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In Vitro Direct Embryogenesis as a Biotechnological Way of
Virus Elimination From Seedless Grape

Andronic Larisa*, Smerea Svetlana

Institute of Genetics, Physiology and Plant Protection of Moldova State University,
Chisinau, 20 Padurii Str., Republic of Moldova
Corresponding e-mail: larisa.andronic@sti.usm.md

Abstract. Seedless grape is much appreciated by consumers and of perspective in the Republic of
Moldova, in the context of climate change. Stenospermocarpic cultivars (11) were selected as the parental
forms in crosses for creating seedless grapes using immature embryo rescue technology. Our results indicate
that the rate of the viable embryos and of the recovered plantlets was dependent on seedless degree and
phytosanitary status, especially of the maternal genitor. Embryo rescue technique partially overcomes
limitations caused by the stenospermocarpy in obtaining hybrid varieties and the eradication of phloem-limited
viruses. The optimized protocol included immature ovule isolation at 35-40 days after anthesis, ovule
cultivation for 30 days in total darkness conditions at 25+2 °C with the following transfer for 55-118 days on
“recovery” medium in dependence of the cross combination. The proposed protocol may be useful for
increasing the efficiency of seedless grape species breeding programs.

Keywords: seedless grape, immature embryo, embryo rescue, in vitro culture, virus eradication
1. Introduction

Viticulture is one of the important branches of the agro-food sector of the Republic of Moldova. To
support and recover this industry, a Horticulture Development Program for 2021-2025 and the Action Plan for
its implementation were approved (Government Decision no 840/2020). Diversification of genetic material
with adaptability and increased productivity is an important prerogative for the viticulture industry, an
important role been played by table varieties, whose production constitutes 18.3% of the total. As perspectives
are exposed to the seedless grape varieties, which remain non-traditional, the share of which in total viticulture
production is not reported. In the context of climate change a considerable attention is paid to the creation and
selection of locally adapted genotypes with valuable characteristics (e.g., seedless, high productivity, taste
features, resistance to abiotic factors such as low temperature and humidity deficiency). According to the
Catalog of plant varieties of the Republic of Moldova for the year 2024 has recorded eight seedless varieties,
which are recommended for cultivation in the country and which can serve as a source of genetic diversity for
crop improvement programs. Obtaining the new seedless genotypes from sternospermocarpic progenitors is
limited by full embryo development. In breeding programs of seedless genotypes, an important role is provided
by the in vitro biotechnology, a procedure that prevents embryo abortion by saving immature embryos at
definite stages, which present germination and in vitro growth capacity, allowing the recovery of a higher
proportion of seedless individuals.

In order to provide new grapevine varieties, in accordance with EU standards, virus-free nurseries it is
required. The International Council for the Study of Virus and Virus-like Diseases of the Grapevine (ICVG),
recognizes over 75 infectious agents affecting grapevine (viruses, viroids, and phytoplasmas) [6]. The agents
that should be controlled by the certification program are those associated with infectious degeneration and
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grapevine decline (nepoviruses: Grapevine fanleaf virus, GFLV, and Arabis mosaic virus, ArMV), leafroll
disease and associated closteroviruses (grapevine leafroll-associated viruses: GLRaV 1, 2, and 3), rugose wood
(GVA, GVB, and GVD), and phytoplasmas (flavescence dorée, bois noir, and other grapevine yellows). Many
of them cause disorders that reduce the plant vigour and longevity, or the quality and quantity of the yield.
Damage caused by viral infections can be extensive and result in economic loss amplification. Infected
propagating material is mainly responsible for the spread of these diseases among and within viticulture regions.

According to the virological expertise, the germplasm of seedlessness forms maintained in the national
collection includes valuable accessions (seedless associated with agronomic properties, such as high
productivity, resistance to environmental factors), but is infected with a range of viruses. The most commonly
detected Grapevine fanleaf virus (GFLV), serotypes 1 and 3 of Grapevine leafroll-associated virus (GLRaV-1
and GLRaV-3), and Arabis mosaic virus (ArMV) (unpublished results).

General strategies for obtaining disease-free material include in vitro culture, a method approved and
widely used in virus eradication programs. Somatic embryogenesis provides alternative methodologies for the
propagation of grapevine cultivars, conservation of their germplasm resources, and crop improvement [1 — 5;
11]. In vitro embryogenesis also represents an effective and promising technique in viroid and virus eradication
[9; 10].

The present work aimed to investigate the efficiency of virus eradication via the embryo rescue technique
for the hybrids regeneration from crosses between genotypes with different degrees of seedless.

2. Methodology

As biological material served 11 genotypes (Apiren roz extratimpuriu, Apiren roz Basarabean, Apiren
negru de Grozesti, Romulus, Basarabia, Intelaikin, TADVOG, Centennial seedless, 1-15-15, [-2-24, and I-5-
58). The list of genotypes includes seedless varieties created in the PI National Institute for Applied Research
in Agriculture and Veterinary Medicine, Chisinau, Republic of Moldova, as well as introduced varieties.

The presence of eight important viruses was evaluated: two nepoviruses: Grapevine fanleaf virus (GFLV)
and Arabis mosaic virus (ArMV), two closteroviruses: Grapevine leafroll-associated virus 1 (GLRaV-1) and
Grapevine leafroll-associated virus 3 (GLRaV-3) were detected using serological test, enzyme-linked
immunosorbent assay (ELISA), immunosorbent electron microscopy (ISEM), or negative staining (NS).
Commercial antisera (Sediag, France) against GFLV, ArMV, GLRaV-1, and GLRaV-3 were used in the
ELISA method according to the instructions of the manufacturer.

The berries resulting from crosses were harvested 35-40 days after anthesis. Collected berries were cold
pretreated and then surface sterilized with 70 % ethyl alcohol, followed by 5.2 % calcium hypochlorite, and
washed with sterilized distilled water. The ovules were aseptically extracted and inoculated on cultivation
medium in Petri dishes or pots (jars). Two “recovery” medium were selected: Nitsch, Nitsch [8] supplemented
with 1.5 mg/l of IAA, 1 mg/I of zeatin, and 0.2 mg/I of gibberellic acid (GA3) (NN1) and Nitsch, Nitsch with
addition of 2.5 mg/l of IAA, 0.2 mg/l of GA3, and 0.3mg/1 of putrescine (NN2). Ovules were cultivated for 30
days in total darkness conditions at 25+2°C, and then transferred to the culture room in the same temperature
regime and a period of 16 hours of light. Every 30 days until the seeds' residuum were dissected to recover
viable embryos. Viable embryos were placed on “recovery” mediums. The composition of mediums was the
same: half-strength of macro- and microelements, and vitamins after Murashige Skoog (1962) [7] with 15 g/l
of sugar, 100 mg/l of myo-inositol, 3 mg/l of glycine, and 6.8 g/l of agar. Rooting conditions were first
developed for the studied genotypes. It was found that: (i) sucrose concentration at 2% maintained good shoot
quality and allowed root growth, (ii) optimal NAA concentration resulted in good rooting is 0.4 pM.

The statistical processing of data was carried out using the software package Statgraphics Plus for
Windows (version 2.1; Microsoft Corp., Redmond, WA, USA) and Microsoft Excel. The contribution of
variation sources was computed following the ANOVA test.
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3. Results and discussion

According to the adopted research methodology aim it was done observations and specific descriptions
were made for the development and phytosanitary status of plants of 11 genotypes: 5 maternal forms (Apiren
roz Basarabean, Apiren Negru de Grozesti, Centinales seedless, 1-15-15, and TAD VOG) and 6 paternal
genotypes (Apiren roz, Apiren roz Basareabean, Interlaikin, Romulus, 1-2-24, I-5-58).

As a consequence of the expertise realized in May-June, the suspected grapevine plants were describe
following symptoms: short and distorted internodes, growing in zigzag, double nodes, fanleaf, and abundance
in secondary canes. In case these symptoms were suspected, Grapevine fanleaf virus, Arabis mosaic nepovirus,
Strawberry and Raspberry ringspot virus, Artichoke latent virus, Tobacco ringspot virus. The viruses presence
was confirmed using serological test, enzyme-linked immunosorbent assay (ELISA), immunosorbent electron
microscopy (ISEM), or negative staining (NS) (fig. 1, 2).
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Fig. 2. Virus particle morphology: A) GLRaV-3, ISEM; B) GLRaV-1, negative staining;
C) ArMV, negative staining.

Many studies reported the great importance of the time for initiating in vitro ovule culture, as this seems
to be the key step to ensure a successful embryo rescue [1 - 4]. The main reason for embryo abortion in
stenospermocarpic berries is the under-development of the seed endosperm, which prematurely perishes,
reducing nutrients to the newly formed germ [5].

The moment of dissection is also very important for the embryos' survival. According to previous data,
the optimal period for dissection of seeds begins within 10-15 days after the appearance of the first
germinations (fig. 3). For the cultivar analyzed genotypes, this term is situated within 55-118 days of
cultivation on “recovery” medium.
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A

Fig. 3. Inoculation of immature embryos on “recovery” medium at the moment of first direct germination
(beginning moment for dissection) in A) - Apiren roz Basarabean, B) 1-15-15.

The safe of immature embryos begins with the extraction of ovules from berries, cultivation on “rescue”
mediums, and finishes with the dissection of seeds (fig. 4). Independently of genotype were found the embryos
at different stages as heart, torpedo, or cotyledonary (fig. 5).

b |

A B C

Fig. 4. Morphological aspect of grapevine hybrid seeds with different viable embryos. A) excised embryos
prior to inoculation; B) degenerated embryo; C) normal embryo; D) direct embryogenesis.

A-B C-

Fig. 5. Different stages of zygotic embryo development in grapevine: A) heart, B) torpedo,
C) cotyledonary.

In the present study, the rate of embryo viability was found to be influenced by the genotypes of crossing
parents, especially by the maternal genitor. Has been attested that the rate of saved viable embryos ranged
within 13.43 + 29.35 % for Apiren Negru de Grozesti and Apiren roz Basarabean. For the other analyzed
genotypes, the value was between these dates (Table 1).

Table 1. Rate of viable embryos for various grapevine genotypes

Number of Number of Direct Degenerated
Maternal genitor dissected viable regeneration embryos at
embryos embryos moment of
dissection
Apiren roz Basarabean 552 162 2 0
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Apiren  Negru de 618 83 3 0
Grozesti

Centinales seedless 217 23 2 3
TAD VOG 82 15 - 2
1-15-15 802 131 5 0
Total number 2271 414 12 5

It was established that, depending on genotype and medium for cultivation, the rate of direct regeneration
of embryos achieved values, representing 0.9% and 0.6% for Centinales seedless and 1-15-15, corresponding.
It should be noted that the response is influenced by parental genotype. A negative factor that influenced the
reduced rate of viable embryos converted into plantlets was also the phytosanitary status, especially of the
maternal genitor involved in crosses, confirmed for TAD VOG infected with GFLV. Similar data were
observed for Centinales seedless. The high degree of infection of genotype Apiren negru de Grozesti with
agents of complex degenerative (including mixed infections) contributed to low embryo viability. Grapevine
leafroll virus, serotype 3 (GLRaV-3), identified in the 1-15-15, influenced the less able embryos' conversion
into plantlets. Similar data were obtained for genitors infected with Grapevine leafroll virus serotype 1
(GLRaV-1), when viral particles were identified in both components of hybridization.

In the current research, it was established that the zygotic embryo cultivation on various recovery media,
which are distinguished by the mineral content as well as growth regulators, determines the rate of viable
embryos and the share of embryos converted into plants. These results revealed the necessity to fix up the
components of the “recovery” mediums for immature embryos of each combination. This shows that parts of
"conversion" must be determined individually for each genotype.

For an efficient way of converting into plants the embryos recovered by “in ovules” manipulations, it is
necessary to take into account the peculiarities of the varieties that were involved in the crosses and the
phytosanitary status of parental forms.

At the time of formation of 2-3 internodes, seedlings were transferred to rizogenesis medium for induction
of the rooting process, then after the formation of a well-developed root system were adapted to the soil
substrate. It was established that the highest percentage of minishoots was obtained for genotype Apiren roz
Basarabean and the lowest for Centinales seedless (Table 2)

Table 2. Efficiency of plantlets recovery from different hybrid combinations

Maternal genotype Number of obtained Number of Rate of
minishoots obtained plantlets adaptation, %
Apiren roz Basarabean 600 181 97.3
Apiren Negru de Grozesti 29 12 81.8
Centinales seedless 7 5 60

TAD VOG 41 34 79.8
1-15-15 108 36 96.4

Total 785 268 60+97.3

The well-developed shoots that have 3 or more nodes have been transferred to the rooting culture medium.
The rooting percent ranged between 87-97%. The higher rate of adaptation it was established for the
combinations with maternal forms Apiren roz Basarabean (97.3%) and 1-15-15 (96.4%). The lowest
percentage of adaptation to substrate soil was attested for forms with a higher degree of seedless (Centinales
seedless and TAD VOG).
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The high degree of seedless has been one of the main factors that determined the limited number of
recovered plantlets, as in the case of self-pollination and hybridization, which is a negative factor that
influenced the rate of viable embryos, supplemented by the phytosanitary status.

Seedless x Seedless / Seedless x Seed

2 healthy x J infected
Q infected x & healthy
Q infected x &£ infected

Fig. 6. Scheme of virus eradication via zygotic embryogenesis.

It is important to mention that the recovered plantlets do not present any disease symptoms. By the
diagnostic methods (ELISA and ISEM) was confirmed absence of viral agents. The applied biotechnology
conducted to the recovery of healthy plantlets with an efficiency of 100% eradication of GFLV. Similar data
were obtained for serotype 1 (GLRaV-1), even though this pathogen was established in both components of
hybridization (Fig. 6).

The obtained data show that the results of virus eradication depend on the number and type of viruses,
peculiarities of the starting material. The virological check of grapevine plantlets before ex vitro adaptation
relate that somatic embryogenesis proved to be an effective technique in eradicating the phloem-limited viruses
in seedless grape of stenospermocarpic type.

4. Conclusions

» It were established the optimal moment of explant sampling, seeds dissection, embryo in vitro
inoculation; important moments that significantly influence the rate of viable embryos and which are largely
determined by the maternal genotype.

»  The rate of viable embryos conversion in plantlets is determined by the particular genotype with
stenospermocarpic properties and by the plant health status.

» In order to define the eradication process of viral germs of complex degenerative have been
optimized the pathways to prevent the embryos degradation and their development to ensure the production of
plants for grape genotypes with different degrees of seedlessness.

Funding. The elaboration and edition of this research were supported by the bilateral Moldova &
Georgia project ,,Biotechnological tools for a resilient horticulture by promoting non-traditional species (as
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Abstract. The Republic of Moldova, traditionally producing fruits such as apples, plums, apricots,
cherries, faces an increasing demand for new crops with superior traits. Kiwifruit (Actinidia chinensis Planch.)
shows high potential for local adaptation and productivity. This study combined in vitro micropropagation
with bioecological evaluation to assess its suitability. Complementary bioecological analyses confirmed that
local pedoclimatic conditions favor the growth and development of Actinidia. These results provide a
framework for the sustainable cultivation of kiwifruit in Moldova

Keywords: Actinidia chinensis, In vitro micropropagation, organogenesis, bioecological adaptability

15


mailto:gabriela.romanciuc@gmail.com
mailto:gabriela.romanciuc@gmail.com

Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

1. Introduction

Although the Republic of Moldova has traditionally produced a considerable quantity of conventional
fruit crops, such as apples, plums, apricots, and cherries, the demand for new species with superior agronomic
and nutritional traits remains evident. Expanding the horticultural diversity can be efficiently achieved through
the introduction of new crops, such as kiwifruit (Actinidia chinensis Planch.), which shows significant potential
for local adaptation and productivity.

The initiation of bioecological research on Actinidia species in the Republic of Moldova aims to identify
new sources of plant raw material for the agri-food sector. Most species in this genus are woody climbing
lianas producing edible fruits rich in vitamin C with exceptional taste qualities. Among the numerous Actinidia
species, only a few are of commercial interest for fruit production. 4. chinensis, A. deliciosa, A. arguta, and
A. kolomikta.

Actinidia chinensis Planch. is of particular scientific and economic importance, representing the primary
genetic source for cultivated kiwi varieties worldwide. Native to the subtropical mountainous regions of China,
it has become internationally recognized for the superior quality of its fruits and adaptability (Akbas et al.,
2007; Ferguson, 1984). It also serves as a model for studies on morphogenesis, regeneration, and in vitro
propagation (Akbas et al., 2007; Huang et al., 2019). Conventional vegetative propagation is often challenging
due to the low rooting ability of cuttings and the sensitivity of young plants to environmental factors,
highlighting the need for modern micropropagation methods to produce healthy and uniform plant material
rapidly (Gonzalez et al., 2010; Wang et al., 2018).

Research on in vitro propagation of Actinidia species has been conducted to ensure rapid multiplication,
disease-free plantlets, and conservation of genetic resources (Kozai et al., 1997; Standardi, 1983; Lopez-Paez
et al., 2025). In vitro culture allows the production of high-quality plant material under controlled conditions
and facilitates the selection of superior genotypes for cultivation. Until 2020, in vitro propagation of A.
chinensis was extensively studied to develop efficient micropropagation and conservation techniques. Early
research focused on selecting suitable explants, optimizing culture media, and controlling growth conditions
(Harada, 1975; Standardi, 1983; Revilla et al., 1992; Kumar & Sharma, 2002; Akbas et al., 2020).

Recent studies highlighted the critical role of plant growth regulators in culture media. Hameg et al.
(2020) reported that different concentrations of 6-benzylaminopurine (BAP) significantly increased shoot
production at optimal levels. Similarly, Akbas et al. (2007) found that BAP was more effective than kinetin in
inducing multiple shoots from 4. deliciosa explants. Sekhukhune (2025) showed that 2.2 uM BAP promoted
the formation of 2-3 axillary shoots, while 4.4 uM BAP also induced root formation, indicating a positive
effect on both shoot proliferation and rooting. Additionally, Krakhmaleva et al. (2023) observed that
combinations of BAP and NAA significantly stimulated shoot regeneration. These studies underline the
importance of adjusting hormone types and concentrations according to explant type and propagation
objectives to optimize micropropagation outcomes.

Ecologically, Actinidia chinensis grows best in partially shaded areas, avoiding direct sunlight. Direct
sunlight can reduce growth and delay fruit maturation, as well as decrease vitamin C accumulation in the fruits
(Ferguson, 1984). Similar observations have been reported by Richardson et al. (2004), who demonstrated that
high growth temperatures can reduce carbohydrate content and vitamin C in kiwi fruits. Zhang et al. (2018)
showed that vitamin C metabolism in the outer pericarp of A. chinensis var. Hongyang fruits is regulated by
environmental factors, including light intensity, further confirming the influence of sunlight on vitamin C
accumulation. The species prefers fertile, well-drained soils with a slightly acidic to neutral pH (Liang et al.,
2008). Temperature, humidity, and light conditions significantly influence growth, fruiting, and adaptation,
making it suitable for temperate-continental climates like those in the southern regions of the Republic of
Moldova.
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Therefore, the aim of our research was to investigate the effects of culture medium composition and
hormonal combinations on callus initiation and development in Actinidia chinensis, using different types of
explants. The results contribute to optimizing micropropagation protocols for this valuable species, with
potential for wider cultivation under the pedoclimatic conditions of the Republic of Moldova.

2. Materials and Methods

In vitro Micropropagation

The study was initiated and conducted at the Botanical Garden (Institute) in the Laboratory of
Embryology and Biotechnology. The object of study was Actinidia chinensis Planch. Explants were collected
from greenhouse-grown plants, including leaf lamina, petiole, and floral buds.

The sterilization of explants followed a strict protocol:

Rinsing under running water;

Preliminary disinfection with a dilute KMnOQs solution for 10 minutes;

Immersion in 0.1% diacid for 7 minutes with continuous agitation, adding a small amount of detergent
— Tween 80;

After each step, three successive rinses with sterile distilled water were performed.

Initial cultures were grown on the following media:

- MS (Murashige & Skoog, 1962) supplemented with BAP (2-benzylaminopurine) and ANA
(naphthaleneacetic acid);

- S 2.5 (A. Standardi, 1983) supplemented with zeatin and ANA;

- Gamborg B5 with BAP and IAA (indole-3-acetic acid) at specific concentrations.

Callus obtained was further cultivated on the same media, adjusting only the concentrations of
phytohormones. Subcultures were maintained for 30 days in a growth chamber at 24+1°C, with a light intensity
0f 2000 lux and a photoperiod of 16 hours light / 8 hours dark.

Regeneration was evaluated by quantifying callus induction frequency, shoot regeneration rate, and
rooting success. Histological analysis of the callus allowed differentiation between morphogenic and non-
morphogenic cells. Regenerated plantlets were acclimatized initially in a sterile peat—perlite mixture prior to
soil transfer. The obtained data were analyzed using an ANOVA test.

Bioecology and Adaptability

Bioecological studies were conducted in order to assess the adaptability of Actinidia chinensis to local
pedoclimatic conditions. Parameters such as temperature, soil properties, and seasonal dynamics were
analyzed. Observations focused on morphological and physiological characteristics, including shoot growth,
development. The collected data allowed evaluation of the potential for sustainable introduction and cultivation
of the species under local conditions.

By combining controlled in vitro micropropagation with bioecological assessment, the study provides a
comprehensive understanding of the potential of Actinidia chinensis for efficient cultivation and multiplication
in the Republic of Moldova.

3. Main findings

1. An efficient plant regeneration protocol for Actinidia chinensis was developed via organogenesis
from leaf blades and petioles.

2. Histological examination revealed the presence of meristematic centers in morphologic callus with
meristematic cells with regeneration ability.

3. Rooting of regenerated shoots was successfully obtained, and plantlets were acclimatized under
controlled conditions.
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4. Bioecological assessment confirmed that local pedoclimatic conditions in southern Moldova support
growth, development, and fruiting of Actinidia chinensis.

5. The combination of micropropagation and ecological evaluation provides a basis for sustainable
kiwifruit cultivation in Moldova.

4. Results and Discussion

In this study, we investigated the effects of culture medium, hormonal composition, and explant type on
the initiation of in vitro cultures of Actinidia chinensis, using three types of explants: leaf lamina.. Initially,
seven culture medium variants were tested. Among them, only the MS, S 2.5, and B5 media supported callus
initiation in petiole and leaf lamina explants.

Subsequent cultivation of the obtained callus showed satisfactory development on S 2.5 medium
supplemented with zeatin + NAA, B5 with BAP + IBA, and MS with BAP + NAA. Callus derived from
petioles developed more rapidly and pronouncedly than that from leaf lamina across all tested media.

Statistical analysis revealed that the average callus induction frequency was 57.80%, varying depending
on the explant type and culture medium. Callus induction was 63.48% for petiole explants and 57.12% for leaf
lamina. Among the media, callus induction frequencies were 75.47% for S 2.5, 74.30% for BS, and 71.24%
for MS. The highest frequencies for petiole explants were 81.48% (S 2.5), 80.75% (B5), and 78.0% (MS). For
leaf lamina explants, the maximum frequency was 70.59% (BS5).

Callus characteristics varied according to the culture medium. On S 2.5, a compact, dark green,
morphogenic callus was formed, whereas on B5 and MS media, the callus was opalescent, pale green, and
exhibited abundant growth but proved to be non-morphogenic. Histological analysis showed that morphogenic
callus consisted of vacuolated parenchyma cells with small intercellular spaces and starch accumulation, with
multiple meristematic zones on the surface. Non-morphogenic callus consisted solely of parenchyma cells.

Further modification of the hormonal composition of S 2.5 and B5 media induced morphogenetic
processes. On S 2.5 supplemented with BAP + IBA, organogenesis occurred, leading to bud formation and
subsequent plantlet regeneration, whereas on BS with BAP + NAA, only roots were formed (rhizogenesis).
These results confirm that morphogenetic pathways depend on the composition of the culture medium, the
combination and concentration of phytohormones, and cultivation conditions.

Zeatin proved essential for callus induction in all explant types, with the highest organogenic potential
observed in petiole and leaf lamina. The compact, dark green callus exhibited rapid growth and superior
organogenic potential. Overall, the optimal medium for callus growth, differentiation, and development in
Actinidia chinensis is S 2.5, confirming the species’ strong organogenic capacity and suitability for in vitro
propagation.

Complementing in vitro studies, we also evaluated the ecological requirements and adaptability of
Actinidia chinensis in local conditions. The species naturally grows in partially shaded forested areas, avoiding
direct sunlight, particularly during the early years of growth. Optimal growth occurs when light and shade are
balanced, approximately 50/50. Local environmental conditions, including temperature, humidity, and soil
characteristics, significantly influence growth, development, and fruiting. In the southern regions of the
Republic of Moldova, which exhibit a temperate-continental climate with cold winters and warm summers,
Actinidia chinensis can be successfully cultivated in protected areas with favorable microclimates.

5. Conclusion
An efficient plant regeneration protocol for Actinidia chinensis was developed via organogenesis from

leaf blades and petioles. In vitro micropropagation provides a rapid and uniform method for producing
healthy planting material well-suited to local conditions. Complementary bioecological evaluation
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demonstrates that A. chinensis can successfully adapt to the pedoclimatic factors of the Republic of

Moldova, supporting its sustainable cultivation and potential expansion in the region.
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Geospatial Modernization Model of Agricultural Lands of Georgia

Giorgi Zedginidze

Ivane Javakhishvili Tbilisi State University,
Thilisi, Georgia

Abstract. In the modern world, the rational use of agricultural lands is important for any country.
Georgia should have a special unified geodatabase GIS server for agricultural lands. The following countries
have a similar unified geodatabase for agriculture: the USA, Canada, England, Germany, the Netherlands,
Japan and New Zealand. The mentioned work is adapted to the natural conditions of Georgia.

1. Introduction

GIS in Agriculture: The ability to quickly collect and analyze agricultural land data is one of the main
reasons why geographic information systems (GIS) are so valuable in agriculture. GIS data is collected using
field equipment on the ground, aerial photography (aircraft and drones), and satellite imagery. The information
obtained can be used for a variety of purposes: from precision agriculture, monitoring the condition of
agricultural plants and crop forecasting, to tracking livestock.

Key stakeholders in the agri-food sector regularly use agricultural GIS solutions to increase short-term
profits and achieve long-term sustainability of the farm and economic situation.

The implementation of GIS by key agricultural stakeholders is an essential investment in sustainable
and efficient management of agricultural lands.

GIS systems cover all areas, from infrastructure to agriculture and environmental protection.

European countries have a special directive called INSPIRE, which envisages the creation of a unified
spatial data infrastructure.

Directive 2007/2/EC of the European Parliament and of the Council of 14 March 2007 (according to
the international standard ISO OSI/TC 211, the term Geographic Information System is valid.).

Based on the aforementioned directive, the implementation of the NSDI project began in Georgia, which
involved the creation of a national spatial infrastructure, but its implementation failed to be fully implemented
precisely due to the absence of unified spatial data like ours and their inconsistency.

2. Method and material

We propose to create a special unified geodatabase GIS server database for the agricultural sector of
Georgia, which will be compatible with similar systems of any other state agencies.

The world's most advanced 30 cm satellite imagery will be used in the process of digitizing the vector
layer (there are 2 types of similar spectral imaging known in the world: Near Infrared (NIR) and Thermal
Infrared (TIR)), which we will receive in a processed form, a product obtained from the world's leading French
company AIRBUS, for decoding the territory of Georgia (including the occupied regions) (Fig. 1).
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Fig. 1. CompanyAIRBUS-It is a sample of satellite products.

We took a 1,500-hectare area on the Adjara-Guria border as a test and created a digital map of its land
cover using GIS software (Fig. 2), and categorized and classified the land cover. Only through visual decoding,
20 types of land objects were identified on 600 hectares.

Fig. 2. Sample of settlements in the area adjacent to the Adjara-Guria border

27



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia aréruta) in the Context of Climate Change

After the project is completed, in addition to Land Cover data, special attribute tables (Fig. 3) prepared

for entering any other type of information will be pre-planned and prepared in the geodatabase, such as soil,

agro-meteorological, etc.

In addition to the exact area and perimeter of the Land Cover, the geodatabase includes the elevation

of any area above sea level (Fig. 4), for which the DEM (Digital Elevation Model) of the country's territory

will be used.

From the created GIS server, it will be possible to share digital data or web services with various state

etc.

2

structures (Fig. 5). For example, tas.ge; maps.gov.ge

The project implementation period is 36-40 months.
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Fig. 3. Attribute table of chemical composition of soils
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Fig. 4. Extracting surface elevation data through GIS analysis
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Fig. 5. GIS server diagram

3. System results:

e Creation of a unified, large-scale digital map of land cover and land use across the country;

e Creation of a unified geoinformation server and related online web portal based on the resulting
product;

e The ability to quickly collect and analyze agricultural land data is one of the reasons why geographic
information systems (GIS) are so valuable in agriculture.

e Online management and monitoring of any agricultural equipment;

e Evaluation of existing land reclamation systems;

e Planning, analysis and monitoring of agrotechnical activities;

e Assessment of the area before the start of infrastructure works;

e Ability to analyze and verify the territory before registering the plot;

e Creating multi-layered interactive maps that will be used for complex data visualization and spatial
analysis.

e The created system will allow sharing the latest digital information with relevant agencies to identify
and register areas at risk of natural disasters and enable their monitoring;

e Farmers and agricultural firms will have the opportunity to determine future plans and make
appropriate investments based on the system.

4. Conclusion

In the future, considering the expected results, we believe that such a unified geospatial system will be
useful and should definitely be implemented in Georgia.
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b 953OMmbmdoo dmmbmgbgdo 890y 063JM0MIdMEo 0dbs sdmlbagwrgm LodsGomzganmls
60505900l 6050l G030l  @BIBLOLMYOLMD, Bom  FMEOOL  FMOBMWMYOLMB, Jodor®
390500996 md5bmsb (pH, CaCOs, CEC), ©Mgbsgols o aegol 06@03s¢m®m9dmsb s 33900
6030096090900l 3BOOWGdMb.
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3.1 A. arguta-Us 53™mbm3oeo 3mnmbmgbgdo s bG®mglolisdo JaMabmdgemds

3030l ™330 Mo pH ssbermgdom 5.6-6.5-00 [2]. gmagmes 3030L Bmyogdmo {gstrm
©obEMmgdom 6.5-7.0-l sbobgrgdl, 3o dobo-3030 Lowmzgmglem dsB3969dgwl mEbsg 85539
©0535HMmbdo s639690U.
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3030L 6050l J5M0056MIOL J0ToMm EIBIWO GMEYMIBBHMBS 5J3L; sD0sbgds 0ffygds
osbmgdom 1.4 g 337" 60oog0sb (~0.14%) s 9mbsgeosbmds 8609369wmabs dzotM©gds
©5bEMmgdom 5.4 9 337! 60506 (~0.54%) [5].

3.2 39659mx3096M9d0L Lgds:

o 5boEdBOMs 35Hg00 (1-2 §9e00): 2oBoxbm-boxgbrywol yobdogurmdsdo ymzgermzo)Mo©
Q5050 EMHBOM sHMEHOL 35630mLbgd0 (<0.3-0.6 3 sHBMEH0 Mom™ 3965019y 3900).
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4. ol3MLos

4.1 60500530L X aBoL doby3z00 35Myol0s6MdOL Lobomgbo
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39056090000 B0 399339 ™MdOL J0bgo35, BMY0IM BHIMOGHMMOsl Tgodwgds
35063 3L F0MIL MB350 Lomsbsm 0bgowEHME00L MBEOHWE39WLIYMRBI© S Bgugmo
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e 300L{obgmolL LEMEHYW YO0 Y30m9Wo 3MHBMEOZoL (530M0BMEd0) Fodmygbads 51939
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L59OOM 35304130, FogMsd J03MMgwgdgbEgdol Jomhzmdermds [1].
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Areas with Optimal Soil Conditions for Mini Kiwi Production in Eastern Georgia

Giorgi Ghambashidze

LEPL Scientific-Research Center of Agriculture, Soil Fertility Research Division,
Thilisi, Georgia

Abstract. Hardy kiwi (Actinidia arguta), also called mini-kiwi or kiwiberry, performs best on moist,
well-drained loams with a slightly acidic pH (= 5.6-6.5). It is sensitive to waterlogging, salinity, bicarbonate-
induced Fe-chlorosis, and high free carbonate content. We synthesise agronomic requirements and fertilisation
schemes from the scientific literature and evaluate them against the soil types and nutrient status characteristic
of Eastern Georgia (Kakheti, Shida/Kvemo Kartli, and Mtskheta-Mtianeti lowlands). Based on existing digital
soil maps and soil data about soil types of Georgia, we identify well-drained, loamy alluvial Fluvisols (pH =
6.0-6.5) and selected brown-forest soils as the best candidates; by contrast, black soils (Haplic Vertisols), raw-
carbonate (Rendzic Leptosols), meadow-gleyed Cambisols, and sodic/saline associates are generally
unsuitable without major reclamation. These findings prioritise Akhmeta, Kvareli, Lagodekhi, Telavi, Kareli
river terraces and brown-forest soil areas across forest belt up to 900 m a.s.1., while carbonate-rich cinnamomic,
raw carbonate soils and black soils should be avoided.

Keywords: Actinidia arguta, pH, soil, drainage, carbonate, micronutrient deficiency, Eastern Georgia.
1. Introduction

Commercial interest in mini-kiwi is increasing because of its cold hardiness, compact fruit size, and
potential for niche export markets. The crop demonstrates optimal growth at slightly acidic pH (5.6-6.5) in
deep, well-drained loams, but exhibits rapid decline on calcareous or waterlogged soils [2].

Eastern Georgia encompasses semi-arid to sub-humid climatic zones, with significant hail risk in
Kakheti and low moisture indices in regions of Kartli and the south-eastern part of Kakheti. These climatic
and soil-water conditions necessitate careful irrigation and drainage planning for successful perennial fruit
establishment.

This study highlights the soil and nutrient requirements of Actinidia arguta against the prevailing soil
types and district patterns in Eastern Georgia. It further proposes site-specific management and fertilisation
guidelines.

2. Materials and Methods

A structured review of extension bulletins and peer-reviewed studies on mini-kiwi, and where necessary,
fuzzy kiwi as a physiological analogue, was conducted to address soil reaction, salinity and waterlogging
tolerance, and fertilisation schemes. Key agronomic constraints, including pH range, carbonate and
bicarbonate sensitivity, drainage class, and salinity thresholds.

These agronomic requirements were then integrated with soil-type characterisations of Eastern Georgian soils,
including morphology, chemistry (pH, CaCOs, CEC), drainage and gley indicators, and nutrient tables.

The assessment of the major soil groups in Eastern Georgia was conducted to evaluate their suitability
for mini-kiwi cultivation.
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3. Results
3.1 Agronomic requirements and stress sensitivities of A. arguta

The optimal pH for kiwiberry is about 5.6—6.5 [2]. Some sources for fuzzy kiwi cite ~6.5—7.0, but mini-
kiwi shows best performance in the slightly acidic range.

It requires moist but well-drained soils; waterlogging severely restricts root function in mini-kiwi [3].

Kiwifruit species are prone to Fe-deficiency chlorosis on calcareous soils, thus express sensitivity to
Carbonates/bicarbonate content; free carbonates or high bicarbonate reduce Fe availability [4].

Kiwiberry has low tolerance to soil salinity; damage begins at ~1.4 g kg™ soil (~0.14%) and a significant
yield decline at ~5.4 g kg™ ! soil (~0.54%) [5].

Fertilisation scheme:

¢ Young vines (years 1-2): monthly low-dose N pulses (=0.3—0.6 kg N per plant per month) through
spring—summer.

¢ Training/early bearing (years 3—4): ~150 kg N/ha-yr, split across March—June; K should have priority
among macronutrients; P and Mg applied once early if soil status is medium-low [2].

e Mature vines (year > 5): ~170 kg N/ha-yr, split 2/3 in early spring, 1/3 in late spring; K from low-
chloride sources is emphasised [2].

e  Micronutrients: Boron monitoring is recommended (leaf B target: ~25-35 mg kg™); Fe chelates may
be needed if carbonate pressure is present.

4. Discussion
4.1 Suitability synthesis by soil group

Optimal/High Priority:

e Well-drained, loamy Alluvial Fluvisols (river terraces Akhmeta, Kvareli, Lagodekhi, Telavi, Ka-
reli), and brown-forest soils across the Eastern Georgia forest belt up to 900 m above sea level (the
use is mainly limited due to their coverage by forests). These soils are often characterized by pH
~6.0—6.5, within the mini-kiwi optimal range. Despite the relatively low clay content of these soils,
some areas may still require drainage to ensure proper infiltration and avoid possible waterlogging
in the root zone.

¢ Yellow-podzolic (Acrisols) in foothill belts can also be used if drainage impediments (stagnic
layers) are mitigated through tile drains or raised berms, and pH may be acceptable.

The soil types Unsuitable without major reclamation:
e Black soils (Vertisols): Alkaline, calcareous, shrink—swell clay, high CaCOs; — high risk of Fe-chlo-
rosis, poor rooting, and aeration.
e Raw carbonate soils (Leptosols): Very alkaline, free CaCOs, shallow, moisture stress — high risk of
chlorosis and root restriction.
e Saline and sodic soils: higher Na and salinity risk — root and water stress under perennial cropping.

4.2 Nutrient demand vs. Georgian soil supply

The monograph indicates that many alluvial and brown-forest soils show low to medium P and K fertility,
while Vertisols and calcaric soils may show adequate total K but micronutrient unavailability [1].
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Likely deficits:
e Iron (Fe) — especially on calcareous/alkaline soils (Vertisols / Leptosols / Kastanozems / Calcisols)
— risk of chlorosis despite sufficient total Fe.
e Boron (B) — may be limiting in cooler or leached zones; critical for flowering/fruition.
e Nitrogen — young plants need modest, frequent N; older orchards require ~170 kg N/ha/yr, split
application.
e Likely excesses or restrictions:
e Carbonate content — free CaCOs in Vertisols/Leptosols/Kastanozems/Calcisols impairs Fe uptake
and alters pH buffering.
e Exchangeable sodium and elevated salinity — sodic soils, Na > 5% CEC triggers root damage; mini-
kiwi is salinity sensitive, saline soils and saline-sodic soils should be avoided.

5. Recommendations for site selection

Based on the existing soil data analysis, it is recommended to prioritise loamy alluvial soils spread over
the river terraces and brown-forest soils with pH ~5.6-6.5; calcareous soils should be avoided; if pH > 6.8,
elemental sulphur can be used in autumn, prior to planting, to reduce pH.
Besides soil pH, it is critical to ensure proper soil drainage. In areas where gley or mottles occur within 60—-80
cm of the soil surface, a subsurface drain (~0.8—1.0 m depth, spacing 15-25 m) or raised beds is recommended.

6. Conclusions

For Eastern Georgia, the single most important success factor for mini-kiwi is site: loamy soils with pH
in the 5.6-6.5 range, free of carbonate and excess Na, and with good drainage. Alluvial loams on river terraces
and selected brown-forest soils form the best starting blocks. Vertisols, raw carbonate soils, and stagnic/sodic
soils pose high inherent risks (e.g., Fe chlorosis, waterlogging, salinity). A fertilisation programme that
provides sufficient N supply at full maturity, prioritises K, is low in chloride, and includes active B and Fe
monitoring aligns with mini-kiwi’s physiology and Eastern Georgian soil conditions. Launching pilot blocks
in the recommended districts allows scalable development while controlling risk factors.
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Evaluation of the Effectiveness of the Use of Biologically
Active Substances in Palm Plants

Gisca Alina

Institute of Genetics, Physiology and Plant Protection of Moldova State University,
Republic of Moldova, Chisinau, 20 Padurii Street
E-mail: alina.gisca@sti.usm.md

Theses

Among the multiple factors that determine the onset and course of vegetative growth and the
morphogenesis of floral buds in the crown of fruit trees, phytohormones - substances with either stimulating
or inhibitory effects - play an important role. Biologically active substances (BAS) of natural origin contribute
to increasing the productivity and useful resistance of plants. The purpose of this study is to evaluate the
influence of treatments with BAS Reglalg treatments on several biological characteristics, including leaf
surface area, photosynthetic pigment content, and net photosynthesis in plum trees.

The study subjects were the leaves of two late-ripening plum varieties of foreign origin: Stanley, selected
in the USA and Prezident in the UK, as well as two local varieties: Udlinionnaia and Superprezident. During
the vegetation period, the trees were treated with a mixture of BAS Reglalg and microelements (B, Zn, Mn,
Mo). It is established that climatic conditions have a considerable influence on plant growth and productivity.
In June-July 2023, the average daytime temperature was slightly higher and the amount of precipitation lower
than normal, which caused a decrease in the leaf area of the leaves and, respectively, of the biomass
accumulation during the vegetation period.

It was founded that the leaf index varied from 2.6-4.5 m” in the control and to 7.0-5.1 m? in the treated
ones in depends of varieties. The local varieties Udlinionnaia and Superprezident were highlighted by higher
values. One of the main indices characterizing the influence of external conditions on the growth and
development of plants is the content of photosynthetic pigments in the leaves. It was established that the
dynamics of the photosynthetic pigments accumulation regardless of the variety and variant was similar. So,
the differences in the average chlorophyll content in the leaves of treated and control plum trees were 7 -15%
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and in the content of carotenoids 1 - 5%. During June-July, the concentration of pigments in the leaves
decreases; however, in plants treated with Reglalg in combination with microelements, this diminution is less
pronounced than in the control, due to the protective effect of the treatment. The autochthone varieties
Udlinionnaia and Superprezident exhibited superior indices than foreign varieties by 30 - 50%. Local varieties
were distinguished by a higher net photosynthetic productivity in variants with Reglalg in combination with
microelements by 11 % for cv. Udlinionnaia and 8 % for cv. Superprezident, while plum plants of cv. Stanley
and Prezident, this value was higher by 3 - 4%.

Therefore, the analysis of the obtained results argues the considerable influence of the BAS Reglagl in
complex with microelements B, Zn, Mn, and Mo on the metabolic processes that characterize the activity of
the production system in plum plants.

Keywords: plum trees, environmental factors, leaves, drought, chlorophyll pigments.
Funding: The research was conducted within the Subprogram 011101 ,,Genetic and biotechnological
approaches to agroecosystem management under climate change”, funded by the Ministry of Education and

Research of the Republic of Moldova and the doctoral project ,,Cyto-physiological adaptation of plum trees to
environmental factors and the impact on productivity”.
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Biological and Agricultural Properties of Mini Kiwi
(Actinidia arguta Planch.), Cultivars in Georgia

Elene Maghlakelidze', Zviad Bobokashvili’, Larisa Andronic?,
Tatiana Calugaru-Spataru?, Svetlana Smerea*

' LEPL Scientific-Research Center of Agriculture, Fruit Crop Research Division, Tbilisi, Georgia
2 Institute of Genetics, Physiology and Plant Protection, Chisinau, Moldova

Theses

The increasing challenges posed by climate change necessitate the introduction and evaluation
of climate-resilient fruit crops. Mini kiwi (Baby-kiwi) (Actinidia arguta Planch.) has emerged as a
promising species due to its frost resistance, nutritional value, and adaptability. This study aimed to
comprehensively assess the biological and agronomic performance of four foreign mini kiwi
cultivars—Weiki, Ken’s Red, Issai and Jumbo,—under Georgian agro-climatic conditions.
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Field trials were conducted from 2019 to 2023 in the Mtskheta -Mtianeti region, as a
representative place of principal fruit-growing area in Georgia. Phenological parameters—including
bud break, flowering stages, and fruit maturation periods—were systematically recorded.
Pomological traits such as fruit size, weight, and organoleptic characteristics were evaluated
alongside key yield components. Additionally, biochemical analyses were conducted to quantify total
soluble solids (TSS), titratable acidity, and vitamin C concentration, providing a comprehensive
evaluation of fruit quality parameters.

The study demonstrated successful acclimatization of all evaluated mini kiwi cultivars under
Georgian agro-climatic conditions, with notable winter frost tolerance and consistent yield
performance throughout the trial period. However, research indicates that late spring frosts—
particularly during the second half of April through May—can significantly reduce the current year’s
mini kiwi (Actinidia arguta) yield, despite not causing lasting damage to the plants themselves.

Based on Phenological observation revealed cultivar-specific variation in vegetative onset,
ranging from 3 to 7 days, while the flowering period basically occurs between of the last decade of
April and early May and lasted approximately 10 to 14 days. Among the tested cultivars, ‘Kens Red’
and ‘Weiki’ exhibited superior yield potential, whereas ‘Jumbo’ produced the largest fruits alongside
enhanced biochemical attributes, including elevated sugar concentration and vitamin C content.
Based on this findings two Cultivars - ‘Kens Red’ and ‘Weiki’ as the most commercially viable
options for sustainable mini kiwi production in Georgia’s temperate zones.

The findings support the integration of mini kiwi (Actinidia arguta) into sustainable fruit
production systems and highlight its potential as a commercially viable niche crop under temperate
agro-climatic conditions. Moreover, the results underscore the necessity for continued research to
refine cultivation practices, identify superior cultivars with enhanced fruit quality and disease
tolerance, and evaluate long-term orchard performance to ensure productivity and sustainability.

Keywords: Mini Kiwi, Actinidia arguta, yield, phenology, fruit quality.
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Study of Vegetative Propagation Peculiarities of Mini-Kiwi
(Actinidia arguta, Baby Kiwi, hardy kiwi) under
Kartli Conditions (Georgia)

Zviad Bobokashvili, Elene Maghlakelidze, Vano Kakashvili

LEPL Scientific-Research Center of Agriculture, Fruit Crop Research Division,
Tbilisi, Georgia; bobokashvili@hotmail.com, emaghlakelidze@yahoo.com

Abstract. Mini kiwi (Actinidia arguta) is a promising high-value fruit crop with increasing global
demand. However, its commercial propagation remains challenging due to the difficulty of vegetative
multiplication. This study aims to develop an efficient, scientifically validated propagation protocol for mini
kiwi using hardwood cuttings under Georgian climatic conditions. The research focuses on optimizing rooting
hormone concentrations, substrate selection, and environmental conditions to maximize rooting success and
plant establishment. The present study investigates the propagation efficiency of mini kiwi (Actinidia arguta)
through hardwood cuttings under controlled environmental conditions in Georgia. The experiment evaluates
the effects of different rooting hormone treatments, substrate compositions, and environmental conditions on
rooting success, survival rate, and shoot emergence. The results demonstrate that the application of indole-3-
butyric acid (IBA) significantly improves rooting percentage and root length, with the highest success observed
in the medium-concentration (2000 ppm) treatment combined with a perlite-peat moss substrate. Statistical
analysis (ANOVA) confirms significant differences among treatments, highlighting optimal propagation
conditions for commercial mini kiwi production.

Keywords: plant, rootstock, cutting, propagation, cultivation,

1. Introduction

Mini kiwi (Actinidia arguta Planch.) is an emerging fruit crop with significant commercial potential due
to its compact size, distinctive flavor, and high nutritional value. Among the various propagation techniques
available, hardwood cuttings have proven to be one of the most effective methods for producing high-quality,
genetically uniform plants.

The advancement of fruit production in Georgia is closely linked to the development of local nurseries
and the improvement of seedling quality. Modern horticulture increasingly relies on intensive cultivation
systems, where standardized rootstocks play a pivotal role in regulating tree vigor, enhancing fruit quality, and
shortening the juvenile phase (Webster, 2004). Furthermore, the choice of propagation method directly
influences orchard productivity, disease resistance, and long-term economic viability (Fischer et al., 2019).

Despite its potential, mini kiwi cultivation in Georgia faces challenges, particularly in optimizing
propagation techniques. Like many perennial fruit crops, mini kiwi can be propagated through seeds, tissue
culture, or vegetative cuttings. However, hardwood cuttings offer distinct advantages, including cost efficiency,
scalability, and the preservation of desirable clonal traits (Hartmann et al., 2011). This method is especially
critical for maintaining commercial characteristics such as fruit size, yield stability, and environmental
adaptability (Pereira et al., 2017).
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Currently, mini kiwi propagation in Georgia remains underdeveloped, with limited adoption of
scientifically validated protocols. Research has shown that the success of hardwood cuttings depends on
multiple factors, including environmental conditions, rooting media, hormonal treatments, and post-
propagation management—all of which require further investigation under Georgia’s unique agroclimatic
conditions (Wani et al., 2021). Auxin application, particularly indole-3-butyric acid (IBA), has been
demonstrated to significantly improve rooting rates in mini kiwi, yet no comprehensive studies have been
conducted in Georgia to determine optimal concentrations and exposure durations for local cultivars (Fischer
etal., 2019).

Beyond economic considerations, refining hardwood cutting propagation aligns with sustainable
agriculture objectives by reducing dependence on costly tissue culture methods and minimizing genetic
variability associated with seed propagation (Burdett, 1991). Given the rising global demand for resilient, high-
value fruit crops, establishing an efficient propagation system for mini kiwi in Georgia could strengthen the
crop’s competitiveness in domestic and international markets.

Mini Kiwi (Actinidia arguta) could be propagated by grafting used specific Rootstocks: Seedling
Rootstocks (Actinidia arguta seedlings); Clonal Rootstocks: ‘US-ARG-1" (USA): Moderately dwarfing;
resistant to Phytophthora root rot; ‘Geneva 3’: tolerant to soil-borne pathogens.

This rootstock was developed in the United States (Marysville, California) through selective breeding
of Actinidia arguta seedlings in the 20th century. It shows excellent graft affinity with most commercial
cultivars, including ‘Issai’, ‘Ken’s Red’, and ‘Ananasnaya’, reducing tree vigor by 10—15% compared to
seedling rootstocks, and minimizing excessive shoot growth. It is less prone to suckering than other Actinidia
rootstocks and is widely adopted in Italy, the U.S., and France.

This study seeks to determine the optimal protocols for propagating mini kiwi via hardwood cuttings
in Georgian conditions, with a focus on rooting success, survival rates, and subsequent plant vigor. The results
will provide actionable guidelines for nursery operators, fruit growers, and agricultural policymakers,
supporting the wider adoption of efficient propagation techniques. Ultimately, this research aims to enhance
the sustainability and profitability of mini kiwi production in Georgia.

2. Materials and Methods

The study was conducted at the LEPL Scientific-Research Center of Agriculture (SRCA) in Jighaura
Village, Central Kartli, Georgia (Saguramo-Mtskheta Municipality) from 2021 to 2023. The experiment
followed a triplicate design with three independent trials, each lasting 24 weeks.

Environmental Conditions: Soil temperature: 18-22°C; Relative humidity: 80-90%; Irrigation: Mist-
irrigated at regular intervals

Cuttings were be collected during the dormant period, before the onset of vegetation. The optimal
period for cutting collection begins on December 20 and should not extend beyond February 25 (Eastern
Georgia, Saguramo conditions). Cuttings are taken from well-developed, one-year-old, properly lignified
shoots of mother plants. For rooting, cuttings should be 18-22 cm in length and 8—12 mm in thickness. The
cut cuttings must be bundled into groups of 8-10 pieces. The likelihood of prolonged drying of the cuttings
should be minimized. After cutting, the cuttings should be temporarily placed in a shallow water container
with their basal ends submerged for 0.5—1.0 hours. (Photo1, Photo 2)

After removal from the water container, the cuttings were placed in polyethylene bags and stored in a
refrigeration chamber (storage temperature: 0—2°C). It should be noted that storing cuttings in the refrigerator
for more than 3-4 weeks significantly reduces the rooting coefficient. Therefore, it is preferable not to exceed
a refrigeration period of 10 -12 days.

Cuttings were treated with different concentrations of indole-3-butyric acid (IBA) as follows:

1. Control (No hormone treatment)
2. 500 ppm IBA (quick dip, 5 sec)
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3. 1000 ppm IBA (quick dip, 5 sec)
4. 2000 ppm IBA (quick dip, 5 sec)

5. 0.5% IBA powder, Kornevin (basal dip, 10 sec)

After treatment, cuttings were air-dried for 5—10 minutes before planting.

To evaluate the best medium for root development, cuttings were planted in four different substrates:
Perlite + Peat (1:1); Coco coir + Sand (1:1); Vermiculite + Peat (1:1); Commercial potting mix (control).
Cuttings were inserted 5 cm deep and placed under controlled greenhouse conditions.
The experiment was conducted for 24 weeks, and data were recorded at two-week intervals. Measured
parameters included:

¢ Rooting percentage (% successfully rooted cuttings)

e Number of roots per cutting

¢ Root length (cm, longest root per cutting)

e  Survival rate (% cuttings that developed into healthy plants)
e  Shoot emergence (number of new shoots per cutting)

A one-way analysis of variance (ANOVA) was performed to determine statistical significance among
treatments (p < 0.05).

Delaying the transplantation of cuttings treated with the activator will significantly reduce the rooting
coefficient. After removal from the activator, cuttings must be treated with a fungicide solution by fully and
quickly dipping them. Treated cuttings can be transplanted into open ground after the winter frost period, no
later than March 15-20 (Eastern Georgia, Saguramo conditions). During planting, the cutting is placed almost
entirely into the substrate, with only the upper part (no more than 2—3 cm, or 1-2 buds) remaining above the
ground.

Photo 1. Collection Orchards Photo 2. Hardwood cuttings

3. Results and Discussion

The application of IBA significantly influenced rooting success (Table 1). The 2000 ppm IBA treatment
resulted in the highest rooting percentage (82%), followed by the 3000 ppm treatment (75%). The control
group exhibited the lowest rooting percentage (38%), indicating the necessity of auxin application for effective
propagation.

Table 1. Rooting Percentage Across Different Hormone Treatments

Treatment Rooting Percentage (%)
Rooting % Rooting % Rooting % Mean + SE
(Trial 1) (Trial 2) (Trial 3)
Control (0 ppm) 36 40 38 38+1.2
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1000 ppm IBA 62 68 65 65+1.8
2000 ppm IBA 80 85 82 82+1.5
3000 ppm IBA 74 77 75 75+ 1.0
0.5% IBA powder 67 72 68 69 £3.9

Rooting media had a significant impact on root length and density (Table 2). The perlite + peat moss
mixture provided optimal aeration and moisture retention, leading to the highest root length and number of
roots per cutting.

The 2000 ppm IBA treatment yielded the highest rooting percentage (82 + 1.5%), consistent with
findings by Beyl ef al. (1995), who reported 75-90% success in Actinidia arguta using similar auxin
concentrations. The control group’s lower performance (38 + 1.2%) aligns with Rugini (1998), who found that
untreated cuttings exhibited limited natural rooting capacity.

Table 2. Root Development Across Different Substrates

Substrate Average Root Length (cm) Number of Roots per
Cutting
Perlite + Peat moss 6.2+ 0.5 83+0.9
Coco + Sand 55+0.6 7.5+0.7
Vermiculite + Peat moss 5.1+£0.5 6.9+0.8
Commercial potting mix 42+04 6.1 +0.6

The highest survival rate (72,7 %) was recorded in cuttings treated with 2000 ppm IBA and grown in
perlite + peat moss.

The perlite + peat moss substrate produced the longest roots (6.2 £ 0.09 cm) and highest root density
(8.3 £ 0.09 roots/cutting). This mirrors Schindler and Rowe’s (2001) observations that perlite’s aeration
properties enhance root elongation in woody cuttings.

Table 3. Survival Rate and Shoot Emergence

Treatment Survival Rate (%) Shoot Emergence
(Shoots per Cutting)
Control (0 ppm) 45,7+3.3 1.2+0.3
1000 ppm IBA 52,6 4.2 2.5+0.5
2000 ppm IBA 72,7+2.8 3.8+0.6
3000 ppm IBA 64,8 £2.9 32+05
0.5% IBA powder 63,4+3.7 29+£04

ANOVA confirmed significant treatment effects (£ = 85.12, p < 0.001 for root count; F = 129.93, p <
0.001 for root length). LSD post-hoc tests revealed:

Perlite + peat moss outperformed all other substrates (p < 0.01), corroborating Wang et al. (2013), who
identified peat-based media as optimal for Actinidia propagation. 2000 ppm IBA differed significantly from
controls (p < 0.001), supporting Manuel and Rugini’s (1998) recommendation for moderate auxin doses.

4. Conclusion

Based on this research we are recommend a protocol for commercial-scale propagation of
Actinidia arguta (mini kiwi) in Georgia using hardwood cuttings treated with 2000 ppm indole-3-butyric
acid (IBA) and a perlite + peat moss substrate. This method has demonstrated high efficiency in producing
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genetically uniform, high-quality planting material, making it a viable strategy for nurseries. To further
enhance propagation outcomes, additional studies are needed to explore: Alternative propagation methods
such as green cuttings and in vitro techniques,Genotype-specific responses to rooting hormones and sub-

strates, Long-term performance and field adaptability of propagated plants.
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dobo 3030l (Actinidia arguta) 3398000, 30Mg§od0M0 S FoBOMEMYOMEO
dsbsLOsMGIdOL 30M39es@0 dGLFogems Lads@amggermdo

000 (i9bayodzowo

LLo3 bemgaols 3gMEBYMdOL bsdgEbogHm-33wgz0mo 396G Mo,
030obO, LsMM39 ™

BLGHMsJH0. dobo 3030 (Actinidia arguta) (oHIMoYIBL Fooer0 33900000 S BOMEMAOGIO
00690 gdol  9Jmby  3MWEHMOSL, GMIgEo3 8Os BsbdoMfymgdom, MxMgolom,
62560 9553900m, 56EGH0MJLoIBGHMIM0 bogPrmgdoms s domodGHoemo 3md3mbybEgdom. oyo
39033936 96033690356 MomMm©gbmdsl BgbmG BogHmMgdlL, Bsz356M0YIL, 30306 gdLS
90696593l G153 3o65306MHMdGOL Job Lsd3Mbsrm 3mEHbEoswbs s 30939630 BMbBJ30gdL.

00obod@gdatg  33w93s Fobbo  olobsgs dobo 3030l 339%0m0, BdomgodomGo @
R0BOMWMYoEHO JoboslosmGOEgdOL 306MH39ws0 F9RsLYdL LodsMmzgewml 3oHMdYddo. 3330l
53969030 gobboraros 9396560l Mool sbs@GHmdomemo LEHMYIGHMOS s BMEHMBObMNYHBMD
539330609390 MmO gE963E00L 356589G9d0 Mmmbo }0dol (39030, 0LLO, 396U M9EO WS XId™)
3535wombY.LodowmBg 305 BIGHIMES LM,  XowsMsl  Bsdgbogmm  35Bsby.  dowgde
9mbs39990bg  ©oYMEbmdom  Fgg3olis  F3gbsol  LEMILSE  sI3GIEO0L  MBsGO, G5
8609369 m3560 L3dzgw0s Logdo@mzgwmdo dobo 3030l Lsdgaboghm 33eg30Ls s 3M9gdEH03wEwo

3990 G035300L 39601399 03900Lm300.

1. @o@gMs@Gveol 3odmbogrgs

Lodo®mggarmdo  Bo@do®mgdmwo 3393990l dobgzom, dobo 3030 390MQ50  939gds
5QR0MIMN03 300516 30MM3JOL s 50060TbYdS JoLO FoMBo3HJdI0 530ToE0DI(305 I3

QOMY, 51939 509056 MY0Mmbgddo (Bows3gmodg & dmdmdsdgowo, 2021).

dobo 3030 (Actinidia arguta) 569m5y 0L Bo©0 339000 s BOMEMAO0VIMHO VOMYOYgdOL
dJmbg 3M@GHMELL, MHMIgero I0sMos bsbdomfiywgdoom (13-18 3/100 ¢), dmF3mgdoom (2.5y) ©o
30wgdom (1 9), bLydMsem gbgMygEH03MEO VOMHYOMEGO0? 77 335¢. BOWYJEHMDOLS s E)3MBOL
35050 36(396GHO5305 2965306HMBFIL ol B3d0 gdmbs s 9bgMAgEH03ME VoMYdWEgdsL (Smith
& Lee, 2018).

Bogmazo 81939 9903936 MOYbM 355398 — 30GHMIBL, 330b5GHLS o Foeo@l — MMIWgdo3
bl MHgmdgb LoFderol dmdbgargdgaro LoliEgdol BwMbJ3oMmboMmadsls @S TgEodMmEME doesbll
(Smith & Lee, 2018). 3060 3030 300005 35GEH06M0©Id0m, JLMmOHMBOWOoms S SbMME0sbgdom,
I gdoi3 96GH0MmJLoIBGHMMO 30889639005 s MMPb0BIOL Lb3sslb3s LolEgdol 33590
9mbsfiorgmdgb (Bobokashvili, & Maglakelidze 2024).
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LodoM39 ™0 53c0T5E0HYOMEO X030 39030 5dM0MBI35 F9IMJdI0M 3560 doMmJodoMMO
d960mdom s FMbOgw0sbmdom, o3 5ILGHMMIOL ol LsdgObgm  3mEGgbgoswls
5QPOWMBM030 30OMdYOOLIMZ0L (Bobokashvili & Maglakelidze, 2024).

3960 5630mJLoIBbEGHMMO 5JEH03MdS MBOWMdMD FgsMgdom ~15-x96 dgBos. BobmmMMo
5 3Mm0ggbnwrmo BsgMmgdo 96903 qdb ®s30LMBI MHO3I0wIOL s 035396 ©BI-U
©5H0obgooLysb (Kumar, Patel, & Reddy, 2020). gc0s3s6m0@gd0 (4390393060, 3583896Mmero,
G0bo) bl Mfymdgb s6mgdol Lofiobssmdgam dmddggdsl, sbgomagbgBol 0b3odoMgdsls o
LodLogb6MHo MXMIIOOL s3Mm3EGHMDBL (Chen & Park, 2019).

33939005 9Bg9bs, Mmd Actinidia arguta-li 30996@O0 ©s BgbmEMEO T9doabermds
3dwszc 9BEGH0MJLoBGHME 5JBH03ML  29Bs30MMdYAL, o3 360d369w™3s6 G SEBIEgdL
WX O9IME0 bLEHMILoL 30939630530 (Wojdyto, Nowicka & Latocha, 2017; Latocha et al., 2017).

C s E 3035006900 579xmdqLgdgb 00Mb6m6 134964300L, 3mwsggbol Lobogbls s 3560l
692396965305L, bmwem C  30398060L  dspowo  3mb39bGGsE30s  5d0gMgdl  wodRME0EdOL
5JBogmdsl (Chen & Park, 2019). dobo 3030l dmF3m3560 Tobogws byl MHgmdl bsfersgm®o
9036mBmOoL  dgbseBMbgdsl. oo  domsgBHowGo  3mI3mbgbBHIdo —  BWsz5bMmogdO,
3ox9gbmwgdo, 30@90bo C, Jswomdo s dmF3m — byl »fiymdl amm-bolberds®ogms
Lol 9dol 3bd30w6 IYMI>MIMdSL (Ivanova & Giorgadze, 2021; Drummond, 2019 ).

sGMbol 33¢0939080 bobslidmos dobo 3030l 60 35¢ Mo 649EG096E ™o J9850ygbermds
@5 00M5gBHOEMO B5gMHMYOOL Fomoeo 3mbEIbEHGME0s, MoE ol b0 Bs33900L 353))yMM0sT0
560390l (Latocha, 2013).

REol  BAOWJGHMOS  [oMmdmEygbowos  9g3oMAoLom, TJbmBooms s  FIIBHIMO
Jumzgowadom. GHModmdgdo 035396 d3gbstgl dBoL Fomdo gbghaooligsb, bmem LEHMmds@gdol
BEAOGHIR0O 653905 MBOHNYBZgYMRL oMo (33esld S HYwrol sbszstmyols dobodobsoiosls
LGOI 300Md9ddo (Zhang, Liu, & Chen, 2022). 39Bmgowdo 3063963606900 JarmGMmzowo
MBOHMB3IYMRL RMEHMLObmgBOL 9n39dE0sbMdL, bmwm Juowgds s Bwmgds bgwls MHymdgb
Pgaols s 69@©09gb@GHgool GHGMmabL3MEME.

3ol LEHO®MIGHYOMYWo ©S B6J30M0  9wwgdgbBgdol, Tsm TGOl  LEHMIsEJdoL
39653900L5 O BHMO0JMIGOOL 5gGOIOMBOL 565e0BTs 3boym, M dzgbstgl 4osBbos dmMygdol
MBsM0 (3390935 3939 GIOE ©9:0098DY (Snelgar et al., 2022).

MMM C3 GHodob d3gbstyg, dobo 3030 M3EH0To )Mo gMygds BMAoge HH9d3gMo@IMLS
A9b605bmdsL, mMBzs  Foowro  BH9gd3gMoGIMS  BOHOL  GHMIBL30MOEoOL  0bGHIBLOZgMBL  —
09MHIMMgys3ool  dobboo  (Nakamura & Lee, 2017). 39-40°C  306Hmdgddo J30o6Mm©gds
R0GHMLObMIBOL  9R39JGH006Mds, 0BMHYdS  JmOMBoEOl  BMOHYL3g6E0s s BodloMgds
393 NOHo  sHB0osbgds (Baker & Maxwell, 2005). bsbdmzwrg dowowo  39d3gMo@ Mol
b90mgdggdolsl 3030l Lobgmdgddo dglfogerom 0gbs 4oBms (330l 35653xEBHMYd0, LOSE (3BOWI©
033999005 B3MGHMLobmgHBOL EOHMIO000 IMMHRY635 s GHMIBL3OMSEO0OL do@gds (Xie et al., 2022).

Actinidia-b bbgsolbgs Lobgmdsdo 459mzwgboos MMM MYOMMHO S FOHBOMEMYOMGO
5033300l 394960Dag00  3H9d39MeGH MO BEBGMILMSD  F0TsOmMGdom, o3  Sbobsgl T
39309 gdwge IMoMdLL (Li et al., 2023).

abaogLo 53306390900 OIROJLOMPS BOOEM-50MbOZEge dmembgmdos, byss dobo
3030l 3M@03530s dglfogwroo 0dbs 3030 3odo@ol 306>Mm39dT0 O IEILEGMM©s Jobo
590b0Lsd0 3mbogmH o goddergmds (Bieniek et al., 2016).

56



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

3960mGH0bmo@gdols s BmME0sbgdol  sJGHogzs300L  odarogegds  sbodbm  3oMmdgddo
90900093 396500l 5©3E>30YO 39JoboBIBY MmJLowsE0GMO LEGMILOL dodsto (Wang, Zhang, &
Sun, 2020).

bbgoslbgs 839Mmso  30396@0L  (390MmEH06M0©Yd0, sbM3056900) Lobmgbol  gsBMH©s
LBEAHMILME 30OMBYIBT0 ©35380M7d0s F3gbsGIOL OT(393 OYod30gdMsb MJLoWsEOMMO LEBHMILOL
foboswdgy (Espley & Jaakola, n.d.).

2. 990092000L gsbboangs

Beaggeools 3gm@bgmdol LsdgEbogmm 33agz30m 396G Bo@oMgdme Lodowm@g 33w93590
39bbomo 0dbs dobo 3ogzol (2Actinidia arguta) gmomgdol ga®aligbzool 350s39BHMm9d0 mmbo

X0d0b (3 9030, 0L50, 396U M9 S X MOM) FoOWOMDBY. 3O BGHIMS LMY, XOWIMELL Lodg360gMH™m
3960l BsBsbY, bmwm  FaOgl3gbool  Foboliosmgdwgdo  aobgdmes PAM-2100
RWMmO™IgGHOoo (Waltz, Germany).

396509BH®M3> Fo (d0bodocrm®o  gwwmemglgbaos) dgolfogws 0.6 333 dm©wEo®mgdwem
LobsMEgbBY, bmerm Fm (85du0dscm™o Bwwcmglizgbos) 3sbolsbwg®s fomgwo Lobsmeol gmbbg
20 333 06¢%9bLogMdOm. 3OO0 1 5839690l T90929dL MM039 BMEBY — LodbgEgdo ss3EH0MYdMEO
RMgdols s fomgmo Lobsomol gmbby.

3b®ogo 1. Lodbgwgdo s@3EH0MYOo dobo 3030L BMMOL BeELEg6E0L Fobsliosmgdgwro

L0odb6yEgdo 5I3GHOMIOMWO BMMEYdO fomgwo Lobsomerols gmbo
boggwgzo | Fo | Fm | Fv/FM| Yield | ETR [ qP | gqN | Fo | Fm Fv/FM | Yield | ETR | qP | gN
x0do
39030 36 | 104 | 0.651 | 0.639| 1.1 1 0.204 | 38 | 45 0165 | 0273 | 23 | 1 | 05
olso 46 | 133 | 0.651 0.680 | 1,1 1 0.043 | 65 | 85 0.206 0.680 | 1.1 1 0

306 goo | 45 | 170 | 0.755 0530 09 | 0. 0.080 | 10 | 146 0.274 0539 | 0.9 1 0
75 6

XPOM 50 | 176 | 0.716 0539 | 0.9 1 0 11 | 170 0.309 0.897 | 0.9 1 0

Lodbywgdo  SIZGHOMPMWO  BMMEGIOL  35M0509 MO BElggbgos  (Fv/Fm)
39550 Y0M©s 0.651-0s6 0.755-009. gl 35B396909w0 Bomomgdls PSIT Ggsdzomer 396G®ms
3000 5JGH0OHMBdSBY y39ws X0dol dgdmbgzgzsdo. x0do ,39BL g0 odmo®mBs y39wsbg dowowo
3603369 mdom (0.755), Mg dommomgdl dob gmEHmdodon® 3m@Egbgoswbg s, LogsMeMEM,
oo AMbogEr0sbmdsby. fomgmo Lobsmeol xgmbbg Fv/Fm 09600369wmdgdo 89509960696
0.165-056 0.309-309. 5B 306MdJdTo BMEHMLOBMYHBOL 95399EH06MdS Tglsdhbg35 BSOS, M3
30093 NBOM 713536 BoBL }0dms TGO 45635399908 LGB FEAMTIMYMDIITO 5EI3ES300L
Mbo®d0.05mocwo  gN (0.5) ,39030L° x0ddo FoPOoMPIL  FmGHMJodoemo  LEGgbol  dodsGron
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39594BG0MMgdME 9353 99ds60BgdbY. Fggye®, gu d5B396909w0 F0MOMGIL KX 0dMSTMMHOLO
396Lb3539098900L 5OBGOMBsDY PoMgdm LEBMGLYOMSE (5d0MEIO/DOMEHWE) dGHIMol FbMog.

3. L3365

339306 990093900 983969096, ™3 dobo 3030l MmMbO3zg X0do 356MRYSE 593l 3sLIbL
XOIMEOSL  303OM3IW0TdGHMO  300MOJOL, MMIES OMMIMWo x¥0do dsdM0MBg3s  Lbgsalbgs
BMEG™J0d0OH0 BobsliosMIOWIO0 S SISGSEOIM0 YBIM0m. Q9BLsIMPMIOoD ,396L MgEO™
»XOM  BBbgb  9o0mMBgMs©  BmAHMJoToMe©  9JBHOMMO 5 5Q3GH0MYONMO0.
R0BOMWMYoMEOO 33093900l dbyogLo G99y 00 3609369 M3z5605 FMToz5¢0 39 EH035305LMSE o
X0dM5 35005MB35L096 5353806090000 LyJsONZgWMLM3Z0L.
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Preliminary Study of the Nutritional, Biochemical, and Physiological Characteristics of
Mini Kiwi (Actinidia arguta) in Georgia

Tatuli Tsenguashvili

LEPL Scientific-Research Center of Agriculrure,
Thilisi, Georgia

Abstract. Mini kiwi (Actinidia arguta) is a crop of high nutritional and biological value, rich
in carbohydrates, fibers, organic acids, antioxidant compounds, and bioactive components. It contains
significant amounts of phenolic compounds, flavonoids, vitamins, and minerals, which determines its
medicinal potential and preventive functions.

The present study aimed to conduct a preliminary assessment of the nutritional, biochemical,
and physiological characteristics of mini kiwi under the conditions of Georgia. Within the scope of
the study, the anatomical structure of the plant's leaf and fluorescence parameters related to
photosynthesis were examined using the example of four cultivars (Weiki, Issai, Ken's Red, and
Jumbo). The pilot experiment was conducted at the Jighaura Scientific Base. Based on the obtained
data, the plant's ability to adapt to stress was evaluated, which provides an important basis for the
scientific research and practical cultivation prospects of mini kiwi in Georgia.

1. Literature Review

According to studies conducted in Georgia, mini kiwi adapts well to local climatic conditions,
and its successful acclimatization is noted in both lowland and high-mountain regions (Maglakelidze
& Bobokashvili, 2021).

Mini kiwi (Actinidia arguta) is a crop of high nutritional and biological value, rich in
carbohydrates (13—18 g/100 g), fibers (2.5 g), and proteins (1 g), with an average energy value of 77
kcal. The high concentration of fructose and glucose determines its sweet taste and energy value
(Smith & Lee, 2018).

The fruit also contains organic acids—citrate, quinate, and malate—which support the
functioning of the digestive system and metabolic balance (Smith & Lee, 2018). Mini kiwi is rich in
carotenoids, chlorophyll, and anthocyanins, which are antioxidant pigments and participate in the
protection of various systems of the organism (Bobokashvili, & Maglakelidze 2024).

The Weiki cultivar, acclimatized in Georgia, is distinguished by a relatively good biochemical
composition and yield, which confirms its agricultural potential for local conditions (Bobokashvili &
Maglakelidze, 2024).

The antioxidant activity of the skin is ~15 times higher compared to the flesh. Phenolic and
polyphenolic compounds neutralize free radicals and protect DNA from damage (Kumar, Patel, &
Reddy, 2020). Flavonoids (quercetin, kaempferol, rutin) contribute to anti-inflammatory action,
inhibition of angiogenesis, and apoptosis of tumor cells (Chen & Park, 2019).
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Studies have shown that the pigment and phenolic composition of Actinidia arguta determines
a strong antioxidant activity, which plays an important role in the prevention of cellular stress
(Wojdyto, Nowicka & Latocha, 2017; Latocha et al., 2017).

Vitamins C and E improve immune function, collagen synthesis, and skin regeneration, while
the high concentration of Vitamin C enhances lymphocyte activity (Chen & Park, 2019). The fibrous
material of mini kiwi helps maintain intestinal microflora. Its bioactive components—flavonoids,
polyphenols, vitamin C, potassium, and fiber—support the functional state of the cardiovascular
system (Ivanova & Giorgadze, 2021; Drummond, 2019 ).

Latocha's studies emphasize the unique nutrient composition and high concentration of
bioactive compounds in mini kiwi, which places it in the functional food category (Latocha, 2013).

The leaf structure is represented by the epidermis, mesophyll, and conductive tissues.
Trichomes protect the plant from excess solar energy, while the strategic arrangement of stomata
ensures gas exchange and minimization of water loss under stressful conditions (Zhang, Liu, & Chen,
2022). Chlorophyll concentrated in the mesophyll ensures the efficiency of photosynthesis, while the
xylem and phloem facilitate the transport of water and nutrients.

Analysis of the structural and functional elements of the leaf, including stomatal arrangement
and trichome activity, revealed that the plant has the ability to adapt to changing temperature regimes
(Snelgar et al., 2022).

As a C3-type plant, mini kiwi is optimally adapted to moderate temperature and humidity;
however, high temperature increases the intensity of transpiration for the purpose of thermoregulation
(Nakamura & Lee, 2017). Under 39—40 °C conditions, the efficiency of photosynthesis decreases,
chlorophyll fluorescence increases, and molecular damage is recorded (Baker & Maxwell, 2005). Gas
exchange parameters were studied in kiwi species during short-term high-temperature exposure,
where temporary suppression of photosynthesis and an increase in transpiration were clearly observed
(Xie et al., 2022).

Morphological and physiological adaptation mechanisms in response to temperature stress
have been identified in various Actinidia species, reflecting their enhanced resilience (Li et al., 2023).

Similar observations were recorded in north-eastern Poland, where mini kiwi cultivation was
studied under cold climate conditions, and its reasonable weather resistance was confirmed (Bieniek
et al., 2016).

The enhancement of carotenoid and anthocyanin activation under these conditions indicates
the plant's adaptive mechanism against oxidative stress (Wang, Zhang, & Sun, 2020).

The increased synthesis of various color pigments (carotenoids, anthocyanins) under stressful
conditions is associated with the plant's protective reactions against oxidative stress (Espley &
Jaakola, n.d.).

2. Discussion of Results

In a pilot study conducted at the Scientific-Research Center of Agriculture, the fluorescence
parameters of mini kiwi (Actinidia arguta) leaves were examined using the example of four cultivars
(Weiki, Issai, Ken’s Red, and Jumbo). The experiment was conducted at the base of the Jighaura
Scientific Center, and the fluorescence characteristics were determined using a PAM-2100
fluorometer (Waltz, Germany).
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The Fo parameter (minimal fluorescence) was studied under 0.6 kHz modulated light, while
Fm (maximal fluorescence) was determined against a background of red light with an intensity of 20
kHz. Table 1 shows the results on both backgrounds—for dark-adapted leaves and against a red light
background.

Table 1. Fluorescence characteristic of dark-adapted mini kiwi leaves

Dark-Adapted Leaves Red Light Background
Studied Fo Fm | Fv/FM | Yield ETR | qP qN Fo Fm | Fv/FM Yield | ETR qP qN
Cultivar
Weiki 36 104 | 0.651 0.639 1.1 1 0.204 | 38 45 0.165 0273 | 23 1 0.5
Issai 46 133 | 0.651 0.680 L1 1 0.043 | 65 85 0.206 0.680 1.1 1 0
Ken’s Red 45 170 | 0.755 0.530 0.9 0.75 | 0.080 106 146 | 0.274 0.539 | 0.9 1 0
Jumbo 50 176 | 0.716 0.539 0.9 1 0 115 170 | 0.309 0.897 | 0.9 1 0

The variable fluorescence (Fv/Fm) of dark-adapted leaves ranged from 0.651 to 0.755. This
indicator points to the high activity of PSII reaction centers in all cultivars. The ‘Ken’s Red’ cultivar
was distinguished by the highest value (0.755), which indicates its photochemical potential and,
presumably, high yield. Against the red light background, the Fv/Fm values ranged from 0.165 to
0.309. Under such conditions, the efficiency of photosynthesis is noticeably lower, which further
emphasizes the differences among cultivars in their ability to adapt to stressful conditions. The high
gN (0.5) in the “Weiki’ cultivar indicates activated protective mechanisms against photochemical
stress. Consequently, this indicator points to the existence of inter-cultivar differences in terms of
combating environmental stresses (abiotic/biotic).

3. Conclusion

The study results show that all four mini kiwi cultivars respond well to the microclimatic
conditions of Jighaura; however, each cultivar is distinguished by different photochemical
characteristics and adaptive capacity. ‘Ken’s Red’ and ‘Jumbo’ appeared particularly
photochemically active and adapted. Such results from physiological studies are important for future
cultivation and cultivar selection for Georgia.
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dobo 3030L (Actinidia arguta) 55350090900 ©s 353690¢9gd0 50TMBsgEgon
Bogo®M39Ml 53MmMY3MEMA0e 3JoMMdYddo

0065006 gmy0dz0o!, mdows 3b39wsdg? gangbyg dsemes3gmody 2, bobm BobMsdyg?

LB5goMmm39wmb 3946039600 Mboggdlo@g@o, 0d0Eolo, bydsOmzgwm,
2bemgeols 39OHbgmdol Lsdgboghm 33eg3000 396G, MdOWOLO, bodsGmzgwm,
3 02569 ¥535b08200ol LobEMdOL MdOOLOL LabaIHomnm “Mboan®Lio 0, LadodOmgerm
3°00 X3 30Q I @ JILIYOG JoogzgmLoGIO NG

SBLGHMsJH0. dobo 3030 (Actinidia arguta Planch.) {o3mopqbl 39ML3gd@ome bgbowmgsb
3MWGHMOL,  OMIgEog  odmoMBgzs  Fo®owo 33900000  QOMJIMWGIOM,  J3MEMYO)E
9yMO@MBOMS @S 30T GHVIM  300390MD  53GHOE00L 3900  MbsMom. Fobgszs ©d
30GHMO0L 00O  dBomO  0bBHIMGLOLS,  4oBLEIMMMGO0  LooMIMZIWML  sIMBLgEgm
6930Mb98d0, OO 3 3G sBg39 dobo Fo3690wgdOLS O Ws5350OJOOL Tgbobgd Imbs3999d0
dhomos.

2023-2024 fargddo  LLo3  Legwol  dgm@bymdol  Lsdgzbog®m-33wggzomo (3960l
bogmangdgom  dowdo  (bmy. xo0smes, dgbgmol  IMbogodswo@g®o) Bs@oMgdmwo  bsgzgwy
5330039090000 ©Y0bs, MMI dobo 3030 BMYsIE Fodmo®BYzs Fsmowo MHgHoLEIbEHMBOM
8536909 5 5350V 0o, MMI3s Moo Lem3mzsbo 3smmyqbgdo s FgMHgdo
$o00MoqbL 59 3@ m@obmgol 360d3bgarm3zsb MolL.

3990309600 JOMOMOIPO 99350Jd9d0 0ym BogMolRgMo Losd3dewng (Botrytis cinerea Pers.)
5 3bgbogMo bmzm (Erysiphe actinidiae U. Braun & S. Takam.). 35369090 dm®0ol s00bodbgdms
00900 (Aphis spp., Hemiptera: Aphididae), fomgeo mdmds (mOfgd@Gows @303s) — Tetranychus
urticae Koch (Acari: Tetranychidae) s gmommeobgggos ( Tortricidae spp., Lepidoptera: Tortricidae), s
9010093l 353690905 LYLE 2930 EIWYISDY. 993503900 MROM 06EIBLOIMS® 3e0bgdMmEs
Bogmazols 3mdfoxgdol 396H0m©do, bawm 3536989 ms 5d@0mMmds 0HMmYdIM©s FaMOE S MBOE
590bgddo.

©5353)900m, 500603693 JoMob B0osbo s JurmOHMbo, Mg FoMdmoygbl d;39bsGOLIM30L
960036900M356  sd0Mm@GHMO  LEBHMILRBIJBHMOYOL.  Joo  bAoMs  0f393L8  Wo0sbgdol  FoBoIME
©3H0567dsL o Bogmgzol Bsdm33965L, beagnm H3060L Jermdmbo 6050l GMEg Mgodgooms o
903609 9896¢g00l 653wdMd0mss 29630MMdYOMWO, Moz DLzl d3gbseol BmEMLobmgbme
59BH0gmdsbs.

300900 899900 domomgdl, MHmd dobo 3ogo Lods®mzgermdo 2sdmo®mBgzs Bmys©
9aM5@Md0m  3536909M-5535000ms  3M33gdbol  JodsMrm, M™mI3S  9YB30EGOJ0s TS0
©OMMo 00096G053035305 s 063IM0MYdIMo ©H3E30L WMboldogdgdol sbgMY3s 3w EHMOL
3aM50 296300050900l »HBOHMB3gEXLOYMRB.

1533960m LoGYz9d0: X0do, Lemzm, 3o00my9bo, sdoMEMMO, d53690geo
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1. 8gbsgogmo

dobo 3030 (Actinidia arguta Planch. ex Miq.), 6 ,,3030-0960%, §o6IMy9gbL sboew s dbstr
3009ME0M 3G, HMIYEOE 2odmo®Bgzs d30Mg Bmdol (5-20 ), 330, Lo33905 35MPOLO
3960 gmbg Bogmaxzom. 0go BsOMMO 0L o3MEIIOMWo sbow bgwsbwosdo, 0s3mbosdo,
3069590, 3mwmbgmbs s $88-do, Losi Ho@mBdmgdol doMoms doBsbl Fodmoygbl dosmswo
bs6oLbob LygdudmOEHM 3GMmEOMJEoL domgds (Testolin & Ferguson, 2009; Krawczyk et al., 2017).

sbo  Bgwsbosdo Fomdmgdol 2sdmEowgdsd sB39bs, MM 3MEHMs IgMdbmdosMgs
bbgoolibgs 8536980l d0dserm, 2obLo3MMNMGO0m BMmMwb3l939d0L (Tortricidae spp.), MOHORIOOL
(Thrips tabaci Lind.), 3653s00s6gd0L (Coccidae spp.) o (3039000 (Tetranychus urticae Koch)
b90mgd9g9d0Lodo. Dmaogho dgebgmdsdo Bogmaol sbszstao s0fg3ws 20%-b s gL, Mo3
Pom3mgdobmzol LgMoMmBM 258mf3935L Homdmoagbl (McKenna et al., 2007; Biasi et al., 2019).
9536909mms  3mb6GHOMEo  dmombmgl  LHmMs©  ©oggador  ©s330L  LoLEGYILL,  MHMIGEO3
MBOHMB39wymRL JodorMo bomBgbadol I0bodoBsE0L s 93N MYoE MBsBOMMYdLL (Ferguson,
2016).

b™M3m396 535009090l TMOL goblozmm®mgdom bsdodos bsgmolygmo Lbosddwy (Botrytis
cinerea Pers. ex Fr.), 0300g3¢m6s, 39L3ms s 0gOHml ¢rdmds (Phytophthora cactorum (Leb. & Cohn)
Schroét.), Ly gdmEHobombo (Sclerotinia sclerotiorum (Lib.) de Bary) s @¢bgbog®o Lmzm (Erysiphe
actinidiae U. Braun & S. Takam.), ®m3wqgdog 030396 B30mmgdols, garm®@gdobs s bagmgol
B0567dsL, M55 3603369 mzbs 5330090l dmbsgerol bsGolbl (Cho et al., 2018; Park et al., 2016;
Cavalieri et al., 2020).

05dBH9M0E 535009090l IMEOOL JegzsM0 3smmyqbos Pseudomonas syringae pv. actinidiae
(Takikawa et al., 1989), ®™389wos 0fi3938 Y39300b Losd3wqL (bacterial blight) — yobLs3MOGOIOO”
LoBosbML 30g30L Lbgs Lobgmdgdby A. deliciosa s A. chinensis-bg, 093> dobo 3ogzbyg ( A. Arguta)
061394305 99909000 00305005 (Vanneste, 2017). ULodsGmggermdo o8 Godolb dgdmbgg3zgdo
XIOXIOMO00 56O IROJLOMGIMWS.

dobo 303l 5B0sbgdL sbgzg BgLgol bydsBmgdo (Meloidogyne spp.), GMIgdoi  JIbosb
33960908 9Lg9dBY, 9739MHbYdYL DMLY s 33905L, MYI3S LEJoOMZIML 30HMdYddo ALYS3LO
39000b393900 56 godmzwgbows (Bobokashvili et al., 2021).

Jo6o Fo6Hdmoagbl 9Hm-9MHm 8356 LBEHMILRSJBHMOL A. arguta-Loogol, oblszMmMHYdom
393935300L Lsfiyolb o boygmaol gob3z0ms®mgdol 3gMomdo. 0yo ofi393L bogmaol bgsdomby
Bo3506q0Ls s BofodmEmadL, SHSEIPIBOS Yarm®mEJdoLd S Brmgdol IEH3M35L5 s 33965, Bos
96039369cm3b500 59;30690L boymazols 3m3gmEome bomolbl (Testolin & Ferguson, 2009).

dobo 3030 BmIoghs I3Mm3AbMd0sMgs ©3060L IBOEOEHOL F0ToOm, 5Bl MMMIO0m 3006
96 BMB9 60505390% (pH > 7.5). 59 oM™l 30600905 Bmmol Bmds s yarm®d@Eol BOHs, bagom
3bOERSBOS BMMEYdoL JBMZOEO Y30mEPYds, doMM3900 30 GRYds 396y — Gog G3obol
JmOHMBOL ©sdsbslosmgdgwo LoddGmdos (Park et al., 2016; Krawczyk et al., 2017).

LodoMmggermdo  Bo@o®mgdmeo  306039mo©o  33g39d0  (Bobokashvili, Maghlakelidze &
Kvaliashvili, 2021) s@sb@0gdl, Mmd A. arguta 356350 939905 os@dmbogargom Lodo®mggerml
6050539~ 3c05GHMO 3060HMBJOL, MMIEs M0R0 bMZM3960 s9350J0Yd0 s Fo3bgdegdo 33es3
§om0Moabl  LgBoMBMY MolL. s0bodbmwo Z0msMgds boBl ML3gsdl  doBsbIodsH Mo
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dmbo@mMobaols s 063 9aMm0Mgdo o330l Mboldogdgdol d9dwdsggdol 59930egdEMBLL, Mo
LoR3vdz9el Bomy®ol dobo 3030L MO FoMmdmgdol 39630056gdsL LadoMmzgumdo.

2. 33930l 30Bsbo s sdm 356900

33w930L doBsbos:  dobo 3030L (Actinidia arguta Planch.) do6oms@o 053693 gdols o
1M 33560 93500930l 0EIBEHOBOEFOMYdS, o0 o3MEIEOOL 06EJBLOZMOOLS S IB30MMYOOL
3063900l Jgufogs  sMBMLOZW I  LodoMMZIML  5MMYIMEMAONO  30OHMDJdTO,  MPMO
3960L5BOzOML 53 3MEEGHIOHOL I(330L IRIJBHIOO0 S 3N MO YYLOBODHM LEHMOEJR09d0.

3309306 $3m3sbss dobo 3ogoL (Actinidia arguta) d50gd80 @S JoMOMsEO  Lbm3m3sbo
3ommyqbqdols (Erysiphe actinidiae, Fusarium spp., Phytophthora spp.) 2500m3wqbs o s0fig®s.

Q0553500909005 5 353693 gd0l 493M(39egdol LobdoMol Jggz3sligds Lbgoalbgs xodls s
393935300L B5Dsd0; 3€0doGHMMH0 Bod@MMIOOL (BHYI3YMoGHWIOS, 3H960sbMds, Bowngdo) as3wgbol
5305 35™96900Ls s 353690 gdoL 2963000509008 OBF03ZsDY;  BoMYdMWo TYIJOOL
990056905 LgMHMTIMOOLM IMbs39dgdMb (3MEMbgmo, 3MMgs, sbowo Bgwsbwos) dobo 3030L
©5330L  LobBgdol  Mm3GH0dobsgool  obbom; 0bFHIMOMIdMwo  ©s33oL  (IPM)  do6omowo
36063039008 ©193mFgb0Mgds — LsboGIMMO, 5MMFgJ603M0 s doMmMAOMMO FgmMEYdOL
d96mfydoom.

3. 3309300 Md0YJBHO S FgMMEPOIS

3309306 Mmd0gd@os dobo 3030 (Actinidia arguta Planch.) x00900L 3megd3os, GmIgeoa
39396999900058L03 ,,5393609MM—330930m0 396EHOOL Lo3Megd30 dowdo (LMY, ¥0WIGS, d3bgool
396030350039 H0, 50IMb3ego BodsGmM3garm). 33930l 3gMomdo (2023-2024 {)f).) dgufogwrowo
0965 50 MdM030 30609330 06EOMOY306M9dO X0dGOO - 39030, 396L g0, XFdM 5 OLSO.

330935 BoGo®m@s L3 Lemgeol dgebgmdol bsdgabogmm-33w930m0 395EGHEMOL Lszmegdzom
do0do (bmg. xXoorMs, dbgmol dMbogodsco@g@o) 2023-2024 fargddo, dobo 3030L (Actinidia
arguta) Lsdo xodob (,Ken’s Red®, ,Jumbo® o ,Issai“ “Jumbo”) 3ob@o309d%g. dobsbo oym
953690¢0900L5 s d0MOMsO LBM3MZ9b0 5350 YOOOL 45FMZgbs, 2530 3gIgdoL 0bEHIBLOZMBOLS
@5 39630056900l 30MHMdYdOL  Fgufagems  5BMLOZEIGE  LBddoMMZIML  SMHMY3MEMROVIO
306)1090d0.

53306390900 9000b56gMd©s 3939B9300L 3gMom©do  (Fsolo-LgdBHgddgeo) ymgger 14
©Egdo ghmbgm. 9396569900L dyMTsMgMds BoLEYdIMS 30DBMsMMO JgBsligdol Igmmom, 5-
050560 L3ocom (0-5), Lysa: 0 — IBOsBYds 56 TgobodbgdM., 1-2 — LB 0bxggd30s (Fmomeol
96 Bogmazol obosbgds <10%), 3—4 — ULodwsgrm 0bxygdsos (10-30%), 5 — derogMo 0bggdizos
(5056905 >30%).

gmgg xo0dbg dgomBs 10 doMomowo 9396569, GMIWgdByE S00M0EbYdMEs ©s9350JdGO0LS
s 353693900l Lod3EHMIgdO.

053690905 ®5mEgbmds soMogbs @ MmommgMw x0dbg 50 Gmmeols s 50 bsgmxol
608xddo. sM0oEbzs d99bgdms doMoms 953693 gdl: 303900 (Tetranychus urticae), dvyy0M9d0
(Aphis spp.), geomwwbggzogodo (Tortricidae spp.). 99608690 g@9d0 daMm3s MMM s bywmom,
0L 89650 §93m3560 bsg3sbagd0m (4Y30m9gEr0 — dYAMGOOLMZ0L S MOHOBLYOOLMZ0L, O XO —
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A3039090bm30b). Jomgdwo bodwxmdgdo 990yma 0I6EHOBOEOMES WOdMOMSEHMEM05d0 Bo3MOML3M30L
9399 LobgMdgBOL EMBOL YYD3Y.

bm3m3960 39350098900l 33¢1g39; 30D MEMO ORBMBE0IS: BMMNWGIOL, Y MO EHJOOUS s
Bogmazol Bgod3ombg bmzmzsbo Lod3E ™GOl MgAOLE®E0s (B30, BMMEIOL EIod0sbMds, 3MdS)
ocHMEH30S QS 3MEGH0Z30M9DS: V5350JO0 Jur30¢gdOLY 350MYYBMEO L ZMgdOL Qodmygmas,
35000 3M@03060905 13390 9B (39BH®oL FMMFJdo) s FoIMMLIM3MWO IMII0IMGOS
O BMEMm0MHo bodbgdol dobgz00.

WdMMIGMOHOMWOo  0©IBEH0R03530s:  398m3wgbowo  3smMygbgdol  0gbEHOBOEOMYOS
bg0Mm©s 3030303000 Joboliosmgdwqdols bogmdzguw by — Erysiphe actinidiae, Fusarium spp. Qo
Phytophthora spp.

06g399300L  253ME3gegdols FgBaligds: Mommger 65339030 AO0BIdMES 5350 JOIMO

9396569900l 3MIM396GHMEO  BoMmIbMmds.  1533Wg30  dolos  39MOMEIWSE  IM{AIIMES
3wodsGeo  dmbs3gdgdol  ((Hgd3ged«ms,  boawrgdo,  GHgbosbmds)  3sMoEgwEe©, MM

506900y m goMgdm 30OHMBJOOL 493965 06839J300L 49630056M9dsbY.

@WBdMOSGHMOOMO ©S BEHIGHOLEGH0ZNMO ©FNT3905 WIBMOSGHMMOWS®  FoLIOEO
9mbs399900 ©53w98s3s LodwoErm 8603369 mdgdol dobgzom. d9w9agdo Fgscmgdmw odbs
BogMHdMMHOLM dMbs39d90090 — 3mErmbgmols (Ochmian et al., 2019), 3mGgol (Cho et al., 2018) o
obogo  bgwsbooll (McKenna et al, 2007) sbsgomaom®o 3393990l 99009390096, 6o
d9L5dE9d9gL b0 HYR0MbMEo Mo30l9dMYBIOOL godm3wgbols s 9B Tgisligdsl.

4. 33g30b 89©gagdoL Yobboegs

50dMboggom  LodoMMZIWML  5xMMY3MWMYoME  306MHMdJOTo  BoBoMgdIMds 33109350
(XowomGos, 2023-2024) sBz9bs, 03 dobo 3030 (Actinidia arguta) Bmys©O© 359M0MBY3s Fo®owo
M9BoLEGHIBEGHMO0m, MMI3S M0Y0 beIMZ9D0 O53500Y09d0 s 353693 qdo 3603369 M350 J93egbsl
5bgb96 9396500l BOBOMMMYOE FEAMI>MYMOLS S Bogmgzol 30TgMH 0w bamolbby.

bm3m3960 ©99350090900: BogMolgg®o Lbosddwnyg (Botrytis cinerea Pers.) BogMobgg®o
Losd3¢wg (Botrytis cinerea Pers. ex Fr.) xowom®sl 306MHMdJOT0 05350905 ©IB0JLOMES
doM0MO©O®E boymaol dmdfoxgdol 39Hom©do, 2sblozmm®gdom bgldosh s BmdogMe mdo
©©99030. 0663994305 3005M©YdS BoymBol Bgo30mBY, 0fj393L Mdo W3MdsLS s bozMoligyH
903903 Logs@l. Botrytis cinerea ssMBgds bsdlbzm93903d0 s 0bxzo30Mgd d39bsMgre
Bo®bgbgddo, Mol godma M93m3gbgdmmos Lsbo@strmwo FMado s 0bxoEoMgdwo dslserol
©OMO INGOWYOS.

8bgzbog®o bmzem (Erysiphe actinidiae U. Braun & S. Takam.) gbgbog®o Lmzmlb Lod3dEmdgdo
399Mm3w0bs BMOWGdHY MgMMO B3J30¢0LJIMO LogsMol Lobom, gobls3MmMgdom 3939@9300L
4995 39M0mdo. 0b6x9dEos bgwl Mfymdl Bmmeol gmEmbobmg®Bol ©sd39009dsl s SO
5F36Mmdsl. 553500905 9dBH0MEMs© 30bgds BgLBHsh s BmIoghms Mmdow s80bdo, ™MmdEs
930930160  356300560900L  BHgbgbEos 96 Fgobodbgdms. MYRMWIOHWWO  sMMEgJbolME0
©mbolidogdgdo s 930060 bogbmmols 36939630 Mwo  gfsdzagdo  9x39dGMM0s  0bxgdsool
d91539390O.
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533063909000 3060, HMI y39wsHg 9o sHB0sbs Issai x0do (06g3qJzool
Lbobdotyg 35-40%), 99509300 bs3egdsc — Ken’s Red (25-28%) o Weiki (15-18%) o

Xdd™
gb®oo 1 §omdmaz0096L dobo 3ogzoL x0dgdol (Issai, Ken’s Red, Weik) ULmzmgsbo

055350090900l 293039 9d0Ls s 063 blogmdOL dsB3969dgdL.

3b®0oo 1. b 3m3960 ©55350Jdgd0L A530M(39egds (05 doerosbo LoliEgds)

xb3006M0 Lm3zm

) BogMoliggmo Losddgry 1539500

X040 (Erysiphe (B L ) dsBanbad
otrytis cinerea 0

actinidiae) o 80P9%0
Issai 3.7 3.2 3.63
Ken’s Red 2.8 2.6 2.87
Jumbo 2.0 1.5 1.90
Weiki 1.6 1.4 1.60

05330639000 99009390 06w, ®mAd dobo 3030L (Actinidia arguta Planch.) x0dgdl dmGol
bM3M3560 993500 JOJIOL  2o3ME3IWYds s 0bBHYBLOZgMds  I60d369wMmzbo  goblbzogwgds.
Y39wsbHg 9GO ©sB0sbs ‘Issai’ x0do, MHMIWOL BMMWYGdHBY s bogmxzbg zbzogmo Lemzmb
(Erysiphe actinidiae U. Braun & S. Takam.) Lod3&mdgd0 50mPbs 393930300 85 ©s dgmeg
Bobggo®do — 0bggdzool LobdoMg dgnslis 3.7 docom, beagrm 8530 3mdol (Botrytis cinerea Pers.
ex Fr.) 0b3gblogmds 3.2 35wwom. 53500905 259m0bs@gdms BmmEol bgsdodhby mgmMo
9039w0dolgdMmo BoBsMom, Mog MbEsmsb 0fj393s JuMm30gdol FodMTMMBsLS s bsswM3
RMME33960.

39056090000 B 0b6x39d30Mm0 Bgfimes 500b0dbgdms Ken’s Red’-by, Lowog mM0gz9
553500900l bLodeogMg Fgoxslgl Lydmsm EMbyE (2.6-2.8 ds¢no), beem Jumbo’ s “Weiki’
3990m06BgMm©bI6 Y439 sy oo MHgBoLEI6EHMBOm. o0 9dmb393500 H53500Gds 0ym bLYlEoE
3°90bs@GM0o, M3 bbbzl oo 39009l 93MEMPOO 5I3FHO30L S bofowmdMmog g9bgEo3 MM
95 MdL.

Bogm™ G9b9gbE0s 5839690L, HMI BH309M0 LM XOWHMELL 30MMDdYdT0 3e0bYds MBOM
59BH0M5©, 30067 530 @3MBs. 0b6x39dEool 39630569l bgwls MFymdl dowowo  3sgMol
A96056m0ds @5 BMIogho  MdoEro  530bYdo, MMIWGd0E  ITIBILOSMYIGE0Ss  5y30LGHM—
199GH99dM0L 39M0MmEOLM30U.

do9dmwo  dmbs3gdgdo  dommomgdl, Mmd  Lmzmgzsbo 063930990l 3mbEHMMEOLLl
SMBOWYOI0S MMM Eo dmbo@mMobyo s 309395630 Mbolidogdgdols aodsmgds —
39653 GO0” Yz9sBHg AgMdbmdosmg x0d9dbY (‘Issai’ s bsfomd®mog Ken’s Red’). 58539 oMb,
Tumbo’ s “Weiki’ 990dwgds Bs0m35¢ml d9@s6M9000m BEdOWwME 496mGH039d5©, MMmIwgdos
396L399GH00s BodsMmzgarmdo dobo 3030L Lad®mgfizgwrm Homdmgdobmgol.

053690amgd0: Jomgmo mdmds (mOfghGHows G3035) — Tetranychus urticae Koch (Acari:
Tetranychidae) (5303900l ©sH0BYds  3w0bEIOdMEs  BMMOWGPODY  JMOMBMEO  WsJgdoL
§omdmddbom, MHmIgwoi dmy300690000 9MM056EIdM©s s 03930 BMMEOL bssMg3 (33965L.
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3536900l 5J@H0MO™Mds 0BOIIME 03eolLOL dgmMg bobgzMoEsb v330LEHML w5 MoEb3gd0©Y,
29bL53MMOgd0m Mo sdobdo. “Weiki® s0dmBbEs g4z9wosby da®dbmdosdy, o3 9godergds
3539060 90Mm©YL J>50 BMob LEAHMWJEHMOL s LoyM39L.

dvyagdo (Aphis spp., Hemiptera: Aphididae), 030900 23b30090M©s doMHomss© d3ggbstols
3bOERSBOS YO GHGObg O BMoEol J39s IbsMgL. olobo 0339890Mm©bBI6 Mmool {zgbom,
o3 0§139305 BMOWOoL ©IBMOT5305Ls S BMEOL Tgbgegdsls. om0 MoMmEYbmds 3036 smfigzs
0360L0b dmemb, bgliEosh 3gHomedo.

BMomebgg30 (Tortricidae spp., Lepidoptera: Tortricidae), gmomebggzol ¢o63900 sH056900bgb
SbOERIBOS BMOWGILS @O YrmOEHJL, M™Iwgdog 9b3930b96 Jumzowgdom  dglsgzom
LEAHOWIGHMOIOdo s Fogbom 0339090Mm©BY6. sB0sBYdS 0()393000 FMMOL HYs© b33,
©IBMOT3G05BS O SPPOWMOM0Z 45dbToM BbgdL. Y39mobg bdocmo d98mbg93900 500bodbgdms
0360L0b dmembs s 03¢olol sbishyoldo,

Xx0093L  dmMol  500bodbs 8600369 mz560 Lbgomds MHMYMOE 935090 g00Ls©A0, 0byY
9536900900L5d0 goddegmdsdo: Ken’s Red — 998m06B935 89005690000 dowowo H9boli@gbdmdoom
O3 bog®ol, obg BMBIOOMBOL J0do®mm; Weiki d303bMd05M9s BZmBIGM0MmDoLs s mGORLYdOL
900356m; Issai 595 B0sb@Yds 33039005 @ boEsMom.

3b®oo 2 Fomdmy300996L dobo 3030l x0dqdob (Issai, Ken’s Red, Weiki, Jumbo) 353693cgd0l
95369md0l  35B396939dL.

300 2. 353690905 ©sD05bgd0L 06EgblogMds (0-5 doerosbo LoliEgds)

foomgmmo mdmds 39136900 BMomEbgzg30 Lodwgoem
X000 (Tetranychus urticae) (Aphis spp.) (Tortricidae spp.) | 3sB3969d9eo0
Issai 2.6 25 2.4 25
Ken’s Red 1.0 1.1 0.9 1.0
Weiki 1.8 1.6 14 1.6
Jumbo 2.4 2.1 2.2 2.2

05330639000 99009290 06, ®mAd dobo 3030L (Actinidia arguta Planch.) x0d9dl dm®ol
9536909wms  393M(39egds s Bgdmgdggdol  0bEHgblogmds 360d369wm3bs  A9bLbgs3Yds.
Y3959 839G ©IB0sbs Issai’ ¥ 080, Losg gobliogzmMgdom 4sdmgwobos fomguo MmdmdoL 56+
mOHgOEG0ws $3030L (Tetranychus urticae Koch) 9mgdggds, HmIgeos od@omMogdms 03¢obols
9969 BobgzM0sb 5230LEGML dwgs H03b39d59Y.

RONEYODBY 900b0dbgdMm©s JrmOHMbBMwo Wwsdqdo, Jumzowol AsTMIOMBS s Bss®mgzo
33965, 853690¢0l  go3MEgwgds  dgxnols  Lydmsmm ©mbg (2.5 dseno), MVIES BT
939696990%g 500603690Mm©s M HO Fooo EIB0BYds FIMoo s 3bgo sdobogdol
306)19030.

‘Weiki’ x0d%g 330306 H99mgddggds 0ym d9s0gdom bo3wmgdow godmbo@wo (1,6 ds¢o),
0935 ©H0s6gdoL 60dbgdo 5063 F90b0dbgdm©s 3gbs®Ol J39gws FmmEgdbg. Jumbo’ o
29bL53MmOgd0m Ken’s Red x00ze 85369090ms 4930EIgds 0gm ©odso (1.0 ds¢o), Go3
3d0»0m9dlL diso 3909l M9BOLEHIDEHMBSDY.
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00900 (Aphis spp., Hemiptera: Aphididae) g3oglo®gdm©s doMHOMO©I© SHoEIRsBOHs
4m®@GH9dHg 9 FnmEool J3gs dbsMgl. om0 Momgbmds 303l s0fg3s 0360LOL dremlbs o
03wobol  sbsfigolldo — bglEosh 9306gddo. 3MAMdOL Bgdmddggds FgBobis Lodwmogom
0639blogmdom Issai’-ls s Jumbo’-bg, bomeoem ‘Kens Red’ s “Weiki’ godmo®bgmbgb dgstgdoom
Q050 EsH0sbYdom. Fmmbgzgzol (TZortricidae spp., Lepidoptera: Tortricidae) s639%0
550569000696 BMMgdL s 0393WHI6 om0 IBMOTSEF0SL, 1YF(35 >0 JO3M(39EYOS XOWS¥YEMSTO
0ym bLYLEBHOE ZodMbIGOo (1.4-2.4 doo).

LogMonm 39gbwgbios 58396900, MM 053690905 59EH0IOHMBS 83300705 0YM IMIOIOICPO
399G IMOMEMP06 3060HMdJODY — 3035 F9BHO© 393M3EIXs MW s 3bgwr 30bgddo, 35806
OMES 39360900 ©s Gmmwbzg3900 — MBGM bglBosh 3gMmom@do. 5933500 Lgbmbmemo ©obsdogs
999L0d59905 b3 3983965 1IM BMbgdT0 BoBoMgde 33¢9390Ls3 (Cho et al., 2018; Park et al., 2016;
McKenna et al., 2007; Biasi et al.,, 2019), Losg 053690900l 9963000009008 303980 9dmbgzgzs
3929G93000L 8995 Bsbosb.

390560900050, 30609ols s b bgEsbools dmbsigdgdom, Tetranychus urticae b3o6s©
50093L 93bMm303O0 Bosbol BzsMl dgMdbmdostg x0d9ddo (‘Issai’ s ‘Mitsuko’), oblsgmocmgdom
35906, Om3s 3993900 6o 509853gds 28 °C-U o ($Hgbosbmds odsros (McKenna et al., 2007; Cho et
al., 2018).

XO0MM530 J00qdMEo bydmoem 3639690900 (1.0-2.5 d5¢0) F0POMIIL MGBOM OB
Bohmmsby, Mg Lo35M9MOMP FIB30MMDYIM0s SPHOWMIM0Z0 F03OMIE0TSBHO — 56RO
5965300, BMI0YM0 39339MH3GHIMOM O MGAMIWSOHYIO 5MMEH)I60329M0 mbolidogdgdoom.

900900 89093990 LGOIl MM LBodsMm3gewml 30MHMdYdTo o369d9wms bgfimams
X0390L Mol A56Lbb3s39d0s, FogMsd LEgMMM EMbY B O-b5TMoemd s 93mbmInzweo
D056l MoLZo J30Mgs. Fgbsdsdols, 0bGHIYMOMGIMWO I(330L VMboLdogdgdol (IPM) gsmwrgddo
1539560L05 MYAWIOO IMBOGHMOObYO, LEBOEIMMEO FMHIOO O BOM3MY35MBHJOOL 45TMY)Db9gds
369396300 bslosmoo.

3058303900 bobsH 1-Bg o 2-Bg  bosmws §30P39690L  3s00mygbgdol dJog x0dgdol
©H0sbYdL.

360030 l5 be3m3aabo ©o0300090900b nbhgbbngmds dnbo 303nl 20dgddn (0-5 dogmnobo bobhgds)

xbzng®o bmgm (Erysiphe actinidiae)
BogMobggmo bnweddemg (Botrytis cinerea)

0b®abbngmdolb mby (0-5)

Issai Ken’s Red Jumbo Weiki
20d0
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Bob. 1. bemzm3zs60 99350090900l 06EIbLO3Mds Jobo 3030l X} 0Tdgddo

30553030 bsbs® 1-Bg 23039690L dobo 3030l (Actinidia arguta) x0d900L Lm3zmgsbo
55350090900l 063gblogMds  K0WomEOL  306Mdgddo  (2023-2024 §f.) ULodwswm  0bggdsool
06@&9blbogmds (0-5 d5¢0560 LolEgds) sbobogl BbgzogMo Lmzml (Erysiphe actinidiae) 5 bs3MoLEBYHO
Losd3wob (Botrytis cinerea) 2530M3JWJOL. g439wsby dMdbmdoscy s0dmbhbos xo0do ‘Issai’
(Lodroenm 3583969090 = 3.63), 5L ImbgaL Ken’s Red’, beagwe Tumbo’ o “Weiki’” 398mo6mBg3056
99005690000 35050 MHBoLEHIOGHMO0m. BH309M0 BM3Mm X0sMMIL 300MdYdT0 3e0bEIdMES
MRO®  06¢gbLoMs, 300609 bsgMolygMo Losddwyg, o3 WS39300MGONIE0s  5330LEM—
199G9FOMOLMZ0L PSAIbIBL0SMYOYE BMT0IMSE MBOW S 3)B0E 30HMBYPIM6.

3036909089 dggbotMoab d3Mdbmdgenmds (0-5 domaabn Lobggds)

. Boogemo mdmdy (Tetranychus urticae)
25} mm 0y3Mgdo (Aphis spp.)
Hl gooongdsdos (Tortricidae spp.)
R
o 2.0f
c
Ex
(=]
5
o 1.5¢
@
=
=)
©
2
2 1.0
=)
=
c
=<}
&
0.5
0.0

Ken’'s Red

20do

Bsb. 2. 353698 gdbg I(3965M0L FgMIbMdGEMDS

Bobo® 2-0b gM9303%9 Ho@mdmoygboeros dobo 3030l (Actinidia arguta) 03900l 9536909000
©5H056g00L 06EgbLOZMBS 50TMLIZ3EID bOJsMMZIE ML 52MMY3MWMY0YH 30OHMdJdTo (2023-2024
00.) Lodmoem  ©sH0sbgdol ©mbg (0-5 doewosbo LobGgds) FoMdmygbowros  mOfgdEows
A3030bm30l (7Tetranychus urticae), 37936M9d0bm30L (Aphis spp.) O GmomEb3zg30Lm30L ( Tortricidae
SPP-). Y39eabg 99¢9© ©oB0sbs x0do Issai’ (bLodwgoerm d5B3969d9wo = 2.5), 49bLsgzmmedgdom
mOHgOG0s 330308 HBgdmgdggdom, 85806 MHm3s Ken’s Red’ o “Weki’ g00m06mbgmobgb sdswo
9536900 Bghmwom.  3s369dgmms  9dBHomMds 93390005  0Ym  ©IMI0EYOIO
39G9MOMEMA0MEO  300MdIODY:  H3303S NBOM  5JGHOMMI®  3O3MEIWES 3bgo s dIGswo
58069005, bmwm daM9gdo s BMmMEbz9g3980 — BgliB0sb 3gMmomdo.

3052303900 3bss© 5639690, A Issai’ 4y39wsBy 9B TMabMd0sMYs MMM bmzmgsbo
06939J309%0L, 0bg 85369d¢9d0l oo™, bmerm Ken’s Red’ 459moMmbg3s g39eebg dowoo
M9HolGHbEGHM™dom.
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©5953gd0m, ©5330603900L  39M0Mm©I0  500b6036gdM©s  JoMol  Bosbo s  JwmGmbo,
I gdog Fomdmoygbgb dobo 3030Lm30L 3608369eM356 sdOMEHME LEBHMILBRSIGHMOIOL. Jo6o,
396L532900M 9300 Fo0b-5330LGML 39M0m©do, bdoGms 0f)3930s W0sbgdOL BoH0IMNE sD0BYdSL,
3BOEROBOO YO EHJdobs s BmmMEgdol 33369358 s IMIFoxggdgwo boymaols Bsdm339bsL.
d0bgs350 0dols, MMI X0WsMMIL SERO0EMIMOZ0 J0ToGo 35dmoMmbg3s Llidosb bBmdogH
396930L ©0bsdoz0m, gobdgmMgdomo JozMmMBOMBEYd0, gobliszmm®mgdom bogmaol gobgomsmgdols
93939, 95063 9bgbgb gogargbsl 9;3965M0OL LEHMWJBHMELLS s MO LGB0 IMHMBBY.
abaoglbo B9gdmddnggds sfigMowos bgs M9a0mbgddos, ooz WoILEWMOS, MM A. arguta 56
3°90m06MB935 IE0gMHO JoM0oLoI0 AEYMIPMBOM, berenm Fo05e0 LORJIMOL JoMGOO Y3530CMdOLS O
Bogmaol Bm@domgdol 3gMHomdo 36093690 m3bs 593009096 dmlisgsels (Ma et al., 2021). Jotol
LGOS S1939 F90dEGds JIBIMEML BHEMBL30MS300L MDY s F3gbsIlL Hgwols dmmbmgbs, Mo3
01393V bogmxzol HBgs306HHg 0GOS s GHgbosbmdol gnogodL (ISHS, 2011).

JmO®MBo 250Mm3w0bEs BMmEgdol Jum3z0wgdol goyz0mWwgdoms s df3s69 dsM39d0L
39656Bmbgd0om, Mo3 0)DO0MIOL BMEMLOBMgBOL 3MME3gLOL MM3935Dg. 50b0dBMwo B9bmagbo
doMOMOPIE 935300005  boosdol  GM@g Mgodaost  (pH>7.5) s  8030mgagdnb@gdol,
396L53790Mgd0m M3060L (Fe), mmool (Zn) s 3sbgobmdol (Mn) gzogodl (Rombola et al., 2002).
dbgoglo 894960BAgd0 shgMowos bgs 3030-bobgmdgddos, Losg M®30bol Bogargdmds s330MYdL
Jwmdmgowolb Lobmgbl, sByMgdL BOIL S BEMEI3L Boymaol domdodor)® Imdforqdsl (Baldi et
al., 2024). 990939, KOWIMMSIL 306MHMdJOdo  M3060L  ©IROEOGHOL BoMmzs s bosIYoL
93O MYwo  JodoMo dmbodm&mobyo Fomdmoygbl  sME3owgdgr  ©Mboldogdsl  BmmErol
X969OM9gEMm30LS S FMBOZ0s6MdOL Tglobs®bMbgders.

300900 990093900 99L5059905 BogMHMSAMMOLM 3306039090, HMIEGdO3 bobl Mi3sdgb
Jo6obs s 6050l 303MMYEdgbEBHWIO B5sblmsb ©s353806MdMWo LBEBHMILYOOL FoHY39E
393W9bsb Actinidia arguta-ly HGEOLS 5 B3 0sbMdsBg (Ma et al., 2021; Rombola et al., 2002; Baldi
et al, 2024). 53506, 50LsB0TBs305, MM X0IMML 306HMBJIT0 sBOJLOMGIMO LsTMoEM
A96056035 5 LYYLEBHO-BMI0IMO JoMob Mgs080 LogPcM K sddo bgwlisgMgw BmbL Jdbols dobo 3oz0L
399 GH035300L5 S 3g6MEH03900L 5Q3BO300LMZ0L, MOE boBL Mb3sal MHYoMbol 3mEIbE0swL 53
3990 GOH0L BodMgf39w M o630 GOOL M3 LEBEOOLO.

5. s133b6900

900930 99093900 9B39690L, D 50TMLOggm LodsMmM39wwml 306MHMmdgddo dobo 3030
Dmgoi 653egds0 Bosbgds d)gMgdom, 0mdzs Lmzmgzsbo 0bxgdz0gdo — goblozmm®gdoo
000009606 35356 Log®mbal, sbLs3MMEMId0m BglBosd s (339¢gds© sdobgddo. gb
9dmbs399900  056b39Md0s  3MmMHgoly O 3MEMbgMol  SBswmyoe 3319390096, MMIES
3o6Lb3539000 08 J39yb69d0Ls, Lodo®mzgwmdo 536909 ms Bghimms FgsMGO0m BI0S, G153
F9Lodams 25630009400 0gmb 380G0 S BOMIMIZsRYMM369000).

900900 dmbs3g8900 X0l 30635030 5EILEMGIL, GMI dobo 3030 Fgodwgds
Bo0035¢mb 39M1399E0E 3MEHWIOSE LOJOMNZIMBMZ0L. oo LogMmM IEYMH MBS b 3M3zs60
@5 96¢MIMEMma0MMHo  Bgfmeolsdo, s3Mgm3g BMmIogho  3e0ds@Gmo  3060HMdgdo  Jdbol
bowbogbgen 396099 3009300 050900l 3963000060900 300.

Lo FoMmS goa™dgegdeo dmbo@m®Mmobyo s 063 aM0MHdMwo o330l LobEgdgdol (IPM)
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©69M35, OHMIGE0E 399IxMIJugOL F39bsMoL X SBIMMYEIMdLL, F959306090L JodoMo BsMgzoL
LoFoMHMYOSL s byl Fgfiymdl  93mEMA0MMe© Mo  HoMmdmgdol  Bsdmyswrodgdsls
Logoemzgermdo.
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Mini Kiwi (Actinidia arguta) Diseases and Pests in the Agroecological
Conditions of Eastern Georgia

Tinatin Gogishvili !, Ludmila Tskhvedadze?,Elene Maghlakelidze 2, Nino Chikhradze *

! Georgian Technical University, Tbilisi, Georgia
2LEPLScientific Research Center of Agriculture, Tbilisi, Georgia
3 Tvane Javakhishvili Tbilisi State University, Georgia

Abstract. Mini kiwi (Actinidia arguta Planch.) is a promising fruit crop characterized by high
nutritional value, ecological stability, and good adaptation to climatic conditions. Despite the growing interest
in this crop, especially in the eastern regions of Georgia, data on the cultivation, pests, and diseases are scarce.

Field observations conducted in the collection garden of the LEPL Scientific-Research Center of
Agriculture (Jighaura village, Mtskheta municipality) in 2023-2024 established that mini kiwi generally
exhibits high resistance to pests and diseases. However, a number of fungal pathogens and insects pose a
significant risk to this crop.

The main diseases identified were Gray Mold (Botrytis cinerea Pers.) and Powdery Mildew (Erysiphe
actinidiae U. Braun & S. Takam.). Pests observed included Aphids (Aphis spp., Hemiptera: Aphididae), Two-
Spotted Spider Mite (Tetranychus urticae Koch (Acari: Tetranychidae), and Leafrollers (Tortricidae spp.,
Lepidoptera: Tortricidae), indicating a weak spread of pests overall.

Diseases were more intense during the fruit ripening period, while pest activity increased in dry and
warm weather. Additionally, wind damage and chlorosis were noted as significant abiotic stress factors for the
plant. Wind frequently causes physical damage to the vines and fruit drop. Iron chlorosis is caused by the
alkaline reaction of the soil and a lack of micronutrients, which limits the plant's photosynthetic activity.

The results indicate that mini kiwi in Georgia exhibits general resistance to the complex of pests and
diseases. Nevertheless, their timely identification and the implementation of integrated protection measures
are necessary to ensure the sustainable development of the crop.

Keywords: Cultivar, Fungus, Pathogen, Abiotic, Pest
1. Introduction

Mini kiwi (Actinidia arguta Planch. ex Miq.), or "kiwi-berry," is a new and growing commercial crop
distinguished by small-sized (5-20 g) fruit with smooth, edible skin. It is widely cultivated in New Zealand,
Japan, Korea, Poland, and the USA, where the main production goal is to obtain high-quality export products
(Testolin & Ferguson, 2009; Krawczyk et al., 2017).

Experience in New Zealand production has shown that the crop is susceptible to various pests,
particularly leafrollers (Tortricidae spp.), thrips (Thrips tabaci Lind.), scale insects (Coccidae spp.), and mites
(Tetranychus urticae Koch). Fruit loss in some farms reached 20% or more, presenting a serious challenge to
production (McKenna et al., 2007; Biasi et al., 2019). Pest control requires a well-planned protection system
that ensures the minimization of chemical residues and ecological safety (Ferguson, 2016).

Among fungal diseases, Gray Mold (Botrytis cinerea Pers. ex Fr.), Phytophthora root and stem rot
(Phytophthora cactorum (Leb. & Cohn) Schrét.), Sclerotinia rot (Sclerotinia sclerotiorum (Lib.) de Bary), and
Powdery Mildew (Erysiphe actinidiae U. Braun & S. Takam.) are particularly dangerous. These diseases
damage leaves, shoots, and fruit, significantly reducing crop quality (Cho et al., 2018; Park et al., 2016;
Cavalieri et al., 2020).
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The main bacterial pathogen is Pseudomonas syringae pv. actinidiae (Takikawa et al., 1989), which
causes bacterial blight—especially harmful to other kiwi species (4. deliciosa and A. chinensis). However,
infection is relatively rare on mini kiwi (4. arguta) (Vanneste, 2017). Such cases have not yet been recorded
in Georgia. Mini kiwi is also damaged by root-knot nematodes (Meloidogyne spp.), which form nodules on
the roots and hinder growth and nutrient uptake, although such cases have not been identified in Georgian
conditions (Bobokashvili et al., 2021).

Wind is one of the main stress factors for 4. arguta, especially at the beginning of the growing season
and during fruit development. It causes scratches and scars on the fruit surface, and the breaking and shedding
of young shoots and leaves, which significantly reduces the commercial quality of the fruit (Testolin &
Ferguson, 2009).

Mini kiwi is moderately sensitive to iron deficiency, particularly in calcareous or alkaline soils (pH >
7.5). In this case, leaf size and shoot growth are reduced, and the tissue of young leaves turns yellow, while
the veins remain green—a characteristic symptom of iron chlorosis (Park et al., 2016; Krawczyk et al., 2017).

Preliminary studies conducted in Georgia (Bobokashvili, Maghlakelidze & Kvaliashvili, 2021) confirm
that A. arguta adapts well to the soil and climatic conditions of Eastern Georgia. However, a number of fungal
diseases and pests still pose a serious risk. This situation highlights the necessity of targeted monitoring and
the development of integrated protection measures, which will lay the foundation for the sustainable production
of mini kiwi in Georgia.

2. Research aim and objectives

Research Aim: To identify the main pests and fungal diseases of mini kiwi (Actinidia arguta Planch.),
study their intensity of spread and development conditions under the agroecological conditions of Eastern
Georgia, and define effective and ecologically safe protection strategies for this crop.

Research Objectives:
e Identification and description of the main fungal pathogens (Erysiphe actinidiae, Fusarium spp.,

Phytophthora spp.) in mini kiwi (Actinidia arguta) orchards.

e Assessment of the frequency of disease and pest spread across different cultivars and vegetative phases.

e Determination of the influence of climatic factors (temperature, humidity, precipitation) on the
dynamics of pathogen and pest development.

e Comparison of the results obtained with international data (Poland, Korea, New Zealand) for the
purpose of optimizing the mini kiwi protection system.

¢ Recommendation of the basic principles of Integrated Pest Management (IPM)—combining sanitary,
agro-technical, and biological methods.

3. Research object and methodology

The research object is a collection of mini kiwi (Actinidia arguta Planch.) cultivars established in the
collection garden of the LEPL "Scientific-Research Center" (Jighaura village, Mtskheta municipality, Eastern
Georgia). During the research period (2023-2024), the introduced cultivars 'Weiki', 'Ken's Red', 'Jumbo', and
'Issai' were studied under local conditions.

The study was conducted in the collection garden of the LEPL Scientific-Research Center of Agriculture
(Jighaura village, Mtskheta municipality) in 2023-2024, on plantations of three mini kiwi (Actinidia arguta)
cultivars: 'Ken’s Red', 'Jumbo', and 'Issai'. The aim was to identify pests and main fungal diseases, and to study
the intensity of their spread and development conditions under the agroecological conditions of Eastern
Georgia.

Observations were carried out every 14 days during the vegetation period (May—September). The
condition of the plants was assessed using a visual evaluation method on a 5-point scale (0-5), where: 0 — no
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damage was observed, 1-2 — weak infection (damage to leaf or fruit $\1e$10%), 3—4 — moderate infection (10—
30%), 5 — severe infection (damage >30%). Ten primary plants were selected for each cultivar, and symptoms
of diseases and pests were recorded on them.

The number of pests was recorded in 50 leaf and 50 fruit samples for each cultivar. The recording
covered the main pests: mites (Tetranychus urticae), aphids (Aphis spp.), and leafrollers (Tortricidae spp.).
Noticed insects were collected both by hand and with colored sticky traps (yellow for aphids and thrips, blue
for mites). The collected samples were subsequently identified in the laboratory under a microscope down to
the species level.

Fungal Disease Research:

Visual Diagnostics: Recording fungal symptoms on the surface of leaves, shoots, and fruits (powdery
mildew, leaf spot, rot).

Isolation and Cultivation: Isolation of pathogenic fungi from diseased tissues, their cultivation on
nutrient media (in Petri dishes), and microscopic examination based on morphological signs.
Laboratory Identification: Identification of the revealed pathogens based on microscopic
characteristics—Erysiphe actinidiae, Fusarium spp., and Phytophthora spp..

Assessment of Infection Spread: The percentage of diseased plants was determined in each plot.

The study material was periodically checked in parallel with climatic data (temperature, precipitation,
humidity) to establish the influence of environmental conditions on infection development.

Laboratory and Statistical Processing

Laboratory data were processed according to mean values. The results were compared with international
data—analogous research results from Poland (Ochmian et al., 2019), Korea (Cho et al., 2018), and New
Zealand (McKenna et al., 2007)—which allowed for the identification of regional specificities and
comparative assessment.

4. Discussion of Research Results

The study conducted under the agroecological conditions of Eastern Georgia (Jighaura, 2023-2024)
showed that mini kiwi (Actinidia arguta) generally exhibits high resistance. However, a number of fungal
diseases and pests significantly affect the plant’s physiological state and the commercial quality of the fruit.

Fungal Diseases

Gray Mold (Botrytis cinerea Pers.)

Gray mold (Botrytis cinerea Pers. ex Fr.) was recorded in Jighaura mainly during the fruit ripening
period, especially on humid and moderately warm days. The infection develops on the fruit surface, causing
soft rot and a grayish mycelial covering. Botrytis cinerea survives in debris and infected plant residues,
therefore, sanitary pruning and timely removal of infected material are recommended.

Powdery Mildew (Erysiphe actinidiae U. Braun & S. Takam.)

Symptoms of powdery mildew appeared on the leaves as a white, flour-like coating, particularly in the
middle of the growing season. The infection contributes to a decrease in leaf photosynthesis and early wilting.
The disease actively manifests in humid and moderately warm weather, although an epidemic development
trend was not observed. Regular agro-technical measures and preventive late-summer spraying are effective
in containing the infection.

Observations established that the ‘Issai’ cultivar was the most damaged (infection frequency 35-40%),
while ‘Ken’s Red’ (25-28%) and ‘Weiki’ (15-18%) and ‘Jumbo’ were relatively less damaged. Table 1
presents the indicators of fungal disease spread and intensity for the mini kiwi cultivars ('Issai', 'Ken’s Red',
'Weiki', 'Jumbo").

In Table 1, the prevalence and intensity of fungal diseases in mini kiwi varieties (Issai, Ken's Red, Weik)
are presented.
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Table 1. Fungal Diseases Spread (0—5- point system)

Powdery Mildew
Gray Mold (Botryti
Cultivar (Erysiphe ray ,0 (Botrytis Mean Index
¢ e cinerea)
actinidiae)

Issai 3.7 3.2 3.63
Ken's Red 2.8 2.6 2.87

Jumbo 2.0 1.5 1.90

Weiki 1.6 1.4 1.60

The observation results established a significant difference in the spread and intensity of fungal
diseases among mini kiwi (Actinidia arguta Planch.) cultivars. The ‘Issai’ cultivar was the most damaged.
Symptoms of powdery mildew (Erysiphe actinidiae U. Braun & S. Takam.) appeared on its leaves and fruit in
the middle and second half of the growing season—the infection frequency was assessed at 3.7 points, and the
intensity of gray mold (Botrytis cinerea Pers. ex Fr.) at 3.2 points. The disease was characterized by a white
mycelial covering on the leaf surface, which gradually led to tissue desiccation and premature leaf drop.

Relatively lower infectious pressure was observed on ‘Ken’s Red’, where the severity of both diseases
was assessed as moderate (2.6-2.8 points). ‘Jumbo’ and ‘Weiki’ exhibited the highest resistance. In their case,
the disease was weakly expressed, reflecting their better ecological adaptation and partial genetic resistance.

The general trend shows that powdery mildew is more active in Jighaura conditions than gray mold. The
development of the infection is promoted by high air humidity and moderately warm weather, which are
characteristic of the August—September period.

The obtained data indicate that regular monitoring and implementation of preventive measures are
necessary for the control of fungal infections—especially on the most susceptible cultivars (‘Issai” and partially
‘Ken’s Red’). At the same time, ‘Jumbo’ and ‘Weiki’ can be considered relatively stable genotypes, which are
promising for the industrial production of mini kiwi in Georgia.

Pests:Red Spider Mite (Colon Tick) — Tetranychus urticae Koch (Acari: Tetranychidae) Mite
damage was manifested by the formation of chlorotic spots on the leaves, which later merged and caused
premature leaf drop. Pest activity increased from the second half of July to mid-August, especially in dry
weather. ‘Weiki’ turned out to be the most susceptible, which may be related to its leaf structure and
smoothness.

Aphids (Aphis spp., Hemiptera: Aphididae)

Aphids were mainly found on the plant’s young shoots and the underside of the leaves. They fed on leaf
sap, which caused leaf deformation and slowed growth. Their numbers peaked at the end of June, during the
humid period.

Leafrollers (Tortricidae spp., Lepidoptera: Tortricidae)

Leafroller larvae damaged young leaves and shoots, which they rolled into nest-like structures with
webbing and fed inside. The damage caused leaves to roll up, become deformed, and have local dried-out areas.
The most frequent cases were recorded at the end of June and the beginning of July.

A significant difference in resistance to both diseases and pests was noted among the cultivars:

e ‘Ken’s Red’ — exhibits relatively high resistance to both powdery mildew and Fusarium.
e ‘Weiki’ — susceptible to Fusarium and thrips.
e ‘Issai’ — damaged early by mites and powdery mildew.

Table 2 presents the indicators of pest damage intensity for the mini kiwi cultivars ('Issai’, 'Ken’s Red',

'Weiki', 'Jumbo').

Table 2. Pests Damage Intensity (0—5-point system)
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Red Spider Leafroller
Cultivar (Tetranychss urticae) Aphids (Aphis spp.) (Tortricidae spp.) Mean Index
Issai 2.6 2.5 2.4 2.5
Ken's Red 1.0 1.1 0.9 1.0
Weiki 1.8 1.6 1.4 1.6
Jumbo 2.4 2.1 2.2 2.2

The observation results established a significant difference in the spread and impact intensity of pests
among mini kiwi (Actinidia arguta Planch.) cultivars. The ‘Issai’ cultivar was the most damaged. The action
of the two-spotted spider mite (Tetranychus urticae Koch), in particular, was evident, becoming active from
the second half of July to mid-August. Chlorotic spots, tissue desiccation, and premature leaf drop were noted
on the leaves. The spread of the pest was assessed as moderate (2.5 points), although localized high damage
was noted on individual plants under dry and hot weather conditions.

The impact of mites on the ‘Weiki’ cultivar was relatively less pronounced (1.6 points), though signs of
damage were still observed on the lower leaves of the plant. The spread of pests on the ‘Jumbo’ and especially
‘Ken’s Red’ cultivars was low (1.0 point), which indicates their better resistance.

Aphids (4phis spp., Hemiptera: Aphididae) were recorded mainly on young shoots and the underside of
the leaves. Their numbers peaked at the end of June and the beginning of July—in humid weather. The impact
of aphids was assessed as moderate intensity on ‘Issai’ and ‘Jumbo’, while ‘Ken’s Red’ and ‘Weiki’ exhibited
relatively low damage.

Leafroller (Tortricidae spp., Lepidoptera: Tortricidae) larvae damaged the leaves and caused their
deformation, but their spread in Jighaura was weakly expressed (1.4-2.4 points).

The general trend shows that pest activity was strongly dependent on meteorological conditions—mites
spread more actively in dry and hot weather, while aphids and leafrollers were more prevalent during the humid
period. Such seasonal dynamics correspond to studies conducted in other temperate zones (Cho et al., 2018;
Park et al., 2016; McKenna et al., 2007; Biasi et al., 2019), where the peaks of pest development coincide with
the mid-vegetation phase.

Comparatively, according to data from Korea and New Zealand, Tetranychus urticae often reaches the
economic injury level in susceptible cultivars (‘Issai’ and ‘Mitsuko’), especially when the temperature exceeds
$28Mcirc\text{C}$ and humidity is low (McKenna et al., 2007; Cho et al., 2018). The average indices obtained
in Jighaura (1.0-2.5 points) indicate lower pressure, which is likely due to the local microclimate—good
aeration, moderate temperature, and regular agro-technical measures.

The results confirm that pest pressure in Georgian conditions varies between cultivars, but the overall
level is low to moderate, and the risk of economic damage is minor. Accordingly, within the framework of
Integrated Pest Management (IPM), regular monitoring, sanitary pruning, and the use of biopreparations for
prevention are sufficient.

Figures 1 and 2 clearly show the damage to the cultivars by pathogens.

The graph in Figure 1 shows the intensity of fungal diseases on mini kiwi (Actinidia arguta) cultivars under
Jighaura conditions (2023-2024). The average infection intensity (0—5 point system) reflects the spread of
Powdery Mildew (Erysiphe actinidiae) and Gray Mold (Botrytis cinerea). The most susceptible cultivar was
‘Issai’ (mean index = 3.63), followed by ‘Ken’s Red’, while ‘Jumbo’ and ‘Weiki’ exhibited relatively high
resistance. Powdery mildew was more intense in Jighaura conditions than gray mold, which is related to the
moderately warm and humid conditions characteristic of the August—September period.
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Figure 1. Intensity of Fungal Diseases in Mini Kiwi Cultivars (0-5 Scale)

—&— Powdery mildew (Erysiphe actinidiae)
Gray mold (Botrytis cinerea)
3.5
D 3.0t
=
>
o]
2
— 2.5}
c
=]
=
W]
0]
s
£ 20}
1.5}
Issai Ken's Red Jumbo Weiki
Cultivar

Fig. 1. Intensity of fungal diseases in mini kiwi cultivars

The graph in Figure 2 shows the pest damage intensity on mini kiwi (Actinidia arguta) cultivars under
the agroecological conditions of Eastern Georgia (2023—-2024). The average damage level (0—5 point system)
is presented for the two-spotted spider mite (Tetranychus urticae), aphids (Aphis spp.), and leafrollers
(Tortricidae spp.). The most damaged cultivar was ‘Issai’ (mean index = 2.5), especially due to the impact of
the two-spotted spider mite, while ‘Ken’s Red’ and ‘Weiki’ exhibited low pest pressure. Pest activity was
strongly dependent on meteorological conditions: mites spread more actively during hot and dry weather, while
aphids and leafrollers were more prevalent during the humid period.

Susceptibility of Mini Kiwi Cultivars to Pests (0-5 Scale)
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Fig. 2. Susceptibility of mini kiwi cultivars to pests
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The graphs clearly show that ‘Issai’ is the most susceptible to both fungal infections and pests, while
‘Ken’s Red’ exhibits the highest resistance.

Additionally, wind damage and chlorosis were noted during the observation period, which are
significant abiotic stress factors for mini kiwi.

Wind, especially during the May—August period, frequently caused physical damage to the vines, the
breaking of young shoots and leaves, and the shedding of unripe fruit. Although the local climate of Jighaura
is characterized by weak to moderate wind dynamics, repeated microfronts, particularly during the fruit
development stage, still affect the plant structure and crop stability. Similar effects are described in other
regions, where it was confirmed that 4. arguta is not resistant to strong winds, and high-speed winds during
the flowering and fruit formation periods significantly reduce the harvest (Ma et al., 2021). Wind stress can
also increase the level of transpiration and the plant's water demand, leading to cracks on the fruit surface and
moisture deficit (ISHS, 2011).

Chlorosis was manifested by the yellowing of leaf tissues while the green veins were preserved,
indicating a disruption of the photosynthetic process. This phenomenon is mainly linked to the alkaline reaction
of the soil ($\text{pH} > 7.5%) and a deficit of micronutrients, especially iron (Fe), zinc (Zn), and manganese
(Mn) (Rombola et al., 2002). Similar mechanisms are described in other kiwi species, where iron deficiency
reduces chlorophyll synthesis, stops growth, and limits the biochemical ripening of the fruit (Baldi et al., 2024).
Consequently, the management of iron deficiency and regular chemical monitoring of the soil in Jighaura
conditions are necessary measures to maintain leaf health and yield.

The obtained results align with international observations that emphasize the crucial impact of stresses
related to wind and soil micronutrient balance on the growth and yield of Actinidia arguta (Ma et al., 2021;
Rombola et al., 2002; Baldi et al., 2024). Furthermore, it is noteworthy that the average humidity and weak-
to-moderate wind regime recorded in Jighaura conditions generally create a favorable background for mini
kiwi cultivation and the adaptation of genotypes, which underscores the region's potential for the industrial
development of this crop.

5. Conclusions

The results show that mini kiwi in the conditions of Eastern Georgia is generally less damaged by insects.
However, fungal infections—especially powdery mildew—represent the main threat, particularly in humid
and changeable weather. This data is consistent with analogous studies in Korea and Poland. However, unlike
those countries, pest pressure is relatively lower in Georgia, which may be due to the climate and biodiversity.

The data obtained in Jighaura conditions confirm that mini kiwi can be considered a promising crop for
Georgia. Its general resistance to fungal and entomological pressure, as well as the moderate climatic
conditions, create a favorable environment for the development of commercial orchards.

Continued monitoring and the implementation of Integrated Pest Management (IPM) systems are
necessary. This will improve plant health, reduce the need for chemical intervention, and promote the
establishment of ecologically sustainable production in Georgia.
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Actinidia arguta as a Horticultural and Biotechnological Potential for
Cultivation in the Republic of Moldova
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Abstract. Actinidia arguta (hardy kiwi, mini-kiwi, or baby kiwi) represents a species with high potential
for diversifying the horticultural sector in the Republic of Moldova, due to its superior ecological resistance,
the biochemical value of its fruit, and the possibilities of rapid multiplication through micropropagation. The

integration of the obtained results at the biotechnological, biochemical, and market levels confirms that
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Actinidia arguta has all the prerequisites to become a promising crop in the Republic of Moldova.
Strengthening applied research, developing pilot plantations, and actively promoting the product to consumers
could turn this species into a strategic element of national horticulture and an important factor in diversifying
the functional fruits portfolio at regional and European levels. The results demonstrate both the agronomic and
biotechnological value of the species, as well as opportunities for its integration into the domestic and
international “superfruit” market.

Keywords: Actinidia arguta, micropropagation in vitro, SDS-PAGE, chitinase activity.
1. Introduction

The genus Actinidia (family Actinidiaceae) comprises approximately 54 species originating from East
Asia (China, Korea, Japan, and the Russian Far East), of which only a few have been introduced into cultivation
for food consumption or ornamental purposes (Zhang et al., 2023). The best-known species in the world is
Actinidia deliciosa (kiwi), valued for its high vitamin C content and economic importance. In recent decades,
however, increasing attention has been directed toward species with higher tolerance to stress factors and
superior nutritional potential, such as A. arguta (mini-kiwi), due to its favorable biological characteristics and
potential to be promoted as a functional fruit - “superfruit” (Kupska et al., 2016).

A. arguta plants exhibit high ecological adaptability and, according to Marosz (2009), can withstand
extreme temperatures of up to —34 °C, which provides agronomic advantages in regions with continental
climates, including the Republic of Moldova. An illustrative example is the winter of 2011-2012, when air
temperatures dropped to —27 °C, yet locally cultivated plants survived without significant damage, confirming
the feasibility of cultivating this species under the climatic conditions of Moldova.

From a nutritional perspective, 4. arguta fruits are small, sweet, and have edible skin. They are rich in
chlorophyll, lutein, and B-carotene, and are considered one of the most important sources of lutein among
commonly consumed fruits (Nishiyama, 2005). Biochemical analyses carried out by our colleagues (Ivanova
&Dascaliuc, 2010) confirmed high concentrations of vitamin C, significant levels of polyphenols, and strong
antioxidant activity in A. arguta fruits, supporting the positioning of this species as a premium product with
outstanding nutritional benefits. Furthermore, studies conducted by Nishiyama (2005) and Zuo (Zuo et al.,
2012) have shown that some A. arguta genotypes, as well as certain varieties of A. chinensis, accumulate
anthocyanins in the pulp during ripening, which enhances antioxidant activity and increases the commercial
attractiveness of the fruits.

From the phytochemical and pharmacological point of view, the recent analysis by Zhang (Zhang et al.,
2023) identified 539 compounds isolated from A. arguta, including terpenoids, flavonoids, phenols,
phenylpropanoids, lignins, organic acids, volatile compounds, alkanes, coumarins, anthraquinones, alkaloids,
polysaccharides, and inorganic elements. Analysis of the specialized literature shows that most of the
pharmacological properties attributed to the plant, such as antioxidant, anti-inflammatory, and antitumor, are
mainly associated with flavonoids, phenols, and polysaccharides, which have been repeatedly identified as the
main biologically active classes. These properties, supported by local data on vitamin C and polyphenol
content, classify A. arguta as both a functional fruit and a resource with phytotherapeutic potential.

In the Republic of Moldova, the introduction and cultivation of Actinidia species represent an emerging
direction for diversifying the horticultural sector in a context of climate change and growing consumer
orientation towards healthy fruits with high functional value. The domestic market is currently dominated by
the hairy kiwi (4. deliciosa, A. chinensis), imported mainly from Greece, Italy, and New Zealand, with
consumption almost entirely covered by imports. This dependence reveals a supply deficit in the local market
and opens opportunities for the introduction and expansion of A. arguta cultivation.

Although commercial mini-kiwi plantations have not yet been widely developed in the Republic of
Moldova, there are promising experimental results. Locally adapted A. arguta has demonstrated a productivity
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of 2—10 kg per plant at maturity and superior biological quality, confirming the agronomic feasibility of the
species under local pedoclimatic conditions. The harvest season in October—November, when the availability
of domestic fruits is limited, represents a significant competitive advantage, supporting the positioning of A.
arguta in both domestic and international markets, especially in premium segments (HoReCa, organic retail,
niche export).

However, the development of this crop is constrained by several key factors, including the lack of
certified and standardized planting material on a large scale, the need for significant investments in auxiliary
infrastructure (trellises, pergolas), as well as the biological characteristics of the species associated with dioecy
and the need for effective pollination. In addition, low consumer awareness of the product in the domestic
market necessitates educational campaigns to familiarize consumers with mini-kiwi fruits and their uses.

From a scientific perspective, research carried out in the Republic of Moldova on this species has
focused on three major areas: rapid propagation through in vitro culture techniques to meet the demand for
planting material; proteomic characterization of leaves to identify molecular markers for sex differentiation in
dioecious plants; and the study of biochemical defense mechanisms against biotic stress, with emphasis on
interactions with pests such as the greenhouse whitefly. The results of these studies confirm not only the
agronomic potential but also the biotechnological importance of 4. arguta.

Therefore, this article aims to integrate available data on the biology, micropropagation, and biochemical
value of A. arguta with the analysis of market trends and technological constraints, to highlight the prospects
for the introduction and expansion of this crop in the Republic of Moldova.

2. Materials and Methods

Micropropagation and ex vitro acclimatization

The research was carried out in the Laboratory of Plant Biochemistry at the Institute of Genetics,
Physiology and Plant Protection, using biological material of 4. arguta. The plant material was obtained from
mother plants maintained in the experimental collection of the institute.

Explant material consisted of meristematic apices and fragments of young shoots. Sampling was
performed during the active growth phase of shoots, in April-May. Explants were surface-sterilized by
sequential immersion in ethanol solution (70%) and sodium hypochlorite solution (0.5-1.0%), followed by
repeated rinsing with sterile distilled water.

For shoot initiation and proliferation, Murashige and Skoog (MS) medium variants (Murashige &Skoog,
1962) were used, in some cases with the salt concentration reduced by half. Growth regulation was achieved
by supplementation with 6-benzylaminopurine (BAP, 0.5-1.0 mg/L) and indole-3-acetic acid (IAA, 0.1-0.2
mg/L), in combination with activated charcoal (1200 mg/L) to reduce browning and stimulate rhizogenesis.
This composition enabled the simultaneous development of shoot regeneration and root formation. Cultures
were maintained under controlled conditions: photoperiod of 16 h light/8 h dark, light intensity of 3000-3500
lux (cool white fluorescent tubes), and constant temperature of 24 = 2 °C.

Plants with developed root systems were transferred to a sterilized substrate composed of peat: perlite
(3:1). Ex vitro acclimatization was achieved by initially maintaining plants in mini-greenhouses under high
humidity (90-95%), followed by a gradual reduction of humidity and an increase in light intensity. After 4—6
weeks, plants were transferred to the greenhouse, where the survival rate ranged between 70 and 75%.

Analysis of polypeptide spectra

Leaves from male and female plants grown in the greenhouse (3 years old, obtained through
micropropagation) and in lysimeters (11 years old, mature plants) were used for protein extraction.
Polypeptides were separated by SDS-PAGE (10-15% polyacrylamide gradient gels) according to the method
of Laemmli (1970). Gels were stained with Coomassie Brilliant Blue R-250 and analyzed using specialized
software for gel image analysis and quantification.

Determination of chitinase activity
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Chitinase activity was measured in protein extracts from healthy and Trialeurodes vaporariorum-
infested leaves of male and female A. arguta plants. The method was based on spectrophotometric
determination of the hydrolysis products of N-acetyl-D-glucosamine.

3. Results and Discussion

The micropropagation procedure developed for 4. arguta aimed to optimize in vitro multiplication by
reducing culture time and increasing the multiplication coefficient. Experiments demonstrated that the use of
Murashige—Skoog (MS) medium with half-strength salts, supplemented with 1200 mg/L activated charcoal,
enabled the simultaneous occurrence of shoot regeneration and root induction. Under these conditions,
accelerated plantlet development was achieved, with the formation of 3—5 ¢cm shoots 30 days after inoculation
and a high rhizogenesis rate.

Unlike classical protocols, which require two distinct stages (shoot proliferation followed by rooting),
the developed procedure enabled micropropagation in a single stage, reducing the in vitro culture period from
14-16 weeks to 10—12 weeks. Under these conditions, the multiplication coefficient increased significantly,
from approximately 300 plants/year using the standard method to about 8000 plants/year—an improvement of
more than 26-fold (Célugaru-Spataru &Dascaliuc, 2013).

During ex vitro acclimatization, the obtained plants showed a survival rate of 70—75%, confirming the
efficiency of the procedure. The methodological advantage consisted not only in the increased yield but also
in the reduced consumption of reagents and culture space, thereby lowering the production costs of planting
material.

Micropropagation of Actinidia species is considered an essential method for obtaining planting material;
however, a number of limitations have been noted in the international literature, especially concerning
rhizogenesis and plant survival during acclimatization. Classical protocols show a multiplication rate of 3—6
shoots/explant and rooting rates between 40 and 70% (Goralski et al., 2005; Rugini &Gutiérrez-Pesce 2003;
Wu &Long, 2011). In addition, the duration of the complete cultivation cycle is 14—16 weeks, which limits
annual yield and increases costs.

By comparison, our results demonstrate higher efficiency, both through the integration of multiplication
and rhizogenesis stages into a single cycle and due to the higher survival rates during acclimatization (70—
75%). Thus, the developed and patented procedure not only exceeds performances reported in the international
literature but also has great practical importance for horticulture in the Republic of Moldova, where the lack
of certified planting material remains one of the main obstacles to the expansion of commercial plantations.

The results obtained for 4. arguta confirm both the agronomic value and the biotechnological potential
of the species under Moldovan conditions. By optimizing the micropropagation method, it was possible to
integrate multiplication and rhizogenesis into a single cycle, which led to a significant increase in yield and a
reduction in cultivation time. This methodological innovation directly meets the need for certified planting
material for the creation of commercial plantations.

Integration of these biotechnological results with molecular biology studies opens new perspectives for
understanding and exploiting the species. While efficient micropropagation provides practical solutions for
multiplication and cultivation expansion, proteomic characterization supplies fundamental insights into the
genetic and physiological peculiarities of the plants.
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Electrophoretic analysis (SDS-PAGE) of protein extracts from 4. arguta leaves revealed a complex
spectrum of polypeptides with molecular weights ranging from 14 to 97 kDa (Fig. 1). Both male and female
plants displayed a common set of constitutive proteins, but with qualitative and quantitative differences in the
30-70 kDa range. These differences suggest the existence of

,;{;)(()I molecular markers useful for sex differentiation at juvenile stages,
which would represent a major technological advance for this
95 dioecious species. International studies have confirmed the
72 & importance of protein markers for sex identification in Actinidia.
Polypeptides with molecular weights between 24-45 kDa have
55 3 been reported as more abundant in male plants, while fractions of
—> -é__—- 60—70 kDa were found in female plants (Zhang et al., 2021). These
- observations partially coincide with our results obtained in
36 . Moldova, where stable protein differences between sexes were
)W identified, suggesting their potential use for early selection of

T e planting material.
> Furthermore, the literature shows that certain heat shock
proteins and antioxidant proteins, with molecular weights between
{ 45-70 kDa, are associated with increased resistance to abiotic
17 stress. Their presence in the protein spectrum of 4. arguta supports
- - g \ the hypothesis of a correlation between protein profile and the high
adaptability of the species to the continental conditions of Moldova.
11 J The polypeptide profile of A. arguta leaves obtained in this

study falls within the range previously described for the genus
Actinidia, where bands between 13 and 95 kDa and a denser
distribution in the 55-20 kDa region have been reported
(Khukhunaishvili &Dzhokhadze, 2006). The present results (14—18
fractions) confirm the conserved character of the protein core in this

M 19 292 3?2 40

Figure 1.  Polypeptide

profile of 4. arguta plants obtained
by SDS-PAGE (10-15%
gradient). M — PageRuler™
molecular marker (11-250 kDa);
1-2 — plants grown in lysimeters;
34 — plants grown under
greenhouse conditions.

genus.

The constant element identified was a fraction of ~30 kDa,
corresponding to actinidin, a protease specific to the genus
Actinidia, previously reported in fruits, seeds, and leaves, which
plays a role in digestive processes and possible insecticidal effects
(Boyes et al., 1997). Its presence in all samples, regardless of sex
and culture conditions, confirms its stability as a biochemical
marker.

In addition, a fraction of ~28-29 kDa was detected that was compatible with kiwellin, a major allergen
documented in kiwi fruits (4. chinensis, A. deliciosa) (Tamburrini et al., 2005; Wang et al., 2019). Its
expression in leaves is rarely mentioned in the literature, which adds interest to this observation and justifies
targeted testing using modern proteomic methods (LC-MS/MS, Western blotting).

With regard to sex differences, the results obtained confirm previous findings that SDS-PAGE does not
allow the identification of exclusive sex-specific protein markers and that variations are often attributed to
environmental conditions and developmental stage (Khukhunaishvili &Dzhokhadze, 2006). This is in line with
the international trend of combining protein analysis with genomic markers for reliable sex determination in
Actinidia (Zhou et al., 2020a).

In parallel, recent literature highlights the role of quantitative proteomics in elucidating responses to
biotic and abiotic stress, identifying proteins involved in defense (PR proteins, chitinases) when interacting
with pathogens such as Pseudomonas syringae (Zhu et al., 2020). Thus, future research directions for 4. arguta
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should include the integration of quantitative proteomics with sex-specific molecular markers, as well as
extending the analysis to fruits, seeds, and roots.

Overall, the present study is consistent with international observations on protein diversity in Actinidia
and contributes by identifying relevant fractions (actinidin, kiwellin) that may serve as potential biochemical
markers.

Under conditions of experimental infestation with greenhouse whitefly (7rialeurodes vaporariorum),
A. arguta leaves exhibited a significant increase in chitinase activity. After 24 hours, enzymatic activity
increased by 60% compared to the control, reaching a maximum at 48 hours (twice the initial level), and
subsequently remaining above control values. This rapid response suggests that chitinase-type enzymes
represent a major defense mechanism of 4. arguta against biotic stress (Caus & Calugaru-Spataru, 2020).

Chitinases are considered worldwide as classical markers of plant defense responses, as they are
involved both in protection against fungal pathogens and in insect resistance mechanisms (Kasprzewska,
2003). In the case of the genus Actinidia, studies have revealed increased activity of chitinases and B-1,3-
glucanases following fungal infections and insect attacks.

Compared to literature data, our results demonstrated that 4. arguta leaves exhibit high resistance to
infestation by greenhouse whiteflies, which partially explains the species' high tolerance to biotic stress. This
data confirms the value of 4. arguta not only as a fruit crop but also as an experimental model for studying the
enzymatic defense mechanisms of perennial plants.

Overall, the combination of efficient micropropagation, identification of molecular markers, and
characterization of biochemical responses to stress places A. arguta in a strategic position for the development
of niche horticulture in the Republic of Moldova. Integration of these results provides a solid basis for
expanding applied research and economic valorization of the species in the context of a regional “superfruit”
market.

4. Conclusions

The integration of the obtained results at the biotechnological, biochemical, and market levels confirms
that Actinidia arguta has all the prerequisites to become a promising crop in the Republic of Moldova.
Strengthening applied research, developing pilot plantations, and actively promoting the product to consumers
could turn this species into a strategic element of national horticulture and an important factor in diversifying
the functional fruits portfolio at regional and European levels.
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Cultivation Potential of the Promising Berry Crop Jostaberry (Ribes X
nidigrolaria) under Georgian Conditions
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' LEPL Scientific-Research Center of Agriculture, Fruit Crop Research Division, Tbilisi, Georgia;
? Biological Farming Association “Elkana”, Tbilisi, Georgia, e-mail: laligoginaval2@gmail.com

Abstract. Well known, that Jostaberry (Ribes x nidigrolaria) is a highly promising and interesting
berry crop, developed through selective hybridization between blackcurrant (Ribes nigrum) and gooseberry
(Ribes grossularia). In Georgia, the introduction of jostaberry began in the 1990s, initially through amateur
horticulturists. Its scientific introduction was carried out in the mid-2000s within the collection plots of the
Scientific-Research Institute of Horticulture, Viticulture, and Winemaking.

The aim of the present study is to conduct a comprehensive assessment of jostaberry’s biological and
agronomic traits and to evaluate its potential for wider cultivation under Georgian conditions, specifically in
the region of Central Kartli. The article presents preliminary findings based on observations conducted in 2025
at the Jighaura base of the Scientific-Research Center of Agriculture (SRCA).

According to the collected data, In conditions of research place jostaberry begins ripening in late June
to early July, enabling early harvest and contributing to seasonal diversification among berry crops. The
ripening period concludes by the second half of August, and the plant does not exhibit remontant (ever bearing)
characteristics.

Based on the research results, jostaberry may be considered a viable crop for small-scale farming
operations, particularly for Georgian growers already engaged in or planning the cultivation of blackcurrant,
redcurrant, or gooseberry. Jostaberry offers several agronomic advantages: (i) The absence of thorns simplifies
harvesting and reduces labor costs, especially compared to gooseberry, (ii) The relatively large fruit size
(compared to blackcurrant) enhances market value and consumer appeal, (iii) The high content of soluble
solids (°Brix) supports diverse processing opportunities, including jams, juices, compotes, concentrates, and
other value-added products.

Given these characteristics, jostaberry holds niche-market potential for The local berry producers — as
a less common but highly flavorful, nutritionally valuable and economiically efficient berry crop.

Keywords: Berry, Pomological traits, Georgia, Jostaberry, Study

1. Introduction

It is known that since the first half of the 20th century, interspecific hybridization of fruit and berry
crops has been at the center of research interests of the world's leading fruit breeders. This direction was mainly
aimed at improving agronomic properties (yield, disease resistance, adaptation to climatic and soil conditions),
as well as creating completely new, commercially attractive fruit-bearing crops.

It is precisely as a result of this many years of selection work that several interesting hybrid cultures
have appeared in horticulture since the 1960s, including: Cerapadus, Padoceras - obtained by the Soviet breeder
Ivan Michurin; Pluot, Aprium, Apriplum, Plumcot - created by the American breeder Floyd Zeiger, Kroma -
F. Nilsson, and others.
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However, it is fair to say that not many of them have found a place in commercial fruit growing. Only a
few of them have been integrated into amateur or small-scale farming as a crop with local market
diversification and niche orientation.

One of these is the berry crop - Josta, which was obtained by crossing gooseberry and black currant. The
name of the crop - Josta, Josta berry - originated from the combination of two German words - Johannisbeere
(currant) and Stachelbeere (gooseberry) - the first berries. Its origin is primarily associated with the many years
of painstaking work of the famous German breeder Rudolf Bauer, whose goal was to obtain disease-resistant
genotypes, although it is also worth noting that his work was preceded by the selection work in this direction
of the famous scientist Paul Lorenz, which began in the 1920s.

Jostaberry (Ribes x nidigrolaria Rud.Bauer & A.Bauer) is a complex interspecific hybrid of the
Rosaceae family, obtained by classical hybridization as a result of crossing complex parental forms. Its genetic
basis includes a blackcurrant (Ribes nigrum) F1-hybrid resistant to ash (R. nigrum 'Langtraubige Schwarze' x
R. divaricatum) and a pine rust resistant form (R. nigrum 'Silvergieters Schwarze' x R. grossularia 'Grune
Hansa'). This combination provides Jostaberry with outstanding agronomic properties, including resistance to
some pathogens (ash (Sphaerotheca mors-uvae), pine rust (Cronartium ribicola), bud mite (Cecidophyopsis
ribis)), perfect shape and high adaptation to environmental conditions.

The introduction of Jostaberry to Georgia began in the 1990s, mainly by amateur fruit growers. Its
scientific introduction was carried out in the mid-2000s in the collection plantations of the Scientific Research
Institute of Horticulture, Viticulture and Enology.

Jostaberry berries contain many substances beneficial to human health. In particular, sugars, organic
acids, pectin, among the chemical elements contained in it, first of all, it is worth noting iron, potassium, iodine,
etc. Its fruits are rich in vitamins C and P. Jostaberry also contains anthocyanins (red, blue and purple pigments),
which have the properties of fighting disease-causing bacteria, strengthening the walls of blood vessels and
improving blood circulation. As for its nutritional value, Jostaberry is a low-calorie product (100 g. - 45 kcal),
which allows its use in dietetics. Jostaberry can increase hemoglobin in the blood, it is recommended for both
anemia and hypertension. The fruit is especially useful for people living in big cities, as it can remove heavy
metals, toxins, salts and radioactive substances from the body; In terms of vitamin C content, it is not inferior
to lemon, aquilegia, and black currant; its regular consumption strengthens the body's immunity. Given that
Jostaberry is characterized by a relatively low sugar content, it is also useful for people with diabetes.

Botanically, Jostaberry (Ribes x nidigrolaria Rud.Bauer & A.Bauer) is a perennial shrub of the Rosaceae
family with a taproot system, which is characterized by a fairly strong growth ofup to 1.2 -2.0. The commercial
life span of the plant is 20-25 years, it enters fruiting in the second-third year after planting, and full fruiting
occurs from the fourth year. The average yield per 1 ha under different agronomic care conditions is 6-8 tons
per 1 ha.

Jostaberry flowers are light golden, the fruits are round, black, with a purple tint. Jostaberry fruits are
smaller in size than gooseberries, but much larger than black currants. The fruits are juicy, sweet and sour,
with high sugar content and low acidity, with an original aroma. In early maturity, the taste properties resemble
gooseberries, and in full maturity, black currants, although with much better taste characteristics when
consumed raw. Its positive feature is that ripe fruits stay on the plant for a long time and are less prone to
falling off.

In the conditions of Jighaura (Mtskheta-Mtianeti), Jostaberry blooms from the second half of May, and
ripens from July 5. The plant is characterized by high winter hardiness (-18-20° C), and reproduces
vegetatively: by cuttings, layering, and dividing the bush.

Jostaberry, like many other members of the Ribes genus, is rich in vitamin C, so it is best consumed raw,
which is a significant advantage over black currants, which are not easy to consume raw. Like other berries,
Jostaberry is also widely used for processing, making juices, compotes, jams, purees, and freezing. The
relatively soft fruits of Jostaberry can be used in culinary recipes as a substitute for currants.
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2. Materials and Methods

The aim of the research is to study the biological and economic properties of Jostaberry in Georgian
conditions. Below are the initial results of the study at the Jighaura base of the Agricultural Scientific Research
Center. The research was conducted in 2025. The collective plantation was planted in 2020. Feeding area: 3.0
meters * 1.75 meters, irrigation by drip irrigation. Formation - bush type. Standard agronomic operations were
used for care: weed control, a mulching system and measures to protect against harmful pathogens. The control
variety of khurtkmeli was taken - Hinomaki Red (Fig. 1).

3. Results and discussion

Based on the analysis of the data obtained, it was established that the ripening period of the fruits of
Jostaberry (Ribes x nidigrolaria) begins in the first decade of July. The average mass of the fruits ranges from
2.9 to 3.9 grams, and the diameter is 13.7-14.6 mm, which indicates moderately compact but stable
pomological characteristics. According to the data of the current year, the yield obtained per bush amounted
to 1.479 kg, which is 0.364 kg less than the control variety - Hinomaki Red, the yield of which reached 1.843.2
kg. Nevertheless, it was established that the fruits of Jostaberry are distinguished by high biochemical
indicators. The soluble dry matter content in its fruits ranges from 11.4—12.8 °Brix, which is significantly
higher than the corresponding indicator for Hinomaki Redi — 10.3 °Brix.

These data indicate the potential of Jostaberry as a berry crop with a high soluble dry matter content,
which is important both for fresh consumption and for canning and processing. Table 1 shows the pomological
characteristics and yield indicators of the fruits of the studied varieties (2025).

Table 1. Pomological characteristics and yield of the fruits of the study varieties (2025)

Cultivar Fruit Fruit Fruit color Yield per plant, Soluble dry
weight, diameter, grams matter, °Brix
grams mm
Jostaberry 33 14.2 Dark purple - black 1479.6 12.4
Hinomaki Red 4.8 247 Red - transitioning to 1843.2 10.3
(Kurtkmel) dark red
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Observations of the morphological characteristics of the plants revealed significant differences in the
shape and agronomic characteristics of the bush of Jostaberry and the control variety Hinomaki. The Jostaberry
plant is distinguished by thornless branches, which significantly simplifies the picking process and increases
the efficiency of its use in both agricultural and industrial conditions. In contrast, Hinomaki Red is
characterized by pronounced thorns, which creates additional difficulties during work, especially when picking
by hand (Fig. 2).

According to the shape of the bush, Jostaberry is distinguished by a spreading and semi-upright structure,
which provides better lighting and air circulation, however, it lags behind the control variety in the number of
shoots: Jostaberry had 9—11 main branches, while Hinomaki Red had 12—16 branches, which indicates more
intensive growth of the trunk and a high intensity of branch development from root buds (Table 2).

Table 2.Morphological characteristics of plants of the study varieties (2025)

Breed Plant shape Number of Hinomaki Red Thorniness
branches (Kurtkmel)

Jostaberry Spread- semi- 7 Hinomaki Red Doesn't have
upright (Kurtkmel)

Hinomaki Red Semi-upright 12 Hinomaki Red It is prickly.
(Kurtkmel) (Kurtkmel)

Initial observations of Jostaberry cultivation in Georgian conditions (Mtskheta-Mtianeti conditions)
have shown that Jostaberry begins to ripen in late June - the first decade of July, which allows for an early
harvest and promotes seasonal diversification of berry crops. Jostaberry finishes ripening by the second half
of August and is not characterized by remontancy.

The average fruit weight (2.3-2.9 g) and diameter (13.7-14.6 mm) of the studied variety indicate
desirable pomological characteristics, however, in terms of yield (1.479 kg/bush) it lags behind the control
variety Hinomaki Red (1.843 kg). The soluble dry matter content (11.4—12.8 °Brix) in Jostaberry fruits
significantly exceeds that of Hinomaki Red (10.3 °Brix), which gives Jostaberry an advantage in processing
and canning. Morphological observations of the plant confirmed that the Jostaberry bush is thornless, which
simplifies the picking process, although in terms of the number of shoots (5—9 branches) it lags slightly behind
Hinomaki Red (10—15 branches).
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4. Recommendations

Below are several important agronomic aspects that should be taken into account when
cultivating this culture garden.

Great importance is attached to the selection of the location for cultivation, its cultivation in Georgia is
best in regions with relatively cool summers, probably at an altitude of at least 600-700 meters above sea level
and up to 1500-1700 meters. The best place for it is a flat area with a slope of 5-7 degrees. It is necessary that
there is proper air movement around the plants, which reduces humidity around the plants and prevents the
creation of conditions conducive to leaf disease. The optimal soil acidity for the plant is pH 6.0-7.

Soil preparation work should be carried out in accordance with standard agrotechnology used for the
cultivation of an orchard, namely. The plot should be cleaned of any residues from the previous crop, the soil
should be leveled, plowed with a half-planter, 40 -45 cm, in the fall, for planting next spring; it is necessary to
improve the soil structure - adding organic matter (biohumus, compost or peat) to the topsoil; adding mineral
substances (phosphorus, potassium) based on soil analysis.

A Jostaberry garden is built on a 3.0 X 1.5 — 1.8 m feeding area. A drip irrigation system should be
installed in a newly planted Jostaberry garden. It is believed that Jostaberry is self-pollinating, however,
according to practice, it is necessary to plant a thornbush as a pollinator, in the proportion of 5-6 rows * 1 row.

Jostaberry can be planted in either spring or autumn. A pit 30-40 cm in diameter and depth is dug. Before
planting, care should be taken to ensure that the roots of the seedlings dry out; the root system of the seedling
should be well spread out in the soil; after planting, the soil should be compacted and watered accordingly.

The process of pruning and shaping a Jostaberry bush should be given special attention, as it directly
affects both the health of the plant and the quality and quantity of the crop. In practice, Jostaberry is often
formed according to the type of bush, which allows it to be cultivated both in the classic bush system and in
the trellis (support) system, which is actively used in the production of modern berry crops. The trellis system,
despite providing better lighting, aeration and increasing the quality of the crop, requires additional investment
in the arrangement of the support structure, which is why its choice should be made on the basis of a cost-
benefit analysis, taking into account farm resources and production goals.

In the case of a classic shrub system, pruning should begin in early spring, before the buds open. Its
main goal is to improve the condition of the plant and stimulate the growth of main/fruiting branches, which
is especially important for Jostaberry, as it naturally develops a sprawling, free bush.

Regular pruning not only helps improve fruit quality and yield, but also provides size control, reduces
the risk of overcrowding, and prevents the deterioration of overcrowded, aging plantings.

e First year - After planting a bare-root seedling (2-3 years old), 4-5 evenly spaced branches

are selected and shortened to 4-5 buds (15-20 cm). In the summer, very strong branches are

pinched to level the bush.

¢ Second and third year - Internally branching branches are cut out, weak shoots are removed,

and branches are left in a rounded shape. The main branches are not shortened. In the summer,

very strong branches are pinched to level the bush.

¢ Fourth and subsequent years - Every year, 1-2 old branches should be cut out and 1-2 new

strong branches should be left for replacement. Already cut lateral branches should be shortened

to 3-4 buds. Thickening and overgrown branches should either be cut out at the root ring or
shortened to a young branch at a height of 40-50 cm.

Jostaberry is distinguished by its relatively high resistance to pests (bud mite) and diseases, which gives
it an advantage over other berry crops. However, under conditions of frequent precipitation, it can be affected
by berry powdery mildew (Sphaerotheca spp.), which requires timely and complex phytosanitary measures.
As a rule, integrated plant protection measures include the removal of damaged and diseased leaves and
branches, which helps to stop the spread of the disease; bio(organic) and, only in extreme cases, the combined
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use of conventional contact and systemic fungicides is required, which provides both surface and deep action.
In addition to phytopathological threats, Jostaberry bushes may be threatened by the spread of rodents
(squirrels, water voles, mice, etc.), especially on plots adjacent to which grain crops are grown. To reduce this
risk, it is recommended to use additional plant barriers: planting daffodil and calendula bushes between rows
or along the perimeter, whose intense scent acts as a deterrent and prevents rodents from damaging the plants.
Bio (organic) methods for protecting Jostaberry plants include the following indicative scheme:
7. Once a month — treatment with copper-containing drugs
Kosaid: 300 grams / 100 liters of water or
Bordeaux Italian or Cooperville: 1 kg / 100 liters of water
Foliar spray for preventive and curative effects
8. Before flowering - against pests
Lepidin 2 liters + Thuringine 2 liters / 100 liters of water
Spraying From the leaf Before the active phase of pests
9. One week later — repeat treatment
With the same drugs as in the second treatment, the aim of which is to stop the development
cycle of pests
10. After flowering - at the stage of fruit set
Neem oil: 0.5 liters/ 100 liters of water
11. After a week
With the same dose and drug
12. One week before ripening
Biocatena: 2 liters + Agrocatena: 2 liters / 100 liters of water. The goal is to prevent rot,
preserve the fruit and protect its quality.

One of the important aspects of agronomic care in the Jostaberry garden is the maintenance and
improvement of soil fertility, which directly affects plant productivity and fruit quality. In this process, special
importance is attached to the use of biological (organic) methods in order to reduce the risk of environmental
pollution with synthetic preparations and ensure environmentally sustainable production.

Within the framework of a bio (organic) plant nutrition system, the following approaches are
recommended for Jostaberry:

e Early spring (leaf opening phase) - biohumus - 200 grams per bush, from the root, the
purpose of which is to strengthen the plant's root system.

e 20 days after the first treatment - organics - 3 liters / 100 liters of water, foliar feeding. To
enhance vegetative growth and stimulate photosynthesis

e 20 days after the second dose- Peloid humus — 300 grams/100 liters of water, foliar feeding.
This measure strengthens the soil microbiota and balances mineral elements.

e 30 days after the third dose- Organic 3 liters / 100 liters of water, foliar feeding. The purpose
of the treatment is to ensure crop quality and increase the biochemical indicators of the fruit.

The fruits of the gooseberry (Ribes % nidigrolaria) ripen unevenly in clusters, which is why harvesting
requires selective picking of berries one by one. This process requires special care and attention to minimize
the risk of fruit damage. Harvesting is usually done in 3—4 stages during the season, although in some cases
more picking is necessary.

The harvested fruit should be placed in small boxes or buckets to prevent crushing and deformation. In
the case of raw sale, it is recommended to place the fruit directly into the sales container during the picking
process, which reduces the likelihood of overloading and damage. Fruit intended for processing can be placed
in relatively large containers, since in this case visual damage is less critical.

103



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

Jostaberry belongs to perishable berry crops, which is why it is necessary to quickly harvest and store
the crop in appropriate conditions. To preserve the commodity type, nutritional value and organoleptic
properties of the product, it is advisable to transport it in refrigerated vehicles, which ensures compliance with
the temperature regime and preservation of the product quality until the end consumer.

5. Conclusions

The research found that the berry crop Jostaberry can be considered a promising and interesting crop for
small farms that are already engaged in or intend to produce black currants, red currants, and gooseberries.

Growing Jostaberry can be a good means of diversification for them, which is characterized by several
practical advantages. In particular, the absence of thorns simplifies harvesting and reduces labor costs
compared to gooseberries, the relatively large size of the fruit (compared to black currants) increases its
commercial value and consumer interest, and the high soluble solids content (°Brix) contributes to versatile
processing capabilities (jams, juices, concentrates, etc.). In addition, it is worth emphasizing that it has the
potential for a niche purpose in the market — as a new, less common, but highly tasty and useful berry crop.
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30630 447°C-0m). 55939 390DMOS 392935300l 39600MEOL bobaMdww03mds (©XYJO0), IOV
398 mdol 39OH0MmEol botxbg.

d9a9b0oo 39bgbiEogdol [6] dobgzom, y4zsdgardo sd@oMo 3H9a39MsGIMOL KX sdwGHO
95905 280°C-005, Logotgxmdo - 291°C, dsbgmsdo - 289°C, wdgmdo - 216°C, gm®do - 149°C.
50mbgd0l dobgz00 10 ol o6dsgarmdsdo 330 gdol Lodrsarm Lobdstmqs: 40.0;41.5; 41.3; 30.8;
21.2 (89L50530L5).

g435m9gmdo  5GHIMbRIOWMwo Boergdqgdol do@dgds 37 93-05; Logs@gxmdo 3wgds 145 88-0;
dgbgmsdo - 3 90; wydgomdo - 19 39; ymEdo - 2.0. Ms0mbgdol dobgzom 10 fierols gobdsgermdsdo
3300700l Lydmsm 3H9ddo 99dgos: 5.2; 20.7; 0.4; 2.7; 0.28 (dglsds90bo).

g356mgcndo HTC-ol 6o 0.14-05; Logs@gxmdo dgdio6mgds - 0.28; dbgomasdo - 0.07; owdgomdo -
0.21; am®do - 0.028. M90mbgdol dobgzom 10 ferol 356353¢mdsdo 3300 gdol Lsd o™ &gddo
9990900: 0.02; 0.04; 0.01; 0.03; 0.004 (99L50500L5).

4. 51336900

3Mdggsosbo (70 farosbo)  FgBHgmOHmwmyom@mo 3306390900l  Loggdzganby,
3LMISCOMOHO EIMIMOOL 939600 2odmM3w0bs 53MMI0d5E MO Tobolinsmgdgdol (sd@owdo
A993965@1m0ob (>10°C) s 5GIMLRgOMEo boengdqdol (93) xsd9d0l, HTC) 33wowmgdol ¢9gbwgbios
- BOEY/3gds.

09099953900 bggbstol  dobgwzom, GH9d3gGmedeol 2°C-om  ds@gdol  dgdmbgzgzsdo,
153393 M50mbgddo  5dBHoMMmo  Bgd3geo@GIMgdol  xsdgd0lL  BMHEs  Lodsbolm  (Jodobsmy)
956396999 mb G9s0M90000 bsdseme 450-500°C-0s. 50b0dbmo b3gbs@ol dobgzom, Lszzarg3
5069030 259m3wobEs 5GHIMLBIOWWO bogngdgdols s 30EOMMYMIMNWO  3mgB0E0YbEHIOOL
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3993060900L 3969630900 (Fodmbszerolios yzsMmgwo, Lowsg bswrgdgdol BMs dgobodbgds), o3
335023900l LObJoMOL BHPOL J0DBYH0s. FEMBIW MO IMIMOOL 30MMdJIOLMZ0L F9dvTs39dw)EO
L3gbsMmom (L3gbs®o, GJI3IMOBHMOOL 2°C-000 B5FJds) (BHYI3gMsGMEOL ToBgds 9608369356
MOMYMBOM 353w 9bsl 56 IMob9blL ,,d0b0 3030l (A. arguta) Fo0mgdsby, v Ggddgemo@weol
353905 13gbsM0Om  A9M35olobgdwbg Forswo & s0IMBBEYds. doModom, gl Fgodergds
bowlbaghgeo oyml oo 39ME035M0 BmboswMo GGMmoblgm®dozoobmzol s®lgdmw Bmbgdmsb
3905609000 200-300 3-000 (B30L ©MB0EE Lodsweol dobg30m). MG, SMEOLYGOIL0S
39bobo@mb dqLsdsdolo sgMMmEH9db03mMmo mbolidogdgdols 99949853900 5@BMbRgMmeo bowrgdgdol
39930609000 godmf)39E0 OHYMB0mO 3MM(396930L Foboswdwgy.
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Agroclimatic assessment of prospective regions for the distribution of Actinidia
arguta in Georgia under climate change conditions
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m.meladze@gtu.ge

Abstract. The main agroclimatic characteristics of the Kakheti, Mtskheta-Mtianeti and Shida Kartli
regions of eastern Georgia for the distribution of one of the prospective crops for Georgian conditions, ,,Mini
Kiwi”* (Actinidia arguta), are discussed. The duration of sunshine (hours), the provisions of the sums of air
temperatures (>10°C) and atmospheric precipitations (mm) in the warm period (at 10 and 90%), the sums of
active air temperatures, relative humidity, HTC, and the duration of the frost-free period (days) were
calculated. Regression equations for determining the sums of active temperatures for the Kakheti region by
district have been compiled. Also, regression equations for determining the date of occurrence of frosts (last
and first) and the frost-free period (days) at different altitudes above sea level. The characteristics of the
intensity of droughts during the vegetation period are given. Taking into account climate change (scenario,
temperature increase by 2°C), the dates of temperature transitions above and below >10°C in the study regions
have been determined. For these periods, the duration of the vegetation period (days) and the sum of active
temperatures (>10°C) were calculated, which were compared with the baseline (current) indicators. The
studied and analyzed conditions allow for the search for agroclimatic analogues for the spread of ,,Mini Kiwi”’
(Actinidia arguta) throughout Georgia.

Keywords: actinidia arguta, climate change, agro-climatic characteristics
1. Introduction

Modern global climate change is one of the most an actual problem ecological problems. Its impact is
large-scale and affects the ecological balance established over many centuries and the macroclimate of the
Earth's air layer as a whole. The problem of vulnerability and adaptation to climate change in the context of
global warming has been recognized as a global task and a major challenge for modernity. Modern climate
change has also affected the territory of Georgia, especially the eastern part of Georgia, where a trend of
increasing temperatures has been observed. This is indicated by a statistical analysis of data from many years
of meteorological observations. Therefore, it is necessary to study the vulnerability of plants to the mentioned
temperature regime, especially in lowland areas at an altitude of 300-600 m above sea level, because in such
areas even more heat will accumulate. One of the prospective crops for Georgian conditions is the ,,Mini Kiwi’’
(A.arguta), which is a deciduous, broad-leaved, vigorous plant. Its creeping stems cover trees up to 30 meters
high in the forest, or are rooted to the ground. The fruit has a relatively short shelf life. Its fruit is distinguished
by a sour-sweet taste and a special aroma and contains a large amount of vitamin C, on average 45-
100mg/100g. ,,Mini Kiwi’’ (A. arguta) is characterized by important biological properties. It is characterized
by good reproductive ability, high frost resistance (the most frost-resistant of the species in the Actinidia genus),
and good resistance to pests and diseases and winter frosts, which contributes to its widespread development
[1]. Under global warming, research into the impact of non-uniform climate change on the productivity
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of ,,Mini Kiwi’’ (A.arguta), its vulnerability, and the expected transformation of the boundaries of existing
agroclimatic zones of distribution is necessary and relevant.

2. Methodology

For the study districts, multi-year (70-year) meteorological observation data have been processed and
analyzed using the method of mathematical statistics. The meteorological and agro-meteorological databases
of the Institute of Hydrometeorology of the Georgian Technical University have been used; the multi-year
(1948-2017) baseline (current) meteorological observation data of the National Environmental Agency of
Georgia for the vegetation period. Future scenario data (temperature increase by 2°C, for the period 2020-2050)
have been processed, which is obtained by the regional climate model RegCM-4 and the socio-economic
development scenario A1B1.

3. Main findings and discussion
The duration of sunshine (hours) was assessed in the study regions, which significantly determines the
activation of physiological processes in the crop (Actinidia arguta) and the production of a high-quality,

abundant harvest (Table 1).

Table 1. Duration of sunshine (hours)

Region/ Months

District I | I || IV ] V [ VI|VII|VII] IX | X | XI | XII| Year
Kalheti, 124 | 125 | 156 | 182 | 223 | 268 | 289 | 285 | 219 | 182 | 127 | 112 | 2292
Akhmeta

Kakhet, 127 | 127 | 161 | 181 | 227 | 278 | 294 | 284 | 215 | 178 | 128 | 116 | 2315
Telavi

Kakheti, 105 | 111 | 142 | 171 | 221 | 260 | 264 | 284 | 210 | 163 | 110 | 97 | 2111
Gurjaani

Mitskheta-

Mitianeti, 122 | 128 | 171 | 194 | 232 | 278 | 295 | 284 | 225 | 192 | 132 | 108 | 2361
Mtskheta

Mitskheta-

Mitianeti, 127 | 128 | 154 | 172 | 208 | 252 | 264 | 257 | 205 | 176 | 131 | 116 | 2190
Dusheti

ZTEaKa“h’ 106 | 112 | 169 | 203 | 242 | 274 | 295 | 280 | 245 | 197 | 126 | 97 | 2346

Analysis of the table shows that the given indicators are completely satisfactory for the normal growth,
development and productivity of the mini kiwi culture (Actinidia arguta).

Heat is the main agroclimatic resource for the plant [2]. Therefore, for the assessment of thermal
conditions during the vegetation period of the Mtskheta-Mtianeti and Shida Kartli regions, which is a limiting
factor, the sum of active temperatures provision (%) has been established for the studied culture (Table 2).

Table 2. Sum of active temperatures (>10°C)

Provision (%)

Region/ District 10 ‘ 30 ‘ 50 ‘ 70 ‘ 90 | 95
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Miskheta-Mtianetl. | 3700 | 3570 | 3470 | 3340 | 3180 | 3060
Mitskheta

Mtskhe.ta-Mtlanetl, 3400 3170 3050 2910 2720 2660
Dusheti

Mtskhéta—Mtlanetl, 2860 2670 2560 2420 2250 2140
Tianeti

le)lga Kartli, 3870 | 3670 | 3520 | 3370 | 3120 3070

These indicators by region will contribute to the spread of culture in such a way that the thermal regime
is maximally used for their normal productivity. Regression equations for determining the sum of active
temperatures have been compiled for the Kakheti region:

Kakheti, Telavi > T=-12.3n+4222
Kakheti, Gurjaani > T=-13.7n+4413
Kakheti, Lagodekhi >T=-14.1n+4510
Kakheti, Sagarejo > T=-9.7n+3904

In the equations > T - the sum of the forecast temperatures from the date of the average daily air
temperature exceeding 10°C, n - the number of days from March 1 to the date of the temperature exceeding
10°C. These equations will estimate the provision of the current year's temperature sums. If the sum of the
forecast temperatures turns out to be 300-400°C higher than the sum of the average temperatures in the region
(in case of sufficient soil moisture), this indicates a high forecast yield and vice versa [2].

Along with heat, precipitation is an equally important and indispensable factor for plant growth and
development. Table 3 shows the provision of 10 and 90% of atmospheric precipitation (mm) in the warm
period [3, 4, 5].

Table 3. Provision of 10 and 90% of atmospheric precipitations (mm) in the
warm period 10%

Region/ District Months

v v VI Vil VIII IX X
Kakheti, Sagarejo 152 208 200 144 98 124 149
Kakheti, Akhmeta 152 119 200 128 115 108 132
Kakheti, Telavi 135 238 217 144 115 108 132
Kakheti, Gurjaani 135 193 167 128 115 140 132
Kakheti, kvareli 184 282 268 175 147 156 165
Kakheti, Lagodekhi 168 238 217 169 145 203 198
Mtskheta-Mtianeti, Dusheti 112 203 168 108 98 101 112
Mtskheta-Mtianeti, Tianeti 121 200 192 138 126 122 108
Mtskheta-Mtianeti, Mtskheta 80 132 134 98 88 78 87
Shida Kartli, Gori 79 107 97 86 69 73 83

90%

Kakheti, Sagarejo 35 60 49 24 11 20 26
Kakheti, Akhmeta 35 55 49 20 16 16 20
Kakheti, Telavi 30 71 54 24 16 16 20
Kakheti, Gurjaani 30 54 39 20 16 25 20
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Kakheti, kvareli 45 88 69 33 15 29 20
Kakheti, Lagodekhi 40 71 54 29 27 43 38
Mtskheta-Mtianeti, Dusheti 33 44 38 16 4 18 10
Mtskheta-Mtianeti, Tianeti 38 52 40 30 15 20 13
Mtskheta-Mtianeti, Mtskheta 21 32 32 10 6 10 6
Shida Kartli, Gori 16 30 18 9 6 11 13

To assess the agroclimatic resources of regions, it is important to consider the agroclimatic norms,
which are given in Table 4 [3, 4, 5].

Table 4. Main agro-climatic characteristics in the warm period (IV-X)

sums of . .
sum of atmosbheric relative duration of
Region/ District temperatures reci ?tation humidity | the frost-free | HTC
c100c) | P ( n‘: ) (%) | period (days)
Kakheti, Lagodekhi 3980 740 68 242 1.8
Kakheti, Sagarejo 3420 550 68 222 1.6
Kakheti, Akhmeta 3660 560 68 238 1.5
Kakheti, Telavi 3730 590 66 233 1.6
Kakheti, Gurjaani 3920 540 70 245 1.4
Kakheti, Kvareli 3960 760 69 239 1.9
Mtskheta-Mtianeti
’ 4 194 1.1

Miskheta 3470 390 69 9
Mtskheta-Mti i

tskheta-Mitianetl, 3050 500 70 203 1.6
Dusheti
Mtskheta-Mti i

liskheta-Mbanet, 2560 580 76 179 22
Tianeti
Shida Kartli, Gori 3520 320 69 200 0.9

In the study regions, significant damage is caused by dangerous meteorological events such as frost
and drought. Therefore, regression equations have been developed to determine the date of frost at different
altitudes above sea level:
n=0.027h+52 last frosts
n=-0.018h+100 first frosts
correlation coefficient r=-0.75-0.95

In the equations, n - is the frost date (number of days from February 1 to the last frost date, and from
August 1 to the first frost date), h - is the elevation of the site above sea level (m).

For ,,Mini Kiwi’’ (A.arguta) production, the number of days of frost-free period must be taken into
account, for which a regression equation has been drawn up:
n=0.046h+229
correlation coefficient r=-0.91

In the equation, n - is the duration of the frost-free period (days), h - is the height of the location above
sea level (m) [2].

Table 5 presents the characteristics of droughts by region, which is a factor to consider for ,,Mini kiwi’’
fruit (A. arguta) under climate change [3, 4, 5].
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Table 5. Characteristics of droughts during the vegetation period

. Average number of drought days
Region/ —
.. Types of drought Probability of
District average most The least
drought (%)
Kakheti, Weak 39 62 12 100
Telavi Medium intense 11 33 0 95
Intensive 2 10 0 60
Very intense 0.1 1 0 5
Mtskheta- Weak 20 40 3 100
Mtianeti, Medium intense 2 15 1 55
Tianeti Intensive 0 0 0 0
Very intense 0 0 0 0
Mtskheta- Weak 39 65 16 100
Mtianeti, Medium intense 15 32 2 100
Mtskheta Intensive 1 5 0 50
Very intense 0 0 0 0
Mitskheta- Weak 22 47 4 100
Mtianeti, Medium intense 4 22 0 80
Dusheti Intensive 0 1 0 10
Very intense 0 0 0 0
Shida Kartli, Weak 40 62 18 100
Gori Medium intense 14 36 2 100
Intensive 2 6 0 65
Very intense 0.2 2 0 10

Taking into account climate change (scenario, temperature increase by 2°C), the dates of transition of
temperature above >10°C in spring and below <10°C in autumn in the study regions have been determined
[6]. The duration of the vegetation period (days) and the sum of active temperatures (>10°C) have been
calculated for these periods (Table 6).

Table 6. Change of agroclimatic characteristics

: e 2 z o

Region, | £ = O 2 % 0 S

baseline/ -qu; § g O g% 5 2 § %

scenario, temperature ’:: z g % E’ b= g é I E

increase by 2°C - = = £ =

' g 3 S| Eg | 2%

£ = 5 g £

Kakheti 2.1V 4.X1 216 4086
’ K li, 449

baseline/by scenario varet 24 111 16.X1 237 4586

Kakheti, Sacareio. 802 11.1V 27.X 199 3440

baseline/by scenario £areo, 1.IV 8.XI 221 3890

Mtskheta-Mtianeti 8.1V 26.X 201 3542
. ] Mitskheta, 460

baseline/by scenario sifieta 31100 7.X1 221 3986
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Mitskheta-Mtianeti, Dusheti. 922 18.1V 20.X 185 3095

baseline/by scenario ’ 9.1V 31.X 205 3581

Shida Kartli : 11.IV 25.X 197 3489
. . Gori, 568

baseline/by scenario 2.1V 7.XI 219 3936

Based on the analysis of the table, the sums of active temperatures have increased in all districts (in
Kvareli by 500°C, in Sagarejo by 450°C, in Mtskheta by 444°C, in Dusheti by 486°C, in Gori by 447°C). The
duration of the vegetation period (days) has also increased, mostly at the expense of the autumn period.

According to the compiled trends [6], the increase in the sums active temperature in Kvareli is 280°C,
in Sagarejo - 291°C, in Mtskheta - 289°C, in Dusheti - 216°C, in Gori - 149°C. The average speed of change
per 10 years by district is: 40.0; 41.5; 41.3; 30.8; 21.2 (accordingly).

The increase in atmospheric precipitation in Kvareli is 37 mm; in Sagarejo the decrease is 145 mm; in
Mtskheta - 3 mm; in Dusheti - 19 mm; in Gori - 2.0. The average rate of change per 10 years by district is: 5.2;
20.7; 0.4; 2.7; 0.28 (accordingly).

The increase in the HTC in Kvareli is 0.14; decrease in Sagarejo - 0.28; in Mtskheta - 0.07; in Dusheti
- 0.21; in Gori - 0.028. The average rate of change per 10 years by region is: 0.02; 0.04; 0.01; 0.03; 0.004
(accordingly).

4. Conclusions

Based on long-term (70 years) meteorological observations, a trend of change in agroclimatic
characteristics (sums of active temperatures (>10°C) and atmospheric precipitation (mm), HTC) under the
influence of global warming has been identified - increase/decrease.

According to the developed scenario, temperature increase by 2°C, the increase in the sums of active
temperatures in the study districts compared to the baseline (current) is on average 450-500°C. According to
the mentioned scenario, trends of decrease in atmospheric precipitation and hydrothermal coefficients have
been identified in the study areas (the exception is Kvareli, where an increase in precipitation is observed),
which is the reason for the increase in the frequency of droughts. The increase in temperatures under the
scenario developed for global warming conditions (scenario, temperature increase by 2°C) will not have a
significant negative impact on the production of ,,Mini Kiwi’’ (A. arguta), unless the temperature increase
turns out to be higher than that envisaged by the scenario. On the contrary, it may be favorable for its vertical
zonal transformation to 200-300 m higher (depending on the height above sea level) compared to the existing
zones. However, it is necessary to consider the development of appropriate agrotechnical measures against
negative processes caused by reduced atmospheric precipitations.
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Maria A. Pintea', Radu V. Cozmic', Monica Mattana?

"Public Institution “National Institute for Applied Research in Agriculture and Veterinary Medicine”
? Institute of Agricultural Biology and Biotechnology (CNR), Milano, Italy
Corresponding author e-mail: mariapintea@yandex.ru

Abstract. Moldova has from centuries tradition of walnut culture. Outspreaded by seed occurred until
now. Preselection for evaluating important biotypes with high nut qualities and productive potential there are
indispensable. Studies were focused on evaluation of local interesting for breeding and culture biotypes from
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natural population of different pomological zones or Republic of Moldova via evaluation of adaptability to
pedoclimatic conditions, biometric, sensory and biochemical traits of kernels. On the basis of obtined results,
the genetically valued native biotypes were assessed. /n-situ and on-farm inventories for future enriched local
national walnut biodiversity are necessary to be conduct.

Keywords. Rep. of Moldova, walnut, local biotypes, nuts characteristics.

1. Introduction

Walnut (Juglans regia L.) is one of the oldest cultivated fruit species in the Republic of Moldova having
special economic and social significance. Significant research efforts has been done to make the walnut more
profitable in term of nut production, oil quality, wood production for furniture and leaves phytotherapy
applications (Pintea et al., 2014; Cosmulescu et al., 2014). During the last centuries over 90% of the Moldovan
walnut trees have been grown in vineyards, small orchards, gardens, courtyards, forest belts and along
roadsides. A substantial collection of fruits for walnut germplasm has been done and as results of breeding
programs new varieties or elite trees were selected in prospects to improve walnut cultivation and yield quality
(Pintea 2004). To reach those goals searching and evaluation of the walnut germplasm biodiversity occurred
in nature and wild growing there are isindispensable. Local walnuts diversity with high variation are important
in breeding programs (Sharma and Sharma 2001; Solar and Stampar 2003; Zeneli et al. 2005; Malvolti et al.
2010; Cosmulescu 2013; Yuemei et al. 2014). The present studies there are consecrated to local walnut
pomological (according agro ecological charracteristics) zones (north, north-west and central) of the Republic
of Moldova, were focused on selected trees from different natural populations according morphological and
biochemical evaluation of nuts in the perspective to select and valorize walnut biotypes for future breeding
programs. Eleven trees from north west (NW), 16 trees from north (N) and 43 trees from central (C) were the
material for this research. For three consecutive years (2014, 2015, 2016) from each trees, nuts were harvested
at full ripe in September. The nut traits were studied according the Union Internationale pour la Protection des
Obtentions Végétales (UPOV) and the United Nations Economic Commission for Europe (UNECE) guidelines
(UPOV 1999; UNECE 2010). Fruit descriptive sensory analysis were done by trained panelists, six kernels
from each tree nut sample were presented to each panelist. Sensory evaluation was done mainly as described
(Mosivand et al., 2013).

2. Proximate analyses

Kernels form each biotypes were analyzed for the main biological compounds. The mature walnut fruits
were deshelled and the kernel dehydrated by freeze-dry. The kernels were powdered in a porcelain mortar and
mixed with hexane for oil extraction (Malvolti et al. 2010). Fatty acid (FA) analysis was conducted after
hydrolysis of extracted oils from each kernel. Briefly, an HPLC system pump and degasser PU2089 (Jasco,
Tokyo, Japan) equipped with Alltech 3300 ELSD (Grace, Deerfield, USA) was used. The FAs were separated
on Luna 5 um C8 column (150 x 4.6 mm) (Phenomenex, Bologna, Italy), using acetonitrile: isopropanol: water
(50:30:20, v/v/v) at a flow rate of 1 ml/min for 15 min. Data from the detector were recorded, integrated and
elaborated by the Borwin software program (JMBS Dev., Le Fontanil, France). The FAs were identified and
quantified in comparison with FA standards (Sigma-Aldrich, St. Louis, USA), composition was determined in
triplicate and the quantities of individual fatty acids were expressed as percentage of total identified FAs (w/w).
Tocopherols were analyzed in HPLC by direct injection of oil (Gimeno et al. 2000).

Protein content was determined via a Quantum Protein Kit (Euroclone, Milan, Italy), using Bovine
Serum Albumin (BSA) as standard. Data obtained were subjected to descriptive statistical analyses (mean,
standard error, elaborated with Microsoft Excel 2010 - Statistical Analysis and Graphpad Prism 6 software.
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3. Main findings

During the surveys conducted in the last years valued and interested walnut trees have been identified
in all the typical walnut growing areas: north (N), and central (C). The areas are characterized by annual
average temperature of 7.5°C in N and 10°C in C as well as different rainfall that only partially satisfies water
requirement for tree species. The presence of variable complexity of soil creates many specific pedo-climatic
condition also inside the three areas of surveys. Each selected biotype was characterized by pomological s and
tree phenotypic characteristics. It was evidenced that period of pistillate and staminate flowering period was
about 5-7 days later in the north and north-west zones in comparison to the central zone. During the years, the
lateral flowering and nut-bearing biotypes in all zones, and biotype with inflorescences/fruits clusters in central
zone was also appreciated.

4. Discussion

Multiannual studies (Tables 1, 2, 3, 4; Fig.1) show the main size, morphological and sensory traits from
North (N), and Central (C) pomological zones (areas). It was noticed different weight nuts in all areas.
Normally the nut with higher weight showed lower percentage of edible kernel, well evident in samples 5 C
and 22 N. Large part of nut samples showed kernel/nut ratio over, or around, 50 %, with maximum value over
56 % for nuts 17 C, both had also gained maximum points in the overall fruit evaluation. The shell appearance
(Table 2) in general seemed more grooved in C area then in NW area, where shells were more wrinkled. Those
differences, however, did not give evident differences in shell thickness and adherence. The percentage of oil
in kernels ranged from 50 to 60 and more, with nuts from north area reaching values of 63 % and 66 % in
samples 27 N and 18 N respectively. Higher values in oil content was associated to lower protein content.
Observing the oil fatty acid composition (Table 4) it was evident that over 90 % were represented by mono-
and poly-unsaturated C:18 acids (oleic, linoleic and linolenic acids). The saturated acids, palmitic and stearic,
represented a small fraction, that it is higher in nuts harvested in central area in comparison to the north and
north-west areas. Furthermore, it is evident that some samples in all pomological zones are characterized by
high oleic acid content (see as example: 13 C, 18N, 27 N), this high oleic acid is always related to decreae of
linoleic acid. The oleic acid content is reported very variable in walnut kernels, if it typical percentage is around
15% of total fatty acids, it is also reported values over 30% (Yuemei et al., 2014; Unver et al., 2016). It was
well documented for many plant species and also for walnut nuts (Malvolti et al., 2010; Yuemei et al., 2014)
that saturated acids were higher in warmer areas, the present results were in agreement to the noticed data. It
should be noticed that obtined data on nuts proximate composition and oil content and fatty acids composition
were in line with data reported for two Moldavian walnut varieties (Bernic et al., 2007). The tocopherols
showed a relative high values but seemed very stable in all analyzed biotypes. (Table 3). In a preliminary
statistical analysis the Pearson correlation (7) coefficient a positive correlation of nut weight versus protein
content and, more interesting, correlations between protein content and unsaturated fatty acids has been
observed. Evaluation of morphological and biochemical characteristics have been reported as one of the tools
for studying walnut genotypes and biodiversity in different regions (Ercisli et al., 2011; Malvolti et al., 2010;
Unver et al., 2016; Yuemei et al., 2014), Presented results can be a valued contribution in the Moldovan walnut
biodiversity study. In our opinion, genetic analysis with appropriate ISSR markers designated for walnut could
be the next step and is in under progress, with contribution to distinguish how much difference observed can
be due to genotype biodiversity or can be due to interaction of phenotype and environmental condition.

5. Conclusions
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Those studies will be indispensable for future breeding program/actions to support and enhance
sustainable walnut culture and nuts processing industry, as well as the social and economic development.
From the surveys and fruits analyses high variability but also correlation for some specific traits were found
(protein content versus nut weight or versus unsaturated fatty acids component of oil) confirm walnut nuts of
high commercial and nutritional importance which could be in line to the UNECE standards. At present, a
restriction or change of the walnut distribution areas are causing a considerable erosion of plant genetic
resources; collection, characterization, propagation and sustainable use of walnut genetic resources,
assessment of the adaptive potential and phenotypic plasticity, are therefore items of considerable importance
both for the preservation in situ and ex situ biodiversity. Thus, on the basis of obtained data it is clearly inferred
the existence of genetically important native trees (biotypes) all around the natural wild walnut growing and
investigate areas in the Republic of Moldova.
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Table 1. Nuts characteristics of some selected biotypes

Biotipes code Nut weight Kernel Kernel/Nut Overall fruit | Index of
(2) weight (%) evaluation roundness”
(g (points, 1-9)*
1C 11.68+0.35 5.64+0.22 48.28+0.59 7 115.27
3C 16.08+0.13 8.03+0.057 49.89+0.052 7 152.50
4C 17.82+0.01 8.43+0.11 47.33+0.63 7 131.43
5C 24.29+0.35 5.64+0.22 22.76+0.63 5 120.55
7C 14.36+0.09 6.93+0.39 48.11+£2.39 7 150.86
8C 14.68+0.07 6.41+0.06 43.95+0.66 9 104.65
12C 11.93+£0.02 5.92+0.03 49.34+0.19 7 141.37
13C 13.37+0.01 5.63%£0.02 42.32+0.15 7 134.54
14C 15.35+0.02 6.27+0.07 40.78+0.42 7 151.26
16 C 12.81+0.09 6.72+0.15 55.52+0.87 7 127.06
17C 16.13+0.03 8.92+0.39 56.17+£2.87 9 115.39
18C 15.91+£0.07 8.36+0.13 52.48+1.027 9 139.14
13N 15.69+0.11 8.33+0.44 53.06+3.63 7 131.14
15N 11.79+0.03 5.41%0.11 45.91£1.09 9 147.64
16 N 14.60+0.18 6.99+0.19 47.88+0.86 9 149.52
18 N 10.29+0.14 5.68+0.09 55.14+0.18 9 113.45
19N 12.93+0.15 5.81£0.20 44.52+1.19 9 156.94
20N 12.96+0.14 6.06+0.06 46.76%1.00 7 132.85
22N 25.53+0.71 9.88+0.37 38.71+£0.45 9
23N 14.19+0.23 7.12+0.12 50.25+0.06 9
25N 15.05+0.007 7.56+0.28 50.25+1.89 5
26 N 15.18+0.13 7.13+0.33 46.97+1.77
27N 11.70+0.37 6.29+0.27 53.54+1.26 7
28 N 14.23+0.54 7.24+0.28 50.87+0.09
Table 2. Main morphological and sensory traits of nuts from some selected biotypes
Shell .Shell Adherence Overall Overall
Tree thickness Kernel color
Code ap[.)earance (points 1- o.f shell (points 1-5)" nut.ty aroma sv‘:eetness
(points 1-8)* 5" (points 1-5)" (points 1-5)"  (points 1-5)°
1C 3.0+£0.26 2.8+£0.16 4.8£0.16 2.240.16 4.0£0.0 4.840.16
3C 5.0+£0.26 2.4+0.2 4.840.16 2.240.16 4.0£0.0 4.0£0.25
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4C
5C
7C
8C
12C
13C
14 C
16 C
17C
18 C

13N
I5N
16 N
I8N
19N
20N
22N
23N
25N
26 N
27N
28N

4.0£0.25
7.0+£0.26
1.6+0.32
3.0+£0.26
3.2+0.16
3.2+0.16
4.0+0.25
6.2+0.47
3.6+£0.32
3.2+0.16

5.4+0.2
4.4+0.2
5.4+0.2
3.4+0.2
6.8+0.4
3.0+0.36
5.0+0.36
5.240.16
4.0+0.36
7.2+0.16
6.6+0.2
2.2+0.16

2.8+0.16
2.2+0.16
2.4+0.2
3.0+£0.0
2.0£2.0
2.0+0.0
2.4+0.2
3.0+£0.0
2.2+0.16
1.6+0.32

4.6+0.32
1.2+0.16
4.6+0.32
1.44+0.2
4.4+0.2
3.4+0.2
4.2+0.16
3.4+0.32
2.6+0.32
4.2+0.16
3.8+0.47
1.6+0.32

5.0+0.0
4.8+0.16
4.8+0.16
5.0+0.0
5.0+0.0
4.8+0.16
4.2+0.16
4.4+0.2
4.4+0.2
4.8+0.16

4.0+0.0
4.8+0.16
5.0+£0.0
4.0+0.0
5.0+£0.0
5.0+£0.0
4.240.16
3.6+£0.2
4.6+0.2
4.8+0.16
4.4+0.2
1.240.16

3.0+0.0
2.8+0.16
2.4+0.2
2.2+0.16
2.4+0.2
2.0+£0.0
2.2+0.16
2.0£0.0
2.2+0.16
2.2+0.16

2.24+0.16
2.2+0.16
2.4+0.2
2.0+0.0
2.4+0.2
1.8+0.4
3.0+0.0
2.4+0.2
2.8+0.16
2.8+0.16
2.2+0.16
2.2+0.16

2.4+0.2
2.4+0.2
4.2+0.16
3.840.16
4.8+0.16
5.0+0.0
5.0+0.0
4.4+0.2
4.8+0.16
4.8+0.16

4.0+0.0
4.4+0.2
5.0+£0.0
3.6+£0.32
4.2+0.16
4.2+0.16
3.4+0.2
3.6+£0.32
4.0+£0.26
3.6+£0.32
4.0+0.0
4.2+0.16

0.6+£0.32
1.6+0.32
2.6+0.32
2.4+0.2
2.4+0.32
2.4+0.2
2.6+0.32
2.4+0.2
1.4+0.2
1.4+0.2

3.0+0.0
4.2+0.16
4.8+0.16
3.4+0.2
4.4+0.2
3.6£0.2
3.0+0.26
2.4+0.2
2.6+0.32
3.4+0.2
2.4+0.2
2.4+0.2

X1, smooth; 2, slightly grooved; 3, grooved; 4, very grooved; 5, slightly wrinkled; 6, wrinkled; 7, very
wrinkled; 8, embossed; W 1, very thin; 2, thin; 3, medium; 5, thick; ¥ 1,very weak; 2, weak; 3, medium; 4,
strong; 5, very strong; U 1, very light; 2, light; 3, medium; 4, dark; 5, very dark;" Intensity of all nutty
characteristic from 1 (low) to 5 (maximum);® Taste associated with sucrose or other sweet substances from 1

(low) to 5 (maximum)

Table 3. Distribution of the main components of kernel of main selected biotypes

Tree Water Proteins (%) Starch fiber  Vitamin E Qil Oil density
Code (%) (%) ug / ul of oil (%)
1C 3.27+0.86 16.38+0.75 21.19+0.35 1.73+0.04 59.16+0.24 0.927+0.001
3C 3.34+0.29 19.86+£0.003  24.11+0.29 2.81+0.04 52.69+0.59 0.930+0.002
4C 3.61+0.44 17.15+1.59 27.09+1.64 2.51+0.17 52.15+0.38 0.924+0.001
5C 2.69+0.39 21.92+0.72 24.48+1.61 2.03+0.05 50.91+1.28 0.935+0.002
7C 2.47+0.06 17.24+1.76 22.93+2.09 1.79+0.02 57.36+£0.38 0.919+0.011
8C 2.98+0.07 17.22+0.11 22.11+0.79 2.54+0.07 57.69+0.62 0.939+0.005
12C 3.35+0.19 16.28+0.70 26.54+2.67 2.35+0.027 53.83+1.77 0.932+0.001
13C 2.62+0.02 16.78+0.27 26.67+0.81 2.06+0.05 53.93+1.11 0.915+0.002
14C 3.31+0.46 19.74£1.08 25.88+1.72 2.51+0.05 51.07+0.19 0.933+0.001
16 C 3.54+0.53 12.00+0.75 26.73+1.62 2.42+0.22 57.72+0.34 0.925+0.001
17C 2.99+0.06 20.22+0.68 23.05+0.17 2.52+0.12 53.74+0.91 0.935+0.001
18C 2.58+0.11 18.86=+1.45 22.85+0.63 2.47+0.22 55.71+£0.92 0.922+0.005
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I3N 2.83%0.15 17.88+0.35 18.71+£0.77 2.45+0.17 60.58+1.27 0.921+0.003
I5N 2.59+0.18 14.07£1.19 22.91+1.51 2.96+0.37 60.424+2.87 0.926+0.006
16 N 3.01+£0.26 12.05+1.46 24.03+1.83 1.83+0.11 60.92+3.56 0.935+0.001
I8 N 2.24+0.01 11.82+0.17 19.85+0.96 2.77+0.13 66.09+1.15 0.922+0.002
I9N 3.04+0.06 17.66+0.962  20.25+1.45 2.28+0.08 59.09+2.47 0.928+0.014
20N 2.49+0.01 17.63+0.74 20.38+1.09 2.49+0.05 59.49+0.35 0.925+0.008
22N 2.51£0.09 17.45+0.21 22.02+0.29 1.86+0.03 58.02+0.41 0.925+0.001
23N 3.16+0.12 15.00+0.31 22.48+1.19 2.95+0.13 59.36+1.38 0.918+0.007
25N 2.84+0.19 19.48+0.65 19.46+1.89 2.29+0.01 58.22+1.06 0.932+0.008
26 N 3.01+0.08 16.99+0.39 21.77+0.84 3.05+0.10 58.22+0.53 0.931+0.002
27N 2.87£0.31 10.74+1.39 23.07£2.35 2.22+0.03 63.31+4.06 0.911+0.005
28 N 2.55+0.045 17.91£0.55 18.45+1.37 2.22+0.01 61.1+1.97 0.920+0.003
Table 4. Fatty acids percentage composition in the oil of selected walnut trees
Linolenic Linoleic Oleic acid
Tree Code acid acid Palmitic acid Stearic acid
(@3) (06)

1C 3.37+0.29 83.08+2.06 2.41+0.42 9.50+1.02 1.64+0.32

3C 2.37+0.17 82.14+0.25 2.294+0.01 10.38+0.08 2.81+0.15

4C 2.37+0.09 76.40+0.95 2.30+0.13 16.68+0.73 2.25+0.19

5C 2.75+0.40 83.56+0.07 1.64+0.10 9.25+0.30 2.81+£0.06

7C 1.734£0.16 82.02+0.68 2.28+0.14 11.56+0.42 2.41+£0.24

8§C 2.31+0.48 80.93£1.05 2.45+0.032 12.21+1.42 2.09+0.09

12C 3.12+0.14 84.13+0.69 2.64+0.29 7.90+0.03 2.22+0.29

13C 3.02+0.14 71.61+2.84 1.91+0.12 21.75+2.98 1.72+0.16

14C 2.54+0.03 72.12+1.37 1.93+0.28 21.13+1.09 2.28+0.03

16 C 2.58+0.39 79.63+0.36 2.15+0.04 13.46+0.69 2.19+0.08

17C 2.17+0.05 83.42+0.37 2.11+£0.17 9.87+0.56 2.43+0.03

18C 2.96+0.14 80.67+0.21 2.34+0.04 11.82+0.23 2.21+0.08

13N 2.18+0.11 81.30+0.26 3.43+0.23 11.37+0.23 1.72+0.15

15N 2.65+0.42 81.02+2.88 2.27+0.13 11.76+2.79 2.30+0.21

16 N 3.49+0.05 65.47+5.97 2.09+0.15 26.46+5.87 2.49+0.29

18 N 3.52+0.35 56.86+0.63 2.85+0.31 35.17+0.16 1.59+0.13

19N 3.33+0.14 57.30+2.96 2.22+0.15 35.02+3.18 2.13+0.07

20N 2.42+0.05 79.66+0.71 2.66+0.10 12.68+0.89 2.58+0.13

22N 1.91+0.06 79.30+0.65 2.11+£0.02 14.69+0.42 1.99+0.31

23N 2.62+0.18 83.79+0.95 2.02+0.34 9.56+0.33 2.01+0.11

25N 2.85+0.19 77.83£0.65 2.33+0.10 14.61+0.30 2.38+0.06

26 N 3.77+0.24 69.80+0.33 2.97+0.34 20.85+0.11 2.61+£0.14

27N 4.77+0.053 58.50+0.07 1.64+0.10 33.05+0.40 2.05+0.26

28 N 2.77+0.007 74.20+0.53 2.46+0.11 17.85+0.65 2.71+£0.24
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Fig.1. Nuts of more produtive walnut biotypes.
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39GHMOOL  J0doMmngdsdo Lobgagdzom bsdwdsmdgdo 3ModGHo3nws© dghgMgdmwos, s8odHma
07100b BOGM3WsHBA0LYID 0530LwBs0 Lotgsg0 Fsboerols BoMgdol BgdbmemaorImo dgmmEgdol
99999539056 543 oo 3603369 Mds.

153396dM LOEY3900: DYDMo, BoEMIWSBIMNMO 53500JdS, MIBOLEIbGHWOo x0do, LgergdEgos

1. 8gbsgogmo

09100b BoGHM3WSBINOHO 9350905 d39656M0L MY Mo F0dEbsmy G 3MM(399d6
5MH0L 53938060 900. 353Mgb0 (3mEbo MGYI6OBITo FgFMol 999y 39dMYMBL L3YEOBROIMO
A™Jbobl, MIgdsz Tgboderms  bYlO3gOMmE  03MmJdgEgdL  d3gbsMol X M9IYdbBY
3°90m0{30mb 9396500l oI335. 06x0E0MYdME 3965099080 0MM3935 BN MO LosGMLYdM
30000900 o §oMBm0dz90s  LGHM9Lwo  dEMIsmgmds.  SLgm  Lo@vgsgosdo  9i39bsty
399¢q00bER39M5© 03938 ™13L F9MRIBOLOM3ZOL s  Hergdol dsbdo By 4sdmBmTs390w9en
053053308 BOOMMM 35M05:3090L 04gbgdl. 08 Fgdmbggzsdo mvy 3s0mqbols JogH sdmymBowo
A™gbobo Lsbogzow M 56 Imddggdl d3gbs®mol YN MHYLIdDY s Fsldobdwol ygbmEHn3o 56 sGob
d3MdbmdosMy, b  Bogugdo  AMIBMB0SMY 53  Gmgbobol Bodstm, 83gbotyg  Bsomzwrgds
©90LGHIBGHWMWs©. §9M™93LgdIWO MBMOIHNMDS 35M13DBOGHBS s Fsl30bdgErol Y M1gIdL Mol
50 553500900 4563000509001 fFobsdoMmds.

553500900l Lodwoghy s I39bsM0OL  MIHBOLEBHIBEGHMOS doMOMsEs® LD BodEMmMol -
39908(3930 3500960, Fglsd530L0 35GMMB-839656Mg W F9MYGIM 30HMBIOOL MOMMDOYGOMNYS3E)BsBYs
©53M3000900. d94dboero 159390bg0-3smmygbo, 9396569 Qo 2356M9dmb
MOH00YOHNEIIMI0IOMEGds SOOL 535 M) 00 ©9350JOOL  A5630M5MgdOL s Tglsdsdols,
939bscmol HaBoLEBHIBEGHMdOL F5B39690g0. Fomo MOMOYHNPHT0I0WYOINIEdS S0LIbYds d3gbstol
L59MM LOIOIMYHY O 9350 JOOL 25630M90MYB>DY. 59 Lod3Mmbgol Imbsfowg 0bozogdols
MO009MHNIMI0IOMYdsT s 39MgIML 30MHMBIOOL (3300 d9dTs dglodwgdgeos 535 vy 0d
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bstolboo dgi3owol d3gbsdol 089960@ GOl M95d30s, 295d0gmml b 3oModom, dgsdiotml
939bsm0oL 35305(330L MBsMOSBMB.

9396560L;, 25693bs @S 350MYBL FMEOL 58 YYOHOIONHTMI0WYOGISL FmGMads (Scholthof,
2007) “950m@s ,0593500900L Lsd39mbgo®. I396s6Mgms ,,553509d0L LodzwmbgEoL“ gg3meizool
05005%7 250MmJIM0o 5§30 IMLBsbMYdgd0o (Leach, 1979; Nelson, 1994; Francl, 2001; Chatfield et al.,
2004; Tronsmo et al., 2020; Roussin- Léveillée et al., 2024), Gm3gd03 5060365396, M0 bsdzMmmbgdo
390535000 BoJGHMMMS MONO0JOMR930bol 9093900 ©IMI0EIOE0S MHMYMOE d39D5M0L, SB939
353™M9bols RBOBOMWMYOE 36398900L 0530L90M9090DY, Q5 domo
MOH009MHNIMI0IOMEgds  doghgds b 830MEYds oMM BodBHM®mgdol  dmddggdom.
Q553500900 §obss0dgy dGIMOL 9839JGHM0 Mboldogdol yo@smgdol Jobbom, s1930wgdgos
39650 3036Mmd©Ym 153N TO F9d535(0 (35¢39IWO BogdGHMMOL MO30L9dMGOIIL.

BOJHOOMS MO0 YOM0Y539bs o
9339696905 H9HBOoLEHIbEHMDdS

0)00b BoGHM3WsHBIGO0 809371003690056 MI306MH9b0 HBMIOL 3OMISOOMEHI MEMYBOBIGIU,

(MIgd0E 9O BEMdID MYXMIOL 39JEIWL. o0 HIB0SMYOM 3eYMIMOBMEMds s Lbgmwols
RMOIOL 5300 33Ws. BOGM3sHdOol FmIMY3scm bgmegdo 3909sb GgdmlisBrzm o

9w9996@OMo  9ddMsbom, o3 YBOHMB3grgmxkgl oo LAHOYIGHMIOME  FNEWOSBMBSL.
R0GHM3oHIJOL 96 go5Bb0sm MY 300gdg0 Lobmgbol MbsGo s 153390 bogmogMgdgdl dbs

Loboo  ofjmggb  dsL3obdgemo  83gboMolgsb. Mol d3gbsdgdo  olbobo  doMomos©
3Mb6396¢H06MH9d9bo 50056 259EHsMm0 LolGdol BEmqdol Y M9gEgddo.

0553500900l 250053965 bgds bmem 03 3(gMHgdol Lodwowgdom, MMIgdLsa gosBbosm
BB BH-0HPbs30 30M0L 535M5E0 (94obhoggwro, 2019). 339bstgby 3mbGod@ol d9dgy IFgHo
0fy9gol ©xH9gol Jogmsglol 9gmgolgdsl, Hol 9900925053 Bmgdsdo s®LYdME0 BoGM3WsBIJOO
b3090056 dob LsFdeol dmIbggdger LolEgdsdo (wmdgsbodg s Ubg., 2015). gwmgdsdo
dmbz9c0ol 8909y BoEGM3WsBTs 0fygdl 259053 gdsll s WsBHIBEGHMM0 39MHOMPOL  gogwols
3990092 839656M9B9 Bb9ds 256Lb39390)E0 499690 Lod3BHMTYd0. Sbgmo 395619 HoMBMmoqbL
0663994300 {goOrmbs s BoGHM3wsHdgdol MH9HgM3zsG™®L (Weintraub & Wilson, 2010).

553500900l BoA3EGHMIJO0 SO0 59300 BMYMEME MEbMIw, oby JoGmzge I93609MH9gdL

(Oxabe Koxa,1960; Yagynenu, 1972). 0692610 60869300 0rv9mols 3o@Em3msBd®mo ss35090s —
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BmEwol bobwFndg — 5030o@ 5dMLoEbMmdos. ol sbollosMgdL  3339NMOE  9dMbsEWO
03600 BMMO0s6Mds, MW gdol EIBMOTE0S s IHFMFGOs, oM39d0L FOLHZM0Z bsMFd,
53690039 4em®GHgdol BOHoL dghgMgds s I;39b5M0L ox X 939ds (Kakymusa, 1982).

000l BOGHM3HINMHO  ©535JO0L  gosdBoebo dfgdgdos Hishimonus sallatus Uhler,
Hishimonus sallatiformis Ishiara o Hishimonus discituttus Waik. UodoGoggarml  3e00ds@v®
3060HMd93do gl LobgMdgdo Hgerofodo LA MoMdIFEY 0dg3056, 0339093056 MMMOL FMMEGdOMS
@5 4Yem®GHJoom, 0HsdmM9gd9gb 339MEbOL bGoosdo s g LabogmEbem 303w MOl bggd by
SO g096. BOGHMIWsBAOL 2053905 Fgodergds dmbEgl Yzgams Momdsdo, ™MYPES Y39wsbY
59BH0IM0 B5BHoMgdgd0 BOLMWo 3)gMgdo (0Togm) 5G05b.

R0GH™M3sHdol ds130bdgaros Fbmem mvmols by (Morus spp.), 2ol be@dser®o BOs-
396300000900LM30L  5M30EYOIE0S MOOEIO 30TdGHO S 39MP0 SxMMJodoEmO 306MdJdO. Y.
5e09dbodol (1964) dmbs3gdgdom, mvmols 330603gd0L FobmdMm030 BdYMZS bodoMmzgwmdo ofjygds
95906, ®mgLsaz 35960l BodMSEM EPVIVSFMOO gd3gemodEwcs s0)g3L 10°C-b, bmwm gwmMEHgdol
06@¢9bborMo BOES 803obstgmdls 10-15°C 3Hqd39Ms@Esdy. bm®Tow®o 39630ms6gd0Lsm30L
939bs6g LoFoMHMYOL 16-18 L5056 EWOL BbYMAOZMdL.

0. 353990sl (1982) 9mbo399900m, 553500900l 353039 gdsl byl MHgmdlL sGIMLEgMHMEo
5 6050l o0owo FHgbosbmds. 330939000 ©OYIBOW0s, MMI MmOl XX 0bMdL 0f393L
SLEGHJO0L Loyzomwob gsdmafizg30 BoGHM3wsbds “Ca. P. asteris”, rmdgwoE 00930036905 16SrI-B
J39x 298l (Namba, S. et al., 1993). LogsM»39w M0 BOGMIWsHBAOL MEO JEsdo — Ne210 s Ne208 —
399003w0bs m. Bodo®mgodzods (1983).

0mol  [oboomdgamds  ©993509d0Lsdo  Fgodergds  godmobsGml  MHmym®E  d396sM0oL
0d9bo@g@om, oy 3599 gMmdol 3963399900 306396 9d0m (T'moprangze, 1972).
(9BoLGHIBGHM™BS Fg0dwgds IM3Z0EIOMWO 0yl MRMIEOL MAMLMEO (B935D9: Ta@AbmdOsMY
X090l 5bsL0sMYOM B0 MBAMLLIOO (16935 (4-11 5@3.), borerm HgbolEIbEEgdl — momgdols
mOX 9O 95000 (19-26 533.) (oe0sddgM0dg,1998). dswowo mLAmbyMo (6930l dJmbg x0dqdL
3boLosmMYdm JugMHMMOBMO, F3MO0WRHIEMZ00 5993 gds, 35d0b BrEs SBMHBOLEIBEGH W
X 0389030 9xMH9J00 Bsd5M0 s JbbgzoE0s.

©@9bobol mgmMools dobgzom (dyrun, 1966), 004bmygbgbo ©sdmM309dMw0s 396Gl
3969303296 3019093D9 O 35MIBOGHMIb MYOPOIOMBOL 9Bo3Dg. bsdool dmbsbMHgdom (Xamuzam,
2004), 33965600L 03b0EYEHO 353806093 0s VXML 3960l T593056MBdSLML (PH) o Fogemols
399339 MdsLMD — o3 MBOM  FooEr0s 8553006005, Fom MBOHM  PHORMBIZL  39MH5BOGHOL
39630006M905b.

9653500 3936096M0 8396sM0L LoEMEbEOlBsMmOIBMBOLY s M53Ws330LIbMBMBOL G-
9o 95839690ws 3ol LowoEomdol dopser 899339 mdsl X M9gddo (Epstein, 2009;
Kosnecuukos, 2001; Heather et al., 2007; Wang & Galletta, 1998).

RBOGM3HIMNOO ©99350930L 29630560935 393wgbsls sBEIBL 396Gl S FMMEOL
obogos (Kakymma, 1982; Kaxymma, 1982a). @00993sb0 0(gMgdo  doMmomo@s@  Lobergdosh
b dBOEY, IMIfongdgw BMmMEgdbHY, Losag GHgb0sbmdOL ™Mby Jsmowos. 9Judge0dgbEgdds
9B3965, ®MI 93500 J00L 3930 (39gds IgBHO© F9obodbgds sboasbMs d3gbstggdby, 30MY
bb09g®90%g, bmwm boby®dwogo gJudwmsdsEos byl »fymdl 0bxggdaool 2odwogMgdsl s
39360390905l (Kadwuanu, 1977).
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2. 553000bOb 5B IsEMdS:

UogdoMmggrmdo  393M3Iwgdwo ool (Morus)  Lobgmdgdosbh  Bo@GMm3wsHINMHo
553500900l 30F5M™ Foswo MIHBOLEIBEHMBS Fodmgzgwobs dbmewmo Morus bombycis Koidz. o
Morus multicaulis Perr. ULsobgmdgdol §ommdsygbargddo. s0bodbmmwo gm®mdgdol dmdogds,
L53me9d30m 653390008 999dbs, BoBoMmwMYoME®o s d0mJodoE@mO 33g3900m H535JOOLOI0
3993 gMdol Bs63gMgdoL 4odm3gbs s Fomo boRwdz9w by MYHBOLEHIBEGHMIOL saL>BOIMYwO
RmOINEoL — M9HBoLEBIBGH™OOL 3m9530396@0L F9dabs [otBmoYgbl Mommglis 3608369wm3s6
90856MHmgdsl. 50bodbMmo 33wg3s Lodogdsl dm3390L F9nslEIL sbowo x0dgdols o
BMOIGO0L BoBM3WIHBINMO ©s53500gd0Ls©I0 MHgHoLEGHIBEH™dOL MbsMo.

2. 33emg30L d0Bsbo

33930l 80Bsbos Lodoemzggarmdo o303 9dwo Mmvmolb bobgmdgddo MHgbolEgb@mdols
©535bsliosmgdgaro 60dbgdol dgbfagars s obgmo dgomeol dqdwdsggds, MHmAwOl Bodwyswgdom
5QMGME 93o3Dg dgLodmgdgero 04693 MmOl b3sILLZs Bobgmdol BMMBdOL HBOLEBHIBEGHMBdOL
396LsBO3Ms. gl 3609369 ™m3bs@ I9RJIMIPOL BOEMIWSBIMNEOO H535©JOOL F0BsMr MOl
LoMRQo30  Bsbogol  39MoLOsbMdOLs s @odmygbgdols  Fglodegdemdol  Fgg3olindsb.
0100b BMMIGOoL TgMBRG30LsL Fom350oLF06YdM0s Lobgmdgdol HoMmdmTogwrmds, 39bgE03MMo s
196MmGH03MOH0  Fobollosmgdwgdo, oMo (339090 MBS S  FOYMOVOMDS oMM 30MMJOT0.
M3005BHLMdS JogboFs RMmMIGOL, MMIWgdoE 49dmoMBg3056 3Mow X MgMm3zs60 sbs@mdowm®o
539099 9d0m, 496fiols s oxkbol god@st LobEgdsdo OBOMEWMYOWEMS© 5JGOOO X MHJOIOOL
LOFoMHdIOM S VX MGOOL Foo0 F553056MdO.

RBOGM3WHIMNOO ©99350930LSA0 253degMdOL JoM39M90bg OYMHbMdOm d9dwgdsgzgds
BOINs — goddergmBob 3029920309690 (K), 0ol bsdMegdom 99zl ds MmOL GmMIGOOL
ROGM3WOHBINOO 953500900 L>©T0  MHIHBOLEBHIBGHMIOL  Bodwoghg s  Bsmo  edmygbgdol
30396305w0.69DobGHIBEGHMo X%0dgd0ls s BMMIJOOL 498Mm3egbs s om0 M3 gds byl
39709mdL 39MIgOHMS IBIMO Fmmbm3zbol 530594MB0EGdsL MYMOL 3MEEIOSDY.

3. 33¢0g30L MmdogdBHo

330930l Mm309dE0s oms (Morus), rdeol bLobGHgds@ogzss 9909a0: Lsdgxzm — I;39bsMggdo
(Plantae); qsbymznowgds — BoOM@omgbermgsbgdo (Angiospermae); 3wslo — mOWgd6056930
(Dicotyledoneae); 6&oyo — Rosales, mxsbo — mwoolgd®Oms (Moraceae); 335600 — mwoms (Morus).
0MMOLYIOMS MYsbo dMOEo3L  ssbmgdom 65 9350 s 2000-0pg Lobgmdsl, MMAwgdos
dOMOMOIPIE GHMM303ME ©S LdGM®M3032 HBMmbgddos gog3mEIwgdwo. 53 Mmxsbols »dgdEglmds
bols 56 39BJols Bm®dol 83965099305, M35 33b30YdS 0s6gdOE s ddEIbMZsb0E. MMmOLgdOHMs
xobdo 89006 gemLIbE0sbo s MmOLIbEosbo d3g6s69gd0; obobo GHodomMmo Eowlgdqalosbgdo
56105.

0MSL 5boll0smMGAL FoMBH030 Tgx356M9d0L b0, M0l sbgdmazowmEmo dzgbstyg (833960
o600 250050UL), 9J3L BIOMMM Fo3MEIELYO, SWOIOWIP 0RMYOS X3I9MJEObO IBHIIMZ000 ©d
0o00mgabol 3Mo35¢ 25653535 BMMISL.
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4. 33930l dgomEYd0

330935 Bo@GoMs LBLo3 LBl 39M@bymdoL bodgEbogmm-33wg3000 (396GHMOL K OWHIMSL
05bobY, Losg 09ddbowwo  ogm Mool bogmegdgom 65339000, OHMIgos  IMO(393S
ROGM3IWOHBINOO 535009000 MHYHBoLGIBGHME  BMOIJOL.  IMs35eherosbo 33930l
RMRq070 258mygqbgdme 0dbs bLbgosalibgs dgmmeo:

e 90b3m0L 300900;

e WHOMOIGHMOOVIX0 S 3MIMEMA0)M-396MEIMA0MMHO ©33060390900;
e 565@™I0H0, BODOMEWMYOOHO s d0MJ0doEO 5Bse0BYdO;

e IRMHIOOL 5MH9L 9553056MmdOL OYIbS.

94m390hom®o  obfegzwgdm©s Mmool BgbmmaoMo BBl  29630m909d,
1539393°30M  3960mEOL  bobaMdmogmds,  ghmfierrmzsbo  GHmEGHIool BOS ©s  ImMbsgzEols
LEAHOMIGHMOME0 SBseobo.

3WwodsGHmo  dmbs3gdgdo  8m3m3gdvyo  0dbs  3e6gdml ghHmzbmmo  Losggb@ml
53039 BHIMOMWMYPoMG0 30 E0b6900©sb.  Fom  LoxmdzgwbBg  gobolsBezms  sdBHom®o
39939653 IM0L X580 S GgLsdsdolo BgbMEWMAO0MMO B5BJdOL 3gHOM©YdO.

©5y)60 0465 ®MMOL  BoEGHM3WOBINMO 5350 JOOLOET0  5BAEIMBOL  JOMHOMOEO
956396900, O 9dHg IYOHbMdOm 89985305 3oddemgmBol 309%03096¢90 (K) sbsero gmemdgdol
d9Loxz5LgdESC.

gBmools JmOH™3wsliEgddo RBEMMOHgb396300L 3565993900 2960l bE3Ms
BmmemdgBmomn PAM-2100 (Waltz, Germany): dobodserw®o (Fo), dodbodscroydo (Fm) o
3500509 Mo  (Fv) x3@mm®mglgbgool 0bdgblogmdgdo, s3M9m3g BmEH™LobmgHgdl dmeob
99dAHOMB7d0L  BHEMBL3MOEGHOL 063 9blogmds (TR) MmamMi Lodbgwgdo 5©s3GH0MYdMM, ol
505¢0 0639bLo3gMdOL LObsMO Q650N FMMgdTo.

5. d00gdveno 899900l gsbbowgs

965350 0sbo 300900l 9990 ©oR0bE, BMI MmOl BMEOIGOOL ROGHMIWsBINOO
05535009005 d0 MHgDBOLEHIBEHMBdS VT30S FobOLIBEZMGdS MM ToM33gMHom:
1. gmo@obl ymbfol 359@Gs6 LolGgdsdo garmgdol X MmIEMs MomMmEgbmds;
2. x 690 5MH9gl 3553056Mmd0L Momgbmd®mogo dsbgz969d9wo.
b 8563960900 FoMdmMoygbl Mmool BmMIoL IYs® 29693H03M 3019093l s Bogergds
033905 153939EO(300 39MH0MEOL A96s3wMdsT0.
bo3Megd30m 65339000L Lyxdz9w B G9OBGME 0465 MMEOL 42 SHSEPO BMODs. SBsEGHMT0MTAs
3319359 583965, MM Bmmeol ybfiols BwMmgdol MM MM bmds 2oblbzsgwgds gm®mdgdols
dobg30m, MHOL LsggwndzgubgiE 0B WIXFMBWOIE MMB Js¢Egam®os:
e 1 35¢)93mM0s: 5-9 MxM9©o/mm
o 1II 3593mM0s: 10-14 M) Ggoo/mm
o III 35¢93™®05: 15-19 »yxMgoo/mm
o IV 35¢)93m605: 20-Bg d9¢0 M) O9©o/mm
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01939 P0BS, MM MXMIOL Mgl T553006mds dgtyqgmdl pH 4.5-8.5 gotygddo, Mol

Log3)d39bY3 BnMIIBO ©dYMBOo 0dbs MY J3IXFNIBI:

o 1 35393m05: dwogd LmbEo 9039 (pH 7.6-8.5)

o II 35%93mM05: bybBo d539 (pH 6.6-7.5)

o III 35¢93™®0s: 5539 (pH 5.6-6.5)

o IV 35¢)93™605: dewogh 35539 (pH 4.6-5.5)
d9L50580L5, MYMOL BMOIGOOL MYHOLEHIBEHMIOL Tgxslgds 95329dbgds 53 M BMOZ5G TGOl —
REMgIoL MR OIS MoMmOIbMBLS O YIXMGOL 5L F553056MBL, o3 HoMmBmEygbowos 3039w

gb®owdo.
300 1. »Mmob BmOIoL HgHBoLEHIHEHMOOL oMM 56 39MHJd0 S
3500 35393MM09d0
33momeob gmbfjol 458@s® LobGgdol BMOEOoL MYROIOOL 5oL 3x53056Mmds
33€J3°
35092m600L | gEmydol xmOH3doL xem®Iol Ph-ob 3m®Igool | gm@Igdol
Ne MROI0L | HomEybmds. Gome. 05h3969089@0 | Momegbmds. | Gome. %
©om©bmds %-3do. 3
1803. 3
I 5-9 7 16.6 7.6-8.5 9 214
I 10-14 16 38.1 6.6-7.5 15 35.7
I 15-19 13 30.9 5.6-6.5 11 26.1
v 20 s dgBo 6 14.3 4.6-5.5 7 16.6
Loy 42 100 42 100

0ol gmOIgd0, GMmIWGOLsE 99300 Fmmol gmbfiols gsd@se LolEgdsdo Bwrmgdols
MXROIOMS  ©OEO  M5MmEIbMds ©5 YROIEOL OB  dwoghHo  Fx53056Mds,  3MEHgbEoMMO©
BO0GHM3HNOHO 53500900l F0FsM0 MBOLGHIBEHIX M30L9gdsL 53705369096. A98dEgmdol  gu
95639609080 (oMmdmagbo 3bGowdo dmb3zbgb 99-IV 353gamOool xamndo (14,3%-16,6 %),
©6sMBg60 BMOIGOOL sToboLOsMYOYE0 Bo03)MYd0, MMIWGILS3 A99BIm T3069 MXOIMS
509bMBdS O OSE0 8555305b6Mds Q5B s doMomsa 8g-II-1II 35@gam®m0sdo. sdy35M5,
B3960 330930l 256L53MNMYOMEO MMM Fodsbzoms 39-4-9 353JMM0sdo dmbzaEMOWwo
939bs6990bg s Fomo Loz OEPObs, MMI 53dEgMdol doMOMsE oM3gMgdly TGOl o6
5MLGOMOL 30MHI30MO 3MHYSF0YIMO 3538060, MHMI B Mgdol VX MJOMS HIMHOWMXMIO6MBdOL
OO M5MmEIBbMBS, gmggemz0l 56 dgLodsdgds MR MIOL SMHOL Bowow 3953056Mmd5L s doMojom,
99-4 353 93MM00L 5050 8553056MdOL 7 83965606 FbME ML 4 MGl 50BMIBS YbHob 2od@s6
LobGHQFsdo BEMYIOL MXMIOMS OO MOMEIBMBS, bmwm 3 Bm®IoL I39656M9gd0L Bwmgdols
MR OIS MM bmds bbgs 3939aMmm00l Xama3l d0g329m36900.

5060250, MmOl BMOIGOoL MH9)HBoLEIHEHMBOL goblsDBMIMOLIMZOL s930YdgEo Ao
3923900539006 0olgmo  300G)MH0Mdo, OHMIgwos DBMLEI© 2oblEBOIMZs MMO JoMOMIO
95639608 YOHM09IOH0PITMI0JOIEgdsl. 58 0Bbom 9350006900 FmEOTMs: K=A/P, Losg K
000l BOGMIWIBINOO ©H53500gd0L  MYHBOLEHIOGHMIOL 3m9530396F0s, A gmowolb ymbfob
39BM3930Md0 ©T53HJO0MNO MIOWO sBBOL MR MYOMS MoMIbMds, bmwm P w»xdgrols s6ob
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The Resistance Triangle of Mulberry

Nodar Stepanishvili, Temur Ortoidze, Maia Bachilava, Nika Gigauri
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Abstract. The phytoplasma disease of mulberry (Morus spp.) is among the most dangerous and difficult-
to-control plant diseases. It is caused by polymorphic phytoplasma organisms that possess hereditary
characteristics and are transmitted to subsequent generations. Conventional biological, chemical, and
mechanical control methods have not proven effective against this disease. One of the most promising
approaches is the development of resistant varieties. However, breeding work on mulberry has practically
ceased, which makes the development of technological methods for obtaining phytoplasma-free planting
material of great importance.

Keywords: mulberry, phytoplasma disease, resistant variety, selection

1. Introduction

The phytoplasma disease of mulberry is associated with complex physiological processes occurring
within plant cells. Once the pathogen invades the living organism, it releases specific toxins that may act
lethally on plant cells, leading to plant death. In infected plants, normal physiological balance is disrupted,
causing stress conditions. Under such stress, the plant activates its defense mechanisms and employs a wide
range of survival strategies developed over many years of evolution.

If the toxins produced by the pathogen do not have a lethal effect on plant cells, and if the host genotype
is either non-susceptible or only slightly susceptible to the toxin, the plant is considered resistant. The
incompatibility between the parasite and host cells is a key prerequisite for disease resistance.

The intensity of disease development and the level of plant resistance largely depend on the interaction
of three main factors: the pathogen, the host plant, and environmental conditions. The relationship among these
three components—the pathogen, the host, and the environment—forms the so-called “disease triangle.” This
triangle determines both disease development and the degree of plant resistance. The interdependence of these
components affects the overall strength of the plant and the dynamics of the disease. Environmental changes
can alter this balance, either strengthening or weakening the plant’s defense mechanisms.

The interaction among the plant, the environment, and the pathogen was defined by Scholthof ((Scholthof,
2007)) as the “disease triangle.” The concept of the evolution of the plant disease triangle has been discussed
by various researchers (Leach, 1979; Nelson, 1994; Francl, 2001; Chatfield et al., 2004; Tronsmo et al., 2020;
Roussin- Léveillée et al., 2024). These authors note that the outcomes of the interactions within the triangle
depend on the physiological characteristics of both the plant and the pathogen, and that their interrelationship
can be either strengthened or weakened by environmental factors.

For effective management and control of plant diseases, it is essential to understand the characteristics
and mechanisms of each component within this triangle — the pathogen, the host plant, and the environment.
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FACTOR INTERACTION AND
PLANT RESISTANCE

Mulberry phytoplasmas belong to the smallest prokaryotic organisms that lack a cell wall. They are
pleomorphic and can easily change their shape. Their rounded bodies are surrounded by an elementary
membrane that ensures structural integrity. Phytoplasmas lack independent biosynthetic capability and absorb
nutrients directly from the host plant. Within mulberry plants, they are primarily concentrated in the phloem
cells of the vascular system.

Transmission occurs exclusively through insects possessing piercing—sucking mouthparts (Kanchaveli,
2019). After contact with the plant, the insect feeds on cellular contents, allowing phytoplasmas present in the
phloem to enter its digestive system (Lobzhanidze et al., 2015). Once inside the phloem, phytoplasmas
multiply, and after a latent period, visible external symptoms appear on the plant. Such infected plants serve
as both infection sources and reservoirs of phytoplasmas (Weintraub & Wilson, 2010).

The symptoms of the disease have been described by both foreign and Georgian researchers (Okabe,
1960; Chaduneli, 1972). Externally, the mulberry phytoplasma disease—commonly known as leaf curl—is
easily recognizable by the appearance of small, deformed, and wrinkled leaves, vein distortion, and suppressed
shoot growth leading to dwarfism (Kakulia, 1982).

The main insect vectors of mulberry phytoplasma are Hishimonus sallatus Uhler, Hishimonus
sallatiformis Ishiara, and Hishimonus discituttus Waik. Under Georgian climatic conditions, these species
produce up to three generations per year, feed on mulberry leaves and shoots, overwinter in the egg stage, and
complete their entire life cycle on mulberry trees. Phytoplasma transmission can occur in all generations,
although the most active carriers are adult insects (imago).

The sole host of the phytoplasma is the mulberry tree (Morus spp.), which requires a warm climate and
suitable agrochemical conditions for normal growth and development. According to Aleksidze (1964), the
massive budburst of mulberry in Georgia begins when the average daily temperature reaches 10°C, while
intensive shoot growth occurs at 10—15°C. For optimal development, the plant requires 16—18 hours of daylight.

Kakulia (1982) noted that high air and soil humidity promotes the spread of the disease. Studies have
shown that mulberry dwarfism is caused by the aster yellows phytoplasma “Ca. P. asteris,” belonging to the
16SrI-B subgroup (Namba, S. et al., 1993). Zakareishvili (1983) identified two strains of the disease in Georgia
— Ne210 and Ne208.

Resistance of mulberry to phytoplasma infection may be associated with the plant’s immune response
or the presence of specific tolerance markers. Giorgadze (1972) suggested that resistance depends on the
osmotic pressure of plant cells: susceptible varieties have low osmotic pressure (4—11 atm), whereas resistant
varieties show nearly double that value (19-26 atm). Shalamberidze (1998) found that cultivars with high
osmotic pressure have xeromorphic, small-celled structures, whereas non-resistant types possess larger, loose
cells.
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According to Dunin’s (1966) theory, immunogenesis depends on the plant’s genetic characteristics and
its interaction phase with the parasite. Khamidi (2004) noted that plant immunity correlates with cell sap acidity
(pH) and sugar content — higher acidity inhibits the development of pathogens.

Many researchers consider the high silicon content in plant cells as an indicator of vitality and resistance,
as it stabilizes the energy balance and regulates metabolic processes, especially under stress conditions
(Epstein, 2009; Konecuukos, 2001; Heather et al., 2007; Wang & Galletta, 1998).

The development of phytoplasma disease also depends on the age of the plant and its leaves. Kakulia
(Kakulia, 1982; Kakulia, 1982a) found that insect vectors primarily settle on young, immature leaves with
higher moisture content. Kafiani (1977) showed experimentally that the disease spreads more intensively
among young plants compared to older ones, and prolonged exploitation accelerates infection and its
dissemination.

2. Relevance of the Study

Among the mulberry species (Morus spp.) distributed in Georgia, high resistance to phytoplasma disease
has been observed only in Morus bombycis Koidz. and Morus multicaulis Perr. Identifying these resistant
forms, establishing a collection plot, determining biochemical and physiological markers of resistance, and
developing a formula (resistance coefficient) to quantify resistance are of great scientific and practical
importance. This research provides a foundation for evaluating the resistance potential of new mulberry
varieties and forms against phytoplasma diseases.

3. Research Objective

The aim of this study is to identify resistance-related characteristics among mulberry species in Georgia
and to develop a method for early-stage assessment of resistance in different forms. This will accelerate the
evaluation and use of mulberry planting material resistant to phytoplasma diseases.

Selection criteria included the genetic and phenotypic traits of species, their variability, and
environmental adaptability. Preference was given to forms with fine-cell anatomical structures, abundant
physiologically active cells in petiole and stem vascular tissues, and high cell sap acidity.

Based on resistance markers, a formula — the Resistance Coefficient (K) — was developed to assess
the degree of resistance of mulberry forms to phytoplasma disease. Identifying and propagating resistant
genotypes will support farmers by providing high-quality, disease-tolerant planting material.

Research Object

The research object is the mulberry (Morus), classified as follows: Kingdom — Plantae; Division —
Angiospermae; Class — Dicotyledoneae; Order — Rosales; Family — Moraceae; Genus — Morus.
The Moraceae family includes about 65 genera and up to 2,000 species, mostly distributed across tropical and
subtropical regions. Most are woody plants (trees or shrubs), though some are vines or herbs. The family
includes both monoecious and dioecious plants, and the mulberry is typically unisexual.

Mulberry species exhibit a high capacity for hybridization and are wind-pollinated (anemophilous).
They have a wide distribution range and easily form hybrid and intermediate types through cross-pollination.

4. Research Methods

The study was conducted at the Jighaura experimental base of the Scientific-Research Center of
Agriculture (SRCA), where a mulberry collection plot with phytoplasma-resistant forms was established.
The research employed multiple methods:
¢ Field experiments;
o Laboratory, pomological, and phenological observations;
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¢ Anatomical, physiological, and biochemical analyses;
e Determination of cell sap acidity (pH).

Annual observations included the development of phenological phases, vegetation period duration,
growth of one-year shoots, and yield structure. Climatic data were obtained from the National Environmental
Agency’s agrometeorological bulletins. Based on these data, cumulative active temperatures and phase
occurrence periods were determined.

The main resistance markers of mulberry against phytoplasma disease were identified, and a resistance
coefficient (K) was developed to evaluate newly discovered forms.

Chlorophyll fluorescence parameters in leaf chloroplasts were measured using a PAM-2100 fluorometer
(Waltz, Germany): minimal (Fo), maximal (Fm), and variable (Fv) fluorescence intensities, as well as electron
transport rate (ETR) under both dark-adapted and light conditions.

5. Results and Discussion

Long-term field experiments revealed that resistance of mulberry forms to phytoplasma disease is
mainly determined by two markers:

1. The number of phloem cells in the vascular system of the leaf petiole;

2. The acidity level (pH) of the cell sap.

These markers represent stable genetic traits that remain relatively constant throughout the vegetation
period.

Based on the collection plot, 42 new mulberry forms were selected. Anatomical studies showed
variations in phloem cell count per mm, leading to classification into four categories:

o I: 5-9 cells/mm

o II: 10-14 cells/mm

o III: 15-19 cells/mm

e IV: 20 or more cells/mm

Cell sap acidity ranged from pH 4.5-8.5, also divided into four subgroups:

o [I: Slightly alkaline (pH 7.6-8.5)

e [I: Weakly acidic (pH 6.6-7.5)

o III: Acidic (pH 5.6-6.5)

o IV: Strongly acidic (pH 4.6-5.5)

Thus, the resistance evaluation of mulberry forms is based on these two parameters — phloem cell
number and cell sap acidity — which are presented in Table 1 as the primary resistance markers.

Table 1. Main Markers of Mulberry Form Resistance and Their Categories

tegory Number of Number Forms pH Number Forms
No. Phloem Cells per 1 of Forms (pcs) %) Range of Leaf of Forms (pcs) %)
mm (pcs) Cell Sap
I 5-9 7 16.6% 7.6-8.5 9 21.4%
I 10-14 16 38.1% 6.6-7.5 15 35.7%
111 15-19 13 30.9% 5.6-6.5 11 26.1%
v 20 or more 6 14.3% 4.6-5.5 7 16.6%
Total — 42 100% — 42 100%

Mulberry forms that possess a large number of phloem cells in the petiole’s vascular system and exhibit
high acidity of cell sap potentially demonstrate resistant characteristics against phytoplasma disease. These
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resistance markers correspond to Group IV in the presented table (14.3—16.6%). Other forms with fewer
phloem cells and lower acidity were mainly distributed within Groups II and III.

Thus, special attention in our research was focused on the plants belonging to the fourth category. Their
detailed analysis revealed that there is no direct correlation between the two main resistance markers. A high
number of small phloem cells in the petiole’s vascular system does not always correspond to a high acidity of
cell sap, and vice versa. Among the seven plants showing high acidity (Group V), only four had a high number
of phloem cells in the petiole’s conductive system, while the remaining three belonged to other categorical
groups.

Consequently, to determine the resistance of mulberry forms more precisely, it became necessary to
develop a criterion that accurately defines the interrelationship between the two main markers. For this purpose,
the following formula was proposed:

K=APK = \frac{A} {P}K=PA

where K is the coefficient of resistance of mulberry to phytoplasma disease, A represents the number of
additional parenchyma cells in the mesopetiole of the leaf, and P indicates the pH value of the cell sap.

Using this formula, the resistance coefficients of the categories presented in Table 1 were calculated and
are illustrated in Figure 1.

Figure 1. Resistance Coefficient Values (%)
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Fig. 1. Resistance coefficient values (%).

If the resistance coefficient (K) exceeds 2.5 units, the mulberry variety or form can be considered
resistant to phytoplasma disease. Conversely, when the coefficient (K) is below 1.0, the variety or form is
regarded as non-resistant. Using this formula, seven promising forms of mulberry were selected from the
collection plot at the Jighaura Scientific-Research Base. These forms were studied in detail for their growth
and development, leaf productivity, and chemical composition, and were subsequently tested under field
conditions in two regions of Western Georgia — Samtredia, Chokhatauri, and Adigeni.

Physiological analyses of the leaves from resistant and non-resistant forms revealed that, in resistant
mulberry plants, the reaction center (PS-II) and the electron transport rate (ETR) function more actively. This
suggests that the variable fluorescence amplitude (Fv) and electron transport intensity (TR) can serve as
reliable indicators for evaluating the degree of mulberry resistance to phytoplasma infection.

Zonality also influences physiological processes in mulberry forms. As shown in Figure 2, both variable
fluorescence (Fv) and electron transport intensity (ETR) are higher in plants grown at lower altitude zones,
indicating that elevation may affect photosynthetic activity and, consequently, disease resistance.
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Figure 2. Characteristics of leaf fluorescence (Fv and
ETR) in Chokhatauri and Samtredia
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Fig. 2. Zonation and leaf fluorescence characteristics.

Another important resistance marker characteristic of resistant mulberry forms is ascorbic acid (vitamin
C), which plays a crucial role in the plant’s oxidative system and is considered one of the key indicators of
plant vitality. The concentration of ascorbic acid in the leaves of resistant forms was 31.5% higher compared
to the control. Furthermore, the dry matter content in the leaves of resistant forms exceeded that of the control
by 14.1%, suggesting that resistant forms may possess higher nutritional and metabolic value.

Environmental factors play a significant role in both the spread of phytoplasma disease and the
resistance of plants. Numerous studies have shown that high air and soil humidity promotes the development
and activity of the mulberry phytoplasma, whereas high temperatures and harsh climatic conditions tend to
suppress its proliferation.

According to our data, in Georgian climatic zones, bud swelling in mulberry trees begins when the
average daily temperature sum reaches 880-900°C, the appearance of the fifth leaf occurs at 2400-2500°C,
and fruit ripening requires a total temperature accumulation of 6300—-6400°C. Based on these data, the timing
of phenological phases was determined for each zone.

Phytoplasma disease spread is particularly favored by late pruning and exploitation of mulberry trees in
spring, which leads to maximum vector insect population density on newly developed shoots, while
unexploited plants exhibit significantly lower insect colonization.

The sex of the plant also affects disease resistance, with the difference becoming more evident as the
plants mature. Our observations at the Kutaisi Sericulture Zonal Station revealed that female mulberry plants
(?) demonstrated relatively high resistance (65-70%), whereas male plants (J') showed significantly lower
resistance (15-20%) to phytoplasma infection (see Figure 3).
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Fig. 3. Influence of plant sex on resistance to phytoplasma disease in mulberry.

Among the 42 resistant mulberry forms selected in the collection plot, 26 forms (62%) were female (%)
plants, while 12 forms (28%) were male (3). Of the 26 female plants, 5 (19.2%) belonged to Category I, 11
(42.3%) to Category II, 7 (26.9%) to Category III, and 3 (7.1%) to Category IV of resistance.
Among the 12 male plants, 2 (16.6%) were classified under Category I, 6 (50.0%) under Category II, 3
(25.0%) under Category III, and 1 (8.3%) under Category IV.

Improper agrotechnical management practices can significantly reduce plant resistance. Our research
demonstrated that appropriate cultivation and care measures strengthen the resistance of mulberry forms
to phytoplasma disease, while improper practices sharply increase disease incidence.
High doses of nitrogen fertilizer (N > 120 kg/ha) were found to intensify the development of the disease
(see Figure 3), whereas the application of balanced compound fertilizers (NsoPsoK4) enhanced plant
resistance. Furthermore, excessive exploitation of one-year shoots during the active growing season had a
distinctly negative effect on resistance, leading to a decline in overall plant vigor and an increase in disease
severity.

Therefore, the resistance of mulberry to phytoplasma disease is largely determined by the plant’s
physiological and structural characteristics, the quantitative values of resistance markers, and the
conditions of growth and maintenance. The early assessment of resistance in mulberry varieties and forms
can be effectively achieved using the resistance coefficient formula (K) developed in this study, which
enables the identification of highly resistant forms at an early stage and their targeted utilization in breeding
and propagation programs.

6. Conclusion

The present study demonstrates that mulberry resistance to phytoplasma disease is a complex trait
determined by both anatomical and physiological factors, as well as by environmental and agrotechnical
conditions. Two main resistance markers were identified — the number of phloem cells in the petiole’s
vascular system and the acidity of the cell sap — which together form a reliable basis for evaluating plant
resistance.

The proposed resistance coefficient formula (K = A/P) allows for early and quantitative assessment of
resistant forms, facilitating the selection of genotypes with strong adaptive potential. Field and physiological
studies further confirmed that female mulberry plants (Q) exhibit higher resistance levels than male plants (3),
and that balanced nutrient management and proper cultivation practices significantly enhance disease tolerance.
These findings contribute to the development of scientifically grounded breeding strategies and the
establishment of phytoplasma-resistant mulberry cultivars adapted to the climatic conditions of Georgia.

References:

Aleksidze, G. (1964). Publication on mulberry budburst and growth conditions.

Chaduneli, M. D. (1972). Materials for the study of mulberry leaf curl disease. Proceedings of the Georgian
Agricultural Institute, Vol. LXXXIV.

Chatfield, J. A., Draper, E. A., & Boggs, J. F. (2004). The power of the triangle. Special Circular — Ohio
Agricultural Research and Development Center, 181-191.

Currie, H. A., & Perry, C. C. (2007). Silica in plants: Biological, biochemical and chemical studies. Annals of
Botany.

Dunin, M. S. (1966). Immunogenesis and its practical application. Moscow, Russia.

Epstein, E. (2009). Silicon: Its manifold roles in plants. Annals of Applied Biology, 155, 155-160.

144



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

Francl, L. J. (2001). The disease triangle: A plant pathological paradigm revisited. The Plant Health Instructor,
10.

Giorgadze, D. G. (1972). Influence of the vector of mulberry leaf curl and study of its possible connection with
the disease pathogen. Dissertation Abstract (PhD in Biology). Tbilisi, Georgia.

Kafiani, A. G. (1977). Influence of mulberry exploitation on the development of leaf curl disease. Silk Journal,
No. 4.

Kakulia, M. A. (1982). Some features of mulberry leaf curl disease. Silk Journal, No. 6.

Kakulia, M. A. (1982a). Recommendations and materials on the resistance of varieties, polyploids, and local
forms of mulberry to leaf curl disease. Thilisi, Georgia.

Khamidi, H. S. (2004). Changes in the nutritional quality of mulberry leaves during the growing season and
their effect on the physiological and biochemical state, yield, and cocoon quality of the silkworm.
Scientific Works on Sericulture. Tashkent, Uzbekistan.

Kolesnikov, M. P. (2001). Forms of silicon in plants. Advances in Biological Chemistry, 41,301-332.

Leach, C. M. (1979). Evolution of the plant disease triangle. Australasian Plant Pathology, 8, 11-11.

Lobzhanidze, M., Beruashvili, M., & Gakhokidze, G. (2015). Plant Protection.

Namba, S., et al. (1993). Study on Ca. P. asteris subgroup 16SrI-B.

Nelson, E. B. (1994). The disease triangle and the disease cycle. Turf Grass Trends, ISSN 1076-7207.

Okabe, K. (1960). Causes of the viral disease of the mulberry tree, measures for its control and prevention.
Nogo Oebi Berugaku Journal, 26(4). Japan.

Qanchaveli, Z. (2019). Phytoimmunology. Tbilisi, Georgia.

Roussin-Léveillée, C., Rossi, C. A., Castroverde, C. D. M., & Moffett, P. (2024). The plant disease triangle
facing climate change: A molecular perspective. Trends in Plant Science.

Scholthof, K. B. G. (2007). The disease triangle: Pathogens, the environment and society. Nature Reviews
Microbiology, 5(2), 152—156.

Shalamberidze, D. (1998). Selection of new mulberry breeding material resistant to leaf curl using anatomical
structure. Dissertation Abstract.

Tronsmo, A. M., Collinge, D. B., Djurle, A., Munk, L., Yuen, J., & Tronsmo, A. (2020). Plant Pathology and
Plant Diseases. CABL.

Wang, S. Y., & Galletta, G. J. (1998). Foliar application of potassium silicate induces metabolic changes in
strawberry plants. Journal of Plant Nutrition, 21(1).

Weintraub, P. G., & Wilson, M. R. (2010). Control of phytoplasma diseases and vectors. In Phytoplasmas:
Genomes, Plant Hosts and Vectors.

Zakareishvili, T. (1983). Identification of phytoplasma strains in Georgia (Ne210 and Ne208).

145



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

d0bo -3030U (Actinidia arguta) d0mE9dbmEMmy0Mo 3YMIQMDS
300530 33¢r0Egdols 3oMmdgddo

Bobm BobMadg'*, gemgb 8sems39¢0dg?, D305 dcdMPs330¢0?, 861058 GEPoBBIMSAZ0(0!

"Bl o Lsdb9dOLAYEY39™ 39360gOIBIMS B5INEHIGO, 03569 X 935b08300L Lsbgamdols
030olLob Labgwdfonm MbogzgdlLoGgo, 0. F53F535d0L godb. Nel, by I 3mM3mLo, 0179,
0d0obo, byJos@mnzqerm; nino.chikhradze719@ens.tsu.edu.ge, mariam.elizbarashvili@tsu.ge ;

2bowols 33e930L LsaLobeyMo, L3 Lmgeols 8gOBgmdol 33eg30l (396G®0, Jomdsw ggwwmzsbols

39dB0oM0o Ne360, 0159, ®d0wolo, Lodsemggarm; emaghlakelidze@yahoo.com ,
bobokashvili@hotmail.com
*306093mbYbGHO 93BHMM0: bobm BobMsdy, nchikhradze@yahoo.com

BLBAMOJHO. 30008530l (330gds  Mobsdgmm™mzg Lmgwol  dgm@bgmdol 9o m-9gHmo
mdb0d369em3569L0 A59Mf3939. SMOGHMIOEOVIEN0 S Je0ToGOLOI0 FEYMIO MW EIMYdOL
393039905 990dwgds  gobgl 8yMeMdoL MHOMBlgymaol ghm-ghmo abs. dobo-3o30
(Actinidia arguta Planch.) 2500m06bg35 gob3s859dgmdom, ds0swo 33909000 ©00M9dIgdom ©s
bbgoolbgs 3000856 300HMdJOMb  5©a3GHOE00L  bsGom.  BsdMmmddo  gobbowrmos
0039d6mEma0MHo doymdgdo 3030l dHo®mdmgdge Bmy0gMHm J399s6580 300dsEol (330 gdol
53mbbg, oo ImMOL  Lods@mnggermdo, ©s dobo-3030L  gob30msM9d0L  domEgdbmemyomMo
39613993H03900. 515939 babyoLdMos dBomEgdbmemyoMo doymdgdol 3m@gbEoswo x¥0dmdMm030
390X ™MdYLYdOLS s Bgbowgmdol MO  Fob3z0mMaMYdOlm30l. dobo-3030 39MOL3gJGHOWWO
3WGHVIO5 30008530L 3300 gdol 3mbEgJuEHTo, MM s bodsMmzgwmdo, s1939 Bb3s J39ybgddo.
dolbo  53GHOMYdS @O 339000  VOMGOMEgds  JIbol  bgwloyger  306HM™dgdL  dobo
BOMMISBIZH900560  3t3MEMH0DOE00LMZ0L,  QobLIZNMMGOom vy  domEHgdbmEmaoMo
903930 259Mm0yYygbgds Lgergd3osls s FsMm™M35d0. Fobo-3030L 3M3IEsMmODsE0s Fgodegds
39bal 9OM-9Mm0 odMbogswo, MHMIgeos byl dgmPHymdl Lmgwol Igmmbgmdol bgd@mmob
9aM5@MdsL. J0b0-3030 51939 A9FMOMBY3s BAEYMBOOMS s bbgosolbgs G030l boooggdmsb

5Q33(39300m, M53 Aol 3@ 035300L 256L539MMYO0m F0dB039WL bEOoL (335935 J0To@ IO
306)139030.

1533956dM Lo@Yzgdo: 3060-3030, 360050l (330D, d0MEJJbMEMA0s, Bgbowgmds,
5Q33@5(300.

1. gbsgsewo

303530l 3300w gds 30603060 ©s 0M0d  Foggbsll sbgbl Lmgwol dgmMbgmdols
L9ggdBHMODY, G500 JGOL F9dsgMdIDY. 3gddgmo@E MOl do?ds, boengdgdol 33swgdso Bggdgdo s

99bG®9dsME0 IM3g6900L DM GHMIOEOIE 3MEGVIMGOL 35dmf39390L w9gabob. 58 3MmEgLlols
Lo3slbMmE, SMOGHMIVOE0WO, 3e0ds@obosdo JEYMO Lobgmdgdol 0bEYME0s L MaG™

594G mHo bgds.

146



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

dobo-3030 (Actinidia arguta), HmIgELsig BJoMs® 0003050 3030L° WFMYdgh, 353960,
303530690000 80EIM0 bowos, MMIgmwon LEFBOYJM-50TMLIZ3Ege sH0sdo 0BOEYDdS, Bows3
39096 bolsg 30 doosh 5g35L9096. 9396509l 3030 gfmgds boymaol gMobzger 3030Lmsb
Abgoglgdol odm. LHimMgo Boymapol dowowds 99dmd s 33900mTs 00MYdMIGdsd obs30MHMds
30WHUYO0L BoOOME 33039 gds I3y ©OHMTo s L 5§Hobowool (3030L) FNWEHOS
©9©530fol MMAMO3 BOOommgm, 51939 LEdbGMYo bsbgz35MLRYIMHMYdTos dmyzsbowo (Maghlakelidze
etal., 2021).

3030L Mdbbgowglo IFomdmgdgwo Bobgmos (2.1 dowombo GHmbs). sy 58 3wl
9000560 {o®3mgdol 50%-bg 990 Imob. mBREomdo LoEoom Jgmeg IFsMTIMIIILO OGS0
(555 s0m3L0 BHMbs), 89999 dm@OL sbsEro Bgwsbos (437 smsbio Gmbs) (Maghlakelidze et al., 2021).

056599060M39 30mEgdbmemyom®mo d90m©gdol (Ao3MHMysdMsgzwrgds, 39b9E03MM0 Bo63gM9gd0
@5 06 303HM 39 GH035305) Mo J0b0-3030L sbogro x0dgdol 99Jdbols s Imdghgdol dGmigldo
dgbfogamoos doger dbmgeomdo. 39MHdm, B396 asbzobowmgm Lbgosbbgs d3qysbs - Bobgoo,
0505, 539, 053605 s sbso bgwsbos.

Logom39wmdo gl 3MEHMS IO 300093 B0, MMI3S J3996ol BMA0gMm Mga0mbdo 339
LGOI ME0s dobo  [oMdo@gds (Maghlakelidze et al., 2021). ULodoGoggarm godmo®dBggs
90IM0 53MMI0dsBH M0 IM350RIOM3BId0m Jolo FMs35xgMHM35b0 GM3MYMsxz00ls s F53
B35b056 BosbMz0l godm, Mg 0f393L FodmMBIME BMBYBL, HMAMOOES BsbsdoMml golifamog
bo@om bLMdEBHMM303900 ©s Jmgddo 3mbEGH0bgbGMEmo 306Mdgd0, MM MIYh Mommgmwo byl
MPgmdL bbgosolbgs 39w EMEmdoL dmygzsbsl. DBmboMmgdoll doM0msEo Bog@MMgdos Lodsweny
(LOF>EOL BMBIEPMBS) S Ggd3gMoEIOS (39Mdm, 10°C-Bg BgG0 99EH0MO 39a3gMEIMHOL KX 5d0),
53 3obLoBOZMOgL Fgloggmol 3w EWOdOL  dmbogzsbs Tgloggmols sGgoel, sfiygdrero
©oLO3W g0 B0MS O FOGOMLIOIOm, ETMSZMYOMO FYdTo FoM(33CIMEOMS s bowrom
(Meladze et al. 2019; Elizbarashvili et al., 2006; Elizbarashvili et al., 2007). 5360250, bdJoOGMZgeMl
36535 53960M3560 GHM3MyMox30s Jabols JodBoazger 303MM30ds@l J0bo-3030L dmlayzsbs0.

d0b60-3030L 0565990060™39 00ME9JbMEmy0mMHO FgMPYBOL - J03MMY3MS3wgd0L, 0b 30GHOM
30G035300b5 s 2969B03MM0 TG 39Mgd0L - IBIMAZS  29TNY3IAH0S 93500 d9OOLYSD
05305350 ByMaqdolL Ho@Mdmgdobmgzgol (Liu et al., 2023), LEGH®gLboLsdo dyMsEMdOL dobbom
bgegd3omboMgdol  oBJoMgdobmgol  (Ferguson &  Huang, 2007) o  @969@03m60
35350 53960M36900Ls s X0dol 53m9bEH0B03s300L YOO MBlgmymzgolbmgzol (Testolin & Costa, 1999).

Lodommzgem Lohgob 9Ee3Hgs, ¥08gd0L IbsllnsMYdOL 33¢0g39000 (,,30030°, ,,3960L ByO0*),
OH0Iwgdoz BOHoLs s bogmgol bosGobbols Jglobgd 9608369 m3s6  dmbozgdgdl  a35(3wobL
(Tsertsvadze et al. 2021). 80vbgs3zs@ 0dols, GMI dom@Hgdbmwmyon®o gomEgdo x9H 5O
39900996905, d030OM3IMboMYdOLs s FMEg3MEMMo  FoM39M00L 25dmYyghgdols QMBSO
3OMGHM3MWgdoL ©s6gMHa30L 3mGgbioswo 36083690 ™35605 5EAOWMIM030 5©I3GHIEO0LS
X 00900 25999% MdJLYOOLMZOU..

2. 3900930 s Fobsegdo
BodMMIdo  godmynbagdmeo  ogm  IM535LIBIHM0sB0  sbseoBol  dgormo, GMIgEos

9dm0(3530s:

147



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

1. L9gm®dMMHOLbM  OoEIMSGHOOL  Jodmbogs — sbsgrobo dmoEs3Es  9390gd0EO
L3oG0900L Jodmbogsls 30b0-3030L 5a3EHE00L, d9MBg30LS s Fo3MEIEYdOL Fglsbgd AbmeBEomls
bbgoalibgs Mgaombdo.

2. 30008530 (330gdoL 396wgb30gd0L 95351905 LodoMmzgwrmdo — bbgowalibgs dgabog®mols
BodOMmIgool  Logmdzgerbg  godmzgeobs  Lodobmggwmdo  3aodsBol (330 gdol
dMmOOMobgwo ¢9bwgbiogdo.

3. LYYOHTMOOLM BOMEJJbMWMYOMEGO F0EYMIJOOL TIBBYdS — RO DBES MBsTgEMHM3Y
00m39dbmEmaom@mo  d90mEYdolL  (030M3wmboMmgds, g9gbgBolzmdo  doM3gMmgdo, ob 30HOM
390 G035305) OHMEo Bb3gsalbgs J39ysbodo sbowro x0dgdol 89ddbols s 299M3wgdol 3Mmgldo.

4. 530 MdM030 36M5gdE030L FLfogws - Fobbowmmos Lagds®mzgamdo dobo-3030L dmyzs60l
90806yt 339 ™MdYdO.

3. 990093900 ©> OLINYLOS

3.1. 3003530 (3300 gdoL GH9bgbE0gdo Logstmzgemado

3WMBSMMEOIO0 IMIMOS Yo 3sbg@ol Fobsdg 8o gOHmM-9HmMo F0o3500 Logmmbgs.
3003530l (33000gds  godmf)3gme0s  LomdMMol gobgdol (CO2, dgmsbo, fywol mOmdwro)
30633965300l BOom: Lb35oLbgs T9x35L9000, XXI Lo3960L dmerml H9d3gcsdmes 1.4-5.8°C-
00 30053 90L. 585b Jg0dgds TsbyM939w0 899900 dMm3Y39L, HMIGEMoYsb d93GM0OL 301939630
3999 gdgo 0dbgds, o3 0ol Bodbogl, MMI 353Mm0M0MdsT by 03m3mL gbs EmdsEE
©0BMBBMIB 5Q335300bm30L (Amiranashvili et al., 2011-2012).

Lodommggarm, Gmamez  dmgwo 39339005, F0MY3005  3E0ToBHol (330 gdILmSD
53933060900 IM535w0 bgaodowm®mo 9139JGoL3gb: dmol d4obzstgdo dgodwrgds bgdmEal s
Bofoermd®mog  49JeMgl, Be3oL ©mbgd Fgodrgds soffoml, ool WBIMT>BsMO  GHIMHOGHMMH0Yd0
8900985 1d6MGB© 0939L s Fyeol HabyELYdO LgMOMBE S Bl (Amiranashvili
etal., 2011-2012).

Logomggerm  99-20  Lowmzmbol  dmewmsb  360d3bgermgbo  ©ImMdMds  sofiym.
0bLEM3963gd0L  BsbsfgMgdo 6396901 3Ebgo gduBHMgdo Mo 5d0bgdOL  LBHsEHOLE03IMO®
3603836900 M356 BOL; Jogooma, 1971-2010 fargddo sgodbomos 4obgzosbo wggdol 933900600
390 (—13.3 ©mg) @5 39939M5GHMMol  gduEHMgdoIMo BsB39693gdol BIMOMO IMOMDS,
Dogbmeol doduodseMo 3H9d3gMsd@s 1981-2010 {iergddo ~0.84 °C/omfengmewrdo osgodlotms.
(Keggenhoff et al., 2014; Keggenhoff et al., 2015). Bsergdgdol 39bgb309do 39¢gmmagbmeos.

5090009 33g3d  50IMLZ3Eg0  LodsMmM3zgerml  bmaogho  bsfoemdo  ferom®o  Boergdgdol

3993060905b 53egbL (R1-3% s0fergmedo), 35806 GMmEILSE OLOZWYm LodsMmzgerm TgMHgre
LoabsEgdL 5B39690L; FerorMo (335¢gdsMBdS omowo GRYd.s. (Elizbarashvili et al., 2017)

Lemgeol dgObgmds Lods®mzggarmdo gMm-gMmMo Y39wsbHy 3arods@ol dodsmo dmadbmdostg
19dBHMO05, GMIG0E LMREOL IMBbEGMOOL OE bofowl s15ddgdl s 360369 ™36 Hzerowls
d9039bl  LELsMOl  M3bgdEMdsTo. 93306039090 3e0TsGHMMO  (33¢0Ed9gd0, Foo JmeMol
Lodmoem $gd3gemo@ Mol o@gds (<0.3-0.4°C sofiergmando), 33539005 s BLoEbob GHowgdols

3°1MHoo LobdoMy sdmlsgwgm LodsGmzgumdo s boergdgdol 97000l 33E0wgds, 9339
dmdd9gdl o33 gMol, yemdbol, Lodobols s bowol 3w EMMYdOL IMLOgE0sbMds By
(Elizbarashvili et al., 2017).
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Lodommggarm  200m0MBg3s 3OO0  sxMM3I0ToGMo  IMe35¢xgMm3bgdom  doLo
965350 x39MM3560 BHM3MYMR00LS s Fo3 BLZILMID Loobermgol godm, Moz 0fi393L 2odmGmBgmE
Bmbgodl, MmymMoEss LobsdoMmmlb slHdog bo@om bLMBEGHMM303900 s dmngddo 30mbEGH0bgbGwGO
306083900, OMIJMNIRD MomMmgMwo byl MFymdl  Bbgoolbgs  3MEHGmdOL  dmyls65L.
Bmbomgd0l doM0m®O BogdBHMEMYd05 Los®wg (LOTsVPOL BMBIEMBs) S Bgd3gMSGHWIGS (396N,
10°C-%g 9BHo 99BHowemo G9939M5@H«ol xsdo), o3 2oblobEg®magl Tgboggmol 39 EHIMHgdL
oLO3gmdo Bsoby s BOGHOMLYd0B  IHYgOMEo, BmgdTdo FoMEILIMWOMS s bowrom
dmogzMgdo (Meladze et al., 2019; Elizbarashvili et al., 2006; Elizbarashvili et al., 2007).

3003530L 3OMRbMBOMGIMO 3300 gds 5M5)M0R35MM356 250m3390L Ho®MTMdL. ghHoo
dbcm0g, MRO® bsbaMdwozo 3939393008 LYHBMbYdO s MBOED BsFMIMO TJusdeEms LOlaMYGOEM
0YymU 356339990 365350560 s FoLWO VOGO GdOL FJ0MIMOOL 3MEEWIMHYOOLMZOL, Jo0
dm60l g6 dbobmzols, mbowolmgol s sbsgo bobgmdgdol sbymygzolbmazols. Igmeg IbGMog, Hywols
LAO9LO, BosIYOL WYY, 353593 9dOL 5539 J)0gd0 s LOMBMEMO LEBMILO Y3530CMBOLS O
Bogmxz096M9d0L  39MH0M©T0, Bo35M9YEME, FJo330MJAL FMLOZE0sbMBL s FOBOOL FoMMZ0L
bo6x gL 533s(300L 3o69dg (UNDP/EU4Climate, 2021).

3.2. 30b0-3030L 3¢035¢ MO0 Immbm3zbgdo

dobo 3030 (4. arguta) ULs5305m© 86003690 mMm3560 Lobgmdss BmaogMmo  domEmaowm&o
0530L9099M9d0L 453M. 030 bolosMYds 35O F9FMSZGdOL YbsMOm, Fooo 4obgzsgsddwgmdoo
(0L 5dBH0boOosl 435M0L Lobgmdgdl FmMolL YzqwsbHg Yobzogeddergs) o 053690¢gdols o
Q055350090900L d0TMI0) 3560 oA GMBOM, M3 bgwl »figmdl dob BsOHMM® 4930 39X9dsL. dobo
3030 9JBH0boosl [o®mdsGgdom dmygzsbs dglodergdgeros dbmgoml 0d Mgaombgddo  (538-U
50dmbogmgm boffowo, 296Mmdsbos s 396G mEmo 93M™m3s, sLg3g MMLYMO), LosE BsdMMTo
39939605165 -300C-05 s bbgs Lobgmdgdo (4. chinensis 56 A. deliciosa) 396 0bM©Yds. LHimOgo
5003™md Mfmgdgb 5L 0003050 030U . DBmaxgO Mdowwo 5dobEo s BITNOOL  dmMmls
39056090000 oo  39d39Gmodves byl Mfymdl  Yz530w0ol  33060GHJO0L bosMg3  AobLBSL.
43530900 5 b HBMOS Yrm®@Egdo I3MIBMI0MGs 0o gd3geo@weol dodscmo. dobo
3030 DBmIogMo ROHOoobsdo daMoo, GHgbosbmdol dmyzsemo  dggbstgs, GMIgeos
boboosmgds 06¢gbloMo BOOm obogbmmlis s Bogbwmedo. sHsEO YwmOEGHId0 dowosb
LGS 5 5¢0sb FgMabmdosmgs 3HOL 30M30MH0 LB03gdOL 0TsMIm. sboERIBOS YrmeEgdo
bsbosmYds LGB0 DGO s LBsFOMMIIL YMEsEPYdSL. 393939300L 39M0m©o 150 Egs. ol
g3530L 0360LLY s 0goldo. bogmazo bobosmgds LHMIRo BOOM. Y35300mdoEsb 40 EOL
3990092 Bogmpo LsdmEmm Bmdol 80%-b s¢figal. y3930e™md0@sb Lodfoxgdrng ®YgdolL Lsdrsem
(om©gbmds 100 Egs. 90bo-3030 BmTogs dmImNbmzgbos boswsgyol dodsem. dolbomgzol
L5 39009LMS 395 MY60MIdMO, Bb309MH0, MEYIBMEsE BEO0PIMO BOssRIO0 bLMLES B5539
36 bgoGesmrMo Mgodioom (pH=5-6.5). 933965098 393939300L 39H0MPOIO0 OO MOMOI6MBO
Dgomo LFoMmgds. o 56 0FBL bosEIAdo FoMr0EgdOL LoFs®Mdgl (Maghlakelidze et al., 2021).

dobo 3030l 30ds@GmO  FmmMbMzbgdo - bBmdogho 3030  BsdmsMo  dodobgdols
3960Eolm30L, MB0WOo BsRbYYo Bs3dsMOLO boergdom 56 dmMfyz0m ©s 330560 yobzgdobsdo
9aM5Mds — 3565 9MFYdol LodoMmm3zgaml brm@dom LdEGHMM303vw (L3Ol MHYR0MbYdO)
@5 BM0gM5© F05b BMbgdL. 3e0doGolb (330gdsd TGbodErMms FOoBIMMMYIMO 39 GH035300L
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Bmbgdo 94dbsl 00 50930, HMIXGOOE 5O d5E05b (3030 0Ym, goblid3MMId0m sIMsgegm
@5 L3 BodoMmM3geml doobfobgmols s 9295 dmol Bmbddo (9WMIO0” 3MEMbym™Mb,
0Ad@0LMB s 3MOYLMIB, LoEdG NGO FGoMmmzgds) (Balen et al., 2019; Wojdyto et al.,
2020).

019939, BWM M90mbddo MBIMBOL BsTMs®mBs s LoEgogol 93069053 FglodErms
Dma0ghmo  x0dol  33003JB0L  AsTms s Boymaol  ©ogds  FJoggdbml.  sdmlsgwgm
Bodo®m3gamdo Bogb ol Logbols s 435¢30L FoBOOETs MoLZds Fgladarms bogmaol baGobbo
@5 3mb53056Mds G999(306MU, g Aol 56 996905 989dGHWIMO LoMFYs30 S WIRMPOEIZ0L LoLE9dgdo.
50530OMMW©, 399396M0GHMOL F5@gdsd Tgbodwrms o5dogmml 353690eqdols s Lmzmgdol
b90mddggds  (059., RBMOWIGRDY Wsdgdo, dMEGHMOE0), 53 339 900bodbs  sdEHoboosl
2EMBSMOO 39 EH035300L Gobs (Ferguson & Huang, 2007).

LogOmM %5980, 30do@ob 330 gds, Bo35M9PME, ZOBOOL J0bo-3030L FgMAMSTGOrE
3396305l Logdo®mzgarmdo, m19d3s Mo Fo0dmgds Imombmal 5s3Eo30M BEAMEJA0OL:
33096 43530eMdOL 5 Bso Loo30L IJmbg X0dgdol FgMBg3zsL, LoMfigszo 0bBMLEHMMIE ML
3963000060905 @O 9aMMGHYJMdOL 96 IBOPOZ0L LoLBHYIJOOL 0bGHIYEMOMGIL gJuEHMgIow MO
5806g00LRYD 530l OLB(3Y39®. 3MWHYIOOL LOdIBOM 3mGHIb3oswo s bmdogho Logozol
9005600  9yMOMds ol Mga0mbdo  3e0dsBHol  (33¢0gdolsdo  F330560  d9doMgMdOL

396U39d G0 F5g50ms© 5J393V.

3.3. dom@Hgdbmemmaom®mo doyamdgdols dg98olgds LogMmsdmmolcm mbyby

Bobgomo. BobgmTo dom@HgdbmermaoMo 0bm3zs30900 36083690 m356 MMl sbMmeEgdls dobo-
30300 x08900L 4563005690585 @S 3930 3IE0530. 8330356935 25dMm0Yg9gbgls 0 3MMIMboM9ds s
06 30¢M 393035309, PobL3MNPOMYd0m Jumz0EMm3560 3MEHWOOL F9gdbogs, Moms 9BIJGHMOS©
399965390650y MBomglo 29bmGH03gd0 s HomBmgddbom  H5350YdYOOLYSL  Moz0LGBIwO
LoGog0  Bobogns.  BoRd0md,  JOWMLoL  0bEMJ30d @O Ym®BHGdol  M9a9gbgMoEos
3&030b0Mdwos d3gbstrol BOHOL L3g30530379M0 MYYMWHGMOMGIOL 2odmYgbgdom, MMYMOOESS
096Bowsgbobo (BA), 2,4-D @s GHMobL-BgoGobo (tZ), Goms godwoghmogb Actinidia arguta-ls
(,,Purpurna Saduwa*) g99696Ms3000L Lobds®g (Yao et al., 2023).95M:q05 5d0bs, Bobgmds 3609369 mgzs60
36MmaM9gL0 29603505 IMg3E MmO 56390900l J9dv)dsgzgdsdo. A. arguta-do g9b9GHo32IMHo G4939d0L
d90960L5 s 60Tsb-0030L98900l FgMBgz30L byedgfiymdol Jobbom, 3m@Es bbol {job 890ddbs domseno
1033300308 SNP  29bmGH0306M900L dsbogo (135 smsbo SNP), o3 MBOHYb3gwymxal bdglol
3obLsBE3MOLs s LBb3s JoMH0mMOEO  53MMbMIoo 60Tsb-m30l90900L BMLEO  godMmagzegdol
LEAHOoGYR0gdL (Wang et al., 2023).

5053006M0MMEs©, 29693H03M0  F56M39Mgd0lL  (oy., SSR s SNP) 00963H0330353050 o
3990myg9bgdsd  goomdxmdgls  Lgargd3omo  9BIIHOMBdS @S 3N GH030090Mo  X0dJOOoL
09b6GH0B03530, 093s 58 LsdMdomlb  MIg@Hgbo bsfowro  aEMdIMMOs @S 9MS  J399bol
139(3083039960. 39MHA3WsHBAoL LRgM™do, Bobr®ds 0BLEHOG GO, MMM bsbol dem@sbozols
0bLGHOGMEO0, 39bbMOE0YEIL LobgmdsmTmMolo 300(0OBHE00L 3OMYMsdgd0, 39Mdm, dgddbgls
mdOHMLBYOO 300600YO0, HMYMOOES ,, 000560 (A. eriantha X A. chinensis var. chinensis), &mdegd03
d960Bg00 ©d50eglo 5GMTdG0LS s gbsbzol 3osol qodm (Hazarika et al., 2022; Zhong et al., 2012).
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d01bgs35@ 0doLs, OMI Me30LMez5 d0bo-3030 56 sMHOL, gl 300MHOEOBFOS SLvbogl
Bobgomols deroge dgbodegdemdgdl 39bm@GH03)M0 Qomaxmdgbgdol dodsMmvErgdoom in Vitro o
bgegd3oemo 0bLEGHMWANEE OOl 3mAdobsEoolL yboom.

d9x09900Lm30L,  Bobgomoll  dom@Ggdbmmmaom®o  0bLEGHOMAGBEHIO0L  Boghgdo -
9036058653 gd0U, in Vitro Jum30gd0L 39 EHMOOU, 39693030 FoM39M900L G9dbmemaogdols
@5 LBObgMB>MHTMOOLO 30d3M0EIO Y9300l 3mAdObsE0s — LdMsgdsl 0dergzs dobo-3030L
X 038900l 06M35:306M0 35630056930 LS s 9B39IGIM0 FITMSZGIOL 5w9dx MdILGOIEo boolbboms
@5 5Q33H0MYdOL b5,

0d3em0s. 0BHo05do 3030L, oo JmEOL Jobo-30308 MsbsdgEM™3g dom@Hgdbmemaom®o
d900m©gdoL  godmygbgds  sEMIMo  F03MOMYSFMZgdOL  F3IMOJO0EB 0Ol Lomoggl.
0GOW0gnds 933193569035 1980-0560 fargdol sbsfiyoldo Actinidia chinensis-ols 3036059653900
in vitro d960ob&99o 39w GHMOOL 39939Md00 Boo@sMgl, Bm3MLoMgd0m Bgbgol Foddmgdbols o
53000853H0Bo300L FoMs@gdobg (Revilla et al., 1992). 58 30mbgMeds 33e9390ds Logdzgwo
Bomygos 30360M3mbo®m9d0l MBOHM RsOHMMO o3M 390l 0Esw00l 3030L bgdEHm®do.

d019b95350 0doLs, M 0GSWwos bEHBPIOGHW 3030l bsfows oym mMOgbEMYdMoO,
900900 068mMIs305 J0bo-3030L LobgmdgdbYE 399M0Ygbgds. dmem OmML, Actinidia deliciosa-U
@5 3bsb 53538060930 Lobgmdgdol d03MMYsdMeggds in Vitro gordxmdgls ocMm9dml
39050996 md0l sbgghom (3sy., 39eMlol 0bvyd3os BA-00), mGysbmygbgbols 3trm@mzmemgdomn
5 53035EH0Bo300L 3OMm3gbgdoom (Kyienko et al., 2022).

0}5woob bgergd30OHO 3MMAM3Jd0 S15939 BogOHm™ 30300 296930396 3900l Tggbslis s
93 OHo  Jo039M900L  250mygbgdsdo. ©03wmoMo  A. chinensis-ol 3039530900
dgbfogeroos  29dmbs  @s  Bogmyol  Bmdol  60dsb-m30l9d9gdol 393330 MHGMBOOMBOL
0350bsbMoloo  (Cheng et al, 2019). 3 3mb@gdudHdo dmyzsbowos Fomguwddowo 3030L
396300006905 sboew Bgasbosdo, I3 0GIWoMEmO 3OHMYMFG00 bJoMs MsbsdIOMIMdI6
L59OPSTMOHOLM EMbgHg JoM396M9d0L B0 bgeErgdiosdo.

396005 5301, 035053 BMbsfiogmds Joowm Bobm@mo xob@oml x0dol (mdHmlggmawgmeo
30306 Le®GH0) 39O E30swoDs305d0 s 2001 Ferosb o@swom®mo  3md3sbools dgdzgmdom
0}Ow05d0 godMs3wgdobmzol dgdmo@sbs (Zhong et al., 2012). gb bsBL MLZsAL 0GHswool Greaenls
9boEo %03d900L ©obMY3580, M3 ©OTM30IOIE0s 9BIJGHNIO PodM3egdol TgmmEadbHy, doo
dmMob JumM30M356 39 EHMOSDY, JOMA35MM3560, 30OMBGOOLYSD Mog30LAsW0 LyMRS30 Tslserols
dobo©9dsQ.

3MLYOOMO®, 0FI0s 09gbgdl F03MMYSTMOZgdsL, in Vitro MGl s 96039090
©53dbgde  bYEgd3aosl, FoblogzmmMmgdom LogMmdMMHOLM ™MsbsTIOMIMdOL ybom, 3o30L
X03900L 953653 gdoLs s 293M3ggdol FbsMILLF Mo - Bos@bm, GMIgwoE 9godwrgds ©s
15356599 M, 30 E3IXY0s dobo-3030%9s.

3990306  G99(0987cm0  GHoAgdo. 5996030l TggPmgdmer  9GHsBHddo 3030l
00m3gdbmermaools 33935 GBHMooEows© Actinidia  deliciosa-bs ©@> A.  chinensis-bg oym
M609bGH0M90Mwo, mdgs TJNMEMEMP0Jd0 3063060  353d0MT0s dobo-3030L  (A. arguta)
3 A035305Lmsb.  5d3-0b  ©59gbodg 0bLEHOGHMETS, o TmEOOL  MMYAMbol  Lobgedfogm
1b039MOLOGIGHTS,  BOOMMgm  35MME0bsl  Lobgwdfoxgm  Mbogzgdlodg@ds ©s USDA-ARS
3969005, 990Lfogwgl 5dBH0boOOL FodMmsgargds, g9bgB03s @S 5a3G9E0s. §Ybsto m39560L
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BO©OWM-obogegmdo,  Lbsssy A.  arguta b gOm BIoMs©  3MEGH03060©9d,
00039960 Mma0)MH0 0YMIJI0 M56EsMsb 0bEJYM0M©IdS bggdE0gOLS O FETMSZGdSTo.

9036myo8653¢0g0s o In Vitro 3w@weos: 5d8-0o Bo@oMgdmwrds 33939005 583965, ™A
3030Lm30L HoMdsHgdom 890dwgds Ywm®Egdol (3gmols s 33956dm3560 3mw@EHmMgdols 99Jabs,
3999x md9LYOMO IBJLZ05690005 s 530P0ToEHOBIF00® 99JlObom A5TOPM YOO Fgool
399mygbgdom. 4. chinensis-obs s A. deliciosa-Longol m3EH0d0DYdIO 3OMEHMIMEGI0 35dm0Yygbgds
A. arguta-boogobosi (Cui et al., 2003; Huang et al., 2010). gb 9900m@gd0 Lodw)oegdsls 0dgggzs, GMI
90oMm3mgdgdds MmMmgambolis s 3506y3Mbols Aozl Mgu0mbyddo s9350gdgd0LYE Megolnswo,
900335003560 LIR30 FoBOS BoOIMMToLIE 900565 Fo0rdmMm0ddbsb.

3969303760 05603960900 ©s bgargdEomboMgds: $39M039wds 933¢93560gdds odBHobowosdo
3°90m09gbgls  SSR (356GH030 396300 g3M™MdOL  589mMgds) > SNP (900630 gm@GHo®
30dmO®R0HBIdo) ds639Mgd0 x0dol 09bEH08035300LM30L, 2969¢03M0 IM35wRIOM369d0L
39935L900Ls s B0GsB-m30L909gd0L Bn39d0L TglogzslgdsE. Bogowoms®, SSR-gdol godmygbgdom
©63-0b 00mMoL 96589FOL FgMPYdO 25dMmYygbgdo 0dbs 3030l X0dGOOL golOMBY35 s F500
5Q53GH0Mgds  Tglsdangdgeos 533-b Lwrgdaombo®mgdol 3MMyMsdgddo dmyzsbowo A. arguta-s
39M33wsBdobmgol (Testolin et al.,, 2001). gl 0bLEGHOMIGBEGHIOO Lslogmabermo 8603369 mg5600s
X089000L 5300963053035300Ls5 s BYEgd30MmboMmYdOL oRJsMGOOLMZOL.

d0b0-3030L  259myqbgds: dombgogs 0dols, G™I dobo-3030L dozMm3EmboMgdols s
993990 Bgegdigool Tgbobgd 5d8-do 3mb3MgEMEo 399803530900 T)bOMIOos, figbs®o
395608 BOHOOEM-5153wgmOol 06EMLE®M053 JEMBILIMH0 3OMEMIMEIOOL 259mygbgds s0fym.
30om3Mmgdgdls o 3393000 M9bsdIOMAWMdS BMIMLBOMGdIMWwos A. arguta-l obgmo Kx0dgdoL
996B935Dg, OHMIWIO0E 53EH0MJIM0s 533-U DMB0gH 3e00ToEMb, BosE d0MEHIJbMEMY0MH
0blEGH®MmdgbBHgdl  dgmdwosm  860d3bgermzsbo  Bmo  FgolEMEmb 95350090900 LsET0
9aM@MdOL, g4obgolodo  As3dgmdoLs o  Boymzyol  boMolbmd®mogo  dobsbosmgdargdol
MBEOMB39yma3sdo.

d9x59900Lm30L, F9gOHmgdME  FBSEIOL Yoo  Logwdzgwro 5g3l 3030l Jumzowmgzsbo
390GHYOOL  3OMGHMIMIdTdo, ImEg3w®  35639MgoLs s LYEgdzool  LGHMadgy0gddo,
GH0mIwgdos b Mgmem 3g@os© 9B mo bgds dobo-3030Lbm30L. 030MdM3wqd0l, 0b
30¢0M M99696M0300L5 @5 oM 3YMJdOL IbTsMGO0m LgeErgd3o0ol 0bEIYMIE00L  FoaMdgEgds
39300090390 046905 588-do d0bo-3030L 3035300l FoRIMMMIOOL TboMILSFIMS®.

053mb0s.  801Hgs35©0 0doLs, GMI 053mbosdo Fobo-3030L  domEgdbmemyools dglisbgd
300530600 330093900  bgedobshzmd  wo@gMeGemsdo  dgbummwos,  sgGobowosl
JBm300M3560 39 EHMEGHOL MROM BsODM 06BMOTS305 0BZMOT530vW0s. 053Mmbgeo 8331935M9d0
00 bsbos 094gbqd9b 5dEH0b0@OLL Lobgmdgdobm3zol in vitro 329eGH035:300L 39dbogsl, HmymOmOEss

g4m®@ob 3900l 3gHoliEgdol 3me@wes. doqooms, 4. deliciosa-bongolb 898853989 &9dbo3sL
593L 36083690 mds d0bo-3030L godcMms3cgdoLbm30L, Mg boBL Migsdl Jumzgowmgsbo 3Mw@MMob

9899EHMOMBIL 3 MmbMMHo 459653 gdOLMZ0U.

LogMmMIMMHOLM  MbIBY  obgzghowo  goMmgdmlbs s 3mOIMbYOOL  IOMMGHMIMWgdo —
3OA™30b0bgd0lL, MMmymEmoEss tZ, BA ©s 5mgbobgdol, Gmammogss TAA s6 NAA 4sdmygbgdoomn —
5d0gMgol 3oMLol 0bEvd3osl @S YwmMEGHgdol Mgygbgmszosl/Frontiers-b. gl 3GMEGHM3MMGd0
RoLYME0s  053MmbMMHO 3309300  0BLAEHOEHWBHIOOLMZ0L, OHMIWgdog 4. arguta-b JWMBMEGS©
2996530 9d5L 0loboggb doBbsco.
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0530b053 5939 990965 oo 3030l bobgmdgddo Ggdmbgzg30m0 FolimMEwgdol 0bwwydiool
d9Lbgd QMBSO (3mPBOL A93M(39gd530, LSE tZ Foblo3MMMYdom JRIJBHMO0s BMYOYHD
39bm@03do (Yao et al., 2023). 39b9@03960 356396900L 39dbmewrmyogddo, dobgsgs 0dols, Gma
0530bos 9mbsforgmds L59OMSTNOHOLM doerolbdggsdo, 0536160 d0b0-3030L
39033sBIobmzol Imemygdo 1393080300 SSR 6 SNP 3503900 M35¢LsBobm@ o6 sGOL
©M37)8960%00gdo.

d9x59900LmM30L, 053mbools dwogMo FHsMmd0 Jumgzogdol 3MWEHMOOL 3OMEHMIMEGOOL
99b39OEG0Bss,  F9BLOZMMOGO0  FOZOMIWMBOMIdOLS s M9RgbgGE00L,  HMIWwgdos  dobo-
3030Lm30L  258M0Ygbgds. 053mbM@Ts  0BLEBHOGGHYOTS Tgodegds A9TM0Ygbmb gl obzgfowro
3900900 989IAHMO0  A9FME3dOLS s K0dJOOL  gb30mMIMGBOLM30L, o3 3mEGHIbgoMEMs©
dn9399OHo J56M39M900L E9dbmermyogdls s3L9db.

sbsemo Bgamsbos. sbswo Bgwsbos 3030l dom@gdbmemyools, 50 dmeols dobo-3oz0b,
L5053930 @YAL. 396G MMl SLtmEgdl in vitro  3MbLYMZsgools s oMOZEgdOL
000933900, MHMIgdog LYgd3ombyMgdls s  IFoMTMGIGOL 5306  BHodol  Fglsdsdol,
Q0553500909006 ™Mog0LRsE BgMAJOL. F3gbsdrgms s 1533990l 33ag30L in Vitro Jmergdsos
Lodogdsll  0dg3s  93965MY9OOL OIS YOGOSLS S 293M(EIYISL  F03MIMRSTMZ9dOL
3990myg9b9d0m, Psa-3 s9350900L356 0530535 LESGMLOL 83536 L3Mbobymsb gomow PCR o
05JAHIO0MEMY0MM0 GglGHocMgdol aBoo (Nadarajan et al., 2023).

59 3MmEgLOLMZOL 3O0GH03MWs© d6033bge™m35605 ©BT-0 MmOl sBsdYFOL smMgds SSR
956 396M900L 259mYygbgdom, Moms MBEOMB3gYMaoEo 0gml 3e0mbMGMds s }¥0dol 0wIbEWEOHMdS
99b3MO G597 96 oo oYMy (Nadarajan et al., 2023). gl HoMmMoa9gbL Lor390glm
3615gd3H035L go9M53¢gd0LsL batrolbols 3mbEHMMmolm30l 396930300 F56396MgO0L godmygbgdolisl.

39605 590bY, sbsEro Bgwsbool Lgwgdom®mo 3GMaMsdgd0m 2ob30maM©s A. chinensis-ols
foogm®dowo 3030 s 090ddbs  49bgBHozMMo  m39d0  290mbs s  Boymgol  bmdol
dsboliosmgdrgdolimgzols (Cheng et al., 2019). dobgs35@ 0d0Ls, HMI Bm3MLOMGOLI0s MBOHM OO
303099, 8563960000 ©obIsMmdMwo bgwgdzow®o Bs@MBm Fgodwgds 5s33¢H0MgdEo ogml dobo-
3030bm30b.

LogOo™M %5880, b BYwsbosdo  B03OMIWMboMgdol, 06  30HMHM  3MEEGHWOOU,
Q553500905m5 13M0bobaol s 29bgE03MM0 Fo6M396M900L 35¢0EOEO00L 3mTd0bsE0s FoMTmoy9bl
4m3wolidmd339w 30m@H9dbmmmyom® 93mbobEgdsl, HMAgEoE Jowaw 45dmygbgdsos dobo-3030L
d94360bLo s 2933w 9dOLMZ0L.

3.4. 3060-3030 LsgsOmzgermdo

LodoGomggarmdo dobo-3030L 33ang3s sboero, 01dzs 39ML3gdGHomeo bgds.bodsGmggermls
3615350 x39MM3560 BHM3MyMox05 d0bo-3030L 3EEH030M9d0Lm30L JodBoEI3gE F03MMIE0TsG
3300350MBL.  Fosero  BoFsEolL  BHIMOGMM09d0 bl IMMGMGO0m  39gMHL3gJBHOMWos MR 3
daMo@mdol, 1939  3969BH03MO0  IMZ5BIOM3bYdOL  TgbsPMbgdOL  MZoclsBOOLOM.
3M0m3mbLYM35305 MHBOHMB39wYMABL VOMJOIMEIO 5OHOWMIM030 LEHYMBdJOOL LsMgbgMzM SLENL.
3990393990 33wog MBgds - sEMgMwwo yobgzgdo, 9933dMmo  bybmbgdo s  MYLmELYdOL
99B0mM©3900 - ogMsd  IMERRGOME0  MMAGHIJbozoms s 3odo@Gbg  mM09bGH0MYdIMo
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053939509800, LogdsOMz9wml 9gmdw0s 930 ©03330OML, OHMAMEME d0bo-3030L 5©3GHE00L
Lom39mgbem 39bGHMo (Maghlakelidze et al., 2021).

LLo3  Lemgerol dgMMbgmdol  bsdgEboghm-33wg3000s  396GH®T> Jos JsGmwdo  (bmg.
XO0MM, LoaEsdm, dgbgmol dMboio3seo@g@o) 2019-2020 Hargddo Bss@oms 860dgbgwmgsbo
331935 Lobgehimgdom ,,353oMs 30306 (Actinidia arguta Planch.) 37GvOob @oboslosmgds s
39630m56900L  39MOL39JB03900  Lododmggermdo® .  33argzsdo  dgg3plis LogoMmzgarmdo
06¢™™ 30609090 dobo-3030L 2 x0do ,,35030° ©s ,,396L B0 BGBMEMYOOoL, 3MIMEMAO0OHO
60db6900L, JodorMo 89350a9be™mdoLs s 3MMYYFEH0IMIOL M35 LsBOOLO - M3 Lodmdsgzem
399653 gdobm30L  49sdHY39BH0  LodsBoLbm  mbsggdgdos  (Maghlakelidze et al., 2021).
9.950s39e0dol  (2021) dobggz0m, 90bodbMo  x0TdgdoL  3MmIMEMYOOo  SE{gMHoLy s
00MEMa0O0 FoMdmgdol 33930l 300390 gBodol (2019-2020) Fggao©, ©IY0bs, MmJI
X038900 Lo39mgLM LogLYIOEHM bos, bolNsMPYds 5EMJMEo FLbIMOSOMIOM, MY SO0
5 MH30 IMbogE0sbMmdom, bogmazol 3500 298G M30L989d0m, dgbosbgzol Mbsmoo s bLemzmgsbo
5535009090050 yoddergmdoom (Maghlakelidze et al., 2021).

53 99990 565990MM39 d0MEH)IbMEMy0E IgmMEIOL, JEMBSEYOHO TJNMOMEOMA0JOO
39O PooLOEJII® 398Mm0yYqbgds: 0b 30BHMHM 3w E035300L BHgdbozs (85y., Yarm®Eob
039600L  3MEEGHMOS, 309008 0bwdsos) s  Lbgogsb  obggfiowo  303HmysdcMmegargdols
36OMGHMIMWYdo F9odegds 5©I3GH0MJOMo 0gmlb JoMmm3zgwo 933wg350900L 96 0bmlG®mool
§om0mop9bwgdol doge bomobbosbo dobo-3030L bgMagdol dolowmgds. SSR 56 SNP 3s6)396M0l
A99bmemy09d0l ©sbgMagzs, Mmam®mE gl 25dmoygbgds sboew Bgwsbosls s Bobgmdo, 3093
MRO® 5BOEOL BYE9J30IMO0 LODBMLEHIL S X0l 530096EIOMBDSL.

OMAMO3 2963005093500 dgdogmdoL  Mga0mbo, Lods®mggerml dgmdeos olLaMygdemls
056509OMmImmdomo 33093000 b6 BHgdbmemyogdol 495390000  ©5333000M)dYw
000m3H9d6mEMma0MH  3MMAMdGOD, bl MMEIBo 30 BMINBOMYOMWOS  3500My)BIOOLASD
0530035 J03OMYSTM3eGdSLS 5 FMEY3MEE Eobol0sMYDIBY, Moms bgwo dgmhyml dob
3005@™5b 53EH0MGOMO sboero dobo-3030L X0d9gd0L 256300050gdSL.

3.5. 30b0-3030l 356300050980l dom@gdbmmmaom®mo 3gML3gddE 03900

Bobgonls 5J3L 3030M00M03gdols s 2969303700  GHMBLBMEOTs300L, gobls3Mm®mgdom
39lol 0bEJ300l, 4emMGHgool M9a9bgMsgool s Agrobacterium-ol dogH gob3oMmMdYdMo
3960L 35539908 dmfobsgg 3OHMEHMIMEgdo. dMEMEOOHMObgds 33239835 M3GH0T0DIF0S
3993905 93396500l BOOL  MJAMWEGMMGOOL  3MId0bs3090L A arguta-lL  Jumz0M3zs60
30GMOOLM30L s Jofgeo 0dbs Fowswo sxkgligosbgdols s MgagbyMogool dsb3969dwqd0
(Liu et al., 2023, Front. Plant Sci.). gl bgenbofiymgdo bodwnowgdsls 0derggs 9904dbsl fomgwbm®Eosbo,
05000 ©oOYOYIBOL 3dmby 3N GH0350IBO s Y BOBIIWYMBowo 0gmb 9B9JHYOO JLWmbymo
399653 9ds.

0Gsmos 04gbgdl ©5933000MYdM in Vitro JNWEGHYOM LolGJIJOL s IMbsHowgmdl
LogMHMoIMOOLbM  o639090Dg ©oxMdbdm Lgwgdgool 36OMAMdgdT0. Actinidia chinensis-ob
90360000653 gdsHg 0GOSOl sy BsdMMIgdds  Lowwdzgwo  Bomyss  3030L
d0m@9gdbmemyosls (Biasi et al., 1984). dombgszs 0dolbs, M3 dobo-3030L 30030600 330935

39D0MOMwos, 0Gswom®o 9dudgMGHobs 3030l A9FM3wdLY O 3N EH030M9d0ME0 X039d0L
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3009H305w0bs30sdo (Testolin & Costa, 1999) A. arguta-U gomdxmdglgdol GHMeblggtme Bs®bml
3300535DmdL.

50960308 899Mmgdmo 8BGO0 3030 ©330MYOM doMEGJIbmEMmyosl §i3dbgds s
X0380560 0096@H0x8035300Ls s Lgwgdiool Jumgzgowmgsbo JMEEGHMOOL 3MMEGHMIMEWGdOLS ©
3930 JoM3gMgdol  asdmygbgdom bmOmEogargds. USDA-ARS  Corvallis-do 3030l
39033 5H3oBg 3MFomds IM0(353L W MBME 253653 gdL S FMEY3MEIE OIbOLSMGdSL (Folta &
Gardiner, 2009; USDA-ARS, 2020). {gbs6o 039s60l BHroowm-@absgargmdo g doymdgdo 4. arguta-
B30l 5I3GH0MYdS M90Mmbocmo J0bo-3030L 37035300l FBsOEIVOFIMS®.

053605 bgl »figmdl Jumzowgdol  3MEEGHMOOLS s 3MmOIMBIB0m  29630MOHMBYOMEO
9396965300l obggho IgmmEIdL, GMAMOOEsS FgMHobEHIIoL 3MEHWEs s dgdmbzg3000
4@ 9dol 06vd30s, H®MmIIdo3 9933¢H0Mg050s dobo-3030bm30L (Takamura & Ogiwara, 1992).
98 303900 byl »figmdl JozMM™IXMboMGdL s gMI3sBIoL TgbscBMbgdSL.

b0 Bgmsbos 990005690l ymgwolidmd3zger dom@gdbmemyome Lolidgdsl: in vitro
39M33oBIoL Lo39390L, SSR MmOl 56509F0L 509dsll s F0IOMASTM3eqdL. d3gbsMgms o
1533990l 33€935 065MPMBIdL MLsgGMbm in vitro sdGHobowogdol Jmargdizosl ©bd-ol momols
365093F0L  s©gdom, Msms  MBOWB3gergmlL  oborol  BHodMmo  Lobgmdol  LobMLEg o
350M96900L06 Ms30LwMRwgds (Ferguson & Huang, 2007). gl dbs®l 39l bogools bos@olbls s
B5BMOL 5350 7gMHM36905Dg MMH09gbEGH0MdM Lgrgd30e 3OMYMHTGOL.

L5goM0390M 5O 9Bs3bgs x0dgd0U (,,39030°, ,,3960L HO*) IbILOsMYBdOL 33193900,
o3 BOHEOLS s bogmxzol badrolbols Gglobgd 3609369 m3s6 mbs3gdgdl oderggs (Tsertsvadze et al.,
2021). Bovbgszs@ 0dols, GMI  domEHgdbmwmyom®mo  Ggom©Ydo XM o6 250Mm0Yygbgds,
90360M30mbocmgdoLy s 8Merg3MW Mo F5639609d0L 2odmygbgdols AAPMBSIIMHO 3MMEMIMMIOOL
©BgMa30L  3mBGHgbzoswo  3608369wm3s605  9POWMIM030  5O3GHsE00Ls s x0dob
3999x ™md9LYdOLMZ0L.

4. ©s133bs

3w0ds@ol 330 gdol  3mbBGHgJu@do, dobo-3030L, OHMaMOE  dEAGOO  FgdogMdOL
390 GO0, OO 3mGHJb305w0o 593l oo Yyobzss8degmdOL, M35 R MHM3560 Bossagdolsdo
AMIOBBHMIOLY s B3BOOL  F0IB0IZxEMOOL  AoTM.  MBsdgEOH™M3g  domBHgbmEmaoHo
d900m©gdoL - 303OMYsdM03gdol, 06 30FHO™M 310353005 s 39693 03O0 FoM39MdOL -
©6gMA35 3953FY39BH00 ©993500909d0LYD Moz30LBIEO Bykygdol FoMdmgdolmgol (Liu et al.,
2023), bLE®gbobsdo JEAME™dOL Jobbom bgargd30gdol skJs@Mgdolbmgol (Ferguson & Huang,
2007) s 3969303600 365350053960 36900L5 S X000l 5309b3053035300L BEOHWE3gmymaolmzoL
(Testolin & Costa, 1999).

d0bgs350 0oLy, HMI oligmo J3996900, MHMYMOOESS Bobgmo s sbseo Bgwsbos, 339
6960396 dmfobsgg dom@Hgdbmemaom® dowbowgbgdl, obgm sbogw AHomBMGdL, HMYMOOEGS
Lodom3zgm s 5dd-0b yboto ™3gobol BOH@OWM-sL3w gm0, Fgvdwrosm 3 IgoMmEYdoL
063926060905 d060-3030L IAMSO HoMmBMgdol MHBEOHWE39wLsYMRBI. 53M0YR®, d0MEHJIbmmyos
bl Mfymdl sHsro, Fo0oeo BsMOLbOL x0dgdol gobgz0msMmgdsl, Mog deogMgdl dgdowgmdols
LoL3HIgO0L B YMOEMBSL (339¢905© 3K0doEdo.
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9500Mds. LEAOGH0L 25dmg399bgds TbsMIFIMOOE0s LoJoBMZggeml Tmms Mlmsgzgerols
96m36mmo  bsdgabogmm Bmbols s FmEwEMazsl 33g30Ls @S J9B305M9gd0L 9O M3bmwo
Lo5396GH™ML (NARD) 9600mde030 bsdgaboghhm g®msb@ol Ne NARD-24-233 36:9dGob 3o6pegddo.
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Abstract. Climate change is one of the most significant challenges of modern agriculture. The spread
of non-traditional and climate-resistant crops can become one of the ways to ensure sustainability. Mini-kiwi
(Actinidia arguta Planch.) is distinguished by its frost resistance, high nutritional value, and ability to adapt to
various climatic conditions. The paper discusses biotechnological approaches in some kiwi-producing
countries against the background of climate change, including Georgia, and biotechnological perspectives for
Mini-Kiwi development. The potential of biotechnological approaches for varietal improvement and
sustainable development of fruit growing is also highlighted. Mini-kiwi is a promising crop in the context of
climate change, both in Georgia and in other countries. Its adaptability and nutritional value create favorable
conditions for its large-scale popularization, especially if biotechnological approaches are used in selection
and management. Mini-kiwi popularization can become one of the solutions that will contribute to the
sustainability of the agricultural sector. Mini-kiwi is also distinguished by its endurance and adaptation to
different types of soils, which makes its cultivation especially attractive in changing climatic conditions.

Keywords: mini-kiwi, climate change, biotechnology, fruit growing, adaptation.
1. Introduction

Climate change has a direct and indirect impact on the agricultural sector, including horticulture. Rising
temperatures, changing precipitation patterns, and increasing extreme events pose challenges to traditional
crops. In response to this process, the integration of non-traditional, climate-resistant species is becoming
increasingly relevant.

Mini-kiwi (Actinidia arguta), often called “hardy kiwi”, is a small, vitamin-rich fruit native to Southeast
Asia, where even wild fruits are highly valued. The plant is called kiwi because of the similarity of the fruit to
the bird kiwi. It is the high taste and nutritional value of the fruit that determined the widespread adoption of
culture in a short period of time, and today, actinidia (kiwi) culture is cultivated in both the Northern and
Southern Hemispheres of the Earth (Maghlakelidze et al., 2021).

China is the largest producer of kiwifruit (2.1 million tons). It accounts for more than 50% of the total
production of this crop. The second largest producer in the world is Italy (555 thousand tons), followed by
New Zealand (437 thousand tons) (Maghlakelidze et al., 2021).

The role of modern biotechnological methods (micropropagation, genetic markers and in vitro cultivation)
in the process of creating and breeding new varieties of mini-kiwi has been studied worldwide. In particular,
we have reviewed different countries - China, Italy, the USA, Japan and New Zealand.
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In Georgia, this culture is still a newcomer, although it has already been shown to be successful in some
regions of the country (Maghlakelidze et al., 2021). Georgia exhibits rich agro-climatic diversity due to its
varied topography and proximity to the Black Sea, resulting in distinct zones like humid subtropics along the
coast and continental conditions in the mountains, each supporting different crops. Key factors for zoning
include altitude (altitudinal zonality) and temperature (specifically, sums of active temperatures above 10°C),
which determine the suitable growing areas for crops ranging from tea and citrus in the west to cereals and
fruits in the mountains. (Meladze et al. 2019; Elizbarashvili et al., 2006; Elizbarashvili et al., 2007).
Therefore, Georgia’s diverse topography offers compelling microclimates for mini-kiwi cultivation.

The adoption of mini-kiwi modern biotechnological methods — micropropagation, in vitro cultivation,
and genetic markers — is crucial for producing disease-free planting stock (Liu et al., 2023), accelerating
breeding for stress resistance (Ferguson & Huang, 2007), and ensuring genetic diversity and cultivar
authentication (Testolin & Costa, 1999).

Georgia is at an early stage, with cultivar characterization studies (‘Weiki’, ‘Ken’s Red’) providing
essential data on growth and fruit quality (Tsertsvadze et al. 2021). Although biotechnological methods are
not yet applied, the potential to adopt global protocols for microcloning and molecular marker use is significant
for local adaptation and cultivar improvement.

2. Methods and Materials

The paper used a multi-stage analysis method, which included:

1. International literature review — the analysis included a review of academic articles on the adaptation,
selection, and distribution of mini-kiwi in different regions of the world.

2. Assessment of climate change trends in Georgia — based on the works of various scientists, recent
trends in climate change in Georgia were identified.

3. Assessment of international biotechnological approaches — the role of modern biotechnological
methods (microcloning, genetic markers, in vitro cultivation) in the process of creating and propagating new
varieties in different countries was analyzed.

4. Study of local practices — current efforts in Georgia to cultivate mini-kiwi are discussed.

3. Results and Discussion
3.1. Climate change trends in Georgia

Global warming is one of the main hazards facing the whole planet. The climate forcing is due to rising
concentration of greenhouse gases (CO2, methane, water vapor): according to different assessments, the
temperature will rise by 1.4-5.8°C at the end of the 21st century. This can have devastating effects, many of
which will be impossible to prevent, meaning that humankind should find a way to adapt to global warming
(Amiranashvili et al., 2011-2012).

Georgia, as a whole Caucasus, is prone to many negative effects connected with climate change: the
mountain glaciers can melt and partially disappear, the sea level can rise, the vast areas of land can become
deserts, and water resources can be seriously affected (Amiranashvili et al., 2011-2012).

Georgia has warmed notably since the late 20th century. Instrument records show statistically significant
increases in hot extremes; e.g., 1971-2010 saw a sharp drop in frost days (—13.3 days) and widespread warming
of temperature extremes, with summer maximum temperature warming as fast as ~0.84 °C/decade in 1981—
2010. (Keggenhoff et al., 2014; Keggenhoff et al., 2015). Precipitation trends are heterogeneous. Several
studies identify declining annual precipitation in parts of eastern Georgia (=1-3% per decade), while western
Georgia shows mixed signals; interannual variability remains high. (Elizbarashvili et al., 2017)
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Agriculture is one of the most climate-sensitive sectors in Georgia, employing a large share of the rural
population and contributing substantially to food security. Observed climatic changes—including rising
average temperatures (=0.3-0.4°C per decade), increased frequency of droughts and heatwaves in eastern
Georgia, and shifting precipitation regimes—already affect yields of cereals, grapes, maize, and fruit crops
(Elizbarashvili et al., 2017).

Georgia exhibits rich agro-climatic diversity due to its varied topography and proximity to the Black
Sea, resulting in distinct zones like humid subtropics along the coast and continental conditions in the
mountains, each supporting different crops. Key factors for zoning include altitude (altitudinal zonality) and
temperature (specifically, sums of active temperatures above 10°C), which determine the suitable growing
areas for crops ranging from tea and citrus in the west to cereals and fruits in the mountains (Meladze et al.,
2019; Elizbarashvili et al., 2006; Elizbarashvili et al., 2007).

Projected climate change poses mixed challenges. On the one hand, longer growing seasons and warmer
winters may benefit certain perennial and high-value horticultural crops, including grapes, nuts, and the
introduction of new species. On the other hand, water stress, soil degradation, pest outbreaks, and heat stress
during flowering and fruiting are expected to reduce yields and increase management costs without adaptation
(UNDP/EU4Climate, 2021).

3.2. Mini-kiwi climatic requirements

Mini kiwi (4. arguta) is a rather important species due to some biological features. It is characterized
by good reproduction ability, high frost resistance (it is the most frost-resistant of the species in the Actinidia
genus), and good resistance to pests and diseases, which contributes to its widespread development. Mini kiwi
Actinidia can be successfully grown in those regions of the world (the eastern part of the United States,
Germany and Central Europe, and Russia), where the temperature in winter is -300C and other species (4.
chinensis or A. deliciosa) cannot grow. That is why it is called "hardy kiwi". Sometimes warm weather and
relatively high temperatures at the end of winter contribute to the premature opening of flower buds. Flowers
and young shoots are sensitive to low temperatures. Mini kiwi is a moderately shade-tolerant, moisture-loving
plant, characterized by intensive growth in spring and summer. New shoots are very weak and very sensitive
to direct sunlight. Young shoots are characterized by rapid growth and require attention. The vegetation period
is 150 days. It blooms in June-July. The fruit is characterized by rapid growth. After 40 days from flowering,
the fruit reaches 80% of its final size. The average number of days from flowering to maturity is 100 days.
Mini-kiwi is moderately demanding on the soil. Well-drained, loose, organically rich soils with a weakly acidic
or neutral reaction (pH=5-6.5) are best for it. The plant requires a large amount of water during the vegetation
period. It does not tolerate an excess of salts in the soil (Maghlakelidze et al., 2021).

Climatic requirements for Mini kiwi —moderately cold winters for dormancy, warm summers
with sufficient rainfall or irrigation, and resistance to late frosts—fit well with Georgia’s humid
subtropical (western regions) and moderate mountainous zones. Climate change may create expanded
cultivation zones in areas that were previously too cold, especially in foothill and mid-mountain belts
of eastern and western Georgia (comparable to Poland, Italy, and Korea, where the crop is expanding)
(Balen et al., 2019; Wojdyto et al., 2020).

However, warming winters and reduced chilling accumulation in lowland regions may impair
bud break and fruit set in some cultivars. Increased summer heat and drought risk in eastern Georgia
could reduce fruit quality and yields unless supported by efficient irrigation and shading systems. At
the same time, rising temperatures may intensify pest and fungal pressures (e.g., leaf spots, botrytis),
which are already noted risks for Actinidia cultivation globally (Ferguson & Huang, 2007).

Overall, climate change is likely to increase the geographic potential for mini-kiwi in Georgia,
but sustainable production will require adaptive strategies: selecting late-flowering and low-chill
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cultivars, developing irrigation infrastructure, and integrating agroforestry or shading systems to
buffer against extremes. The crop’s market potential and resilience to moderate cold make it a
promising example of climate-smart horticulture in the region.

3.3. Evaluation of biotechnological approaches internationally

China. In China, biotechnological innovation plays a pivotal role in the development and propagation
of mini-kiwi varieties. Researchers have leveraged microcloning and in vitro cultivation, particularly tissue
culture techniques, to multiply superior genotypes efficiently and produce disease-free planting material. For
instance, callus induction and shoot regeneration have been optimized using specific plant growth regulators—
such as benzyladenine (BA), 2,4-D, and trans-zeatin (tZ)—to enhance regeneration rates in Actinidia arguta
(“Purpurna Saduwa”) (Yao et al., 2023). Moreover, China has made significant progress in the development
of molecular markers. A high-density SNP genotyping array (135K SNPs) was recently created to facilitate
genetic mapping and trait selection in 4. arguta, enabling precise breeding strategies for sex determination and
other key agronomic traits (Wang et al., 2023).

Concurrently, the identification and use of genetic markers (e.g., SSRs and SNPs) have improved
breeding efficiency and cultivar identification, though most of this work is globally, not country-specific. In
the realm of germplasm, Chinese institutions—such as the Wuhan Institute of Botany—have driven
interspecific hybridization programs, notably creating gold-fleshed hybrids like 'Jinyan' (4. eriantha x A.
chinensis var. chinensis), selected for superior flavor and storage life (Hazarika et al., 2022; Zhong et al.,
2012).

Although not mini-kiwi per se, this hybridization illustrates China's strong capacity for phenotypic
improvement via combining in vitro and breeding tools.

In summary, China’s biotechnological toolbox—combining micropropagation, in vitro tissue culture,
genetic marker technologies, and interspecific hybrid breeding—enables the innovative development and
efficient propagation of mini-kiwi varieties with enhanced quality and adaptability.

Italy. In Italy, the use of modern biotechnological methods for kiwifruit, including mini-kiwi, traces
back to early micropropagation efforts. Italian researchers in the early 1980s conducted micropropagation of
Actinidia chinensis via in vitro meristem culture, focusing on root initiation and acclimatization success
(Revilla et al., 1992). These pioneering studies laid the foundation for the wider adoption of microcloning in
Italy’s kiwifruit sector.

While Italy has focused on standard kiwifruit, insights are transferable to mini-kiwi species. More
recently, micropropagation of Actinidia deliciosa and related species in vitro has been improved by refining
media composition (e.g., callus induction with BA), organogenesis protocols, and acclimatization processes
(Kyienko et al., 2022).

Italian breeding programs have also engaged in genetic mapping and the use of molecular markers for
kiwifruit. Diploid 4. chinensis populations have been studied for the inheritance of taste and fruit size traits
(Cheng et al., 2019). The development of red-fleshed kiwifruit in New Zealand is cited in this context, but
Italian programs often collaborate internationally in marker-assisted selection.

Moreover, Italy participated in the commercialization of the Chinese Jintao cultivar (a gold-fleshed
kiwifruit selection), introducing it for propagation in Italy from 2001 through the Italian company (Zhong et
al., 2012). This underscores Italy’s role in adopting new cultivars, which depends on effective propagation
methods—including tissue culture—to produce uniform, virus-free planting material.

In essence, Italy applies micropropagation, in vitro culture, and marker-informed breeding, particularly
via international collaboration, to support the propagation and dissemination of kiwi cultivars—a framework
that can and likely does extend to mini-kiwi.

United States. In the United States, research on kiwifruit biotechnology has traditionally centered on
Actinidia deliciosa and A. chinensis, but the methodologies are directly relevant to mini-kiwi (A. arguta)
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cultivation. Several U.S. institutions—including Oregon State University, North Carolina State University,
and USDA-ARS centers—have studied Actinidia propagation, genetics, and adaptation. In the Pacific
Northwest, where 4. arguta is increasingly cultivated, and biotechnological approaches are gradually being
integrated into breeding and propagation.

Micropropagation and in vitro culture: U.S. studies have demonstrated that shoot tip and nodal cultures
can be successfully established for kiwifruit, with improved rooting and acclimatization using auxin-
supplemented media. Protocols optimized for A. chinensis and A. deliciosa are transferable to 4. arguta (Cui
etal., 2003; Huang et al., 2010). These methods enable large-scale production of disease-free, uniform planting
material for growers in regions like Oregon and Washington.

Genetic markers and breeding: U.S. researchers have adopted SSR (simple sequence repeat) and SNP
(single nucleotide polymorphism) markers in Actinidia for cultivar identification, genetic diversity assessment,
and trait mapping. For example, DNA fingerprinting methods using SSRs have been applied to distinguish
kiwifruit cultivars and could be adapted for A. arguta germplasm grown in U.S. breeding programs (Testolin
et al., 2001). These tools are vital for authenticating cultivars and accelerating breeding.

Application to mini-kiwi: Although specific U.S. publications on microcloning and molecular breeding
of mini-kiwi are limited, the Pacific Northwest industry has begun leveraging global protocols. Grower—
research collaborations focus on selecting A. arguta cultivars adapted to temperate U.S. climates, where
biotechnological tools could play a major role in ensuring disease resistance, cold hardiness, and fruit quality
traits.

In summary, the United States has a strong foundation in tissue culture protocols, molecular markers,
and breeding strategies for kiwifruit, which are increasingly relevant to mini-kiwi. Continued integration of
micropropagation, in vitro regeneration, and marker-assisted breeding will be essential to support the
expansion of mini-kiwi cultivation in the U.S.

Japan. Although direct studies on mini-kiwi biotechnology in Japan are limited in accessible literature,
broader insights from Actinidia tissue culture are informative. Japanese researchers have long employed in
vitro cultivation techniques, such as shoot tip meristem culture, for Actinidia species. For example, techniques
developed for A. deliciosa have relevance to mini-kiwi propagation, emphasizing the efficacy of tissue culture
for clonal propagation.

Media and hormone protocols refined internationally—using cytokinins like tZ, BA, and auxins such as
IAA or NAA—enhance callus induction and shoot regeneration/Frontiers. These protocols are valuable for
Japanese research institutions aiming to propagate A. arguta clonally.

Japan has also contributed to global knowledge on adventitious shoot induction in kiwifruit species,
with tZ noted as especially effective in some genotypes (Yao et al., 2023). In genetic marker technologies,
while Japan has participated in international efforts, specific SSR or SNP arrays tailored to Japanese mini-kiwi
germplasm are not prominently documented.

In summary, Japan’s strengths lie in expertise in tissue culture protocols, especially microcloning and
regeneration, which are applicable to mini-kiwi. Japanese institutions may adapt these refined methods for
efficient propagation and cultivar development, potentially complementing molecular marker technologies.

New Zealand. New Zealand stands at the forefront of kiwifruit biotechnology, including mini-kiwi. A
central role is played by in vitro conservation and propagation facilities, which supply true-to-type, disease-
free plantlets to breeders and growers. The Plant & Food Research in vitro collection enables plant movements
and distribution using micropropagation, combined with rigorous screening for Psa-3 disease-free status via
PCR and bacteriological testing (Nadarajan et al., 2023).

Critical to this process is DNA fingerprinting using SSR markers to ensure clonality and cultivar identity
before export or internal movement (Nadarajan et al., 2023). This represents best practice in applying genetic
markers for quality control in propagation.
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In addition, New Zealand breeding programs have developed red-fleshed kiwifruit in 4. chinensis and
created genetic maps for taste and fruit size traits (Cheng et al., 2019). Although focused on larger kiwi, the
marker-assisted breeding framework can be adapted to mini-kiwi.

Overall, New Zealand’s combination of microcloning, in vitro culture, disease screening, and genetic
marker validation represents a comprehensive biotechnological ecosystem, highly applicable to the creation
and propagation of mini-kiwi.

3.4. Mini-Kiwi in Georgia

Research on mini-kiwi in Georgia is emerging, but promising. Georgia’s diverse topography offers
compelling microclimates for mini-kiwi cultivation. High-elevation areas emerge as especially promising for
both sustainability and preservation of genetic diversity. Cryopreservation ensures backup of valuable local
accessions. Challenges remain—early frosts, compressed seasons, and resource limitations—but with tailored
agro-techniques and climate-smart planning, Georgia could position itself as a center of excellence for mini-
kiwi adaptation (Maghlakelidze et al., 2021).

A significant study titled Characterization and Development Perspectives of “Baby Kiwi” (Actinidia
arguta Planch.) Culture in Georgia was conducted by the LEPL Scientific-Research Center of Agriculture in
Shida Kartli (vill. Jighaura, Saguramo, Mtskheta municipality) during 2019-2020. It evaluated introduced in
Georgia Mini-kiwi’s 2 cultivars 'Weiki' and 'Ken’s Red' for phenology, pomological traits, chemical
composition, and productivity—crucial baseline data for future propagation work (Maghlakelidze et al., 2021).
According to E. Maghlakelidze (2021), as a result of the first stage of the pomological description and
biological production research of the mentioned varieties (2019-2020), it was concluded that the varieties are
the best dessert fruits, characterized by early fruiting, regular and abundant yields, good taste qualities of the
fruit, storage ability, and resistance to fungal diseases (Maghlakelidze et al., 2021).

As for modern biotechnological methods, global methodologies are imminently transferable: in vitro
culture techniques (e.g., shoot tip culture, callus induction) and micropropagation protocols refined elsewhere
could be adapted by Georgian researchers or industry actors to produce quality mini-kiwi planting stock.
Adoption of SSR or SNP marker technologies, as used in New Zealand and China, would further elevate
breeding precision and cultivar authenticity.

As an emerging horticultural region, Georgia could benefit from collaborative research or technology
transfer with established biotechnology programs—particularly focusing on pathogen-free micropropagation
and molecular characterization—to foster development of new mini-kiwi varieties adapted to its climate.

3.5. Biotechnological perspectives of Mini-Kiwi development

China has advanced protocols for micropropagation and genetic transformation, particularly callus
induction, shoot regeneration, and Agrobacterium-mediated gene transfer. Recent studies optimized plant
growth regulator combinations for 4. arguta tissue culture and achieved high rooting and regeneration rates
(Liu et al., 2023, Front. Plant Sci.). These tools enable the creation of red-fleshed, high-value cultivars and
ensure efficient clonal propagation.

Italy applies established in vitro culture systems and participates in international marker-based
breeding programs. Early Italian work on micropropagation of Actinidia chinensis laid the foundation for
kiwifruit biotechnology (Biasi et al., 1984). While direct research on mini-kiwi is limited, Italian expertise in
kiwifruit propagation and cultivar commercialization (Testolin & Costa, 1999) offers a transferable framework
for A. arguta improvement.

The United States builds on established kiwifruit biotechnology, employing tissue culture protocols
and molecular markers for cultivar identification and breeding. Work on kiwifruit germplasm at USDA-ARS
Corvallis includes clonal propagation and molecular characterization (Folta & Gardiner, 2009; USDA-ARS,
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2020). In the Pacific Northwest, these approaches are being adapted to 4. arguta to support regional mini-kiwi
cultivation.

Japan contributes refined methods in tissue culture and hormone-mediated regeneration, such as
meristem culture and adventitious shoot induction, which are adaptable to mini-kiwi (Takamura & Ogiwara,
1992). These approaches support microcloning and germplasm preservation.

New Zealand integrates a comprehensive biotech system: in vitro germplasm repositories, SSR
fingerprinting, and micropropagation. Plant & Food Research maintains a secure in vitro Actinidia
collection with DNA fingerprinting to ensure true-to-type material and freedom from pathogens (Ferguson &
Huang, 2007). This supports breeding programs targeting fruit quality and market diversity.

Georgia is at an early stage, with cultivar characterization studies (‘Weiki’, ‘Ken’s Red’) providing
essential data on growth and fruit quality (Tsertsvadze et al., 2021). Although biotechnological methods are
not yet applied, the potential to adopt global protocols for microcloning and molecular marker use is
significant for local adaptation and cultivar improvement.

4. Conclusion

In the context of climate change, mini-kiwi holds strong potential as a resilient horticultural crop due
to its cold hardiness, tolerance of diverse soils, and market appeal. The adoption of modern biotechnological
methods—micropropagation, in vitro cultivation, and genetic markers— is crucial for producing disease-
free planting stock (Liu et al., 2023), accelerating breeding for stress resistance (Ferguson & Huang, 2007),
and ensuring genetic diversity and cultivar authentication (Testolin & Costa, 1999).

While countries like China and New Zealand already implement advanced biotechnological pipelines,
emerging producers such as Georgia and the U.S. Pacific Northwest can integrate these methods to secure
sustainable mini-kiwi production. Biotechnology thus underpins the development of novel, high-quality
varieties, strengthening the resilience of horticulture systems in a changing climate.
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09030 (Prunus laurocerasus L.) 30eo@mes ©s dobo
33 9bgoseo LsgsMmggermdo

692 D6 gba g 0o, gergbyg s 39er0dy, sds (303M05330¢0

bmgeol 39m@bgmdol bsdgEbogmm 33w 93030 396¢H0, MBdOEOLO, LodsGmMzggerm

BUBEHMJBH0. $ysg0 (Prunus laurocerasus L.) — 93069 s000Ls ©5 L5390 Lods®mggaml
9600989960 95653569 0BJMm3560 83965695, MMIgEo3 godmoMmBI3s 93N MO0 EYMIOMOOM,
90sM0 d0omJodoMo d9agbomdom ©s IM35¢dbMH030 45dMmYgbgdom. 030 BIMMME SOHOL
3930390900 13w LOJoMMZIW ML LBEBHMM303vE BMbsTo, HmymeE dmbydM03 BHyYggddo,
obg L535Mm0sdMm 65339090d0. BoymBo s FMMEIGdO IEOPIM0S BOMIJEHOIM0 boghmgdom —
Rbmwgdom, FGwsgmbmogdoms s BGHoMmJLoIBGHJdom, Moz obs3oMHMdIOL T
963080300 s 1sd3OBsm  ImJdggdsl. ™sbsdgm™3g 3393900 FomomgdL {igogz0L
O0O3 8964309600 15339000, 51939 IZNOIGOWO 3YWEGHWIOOL OE 3MGID30DY. d39bs6Y
3°90m06MB935  4obgs58dgmdoms s 9Mgdm  30MMOJIMIE  Fomowo  FgamgdsMdom.  dobo
393935GH0M0 2506531905 39edgdoms s 06 30GHMM 39nMEYd0m MHBOHMB3gwYmRL LobgMg
0o09mqd0bm30L Jomse sxgL3056900L AsB396909l. §yog0 FoMdmowagbl bozergdsw sm30Lgdww,
05650 350539MOL3GJGHOME 3NWGHYOSL, MMIgeog 960d369wm3zs60 MlmGLOS LadosMmzguml
LMBEGHMM303ww0o Legwol dgObgmdol JsbgzomsMgdolim3ob.

1. 3m@95b03mM0 3Esl0B03E0s S M GOl 360936gwmds

09930 9093Mm036905 Jw0s30L 4390L (Prunus L.), seomderol d393350L (Cerasus Mill.) o
bobgmdos Prunus laurocerasus L., &mdolb LobmbodmMo bsbgarfimgdss Cerasus laurocerasus Lois.
50235650, (94530 [oMmTMoygbls Fo6r0d[3969 dmBJM356 3965l 35GEOLYOOMS MY B0,
OmIgeog  bolosmgds  ©I3MOSEGH0O  M30L909d0m,  J3MWMPOOO  FOAMIOMIOMS OO
96535 dBM030 259MYgbgd00 — 15533998, BoF3IOBIM S WY3MOOBHOE FgdIMIMdSF0

930MMP0MOH0  M35¢LsBOOLom, fysgo  360d3bgermgzsbos  Hmym®E  dofiol  gembools
Lofobsswdaam s BoGmbzonMo 33gbstyg, MMIgwoE 53X MdILIdL 35900l boGolbl s byl
MPgmdl d0MmIM935¢xgMHM36900L T9bseBmbadsl. dolo 8330030 GmmE™mzsbo Tobs 9x39dEIOS©
5x39MHbgdL Jodl s 59306090l B0soRoL 493MTOMBIL, MOL 45dME 020 FBIOOM® Yodm0ygbgds
FoOLBIO BMEgdLS O YIMOOGHOYE 353)3569d5d0.

93mbmdozmeo  860dzbgrmds  godmobs@gds  boympol  Ls3zzgdo s LY3M@bsgrm
©36036emgdom. 3YWGHYOMOo  BMOIGOOL  Bogmazo  4sdmoygbgds MmameE byws, obyg
395899353900 Loboo — 89M539d0L, Xgdgdol, BoglgMOGH™ Lolidgwgdols s LoMMEgdOL
©oLOIBIPIIWO®. BMMNEGIOLs S boygmBol 9JuBHModGJd0sb Fbsgds MmMMIYEEY Labol
L533MObsEm  3Mg35MdEH0, OMIJWmo3  09gbhgdgbh bowbmem s  Lsdgaboghm  dgogobsdo
(396L53MM9d0m dIMbJoE0U, 3mF-b5(og30l 935007dIOOLS S bYIMZLIO odSdEIMBOL POMU).
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3390000 M35 LsBOOLom,  §gogol  Bogmaxzo  dosMos  GgbmemmGmo  BsgMmgdom,
Bs3MmbmoEgdom, MmGysbmmo 915390005 ©s 3039306 C-0m, o3 obsdoMmMdgdL dol dwrog®
563H0mJloBEHMO ©s 96EH0BdJBHIO0ME dmddggdsl (Ozdemir et al, 2021). msb6s89O™3Y
5303™J0doM0  5b5E0BYd0  SLEHMMYOL, GMmI  gogol  bogmxol  gduBH®mod@Bgdo  S9;306090L
JOabBgmobol mbal, 59dxmdILYdL MX Mg MgA96gMsE0sL s byl MHgmdl MmEmsBoBIol
©9A™Jbogoosl (Strik & Finn, 2020; Cirrik et al., 2024).

96535e0 939ysbs80 Prunus laurocerasus 1339 om3wgds §Mbjgom® 1s3390s0 — 0bgdeo3
36MHMOMIGHO©, HMIGbsEg 9M0 FBMWME 3390000, 50599 BsIIMOMBIWM VOMYIMWGIS3 FosRboo.
3905 5dobs, oo Fo65d)3569 BmMgdo s dMFYobzseg 0gMo Aol 5d393L JOH-9MHm Yz9wsHy
3039 sme 3969690 wsbdsxBMO s6dodgddmesdo.

d9656BmBgd0oLs o M3 GIOL MZoEBOBMOLOM, {fgs30 FoMdmoygbl oligo 3MEHMELL,
(9903 535600 GOL MMM 3 dOMYIMEMY0IHo Lmgol gr®HEgmdOL, olig SaMmmEGM®OoBIols s
©93MmM5G0wo 9050gmdol J0ToMmMgdgdL. dobo FoMImgdol oxsMMMYdS A5BLsIMMIO0m
396L39dBH0Mos L3I  BodoMmMZgml  30MHMdYddo,  Losg  bosIYMM-300dsGH G0
399 BHMMJB0 000JOEIOH0S 59 LobgMdOL dOMEMYOOHO IMMBM3b)dOLIZ0U.

2. §5®3mTMdS 5 J93MEIIOS

09030 (Prunus laurocerasus L.) (o600 dmdoo 9306g sBools s 8530 B30l s@dmbsgwgom
LoBs3oMHML Mga0mbgdoEsbss. ol 86gdMm035 23b3WYds LodoMmzgEml  LLZWgm bsfowrdo,
BOHOWMgm 09O Jgmnls s 39 s0gmol 4530 Brzoldo®mgmdo. L{imMgo 53 Mgaombgdls dooBbg39b
dolo 36906030 #o3MEILgd0L ©9dz9wgl 396G, LoobsE I39bs61g MBPIMIB 93039
LSALOYN S 3IBGHOIWME 93MM3530.

obGMOO0Mwo g mgdol dobgwzom, §9s30 ©ob3Egm LodsOmzgemdo  ogm 36mdogo
MOmamO3 GYolb J3gdyol Bscmodfzsbg Lobgmds o bowby®o dgoEobol gMm-9Hmo dmsgzsM0
3033mb9b@0. @. 335M53bgosls (1948) sfig®om, XIX bovn32960L dmeml 030 BoMNME 243H3WHOIM
05mdol, JMmdIEgmoby s ByoEOL J0sdMgdTo.

99-20 Lo3bol IgmEg bobgzs6T0, domwdol s Jmmsolol bLBOEHMM303ME0 3MEEIMHJdOL
Lo393bogmMm 339300 0bLEOEGHWEJOIOL BsBIBY, o0fYm 5EYOWMIGM0Z0 BMOIJOOLS S X0~
3m39)5(30980L  Aglifogs. 98 39MH0mETo AsdM0MBy M5dYbodg Fomoo 3mEgboswol ddmbg
RO, HMYMO0 G Fo36594MmRs H3B0W0 ,6530534%, MIOObsYMRS By, Fomgwboymes dbbgowo
»BO3S 28 o o3bsymxs ,bsGrsbgbo”.

3969303760 33193900l dobggzoom (Hegedlis et al., 2025), ©@sbogwrgom LogdoGogganmls
303953090l 9430 83580 29693H03MM0  530L9dMMGOJO0 @S [FoMIMog6g6  MbogIW MM
3960mx3mbl, GMdgmoi oblbgegads MHMYMOE ©I3MMIEGHOWOo, olg 1533900 ©IBOTEM9dOL
936™3 536 39O0LYsb.
9L 805603690L, GMI EsLsggm LodsMmzgerm Jgodwrgds Bsomzowml 9ghm-9MHo [o@dmImdol
396@®s Prunus laurocerasus-ols 9303005 O M350 RGMOM36900L M3 bsBOOLO.

Prunus laurocerasus L. 369360350 93039 gdmos 9306 sDosly s ds30 begzol
50dmboggm  Bsbs3oMMbBY — JOMOMOIPIE  MMMJIOL, LodoOm3zgEmby @S  dMERIMmIMOL
AIO0GHMMH09dbY. 030 53M)M39 0BMHYdS LHdYMIb 0, BHOEMY 0M6T0, LMoL s yo®ddo.
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936003580 §gs30 06@&9bLoGs© Fgdmodsbgl XVII byw36980, 05309306039w0© MMYMOG
©93MM53H0wo 39840, b 8;my305690000 — GO BOIFMOBIWM s sOMTsE Mo d396569.
©EIYL 020 BsOMME 23300905 396GHOIWNH s LAWY 93MIM35d0: 9MBs60580, 3membgymdo,
339035620580, LogM6290F0, oMW IBEIOLS WS OE dMOE)BgMT0, Losi bAoMs® Q9dMm0Ygbgds
3563900L5 5 350900 5d(356905d0.

O smfjergmeol 33¢0939d0L dobgwzoom (Abrahamcezyk et al., 2024; Rusterholz et al., 2018),
09030 0dgo 063506 Lobgmds 93M™30L BMY0gHm 3HYgdo, 2obLs3MPOGO0m FqgMdsbools o
339035000L G9MH0EMM09dBY, LysE 00 LHEIRBIW 3MEIYds S SHTMDBL S RO MDdM0Z J39GYoL
939bo6ggdL. 5sb9b, 1396Obsg00L J39969ddo (sbos, 83990, BmMm3zga0s) ol dbydM03z50
033050005 5 JOMHOMSI© dMFH9603ME dogddo 23b3w9ds.

09030, Prunus laurocerasus 356060005 MH®amM3 d6g0MH0350 5Q3GHOMIOMEI0 5 FOOMOM
93MMA0)M0 0535HDMmbol 3mby 3MEENOS, HMIgwoE HomBsBHgdom bosMmdl MMy G9bosb
LB GHMM303, 0l BMTogH 39956996 3600BsEE 30OHMDYdT0.

3. 605HYME-3¢0T5GH MO 30MHMBYDdOL F0T5M FMI0EIOIMGDS

09030 (Prunus laurocerasus L.) 00939036905 350000 93Mm@®a0OH0 3¢olGowmmdol djmbg
3MNWGHMOIOL, Mog 6odbogl, GMI Aol G9mderos 39MA5 899I Aoblbgs39de Boowoyme o
30853 v6 3060HMdYOL. J0bgEO35 580LS, FogloToEIMO B, 39630050900l 0bEFHIbLOZMBdS
Boygmaol do6oeo ba®olibo doowgzs dbmem Fqlsdsdolio gocm9dm 3ogd@MmMmgdol sOLYGdMBOLLL.

93965y Lomdmbs s GH9bols dmyzsmrvos, ™mdEs JodmoMBY3s FJIMYI0M  FoMHEIO
4063595990 gMd00m. ©s153Wgm LodsMmM39w ™l LMBEBHOM303ME HBmbsdo ol ™Mogl 0Bgbl HmaMme3
9M0-9Mm0 Y39woHg LEGsd0EMEmO J565T[3969 LobgMds. BOOL M3EH0ToEMEMO 3H9B39MSGHIOMEO
©0535HMmbo 5M0L 18-28°C, bmewm Hsdm®ol 3gHomdo d3gbsdg 0@sbl 3gd3g6Mmedmeol 3ombols -
20-25°C-0009 Mo gdol ©sb0sbgdol as09gdg. boby®mdwogds yobgzsd (-25°C-bg ods) dglsdgrms
D0560 305ggbml sboasBMS BHMGHIOLS s 33060FHJOL, I3 InDBOHOowwo dBJgdo LHMsRs©
50390056 goboxgbmwby.

35960L 35000 396056Mds s BmTogMo boergdgdo bgwls MFymdl 0b@Hgblowme BOILS
93969 9sLOL BMOT0MGISL. FIMOo s 3bgo Jomgdo dggbstgby Momymzoms dmgdggdl,
5303M3 005 5P DY M93mT96d0s JoMLORIE BMEGdTo MYZS.

B0s@ogol 80350 §gys30 bs3agds dmdmbmzbos, MMBEs 30MOGHIBs© bsMIMOL J35MRS©
©MH960M9dmMe, boymxog® ©s LsdMsmem dgdsbogzm®o Bgdsagbermdol 9dmbg bosoggdby —
93085930560, ser30mGH0 s MObbsMO BHo3ol Bofjgdbg. Jobm30L M3EH0T>WIMH0s Byo@Mo Mo b
0bs3 B&MEg ©95J30oL (pH 6.5-7.5) 605@s39d30. 3d0dg 00bbst 56 FomdEH9b056 6050s390Bg 839bsty
DML 9bgegdl, Fmogdo  FIMIIMMIGds @S  BJU3YO0  IRMOPOMPIYdS  FobABsO
©9IBOGOGHOL godm.

60550l Fos0 96056Mds 2sbLs3MmEMgdom 3608369wm35605 bgMggdols 3gligoms LoliEgdol
RmOIoMmgdol  3gMHom@do, sdoGmd 30639w  {emgddo  Lobymzgwos  bmdoghHo  dmefiygzs —
396530 BIGFHLYYOL 3bgE 1¥399000. JosETMN06 S 303 MJA0MBIdTO 03T 9bEYdE0S
dBoLYb 3900 WHEWO FIYOOMBYOO, BIE BJI3IMOGIOIEO TgHYgMds 9MYO0 J306MYS.
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3530 B030L30MHgNOL 3060HMdYIT0 (f94530 396 0FBL Boangdosh Bsdms®ly s BMIogMo©
IO BoRbML, Mg 30093 9O 533H30390L o 93MEMA0IM FEAMIPMONL O MYJROMbmMIb
069060350 FgmogLigdwer 396gdSL.

LogOomem xsdd0, Prunus laurocerasus 3s0m0MBg3s Hgbosbmdolsdo dsmswo dmmbmgbom,
0550 3394353583 gMBOMS3, IOl godmE 030 JOM-gOHM Ls39mgLe FoMI3969 3MwEHMMo©
90086935 o3 gm LJoMMNZ9EMUBS s 393395L00L LBEBHMM303v BMbsdo.

4. 30mEMAOMMO s LHAYMOBgM bosb-m3z0Lgdgd0

d39bsmg ALbIMOosOMdsdo dgol dg-4 Hgwl, bmwm LMHMEdlbdmosdg dzgbs®ol Lsdrserm
9mbo3w05bMds Fgogbl 30-50 33-U. boymazo 03Fdg3s OHMamOE by, 51939 393 Ts390w)O
Loboo — FMMdOL, X900, 333MEHOLS s LOILIOGHM V306MgdOL Laboo.

BMEYdo  Jgo3o3lb  goghBgmgdls s BoGMmbEogdl,  Mog  29b6530MmMdgAL oo
9630054 BHYM0M @ 359MH0L 2597960 M30L9d9dL. Sahan (2011) s Kiihn et al. (2022) dowomomgdgb,
603 §go30L gJuGHEodGHgdL o9Bbosm dE0gMo s6E0T0zMMdIMwo dmddgqds Staphylococcus aureus-
obd o Candida albicans-ob jobssmdgy. Cirrik et al. (2024) 59330390996, ©™3 bsgmgolb 9JuE®ogdEgdo
593060901 Mmgdlos30vY LEMILL s SBYIMIIL VX MIIOMEO sD0BIBOL 3OMEILL ol Jumzowdo,
53 59}H30390L A0l BoMTSIMEMA0VIM 30EHIB30WD.

09o30L (Prunus laurocerasus L.) 39bmema0m60o (303000 0fggds 69 gobogbmewmmBy, dod@Hol
dmml — 53M0wol EsLsfyoldo, MMmELsg 839bs®g 0fygdl 594GH0MO 3939G9E0. Y3530Mds
B399 93603 5006086705 53M0OWOL dmlosb dsolol s HoEbzgdsdy s AMIgEEgds 10-15
©OY.  DMa0gho  FGmOIL  obobosmgdl  JgmMoO  Y3530mds  19dBgddMOL  sbsfyoldo,
39063 MMMgd0m bgliBosh ergddo. boymazo 9foxrgds 03wolol 30639w ©Y35sdo, brmem
33096090 BMMIGI0 5230LEHML ILLYoLdo.

ROOME®S  06@bLlomMo By aMdgwgds Bogbmeol dmemdEy, bmwm  dggbstg
RONEYGOL 065MRM6gdL dmgwo ferol gobdsgarmdsdo. obogwgm  LodoMmMz9wmlb  306MHMdYdTO
1539293°30® 3900Mm©O0 d95096L Lodyserme 160-180 gls.

43530 ™d0oLYS s boymaol Lodfogzol boby®mdwogmds 3608369wm3bs 49bLb3s3Yds
1mOIGOL JnOmoL, M3 J0omgdL 29693GH03M6 M35 RIMM36705Dg @S 9@I3ES300L
oo 1bs6Hy.

09530L d0MEMA0MHO M0G0 8FOPMOMPIS 5353000900 Fgd3gMoEWIMOLS s 3YbosbmdOl
LYDBMbMO 3350935 MOILMSB: BMT0GMO DTG0 byl MFyYmdL 330603Jd0L 496300056M9dL, bmerm
39Do83bMOol bogngdosbo s80bo — b3z y3530eMBdLS s BoymBols BsdmYs0dgdsls.

09030l 259653 gds bmOE0gEgds MMM Mglerom, obg 3939G9GOMMI© — 35¢dgdol
©5393056900m, 35sf03BoMs s BYBJol oyMmBom. MO sMAM(396Yds 5-7 ™3980, bmwm
393935GH0O0 250653000l bowy3gmglcm d9gagd0 d00wgds BobgzMowdgMdbosbo 3sedgdom,
69gd03 15-20 13 LogMdoLss s BgL3GIL 030sMYAL BHMOROLS s 39ME0EOL bsBsgdo, 25-28°C
A9939M5EHwOL s 80-90%-056 ¢9gb0sbmdBY. rooting-ob LEGHOTMNWIGHMO ,,3mM693060L“ Fo3mygbgds
36039369c0m36500 BHOL RILZ30569d0L JsB396909e0l (Yildiz & Kaplankiran, 2019).

3905 BHMOIPOE0Wo  3g0m©YdoLy,  [oMdsGgdom  GHoMEgds in  vitro ds3Ms3gdol
99b3960396@gd03 (Georgiana & Petrus-Vancea, 2016), Losg bm@owrvy®o do3Mm3scndgdol rooting-

170



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

ol 36m396¢0 50f93L 70%-b. gl Ggdbmwmyos 9539JGME0s LsbgMyg HoMTMgdOLy s SHOWMIM 030
396mBMmbol dgLsbseB1badwsc.

5. ImOHGFMEMYOMO0 53g09gds

09o30 (Prunus laurocerasus L.) s®ob 35653569, 0BJmgzsb0 b6 3069 BmAol by, HGMIgerog
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A" GHY0Hg oMo BMMYd0. BOHLOLE0o I39bs6Y 3mT35JGWM0s, 35MR© 0FBL BMMToMYdL S
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5936 deogmo, M3s Bgbgms LoLGHYs, M3 FobsdoMmMdYAL Tob gsddgmdsl JoMmobs s 3530l
90356 0.

A™GHJ00 boliBo s dmgbowos, 30 BYPIS0MOM. sbsEIPSDBOPS YO GO0 FMYz0mOEIM-
dmdf356m BgMoLss, 8909y 30 3do gogobxygmo bEgds. JgMdo gusbBH03Mmos s 0830505
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39900996905 3069 bgemliby® 553900Mmd5m5 ILTBoYdIWS.

RMNEYO0 FoM3H0305, 3MMH0YIMOOM 456eoy9dE0, BYs30L9dMm0, 5-20 bd Log™dol s 3—-6 b
LobOl. BMMWOL BMOT> FMYOAM-9EORLYM0S, 30IINW0sbo, 390396 FofzgBgdmwo.
B9©33060 3db0bs30 s ddo 3F39699, 39 TBsGIY 30 MBEIM VOS> S FJMJow0. BMMOL VYHM
dm3w9s, 1-2 b3 Loa®Aob.
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The Cultivation and Potential of Cherry Laurel
(Prunus laurocerasus L.) in Georgia

Nugzar Shengelia, Elene Maghlakelidze, Lasha Tsigriashvili

LEPL Scientific-Research Center of Agriculture (SRCA), Tbilisi, Georgia

Abstract. Cherry laurel (Prunus laurocerasus L.) is an evergreen shrub native to Asia Minor and
Western Georgia, notable for its ecological resilience, rich biochemical composition, and wide range of
applications. It is widely distributed in the subtropical zones of Western Georgia, occurring both in natural
forests and home gardens. Its fruits and leaves are rich in bioactive compounds—phenolics, flavonoids, and
antioxidants—which determine their antimicrobial and medicinal properties. Recent studies highlight the great
potential of cherry laurel as both a functional food and an ornamental plant. The species demonstrates high
frost resistance and adaptability to diverse environmental conditions. Vegetative propagation through cuttings
and in vitro culture ensures a high rooting success rate for nursery production. Cherry laurel remains an
underutilized but highly promising species, representing a valuable resource for the development of Georgia’s
subtropical agriculture.

1. Botanical Classification and Cultural Importance

Cherry laurel belongs to the genus Prunus L., subgenus Cerasus Mill., and the species Prunus
laurocerasus L., with its synonymous name Cerasus laurocerasus Lois. Thus, it is an evergreen shrub of the
Rosaceae family, distinguished by its ornamental qualities, ecological stability, and multiple uses in food,
medicine, and landscape horticulture.

From an ecological perspective, cherry laurel serves as an important anti-erosion and phytoncidal plant
that improves air quality and supports biodiversity. Its dense foliage efficiently reduces wind speed and soil
desiccation, making it valuable for shelterbelts and decorative greenery.

Economically, the species has both nutritional and medicinal significance. The fruits of cultivated forms
are consumed fresh or processed into jams, preserves, dessert drinks, and syrups. Extracts from its fruits and
leaves are used to produce up to twelve types of medicinal preparations utilized in folk and modern medicine,
particularly for treating bronchitis, gastrointestinal disorders, and nervous tension.

Nutritionally, cherry laurel fruits are rich in phenolic compounds, flavonoids, organic acids, and vitamin
C, which provide strong antioxidant and antibacterial activity (Ozdemir et al., 2021). Phytochemical analyses
confirm that cherry laurel extracts help reduce cholesterol levels, promote cell regeneration, and support
detoxification processes in the human body (Strik & Finn, 2020; Cirrik et al., 2024).

In many countries, Prunus laurocerasus is considered a functional food—a natural product with both
nutritional and medicinal value. Its glossy evergreen foliage and aesthetic appeal also make it one of the most
popular ornamental species in landscape architecture.

From a conservation and propagation perspective, the species represents a sustainable crop well-suited for
bioecological farming, agro-tourism, and ornamental horticulture. Its commercial expansion is particularly
promising in Western Georgia, where soil and climatic conditions ideally meet its biological requirements.

2. Origin and Distribution

174



Joint International Scientific Conference: Biotechnical Tools for the Sustainability of Horticulture Through the
Popularization of Non-Traditional Species such as Mini-Kiwi (Actinidia arguta) in the Context of Climate Change

Prunus laurocerasus L. originated in Asia Minor and along the eastern Black Sea coast. It occurs
naturally in Western Georgia, northern Turkey, and Bulgaria, considered among the primary centers of its
ancient distribution, from which it gradually spread throughout southern and central Europe.

Historical sources indicate that cherry laurel was long known in Western Georgia as a characteristic
evergreen of forest understories and as a key element in traditional medicine. According to T. Kvaratskhelia
(1948), by the late 19th century it was abundant near Batumi, Kobuleti, and Zugdidi.

During the mid-20th century, Georgian research institutes in Batumi and Kutaisi conducted studies on
local forms and populations. Several high-potential forms were identified, including the black-fruited sweet
“Nakifu,” the white-fruited “Chlou,” the red large-fruited “Form 28,” and the black-fruited “Narazeni.”

Genetic analyses (Hegediis et al., 2025) revealed distinct genetic features in Western Georgian
populations, indicating a unique gene pool differing from both ornamental and edible European varieties.
These findings suggest that Western Georgia may represent one of the evolutionary and diversity centers of
Prunus laurocerasus.

The species naturally occurs in Asia Minor and the eastern Black Sea region—mainly in Turkey,
Georgia, and Bulgaria—and is also found in Greece, northern Iran, Syria, and Crimea.

Cherry laurel was introduced to Europe in the 17th century, initially as an ornamental shrub and later as
a medicinal and aromatic plant. Today, it is widespread in Central and Western Europe (Germany, Poland,
Switzerland, France, the Netherlands, and the United Kingdom), where it is commonly used in parks and
gardens.

Recent studies (Abrahamczyk et al., 2024; Rusterholz et al., 2018) indicate that cherry laurel has become
invasive in some European forests, especially in Germany and Switzerland, where it suppresses native
understory flora. In contrast, in Scandinavia (Denmark, Sweden, Norway), it remains rare and mostly
cultivated in botanical gardens.

3. Soil and Climatic Requirements

Prunus laurocerasus L. exhibits high ecological plasticity, tolerating a wide range of soil and climatic
conditions. Nevertheless, optimal growth, development, and fruit quality are achieved under favorable
environmental factors.

The species is moisture- and heat-loving but shows notable frost resistance. In Western Georgia’s
subtropical regions, it ranks among the most resilient evergreens. The optimal temperature range for growth is
18-28°C, and the species can withstand winter temperatures down to —20 to —25°C without leaf damage.
Prolonged cold below —25°C may injure young shoots, though mature shrubs typically recover in spring.

High air humidity and moderate rainfall promote vigorous growth and dense canopy formation. Dry
winds negatively affect the plant, so planting in sheltered or windbreak zones is recommended.

Cherry laurel prefers well-drained, fertile, medium-textured soils—sandy loams, alluvial, or clayey
types—with neutral to slightly alkaline pH (6.5—7.5). Poorly drained or waterlogged soils can cause root
hypoxia and stunted growth.

Adequate soil moisture is essential for root establishment, particularly in young plants; moderate
irrigation is advisable during hot summer months. In colder or mountainous regions, planting on shaded slopes
helps reduce temperature stress.

Under the Black Sea coastal climate, the species thrives in wet winters and moderately dry summers,
confirming its ecological resilience and regional suitability. Overall, Prunus laurocerasus is both moisture-
demanding and drought-tolerant, making it one of the most adaptable evergreen species in Georgia and the
Caucasus region.

4. Biological and Agronomic Characteristics
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Cherry laurel begins fruiting in the fourth year, with mature plants producing 30-50 kg per shrub. Fruits
are consumed fresh or processed into jams, compotes, and dessert wines.

Leaves contain essential oils and phytoncides, contributing to their antibacterial and air-purifying
properties. According to Sahan (2011) and Kiihn et al. (2022), cherry laurel extracts demonstrate strong
antimicrobial effects against Staphylococcus aureus and Candida albicans. Crrik et al. (2024) confirmed that
the fruit extracts reduce oxidative stress and protect heart tissue from cellular damage, highlighting its
pharmacological potential.

The phenological cycle of Prunus laurocerasus begins in late March to early April with vegetative
growth. Flowering occurs from late April to mid-May, lasting 10—15 days, with some forms showing secondary
flowering in September. Fruit ripening occurs from early July to early August, depending on the variety.

In Western Georgia, the growing season lasts 160—180 days. The duration of flowering and fruiting
varies across forms, indicating significant genetic diversity and adaptability.

Propagation occurs both by seed and vegetatively—through cuttings, layering, and bush division. Seeds
germinate in 5—7 months, while semi-hardwood cuttings (15-20 cm with two leaves) root best in peat-perlite
substrate at 25-28°C and 80-90% humidity. The use of rooting stimulator “Kornevin” significantly enhances
rooting rates (Y1ildiz & Kaplankiran, 2019). In vitro propagation experiments (Georgiana & Petrus-Vancea,
2016) achieved up to 70% rooting of nodal microcuttings, offering great potential for nursery production and
genetic resource conservation.

5. Morphological Characteristics

Prunus laurocerasus L. is an evergreen shrub or small tree reaching 2—12 m in height. Young plants
exhibit vigorous vegetative growth, while mature shrubs are compact and highly responsive to pruning, making
them ideal for ornamental use. The root system is deep and strong, providing stability and drought resistance.

Branches are flexible yet firm, with smooth bark. Young shoots are yellowish-green, later turning dark
brown. The wood is dense and suitable for small handicrafts.

Leaves are simple, alternate, leathery, 5-20 cm long and 3—6 cm wide, with an elongated elliptical shape
and entire margins. The upper surface is glossy dark green, and the underside is lighter and matte. Leaves
contain essential oils and are used for medicinal and cosmetic purposes (“cherry laurel water”). Their
resemblance to bay leaves often causes confusion between the two species.

Flowers are small (=1 cm in diameter), white, and fragrant, arranged in upright cylindrical racemes 5—
15 cm long. Each flower has five petals, about 20 stamens, and one pistil. Flowering is abundant from late
April to early May, with occasional secondary blooming in September.

Fruits are juicy drupes, round to slightly oval, 1-1.5 cm in diameter, and vary in color from pink to deep
purple-black. They have a sweet-acidic flavor, contain 14—17% sugars, 20-25% dry matter, and 30-50 mg%
vitamin C. The stones contain small amounts of hydrocyanic acid, so they should be removed before processing.

6. Conclusion

Cherry laurel (Prunus laurocerasus 1.) is a highly adaptable evergreen species naturally distributed in
Western Georgia. It combines ecological resilience, frost resistance, and ornamental value. Its fruits and leaves
are rich in bioactive compounds, ensuring nutritional and medicinal importance. Easy propagation by seed or
cuttings enhances its potential for nursery and commercial cultivation.

The species is suitable for windbreaks, erosion control, and landscape greening. Conservation and study
of its endemic forms are essential for preserving Georgia’s genetic biodiversity and promoting sustainable
agricultural development.
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Abstract. Kiwiberry (Actinidia arguta Miq.) is an emerging fruit crop of increasing economic
importance due to its high nutritional value and adaptability to temperate climates. The establishment of
commercial plantations requires large quantities of high-quality planting material, underscoring the need for
efficient propagation techniques. This article discusses the significance of kiwiberry cultivation, outlines the
main agronomic requirements of the species, and emphasizes the necessity of rapid multiplication for
successful orchard development. Special attention is given to in vitro propagation methods, which offer a
reliable approach for producing genetically uniform and disease-free plantlets. The study presents
experimental results on the influence of selected culture media and environmental conditions on the efficiency
of in vitro shoot proliferation. The obtained results demonstrate that optimized tissue culture protocols can
significantly enhance propagation rates, providing a practical foundation for the large-scale development of

the kiwiberry industry.

Keywords: mini kiwi health benefits, cultivation, i vitro culture, micropropagation, plant tissue culture

1. Introduction

The growing consumer demand for novel, health-promoting fruit species has stimulated interest in
establishing commercial kiwiberry plantations across Europe, Asia, and other temperate regions (Latocha et
al. 2018). The kiwiberry market, although slowly, is still growing. This study provides an overview of the
primary cultivation requirements and economic significance of kiwiberry, highlighting the crucial role of rapid
propagation. Furthermore, it provides experimental results on the optimization of in vitro culture conditions to
support efficient multiplication and commercial production of kiwiberry planting material.

Kiwiberry Advantages: Kiwiberry called also mini kiwi (Actinidia arguta Miq.) is a perennial,
dioecious vine from the Actinidiaceae family, valued for its high nutritional content, pleasant taste, and
adaptability to temperate climates (Vanhonacker and Debersaques 2018). Unlike 4. deliciosa, it bears small,
smooth-skinned fruits that are eaten whole, varying in shape and color, which enhances their consumer appeal.
Containing nearly 500 bioactive compounds, kiwiberry ranks among the most nutrient-dense fruits (Latocha
2017; Pinto et al. 2020). It is especially rich in vitamin C (up to 540 mg/100 g FW; Wang et al. 2018) and B-
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complex vitamins, with exceptionally high myo-inositol (vitamin B8) levels—four to six times greater than
kiwifruit (Nishiyama et al. 2008; Boldingh et al. 2000). It also provides bioavailable vitamin E (Fiorentino et
al. 2009). The fruits are abundant in pigments such as carotenoids, chlorophylls, and anthocyanins, containing
10-30 times more lutein than strawberries (Nishiyama et al. 2005). The peel has up to 15 times more phenolics
than the pulp (Kim et al. 2009; Latocha et al. 2015a), while minerals and amino acids are also present in
significant quantities (Gan et al. 2004; Bieniek 2012; Jin et al. 2014; Latocha et al. 2015b). Kiwiberry
demonstrates notable biological activity, including protection against hypercholesterolemia (Leontowicz et al.
2016) and anticancer effects on human cell lines such as HepG2, HT29, Hep3B, and HeLa (Zuo et al. 2012;
Jho et al. 2011; Yu et al. 2015; Lim et al. 2016). Studies also report a neuroprotective potential in Alzheimer’s
and Parkinson’s diseases (Ha et al., 2020; Kitamura et al., 2021). Other plant parts may serve as raw materials
for food and cosmetics (Almeida et al. 2018; Silva et al. 2021).

Kiwiberry Cultivation Requirements: Cultivating Actinidia arguta is challenging and labor-intensive,
as the vigorous vines require strong support systems. The T-bar trellis—comprising 2 m posts with 1.5-2 m
crossarms—is most commonly used in Europe, the US, and Chile (Debersaques et al., 2019). Plants should be
sheltered from strong winds, which can damage young shoots (Calvez et al. 2015). Natural or artificial
windbreaks are recommended. Kiwiberry thrives in fertile, well-drained, slightly acidic soils (pH 5.5-6.5) with
2.5 % or more organic matter (Strik and Davis 2021). Sandy to silty sandy soils are ideal. The species is highly
sensitive to waterlogging but requires substantial irrigation in summer, typically 15-28 L/m? per week
(Debersaques et al. 2015; Konrad and Willing 2011; Latocha et al. 2023). Frost protection using overhead
sprinklers and an efficient water source of at least 35 m*/h/ha are essential (Strik and Davis 2021). Because 4.
arguta is dioecious, plantations must include male and female plants in a 1:6—1:8 ratio to ensure pollination
(Latocha et al. 2021). Bee or bumblebee colonies are commonly introduced, and regular winter and summer
pruning is required (Hastings and Hale 2019).

A sustainable kiwiberry industry depends on high-quality planting material. Conventional propagation
methods such as cuttings or grafting are limited by low efficiency, seasonality, and disease risk. In contrast, in
vitro propagation provides rapid, uniform, and disease-free plant production, ensuring genetic fidelity and
enabling year-round multiplication. Recent studies emphasize optimizing media composition, growth
regulators, and environmental conditions to improve propagation efficiency.

2. Materials and Methods

Plant Material and Experimental Site: Experiments were conducted from 2024 to 2025 at the
Scientific Center of Agrobiotechnology, Armenian National Agrarian University, using the kiwiberry
(Actinidia arguta) cultivar 'Geneva’. This cultivar, widely cultivated on plantations in EU countries, was
selected for its pronounced cold hardiness (tolerant to —25 °C) and smooth, tasty fruit. Shoot cuttings were
obtained from 3-year-old mature mother plants cultivated in a farmer’s garden located in the Lori region of
Armenia.

Surface Sterilization and Explant Preparation: Collected shoots were thoroughly washed under
running tap water for 10 to 15 minutes to remove superficial contaminants. Surface sterilization was performed
using 2% (w/v) calcium hypochlorite [Ca(OCl)z] and 70% (v/v) ethanol, applied with varying exposure times
either individually or in combination. Explants were rinsed three times with autoclaved distilled water in a
laminar cabinet to remove residues. Each sterilization protocol was tested in three replicates of 20 explants
each (60 total explants per treatment).

Shoot Regeneration: Nodal segments (containing a single axillary bud) measuring about 3—5 mm long
were excised aseptically and transferred on full-strength Murashige and Skoog (MS) medium containing
30 gL' sucrose and 6 g L' agar (pH 5.8, autoclaved at 121 °C for 20 min). The medium was supplemented
with various combinations of 6-benzylaminopurine (BAP, 0.5-2.0 mg L), kinetin (KIN, 0.2—0.5 mg L"), and
gibberellic acid (GAs, 0.5mgL™"). Each hormone treatment was tested in three independent biological
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replicates, with 15 explants per replicate (45 explants per treatment). Cultures were maintained in a growth
chamber at 24 +2 °C under a 16-h light (50 pmol m™2s™!, cool-white fluorescent lamps)/8-h dark photoperiod.
After four weeks, shoot number, shoot length, and morphology were recorded.

Root Induction and Acclimatization: Shoots obtained from the regeneration phase were transferred
to half-strength MS medium supplemented with indole-3-acetic acid (IAA) or indole-3-butyric acid (IBA) at
concentrations of 0.5-1.5mgL™". A hormone-free half-strength MS medium served as the control. Each
treatment included three independent biological replicates, with 15 shoots per replicate (45 shoots per
treatment). Cultures were incubated for four weeks under the same environmental conditions used during the
regeneration phase. Rooted plantlets were transferred to a sterilized soil:sand:peat mixture (1:1:1, v/v/v),
covered with polyethylene bags, and acclimatized at 25+ 2 °C, 80-90% relative humidity, under a 16-h
photoperiod. The covers were gradually removed after 10—14 days to allow hardening.

Statistical Analysis: All experiments were conducted with data pooled from three independent
replicates. Results were expressed as mean + standard error (SE). Differences among treatment means were
analyzed using one-way analysis of variance (ANOVA). When ANOVA indicated significant differences (p
< 0.05), mean separation was performed using Tukey’s honest significant difference (HSD) test.

3. Results

Surface sterilization significantly affected the survival, contamination, and necrosis of in vitro
kiwiberry explants. The combined treatment of 2% Ca(OCI). for 15 min followed by 70% ethanol for 30 s
provided the highest survival rate (93.3 + 1.7%) with minimal contamination (6.7 = 1.7%) and no necrosis. In
contrast, prolonged calcium hypochlorite exposure for 25 to 30 minutes, although effective in eliminating
contamination, increased necrosis to 21.7 to 31.7 percent and reduced survival to 78.3 to 68.3 percent. This
confirms the superiority of the short-combined protocol.

Shoot regeneration of in vitro kiwiberry (cultivar 'Geneva') explants was strongly influenced by the
type and concentration of plant growth regulators (PGRs) (Table 1). Treatments containing BAP, alone or with
GAs, significantly enhanced shoot induction and length. Conversely, higher cytokinin levels (T9) inhibited
shoot development and induced callus formation. The optimal result was achieved with treatment T8 (1.0
mg L' BAP + 0.2 mg L™ KIN + 0.5 mg L™ GAs), yielding the highest induction (75.0 +2.5%) and shoot
length (2.7+0.1 cm). The control (T1) showed minimal response (15.0+2.0% induction). These results
underscore the necessity of optimizing BAP and GA; for efficient shoot regeneration.

Table 1. Effects of PGRs on shoot regeneration of kiwiberry (Actinidia arguta Miq.) cultivar "Geneva’.

(Data represent mean £ SE of three replicates, each with 15 explants. Different superscripts indicate significant
differences, p < 0.05, Tukey’s HSD.)

Treatment BAP KIN GAs Shoot Induction Shoots per Shoot Length Callus
(mgL?) (mgL™*) (mgL™) (% = SE) Explant (+ SE) (cm = SE) Formation

T1 0.0 0.0 0.0 15.0 £2.0° 1.0+ 0.2¢ 0.5+0.1¢ None

(Control)

T2 0.5 0.0 0.0 55.0£3.0° 2.5+0.3¢ 1.6 +0.24 None

T3 1.0 0.0 0.0 65.0 £2.5% 3.0+£0.2° 1.9+£0.2¢ None

T4 2.0 0.0 0.0 60.0 + 3.0 2.8+0.3% 2.1+0.2% None

T5 0.0 0.2 0.0 48.0 +£2.04 2.2+0.2¢ 1.5+0.14 None

T6 0.0 0.5 0.0 53.0+2.5 24+0.2° 1.8+0.1° None

T7 0.5 0.0 0.5 70.0 & 3.02 3.0£0.1° 23+£0.20 None

T8 1.0 0.2 0.5 75.0 £2.52 3.8+0.12 2.7+0.12 None

T9 2.0 1.0 0.0 50.0 £ 3.5« 1.8+£0.3¢ 1.2+0.2¢ Present

Root Induction and Acclimatization: Root formation in kiwiberry microshoots was strongly influenced by
auxin type and concentration (Table 2).
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Table 2. Effects of IAA and IBA on root induction of kiwiberry (Actinidia arguta Miq.)
cultivar "Geneva’ after 4 weeks.

(Data represent mean + SE of three replicates. Different superscripts indicate significant
differences, p < 0.05, Tukey’s HSD.)

Treatmen Conc. Rooting (% + Mean Roots per Explant Mean Root Length (cm Callus
t (mgL™) SE) (= SE) + SE) Presence

Control 0.0 26.7 £ 2.0f 1.4+0.3¢ 1.7+0.2¢ None

IAA 0.5 73.3 £4.04 4.1+0.4¢ 4.5+0.3¢ None

TAA 1.0 80.0 £ 3.0° 4.9 £0.5% 5.2 +£0.4% None

IAA 1.5 66.7 £3.3¢ 3.2 +0.4¢ 3.6+0.34 Present
IBA 0.5 86.7 £2.8> 5.7+ 0.6 5.8+0.4> None

IBA 1.0 93.3+1.52 6.5+£0.5 6.9+ 0.4 None

IBA 1.5 62.0 £ 3.8¢ 2.7+0.5¢ 2.4+0.3¢ Present

The highest rooting response was observed on half-strength MS medium (MS/2) supplemented with 1.0 mg L™
IBA, yielding 93.3 + 1.5% rooting, 6.5 + 0.5 roots per shoot, and 6.9 + 0.4 cm root length. Elevated auxin levels
(1.5 mg L' TAA or IBA) decreased rooting efficiency and promoted callus formation, whereas the auxin-free
control resulted in poor rooting (26.7+2.0%). During acclimatization, plantlets transferred to a sterilized
soil:sand:peat substrate (1:1:1) exhibited the highest survival rate (90-95%), underscoring the effectiveness of
this mixture for ex vitro establishment.

4. Discussion

Optimizing surface sterilization is crucial for balancing explant survival and microbial control. Short
combined treatments of ethanol and Ca(OCl). effectively minimized contamination while maintaining high
explant viability (Eliwa et al., 2024). Conversely, prolonged exposure to strong chemical agents like Ca(OCl),
although effective in eliminating contamination, increased necrosis and reduced survival. This highlights the
critical importance of optimizing the exposure time and agent combinations to maximize explant health during
the initial phase (Permadi et al., 2025). Shoot regeneration strongly depended on PGR type and concentration.
BAP, alone or in combination with GAs, enhanced shoot induction, shoot number, and length, whereas
excessive cytokinin levels (T9) inhibited shoot growth and promoted callus formation. Moderate cytokinin
concentrations favored organized shoot development, consistent with previous findings (Liu et al., 2022). Root
induction was strongly influenced by auxin type and concentration. Indole-3-butyric acid (IBA) at 0.5-1.0 mg
L' proved most effective, producing higher rooting percentages, greater root numbers, and longer roots
compared to indole-3-acetic acid (IAA). The superior performance of IBA for adventitious root formation in
in vitro and ex vitro woody cuttings is frequently reported. Additionally, the observation that excessive auxin
concentrations reduced rooting efficiency and induced callus formation is consistent with the general
understanding of auxin's biphasic dose-response in rooting (Sekhukhune and Maila, 2024). Acclimatization
success was primarily determined by substrate composition and humidity management. A well-drained yet
moisture-retentive 1:1:1 soil:sand:peat mixture provided optimal survival (90-95%), indicating that proper
substrate selection is crucial for supporting root establishment and growth (Grzelak et al., 2024). The practice
of gradually removing polyethylene covers to manage humidity effectively addresses the poor stomatal
function and high water loss typically observed in in vitro plantlets, which is essential for successful adaptation
to ex vitro conditions.

5. Conclusions

Kiwiberries (Actinidia arguta) are exceptionally valuable and delicious fruits, whose production is
expanding in many countries around the world. This requires the development of a method for the rapid
propagation of planting material. This study established a robust in vitro propagation protocol for the "Geneva’
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kiwiberry, significantly advancing micropropagation techniques for this cultivar. Optimal development was

achieved using a specific sterilization sequence, moderate BAP concentrations for efficient shoot

multiplication, and 0.5-1.0 mg L' IBA for maximum rooting and root quality. Post-acclimatization survival

reached 90-95% in a 1:1:1 soil:sand:peat mixture. This reliable protocol provides a strong foundation for large-
scale horticultural production and the conservation of kiwiberry germplasm.
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