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4) Colchis boxwood has been damaged everywhere — in natural

landscapes as well as garden collections by the “box blight”
provoking quarantine pathogen microorganism Cylindrocladium
buxicola and quarantine pest Cydalima perspectalis. Specialists are
striving to rescue them by using various bio-preparations.
On the basis of the conducted works towards the creation of the
IUCN “Red List” woody plant collection at the Botanical Garden:
a) Through the generative and vegetative reproduction we have
obtained 1307 planting materials of 92 species, 50 genera and
21 botanic families. Most part of them (60%) is obtained
through local reproduction.
b) Apart from the local reproduction species, new 11 species of
TUCN global status have also been cultivated.
The new introduced species of IUCN global status will be quite
attractive and interesting for the multifunctional collection plot
and phytogeographical collections of the Batumi Botanical Garden
not only from pure botanical viewpoint but from a number of
other aspects as well. It has scientific, plant conservational,
biodiversity  protection, educational and eco-educational
functions. In future it will serve to raising eco-educational and
environmental awareness in respect to the botanic gardens
“international strategy for plant protection”.
Research objects that are interesting in terms of conservational as
well as practical purposes inasmuch as they represent wood-
providing species for forestry and greenery; some of them are
famous as valuable plants for pharmacological purposes (Ginkgo
biloba L., Juglans regia L., Taxus baccata L., Buxus colchica
Pojark., etc.). After familiarizing with the research results given
in the experimental part of the dissertation they will become
more attractive to popularize them for implementation in various
fields.
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1)

2)

3)

benlate — 30 minutes; with 70% ethanol — 10 seconds; 30%
hydrogen peroxide — 5 minutes; washing with sterile distilled
water — 3 times for 5 minutes.

2) Among the 5 food areas of different composition used in the
experiment to obtain the least infected explants, the most
effective appeared to be the food areas with WPM + Cio.y,
WPM + Cro. WPM + C20 composition.

For more improvement of micro-clone propagation technology of

problematic research objects it is necessary to conduct further

researches, elaborate optimal and improved conditions that will
be a guarantee for the successful realization of morphogenetic
peculiarities of plant cells.

Through identification of protisticidal, fungicidal and bactericidal

actions of the antimicrobial activity of the research objects, high

antimicrobial activity against pathogenic microorganisms has
been revealed by the following species: Abies numidica Lannoy ex

Carriere., Juglans regia L., Taxus baccata L., Ginkgo biloba L.

Further studies in this direction might become the basis for the

creation of a bio-preparation.

As a result of phytosanitary monitoring of the research species

and identification of pest pathogens it has been stated that:

The main pests of the research species are the representatives of

homoptera insects - soft scales and armored scales.

Among the research species the most damaged are: Taxus baccata

and Buxus colchica.

Biological agents pay certain role in reducing the number of soft

scales and armored scales. They are mainly represented by

Hymenoptera, Chalcidoide, from the Aphelinidae, Encyrtidae

families as well as the beetles from Coccinellidae (Coleoptera)

families, lacewing larvae from Chrysopidae family, etc.
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3 groups of species have been singled out according to the duration of
sprout growth: species with short, medium and long periods of
growth.
According to the flowering terms and periods we have singled out
winter-flowering, early-spring flowering and late-spring flowering
species.
According to the integral index of species introduction and fruiting
degree the species have been divided into abundant and stable,
medium and poor fruiting.
On the basis of the study of the reproduction ability and peculiarities
of the research species the following conclusion has been made:
certain part of the species under study has high degree of
germination. However, there are species with very low degree of
germination or none at all (Abies numidica, Chamaecyparis
formosensis, Glyptostrobus pensilis, Pinus brutia var. pytiusa, Sequoia
sempervirens, Taxus baccatalaxus mairer).
On the basis of the results of vegetative propagation experiments it
has been stated that it is possible to increase graft propagation degree
(%) in some species by using different bio-stimulators (0,02%
indolebutyric acid, 0,01 % indoleacetic acid and 0, 05 % lignin-
humate, 0,1 potassium permanganate and 5% sucrose solutions).
Processing of seeds with theses bio-stimulators also give better
results.
For the purpose of introducing the research species into the in vitro
culture, the following has been achieved:
The following proved to be the most effective scheme: processing
with 0,2% benlate — 30 minutes; with 70% ethanol — 10 seconds; 30%
hydrogen peroxide — 5 minutes; washing with sterile distilled water —
3 times for 5 minutes.

1) The most effective scheme of sterilization of the material to

be introduced into the in vitro culture: processing with 0,2%
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Conclusions
Batumi Botanical Garden, arranged in the Transcaucasia, in the
extreme south-western part of western Georgia, on the Black Sea
littoral in the soil-climatic conditions of humid subtropics, is
represented by the unique rich collection of the woody plants of the
worldwide flora. In this collection the gene pool of woody plants of
the IUCN “Red List” comprise 183 species of 68 genera and 30 botanic
families.
Eighteen (18) species have been selected as the research objects of the
doctoral dissertation. These species are evaluated with the following
categories according to the IUCN “Red List” protection status:
Critically Endangered (CR): Abies numidica Lannoy ex Carriere.,
Araucaria angustifolia (Bertol.) Kuntze., Glyptostrobus pensilis
(Staunton ex D.Don) K.Koch.
Endangered (EN): Chamaecyparis formosensis Matsum., Cupressus
guadalupensis S.Watson., Ginkgo biloba L., Metasequoia
glyptostroboides Hu & W.C.Cheng., Sequoia sempervirens (D.Don)
Endl
Vulnerable (VU): Camellia reticulata Lindley., Taxus mairei (Lemée
& Lév.) S.Y.Hu ex T.S.Liu., Juglans californica S.Watson., Buxus
colchica Pojark., Juglans regia L., Pinus brutia Ten. var.pityusa.,
Prterocarya pterocarpa (Michaux)., Quercus robur ssp. Imeretina
(Steven ex Woronow) Menitsky., 7axus baccata L., Zelkova
carpinifolia (Pall.) C. Koch.
According to the dendrometric properties the research species
represent trees of the first, second and third rates/sizes.
The results of the growth-development peculiarities of the research
species in seasonal dynamics have shown that they pass in sequence

all the phases of vegetative-generative development.
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complexes; agro technical measures have been conducted and the plants
are being transformed to the open soil at present.

The Table in the dissertation clearly shows the qualitative and
quantitative indices of the seedling and reserve species of 96 woody plants
of IUCN global status of the Batumi Botanical Garden seedling and
hothouse farms obtained in 2012-2015. The full sketch of the plot with the
final landscape design and legends of 92 species are included in the annex
of the dissertation in large (A2) format.

The new introduced species of IUCN global status will be quite
attractive and interesting for the multifunctional collection plot and
phytogeographical collections of the Batumi Botanical Garden not only
from pure botanical viewpoint but from a number of other aspects as well.

In future, it will be a collection where lectures, target seminars and
thematic tours will be conducted for the schoolchildren, students and
representatives of different social strata as well as information boards
provided, educational and informative illustrated printed materials
prepared for publication. The role of the Botanical Garden will be
enforced not only in terms of conservational and entertainment purposes
but as a scientific and educational venue, historical-cultural heritage and
an initiator and performer of intellectual and creative relations with the

community.
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Imeretina, Taxodium distichum, Taxodium mucronatum, Taxus baccata,
Thuja plicata, Torreya grandis, Ulex europaeus, Widdringtonia nodiflora.
Data Deficient (DD), 1 species: Cupressus finebris.

The most part of the planting material obtained by us (60) is obtained
through local reproduction. However, there are species that have been
introduced to the Batumi Botanical Garden for the first time.

The following are the new (11) species for the IUCN global status
collection brought from different botanical gardens and botanic
institutions in 2011-2015: Abies balsamea L., Afrocarpus mannii
(Hook.f.)C.N.Page, Araucaria cunninghamii Aiton ex A.Cunn., Bauhinia
acuminata L. Bauhinia glauca (Benth.) Benth., Cephalotaxus sinensis (Rehd
&E.H.Wilson)H.L.Li, Ephedra dystachia L., Picea mariana (Mill.) Britton,
Sterns & Poggenb., Pinus peuce Griseb., Torreya californica Torr.,
Widdringtonia nodiflora (L.) Powrie. They will be tested in the soil-
climatic conditions of the Batumi Botanical Garden. These species are
cultivated as seeds and their study has been conducted from the early stage
of ontogenesis, whereas the evaluation will be possible after further
observation.

The creation of the reserve fund of the one-sample and over-aged
IUCN global status species growing in the open soil at different
phytogeographical departments in the soil-climatic conditions of the
Batumi Botanical Garden is also very important. These 9 species are as
follows: Abies numidica, Cedrus atlantica, Cedrus Ilibani, Glyptostrobus
pensilis, Picea glauca, Pinus halepensis, Taxus mairei, Thuja standishii,
Widdringtonia schwarzii. These species need renovation as far as they
have been in the collections since the foundation of the Garden and are
represented in single specimens.

For the present collection of young species a landscape area has
already been analyzed, model-collection plot has been designed; it has

been decided to arrange the plants with the method of family and genera
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Critically Endangered (CR) 3 species: Abies numidica Lannoy ex
Carriere, Araucaria angustifolia (Bertol.) Kuntze, Glyptostrobus pensilis
(Staunton ex D.Don) K. Koch.

Endangered (EN) 8 species: Araucaria araucana, Cedrus atlantica,
Chamaecyparis formosensis, Cupressus guadalupensis, Ginkgo biloba,
Metasequoia  glyptostroboides, Sequoiadendron giganteum, Sequoia
sempervirens.

Vulnerable (VU) 11 species: Afrocarpus mannii, Camellia reticulata,
Cedrus  libani, Jubaea chilensis, Juglans californica, Picea asperata,
Pseudolarix amabilis, Taiwania cryptomerioides, Taxus mairei, Thuja
koraiensis, Torreya californica.

Near Threatened (NT) 16 species: Buxus colchica, Chamaecyparis
lawsoniana, Cryptomeria japonica, Cupressus cashmeriana, Juglans regia,
Keteleeria fortunei, Liriodendron chinense, Pinus peuce, Platycladus
orientalis, Podocarpus nubigenus, Sciadopitys verticillata, Thuja standishii,
Tsuga sieboldii, Washingtonia  filifera, @ Widdringtonia  schwarzii,
Zelkowa carpinifolia.

Least Concern (LC) 53 species: Abies balsamea, Abies holophylla,
Abies sachalinensis, Abies sibirica, Abies veitchii, Araucaria bidwilli,
Araucaria cunninghamii, Bauhinia acuminata, Bauhinia glauca, Cedrus
deodara, Celtis caucasica, Cercis canadensis, Cephalotaxus fortunei,
Cephalotaxus  harringtonii, Cephalotaxus sinensis, Cunninghamia
lanceolata, Cupressus arizonica, Cupressus torulosa, Diospyros lotus,
Ephedra dystachia, Ficus carica, Juniperus virginiana, Larix decidua,
Lespedeza  floribunda, Liquidambar styraciflua, Picea glauca, Picea
mariana, Pinus armandii, Pinus brutia var.pityusa, Pinus bungeana, Pinus
canariensis, Pinus halepensis, Pinus koraiensis,Pinus montezumae, Pinus
mugo, Pinus pinea, Pinus roxburghii, Pinus tabuliformis, Pinus taeda,
Pinus thunbergii, Pinus wallichiana, Podocarpus macrophyllus, Populus

pyramidalis, Pterocarya pterocarpa, Punica granatum, Quercus robur ssp.
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On the basis of the conducted works a remarkable and interesting
diversity has been created in terms of botanical research — the collection of
TUCN “Red List” woody plants that comprises 21 botanical families, 50
genera and 92 species, total 1307 plant specimens.

The young woody plants of IUCN global status cultivated by us
belong to the following families: (21): Araucariaceae, Buxaceae,
Cephalotaxaceae, Cupressaceae, Ephedraceae’, Ebenaceae, Fagaceae,
Ginkgoaceae, Hamamelidaceae, Juglandaceae, Leguminosae, Lytraceae,
Moraceae, Palmae, Pinaceae, Podocarpaceae, Salicaceae, Sciadopityaceae”,
Taxaceae, Theaceae, Ulmaceae.

Note - * sign signifies the monotypic families.

For the analysis of floristic diversity the research species are
represented by interesting genera (50), they are: Abies (7), Afrocarpus (1),
Araucaria (4), Bauhinia (2), Buxus (1), Camelia (1), Cedrus (3), Celtis(1),
Cercis (1), Cephalotaxus (2), Chamaecyparis (2), Cryptomeria’ (1),
Cunninghamia (1), Cupressus (6), Diospyros (1), Ephedra (1), Ficus (1),
Ginkgo™ (1), Glyptostrobus™ (1), Jubaea™ (1), Juglans (2), Juniperus (1),
Keteleeria (1), Larix (1), Lespedeza (1), Liquidambar (1), Liriodendron (1),
Metasequoia™ (1), Picea (3), Pinus (17), Platycladus* (1), Podocarpus (2),
Populus (1), Pseudolarix* (1), Pterocarya (1), Punica (1), Quercus (1),
Sciadopitys® (1), Sequoiadendron* (1), Sequoia®™ (1), Taiwania® (1),
Taxodium (2), Taxus (2), Thuja (3), Torreya (2), Tsuga (1), Ulex (1),
Washingtonia (1), Widdringtonia (1), Zelkova (1). Among them 10 genera
are monotypic ones.

Note - * sign signifies the monotypic genus.

According to the life forms the species are divided into the following
way: evergreen tree, shrub - 3, evergreen shrub - 4, evergreen tree - 62,
palm tree - 2, deciduous tree - 18, deciduous tree, shrub - 2, deciduous
shrub - 1.

Woody plants cultivated by us in the orangery conditions have got
the IUCN global protection status:
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Fighting measures: Biological agents pay certain role in reducing the
number of soft scales and armored scales. They are mainly represented by
Hymenoptera, Chalcidoide, from the Aphelinidae, Encyrtidae families as
well as the beetles from Coccinellidae (Coleoptera) families, lacewing
larvae from Chrysopidae family, etc.

It is especially remarkable that since 2010 the fungicide disease of
boxwood — “box blight” occurred in Georgia (provoking pathogen
microorganism Cylindrocladium buxicola) that considerably destroyed
boxwood groves. The boxwood specimens in the Batumi Botanical Garden
survived this disease owing to the timely preventive measured conducted
by the specialist- phytopathologists. However, in 2014 an invasive pest
Cydalima perspectalis appeared that severely destroyed survived boxwood
plants in the natural groves. There is also a deplorable situation at the
botanical garden. The scientists of the Garden as well as the researchers of
the Institute of Phytopathology and Biodiversity are striving to rescue

them through testing various preparations (especially, bio-preparations).

5. The Results of the Conservation of JUCN “Red List”
Species at Batumi Botanical Garden.
Arrangement of a Multifunctional Collection Plot
As we have stated in the beginning, at present the collection of the
IUCN “Red List” woody plants at the Batumi Botanical Garden is
represented by 183 species of 30 families and 68 genera, among which 18
species have been selected as research objects for the dissertation.
However, it should be noted that the work was not restricted to their
study only. In 2011-2012 mobilization of the introduced materials was
intensively conducted in terms of collecting seeds of fruit-giving species of
the collection, grafts as well as through the international seed exchange
programs and expeditions of the Local Flora and Conservation

Department.
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ex Carriere. 6+99000L 54000 b (1,15,111) ver3.1
56wy segool bmgo 2011
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Chamaecyparis Cupressaceae Bobgomo, 0560003569 by 1958 A2d ver3.1
formosensis Matsum. 3903560
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Cupressus guadalupensis | Cupressaceae 99dbogs, 00003569 by 1913 | B2ab(iiiiIV,
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Ginkgo biloba L. Ginkgoaceae Robgoro goomwdgggbo | 1890 | Bl+3c ver2.3
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Metasequoia Cupressaceae Bobgmo: geomewdszgbo 1952 | Blab(iii,v) ver
glyptostroboides Hu & 399090 bg 3.1
W.C.Cheng. 2013
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4. Phytosanitary State of the Research Objects

For the purpose of the study of pest and diseases of the woody
plants at the Batumi Botanical Garden protected by the IUCN “Red List”,
we annually conducted phytosanitary monitoring during the vegetation
period; we gathered samples, worked on the scientific papers and articles
published by the scientific staff of the Plant Protection department during
the years. At present we were assisted by the specialist of plant protection
of the Batumi Botanical Garden, Doctor of Biology Nazi Leonidze.

The Table Ne4 shows the pests — phytophages (mostly soft scales and
armored scales) and fungal pathogen identified on the research objects in
2012-2015:

[QISTeN
9 | Buxus colchica Pojark.” Buxa - 35339b00s 8565000803569 by, | 1936 | Lower
30br®o d%s ceae dBdo isk/near
threatened ver
2.3 1998
NT/VU
10 | Camellia reticulata Theaceae Bobgmo 0o0odf356g by, | 1959 | Bl+2cver2.3
Lindley. dsg0lgdGo ohdo 1998 VU
39090000
11 Juglans californica Juglandaceae RO . RmomEdszgbo 1976 AlCver23
S.Watson 5996035 by 1998 VU
3500xmMBool 353500
12 | Juglans regia L* | Juglandaceae 39335600 gmomedi3zgbo 1936 | NTver3.1
B399 90M030 3530l bg 2007 vU
b9
13 | Pinus brutia Ten. Pinaceae 39335b00 geomewdsggbo 1976 | LC wer3.1
var.pityusa. * bg 2011
00330600l o330 VU
14 | Prerocarya pterocarpa Juglandaceae 39330b00 gemmedszgbo 1939 | Lower
(Michaux). * bg Risk/least
©sxsbo concern ver
231998 VU
15 | Quercus robur ssp. Faga -ceae 39335b00, geomewdszgbo 1937 | Least Concern
Imeretina (Steven ex 9360M35 bg LC- 2007
Woronow) Menitsky.* ver.2.3. VU
009mo dmbs
16 | Taxus baccatal.* Taxaceae 39335b00, 00003569 by 1938 | Least Concern
)OObywo 9360M35 LC-2010
ver.31 VU
17 Taxus mairei (Lemée & Taxaceae Bobgomo 856500053569 by 1978 Vulnerable
Lév.) S.Y.Hu ex T.S.Liu. A2d ver
350M0b MOObgwo 312010 VU
18 Zelkova carpinifolia Ulma- 35335600 RmomEdszgbo 1976 | Lower Risk
(Pall.) C. Koch.* ceae by /near
dgendgs threatened ver
231998 VU

Jgbod3bs: *bogsermngzgwml Homgwo thbob“ 996md60560 d39botrggdo.
**IUCN ,,foomgwo thbob“ 360390099900 olYOEBHE00L G9duBdo gobdsmGgdrymos.

306390 Looob bggdos: Abies numidica, Araucaria angustifolia,
Chamaecyparis formosensis, Ginkgo biloba, Juglans californica, Juglans
regia, Metasequoia glyptostroboides, Pinus brutia var. pytiusa, Pterocarya
pterocarpa, Quercus robur ssp. imeretina, Sequoia sempervirens, Zelkova
carpinifolia.

39mmg Loool bggdos: Buxus colchica, Camellia reticulata,
Cupressus guadalupensis, Taxus mairei.
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Table No4
Main pathogens identified in the research objects
Phytophage insects and il;i;r(;f
fungal diseases Host plant damage of Symptoms
the plant
Chloroputvinaria Taxus baccataL. Leaves, Yellowing of leaves, later -
(=Pulvinaria) floccifera shoots falling
Westwood.
Chrysomphalus Buxus colchica Leaves Yellowish spots appear on
dictyospermi Morgan. Pojark. damaged leaves, later they
fade and fall
Pseudococcus Buxus colchica Leaves, In cases of strong damage
viburni (Signoret), (Syn. Pojark. buds, fruit | fruit falls; yellowish spots
P. maritimus erhorn, P. Taxus baccata L. stems appear on damaged leaves
obscurus Essig.)
Eriococcus buxi Buxus colchica Leaves Leaves become yellow,
Fonscolombe Pojark. delay in growth and fade.
Aonidiella taxus Taxus baccata L. Needles Light spots appear, needles
Leonardi become yellow and fall
Cylindrocladium buxicola | Buxus colchica Leaves, Leaves and bark seem burnt
fungal pathogen Pojark. bark, roots | and completely fade
Cydalima perspectalis Buxus colchica Leaves, Fungicidal pathogen causing
Pojark. bark, roots | “Boxwood blight” destroys
even faded bark, entire
stems and branches, as if
completely eating the whole
boxwood plant.
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scissors and squeezed in mechanical mortar with adding 100 ml sterile
water. Afterwards centrifuging process was conducted (5 000 whirls per
minute) during 10 minutes and the supernatant was used in the research.

The experiment continued with the solutions obtained with different
chemical solvents.

In case of determination of protisticidal action, the simplest
unicellular organism - Paramecium caudatum was used as an experimental
microorganism.

For the purpose of identification of fungicidalaction, we used the
following pathogen fungi causing agricultural plant diseases: Phytophtora
infestans, Alternaria alternata, Fusarium Ilateritium, Colletotrichum
gloeosporioides, Botytis cinerea, Trichothecium roseum, Pestalotia coryli,
Alternaria solani, Fusarium moniliforme, Pestalotia theae.

For the study of antibacterial action quarantine bacterial pathogen
Ralstonia solanacearum (included into the world quarantine list) was used,
that causes the potato wart or black scab disease. In Georgia many cases of
potato and tomato bacterial rot was registered caused by R. Solanacearum.
The research uses the Georgian serums of R. Solanacearum gathered in
2012-2014 that were isolated from various host plants (potato, tomato,
pepper).

As a result of experiments, part of the plant extracts had no
impact on the development of pathogen microorganisms whereas the
other part gave positive result and we have obtained the following species
of high antimicrobial action: Abies numidica., Juglans regia, Taxus
baccata, Ginkgo biloba.

On the basis of the antimicrobial activity screening of plants
conducted by us in the in vitro conditions, we can make conclusion that
the plant extracts of the above enumerated species are the means of
potential fight for the purpose of subjugation of pathogenic

microorganisms’ actions. Research continues in this direction.
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pytiusa WPM+ Cios
7 3 4
Vso
Abies numidica MS 10 10 0
uercus robur
Q . . MS 7 7 0
ssp. imeretina
Taxus mairei WPM+Cao
MS

7 Ginkgo biloba 12 16 50 x 56 11.0x 15,0 00935
®®6533000560 30630 bz
»30mb
>09LL
8 Glyptostrobus 1 7 40 x 42 45x3,9 aubdmo
pensilisFsmdol SOHMBL
303GHMLEHOM-d9L0
5bvy Bobmeo
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009m)o dmbs
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0060003569 bggzmos 5OMBY
16 Taxus baccata 7 6.5 30x35 9,0x8,0 aubdmo
Oobywo SOMBL
17 Taxus mairel 1 2,5 20x 15 6,0x4,0 aubdmo
350M0b MOObgwo 5OMdL
18 Zelkova carpinifolia 3 10 08653500 gH 14,0x9,0 aLbbdmo
dgandzs ®0560 SOHMBL

2. 1533930 LobgmdgdoL BHEs-35630m56MgdOL
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0900l BOHS - 2ob3005Mm9dOL M30LYdWYMHJOYOOL Tglfogwrs Je0do@Hy®
300M¥gOMB 30300030 MomMglo  3603369¢rmzs60s, 306506
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For more improvement of micro-clone propagation technology of
problematic research objects it is necessary to conduct further researches,
elaborate optimal and improved conditions that will be a guarantee for the

successful realization of morphogenetic peculiarities of plant cells.

3. Screening of Research Objects on Antimicrobial Activity

Revealing and studying antimicrobial properties of plants have
always been topical issues. It is of paramount importance to enrich the list
of the plants giving the so called “natural antibiotics”. The raw material of
such plants can successfully be used for ecological purposes, in medicine,
agriculture, decorative gardening and other fields. Therefore, we have set
as our goal to study our research species in this direction as well. Similar
research used to be conducted in the past of the plants of the Batumi
Botanical Garden collection at the physiological laboratory of the Garden.
Luckily, this time the research got possibility to be improved by the
collaboration with the Institute of Phytopathology and Biodiversity of the
Batumi Shota Rustaveli State University where the experiments can
involve various fungal and bacterial pathogens.

Antimicrobial activity of the research objects were studied through
identification of protisticidal, fungicidal and bactericidal actions of the
extracts obtained from leaves. The materials for analysis were taken in
spring, summer and autumn periods. The liquid plant extracts were
obtained from newly-picked leaves (100 gm) which were cleaned with

distilled and sterile water, squashed thoroughly into pieces with sterile
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For the introduction into the in vitro culture, we have used four food
areas of different composition: WPM + C 20, WPM+Ci, WPM+ Cio+¥s0,
MS.

At this stage, we should consider as our achievement the validity of
WPM+ Ciovy, WPM+Cio, WPM+Ca food areas for obtaining less infected
explants.

The results of the initiations into the in vitro culture are given in
Table N3 . The effectiveness of the above mentioned food areas in in vitro
culture were more or less successfully reflected on the following species:
Camellia reticulata (18 %); Corylus avelana (64 %), Pinus brutia var.
pytiusa (57 % ); Juglans californica (20 %), Glyptostrobus pensilis (16 % ),
Cupressus guadalupensis (10 — 16 %); Taxus mairei (28 — 33 %).

Table N3

Results of introduction of research species into in vitro culture

Number of explants
) Food area Infection, Normal
Species Introduced .
necrosis | development
WPM+Ca0 10 1 9
Camellia MS 9 9 0
reticulata, WPM:+Cao 5 5 0
WPM+ Cio+
22 18 4
¥ s0
Cupressus MS 12 10 2
guadalupensis WPM+Cio 10 9 1
Glyptostrob
YPIOSITOBUS MS 12 10 2
pensilis
Juglans MS 10 8 2
californica
Pinus brutia var. MS 11 11 0
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I - Lobgmdgdo gmmGdGHol bhHob  dmzwy 3gMomom: Juglans
californica, Juglans regia, Pterocarya pterocarpa, Zelkova carpinifolia,
Quercus robur ssp. imeretina, Abies numidica. 3500 4emOEOL BOHEOL
3900m©0  9moEs3l  12-sb 46 gL, 50bodbme  Lobgmdgdol
g4m®Gol BOHEs 53000l I s I ©h39sdo 0fjygds, GmEgLsg 35960l
Lo5dwgoem G9a39Me@wds I ©939sdo bodwyswme 11,1°C, 1T 93500580
Lbodwgoeme  15,1°C-L s0figgl.  go0mbsgaoll  0dgéwero dmbs
§oM8moy9bL, MMIgEoE Yrm®EHol HBOELL JoMEHol dgmMy ©)355d0
ofiygdl (+1,9°C) s s3Gool 8gbsdy ©935sd0 LM gdL.

II - Lobgmdgdo  ygwmOEol bBOEoL Lsdmswm 3gHompoo:
Camellia reticulate, Chamaecyapris formosensis, Taxus mairei, Pinus
brutia var. pityusa, Sequoia sempervirens (70-99 ©©g). §3O0wBMMOMWs
96w dMBOEOOL  56535M05L  bSLOSMYPIL BOHEOL MG 3gMOMEO:
3obogbanbg  (16.VI- 10.VII) s 8gdmamds®y (10.IX-19. XI).
gomOGol  4obogbwwol  bBOs 83 ©Egl  aMdgergds, bmerm
890m@am3ol BMs 70 omqb.

III - bebyMBdgdO YEMmOEHOL BOEOL boby®mdwozo dgMompoo (105-
135 m9): Taxus baccata (105 ), Metasequoia glyptostroboides, (119
©Y), Ginkgo biloba (120 wy), Cupressus guadalupensis (132 ©©Y),
Glyprostrobus pensilis (135 ©w©y), Araucaria angustifolia - 1 sbsbosmgdL
DOEOL MOO 39MH0MEO: PoBogbw - Bogbmwdo (s3Mowo - 0g3wolo)
©5  990mEamdsty  (bgdBgddgH - mdBHMTOYMO).  gwmOEHOb
2obogbmol BOEs 83 g, bmem dgdmoamdol bBGs 70 g
303IL YOS

93530@mdol  39MHomEby Bz760 ©330603909080L LsxgwdzgwHy
a99mogm sdo xamao:

Do000MmIMY3530¢g  Lobgmdgdo:  Chamaecyparis  formosensis,
Cupressus guadalupensis, Metasequoia glyptostroboides, Pinus brutia var.

pytiusa, Sequoia sempervirens, Camellia reticulata.

16

3.3 Regeneration Ability of the Species at the Stage of introduction into
the in vitro culture

For the purpose of introduction of the IUCN Red List plants of the
Batumi Botanical Garden into the in vitro culture, we have conducted a
research at the department of Biotechnology of the Fruit Growing
Institute of the Belorussian Academy of Sciences (within the frames of
cooperation). As we have stated above, some of the species under study are
represented in the collection of the Batumi Botanical Garden in single
specimens the propagation of which is a problematic issue.

The experiments began at the Minsk Fruit Growing Institute with the
search for an effective sterilization scheme and a primary explants. Several
schemes have been examined. Green grafts, one-year shoots were used as
primary explants. The possibilities of organogenesis induction of woody
plant shoot tops and explants obtained from vegetative buds have been
studied.

The following served as the research objects: Abies numidica,
Camellia reticulata, Cupressus guadalupensis, Glyptostrobus pensilis,
Juglans californica, Pinus brutia var. pytiusa, Quercus robur ssp. Imeretina,
Taxus mairei.

At the first stage of introduction into the in vitro culture, the
sterilization of the above stated primary materials was conducted
according to four different schemes for the purpose of selecting the most
convenient scheme. The following proved to be the most effective scheme:
processing with 0,2% benlate — 30 minutes; with 70% ethanol — 10
seconds; 30% hydrogen peroxide — 5 minutes; washing with sterile
distilled water — 3 times for 5 minutes.

Sterilization of food area was conducted in the conditions of 0,9
barometric pressure for 15 minutes after adding all the necessary vitamins
and physiologically active substances in it. Cultivation conditions for
explants: lighting 2,5-3,0 thousand lx, temperature +21...423 °C,

photoperiod 16/8 hours, duration of cultivation — 4-6 weeks.
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Diagram Ne 3 The results of vegetative propagation in cases of testing
variants and bio-stimulators application. 1. Buxus colchica, 2. Pterocarya
pterocarpa,3. Chamaecyparis formosensis; 4. Glyptostrobus pensilis; 5.
Sequoia sempervirens; 6. Taxus baccata, 7. Taxus mairei.
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20 25DIRbBNM By dmyz030¢g Lobgmdgdo: Araucaria angustifolia,
Buxus colchica, Ginkgo biloba, Taxus baccata, Taxus mairei, Quercus robur
ssp. Imeretina, Zelkova carpinifolia.

23096 gobogbyenbyg dmygzsgowg Lobgmdgdo: Abies numidica,
Glyptostrobus pensilis, Juglans californica, Juglans regia, Pterocarya
prerocarpa.
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XdJ3o:

I - Lobgmdgdo, GmIgwms bogmadlbdmos®mds bEsdowm®mao©
wbgos:  Cupresus  guadalupensis,  Ginkgo  biloba, Metasequoia
glyptostroboides, Buxus colchica, Juglans regia, Pterocarya pterocarpa.

II - Lobgmdgdo, M™IgEmsg SHILOsMIOL  65gmxILHIMOSOMBOL
Lodwgogm bo®obbo: Araucaria angustifolia, Chamaecyparis formosensis,
Sequoia sempervirens, Juglans californica, Zelkova.

IOI - ULobgmdgdo, GmIgwms  bogmadlbdmos®mdol  boGobbo
bmb@os: Camellia reticulata, Abies numidica, Pinus brutia var. pituisa,
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pensilis.
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Diagram 2. Degree of Seed Germination for Research Species (%) (100 pieces )
testing and with application of bio-stimulators I.Araucaria angustifolia; 2. Buxus
colchica; 3. Chamaecyparis formosensis; 4. Cupressus guadalupensis; 5. Ginkgo
biloba; 6. Juglans regia; 7. Metasequoia glyptostroboides; 8.Pterocarya pterocarpa;
9. Quercus robur ssp. imeretina; 10. Sequoia sempervirens; 11. Zelkova

carpinifolia.
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Processing of Buxus colchica grafts with 0,02 % indolebutyric acid
and 0,05 % lignin-humate solutions gave similar results (85%) and the
index of rooting increased in 15% compared to the testing sample.

It is remarkable that the grafts of Glyptostrobus pensilis, Sequoia
sempervirens, Taxus baccata s Taxus mairel processed with potassium
permanganate (0,1%) and sucrose (5%) developed the second rate roots
twice more in number and length.

Finally, we can conclude that the rise of graft propagation degree
(%) for some species of the IUCN global status of critically endangered
(CR), Endangered (EN) and Vulnerable (VU), growing at the Batumi

Botanical Garden, is possible by application of various bio-stimulators.
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Diagram Nel Degree of Seed Germination for Research Species (%) (100
pieces of seeds)
1. Abies numidica; 2. Araucaria angustifolia; 3. Chamaecyparis
formosensis, 4. Cupressus guadalupensis; 5. Glyptostrobus pensilis; 6.
Ginkgo biloba; 7. Metasequoia glyptostroboides, 8. Pinus brutia var.
pytiusa; 9. Sequoia sempervirens;, 10. Taxus baccata; 11. Taxus maires; 12.
Buxus colchica; 13. Camellia reticulata; 14. Juglans californica; 15. Juglans
regia; 16. Pterocarya pterocarpa; 17. Quercus robur ssp. imeretina; 18.
Zelkova carpinifolia.
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508m396900L baGolbo (%) LogzmbGMmMEM ©s doMLEH0TMESGMMIdOL
258myggbgdom 3500563 90d0.

§obslfoMo ©s3mTsz9gd0l goMgdy 508mEgbgdol  domowo 3Mm3g-
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imeretina o Pterocarya pterocarpa. bo3dsm dswseo doBz96909e0
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(95%), Pterocarya pterocarpa (85%), bmwm 0bmE0@dds®dgsgsl
0,01% - osbo blbsoom ©s3MTs390Mw0  Mgbegdo  bsgargdo
00dm396900L bs®0sbgd0 5606 (60-63%).

0JL39M0dx6EGHOL  3MMEgLdo  sIMEIbgdoL MbsMo LogMmm® o6
503moBbs Labgmdgdl: Taxus baccata s Taxus mairei .
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Lobgmdgdo: Juglans californica, Juglans regia, Camelia reticulata,
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Metasequoia glyptostroboides, Sequoia sempervirens, Araucaria angustifolia,
Gingko biloba Cupressus guadalupensis oo Chamaecyparis formosensis.
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(Glyptostrobus pensilis), 30330600l go3go (Pinus brutia var. pytiusa),
056003569 Lgdgzmosl (Sequoia sempervirens).
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3.2 Vegetative Propagation

The most massively approved method of vegetative propagation is
graft propagation. Processing of grafts was conducted with root-making
bio-stimulators: 0,02% indolebutyric acid, 0,01 % indoleacetic acid and 0,
05 % lignin-humate, 0,1 potassium permanganate and 5% sucrose
solutions.

Vegetative propagation was tested on testing species selected with the
following criteria: species with low percentage of germination or with no
germination ability at all; of slow growth, having long period of generative
development, etc.

The following species have been selected considering the above
mentioned criteria: Buxus colchica, Pterocarya pterocarpa, Chamaecyparis
formosensis, Glyptostrobus pensilis, Sequoia sempervirens, Taxus baccata,
Taxus mairei.

As a substrate, the mixture of sand (2 portions) and humus (1 portion)
was used.

The results of the experiments of vegetative propagation of the
research species with test variant and bio-stimulation variants are given in
Tables and Diagrams separately designed for each species, whereas the
author’s abstract gives Diagram Ne3, comprising the graft rooting degree
(%) of all the species included in the experiment in cases of testing variants
and bio-stimulators application. After processing the species of Prerocarya
pterocarpa, Chamaecyparis formosensis, Taxus baccata, Taxus mairel with
0,02% indolebutyric acid solution, the graft rooting coefficient was
increased in 15-175 compared to the test specimen.

Processing with 0,01 % indoleacetic acid solution had a good impact
on Sequoia sempervirens grafts and we received 27% more indices
compared to other bio-stimulators.

Processing in the bio-stimulator of lignin-humate (0,05%) has a
positive impact on Glyptostrobus pensilis grafts, as a result of which the

index of rooting increased in 17% compared to the testing sample.
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ssp. Imeretina and Pterocarya pterocarpa species. Lingin-humate (0, 05%)
appeared to have positive action on germination for the following species -
Buxus colchica, Quercus robur ssp. imeretina and Pterocarya pterocarpa.
Quite high indices were obtained in germination of the following species
processed with 0,01% indolebutyric acid solution - Buxus colchica (95%),
Prterocarya pterocarpa (85%), whereas seeds processed with 0,01 %
indoleacetic acid solution are of less germination properties (60-63%) and
in some cases even hinder the germination process.

During the experiment process the species of 7axus baccata and Taxus
mairei revealed no ability of germination at all.

Seed storage terms significantly affect germination and energy of
testing species. After storage, the following species lose the germination
ability (at +10°C) - Juglans californica, Juglans regia, Camelia reticulata,
Metasequoia  glyptostroboides, =~ Sequoia  sempervirens,  Araucaria
angustifolia, Gingko biloba Cupressus guadalupensis s Chamaecyparis
formosensis; namely, after six months. Approved and approbated method
of seed storage is keeping them in hermetically closed glass vessel and cold
stratification in humid sand at + 3-5 °C — 30, 60, 90 days.

While determining seed productivity of the research species, we have
singled out two groupd:

4. Species with high germination coefficient;

5. Species with low or none coefficient of germination.

To the first group of species with high germination coefficient
belong: Araucaria angustifolia, Buxus colchica, Camellia reticulata,
Cupressus guadalupensis, Ginkgo biloba, Juglans californica, Juglans regia,
Metasequoia glyptostroboides, Pterocarya pterocarpa, Quercus robur ssp.
Imeretina, Zelkova carpinifolia.

To the second group of species with low germination coefficient or
none at all belong: Abies numidica, Chamaecyparis formosensis,
Glyptostrobus pensilis, Pinus brutia var. pytiusa, Sequoia sempervirens,

Taxus baccata, Taxus mairei.
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conditions. We had testing variants and the samples processed with bio-
stimulators.
Sowing was conducted in two variants:
1) Sowing of seeds collected in autumn;
2) Sowing of stratified seeds taken in autumn, in early spring,
with testing variant and application of bio-stimulators.

Types of seed propagation are expressed in the Tables and Diagrams.
The Tables reflect dynamics of germination in testing variants and the
variants using bio-stimulators (solutions of 0, 01% indolebutyric acid, 0,01
% indoleacetic acid and 0, 02 % lignin-humate solution); the number of
seeds, seed collecting and sowing terms are indicated as well as time
needed for germination, number of germinated seeds and germination
percentage.

The Abstract provides only the diagrams as the examples showing the
germination degree and quality (in percents) of abundantly and relatively
poorly fruiting species (that is distinctly seen from the number of the sown
seeds) in testing and bio-stimulator variants.

High percentage and energy of germination without preliminary
processing and preparation is shown by Gingko biloba, Cupressus
guadalupensis, Metasequoia glyptostroboides. The optimal time of
stratification — 90 days appeared for Chamaecyparis formosensis, Cupressus
guadalupensis, Gingko biloba, Juglans regia, Metasequoia glyptostroboides,
Sequoiadendron giganteum species. Lingin-humate (0,02%) appeared to
have positive action on germination for the following species - Gingko
biloba, Metasequoia glyptostroboides, processing of seeds with 0,01%
indolebutyric acid and 0,01 % indoleacetic acid appeared to be less
effective.

Among the species of Caucasian origin with high percentage of
germination and energy are distinguished - Buxus colchica (97%), Quercus
robur ssp. imeretina (90%), Pterocarya pterocarpa (83%). The optimal

time of stratification — 90 days appeared for Buxus colchica, Quercus robur
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The integral indicator of the introduction of the research species are
the peculiarities of their fruiting in new environmental conditions.

In the conditions of the Batumi Botanical Garden we have singled
out 3 groups while evaluating the fruiting of the species under study:

I group species — with sustained (abundant) fruiting; they are:
Cupresus guadalupensis, Ginkgo biloba, Metasequoia glyptostroboides,
Buxus colchica, Juglans regia, Pterocarya pterocarpa.

Il group species — with medium fruiting; they are: Araucaria
angustifolia, Chamaecyparis formosensis, Sequoia sempervirens, Juglans
californica, Zelkova.

IIT group species — with poor fruiting; they are: Camellia reticulata,
Abies numidica, Pinus brutia var. pituisa, Quercus robur ssp. imeretina,

Taxus baccata, Taxus mairei, Glyptostrobus pensilis.

3. The Results of Generative and Vegetative
Propagation of the Species under Study

One of the main objectives for diversity protection and solution of
global problems of conservation is to study possibilities of plant
propagation and elaborate effective methods for their reproduction. The
study of reproduction biology during the introduction process is of
essential theoretical and practical value.

We have studied the ability of vegetative and generative
reproduction of the plants under study through seeds, cuttings and plant
parts.

3.1 Propagation through Seeds

Seed was gathered from the fruiting species of the collection. In case
of poor fruiting, seeds were taken from world botanical gardens within the
frames of the Seed Exchange International Program.

The study of the biology of seed propagation, germination and

seedlings of the species under study was accomplished in the orangery
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1. Araucaria angustifolia; 2. Buxus colchica; 3. Chamaecyparis formosensis;
4. Cupressus guadalupensis; 5. Ginkgo biloba; 6. Juglans regia; 7.
Metasequoia glyptostroboides; 8. Pterocarya pterocarpa; 9.Quercus robur

ssp. imeretina; 10. Sequoia sempervirens; 11. Zelkova carpinifolia.
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According to the duration of shoot/sprout growth we have singled
out 3 groups:

I group - species with short period of shoot growth: shoot growth
period of Juglans californica, Juglans regia, Pterocarya pterocarpa, Zelkova
carpinifolia, Quercus robur ssp. Iimeretina, Abies numidica. species
comprises from 12 to 46 days. The growth of shoots of the stated species
starts in I and II decades of April when the average air temperature
reaches 11,1°C in I decade and 15,1°C in II decade. The exception to the I
group is Quercus robur ssp. Imeretina which starts sprout growing in II
decade of March (+1,9°C) and finishes in III decade of April (22.04).

IT group species are the ones with medium period of shoot growth:
Camellia reticulate, Chamaecyapris formosensis, Taxus mairei, Pinus
brutia var. pityusa, Sequoia sempervirens (70-99 days). Araucaria
angustifolia is characterized by two periods of growth: in spring (16.VI-
10.VII) and autumn (10.IX-19. XI). Spring growth of the shoot lasts 83
days while autumn growth — 70 days.

III group species are the ones with long period of shoot growth (105-
135 days): Taxus baccata (105 days), Metasequoia glyptostroboides, (119
days), Ginkgo biloba (120 days), Cupressus guadalupensis (132 days),
Glyptostrobus pensilis (135 days).

Three groups of flowering period have been singled out on the basis
of observation:

Winter flowering:  Chamaecyparis  formosensis, = Cupressus
guadalupensis, Metasequoia glyptostroboides, Pinus brutia var. pytiusa,
Sequoia sempervirens, Camellia reticulata.

Early spring flowering: Araucaria angustifolia, Buxus colchica,
Ginkgo biloba, Taxus baccata, Taxus mairei, Quercus robur ssp. imeretina,
Zelkova carpinifolia.

Late spring flowering: Abies numidica, Glyptostrobus pensilis,

Juglans californica , Juglans regia, Pterocarya pterocarpa.
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2. Growth and Development Peculiarities of the Species under Study

The study of the peculiarities of growth and development of plants
especially introduced species in relation to the climatic conditions is of
utmost significance inasmuch as the seasonal development of plants is an
integral indicator of their adaptation.

We have been studying the peculiarities of growth and development
of 18 species under study in relation to the climatic conditions for four
years (2012-2015) on the basis of phenological observation.

Observations on the process of vegetative-generative development
were conducted through the study of each phenological phase.

During the vegetative development: swelling and spreading of
vegetative buds; beginning and end of sprout growth (I, II ...); sprout
wooding; germination, opening/spreading, reaching final size and massive
leafing of young leafs (needles); color change of leafs (needles), leaf falling.

During the generative development: swelling and spreading of
generative buds; beginning of flowering, massive flowering, beginning and
end of pollen dispensation; knotting of fruit (cone), reaching final size, full
ripening; pollen dispensation terms.

We have calculated the size of annual growth for each species. The
dynamics of leaves and apical growth is given according to decades.

During the intensive growth periods the observations were
conducted according to decades whereas during the less intensive periods
— twice a month.

Fruiting is granted great importance as much as the intensive fruiting
is the main indicative factor of the adaptation degree of the introduced
plants to the new environment.

Research species growth and vegetative development, flowering and
fruiting are given in the dissertation in the Tables and Diagrams which
show peculiarities and terms of each phenophase process according to
2012-2015.
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Table No2

Dendrometric data and the peculiarities of generative rehabilitation of the

species under study in the conditions of the Batumi Botanical Garden

Ne Species Num | Height Stem diameter | Canopy Fruiting
ber /m/ on 1,3 meter | circumference
(medium) [em/ /m/
(medium) (medium)
1 Abies 1 25 50 x 50 4,0x7,0 Gives fruit
numidica
2 Araucaria 8 30 70x 72 2,5x3.0 Gives fruit
angustifolia
3 Buxus colchica Man 8 72 x70 4x42 Gives self-
y seeding
4 Camelia 1 3,5 52 x 60 2.6x 2,0 Gives fruit
reticulata
5 Chamaecyparis 7 7,5 70 x 55 5,2x6,0 Gives fruit
formosensis
6 Cupressus 4 14 5,5 X 60 9,7X8,0 Gives fruit
guadalupensis
7 Ginkgo biloba 12 16 50 x 56 11.0x 15,0 Gives
abundant
self-seeding
8 Glyptostrobus 1 7 40 x 42 45x39 Gives fruit
pensilis
9 Juglans 2 17 25x21 5,0x5,0 Gives fruit
californica
10 Juglans regia 5 20 42 x50 3,0x5,0 Gives fruit
11 Metasequoia 9 25-35 110,0 x 98,0 9.0x7,2 Gives single
glyptostroboid self-seeding
es
12 Pinus brutia 2 12 40 x 45 6.0x5,2 Gives fruit
var. pytiusa
13 Pterocarya 20 25 90 x 98 7.0x6,2 Gives
pterocarpa abundant
self-seeding
14 Quercus robur 1 15 70x 75 12,0x9,0 Gives fruit
ssp. imeretina
15 Sequoia 15 35 100 x 95 13,0x 10,0 Gives fruit
sempervirens
16 Taxus baccata 7 6.5 30x 35 9,0x 8,0 Gives fruit
17 Taxus mairei 1 2,5 20 x 15 6,0 x 4,0 Gives fruit
18 Zelkova 3 10 Multi-stem 14,0x9,0 Gives fruit
carpinifolia
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17 Taxus mairei Taxaceae China Evergreen 1978 Vulnerable
(Lemée & Lév.) tree A2d ver
S.Y.Huex 3.12010
T.S.Liu. vUu

18 Zelkova Ulma- The Deciduous 1976 Lower
carpinifolia ceae Caucasus tree Risk/near
(Pall.) C. Koch.* threatened

ver
231998
vUu

Note - * woody plants of the Georgian “Red List”

**IUCN “Red List” criteria are explained in the dissertation text

The woody plants under study according to the dendrometric indices

and the universally acknowledged classification represent the trees of the

first, second and third rate (see the Conclusions).

The trees of the first rate/size are: Abies numidica, Araucaria

angustifolia, ~Chamaecyparis formosensis, Ginkgo

biloba,

Juglans

californica, Juglans regia, Metasequoia glyptostroboides, Pinus brutia var.

pytiusa, Pterocarya pterocarpa, Quercus robur ssp. imeretina, Sequoia

sempervirens, Zelkova carpinifolia.

The trees of the second rate/size are: Buxus colchica, Camellia

reticulata, Cupressus guadalupensis, Taxus mairer.

The tree or the shrub of the third rate/size is: Glyptostrobus pensilis.

The text of the dissertation gives detailed description of botanical-

morphological and general biological characterization of each species in
their natural habitats (based on reference literature) and the Batumi
Botanical Garden (based on the direct observations and description). Here,
in Table Ne2 of the author’s abstract, we provide dendrometric data
obtained through observations and the peculiarities of generative

rehabilitation in the conditions of the Batumi Botanical Garden.
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90360Mm3mbs®mo 408603 gdol  Ggbmmaool 303 MBROM
LEO¥IEgMBoLLIMZ0L 9130 gdIos 9damdo 3393900, Mm3E00s-
WO ©s LEOEMEWYNGBoWo 300MdYdOL Fgddsgzgds, Moz 9mdsgsedo
939bsdgmmo  MxOgool  ImORMEI693H03MM0  530L9dMHGdGdOL
090353 9d0m M7oc0B300L Loggdzgaro gobgds.

4. U533eg30 Md099dEgool bMObobyo s6EH0T0IMMINMM sdE03MdsBY

939bstgms  963H00030MdMo  m30LgdJOOL  godmgzwgbs s
A9LHogws gmzgum3zolL  9dGwoen® Logzombl FoMdmoaqbl s 9.§.
06906030  96F0doMmE03gooLe  dmdigdo  I3gbotgms  blibols
2900MYPVs  dGgLs  3603369wmgsbos,  dBgoo  83gbacggdol
Bboomgmmo  fomds@gdom  Ggodergds  godmygbgdmmo  ogml
93myog©o  Jobbgdom, dgoiEobsdo, Lmgwol  dgmembgmdsdo,
936530 gd50gMmdsdo s Lb3s ©oMgddo. s8oGHmd, d0Bbs
©o30bobgo  B3z9bo  Loggamgzo  Lobgmdgdo 58 80350 gdomags
d9239bFogs. dbgaogbo 33ag3s Hodlymdos GHoMIdIM©s ds0dol
0mA560399M0 B0l 3megdi00L d39bs6MgqdHg dowol BoBomemyool
@dMMOGMOH0530, Topa®sd gbs 59  90ToMHMYGO0m 330193900
2398MMOMGOOL  Lodopegds dmaz3s  doongdol Labgerdfonm
"603960L0GHIBHOL  BOGHM35MNMEMRO0Ls S BOMIMOZSWRYOHM369d0L
0bLAHOEGMGHB  56509OMAMDST, Looi  dgbodwrgdgos  (3sd0
B0 oymb bzsolibzs Lmgmgsbo s dogd@gMomwo Jsmmygbo.

1533930 MB09YIBHJOOL  9BEGH0T03OMOMWO  5JBH03Mds  Fg30Ufo-
390 BnowoEsd 300gdMwo 9uGMod@gdol 3OmEOLEHME0MMO,
296203000 O0  ©s  d5dBHIM0ME0Mo  IMddgEgdOL  OEAJBOL
3bom. 33g30Lm30L  LosbsoBM  Fsbows  vgdMo  0dbs  QoBo-
RbMEol, Doggbmmols s dgdmamdol 3gMHomgddo. d3gbstgme
obggo  gbd™>JOL  3RIBYLMIEOM bR ©3MIBOO
RO Go0sb,  Tglodsdolbo  ©sdndsggdol 9909y  39bgbrom
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396®®0xMa060g0sL (5000 d6Hmbo/fom) 10 fo-ob goblsgzwmdsdo s
19396696 GHL 3094gbgdom 33wg3590.

Lbgoolbgs  Jodommo  godblbgwom  dopgdmwo  blbsmgdoom
9Jb3960096GL 35309 gd.

36OmGHOLAHME0MO0  dmgdggdol  Asblsbramol  dgdmbggzsdo
L59JL39M0896G™  F03OMMMABOBIOL  Lsbom  gsdmygbgdvo  ogym
MBo®BH03960  JODYYXROI0560 MOHRBOBT0 - 06BN HBMEM0S Joesdabs
(Paramecium caudatum).

1962030000 2496LsBEZgMOL dobbom
9Ju3960096GTo  PszMmge  LELMBEWM-LsdgMMbgm  FMEHMGIOOL

dmddggdol
959350090900l 298maf3930 SsmmygbyMo  bmzmgdo:  Phytophtora
infestans, Alternaria alternata, Fusarium lateritium, Colletotrichum
gloeosporioides, Botytis cinerea, Trichothecium roseum, Pestalotia coryll,
Alternaria solani, Fusarium moniliforme, Pestalotia theae.

3bB0dsIBHIMomwo  dmgddggdol  Tglobfogwo  odmygbgdyao
0965 L535656GH0bM MB0YIEHO, dod@gMomwo 3mdol, 39MHIME, JSOEGM-
Rowol 39O LosI3Ool 53500l  2odmdf3g30  Lo3oMBEHbM
05JBH9M0MEo ommagbo Ralstonia solanacearum (BLmEBOMm Lo3s®o-
BB0bm B1lbosb). LodsOmzggwmdos s0Moabmwos 98 3smmygboo
39003990 35MGMBOEOLs S 3F0EIMOL dodGIMOMo W3MdOL
dMogowo  dgdmbggzs. 33193500  godmygbgdyemo  odbs  2012-2014
Poogddo  dgatmgzgowo R, solanacearum-ob  JoGorvyeo  83odgdo,
OMAwgdog  0bmwomgdmo  oym  bbgoslbgs  dsl3obdgero
93965606 (350GHMB0wO, 3mdomMo, joffs3s).

39%0L d99o© 93gbstgms gduB®ad@gool boffords gogwrgbs
396 9mabobs  3omm96MHo 03O MMMYB0DBTGOOL gobgzomsmgdsby,
bowe Bsffods ©ogdomo 99gao 8my3z3s s odmzsgzwobyom
05000 363H0003OMdIMo Imgddggdol Lsbgmdgdo: Abies numidica.,
Juglans regia, Taxus baccata, Ginkgo biloba.

In vitro 306™md30d0, BgzgbL Togm BoGsMgdmwo  Izgbstgms
9630003030 5J@03mdoL b3Mobobyol dggagdol Logmdzgw by,

39230000 935033600, @I Bgdmom  sebodbywo  Labgmdgdol
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8 Sequoia Cupressaceae North Evergreen 1902 A2acd ver
sempervirens America, tree 3.1
(D.Don) Endl. California 2013

9 Buxus colchica | Buxa - The Evergreen 1936 Lower
Pojark. ” ceae Caucasus tree, shrub Risk/near

threatened
ver2.3
1998
NT/VU

10 Camellia Theaceae China Evergreen 1959 Bl+2c ver
reticulata tree, shrub 2.3 1998
Lindley. vu

11 Juglans Juglandaceae North Deciduous 1976 AIC ver
californica America tree 2.3 1998
S.Watson VU

12 Juglans regiaL.* | Juglandaceae The Deciduous 1936 NTver3.1

Caucasus tree 2007 VU

13 Pinus brutia Pinaceae The Deciduous 1976 LC ver
Ten. Caucasus tree 3.12011
var.pityusa. * 4%

14 Pterocarya Juglandaceae The Deciduous 1939 Lower
pterocarpa Caucasus tree Risk/least
(Michaux). * concern ve

r2.31998
vU

15 Quercus robur Faga -ceae The Deciduous 1937 Least
ssp. imeretina Caucasus, tree Concern
(Steven ex Europe LC-2007
Woronow) ver.2.3.
Menitsky.* VU

16 Taxus baccata Taxaceae The Evergreen 1938 Least

L.* Caucasus, tree Concern
Europe LC-2010
ver.3.1
VU
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Table Ne1
Gene Pool of the research object woody plants of Critically Endangered
(CR), Endangered (EN) and Vulnerable (VU) status of IUCN ‘Red List” at

the Barumi Botanical Garden

.| 8
8 & K| g 58 | 3 qg £
g B o = 58| 528
& = @ & M8 z98
5|8 g &
2 3 4 5 6 8
Abies numidica Pinaceae East Algeria | Evergreen 1913 Blab(i i, iii
Lannoy ex tree )+2ab
Carriere. (1,11, 1f1)
ver3.1
2011
Araucaria Araucariaceae Argentina, Evergreen 1890 Alcd
angustifolia Brazil tree ver3.1
(Bertol.) 2013
Kuntze.
Glyptostrobus | Cupressaceae China Deciduous 1937- C2a(1) ver
pensilis tree 1958 3.1
(Staunton ex 2011
D.Don) K.Koch.

4 Chamaecyparis | Cupressaceae China, Evergreen 1958 A2d ver
formosensis Taiwan tree 3.1
Matsum. 2013
Cupressus Cupressaceae Mexico, Evergreen 1913 B2ab(ii i1, 1
guadalupensis North-West | tree V, Vver
S.Watson. America 3.1

2013

6 Ginkgo biloba Ginkgoaceae China Deciduous 1890 Bl+3c ver

L. tree 2.3
1998

7 Metasequoia Cupressaceae China, Deciduous 1952 Blab(iii,v)
glyptostroboides Hubei tree ver3.1
Hu & 2013
W.C.Cheng.
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339bsmgmo gdbGH@agd@gdo Mol 3mEHIbEowHmo dMAmol bsdryscgds
50> o) 03  3smmygbmMo  I03OmmOsbobdol  dmgdggdol
0MAMB30L Jobbom. 33093900 53 F0TSOHMIEGBOM AMHAGEEIDS.

5. 1333¢930 LsbgMdIBOL BoGHMLBOEIOMEO dEMI>HIMdS

050030l BdMGHB0IMMO doeol  3mEgdaosdo sMLgdwo TUCN
»Pomgwo bybbom”  ogmer 996mdbosb 9i3gbstrgms Bs369dge-osgs-
©g05ms  dgbfageol  doBbom  ymzggafero®e  39¢9MHJBOOm
R0GMbBOE IO dmbo@memobals. 39bgbom 609m8gd0l
3926003905b. 2939396000 B30l F3gbstgms o330l Igbogmoms doge
Peogdol  4ob3sgemdsdo  gsdmd3zggbgdmer  Ladgbog®m  BsdmMaNdL.
0536909-55359dsms  0©I6EGHOGR0Is300L  TbGOZ  abdstmgds
29830005  domydol  dMGHB0IMMO  Bddol  3gbatgms  ©@oE30L
139(300¢0LET5, dOMEMYHO0L EMIGHMOTs 65Bo Wgmbodyd.

B3gbL Loggemgg @d0gd@gdby 2012-2015 §ergddo godmgzargbowo
95369090 390 BoGMBRJd0 (oMM  3OYBIM0BIdO o
B3O056900) 5 Lemzmzsbo dsmmygbo Imizgdmero g3sgdglb bOHodo Ne
4.

3bMowo Ne4
1533093 MB09JEHPdBY 398m3wgbowo oMM Zsmmygbgd0

BOGHMBR0 9396560b
afgMgdo s 05130bdgo | 3063900
bmgzmgsbo 9396569 5B0sbgdoL bod3dmageo
55350090930 530900
Chloroputvinaria Taxus baccata | mmErgdo, B0 gdol
(=Pulvinaria) L. 4mOBJO0. | 39430mEgod,
floccifera 999000 Bodm3396
Westwood.
Chrysomphalus Buxus BOOYO0 ©5b0569dwo
29



dictyospermi colchica B0 gdby Pbgds
Morgan. Pojark. 0MmY30005m R9gOOL
wodqdo,  990amd
bdgds s (33039.
Pseudococcus Buxus RO, | dogh EsHosbydol
viburni'(Signoret), colchica 33063900, 990mbggz080
(Syn. P. maritimus Pojark. Bogmazols Bogmaxzgd0 33039,
erhorn, P. obscurus | Taxus baccata g4mb§gdo. RMmYdbY AbYOs
Essig.) L. 90Yg300m5m B9gHOL
w>ggdo
Eriococcus buxi | Buxus BOONEYGOO BOONEYGOO
Fonscolombe colchica 430000,
Pojark. B30 BsIMOBYS
5 bdgds
Aonidiella taxus | Taxus baccata | §ofjggdo BBgds 00s Bgeob
Leonardi L. wsgdgdo, fofzgdo
Y300 YOS ©d
33032
Cylindrocladium Buxus B0, BO0JEDO ©O
buxicola bmgzmzsbo | colchica Jado, Ja®do momgmb
Someggbo Pojark. 39L3900 ©53H3OHMdsL
©90Mdsl O
do0sbs bdgds
Cydalima Buxus B0 I00, ,,0000 bLosdfzmol*
perspectalis colchica Jado, 299m0af39g30
Pojark. 393900 bmgmgzoebo
350009b0LYs6
399b8s6 Ja®duss 30,
0009 09MH™MgdLy s
AMGHIOL dmrmI©y
9By gdL,
®omgdmb Fodb
LYo dBOL
9396569
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The dissertation is represented on 160 printed pages, comprises 9
chapters, with 15 tables, 17 diagrams; the main text is followed by an
appendix containing 62 colored photos and skethes of the new collection
plot of the IUCN “Red List” plants created as a result of the Doctoral
Student’s work.

Literature review: the first chapters of the dissertation analyze the
results of literature and reference material research. They also discuss
IUCN aims and objectives and the present system of criteria and
categories; the gene pool of the IUCN “Red List” plants existing at present
at the Batumi Botanical Garden is also presented together with the species
selected from them as the research objects; the taxonomy of the research
objects is given, with the characterization in accordance with the IUCN
Red List methodology and the history of their introduction to the Batumi
Botanical Garden; characterization of the soil-climatic conditions of the
Batumi Botanical Garden; the list of methods used during the research

period; the dissertation is supplied with the list of reference literature.

The results and outcomes of the research are given in the experimental
part:
1. Botanical Characterization and Dendrometric Indices of the
Critically Endangered (CR), Endangered (EN) and Vulnerable
(VU) research species of the IUCN “Red List”, growing at the
Batumi Botanical Garden
Among the 18 woody species of different ages growing at the Batumi
Botanical Garden that are objects of research and belong to the IUCN “Red

List”, 11 are gymnosperms and 7 are angiosperm species (Table Nel).
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Research Methodology

For the characterization and evaluation of the research objects the
conservation status of species has been used as well as the theoretical
basics of evaluation with the method elaborated by the Cambridge
University Worldwide Conservation Center (Newton..., 2003); for the
study of growth and development rhythm and sprouts biology the
Serebryakov method was applied (Serebryakov, 1974); Beideman method
(Beideman, 1974); a Guidebook of plant phenological phases by Yelagin
and Lobanov (Yelagin..., 1979); biometric indices have been determined
according to Tsitsvidze’s “Dendrology” (Tsitsvidze, 2004:50), Kolesnikov’s
“Decorative Dendrology” (Kolesnikov, 1974) and Tkavadze’s “Decorative
Dendrology” (Tkavadze, 2011); peculiarities of propagation have been
studied with the methods elaborated by Khromova, Severova and Levina
(Levina, 1981, Severova, 1958, Khromova, 1980); the emergence and
cultivation percentage was calculated with Urbach method (Yp6ax, 1975);
for the mathematical statistic processing of the experimental material
Agarwal is used (Agarwal..., 2014); for the study of antimicrobial
properties the Tokin and disc-diffusion method was used (Tokin, 1960);
introduction of explants into in vitro culture was accomplished with
Vechernina’s methodology (Vechernina, 2004).

Material-Technical Base — phenological observations of the objects

under study were conducted on the specimens growing in the open soil
collection plot of the Batumi Botanical Garden. The propagation works
were accomplished in the orangery of the exotic plant department of the
Garden; laboratorial experimental researches were conducted at the
laboratory of immune-genetics and biotechnology of the faculty of
Biology, Batumi Shota Rustaveli State University, at the laboratory of
microbiology of the Institute of Phytopathology and Biodiversity of the
same university and the biotechnological department of the Minsk Fruit

Growing Institute in Belorussia Republic.

50

3OWMBIM05BIOOLS O FoM0sbgdOL MM gbmdol  dg830Mgdsdo

2390339 OHMEb SLOWMWIdD doMmEWMA0MMO 0396(3)g00, HMIWIdO3

306005 §oMImoygbab  3s@abodmer IHgMgdl - Joar309dL
(Hymenoptera, Chalcidoidea), <¢0masgtgloco - Aphelinidae, Encyrtidae

Mxobgdo@b;  dbggg bmmagdo - Coccinellidae (Coleoptera) mxsbg-
0006, MJOMMZodl FoGgdo My sbowsb Chrysopidae s bbgs.

24956Ls3mm®gdom s0bsb0dbsg00, (OIuY} 2010 Perosb
Inygmgdo LodsMmmzgewmdo msgo 0bobs 3meby®mo dbol Lmzm-
39605 9535009059 ,,0B0L LoEsdHzMgd“ (390mafzg30 dsmmygbo Lmzm
Cylindrocladium buxicola), m09wds3 LogMAbmMdEISE 45965 AMMS
dBob 3MOHMIGd0. 58 59350l BsMBoL dMEB03NMO B3Ol dBOb
9359336500 250sMMBREIL BoGM3smmemyo b3gEoswoliGgdol doge
39390300 MmO 360939630Mwo  0mboldogdgdol 8gwgyo.
0939, 2014 §erosb aoBbs 0635B0MMo 35369890 ,,3B0l ser®s®,
Cydalima perspectalis, 3303 0996906003 30M™mIGddo QosMBgbo
dBob  botrgomdgdl  LobBogo  9boymEgdl,  s1g3g,  Logowrswrm
9 M35MmgMmdss dMBB03MNO B50T0E. B9MOLS OO BOGHMISMMEIMY0-
00MmIM535RgMM3gbgdol  33agzomo  obbGHoGGHOL  dgebogmgdo
Ubbgoolbgs  36M935Mo30L  aodmaEol  gbom  (oblozmmegdom,
d0M3M935M¢9d0L) GROMdYD 8500 JoEMBYBL.

6. IUCN ,foogmo Bomlbol® Labgmdgdol 3mblg®gssool
890092990 0500730l dmEsbozw® 05¢do.

90535c0xbd30mco Lsgmmgdsom 6533gmol 3539690s.

OMamO3 ©sLPYoLdo 503606 gm, E®IOLMZ0L, d3YTol dME)s-
Bogm® dowdo J[UCN ,foogwo bmlbob“ 896Hdbosh  digbstgms
3Madaos Homdmppgbomos 183 Lobgmdom, MmImwgdog dogMoo-
0690005 30 M) sbls s 68 2350MT0. Bomob LoEOLYME30M 33¢g30L
M009JHgds© dgMBgMwo ogm 18 Lobgmds. Mbs 5006036mL, ™
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LodFomgdo bmEmE 500 JZEG300 56 0gem Fgdmasmamyemo: 2011
- 2012 erosb 063gblovds 308@obsmgmdes Lsmglo @s Latysgo
doboerol ImdOWoBsEos domol [UCN ,.fomgwo bmlbol“ d96db0sb
9396569 3mgd30sdo 9®LGdIMEro BLbIMOsMg Labgmdgdol mgligrol
99260m39000, 35wdgdom @5 1939, dMGHBOING  dorgdl  JmEol
L59MMSIMOHOLM MYLEPGOOL F53E3LP0M0 3OHMYMITOL O SWFOLMIMOZ0
RGOy s 3mblgmzogool  gobgmagowmadol  9dldgoiogdol
R gddo Im3M390v)0 Folarom.

Bo@otgdmwo bsdwdomgdol bogdzgwbg dgoddbs dm@sbozmemo
330939090l 035bsbMolom  IgBo  Loob@gtgbm  Labgmdgdol
30535 x390m3690s, ITUCN  Hoomgwo brylbol® 99mdbosh 9igbstrgoe
BB 3Mgd30os, O®MBgog 59M0s65dL 21 demGHBoIM®
mRbL, 50 3356 s 92 Lsbgmods, Lvyar 1307 gBHogmero Izgbsdgrmeo
950993 s60.

B39bL Joge 998myzs60o  sbogsbM®s, IUCN  genmdscrmo
LAHOGMLOL dJmbg 8g®mJbosbo  I3gbstrnado 09393693056 Fgd9
mxobgdl (21): Araucariaceae, Buxaceae, Cephalotaxaceae, Cupressaceae,
Ephedraceae*, Ebenaceae, Fagaceae, Ginkgoaceae, Hamamelidaceae,
Juglandaceae, Leguminosae, Lytraceae, Moraceae, Palmae, Pinaceae,

Podocarpaceae, Salicaceae, Sciadopityaceae*, Taxaceae, Theaceae,
Ulmaceae.
39600365 - * 60d6om 50b0dBM0s IMbMEH03MGMO My sbo.
absdgddbowo  3megdiool  Lobgmdgdo  (Bsmo  GomEgbmds
aMBboEdos  BoMOMPOMWO)  FErmMoLEGHo  FMs35igMHM369d0L
035LsBOHOLom  IgBo  LoobBHgMglm  §35Mmgd8L  (50) dog3m369ds:
Abies (7), Afrocarpus (1), Araucaria (4), Bauhinia (2), Buxus (1), Camelia
(1), Cedrus (3), Celtis(1), Cercis (1), Cephalotaxus (2), Chamaecyparis (2),
Cryptomeria“ (1), Cunninghamia (1), Cupressus (6), Diospyros (1), Ephedra
(1), Ficus (1), Ginkgo* (1), Glyptostrobus* (1), Jubaea* (1), Juglans (2),
Juniperus (1), Keteleeria (1), Larix (1), Lespedeza (1), Liquidambar (1),
Liriodendron (1), Metasequoia* (1), Picea (3), Pinus (17), Platycladus* (1),
Podocarpus (2), Populus (1), Pseudolarix* (1), Pterocarya (1), Punica (1),
Quercus (1), Sciadopitys* (1), Sequoiadendron* (1), Sequoia* (1), Taiwania*
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(EN) — 5 and Vulnerable (VU) — 10 species, including 7 species of Georgian
“Red List” with the status of Vulnerable (VU).

The following are the Critically Endangered (CR) species of the IUCN
“Red List”: Abies numidica Lannoy ex Carriere., Araucaria angustifolia
(Bertol.) Kuntze., Glyptostrobus pensilis (Staunton ex D.Don) K.Koch.

Endangered (EN) species: Chamaecyparis formosensis Matsum.,
Cupressus guadalupensis ~ S.Watson., Ginkgo biloba L., Metasequoia
glyptostroboides Hu & W.C.Cheng., Sequoia sempervirens (D.Don) Endl

Vulnerable (VU) species: Camellia reticulata Lindley., Taxus mairei
(Lemée & Lév.) S.Y.Hu ex T.S.Liu., Juglans californica S.Watson., Buxus
colchica Pojark., Juglans regia L., Pinus brutia Ten. var.pityusa., Pterocarya
pterocarpa (Michaux)., Quercus robur ssp. imeretina (Steven ex \Woronow)
Menitsky., Taxus baccata L., Zelkova carpinifolia (Pall.) C. Koch.

The research was carried out at the Batumi Botanical Garden that is
located 9 km away from the center of Batumi, along the south-western
part of the 1km long coastline and stretches up to 0 — 220 m above sea
level. The area of the garden is 109 ha. The Garden is represented by 9
phytogeographical departments and different collections. Most part of it is
characterized by low hilly relief, steep sloped valleys and low terrain.

According to the longtime meteorological observations of the Batumi
Botanical Garden Station, this section of the coastline is characterized by
highly humid and warm subtropical climate. Abundance of atmospheric
precipitation (annual total 2400-2700) is mainly preconditioned by
intensive condensation caused by interaction of humid air from the Black
Sea and coastal zone mountainous relief. The average temperature
fluctuates between 13-14,4 °C, average temperature in January is 4-6 °C
whereas in August - 22- 23 °C. Absolute maximum temperature reaches
38-40 °C while absolute minimum temperature can fall to -8 °C. It
seldom snows and when it does the height of snow never exceeds 10 cm.
Relative air humidity fluctuates between 70-82%. The average wind speed

is 4,6 m/sec and maximum — 39 m/sec.
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of critically endangered (CR) and endangered (EN) species as well as the
ones, including the local flora species, which are included into the
universal Red List with the status of vulnerable (VU) but are actually at
the threshold of endangered (EN) species status.

In order to reach the goal, we set the following objectives: to analyze
existing global threats and urgent conservation measures in accordance
with the IUCN “Red List” methodology; to make systematic and botanical
characterization of the species under study; to study bioecological
peculiarities, namely growth and development features of the species,
identify = possibilities of generative and vegetative propagation;
regeneration ability of difficultly propagated species while introducing
them into in witro culture; screening of the objects under study on
antimicrobial activity; to analyze conservation results and arrange a
multifunctional collection plot; ex situ conservation measures in the
conditions of the Batumi Botanical Garden.

Scientific novelty: some species of IUCN “Red List” global status of
“Critically Endangered” (CR) and “Endangered” (EN) as well as
“Vulnerable” (VU) groups growing in the collection of the Batumi
Botanical Garden have been studied for the first time. Their bioecological
peculiarities have been analyzed, the seasonal dynamics of their growth
and development has been studied, effective methods of propagation have
been elaborated, species of antimicrobial action have been identified,
conservational measured have been implemented, rich planting materials
have been cultivated for the multifunctional collection plot of the species
of the global status of the IUCN “Red List” that has great importance not
only for the ex situ conservation of the species but for the scientific,
teaching and ecoeducational purposes as well.

Research objects, venue and methodology: the objects under study

were the following species of the IUCN “Red List” global status, growing at
the Batumi Botanical Garden: Critically Endangered (CR) — 3, Endangered
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(1), Taxodium (2), Taxus (2), Thuja (3), Torreya (2), Tsuga (1), Ulex (1),
Washingtonia (1), Widdringtonia (1), Zelkova (1). 5350096, 10 33560
9mbm@GHo3Meoo.

0996008365 - * 60db0m 50608605 FMbMEGH03MEMO 33560.

Lobgmdgdo ©@o 05000  MomEgbmds  Labogmabewm  gm®mIgdol
dobggom 8999absomo bsfowgds: ToModfzaby by, dwbdo - 3,
056003969 dbdo - 4, Toodfzobg by - 62, 3o¢ds - 2, Bmomm-
d3ggbo by - 18, 3momwd3960 by, 3MBJo - 2, gmomwd39bo dhdo
- 1.

B396L FogH MmEBygMool 30MMmdIdT0 gsdmyzsbogr bszmangdiom
6033000Bg  3obLomoglgdge dgMHdbosb I3gbaMggdl  gooBbos gBgao

TUCN 0mdsq0w)®0 ©53w9mdol bGo@nbo:

300303mw Lsgmmbgldo dymgo (Critically Endangered-CR): 3
Lobgmds - Abies numidica, Araucaria angustifolia, Glyptostrobus pensilis.

LoggMobgdo dgmgo (Endangered-EN): 8 ULobgmds - Araucaria
araucana, Cedrus atlantica, Chamaecyparis formosensis, Cupressus
guadalupensis,  Ginkgo biloba, Metasequoia glyptostroboides,
Sequoiadendron giganteum, Sequoia sempervirens.

dmfiygemoo (Vulnerable-VU): 11 Lsbgmds - Afrocarpus mannii,
Camellia reticulata, Cedrus libani, Jubaea chilensis, Juglans californica,
Picea asperata, Pseudolarix amabilis, Taiwania cryptomerioides, Taxus
mairei, Thuja koraiensis, Torreya californica.

LogOOMbYLmSE sberml dgmggo (Near Threatened-NT): 16 Losbgeds -
Buxus colchica, Chamaecyparis  lawsoniana, Cryptomeria japonica,
Cupressus cashmeriana, Juglans regia, Keteleeria fortunei, Liriodendron
chinense, Pinus peuce, Platycladus orientalis, Podocarpus nubigenus,
Sciadopitys verticillata, Thuja standishii, Tsuga sieboldii, Washingtonia
filifera, Widdringtonia schwarzii, Zelkowa carpinifolia.

U53oOMgOl bEHMBgsL (Least Concer-LC): 53 Lobgmds - Abies
balsamea, Abies holophylla, Abies sachalinensis, Abies sibirica, Abies
veitchii, Araucaria bidwillii, Araucaria cunninghamii, Bauhinia acuminata,
Bauhinia glauca, Cedrus deodara, Celtis caucasica, Cercis canadensis,
Cephalotaxus fortunei, Cephalotaxus harringtonii, Cephalotaxus sinensis,
Cunninghamia  lanceolata, Cupressus arizonica, Cupressus torulosa,

33



Diospyros lotus, Ephedra dystachia, Ficus carica, Juniperus virginiana,
Larix decidua, Lespedeza floribunda, Liquidambar styraciflua, Picea
glauca, Picea mariana, Pinus armandii, Pinus brutia var.pityusa, Pinus
bungeana, Pinus canariensis, Pinus halepensis, Pinus koraiensis, Pinus
montezumae, Pinus mugo, Pinus pinea, Pinus roxburghii, Pinus tabuliformis,
Pinus taeda, Pinus thunbergii, Pinus wallichiana, Podocarpus macrophyllus,
Populus pyramidalis, Pterocarya pterocarpa, Punica granatum, Quercus
robur ssp. imeretina, Taxodium distichum, Taxodium mucronatum, Taxus
baccata, Thuja plicata, Torreya grandis, Ulex europaeus, Widdringtonia
nodiflora.

5GLOWo dmbszgdgdo (Data Deficient-DD): 1 bsbgmds - Cupressus
funebris.

B396L doge Bowgdmo botMysgo Tobowrol wdg@dgbo bsfowo (60
LobgMmds) SPOWMDdOOZ0 MJ3OMOYII30000 MOl JoIdYIWOo, MYFEd
360l Lobgmdgd0E, MMIWId0E 3500l dME9B03ME dordo 30M39WoE
560l 0bGHOMO30M9dMWO.

2011-2015 Gangddo  bbgosbbgs  dm@sbozm®o  0s0osbh o
0mGHobogMMo  shglgdmewrgdosb dowgdmwo IUCN  aammdsmw®o
LAoGWLboL 3dmbg 3megdgoolmgol sboseo Lobgmdgdos (11):  Abies
balsamea L., Afrocarpus mannii (Hook.f.)C.N.Page, Araucaria cunninghamii
Aiton ex A.Cunn., Bauhinia acuminata L. Bauhinia glauca (Benth.) Benth.,
Cephalotaxus sinensis (Rehd &E.H.Wilson)H.L.Li, Ephedra dystachia L.,
Picea mariana (Mill.) Britton, Sterns & Poggenb., Pinus peuce Griseb.,
Torreya californica Torr., Widdringtonia nodiflora (L.) Powrie. olbobo
05m19dol  dMBGH9603MHO B3Ol 60sIYYMH-3e0ToFGNH  306)09dT0
3903056 258m3EEIL. gb Lobgmdgdo MgleErols Lobomss G0YYOMEIO ©s
mbBMygbgBol s@MYMwo L5306 F0dE0bstgmdl domo Fglfogws,
bowem  9guobgds  890amdo 03300399900 dggyo  0gbgds
d9L5dwgdgo.

36033690 m3g5605 51939 8500l dMEI603MOO domol Bossym® -
30035¢ 716 3060MdJdT0  39W3IN  BOGMYIMYOIBRON  dobymgo-
30580, oo MHMBEHA0 FMmBoMEo JUCN aeomdserymo  bido@wgbol
dJmbg Lobgmdoms gMmMIMEO S FoVYINJOM0 Lobgmdgdol Latg-
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Topicality of the thesis: Reduction of biodiversity is an urgent

problem of modern bio-world as it progresses at high speed. Economic
and farming activities of humans have altered the landscape worldwide:
the habitats and, accordingly, the species are disappearing. Many species
are included in the worldwide as well as national and regional “Red
Lists” or “Red Books”. Accordingly, they have the global and national
status of protection.

Convention on Biological Diversity adopted in 1992 in Rio de
Janeiro by the world society and ratified by Georgia in 1994 unifies the
demands, the goal of which is the conservation of biodiversity,
sustainable utilization, inventarization and monitoring, protection and
preservation on universal, national and regional levels. Botanical gardens
meet the demands quite successfully as one of the main directions of
their activity is cultivation of rare and endangered species for the
purpose of their study, identification of reduction reasons, protection
and restoration of natural populations. By the further study of the rare
and endangered species they can be turned into important objects of new
genetic resources, agriculture, decorative gardening, pharmacology,
industrial and other fields.

At present 183 species of IUCN “Red List” woody plants of various
origins are registered at the Batumi Botanical Garden. Their number is
determined with over thousand specimens that are granted the global
status of protection. Therefore, their study and conservation measures
are of paramount importance.

Research aim and objectives: As far as one of the main objectives of

botanic gardens is to create collections of rare and endangered species
included into the universal as well as national “Red Books” and “Red
Lists”, to introduce species with protection status and provide their ex
situ conservation, to elaborate measures for protection and rehabilitation
of natural habitats, we set as our goal to study the species in the

collection of the Batumi Botanical Garden, which have the global status
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Dgh3m  Bmbool 8gddbs, gl Lobgmdgdos: Abies numidica, Cedrus
atlantica, Cedrus libani, Glyptostrobus pensilis, Picea glauca, Pinus
halepensis, Taxus mairei, Thuja standishii, Widdringtonia schwarzii. obobo
LoFoMmMgdgb 99b5bEGdsL, MoEYb JMwg)30gddo dsol LsMLYdOH
5006MH0EbYds O 985505 JOMIMYOo JABII3E ™GOl Lobomss Fo@dm-

agboo.

900gdMm  sboErgsHOEs  LobgMBIMS  JMgd3oolm3oL  WYO-
Longol 9339 39965¢0Bs WbETsBEHWHO BHIMOGHMM0s, I3OMIJEHLS
Losdmgum - bo3megdEom 65339000, osfyws F3gbsmgms mxsbgdols
©5 33950900l 3m33egdlol  FgMEPOm  AoBMsgLYds,  AOGHIMES
230mE9d603MM0 wmbolidogdgdo, dodobsmgmdl d3gbsMgms asEbs
005 360bEHOL 30HMdgdTO.

oLgMHGHS30580  3bBMoEdo  M35LsBobmE 33543l demigdmwo
350130l dFHB03MMO  ddEol  0bEBHMMEI300l  Lobghagls s
Lsodm@do 2012-2015 Hergddo Tomgdmmo [UCN  aemdsemsytho
bEASGHMLOL 9gmbg 95 IgMdbosbo Lsbgmdols LsMysgo s Lstgbghgm
Lsbgmdgdol B5mEIbmdMmOz0 s M30LMdMO3z0 dsB3z765dwgd0, brmerm
653390700 800360 gligobo Lsdmmmm sbEdsxEwIMHo obsobom ©s
93gbstgoms 92 Lsbgmdol 306Hmdomo  smbodgbgdom  BsGomeros
oLgOE300L 650 OO (A3) BMOI>FBHO.

IUCN gmdomado BEs@nmbol 9dmby sbsewo ob@®Hmonmdsgool
Lobgmdgdo 35000l dMEHB0IMHO B5WOL IM935¢BMbI30M0 Logm-
@gdzom 653390005 @5 BoBMPIMYMOR0E0  A5BYMB0EgdgdOL
30e9d30900LsmM30L gMmMd d0dbB0ZYo s LsobEHIMLM 0dbgds 5MS
FoOF™M  §00bs  dmEHb0IMMmO  MZobsBOOLom, 9Msdg  Lbgs
ab39dBHomoE: dmdsgoedo, gl 0dbgds 3megd30s, Losg Imbfagarggdol,
LEAHEIBEHJOOLS s  Lbgoolbgs LmEoswm®o ggbol  Fo®dmds-
296 gdolmzol dmgfigmds wgd30gdo, JoBbmdMmogzo 1gdobstgdo ©s
0995¢m0  9Ju3MOLOYdO;  s0YIYDs  BLobRMMTs30Mm  OBYOO;
299mbo3gdo dmdBoEIds 0ELEAMOMGOMEO Lo sbdsbscegdem,
Lo0bgMOAS30M 0933000 ToLoens; 2560330300905 dMEB0IME dowol

005 FomFM Lobgmdsms 3MBLYMZo30MEo s Lobsbomdomo, s6sdg
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13.

»Kolkheti refugee -habitats and species biodiversity, conservation
and wise use“.World Biodiversity Congress. Nov. 24-27, 2014,
Colombo, Shri Lanka, pp. 78-79.

“Preservation of Rare and Threatened Woody Species at Batumi
Botanical Garden”. The Role of Botanical Gardens in
Conservation of Plant Diversity. Proceeding of the International
Scientific Practical Conference Dedicated to 100™ Anniversary of
Batumi Botanical Garden. Batumi, Georgia, 8-10 May, 2013, Part
I, pp. 124-125.
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5336900
domndol  dm@obozm®  dowo,  Mmdgog  ds9gbgdmwos
00096 30335L0580,  oLOZEWgm  Lodomzgml 309l
LodbMgo-sbagergm  Boffoerdo, Togo  Br3olL  LobsdommBby
A9b0sbo  LMBGHOM303Mo  3odo@ob BosIYME-3W0TsE®
30Mmdqddo, fomdmgqboos dbmgmom lugololell
mbogsmEo, 996J60sb d3gbstgms BosMo 3mergdzoom. 53
3Mmmgdaosdo  3Mbgdol o330l dbmywom 3538060l JTUCN
»Jomgeo Bylbob* 3gMdbosh dzgbstgms gobmgmboo dmogsgl
30 3m@96032960 ) sbol 68 g3500L 183 Lobgmdosb.
Lomd@momm obgM@sgool bszgegy Mmdogddgds© dgmbgmeo
oym 18 Lobgmds, Gmdwgdos [UCN ,foogwo boylbol”
QO3 MBIOL LEoGboom 39535L900s 9990090
393)92M6H09000:
5) 3M0@03m Lsgdmbgdo dymxuo (CR) — 3: Bmdoool 6w
sego®ol bm3o - Abies  numidica Lannoy ex Carriere.,
0300gmmmEs by dMsBoErool  sGom3e@os - Araucaria
angustifolia (Bertol.) Kuntze., Fomd0ol awod@ml@®mHmdmlo s6v9
Bobw®o 3303500 - Glyptostrobus pensilis (Staunton ex D.Don)
K.Koch.;
0) Logdmbgdo dgmmpo  (EN) — 5: gmeé3mbol bsdggodstobo
(BOEHBMDBOL  330350Mbgas) - Chamaecyparis formosensis
Matsum., 33500539 33035Ombo - Cupressus guadalupensis
S.Watson., ®m®bs3gomosbo qob3aym - Ginkgo biloba L.,
3W03GHMLGHOMIMLOLARAZM0  FgBobgdamos - Metasequoia
glyptostroboides Hu & W.C.Cheng., 9565d(3569 ULgdgmos -
Sequoia sempervirens (D.Don) Endl.;
3) 9mfiggwoo (VU) — 10 Lobgmds (dson dmeol 7 Lobgmds
IEME0s 3939 Lodo®mzgemb ,,.fFomgwo baboo®, LEHs@Gmbo -
dmfgzoo (VU)) 1 doobgddo 3s8qgwos - Camellia reticulata
Lindley., dso60olb w6Oobgwo - Taxus mairei (Lemée & Lév.)
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S.Y.Hu ex T.S.Liu., 35¢rogm®™bool 3s3sewo - Juglans californica
S.Watson., 3mbaéo  dbs - Buxus colchica Pojark.,
B39MwadM030 353wob by - Juglans regia L., d03306m0b 130330 -
Pinus brutia Ten. var.pityusa., os@sbo - Pterocarya pterocarpa
(Michaux)., 00g6mwo dmbs -  Quercus robur ssp. imeretina
(Steven ex Woronow) Menitsky., »@ombgewo - Taxus baccata L.,
dgwdgs - Zelkova carpinifolia (Pall.) C. Koch.

bo33g30  Lobgmdgdo  ©IbOMIGGHOHMo  dmbsizgdgdol
dobggzom  omBmoygbgb 3oMzgwo, Tgmbg ©s  dgbodg
Lbogogob bggdl.

15330930 LobgMdJdOL HBOO-PIBZ0MIMIBOL 1¥930LgdMMIDIOOL
LgBMbYH obsdozsdo Iguffogerol dggo® dmzwobos, HmI
0bobo 39393930M-3969M530ME0 3563005M:dOL Y39ws Gobols
568080 930Es© 450b.

gom®mGol BHob bobymdwogmdol dobggom sdmygmaoo
0965 Lobgmdsms 3 x530: LobgMdgdo yarmmEHol BOHOL Im3ery
39600M©om, LsdMoM 3gHOMPO” S bobyMmdwoz0 39MH0MPOm.
g3530wmdolb  35gdoL  dobggom  godmymxzowo  0gbs
Do0moMdmyg3s30eg,  9©MO)  AoBoBbby s 23056
239Bogbmanbg dmyzegowg bobgmdgdo.

Lobgmdoms  0bGMmM©MI300L  0bGgatowwdo  dsBz9698al,
Bogmgzdlbdmso®mdol bo@olboll dobggom godmymgowo odbs
Lobgmdgdo  LEBHWVOWMESE  vbgo, LsdMowm s  bbGo
Bogmgzdlbdmos®mdom.

15330930 Lobgmdgdol 493093 gdolL  1eg30LgdMm9dIdOL
d9LGo3wol  bogmdzgwby Fodm@sbowos sliggbs: Lbsggwrgzo
Lobgmdgdol 25633999 ool 4s5hbos Mgligrols sdm39b9doL
o000 boMolbo, mvgdEs, 5Ol bobgmdgdo, GMIgEwms Mgligrol
00dm39bgd0L boMobbo doe0sb sdswos 56 bl MEHMmeads
(Abies numidica, Chamaecyparis formosensis, Glyptostrobus pensilis,
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10.

11.

sFormosan Cypress - Chanaecyparis formosensis Matsum. at
Batumi Botanical Garden®. Russian Academy of Sciences.
Komarov Botanical Institute. Council of Young Scientists
Komarov Botanical Institute. Russian Botanical Society.
Processing of III (XD®) International Botanical Conference of
Yang Scientists in Saint- Petersburg. 4-9 Oct. 2015, Saint-
Petersburg, pp.159-160

“Representatives of Genus Araucariaceae Jussieu With the
Globally Protected Status in the Collection of the Batumi
Botanical Garden. Mins,”Konfido”. III*" International Scientific
and Practical Conference "Problems of Preservation of Biological
Diversity and uses of Biological Resources” 7-9 Oct. Minsk,
2015,Part I, pp.336-340

“Existing dangers of IUCN Red List cryticaly endangered (CR)
and endangered (EN) species and ex situ conservation at Batumi
Botanical Garden”.

Bulletin of Batumi Botanical Garden. To the memory of Professor
Andrei Krasniv (1862-1914). Ne XXXV, Batumi, Georgia, 3-5 Sep.,
2014, pp. 36-43.

“Taxus baccata L. B xonnexiuu Barymckoro Boranuyeckoro caza
— OlleHKa BO3MOXKHOCTH COXpaHeHud». MexayHapomgHas HayqHO-
mpakThdyeckas KoHbepeHuus «VIHTpOZyKIufA, cOXpaHeHHE U
MOHUTOPHUHT PaCcTUTEIbHOTO pasHOOOpasus». YkpauHa, Kues, 20-
24 mons 2014.C. 40-41.

«/IpeBecusie pacrenus ['nmo6amsHoro Kpacmoro Cmmcka MCOII
HOBOM uMHTpoAyknuu B barymckom Borammueckom camy».
MexgyHapogHas Hay4IHO-ITpaKTUYeCKad KoH(pepeHIIHA
»BOCCTaHOBJIEHNe HAapyLIEHHBIX NMPUPOSHBIX dKocucTeM'. 12-15

niong 2014. Ykpauna, [lorenx, c. 177-179.
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LsoLgMEGHOE0M BsdMMIoL 0My3wog
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,».Screening of Adjara Seaside's Dendron Plant extraction in-vitro
growth of Ralstonia Solanacearum”. International Journal of
Current Researsh, vol. 8, Issue 01, January, New Delhi, 2016, pp.
24894 - 24896 http://www.journalcra.com/.
,,Bioecological Peculiarites and ex - situ conservation of Species
Pterocarya pterocarpa protected by global and national ,,Red list”
at Batumi Botanical Garden”. International Journal of Current
Researsh, vol. 7, Issue 11, November, New Delhi, 2015, pp.23
087 — 23 090 http://www.journalcra.com/.
,North American Multi-Purpose Dear Introducent Plants in
Western Georgia Humid Subtropical Conditions”. USA,,American
Journal of Environmental Protection® (AJEP) Science Publishing
Group, Volume 4, Issue 3-1, May, New York, 2015, pp: 168174
http://www .sciencepublishinggroup.com/journal/.
“Ex situ conservation Base of Global status Woody Species
Protected by International Union for Conservation of Nature
(IUCN) ,Red List” and Georgian ,Red List” at Batumi
BotanicalGarden”. Bulletin of the Georgian Academy of Sciences,
vol.9, no. 1, Thilisi, 2014, pp.128-133.
“Screening of IUCN “Red List” Woody Plants Growing in Ajara
Littoral on Antimicrobial Activity”. Biodiversity and Georgia. II
th Proceedings of the scientific conference. National Botanical
Garden of Georgia. Tbilisi. Georgia. 19-20. Sep. 2016, pp. 108-109.
“Beegenue B kyastypy IN VITRO ncuesaromux BUZOB pacTeHuit
¢ dYepHOMOpckoro mobGepexss ['pysum”. DBuorexmosnorua s
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Pinus brutia var. pytiusa, Sequoia sempervirens, Taxus baccata,
Taxus mairei).
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2)  b533930 Lobgmdgd0Esb yzgwabg dg@o Boobqgds: Taxus
baccata s Buxus colchica.

3)  3OMRMH056900Ls O BIMOBIOOL MomEgbmdsl 99306 gd5d0
239033999 OHOMEL SO GdIE domwmaomMo  sy9b@Egoo,
HMImIdLsE oMM  FoMdmoagbgd  3sMobodmwo
hgdgd0 - Jowgowgdo  (Hymenoptera, Chalcidoidea),
=dmsgtgboo - Aphelinidae, Encyrtidae mxobgdosb; sbgzg
bm3mgdo - Coccinellidae (Coleoptera) Mmx9H9d00b,
JOHMZoESL Fo@ oo Mmxsbowsb Chrysopidae s bbg.

4)  3obwGo 3B, OMAMOE 439wasb, dbgdmog wsbds-
339000, B30l 3mgd3osdog  IBosbgdIMos  ,,d3%Bol
LosIPZMOL* 258ma[3930 LOIMBEHBM ZsmmygbmEo Lmgm
Cylindrocladium buxicola ©s Ub5350bGH0bm 05369890
3939ms  ,,0B0L  sEwGIMO* - Cydalima perspectalis.
139309¢0LBHIB0  300WMI6  Lb3oLBIS BOM3MY3sGMGOL
2590g9gbgd0m Fom 25MBgbSL.

dm@bozmMo  dowol  JUCN ,fomgwo  bolbol” 39646056

939bstgms  3megdigool 89ddbols BoBbom Bo@e®mgdmwo bsdv-

350900 boxgwydggaby:
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9)  3969M030Mo S 3939G°G0O0  253Me3gdol  gbom
9009090 0465 21 dmEsb03M™ mxsbol, 50 435Mm0ob 92 Lsbgmdol
1307 doMo  LaeRsgo Isboews, Mmool »dgEabo bsfoero (60%)
5Q0R0MdM030 MJ3MIMEJE00m GOl J0JOMEO.

0)  39M©s  5POWMBM0Z0  MY3OMPJ300L  Lobgmdgdols,
390myg9bowo  0dbs dsmol  3mmgdioolsmgol  sbowro,  ITUCN
3WMBSWMO0 bGs@Gbol dJmbg 11 Lobgmds.

IUCN gmdomaito BEs@Gmbol 9dmby sbosewo ob@®Hmomdsool
LobgMdGOo  B50MTOL BMFEHB0IMOO Bool IMs35¢RMbI30GO
Logmangdgom  65339m0Ls s BOGHMYIMAMIBOWWO  dobymazo-
@gdgd0L  3megd3ogdobmgol ghommd  dodbogzgmo @
Lo0bEGHIMu™m 0dbgds 56> ToOEHM Fdobs dmEHbo3MHO MZsElos-
DOobom, 9MIgE  IMs3semo  bbgs  sb3gGHoom:  sbowrgsbms
3Megdaosl  odglb  Ladgsbogtm,  dggbstgoms  3mbBLyMzsEool,
000IM535¢BgIMOM36d0L  ©(335-0965MBM6gd0L,  Lobffogerm-
50IHBOEIMB0M0, 93MLsR6BBsNEGd™m ggmbdios, HMIgmos
900535030 0 LsALEBMOL 49MFg3L 930VoQIBTbsMEIGd™M @
239090bOE3000  3BMBOGMGBOL  5350EgdIL  dMGEbo3MGOo
Bomgdol “03gbsMgms o330l LBsgMmMIAMMOLM LEHMIBHIRO0LMIH®
900s0m:09dsd0.

330930L  Md09dBHYd0, MMIadog  LsobGHIMILms M ToMGHM
3MbBLYMZs30o,  9MsdgE  3M0dBH03MNWwo  ©bodbmgdomss,
30650056 olbobo  {omdmoaqbab dzoMgsbo dgmdbols dmdEga,
Lodyggm s dh3s69 d99bgdemdobmzol Lsob@ghglm bobgmdgdl,
Dmyoghmo Jomysbo 3BMdOwos, Gmym®i dzomOxnslo I3gbsty
BoMo3mmyom®mo doBbgdobmgol (Ginkgo biloba L., Juglans regia
L., Taxus baccata L., Buxus colchica Pojark. s bbgs) o Ubgo,
©obgOEGH300L 9JudgMabG N bafowdo yodmagdnwwo ggergzol
390093900 go3bmdol 8999y 30093 NBO™M Jodbow3zgwo 0gbgds
Ib3o0lbgs ©oMydo BsMmME ©sbgMy30L Fobboo  dm3wyams-
H0BsEgoolm3zoL.
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