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Abstract

Nacheva, L., Dimitrova, N., Malchev, S. & Mihaylov, M. (2025). Biotechnological approaches for the conservation
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Conservation of plant biodiversity is of great importance in the face of changing climate conditions. The Balkan Peninsula
is rich in valuable genetic resources of fruit species. At the Fruit Growing Institute — Plovdiv (Bulgaria), different biotechno-
logical approaches have been applied to preserve and enrich the biodiversity. A new project to identify and protect local vari-
eties and forms of fruit species and grapevines began three years ago. Two plum (Prunus spp.) and three grapevine (Vitis spp.)
genotypes have been successfully introduced into in vitro culture. Reliable micropropagation protocols have been developed
for these valuable genotypes, and they have been included in the in vitro gene bank. Plum and grapevine plants were success-
fully acclimatized to ex vitro conditions and stored in the ex situ collection at the Fruit Growing Institute — Plovdiv. This would
facilitate their study, transportation, and further practical applications for germplasm conservation and genetic improvement of

this species, as well as their inclusion in future breeding programs.
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Introduction

Grape and plum are economically important temperate
fruit crops. They have been cultivated for millennia in the
Balkan Peninsula (Europe). Local varieties are an integral
part of the national traditions, customs, heritage, and cultural
identity of the local population. Additionally, they provide
a genetic basis for breeding programs targeting new culti-
vars and rootstocks. Most of these genetic resources, how-
ever, are seriously endangered and are slowly disappearing
from the orchards. The use of plant genetic resources in crop
improvement is one of the most sustainable methods for
conserving valuable genetic resources for the future, while

simultaneously increasing agricultural production and food
security (Haussmann et al., 2006). Breeding activities during
the second half of the 20™ century led to the commercial in-
troduction of a large number of improved cultivars, which
progressively replaced old, locally adapted, and traditional-
ly grown cultivars (Sonnino, 2017). Other causes of genetic
erosion are climate change and the long-term inoculum pres-
sure of numerous pathogens (Vujovi¢ et al., 2020).
According to Shashidhara et al. (2023), the conservation
and sustainable use of plant genetic resources are essential
for achieving the Sustainable Development Goals (SDGs),
including Zero Hunger (SDG 2), Climate Action (SDG 13),
Life on Land (SDG 15), and Sustainable Production and
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Consumption. Despite their importance, many PGRs face
the risk of being lost due to various threats, including climate
change, land-use changes, and the loss of traditional farming
practices (FAO, 2019).

Field collections, where plum and grapevine genetic re-
sources are typically stored, are convenient for year-round
monitoring and the easy provision of available plant materi-
al for use in breeding and propagation programs. However,
they are expensive and high-maintenance due to their inten-
sive management requirements, and are at risk of losses from
pest and disease attacks and environmental disasters (Elgel-
mann, 1997; Gisbert et al., 2018; Bettoni et al., 2021).

The conservation of plant genetic resources is essential,
and modern biotechnologies, along with in vitro conserva-
tion techniques, provide valuable tools for protecting and
preserving plant biodiversity. Nowadays, plant biotechnol-
ogy offers important opportunities for the collection, prop-
agation, conservation, molecular characterization, indexing,
and elimination of pathogens, as well as the exchange of dis-
ease-free plant genetic resources (Agrawal et al., 2019; Bet-
toni et al., 2021; Wang et al., 2022). In vitro techniques can
make a significant contribution to overcoming some of the
problems associated with conserving plant genetic resources
(Cheong, 2012; Kulak et al., 2022; Rai, 2022). Ex situ con-
servation of plant genetic resources using in vitro procedures
is underway in many countries (Chokheli et al., 2020; Vujo-
vi¢ et al., 2020; Nezami and Gallego, 2023).

The study aimed to establish an in vitro culture and devel-
op a successful protocol for micropropagation of two plums
and three grapevine genotypes, serving as an alternative for
preserving the valuable genetic resources of Bulgarian old
local fruit and grapevine genotypes. In addition, having a
reliable micropropagation protocol is an important prerequi-
site for their inclusion in breeding programs and the devel-
opment of modern germplasm conservation techniques, such
as cryopreservation.

Materials and Methods

The study was conducted in the Laboratory of Plant Bio-
technology at the Fruit Growing Institute in Plovdiv, Bulgar-
ia. The experiments were performed with two plum geno-
types (Prunus domestica Karadzheyka and local form from
the village of Lovni dol) and three grapevine genotypes (Vitis
vinifera Plovdivski rubin, Trakiya, and Chasselas Cioutat).

Karadzheyka (Prunus spp.). The tree is vigorous, late
flowering, ripening time: end of July — beginning of August;
Fruits are small (9 g), dark blue, meat — golden yellow, juicy,
lovely, with pleasant acid and pleasant aroma and excellent
taste (Figure 1A).

Local form from the village of Lovni dol. The tree is of
medium to strong growth, with a large and wide canopy, and
early to medium early flowering. Ripening time: August 20
— 30. The fruits are large, flattened globular, green-yellow,
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Fig. 1. Local plum (Prunus spp.) forms — Karadzheyka (A-D) and from the village of Lovni dol (E-H) — the habitus
of the trees (A and E), the fruits (B and F), in vitro cultures (C and G) and ex vitro acclimatized plants in the ex situ
collection at Fruit Growing Institute — Plovdiv (D and H)
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lovely, juicy, with a pleasant aroma, detachable from the pit,
with very good to excellent quality (Figure 1E).

Grapevine genotypes (Vitis vinifera): Plovdivski rubin
is a red Bulgarian table variety (Figure 2A). It was obtained
by crossing the varieties Chaouch x Muscat noir x Cardinal
(Roychev, 2012). It is an early table variety that has delicious
taste qualities. Bud fertility is high, resulting in high-quality
yields. The grapes are resistant to rot. Grapes typically con-
tain approximately 15% sugars and 6 g dm™ of titratable acids.
The leaf is five-lobed with hairs. The flowers are hermaphro-
dite. The average weight of a grape bunch is about 500 g. The
grapes are harvested in mid-August. The variety is resistant to
gray mold, but not resistant to powdery mildew.

The Trakia variety (Figure 2B) is a local white table va-
riety obtained by crossing Misket Thracian and Bolgar. The
variety Trakiya exhibits excellent recovery ability after frost
damage to the buds. It also has good affinity with most root-
stocks. The bunches are resistant to Botrytis cinerea Pers.,
which is one of the economically significant diseases in Bul-
garia. Grapes typically contain approximately 19% sugars
and 6 g dm? of titratable acids. The leaf is five-lobed without
hairs. The bunch is up to 20 cm long, with a conical shape.

The skin is thick and tough. The average weight of a grape
is about 400 g, harvested towards the middle of August. The
average mass of the grain is about 5 g. Not resistant to pow-
dery mildew.

Chasselas cioutat (Figure 2C) is a French white table
grape variety. However, due to its long cultivation in the
specific habitat, it has become a local form adapted to the
environmental conditions. It shows resistance to most dis-
eases due to its thicker skin. The locals highly value it for its
excellent taste. There are 90 more known synonyms. Grapes
typically contain approximately 18% sugars and 6 g dm™ of
titratable acids. The flowers are hermaphrodite. The leaves
are very characteristic, with numerous and deep lateral si-
nuses. The average weight of a grape is about 350 g. The
grain is round and measures 1.9-2.0 cm in length. The skin
of the grain is thin with a wax coating. The weight of 1 grain
is 4-5 g. The grapes are ripening in late August. The variety
is resistant to gray mold. Not resistant to powdery mildew.

The shoots were collected from old plants grown in the
field at the beginning of June (in the spring) from the cor-
responding trees or shrubs. They were disinfected accord-
ing to the standard for the laboratory procedure (Nacheva

Trakiya

Plovdivski
rubin

Chasselas
Cioutat

Fig. 2. Grapevines (Vitis spp.) genotypes Trakiya (A-C), Plovdivski rubin(D-F) and Chasselas Cioutat (G-I) — the ap-
pearance of grapes (A,D.G), in vitro culture of grapevine (B, E, H), ex vitro acclimatized plants (C, F, I) in the ex situ
collection at Fruit Growing Institute — Plovdiv
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and Ivanova, 2017). Briefly, the shoots, approximately 1-2
cm long and containing a single bud, were stripped of their
leaves and surface sterilized by immersion in 70% ethanol
for 30 s and then rinsed with distilled water. Then, they were
treated with 5% solution of calcium hypochlorite containing
2-3 drops of Tween 20 for 7 min and rinsed four times (10
min each time) in distilled water. Apical and axillary seg-
ments (10 mm) were cut from the shoots and inoculated on
the solid nutrient medium in test tubes. For plum genotypes,
two different media were tested — MS medium (Murashige
and Skoog, 1962) or DKW (Driver and Kuniyuki, 1984)
medium, supplemented with 2.5 uM 6-benzylaminopurine
(BAP), 0.05 uM indol-3-butyric acid (IBA), 30 g/I sucrose,
6.5 g/l Phyto agar (Duchefa, The Netherlands). For grape-
vine genotypes, the above-mentioned MS medium was test-
ed (MS), and another MS medium (MS2) supplemented with
0.2 mg/L IBA (without cytokinin) was used. The pH of all
media was adjusted to 5.6 before autoclaving at 121°C for
20 min. The clean and viable explants were transferred to
fresh media every two weeks until they reached the required
number of plants for the multiplication experiment. Then, in
vitro shoot cultures were transferred to baby food jars (200
ml volume) containing the above-mentioned nutrient media
(25 ml, five explants each). The cultures were cultivated in
a growth room at 22+2°C under a 16/8 day/night photoperi-
od (cool-white fluorescent lamps, OSRAM, 40 W, 40 umol
m? s photosynthetic photon flux density, PPFD).

After three 4-week passages, the Multiplication index
(MI) was calculated as the number of proliferated shoots
from the initial shoot at the end of eight passages. Addition-
ally, the length (mm) of the shoots and the number of leaves
were also recorded.

For the rooting phase, shoot apices approximately 20 mm
in length were excised from four-week-old shoot clumps and
transferred to the rooting medium composed of half-strength
MS macronutrients, full-strength micronutrients and vita-
mins, 1.5 uM IBA, 20 g/l sucrose, 6.5 g/l Phytoagar (Duche-
fa, The Netherlands) at pH 5.6. The cultures were cultivated
in a growth room under the above-mentioned conditions. The
percentage of rooted plants and the number of roots per root-
ed plant were recorded after two weeks on the rooting medi-
um. Well-developed rooted plantlets were removed from the
agar medium, and their roots were washed in distilled water
to remove excess culture medium. Then they were potted
in a peat: perlite substrate (1:1, v/v) and covered with plas-
tic wrap for two weeks to undergo ex vitro acclimatization.
Plants were grown in a glass greenhouse with 50% shading,
where they remained for 40 days. The photosynthetic photon
flux density (PPFD) ranged from 300 to 700 umol m2 s™"
and the relative humidity ranged from 60 to 80%.

For the establishment of in vitro cultures, 50 explants
(test tubes) were used for each genotype/nutrient medium
combination. Three jars (with five explants each) were used
for each genotype/nutrient medium in each multiplication
experiment, and the experiment was repeated twice. Rooting
was performed using 20 shoots (four jars x five explants) per
treatment (genotype/medium), and the experiment was re-
peated twice. Statistical analyses were performed using one-
way analysis of variance (ANOVA), followed by compari-
son of group means (Tukey-b test) with the program SPSS
ver. 26.0 (IBM).

Results

The disinfection protocol routinely used in our laboratory
yielded a high percentage of clean and viable explants, ex-
ceeding 70%, regardless of the plant species.

After the establishment of aseptic culture, shoots of stud-
ied genotypes were multiplied on the corresponding media
previously determined to be the most optimal for the multi-
plication of other plum and grapevine genotypes (Nacheva et
al., 2002a,b; Rankova et al., 2006; Vujovi¢ et al., 2018; Na-
cheva et al., 2023). All tested plum (Prunus spp.) and grape-
vines (Vitis spp.) genotypes were successfully introduced
into in vitro culture (Figures 1C, G, and 2B, E, H).

The multiplication index (MI) for both plum forms was
within narrow limits (2.4-2.8), and no significant differences
were noted between the two investigated nutritional media
(Table 1). Shoot length and number of leaves of plum plant-
lets grown on both nutrient media were also similar (Table
1). The length of the shoots varied from 16 to 18.2 mm in
Karadzeika and from 15.6 to 17.3 mm in Lovni dol geno-
type. The number of leaves at Karadzeika was 5.6-6.2, and
at Lovni dol — 5.3-5.8. (Table 1).

All three studied grapevine genotypes exhibited dif-
ferent growth habits on the two nutrient media studied
(MS and MS2) (Table 1). On the medium containing the
cytokinin BAP (MS), the explants formed shoot clumps.
On the medium containing the auxin IBA without cytoki-
nin (MS2), the explants first formed roots and then grew
in height, and the apical and nodal segments could be
used as explants for the following passage. On the MS2
medium, a higher MI index, taller stems, and a greater
number of leaves were reported in the varieties Trakia and
Plovdivski rubin compared to the plants on MS medium
(Table 1). In the cultivar Chasselas Cioutat, no statisti-
cally significant differences in MI and plant height were
recorded between the two cultivation variants. A higher
shoot length and number of leaves were reported on MS2
medium (Table 1).
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Table 1. Growth parameters of studied plum and grape-
vine genotypes at the multiplication stage in cultures
grown for 28 days

Genotype/medium Multiplica- | Length of | Number of

tion index | the shoots, leaves

MI mm
Plum (Prunus spp.)

Karadzheyka
MS medium 24 a 16.0 a 5.6a
DKW medium 2.7a 182 a 6.2a

Lovni dol
MS medium 25a 15.6 a 53a
DKW medium 2.8a 17.3 ab 5.8a
Grapevine (Vitis spp.)
Trakiya
MS medium 22Db 30.1b 5.1b
MS2 medium 48a 50.3 a 8.1a
Plovdivski rubin
MS medium 23b 332b 53b
MS2 medium 3.6a 573 a 82a
Chasselas Cioutat

MS medium 42a 883 a 94b
MS2 medium S51a 952 a 13.1a

*Means followed by the same letter were not different at p < 0.05, accord-
ing to the Tukey-b test.

In our study, both plum genotypes exhibited a satis-
factory rooting rate (62—67%) with 2.3-2.6 roots per plant
(Table 2).

Using the protocol reported in this study, we found very
high rooting percentages (between 87 and 93%) for the three
studied grapevine genotypes (Table 2). No significant differ-
ence was reported in the number of roots per plant.

Plum and grapevine plants were successfully acclima-
tized to ex vitro conditions and grown in the ex situ collec-
tion in the field at the Fruit Growing Institute — Plovdiv (Fig-
ures 1D and H and 2C, F, I).

Table 2. Growth parameters of studied plum and grape-
vine genotypes at the rooting stage grown for 14 days in
rooting media

Genotype/medium Rooting, % Number of roots

per plant
Plum (Prunus spp.)
Karadzheyka 62 23+03a
Lovni dol 67 2.6+0.4a
Grapevine (Vitis spp.)

Trakiya 87 3.2+0.6 a

Plovdivski rubin 92 3.6£0.4 a

Chasselas Cioutat 93 3.6£0.3 a

*Means followed by the same letter were not different at p < 0.05

Discussion

Microbial contaminants, such as fungi and bacteria, pose
a significant challenge in establishing in vitro culture (Strobel
et al., 2001; Kulkarni, 2007). Most of the sterilizing agents
used to initiate viable in vitro cultures are toxic to plant tissues.
Therefore, it is necessary to refine the concentrations of the
disinfectants and optimize the exposure time of the explants.
The disinfection procedure routinely used in our laboratory
was successfully applied to the studied plum and grapevine
genotypes, yielding a high percentage, over 70%, of clean and
viable explants.

The multiplication index (MI) for both plum forms report-
ed in our experiments (2.4-2.8) is similar to that obtained by
Vujovié et al. (2020) with the Serbian plum variety Crvena
Ranka (multiplication index 2.0-2.5). A similar positive re-
sponse for shoot induction and shoot multiplication on medi-
um containing 0.5 or 1 mg/l BAP, but in combination with a
higher concentration of IBA (0.1 mg/l), was also obtained for
plum cultivar Stanley (Wolella, 2017).

Similar to our study, MS medium has been widely used
in the in vitro cultivation of many grapevine genotypes (Al-
izadeh et al., 2010; Mozafairi et al., 2016). El-Agamy et al.
(2009) reported that MS medium improved the average weight
of plants. Kinfe et al. (2017) also noted that culturing shoots
on basal MS medium supplemented with 0.5 mg/L BAP was
effective for shoot initiation. Mukherjee et al. (2011) found
that BAP at 1.0 mg/l added to MS medium also showed the
best proliferation level.

Ibafiez et al. (2003) reported that among the other cytoki-
nins studied — N6-(2-Isopentenyl) adenine (2iP), Kinetin, and
Thidiazuron (TDZ) — the culture medium supplemented with
BAP produced the best results, especially at 6.67 and 8.9 uM.
The results of other authors are similar (Singh et al., 2004;
Kurmi et al., 2011). Kurmi et al. (2011) also noted that the
nodal segment explants were excellent for shoot proliferation
and other stages of micropropagation, which was consistent
with the present findings.

Rooting is a crucial step in whole-plant formation during
the micropropagation process, which is often a limiting fac-
tor in many species, especially woody ones (Diaz-Sala, 2014;
Legué et al., 2014; Guan et al., 2015). The rooting ability is
genetically determined, but also influenced by cultural envi-
ronment factors, such as culture conditions, mineral content
in the culture medium, auxin type, and concentration, among
others (Hartman et al., 2002; Hazarika, 2006). European
plums typically exhibit poor rooting ability in vitro-induced
shoots, which can be a significant drawback in commercial
micropropagation (Vujovié et al., 2020). Both plum genotypes
studied showed good rooting (over 60%). Close to our results,
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Vujovi¢ et al. (2020) reported a rooting efficiency of 60% in
the autochthonous plum cultivar Crvena Ranka (Prunus do-
mestica L.), originating from Serbia, when shoots were cul-
tured on a medium containing NAA (1 mg/l) instead of IBA
(1 mg/l).

Using the protocol reported in this study, we observed
a high multiplication rate (Table 1) and a very high rooting
percentage (ranging from 87% to 93%) for the three studied
grapevine genotypes (Table 2). Similar results for rooting per-
centage (70.1-87.7) in four grape (Vitis spp.) rootstocks were
reported by Alizadeh et al. (2010), depending on the genotype.
Many authors have reported that the in vitro performance of
grapevine genotypes is strongly genotype-dependent (Barreto
et al., 2008; Abido et al., 2013).

As many authors note, the transfer of plantlets in vitro to
ex vitro conditions is a critical stage in the process of their mi-
cropropagation and is the main obstacle to a large-scale use of
the clonal micropropagation method is the high mortality rate
of plants during their acclimatization to the non-sterile condi-
tions (Kumar and Rao, 2012; Dziedzic and Jagta, 2013). The
good physiological quality of in vitro plantlets is crucial for
successful acclimatization to ex vitro conditions. It has long
been recognized that the good rooting of shoots regenerated
is crucial for ensuring ex vitro plant survival, as it facilitates
the uptake of nutrients and water from the soil (Kozai et al.,
1992). The protocol for multiplication and rooting of the stud-
ied plum and grapevine genotypes presented in this study is
a good prerequisite for their successful acclimatization to ex
vitro conditions.

Conclusions

To prevent further genetic erosion, extensive efforts are
needed to conserve the plant biodiversity of native fruit spe-
cies and grapevines, followed by efforts to improve the ge-
netic base of new varieties. The reliable protocols for the mi-
cropropagation of two plum and three grapevine genotypes
presented in this study could serve as an alternative for the
multiplication and conservation of the valuable genetic re-
sources of Bulgarian old local plum and grapevine accessions.
It would be helpful to study the phenology and economic val-
ue of the samples, their phenotyping, and their inclusion in
breeding programs. In addition, it would facilitate the safe ex-
change of genetic material, as well as the development of new,
modern germplasm conservation techniques, such as somatic
regeneration, slow-growth cultures, and cryopreservation.
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