gene
pool for these traits in breeding programs for
new competitive commercial apple varieties.
The above mentioned characteristics are defined
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by the market and consumers and play a major
role in future breeding programmes.

Renet de Canada

Belle de Boskoop

London Pepping

Renet de Landsber; Jonz-lthan

Gravenstein Papirovka

Figure 2. Fruits exterior characteristics

In addition to phenological and morphological
descriptions, it is also advisable to carry out a
series of genotypic analysis. The determination
of the genetic fingerprints of the cultivars is of
importance not only for the identification of
gene bank accessions, but also to check the



trueness-to-type of reproductive materials in
nurseries. Well-chosen genetic markers can also
be used to detect specific characteristics related
to resistance, fertilisation, growth and fruit
quality parameters (Hemmat M.S.K.B. et al,,
2003; Kiprijanovski M. et al., 2020).

Lespinasse, since 2009 consider that a new
European organization must be promoted to
develop pre-competitive research on pome fruit
genomics and molecular breeding, aiming
finding solutions to the general and specific
needs of the different pedo-climatic conditions
of the European basins of production.

CONCLUSIONS

According to results of this research, it can be
concluded that investigated apple varieties, are
valuable sources of desirable genetic
characteristics including important
morphological and nutritional characteristics of
the fruits.

The material presents valuable growing,
yielding and fruit quality characteristics which
make them valuable and useful in many aspects.
The apple cultivars were divided into five
flowering time groups on the basis of the
beginning of flowering period: very early, early,
medium, late, and very late.

The results will contribute to the long-term
conservation and sustainability in the cultivation
of apple varieties, as well as to promote the
value of conservation and the importance in the
use of germplasm sources in apple.

Additional genetic fingerprinting of apple
cultivars is needed. Until such work is
undertaken, these genotypes should be
conserved and analyzed for useful traits.

The results on this direction of research could be
used in order to answer the new challenges
concerning the drastic reduction of pesticides,
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the consequences of the climate changes and the
need for better fruit quality and food safety.
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Abstract

The aim of the present study was to establish the influence of maceration techniques on the polyphenol and aroma
compounds of wines obtained from Negru aromat grapes, a variety created at the Research and Development Institute
for Viticulture and Enology Valea Calugareasca, Romania. Three maceration techniques were applied as follows:
submerged cap, pump-over (must recirculation) and delestage (several rack and return processes). Wines were evaluated
and compared by chemical and sensory analyses, in order to determine which one is most suitable for this grape variety
and can lead to well-balanced wines. With higher amounts of anthocyanins (377 mg/L), total polyphenols (3478 mg/L)
and a more intense aroma of fresh fruits (cherries, bitter cherries, black currants, grapefruit), the wines obtained through
pump-over technique applied during the phase of maceration-fermentation were identified as being of optimal quality.
Thus, must pump-over is recommended for the production of Negru aromat wines, but more studies are warranted to

optimize the winemaking process.

Key words: Negru aromat, wine, polyphenols, anthocyanins, maceration-fermentation techniques

INTRODUCTION

In wines, in addition to clarity, other important
parameters for quality evaluation are
represented by colour and aroma. These two
characteristics are especially important for the
wines obtained from Negru aromat, which is a
red aromatic variety. To enhance both of these
parameters, in wine technology a process of skin
maceration is applied, in order to extract the
main colour and aroma compounds. For this
reason, red wines, as well as aromatic wines are
produced with maceration and researchers have
always tried to improve these processes (Puertas
et al., 2008; Sener and Yildirim, 2013; Cojocaru
and Antoce, 2017; Tartian et al., 2017, Cerbu et
al. 2021). The maceration process is one of the
most important factors influencing the quality of
red wines, as it contributes not only to the colour
but also to the structure through the extracted
tannin levels (Yacco et al.,, 2016). Certain
technological steps and treatments applied
during winemaking can influence the content of
phenolic compounds extracted from grapes,
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with direct effect on colour and taste (Vrhovsek
et al., 2002; Cojocaru et Antoce, 2017). The
skins and seeds have a significant role in red
grape vinification because they are the main
source of phenolic compounds which are
extracted into wine during the maceration-
fermentation process of grape marc (Cejudo-
Bastante et al., 2011; Zamfir et al., 2008; Zamfir
et al, 2012). Phenolic compounds
(anthocyanins, phenolic acids, procyanidins,
etc.) accumulate in the solid parts of the grapes
(bunches, peel, seeds), and their content is
variable depending on the variety, the level of
grape ripeness, the climatic conditions and, last
but not least, the winemaking technology
applied (Baiano et al., 2016; Rodriguez-
Delgado, 2002).

MATERIALS AND METHODS

The current study was carried out at the
Research and Development Institute for
Viticulture and Enology Valea Calugareasca,
Dealu Mare vineyard, during 2020-2021, by



using grapes of the Negru aromat variety as raw-
material.

A quantity of 150 kg of grapes were harvested
in September 2020, at phenolic maturity.

The harvested grapes were divided in three
batches for micro vinification experiments with
the purpose to identify whether the application
of a specific maceration-fermentation technique
leads to statistically significant differences in
wine composition and/or organoleptically
observable treats.

The experimental variants, which differ only in
the maceration-fermentation method, were
coded as follows:

V1 - submerged cap (classical technology) is the
control variant, where the cap is periodically
crushed and mixed with the must, to facilitate
the tannins extraction from the seeds;

V2 - pump-over (must recirculation) is the
variant with recirculation, in which the must
from under the cap is periodically pumped
above the cap to facilitate the tannins extraction;
V3 delestage (several rack and return
processes) is the variant in which the must is
completely separated from the cap and the cap is
crushed for oxygenation.

The submerged cap technique was applied three
times per day (morning, noon, evening), the
pump-over was twice per day (morning,
evening), and the Dele stage was performed in
the first and last day of the process.

Each experimental variant consisted of 47 L of
grape mash resulted after crushing and
destemming of grapes. The crushed grapes in
each variant were inoculated with selected
yeasts Saccharomyces cerevisiae Viniferm TTA
(Agrovin, Spain) in a concentration of 9
g/variant and treated with proteolytic enzymes
Lafase fruit (Laffort, France) in a concentration
of 1.5 g/variant in order to facilitate the
extraction of red wine colour.

The maceration-fermentation process of the
must was carried out at temperatures between
23-28°C, for 6 days, and when density reached
1000 g/cm?®, the batches were pressed using a
Hydropress TH 40 L (Inderst, Italy).

The following analyses were performed during
the maceration process: sugar content
(refractometric method, OIV 2021a); total
acidity (titrimetric method, OIV 2021b); pH
(potentiometric ~ method, orv 2011);
anthocyanins and total polyphenols (OIV,
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2021c; Cayla and Renard, 2008) colour intensity
and hue (spectrophotometric method, OIV
2021c).

Three types of wines were obtained and used to
compare the influence of maceration technique
on phenolic composition. The resulted wines
were treated with 65 mg/L of sulphur dioxide for
antioxidant protection and left for maturation in
25 L glass demijohns.

Wine samples were analysed after 6 months,
determining  the  following  parameters:
determination of anthocyanins by the Ribéreau—
Gayon-Stonestreet method was calculated with
the formula Anthocyanins (mg/L)=875*Ad
(Ribéreau-Gayon et Stonestreet, 1965); total
polyphenols index by the Folin Ciocalteu
method was calculated with the formula
Polyphenols (mg GAE/L)= Dilution*(A750-
b)/a (OIV, 2021d); tannins were calculated with
the formula Tannins (g/L)
Dilution*(0.0025+0.3647*D0O550) using the
leucoanthocyanidin method (Ribéreau-Gayon
et Stonestreet, 1966). The colour analyses of the
wines were performed using the CIELab method
(Ribéreau-Gayon et al., 2006; OIV, 2021e).
The organoleptic profile of the wines was
evaluated by a panel of wine experts by using
specially designed tasting sheets (Antoce and
Namolosanu, 2007).

RESULTS AND DISCUSSIONS

At harvest, the grapes of Negru aromat had good
maturation parameters, such as sugar content of
236.4 g/L, total acidity of 3 g/L tartaric acid
(39.4 milliequivalents/L), a gluco-acidmetric
index of 78.8. The 100 berries weighted 144.89
g and the level of grape spoilage was under 5%.
The berry composition index, that is the ratio of
the liquid and solid fraction of berries, reached a
value of 5.29.

Evolution of phenolic composition during the
maceration-fermentation process

Throughout the maceration-fermentation pro-
cess the anthocyanins and total polyphenols
registered a continuous increase until the
moment when the wine was separated from the
pomace.

The highest amount of anthocyanins was
recorded in the variant produced with must
pump-over (V2), reaching 426 mg/L on the sixth



day of maceration (Figure 1). Regarding the
total polyphenols content, from Figure 2 it can
be observed that the must pump-over variant
(V2) registered values close to the control wine
(4256 mg/L versus 4145 mg/L), while for the
delestage variant (V3), a much smaller amount
of polyphenols (2367 mg/L) was extracted.
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Figure 1. Evolution of anthocyanins during the
maceration-fermentation process
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Figure 2. Evolution of total polyphenols in
during the maceration-fermentation process

Colour intensity and hue showed a continuous
increase during the maceration-fermentation
process in all experimental variants (data not
included for brevity).

The colour intensity values are quite close in all
variants, but the wines obtained by pump-over
(V2) had the highest colour intensity, and the
wines obtained by delestage (V3) had the lowest
colour intensity. Regarding the hue of the Negru
aromat wines, the highest value was registered
by the delestage variant (0.49), and the lowest
value was registered by the submerged cap
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variant (0.439), showing that oxidation effect
was higher in the delestage procedure.

Evaluation of wine quality

Red wines were evaluated and compared by
chemical and sensory analyses after 6 months.
The alcohol content of the wines, irrespective of
the maceration technology, was around 14.5%
v./v., a concentration specific for the region and
determined by the high amount of sugar in
grapes at harvest.

The fermentation process went well in parallel
with the maceration, most of the sugar being
transformed in ethanol. Some differences were
however observed, the control wine (V1) ending
up as a dry wine with a 3.56 g/L of sugar, while
the other variants remaining as semi-dry wines
with 4.81 g/L (V2) and 7.93 g/L (V3) sugar,
respectively.

The titratable acidity and pH affect the wines
and other beverages stability and colour (Meng
etal.,2012; Juetal., 2021). The titratable acidity
of the wine samples varied in the normal range
for red wines, from 3.75 g/L to 4.35 g/L. The
wine obtained by submerged cap (V1) had the
highest titratable acidity content, reaching 4.35
g/L, followed by the wine obtained by must
pump-over (V2) with 4.20 g/L.

As regards the pH, considering that recent
studies recommend values between 3.0 and 4.0
for most wines to ensure balanced sensory
properties and good stability (Forino et al.,
2020), it was observed that Negru aromat placed
at the upper end or higher of the optimum range.
The pH values of the Negru aromat wines were
399 (V3), 406 (V1) and 4.16 (V2),
respectively.

The results presented in Figure 3 show the
influence of the extraction methods on the final
content of total polyphenols, anthocyanins and
tannins in Negru aromat wines. It can be seen
that, the maceration done by must pump-over
(V2) favoured an increase of anthocyanins
content with 58.63% and a total polyphenol
increase with 17.52% compared to control wines
(V1), while the delestage method lead to lower
values compared to both other technologies. The
level of tannins in grapes and wines is
influenced by the maceration-fermentation
technique used (Figure 3), being higher in the
wines obtained by delestage (1608 mg/L),
compared to the other two variants (1152 mg/L



for the submerged cap, respectively 1403 mg/L
for the must pump-over).
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Figure 3. The influence of the maceration-fermentation
method on the content of total polyphenols, anthocyanins
and tannins in wines

The results regarding the colour of Negru
aromat wines were obtained with the CIElab
system. In this system, the colour can be
decomposed into three independent orthogonal
parameters L*, a* and b* Parameter L*
indicates the lightness (or darkness) of the
colour, while parameters a* and b* indicate the
components of the hue (OIV, 2021). By
analyzing these CIElab parameters we can
numerically describe the colour characteristics
of wines (Li et al., 2017; Ju et al., 2021).
Among the analyzed samples (Table 1), the
colour of the wine obtained by delestage was the
brightest, having the highest L* value (23.66),
and the wine obtained by must pump-over was
the darkest, having the lowest L* value (20.09).
With these L values it is evident that the wine
sample clarification process was not completed
at the date of measurement.

Table 1. The CIELab colour parameters of the wine
samples produced with various maceration technologies

. Colour parametres
Variants L 2 b H AR
V1 20.39 | 46.65 | 36.56 | 38.09 | 14.39
V2 20.09 | 46.80 | 37.71 | 38.86 | 14.46
V3 23.66 | 49.15 | 32.87 | 33.78 | 14.54
Parameter a* represents the position in the

colour space between the red and green colour
components, with values under 0 for green and
over 0 for red, and parameter b* represents the
position in the colour space between the blue
and yellow components of colour, with values
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under 0 for blue and over 0 for yellow (Ju et al.,
2021). Therefore, it can be observed that in the
space a* and b* we have only positive values
(Figure 4), meaning that the wines have a colour
composed of a mixture of red (parameter a*) and
yellow (parameter b*). Wines obtained by
submerged cap and must pump-over are very
similar in colour, while wines obtained by
delestage show a slight shift towards more red
and less yellow, which may indicate that due to
a higher level of tannins there is a higher
polymerisation of polyphenols and stabilisation
of anthocyanins for the later winemaking
method.
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Figure 4. Variation of colour in Negru aromat wines
obtained by three maceration techniques

The colour difference AE* is determined by the
contribution of the three parameters L*, a* and
b*, is calculated with the formula AE* = [(AL)?
+(Aa)? + (Ab)’]"? and characterizes the general
colour difference between wine samples (Ju et
al., 2021; Perez el al., 2007). As shown in Table
1, the colour difference (AE*) between the wine
samples is relatively small.

It was observed that the maceration-
fermentation techniques by submerged cap (V1)
and must pump-over (V2) lead to wines with a
lesser red colour component, while delestage
(V3) considerably improved the redness of
wine, fact that most likely makes this type of
wine more appealing to the consumers.

Sensory evaluation of wines

The sensory evaluation of the wines consisted of
the visual, olfactory and taste examination.

In the organoleptic profile resulted from the
quantitative sensory analysis and depicted in
figure 5, it can be observed that the wines
obtained by the must pump-over (V2) and the
ones resulted after using the submerged cap



technique (V1) are the most balanced in all
aspects. These wines have less bitter and less
astringent tannins compared to the wines
obtained by delestage (V3), which are perceived
as rough, even though are better structures, a fact
also proven in the analytical analysis by the
higher content of tannins. The wine obtained by
delestage (V3), from a taste point of view,
presented a polyphenolic imbalance.
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Figure 5. The influence of maceration-fermentation
methods on the organoleptic profile of wines

As shown in figure 6, the wines obtained by the
pump-over method (V2) differ from the other
two wine samples by a more intense aroma of
fresh fruit (cherries, bitter cherries, black
currants and grapefruit). The control (V1) stands
out with slight vegetal notes (fresh grass), and
the wine obtained through delestage (V3) shows
slight notes of spices (pepper, bitter chocolate)
and especially vanilla.
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Figure 6. The influence of maceration-fermentation
methods on the aromas of wines
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CONCLUSIONS

This research confirms that the use of different
maceration-fermentation techniques induces
certain changes in the content of total
polyphenols, anthocyanins, colour and on the
sensory characteristics of red wines.

The anthocyanin and total polyphenols content
in wine is clearly dependent on the maceration
technique used. The results obtained for
anthocyanins vary from 156 mg/L when the
maceration was carried out by delestage (V3), to
up to 377 mg/L when the maceration was carried
out by must pump-over (V2).

The results show that the total polyphenols
extraction ranged from 1867 mg/GAE/L when
wine was obtained by delestage (V3), to 3478
mg/GAE/L when must pump-over method was
applied (V2).

Regarding the content of tannins in the Negru
aromat wines, it was observed that the use of
delestage maceration technique (V3) was
correlated with an increase in the level of this
compound.

The analyses regarding the colour, it was found
that the wines obtained by the submerged cap
(V1) and the must pump-over (V2) had a very
similar colour (red), while the wines obtained by
delestage (V3) showed a slight shift towards a
more red and less yellow.

The wines obtained through the maceration-
fermentation technique by the must pump-over
(V2) differ from the other two wine samples by
a more intense aroma of fresh fruit (cherries,
bitter cherries, black currants and grapefruit).
All things considered, the maceration by pump-
over technique is recommended for the
production of Negru aromat wines to be
consumed within a few years from production,
as it leads to well-balanced, full-bodied,
intensely coloured and with specific fruity
aroma, while delestage (V3) may be a better
option for the case of wines meant for aging.
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Abstract

Grape growing and winemaking has a very long history around the world, where the geographical conditions and the
climate is favourable. Romania could be listed among these regions, where can be found numerous red and white wine
regions. Minis region is famous for one of its red wines made from a traditional variety named Kadarka. The aim of the
present experiment was to examine the quantitative and qualitative parameters of the wine made from Kadarka
obtained under different conditions undertaken during fermentation on skins , and to knowledge how these parameters
change with the different fermentation temperatures and duration and also measuring the anthocyanin content of the
wine. The analyses quantitative and qualitative parameters were not changed under different tested conditions such as
maceration time or temperature. However, the results showed that higher temperature (28°C) and shorter maceration
period (12 days) gives a maximum anthocyanin content of 380 mg/L. The sensory evaluation of the resulted wines,
revealed that a shorter maceration period and a lower temperature during fermentation on skins ensure better results

for Kadarka variety.
Key words: fermentation, Kadarka, Minis, wine.

INTRODUCTION

Winegrowing and winemaking have a very
long history that it is cultivated back to 8000
years. This is one of the oldest plants grown by
mankind. Grape and wine have great cult
significance in many religions. Winemaking
hides its beauty in complexity (Antoce &
Stockley, 2019).

The geographical location, favourable climate
and soil properties for grape growing, Romania
plays a significant role in European wine
production. The favourable climatic conditions,
especially the rainfall and temperature during
the growing season, benefits the production of
quality wine. On the south-facing slopes of
Romania’s wine-growing regions, the grapes
will ripen properly while their sugar and acidity
will be balanced. Some "foreign" grape
varieties show better development in Romania
than in their native regions. For example,
Muscat Ottonel is a grape variety bred in
France, but in the Tarnave wine region has an
excellent taste, aroma, and develop in its wine
(Balla, 2003; Csomos, 2003).
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Based on data from the International
Organization of Vine and Wine (O.1.V., 2007),
the grape-growing area of Romania shows an
increasing trend from 1986 to 2000 and a
decreasing trend between 2001 and 2007. The
areas changed as follows according to the past
years: 243,000 ha between 1986-1990, 251,000
ha between 1991 and 1995, 252,000 ha
between 1996 and 2000, 233,000 ha between
2001 and 2005, 213,000 ha in 2006 and
209,000 ha in 2007. This average area size
accounts for approximately 1.7% of Romania's
agricultural areas (O.1.V., 2007).

According to new research, a regulated and
moderate consumption of wine has a positive
effect on health (German & Walzem, 2000).
This is due, among other things, to the high
anthocyanin content of red wines (Garcia-
Alonso et al., 2009).

Anthocyanin is an important quality parameter
that contributes to antioxidant activity and
gives an appealing colour to red grapes and
wine (Mateus et al., 2002; CIliff et al., 2007;
Pereira de Freitas et al., 2017). An
anthocyanin-rich diet may prevent



inflammation and also protect against heart
diseases (He et al., 2012; Yoo et al., 2013). A
young red wine anthocyanin content can have
an average of 500 mg/l, making them one of
the important bioactive compounds in wine
(Wu et al., 2006). Anthocyanins can also help
in the prevention of colon cancer and colorectal
cancer (Cooke et al., 2006; Jing et al., 2008;
Somerset & Johannot, 2008), coronary heart
diseases, and non-alcoholic liver diseases
(Gronbacek et al., 2000; Newcomb et al., 1993;
Anderson et al., 2005; Dunn & Schwimmer,
2008). One of the grape varieties with high
anthocyanin content is Kadarka (Csavossy,
2003; Gonzalez-Neves et al., 2012).

The origin of Kadarka is unclear, it is probably
originating from Asia Minor, the convar.
pontica,  subconvar  balcanica,  provar.
mesocarp, subprovar. belongs to the dalmatica
group. South Slavs (Serbs, Réks) brought it to
the Minis wine region while fleeing from the
Turks. On the hillsides of the Mocrea
settlement, "Turkish grappe" was grown B.C. a
red wine grape variety, also called Negru moale
in Romanian. In the middle of the 19" century,
in Minis and later in Gyorok, aszii was made
from the shrunk berries of Kadarka. By 1872, it
was one of the most widespread grape varieties
in the wine region (Csavossy, 2003; Gonzalez-
Neves et al., 2012).

It is a less frost-resistant variety, it tolerates
drought relatively well, and the vine grows
strongly even in sand, the canes are thick,
brownish-grey, striped, and have short
internodes. The small, cobwebbed buds
develop erect canes, why it is also suitable for
training without support, requires short
pruning. It does not require intense canopy
management. Its shoot trip is characterized by a
bronze-yellow-green colour and woolliness
(Prohaszka, 1986).

Leaves are medium-sized or large, shiny, dark
green, thick-textured, and rough to the touch.
Leaf blade 3-5 lobed, wavy with a woolly
backside.

The cluster is cylindrical, dense, and medium-
sized, prefers to be close to the ground.

The fruits are medium-sized, round, blue-black
when fully ripe, thin-skinned, juicy, and
characterized by a pleasant taste. It is late-
ripening, fruits ripen in August, but it reaches
technical maturity in mid-October. Sunlight
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requirement is high. It is usually abundant, but
its productivity is strongly influenced by the
conditions of fertility (Bényei et al., 1999).

It shows no resistance against diseases,
especially in rainy seasons it is heavily
damaged by fungal diseases. Because of its
weak resistance against rot, it is often harvested
already in September. In a good location and a
favourable year, can reach 18-20°Bx must
degrees.

The wine has a characteristically spicy aroma
and flavour, is rich in tannic acid, has a ruby
red colour, is thinner and fresher on looser soil,
fuller-bodied on firmer soil, and richer in
colourants, the latter being a characteristic of
Minisi Kadarka (Cliff et al., 2007).

It is a component of "Minis red", initially it was
used at a rate of 70%, and currently 20-30% is
added (Stefan et al., 2017).

The aim of the experiment was to determine the
influence of different fermentation
temperatures and durations on the anthocyanin
content and quality of the resulting Kadarka
wines when using the technology of red wine
production with fermentation on skins.

MATERIALS AND METHODS

The winemaking was carried out 26 km from
Arad at Paulis, Wine Princess S.R.L. The
vineyard occupies an area of approximatively
70 ha. One of the most important varieties is
Kadarka. The harvest began on 20" September,
which ended on 17% March. The mash was
pumped into the fermentation tanks. In each
tank 7,990 L of mash was placed, leaving 20%
fermentation space. Sulphite addition to the
mash took place depending on the health of the
grapes. In this case, were treated with 50 mg/L
SO». The mash was cold-soaked for 48 hours at
9°C after was circulated with a pump three
times a day in order to dissolve the colour. To
start the fermentation and enzymatic treatment,
the temperature was raised to 15°C. 23.97 g of
Pectosol enzyme suspension per container was
dissolved in 2 L of 20°C water and mixed with
the mash. The fermentation temperature was
controlled by computer for each fermentation
tank.

During the winemaking, 17,000 kg of Kadarka
grapes were processed. After removing the



stems and crushing the berries, 15,980 L of
mash was fermented.

Two batches were separated K1 and K2. K1
was fermented at 25°C for 8 days, while K2
was fermented at 28°C for 12 days. Each batch
was fermented in 10,000 L stainless steel wine
tanks equipped with cooling dimpled jacket,
and 20% of the tank was left empty for the
fermentation. The fermentation of K1 was
completed on 15" October and K2 on 19
October.

After the fermentation was finished the sugar
content was measured and then the free-run
wine was separated from the marc, then it was
pressed at a maximum of 1.5 bar. The press
wine and the free-run wine were then blended
at a proportion of 80/20, and 11,900 L of wine
was produced.

On 20-21™ of December, when the malolactic
fermentation ended, the first organoleptic
examination was carried out and the basic
laboratory tests were made (alcohol, titratable
acid, volatile acid, free sulphur content, pH
level and anthocyanin content).

The new wine was put into barrique barrels.
The wine was aged for three months, after a
second  organoleptic  examination  and
laboratory tests were made.

For the evaluation, we used a 100-point rating
system issued by the International Organisation
of Vine and Wine (O.1.V.). Besides the colour,
clarity, intensity, aroma, bouquet and taste the
overall impression and harmony were rated.

RESULTS AND DISCUSSIONS

The result of the qualitative examination of
Kadarka grapes before processing was 225.32
g/L sugar content, while the titratable acid
content was 7.3 g/L expressed in tartaric acid.
The wine’s sugar content was measured 8 days
after the fermentation stopped, the results were
between 3.9-4.0 g/L, since both variants were
fermented as a dry wine.

The effect of fermentation temperature and
maceration period on Kadarka wines alcohol
content is presented in Figure 1.

There is a difference of 0.2 volume % between
the variants fermented for 8 days and 25°C and
the variants fermented for 12 days and 28°C
(Figure 1). The K1 has an alcohol content of
13% by volume and K2 had an alcohol content
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of 13.2% by volume on 20" of December. It
can be determined that the results measured on
15" March, after three months of maturation,
did not show any deviation either, the measured
alcohol content did not change in the case of

both variants.
2
lum at25°C
l11dnvut18°C
K2 15 March
Figure 1. Changes in alcohol content on different

K120 December‘ K220 December K1 15 March
temperatures in K1 and K2 inox tanks
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The effect of fermentation temperature and
maceration period on Kadarka wines titratable
acidity is presented in Figure 2.

The titratable acidity of the wine fermented for
8 days at 25°C is 6.2 g/L, while the titratable
acidity of the wine fermented for 12 days at
28°C is 6.4 g/L, which was measured on 20" of
December. The analysis on 15" March
recorded the following titratable acidity results:
K16 g/L and K2 6.1 g/L. After three months of
maturation there is a difference of 0.1 g/L
between the two tanks. The variant fermented
for a longer time and at a higher temperature
had higher titratable acid content in both tests.
At the same time, a decrease in acidity can be
observed in the case of both variants during
maturation, which was caused by the
precipitation of tartaric acid during malolactic

fermentation.
) W8 days at 25°C
W12 days at 28°C
K2 15 March
Figure 2. Changes in titratable acid content in wines

K1 20 December ‘ K220 December K1 15 March
fermented at different temperatures in K1 and K2 inox
tanks
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The effect of changes in fermentation
temperature and duration on the volatile acid
content of Kadarka

Under our experimental conditions the results
of the volatile acid content differ slightly
between the K1 and K2 (Figure 3). The first
laboratory test gave the following results: the
volatile acid content of wine fermented for 8
days at 25°C was 0.52 g/L, and the volatile acid
content of wine fermented for 12 days at 28°C
was 0.61 g/L. The results of March: K1 0.54
g/L, the K2 0.63 g/L, there is also a difference.
The results show that the volatile acid content
of both variants increased by 0.02 g/L during
the three-month maturation period.

) lﬁdmatli"C
lllda s at 28°C

K120 December ‘KZ 20 Detember‘ K1 15 March ‘ K215 March

Figure 3. Changes in volatile acidity in wines fermented
at different temperatures in K1 and K2 inox tanks.

The effect of fermentation temperature and
maceration period on Kadarka wines on free
sulphur dioxide is presented in Figure 4.

During the analysis on 20" of December,
16 mg/L sulphur dioxide content was measured
for K1 and 21 mg/L for the K2 variant. In the
laboratory test on 15" March 21 mg/L was
measured from the wine fermented for 8 days
at 25 °C and 19 mg/L of the K2 fermented for
12 days at 28 °C (Figure 4).

m

K1 20 December | K2 20 December | K1 15 March

Free sulphur content (mg/1.)
a2 moB2 R

=

Figure 4. Changes in free sulphur dioxide in wines
fermented at different temperatures in K1 and K2 inox
tanks

B8 days at 25°C
B12 days at 28°C
K2 15 March
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The effect of fermentation temperature and
maceration period on Kadarka wines on pH is
presented in Figure 5.

The Kadarka pH content values were between
3.0 and 3.1 (Figure 5). The pH content of K1
was 3.1 and K2, 3 at the time of the first
laboratory test. During the March test, the pH
content showed the same results as the first
time. So, during the three-month storage of
Kadarka, the pH content of the samples did not
change.
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Figure 5. Changes in pH level in wines fermented at
different temperatures in K1 and K2 inox tanks

The effect of fermentation temperature and
maceration period on Kadarka wines on
anthocyanin content is presented in Figure 6.

It is clear that there is a difference between the
K1 and K2 variant in terms of the anthocyanin
content (Figure 6), one of the significant factors
determining the colour of red wines. The
anthocyanin content of the wine fermented for
8 days at 25°C was 345 mg/L, while the
anthocyanin content of the wine fermented for
12 days at 28°C was 380 mg/L after malolactic
fermentation. The March results were as
follows: K1 was 320 mg/L and K2 was 357
mg/L. Although the anthocyanin content of the
variant fermented at a higher temperature and
for a longer time was higher, it showed a
decrease of 23 mg/L during maturation. The
decrease can also be attributed to the
anthocyanin content of K1. The formation of
the anthocyanin tannin complexes during wine
maturation decrease the free anthocyanin
concentration.
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Figure 6. Changes in anthocyanin content in wines
fermented at different temperatures in K1 and K2 inox
tanks

The results of the organoleptic tests of Kadarka
Examining the results of the first sensory test
(Figure 7), the K1, fermented for 8 days and at
25°C, received a higher evaluation. The Kl
variant scored lower than K2 for the colour and
clarity parameters, which was also associated
with lower anthocyanin content. However, the
aroma of the K2 variant was not favoured by
the longer maturation time (12 days) or the
higher temperature (28°C), so its evaluation
was lower than the K1. There is only a
difference of 1 point between the taste and
general impression in the case of the two
variants. The total scores of the evaluation: K1
81 points and K2 80 points.

—
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K120 December

K2 20 December

First organoleptic examination (0—100)

Figure 7. Scores of the first organoleptic examination
obtained by wines fermented at different temperatures in
K1 and K2 inox tanks

During the examination on 15" March, a
difference of 2 total points can be seen between
the variants, as in the first organoleptic
examination (Figure 8). During barrel ageing,
the intensity of the colours decreased, but the
quality of the colours improved, which is also
shown by the evaluation of the March test. In
the case of both variants, the scores of the
colour and clarity parameters increased. In
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addition to the aroma, the bouquet of wines
appeared, and this parameter improved, but the
K1 was considered better by the judges, it
received 26 points for this parameter.
Regarding the taste and general impression, the
K2 developed less during the maturation,
reaching the same average score as the K1, 45
points. The total score: K1 88 points and K2
variant 86 points. K1 variant fermented for a
shorter time (8 days) and at a lower
temperature (25°C) proved to be of better
quality.

20
80
70
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50
40
30
20
10

K1 15 March

K2 15 March

Second organoleptic examination (0-100)

Figure 8. Scores of the second organoleptic examination
obtained by wines fermented at different temperatures in
K1 and K2 inox tanks

CONCLUSIONS

From the present study we can conclude that,
the different temperatures and length of
fermentation did not have a significant effect
on the wine’s alcohol, titratable acid, volatile
acid, free sulphur content or pH level, but still
these measurements were important to
complete because they are the basic
measurements regarding winemaking.

In terms of anthocyanin content, better results
were achieved with a higher temperature and a
longer fermentation period.

Regarding the organoleptic evaluation, K1 with
a lower temperature and a shorter fermentation
period scored higher (88 points). This grape
variety genetically produces less anthocyanin,
but is excellent and characteristic in its flavour
and aroma substances, therefore, to preserve
the aroma substances, fermentation at a lower
temperature is recommended.
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Abstract

The medium chain saturated fatty acids (MCFA) are synthesized by the yeasts and released in fermentation
media, where they contribute to fermentation aroma, but are also well known for their inhibitory effect on
veast growth. At low pH and in the presence of ethanol, only few mg/l of MCFA could arrest the AF. One of
the mechanisms employed by the yeasts to protect themselves from the MCFA effects implies the conversion
of the MCFA in ethyl esters, which are less toxic. In this way, fermentation aroma is even more enhanced, as
ethyl esters of MCFA have more appealing sensorial qualities and are perceived at lower thresholds.
Understanding MCFA’s occurrence in grape must and wine and their inhibitory mechanisms can be useful
for a better predictability and control during winemaking process. Certain technological factors were found
to dramatically affect the concentrations of MCFA during winemaking, among which are the grapes ripening
process, several technological interventions during winemaking and the yeast strains, all influencing style
and perceived quality of wines. Furthermore, due to their inhibitory effects on yeasts, the MCFA have drawn
the attention of researchers and producers as agents able to reduce the doses of SO necessary for the
cessation of alcoholic fermentation (AF) in order to obtain sweet wines. In this review inhibitory
mechanisms are discussed, along with possible ways to control the MCFA concentrations during
winemaking, also in the view of sweet wine production.

Key words: MCFA, octanoic acid; decanoic acid; ethyl octanoate, ethyl decanoate, sweet.
INTRODUCTION problems of AF completion or MLF starting,
the removal of these compounds must be taken
into account (Lonvaud-Funel et al., 1985;
Viegas et al, 1989). MCFAs are slightly
soluble in water, the solubility decreasing with
the chain length. Their O: C ratio by mass is a
simple way to point out the hydrophobicity
increase, as the chain of aliphatic carbon
increases. As the MCFAs hydrophobicity

Medium-chain fatty acids (MCFAs) are
saturated fatty acids with Ce-Ci2 atoms which
are volatile organic compounds produced in
wines and other fermented beverages along
with other major aroma constituents (Bardi et
al., 1999; Zhao et al., 2017). Low to moderate
concentrations of medium-chain fatty acids

(MCFAs) and their ethyl esters (MCFAEEs)
can contribute to positive aroma quality of
wines and other fermented beverages (Borrull
et al, 2015, Mina & Tsaltas, 2017).
Accumulation of MCFAs during AF under
certain conditions may inhibit growth of both
yeast or lactic bacteria, which may lead to
either an incomplete AF or an unachievable
onset of MLF (Alexandre et al.,, 2004,
Lonvaud-Funel et al., 1988). For those wines
with high concentrations of MCFAs and
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increases, their solubility in the phospholipids
of yeasts membrane increases as well. The
insertion of the undissociated acid forms inside
membranes leads to an increase in their
permeability and consequently to a loss of their
biological function (Viegas et al., 1989).
Enhanced permeability of yeast cell membranes
due to the presence of MCFAs during AF,
promoted yeast cell death, especially under
ethanol-induced  proton  influx, = which



determines the decrease of internal pH (Borrull
etal., 2015; Ledo & Van Uden, 1984; Viegas et
al., 1989). Levels of ethanol concentrations to
12% or above, pH values lower than the
MCFA'’s pKa, as it happens in grape juice (3.0
to 4.0) and promoting those conditions which
enable the biosynthesis of MCFAs in the
fermenting medium, all lead to a decrease in
Saccharomyces cerevisiae viability or cell
death (Borrull et al., 2015; Viegas & Sa-
Correia, 1997). In order to produce ATP
through glycolysis, yeast cells need to maintain
the internal pH around 6.0 to 6.5 during
fermentation, thus, any factors able to lower the
internal pH below 6.0 will stop the ATP
production and therefore activate the autolysis
enzymes, leading to a subsequent degradation
of cell components (Alexandre & Guilloux-
Benatier, 2006; Torello Pianale et al., 2022).
Temperature of the fermenting media
influences the inhibitory effect of MCFAs, for
instance, a low temperature, as the one used for
the white wine production, is able to reduce the
loss of viability in Saccharomyces cerevisiae,
while a higher temperature promotes higher
cell death rates (Viegas & Sa-Correia, 1997).
These factors and mechanisms are important
for wine production, due to their consequences
on the quality of the final product.
Accumulation of MCFAs in the fermenting
media during AF is an undesirable pathway of
yeast metabolism, which increase the risk of
sluggish or even stopping AF. Relatively
recently, medium-chain fatty acids came in to
the attention of researchers and producers of
natural sweet wines at the international level as
a means to reduce the doses of SO, used for
stopping fermentation to produce sweet wines
(Banita et al., 2023; Banita & Antoce, 2021;
Baron et al., 2017). The use of MCFAs for AF
cessation is still under evaluation as an
alternative method to reduce electric energy
consumption necessary for cooling and the
dose of sulfur dioxide required in the classical
method (Banita et al., 2023; Baron et al., 2017;
Viegas & Sa-Correia, 1997). Moreover, the
addition of MCFAs for AF cessation was found
to reduce of the acetaldehyde content compared
to the chilling process, as well as to reduce the
diacetyl content compared to cross-flow
filtration (Licek et al., 2020). Modulation of
MCFA concentration during winemaking
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allows the oenologists to control the kinetics of
AF to dryness or to stop the fermentation to
produce wines with natural residual sugar.

MCFA PRODUCTION DURING
WINEMAKING

MCFA production in wine is dependent on
controllable  physical  factors, such as
temperature or aeration during AF and less
controllable biological factors, such as grape
cultivar, grape  microbiome or  must
composition,  which  includes  nitrogen
compounds, lipids and pH (Lonvaud-Funel et
al., 1988; Rizk, 2016).

The effect of aeration regime -
biosynthesis and wine quality
Generally, yeasts need 4 to 8 mg/l O2 at the end
of growth phase in order to promote lipid
biosynthesis, especially unsaturated fatty acids
(UFAs) and ergosterol, which are known as
“survival factors” (Andreasen & Stier, 1953,
1954; Bell & Henschke, 2005; Boll et al., 1980;
Jean-Marie et al., 1996; Lafon-Lafourcade et
al., 1979). These growth factors, UFAs and
ergosterol, integrated into yeast cell membrane
of Saccharomyces cerevisiae are produced only
in the presence of oxygen and are necessary for
yeasts to strengthen their resistance to stress
factors such as extreme alcohol, temperatures,
osmotic pressure (Costa & Moradas-Ferreira,
2001; Lafon-Lafourcade et al., 1979; Piper,
1995). In beer fermentation, yeast requirements
for oxygen to promote sterol biosynthesis are
between 0.1 to 0.3 mg O/gram of yeast
(expressed as dry mass), while for UFA
biosynthesis, a dose of 0.35 mg O/gram of
yeast (expressed as dry mass), is considered
sufficient for high gravity brewing fermentation
(Kirsop, 1977; Rosenfeld et al., 2003). In the
case of wine fermentation a larger dose of 0.5
mg Oz/gram of yeast (expressed as dry mass) is
required for sterol biosynthesis, while for UFA
synthesis the amount of oxygen is negligible
(Salmon et al., 1998).

Overall, a more oxygenated fermenting media
may be helpful in the case of nitrogen deficient
grape musts, improving the use of proline
nitrogen-use by yeasts by activating the
responsible enzyme, namely proline oxidase
(Bell & Henschke, 2005; Ingledew & Kunkee,
1985). The addition of nitrogen-containing

lipid



inorganic nutrients (diammonium phosphate) or
even organic nutrients based on amino acids
will activate and stimulate the multiplication of
yeast cells in the beginning of AF phase,
contributing to biomass increase, but without
effect on yeast viability at the end phase of AF
(Andreasen & Stier, 1953, 1954; Lafon-
Lafourcade et al., 1979). The nitrogen is
frequently a limiting factor for production of
adequate biomass required to complete the
fermentation and it is usually adjusted by
winemakers, in accordance to the necessities of
the selected yeast strain at the desired
temperature during AF, following routine grape
juice analyses for sugar concentration and yeast
assimilable nitrogen (Bell & Henschke, 2005).
In order to influence yeast viability towards the
end of AF, besides aeration, another solution is
adding nutrients rich in “survivor factors”
during rehydration of dry yeasts or during
fermentation, as their reduced content affects
physical characteristics of membrane, reducing
the cell resistance to stress factors (Daum et al.,
1998). Rehydration nutrients rich in sterols and
UFAs will help completing AF by increasing
the resistance of yeasts to stress factors (Lafon-
Lafourcade et al., 1979). The yeasts are able to
directly incorporate into their membranes
sterols and UFAs during growth and AF (Chen,
1980). The ergosterol plays a critical role in
ethanol resistance in Saccharomyces cerevisiae
(Ding et al., 2009) allowing for the increase of
membrane rigidity, while high concentrations
of ethanol can induce plasma membrane
fluidity and consequently becoming toxic to
membrane proteins, fact that stops cell growth
and induce cell death (Jones & Greenfield,
1987). As the modern white and rose
winemaking is often based on avoidance of the
aeration and stimulation of production of
acetate and ethyl esters, many winemakers use
nutrients rich in “survivor factors” during
rehydration of active dry yeasts, in order to
incorporate ergosterol and UFAs inside yeast
cell membranes.

Genes involved in acetate esters production,
alcohol acetyltransferases ATF1 and ATF2, are
repressed by oxygen exposure during AF, while
adding UFAs during AF represses only ATF1,
while ATF2 is overexpressed (Fujii et al., 1997;
Peddie, 1990; Saerens et al., 2010; Yoshimoto
et al., 1999). However, depriving the yeast of
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oxygen or creating hypoxic conditions during
AF promote the formation and accumulation of
MCFAs in wine, which decreases the viability
of yeasts towards the end of FA and leads even
to stopping FA (Borrull et al., 2015; Takashi,
1986).

Fatty acids are derived from degradation of
storage and complex lipids, de novo synthesis
and uptake from the environment (Klug &
Daum, 2014). De novo lipogenesis starts in the
cytosol and in mitochondria through acetyl-
CoA-carboxylase encoded by cytoplasmic
ACCI and of mitochondrial HFAI genes
(Hasslacher et al., 1993; Hoja et al., 2004).
After initiation of this process, elongation of
the chain is based on the malonyl-CoA, the
universal precursor of fatty acids, which serves
as a two-carbon building block (Beld et al.,
2015). Fatty acid elongation is generated by a
FAS system of enzymes (Toke & Martin,
1996). Yeast contains two distinct fatty-acid
synthases (FAS), the cytoplasmic FAS (FAS1),
which is a large multifunctional enzyme
producing over >95% of cellular fatty acids
and, mitochondrial FAS (FAS2), a non-
aggregated FAS enzymes similar to that of
bacteria (Brody et al., 1997; Harington et al.,
1993; Lynen et al., 1980; Schneider et al.,
1997).

The MCFAs are by-products of lipid synthesis
as a result of overexpression of fatty acid
synthetase complex (FAS1 and FAS2) activated
by hypoxic conditions during AF and thus,
being the main reason for which wines
fermented in such conditions have increased
concentrations (Restrepo et al., 2019; Saerens
et al., 2010; Taylor & Kirsop, 1977). The
increase of MCFA concentration in wine is thus
a consequence of an active process under
anaerobic conditions, as they are not needed for
structural lipid synthesis (Bardi et al., 1999).
As MCFAs are not necessary for cell function,
MCFAs are released into the medium through
passive diffusion across the cytoplasmic
membrane and are not bound to cell structures
(Bardi et al., 1999). The accumulation of
MCFAs in fermentation media was found to be
a result of the release from FAS complex of
acyl-CoA, which is then hydrolysed in order to
recycle CoA-SH, thus liberating the MCFA
acyl part. Under these conditions, cell growth



stops, as the lipid biosynthesis becomes
impossible (Bardi et al., 1999).

To counteract the anaerobic conditions and to
improve yeast viability, Cie:1 fatty acid can be
added in the medium, yeast cells showing
higher viability and faster fermentation rates at
13°C. These cell membranes incorporated
higher concentrations of Cie:1 and ergosterol,
fatty acids with a shorter chain length and had a
higher sterol/phospholipid ratio (Redoén et al.,
2009).

Controlling the oxidation reduction potential
(ORP) during wine fermentation and changing
it in the range of -100 to + 100 mV, revealed
that the maximum concentration of MCFAEEs
is produced in wines during AF when ORP is
maintained at 0 mV (Xue et al, 2022).
Controlled ORP at 0 mV during AF led to a
higher flux of citric acid to cytoplasm, a
moderate  NADP'/NADH ratio and highly
expressed genes ACCI, FASI, FAA2 and
EEBI, thus favouring the production of
MCFAEEs, which therefore improve the aroma
quality in wines (Xue et al., 2022).

However, overexpression of MCFA-ethyl ester
synthases EEB1 and EHT! is only slightly
affected by oxygen exposure, MCFAEE
production responding differently to MCFA
precursors. Overexpression of EEBI gene
responds well to the presence of octanoic acid
and poor to decanoic acid, while the
overexpression of EHT gene responds to both
acids, but still more to octanoic acid. Deletion
of these genes decreases the MCFAEE
production, confirming their involvement in
ester production mechanisms. EHT! and EEBI
genes may have both activities of synthesis and
hydrolysis, because their overexpression did
not enhance MCFAEE content, although are
involved in MCFAs detoxification (Saerens et
al., 2006). A possible yeast detoxification
metabolism involves ethyl esters biosynthesis
through FHTI and EEBI genes and the role of
ATF2, involved in acetylation of sterols, which
is preferentially expressed under anaerobic
conditions (Cauet et al., 1999; Saerens et al.,
2010).

During the fermentation of high sugar musts,
the accumulation of ethanol can increase
excessively the production of reactive oxygen
species (ROS), as a consequence of uncoupling
electron transport chain from the ATPase, thus,

being capable of damaging cellular constituents
(Jones & Greenfield, 1987; Landolfo et al.,
2008; Moradas-Ferreira et al., 1996). The yeast
cells hinder the ROS accumulation through
modification of cellular lipid composition,
triggering antioxidant defence mechanism such
as GSH production. Any redox imbalance can
result in oxidative stress (GSH depletion, lipid
peroxidation, protein oxidation and, even
worse, DNA damage) and can cause yeast cell
death (Costa & Moradas-Ferreira, 2001; Piper,
1995). GSH and cysteine depletion under
oxidative stress promotes the production of
H.S, a strong reducing agent known to be
involved in the protection mechanism used by
yeasts to detoxify ROS (Sohn & Kuriyama,
2001). The polyunsaturated fatty acids
percentage plays an important role in oxidative
stress resistance, which explains why in species
better adapted against the oxidative stress, such
as Torulaspora delbrueckii and Metschnikowia
pulcherrima, the proportion of these
compounds is higher compared with that of
Saccharomyces cerevisiae (Vézquez et al,
2019).

The effect of temperature regimen during
AF

The temperature during AF for white/rosé wine
production is generally lower than that for red
wines. White and rosé wines need a
temperature range between 15 to 18°C in order
to develop and preserve the aromatic
compounds and to control the yeast biomass
during the process, while for red wine
production temperatures over 24 to 28°C are
more common, to allow for better phenolics
extraction during maceration-fermentation
phase. Lower temperature regimes may be
implemented in case of fruity red wine
production. The AF temperature is known to
affect the concentrations of MCFAs and
MCFAEEs in the final product. The
fermentation of several grape white varieties
(Feteasca alba, Pinot Gris and Chardonnay)
using  Saccharomyces  cerevisiae  strain
Vinoferm Crio at different temperatures
showed the effect of temperature on MCFAs
and MCFAEEs production (Csutoras et al.,
2022). The controlled temperatures between 15
to 16°C during AF lead to a lower
concentration of these compounds, while
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elevated fermenting temperatures of 25 to
26°C, lead to a higher concentration of these
compounds in the resulted wines (Csutoras et
al., 2022).

Compared to white wines, generally, red
winemaking requires higher temperatures
during AF for the skin maceration and, as a
consequence, increased MCFA and MCFAEE
concentrations are also produced in the final
wines. This happens even more if there is no
aeration during pump-over.

Several experimental variants carried out on
Carménére grape variety macerated-fermented
at different temperatures (24, 28 and 32°C) and
inoculated with Saccharomyces cerevisiae
strain EC1118 revealed that increasing
temperature from 24 to 28°C leads to a raise in
production of MCFAs, while at 32°C the
MCEFA level decreased being the lowest among
the variants. Also, the biomass resulted at 28°C
was the highest while at 32°C was the lowest,
which confirms that the temperature is an
important factor able to affect yeast growth and
metabolism, consequently, altering the final
concentration of MCFAs in wines (Restrepo et
al., 2019).

However, for white wine fermentation, the
results of other authors who experimented with
Saccharomyces cerevisiae and Saccharomyces
bayanus revealed opposite results for both
yeasts, such as, the production of higher
concentrations of MCFAs and MCFAEEs at
13°C as compared to those obtained at 25°C
wine samples where the concentrations were
lower. In the same study, the fatty acid
composition in yeast cells at the end of AF,
showed that the yeast membranes contained
more MCFAs when they were grown at higher
temperatures and more unsaturated fatty acids
at lower temperatures, as an adaptive response
(Torija et al., 2003a).

Fermentation of several grape juice samples
with two yeast strains of Saccharomyces
cerevisiae (IAM4274 and IAM4268) under
controlled temperatures ranging from 10 to
30°C with incremental rises of 5°C showed a
decreasing production of MCFAs (expressed as
sum of Cet+Cs+Cio) in direct correlation with
the fermentation temperature increase, while,
the Cs and Cs showed a decreasing level at
elevated temperatures, while Cio remained
almost constant (Takashi, 1986).
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These inconsistencies among results could be
attributed to the different levels of oxygen
exposure, nutrients or inoculum sizes during
experimentation. In  one study, using
Saccharomyces cerevisiae fermenting
concentrated grape juice diluted to 200 g/l
sugars, it was revealed that the maximum
population of yeasts (biomass) resulted at 30°C
and the lowest at 35°C, suggesting a higher rate
of cell death over 30°C (Torija et al., 2003b).
Although, while during AF at temperatures
under or equal to 20°C the yeast growth rate
after 7 days of fermentation decreased only
slightly, at temperatures over 20°C the decrease
was more accentuated and at 35°C the decrease
was very rapid, indicating a high rate of cell
death (Torija et al., 2003b). However, the
inhibitory effect of MCFAs was found to be
higher at low and intermediate temperatures in
the presence of high concentrations of ethanol
during AF (Viegas & Sa-Correia, 1997).

The effect of yeast assimilable nitrogen

The consumption of nitrogen is different
among different yeast strains and is mostly
influenced by the temperature of fermenting
media. At higher temperatures the yeasts
require more YAN and other nutrients in order
to support the growth and produce biomass and
as well as volatile compounds (Vilanova et al.,
2007). In one study it was shown that
Saccharomyces cerevisiae grown at 13°C
consumed 59 mg/l NHs" and 59 mg/l amino
acids, while at 25°C consumed 79 mg/l NH4"
and 67 mg/l amino acids (Beltran et al., 2007).
The addition of inorganic sources of nitrogen as
ammonium cation is strongly influencing
MCFAs and MCFAEEs concentrations in the
final wines (Vilanova et al., 2007). The timing
of ammonium sulphate addition and the dosage
influenced mostly the MCFAs production, the
additions at the beginning of fermentation
(before inoculation) increasing the most the
production of MCFAs, while the additions at
the halfway point (when 50% of the sugar had
been consumed) decreased or only slightly
increased the concentration of MCFAs,
depending on yeast strain of Saccharomyces
cerevisiae (Hernandez-Orte et al., 2006). The
additions of ammonium sulphate at the
beginning of fermentation influenced less the
MCFAEE (ethyl hexanoate and ethyl



octanoate) production, the doses of 260 mg/l
NH4" tending to only slightly increase the final
concentration of MCFAEEs, while doses of
400 mg/l NH4" left the production of fatty acid
ethyl esters at about the same level as in the
control samples with only 120 mg/l NH4",
depending on yeast strain (Hernandez-Orte et
al., 2006). The concentrations of MCFAs and
MCFAEEs were observed to be increased in
Chardonnay wines obtained from musts
purposely selected for their low nutrient and
sugar content (180 g/l1). When fermented with
Saccharomyces  cerevisiae  yeast  strain
Vinoferm Crio, the addition of inorganic or
complex nutrients in musts during AF
decreased significantly their concentration in a
dose-dependent manner (Csutoras et al., 2022).
It was also observed that a high YAN
concentration in the fermenting media can
decrease the production of hexanoic acid and
ethyl hexanoate, suggesting a strong influence
of the used yeast strains on the production of
this compound (Hernandez-Orte et al., 2006;
Hernandez-Orte et al., 2005).

Supplementation of musts with several amino
acids (f-alanine, cysteine, arginine and valine)
with doses which fall within the normal
concentrations found in grapes, or slightly
higher than those, was investigated to
determine their potential role in CoA
biosynthesis pathway in the Saccharomyces
cerevisiae, after normalizing YAN
concentration by addition of ammonium
chloride (NH4CIl) (Boss et al.,, 2015). S-
alanine, a pantothenate (B5 vitamin) precursor
in the pathway of CoA biosynthesis, was the
only amino acid shown to increase the
production of MCFAs (hexanoic, octanoic and
decanoic  acids), MCFAEEs (hexanoate,
octanoate and decanoate ethyl esters) and
acetate esters (ethyl acetate, 2-phenylethyl
acetate and isoamyl acetate) in the final wines
(Boss et al., 2015). The stimulatory doses for
the production of MCFAs and MCFAEEs were
found to be around 1 mg/l, but the addition of
more fS-alanine, even up to 100 mg/l, does not
significantly increase this production further
(Boss et al., 2015).

The effect of pH
Organic acids of wines are generally derived
from grapes, corrections made during
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processing or from microbiological activities
occurring before, during or after AF, including
in MLF (Chidi et al., 2018). Usually, organic
acids determine basic wine parameters, such as
titratable acidity and pH, which vary with the
grape variety, harvesting time, vintage or
terroirs. The pH of grape musts and wines
range between 3.0 and 4.0 and frequently
requires adjustments, especially in hot climates,
due to its importance for wine microbial
stability, flavour and aroma (Chidi et al., 2018).
Grape musts which underwent pH adjustments
in the range of 2.8 to 4.5 revealed an increased
in production of MCFAs (expressed as sum of
Cest+Cg) at higher pH values and a decline at
lower values, while the Cg/Cs acids ratio
showed a decreasing trend with an increase in
pH value (Takashi, 1986). Decanoic acid was
not detected in pH-adjusted grape musts and
therefore no trends are known for this acid
(Takashi, 1986). Usually, the MCFAEEs
production is correlated with the concentration
of MCFAs precursors (Takashi, 1986). These
esters are found to be relatively unstable in
wines, especially in low pH wines which go
through a storage period at elevated
temperatures, which is favouring their
hydrolysis (Ramey & Ough, 1980). Fermented
grape musts with higher pH values tend to
contain and preserve more MCFAEEs, due to
an increased production of MCFAs during AF
(Takashi, 1986) and of CoA, the hydrolysis
being especially slowed down when the wine
storage is short and done at low controlled
temperatures (Ramey & Ough, 1980).

The effect of different yeast strains

The effect of yeast strain on MCFAs and
MCFAEEs production is of much importance.
A comparison of two yeast strains of
Saccharomyces cerevisiae popular for white
wine production in Australia, AWRI 796 and
MOS5, revealed that the strain AWRI 796
produces 3 to 4 times more MCFAs than the
strain MO5 in the same conditions of nitrogen
adjustments with inorganic nitrogen, when
YAN levels ranged from 117 to 500 mg N/l
(Vilanova et al.,, 2007). The production of
hexanoic acid is strongly influenced by the
Saccharomyces cerevisiae yeast strain and
YAN levels. Hexanoic acid decreased in
samples with high YAN and fermented with



AWRI 796 strain, while this trend was not
observed for the strain M05 (Vilanova et al.,
2007). In a similar study, some strains
(Fermicru AR2 and Stellevin NT116) produced
less ethyl hexanoate at high YAN levels, while
others (LW LVCB) produced more of this
compound (Hernandez-Orte et al., 2006;
Hernandez-Orte et al., 2005). It was suggested
that the MCFAEEs synthesis is dependent on
MCFAs substrate concentrations and that an
increase in ethyl esters is expected when the
MCFAs are added during the AF (Saerens et
al., 2006). However, the addition of Cs or Cg
fatty acids during AF using a wild type strain
BY474]1 and  constructed  strains  with
overexpression of BY4741+ pEHT s, BY4741+
pEEBIs and BY4741+ pYMR210ws increased
the concentrations of the respective MCFAEEs
but, no significant differences were found
between the wild type strain  and
overexpression strains (Saerens et al., 2006).

Several studies conducted on different yeast
strains and different levels of adjusted YAN,
revealed that production rates of MCFAs and

MCFAEEs are also strongly dependent on
yeast strains, not only on YAN level
(Hernandez-Orte et al., 2006; Hernandez-Orte
et al.,, 2005; Vilanova et al., 2007). Other
yeasts, such as Lachancea thermotolerans,
known to be low producers of MCFA and
MCFAEEs, are used to avoid strong smells
given by fatty acids during red wine
production, improving the red wine aroma
(Hranilovic et al., 2021; Shekhawat et al.,
2017). In Table 1 are presented the ranks of
odor activity values (rank 1 being the lowest
and rank 6 the highest) for MCFAs and

MCFAEEs in wines produced by mixed
fermentations, using several non-
Saccharomyces yeasts and S. cerevisiae.

Compared to S. cerevisiae, the production of
MCFAs increases in the case of non-
Saccharomyces yeasts such as Metschnikowia
pulcherrima, Candida stella, and Pichia
fermentans (Liu et al., 2016). Opposite results
were reported for Hanseniaspora uvarum and
Issatchenkia orientalis in mixed fermentations
(Hu et al., 2018; Liu et al., 2016).

Table 1. Ranks* of odor activity values (OAV) for MCFAs and MCFAEEs in wines produced by mixed fermentations
with non-Saccharomyces plus S. cerevisiae compared with monoculture of S. cerevisiae (Liu et al., 2016)

Compounds Hanseniaspora — Metschnikowia Candida Pichia Issatchenkia

uvarum pulcherrima stella fermentans orientalis

+ + + + +
Saccharomyces — Saccharomyces — Saccharomyces — Saccharomyces — Saccharomyces — Saccharomyces

cerevisiae cerevisiae cerevisiae cerevisiae cerevisiae cerevisiae
C6-MCFA 6 1 2 4 3 5
C8-MCFA 1 3 4 6 5 1
C10-MCFA 2 3 4 5 6 1
Total MCFA 3 1 4 6 5 2
C6-MCFAEE 4 1 3 5 6 2
C8-MCFAEE 3 1 4 6 5 2
C10-MCFAEE 5 1 4 2 6 3
CI12-MCFAEE 4 1 2 6 5 3
Total MCFAEE 4 1 3 5 6 2

*Ranks are ascending, with 1 being the lowest and 6 the highest

The different metabolic pathways activated in
yeasts and their effect on the production of
MCFAs and MCFAEEs are also important for
the red wine production, as these compounds
can inhibit the growth of O. oeni and impair
MLF (Balmaseda et al., 2018). The Cg-Ci4
MCFA can inhibit the growth of O. oeni and
reduce the consumption of L-malic during
MLF (Edwards & Beelman, 1987; Lonvaud-
Funel et al., 1988). In mixed fermentations,
time of yeast inoculation showed a strong
influence on MCFA and MCFAEE production,

as revealed in experiments with H. uvarum and
S. cerevisiae (Hu et al., 2018). The increased
MCFA concentration is, as expected, directly
correlated to an increased MCFAEE production
(Hu et al., 2018). Inoculation with H. uvarum
with 48 h before S. cerevisiae, led to increased
concentrations of MCFAs and MCFAEEs in
wines, while simultaneously inoculation or
earlier inoculation (96 h) of H. uvarum showed
decreased concentrations of these compounds
(Hu et al., 2018). The production of Cs-Cio
saturated fatty acids were significantly different
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among various yeasts species and strains tested
on sterile filtered grape must, fermented at
20°C in hermetic vessels equipped with fer-
mentation stoppers (Takashi, 1986). The yeast
species and strains generally produce different
total MCFA concentrations expressed as sum
of CetCstCio of fatty acids, even when they
ferment the same media, in the same condi-
tions. Since Cio content appears to be affected
to a lesser extent, for a better characterization
of the MCFA production by yeasts the Cs/Cs
ratio can be used (Takashi, 1986).

PROPERTIES OF MCFAs AND THEIR
ETHYL ESTERS

Medium chain fatty acids (MCFAs) and their
esters (MCFAEEs) are important volatile
compounds, which contribute to sensorial
profile of wine. The aroma descriptors of
several MCFAs and MCFAEEs are presented
in Table 2, along with other properties and their
concentration range in wine. The MCFA aroma

is generally of fatty type, while MCFAEE
aroma is of fruity type (Liu et al., 2016),
therefore higher concentrations of MCFAEEs
and lower concentrations of MCFAs are
desired in wines, but this is only partially
obtainable, as the ethyl esters concentration is
dependent on the concentration of MCFA,
which act as precursors. The MCFAs and
MCFAEEs are lipid soluble compounds, which
can diffuse through the yeast membrane into
the fermenting wine (Nykdnen & Nykénen,
1977; Saerens et al., 2010). As compared to
acetate esters, for which the excretion occurs
rapidly and completely, the transfer of ethyl
esters to fermentation media is slower and
depends on the length of carbon chain, the
bigger the chain the slower the transfer.
Generally, the excretion of esters is reported to
be 100% for Cs, 54-68% for Cs and 8-17% for
Cio (Nykdnen & Nykénen, 1977; Saerens et al.,
2010).

Table 2. Properties and concentrations of MCFA’s and their ethyl esters in wines

Identification of Chemical properties Sensorial Odor threshold | Wine concentration
compounds descriptors (*model wine), range (average),
mg/1 mg/1
Medium-chain fatty acids (MCFAs)
Hexanoic acid (Cs) (syn. | Solubility in water (25°C) goat-like, 290.29; & 300.42; | White wines:
caproic acid) g/l° =10.285 cheese, sour, | & 10 25300; | n.d.-25.08 (3.640)'> >
CAS 142-62-1 pKa (25°C)' = 4.880 fatty, sweat 265 40 ;’ Z‘ 161
. s €a wines:
0:C ratio =0.44 0.217-3.782 (1.262) ®
21,22,23,24
Octanoic acid (Cs) Solubility in water (25°C) | cheese, sweat, | & 3°0.50; !'* 25 | White wines:
(syn. caprylic acid) g/167 = 0.73483 soapy, waxy 293.00; 205.80 n.d-34.7 (7.230) '> 1>
CAS 124-07-2 (Calculated from the solubilities at 14,15, 16,17
20 and 30°C) Red wines:
pKa (25°C)>=4.895 0.194-14.536 (2.181) *
0:C ratio = 0.33 2
Decanoic acid (Cio) Solubility in water (25°C) | citrus, sour, | %3°1.00; 263.50; | White wines:
(syn. capric acid) g/ =0.06184 fatty, 10.25,291(),00; n.d.-29.62 (2.570) '> 1>
CAS 334-48-5 pKa (25°C)* =4.900 unpleasant, 915.00 ;’ Z"ﬁf .
0:C ratio = 0.27 rancid, soapy 0;3;3;;2'7 0.290)"
21,22,23,24
Dodecanoic acid (C12) Solubility in water (25°C) | dry, metallic, | ''1.00;2°10.00 White wines:
(syn. lauric acid) g/l =0.00324 laurel oil n.d.-1.24 (0.240) 1 13
CAS 143-07-7 pKa (20°C)*=5.300 flavour 11617
0:C ratio = 0.22 Red wines:
not found
Medium-chain fatty acid ethyl esters (MCFAEEs)
Ethyl hexanoate Solubility in water (25°C) | green  apple, | 2 2 0.001; ° | White wines:
(syn. ethyl caproate) g/1'% 2= 0.6290 banana, wine, | °0.005; 81 0.0011-1.636  (0.502)
CAS 123-66-0 0:C ratio =0.33 pineapple 300.014; 300,023; | > 1107
100.062 Red wines:
: 0.052-0.974 (0.342) %
21,22,23,24
Ethyl octanoate Solubility in water (25°C) | pear, % 399.002; 8 | White wines:
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Identification of Chemical properties Sensorial Odor threshold | Wine concentration
compounds descriptors (*model wine), range (average),
mg/l mg/l
(syn. ethyl caprylate) g/1'*20=0.0701 pineapple, 300.005; 3°0.019; | 0.0012-2.770  (1.392)
CAS 106-32-1 0:C ratio = 0.27 floral, apricot | 2°0.070 1213, 14,15, 16,1724, 33
Red wines:
0.034-0.783 (0.318) *
21,22,23,24
Ethyl decanoate Solubility in water (25°C) | grape,  pear, | 3%0.005; 2°0.122; | White wines:
(syn. ethyl caprate) g/1'%20=0.0159 oily, sweet, | %3°0.200 ?201(3)1]‘4‘125%??7 24(‘3)3-557)
CAS 110-38-3 O:C ratio =0.22 waxy, fruity, R’ d. T
€a wines:
apple,  soapy, 0.015-0.470 (0.078) >
winey 21,22,23,24
Ethyl dodecanoate Solubility in water (25°C) | pear, fruity, | ''3.500; 325.900 | White wines:
(syn. ethyl laurate) g/1'%20=0.0004 floral, leaf ?401(5)03223?2 (0.042)
CAS 106-33-2 O:C ratio =0.19 T
Red wines:
0.006-0.037 (0.018) >
20,21,22,23

!(Riddick et al., 1985); (Dean, 1987); (Barratt, 1996); “(Serjeant & Dempsey, 1979); *(Yalkowsky, 2010); °(O’Neil, 2006); "(Yalkowsky &
Dannenfleser, 1992); ®(Ferreira et al., 2000) - *determined in 11% v/v aqueous ethanol with 7 g/L glycerol, 5 g/l tartaric acid and pH adjusted to 3.4
with 1M NaOH; °(Guth, 1997) - *determined in 10% w/w aqueous ethanol; '°(Gemert, 1999) - *odour threshold values in water; ''(Sun & Liu, 2004);
12(Csutoras et al., 2022); *(Li et al., 2008);"(Kim et al., 2018); *(Estévez et al., 2004); '*(Vazquez-Pateiro et al., 2020); '"(Vazquez-Pateiro et al.,
2022); 'S(HMDB, 2023); '°(FooDB, 2023); 2(Slaghenaufi et al., 2021); ?'(Geffroy et al., 2020); *(Zhao et al., 2017); >*(Noguerol-Pato et al., 2014);
*(Philipp et al., 2018); *(Buttery et al., 1988); **(Fazzalari, 1978); *'(Takeoka, 1990); *%(Siek et al., 1969); *’(Abilleira et al., 2010); **(Giri et al.,
2010); *'(Francis & Newton, 2005); **(Lyu et al., 2019); *(Rodriguez-Bencomo et al., 2002).

TOXICITY OF MCFAs
MICROORGANISMS

ON WINE

The effect of MCFA chain length and
concentration

As already mentioned, the Ce, Cs, Ci0 and Ci2
saturated fatty acids are metabolites produced
by yeasts during AF which act as inhibitors for
yeasts and bacteria. The MCFA mixture (Cs, Cs
and Cio) in the fermentation media exerts a
stronger inhibition than the one produced by
single acids in the same concentration, meaning
that the MCFAs in combinations have synergic
inhibitory effect (Lonvaud-Funel et al., 1988).

The length of carbon chain was found to be
crucial for yeast toxicity, the longer the chain,
the more liposoluble the acid (Table 2).
Liposolubility facilitates the entrance of the
undissociated acid through membranes, the
molecules more liposoluble becoming toxic at
lower concentrations (Borrull et al., 2015). The
passive diffusion through the cytoplasmic
membrane of the MCFAs produced by the
yeasts is inversely proportional to fatty acid
chain length and thus the equilibrium between
the MCFAs inside of a cell and the outside
fermentation media is governed by this process
(Bardi et al, 1999). The Cs and Cg
concentrations are practically constant inside
cells, while, the concentrations in fermentation
media rise to very high concentrations during
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growing phase. For Cip was found to be
relatively abundant both in the cell and in the
fermentation media, and for Ci, was found that
it is present almost exclusively in the cell, due
to the slow diffusion process (Bardi et al,
1999). This process revealed that MCFAs do
not replace UFAs in the membrane to maintain
its fluidity status (Bardi et al., 1999), but
actually tend to remain blocked across the
membrane when cell tries to excrete them. The
result is an increase in membrane fluidity and
an acidification of the cytosol by the organic
acids which remain in the cell. This process
explains why the inhibitory properties increase
with the increase of chain length.

It was established that undissociated MCFAs
with longer chains, Ci2 and Ci4, are the most
toxic for Oenococcus oeni and therefore may
represent a serious problem for red
winemaking, where starting MLF is necessary
(Guilloux-Benatier et al., 1998). However, the
esterified forms (MCFAEEs) of Cio, Ci2, and
Ci4 are found to be even more toxic than the
free fatty acids for Oenococcus oeni (Guilloux-
Benatier et al.,, 1998). The concentrations of
octanoic acid up to 16 mg/l and decanoic acid
up to 8 mg/l increased the duration of growth
latency and decreased exponenti