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Background. In 2016, the Kulunda Arboretum was given the status of a specially
protected natural area of federal significance. A long-term array of data on the
introduction potential of woody plants in collections forms the basis for regulating
introduction work and increasing the efficiency of mobilization of economically
important plants.

Purpose — assess the current state of bioresource collections of the Kulunda
Arboretum.

Materials and methods. The objects of the study are the gene pool of the Ku-
lunda Arboretum - 137 species, forms and hybrids. Clarification of the taxonomic
composition of the gene pool of the collections and generalization of experimental
inventory data (age, preservation, taxation parameters, viability, renewal) was
carried out with the involvement of departmental materials and databases.

Results. The taxonomic composition of the collections, the age, safety, taxation
and reproductive indicators of the introduced species has been specified. An analy-
sis of the natural ranges of introduced woody plants revealed the predominance of
representatives of the European (28%) and North American (19%) dendroflora. The
ratio of the collection fund in terms of vitality indicators is given. It was revealed
that 31,9% of plants are in good condition and promising for involvement in pro-
grams for the conservation and rational use of biological diversity. On the basis of
a long-term study of plants and the experience of their introduction (since 1977), a
group of tree species capable of invasive dispersal outside the collection areas of
the Kulunda arboretum was identified.
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Conclusion. Based on the inventory of collection areas of the Kulunda Arbo-
retum, the composition of trees and shrubs was clarified (137 taxa, 52 genera, 24
families) and ranked according to preservation (from 50 to 100%) and viability
(good — 31,9%, satisfactory — 47,2%, unsatisfactory — 22,2% of species). Based
on the results of the inventory of arboretum collections, species that may pose
an invasive threat were identified. A natural decline of species from collections is
predicted, which determines the relevance of the task of preserving the gene pool of
adapted introduced species by introducing them into forest reclamation complexes.

Keywords: dendroflora, introduction, Kulunda arboretum; adaptation; con-
servation
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Hayunas cratbs

JAEHAPOJIOI'MYECKHE
KOJUVIEKIIUU KYJAYHANHCKOI'O KJIACTEPA ®HI]
ATPOIOKOJIOI'NA PAH

A.A. [oneux, A.U. benaes, A.ILl. Xyiycaxmemosa

Obocnosanue. B 2016 200y Kynyrounckomy 0eHOponapky npuceoex cmamyc
0C060 0XpaHsemMo NPUPoOHoU meppumopuu GedeparbHo2o sHaveHus. Mrozonem-
HUTL MACCUB OAHHBIX 00 UHMPOOYKYUOHHOM NOMEHYUdLe OPe6eCHbIX PACMEHUlL &
KONLEKYUAX COCMABNACM OCHOBY OJisi pe2yIUupO8anHUs, UHMPOOYKYUOHHOU pabomul
U noGblUeHUs 3PPDeKMUSHOCHU MOOUTUZAYUU XOTUCNBEHHO BANCHBIX PACHEHUIL.

Llenv — nposecmu 0yeHKy COBPEMEHHO20 COCMOSIHUSL OUOPECYPCHBIX KOLICeKYULL
Kynynounckozo oenopapus.

Mamepuansvt u memoowt. Obvekmamu UCCIE008AHUS ABTAIOMCA 2eHOPOHO
Kynynounckozo denoponapra - 137 61006, popm u eubpuoos. Ymounenue makco-
HOMUYECKO20 COCMAsa 2eHOPOHOA KOLLEKYULL U 0000UjeHUe IKCRePUMEHMATIbHBIX
OAHHBIX UHBEHMAPU3aYUL (803pacm, COXPAHHOCHb, NAPAMEMPbl MAKCAYUU, HCU3-
HeCnocobHOCmb, 60300HO6IIEHIE) OCYUECBIANIOCH C NPUBTEUEHUEM 8e00MCMEEH-
HbIX Mamepuanos, 643 OAHHbIX.

Pesynemameut. B Kynynounckom 0enopapuu — Kiacmepe 0cooo oXpansaemou mep-
pumopuu (pedepanbHO20 3HaAYeHUs, NPOBOOSIM KOMNJIEKCHbLE UCCIeO008AHUS 3a BUOAMU
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depesves U KyCMapHUKo8 6 YCI08USX UHMPOOYKYUY. YImouHeH makcoHoMuyeckuil
cocmag KoeKyutl, a makoice 603pacm, COXpAMHOCb, MAKCAYUOHHbIE U PeNnPOOYK-
mugHvle nokasamenu UHMpoOyyenmos. Ananu3z ecmecmeeHHvIX apeanos UHMpooyK-
YUOHHBIX OPeBeCHbIX PACTEH UL BbIAGUI peobradanue npedcmagumeneli e8poneticKol
(28%) u cesepoamepukarckoti (19%) oenopognopur. ano coomnowenue konnexyu-
OHHO20 (hOHOA NO NOKA3AMENAM dHCUsHeHHOCmu. Buiseneno, umo 31,9% pacmenuii
UMeIom xopouiee cOCmosaHUe U NepcnekmueHvle OJisa NPUGLeUeHUs  NPOSPAMMbL NO
COXpANEHUIo U payUOHATLHOMY UCNOTb308ANUIO DUOTO2UYeCcKo20 pasnoobpasus. Ha
0CHOBE ONMUMENLHO20 KOMNIEKCHO20 U3YHeHUs. PACEeHUT] U ONbIMA UX UHMPOOYKYUU
(c 1977 200a) evidenena epynna OpesecHvix 61008, CHOCOOHAS K UHBASUOHHOMY pac-
cenenuio 3a npederamu KouIeKYUOHHbIX yuacmkog Kynynouncroeo dendpapus.

3axntouenue. Ilo mamepuanam uHgeHmapu3ayul KOAIEKYUOHHBIX YYACHKO8
Kynynounckozo 0endpapusi ymoutnen cocmas oepesves u Kycmaprukog (137 max-
conos, 52 pooa, 24 cemeiicmea) u pansxicuposan no coxparrnocmu (om 50 oo 100
%) u orcuznecnocoornocmu (xopowas — 31,9%, yooeremeopumenvnasn — 47,2%,
Heyoosnemeopumenvuasn — 22,2% 6uoos). I1o pesyiomamam uneenmapusayuu OeH-
OpPOKOANEKY ULl BbIAGLEHbl BUObL, KOMOPblEe MOZYM NPEeOCTNAGIAMb UHBAZUOHHYIO
onacnocmu. Ilpoenozupyemesn ecmecmeennas yoolib 6U008 U3 KOILEKYUL, Ymo
onpeodensiem aKkmyanibHOCMy 3a0ad COXPAHEHUsL 2eHOPOHOA A0anMUpPOBAHHBIX UH-
MpoOyYenmog nymem 6HeOpeHUs Ux 6 1eCOMeNUOPAMUBHbIE KOMNILEKCDL.

Knruesnvie cnosa: oenopouopa; unmpodyrkyus, Kynynounckuil oenopapuii;
adanmayus, COXpaHHOCHb
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oponozuueckue xoanekyuu Kynynounckoeo knacmepa @HI] acposxonoeuu PAH //
Siberian Journal of Life Sciences and Agriculture. 2024. T. 16, Ne4. C. 348-363.
DOI: 10.12731/2658-6649-2024-16-4-870

Introduction

Over the past hundred years of introduction, progress has been made in ex-
panding the range of woody plants for protective afforestation [7; 9]. Introduc-
tion, as a scientific direction, ensures the search and introduction of new plants
with valuable biological and economic properties to increase the biodiversity
and productivity of degraded agroecosystems [2; 6; 13].

In the Kulunda steppe, the existing protective forest plantations with the par-
ticipation of trees Betula, Populus, rarely Pinus, Larix, Salix have reached the
age limit and are ineffective in reducing the impact of stress factors — unstable
income rainfall during the growing season, combined with high air tempera-
tures, active wind regime; low winter air temperatures [4; 5; §].
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Forest reclamation of degraded and technogenic landscapes with long-lived
and pollution-resistant species is considered as a positive result of introduction
activities [10; 11]. For example, the intensive ability of the introduced plants
Acer negundo L., Ulmus pumila L. to regenerate (seed and vegetative) on soils
of light granulometric composition contributes to the cessation of soil deflation
under active wind conditions.

Some researchers M.M. Silantyeva et al. [12] also note the negative aspects
of the introduction: «... over a ten-year observation period, the area of maple and
mixed forests with the participation of Acer negundo increased almost 6 times.
Monodominant maple forests and mixed forests with other invasive species are
formed. This leads to a significant anthropogenic transformation of pine forests
in the Altai Territory and a decrease in their nature-forming, socio-economic
and environmental significance ...».

In this regard, a comprehensive study of the adaptive capabilities of trees
and shrubs in an arid region is being carried out in order to solve the problems
of their rational use, enriching the dendroflora of forest reclamation complex-
es [3]. A long-term array of data on the introduction potential of woody plants
in the collections of the Kulunda Arboretum forms the basis for regulating
introduction work and increasing the efficiency of mobilizing economically
important plants.

Background — assess the current state of bioresource collections of the Ku-
lunda Arboretum.

Materials and methods

In 2016, the Kulunda Arboretum was given the status of a specially pro-
tected natural area of federal significance, located on the lands of the West
Siberian Agroforestry Reclamation Experimental Station - a branch of the
Federal Research Centre of Agroecology, Complex Melioration, and Forest
Reclamations of the Russian Academy of Science (WS ARES — a branch Fed-
eral Research Center of Agroecology of the Russian Academy of Sciences).
The main activity of the institution is the introduction of woody plants, the
selection of an assortment for protective afforestation and landscaping, the
conservation of diversity and the enrichment of the flora. The objects of re-
search are the gene pool of the Kulunda arboretum of the ZS AGLOS — 137
species, forms and hybrids (Fig. 1).

The soils of the cadastral area No. 22:23:010003:0014 (4.7 ha) are chestnut,
light loamy (humus 0,6-2,7%). Group placement of plants (from 4 to 8 speci-
mens) has been preserved to the present (Fig. 2).
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Fig. 1. Zoning and location of the boundaries of the Kulunda Arboretum

Clarification of the taxonomic composition of the gene pool of collections
and generalization of survey data (age, safety, taxation parameters, vitality) was
carried out with the involvement of departmental materials of the WS ARES
and thematic databases [1], which are interconnected and reflect the prospects
of the objects of study in terms of a set of indicators.

To justify the practical use of introducers, they were grouped according to
the method of renewal (self-sowing, vegetatively natural, artificially by seeds,
artificially vegetatively). Accounting plots (1 m? each) were laid evenly under
the canopy of plantations. When analyzing quantitative indicators obtained as a
result of experiments and observations, standard statistical computer programs
Statistica 12, Exel were used.
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Betula pendula Roth Acer innala Maxim.
Fig. 2. Exposition of trees and shrubs in the Kulunda Arboretum

I r
Viability: 0,10 - good,

0,05 - satisfactory, 0.,1 - weak.
Height growth: 005 - annual,
0,02 - not annual

Frost resistance: 0., - plant does notfreeze, 0.15 -
freezes no more than 50% of the length of annual
shoots, 0,10 - freezes 2-3 year old shoots and
skeletal branches, 0,06 - completely dies above
ground part of plants (or above the snow cover
level), 0 - plant freezes completely

Generative development: 025 -
seeds mature, 0,20 - not mature, Method of re| fom:
i oo A production: 0,10 - self-
oriay - Spening futaot fuiting, seeding, 0,07 - artificial sowing, 0,05 -
ReS— e natural/vegetative propagation,0,0 3 -
artificial vegetative propagation, 0,01 -
repeated attraction of plants from outside

Drought tolerance: 0,25 - high (plant does notreact to drought conditions), 0,15 -

medium (turgor of leaves and needlesis reduced, the plant noticeably reduces growth in

a given or following year), 0,05 -low (the plant is damaged needles, leaves and young

shoots, growthin a given or following year is reduced many times oris absent,

sometimes skeletal limbs are damaged, the plant does not restoreits size in the following
1 year).

Fig. 3. Scales for assessing introducers
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Winter hardiness, drought tolerance, flowering character, fruiting, etc. were
determined according to the scales (Fig. 3).

Research results and their discussion

It has been established that the largest number of species, forms and hybrids
belong to the Rosaceae (49) and Salicaceae (24) families in the structure of the
gene pool of the Arboretum. The remaining families are represented by a small
number of species — from 1 to 7 (Fig. 4).
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Fig. 4. Systematic composition of dendrological collections

A significant part of the introduced species are representatives of the Euro-
pean (28%) and North American (19%) dendroflora (Fig. 5).

Trees introduced into dry steppe conditions grow differently than in the forest
zone. In the forest, they develop slowly, with the gradual extinction of the physio-
logical functions of the plant organism. Previously, it was found that under new con-
ditions, trees become fast-growing [10], there is a limited height of different species
—up to 10-14 m (on average 6-9 m). Shrubs in the dry steppe reach their maximum
height at the age of 15-20 years. Most trees have had little growth in recent years.

Technological elements and activities for the enrichment of dendroflora
should take into account changes in the ecological environment and the impact
of climate change on plant organisms, their longevity. Collectible plants of the
age group (up to 40 years old) account for about 10% with a survival rate of
50% (mountain pine) to 100% (Picea schrenkiana subsp (Rupr.) Bykov, Picea
omorika (Pane.) Purk., Lonicera albertii Regel, Cotoneaster multiflorus Bunge,
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Crataegus pinnatifida Bunge) (Fig. 6). All plant species in this age group are in
good condition, with the exception of Viburnum sargentii Koehne.

Ohybrids

@North America
Europe

m Caucasus, Crimea
o Siberia

B Far East

Bmiddle Asia

B China, Korea, Japan

Fig. 5. Distribution of the gene pool by origin (%)

31,9

Bgood
Osatisfactory

DOunsatisfactory

@ 30-40 years old
E40-45 years old
B46 years and over

b
Fig. 6. Grouping of introduced species (in %) according to their vitality (a) and age (b)
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According to the inventory of trees and shrubs of other age categories (from
40 to 50 years old), the following species are in good condition: Larix sibiri-
ca Ledeb., Picea obovata Ledeb., Pinus sylvestris L., Pinus sibirica Du Tour,
Caragana frutex (L.) C.Koch., Viburnum lantana L., Ribes alpinum L., Quercus
robur L., Tilia cordata Mill., Amelanchier spicata (Lam ) C.Koch., Cotoneas-
ter melanocarpus Lodd., Spiraea trilobata L., Berberis vulgaris L., Amygdalus
ledebouriana Schlecht., Rosa acicularis Lindl., R. alaica Juz., Crataegus (al-
taica Lge., arnoldiana Sarg., maximowiczii C. K. Schneid.).

Studies of a large collection under similar experimental conditions in a limited
area for a comparative assessment of growth processes and breeding efficiency
make it possible to establish the degree of adaptation and the manifestation of
diagnostic features that indicate compliance or non-compliance with new habitat
conditions. According to the quantitative and qualitative indicators of fruiting for
the purposes of agroforestry, shrubs of the genera Amelanchier, Crataegus, Coto-
neaster, Rosa, Spiraea with a high degree of adaptation were identified (Table 1).
A different level of fruit weight indicator variability has been established - from
low (Pyrus ussuriensis, Cotoneaster lucidus), medium (Admelanchier spicata,
Padus virginiana, Sorbus schneideriana, Crataegus arnoldiana, C. maximowic-
zii), high (Cotoneaster multiflorus, Aronia melanocarpa, Rosa acicularis) to high
(Crataegus sanguinea) and very tall (Cotoneaster melanocarpus).

Table 1.
Characteristics of fruits and seeds of tree species
Weight of 1000 fruits, g Weight of 1000 seeds, g
Plant name average value for 2019- average value for 2019-
2021 (deviation from the | 2022 | 2021 (deviation from the | 2022
average for 2016-2018) average for 2016-2018)
Pyrus ussuriensis 1666,8 (+243,7) 1546,0 47,52 (-3,12) 31,0
Amelanchier spicata 563,5 (-55,5) 532,5 3,94 (-0,44) 6,0
Padus virginiana 518,2 (+25,0) 627,5 76,30 (-41,5) 96,0
ZZ;ZZ?C’Z‘Z ” 3394 (-127.3) 297,5 15,00 (-0,3) 17,0
C. lucidus 352,7(-7,5) 338,0 17,00 (1,4) 22,0
C. multiflorus 329,8 (+18,0) 316,0 14,70 (-0,1) 12,0
Sorbus schneideriana 242.,0 (-0,5) 215,5 2,70 (-0,2) 5,0
Aronia melanocarpa 739,2 (-4,8) 763,0 2,80 (0,2) 3,0
Crataegus arnoldiana 1622,0 (+11,0) 1565,5 59,70 (-27,1) 46,0
C. sanguinea 5947 (+8.9) 510,5 35,60 (1,7) 22,3
C. maximowiczii 753,8 (+29.,4) 774,5 43,90 (2,6) 32,0
Rosa acicularis 1056,6 (-24,1) 1000,0 14,90 (0,7) 13,0
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Seed indicators had a lower level of variability: from very low (4dronia me-
lanocarpa, the coefficient of variation — 4,7%), low (Cotoneaster multiflorus —
12,47%) to medium (other species — 15,23-23,34%). It has been established that
the amplitude of plasticity in different species is not the same. That is, the wid-
er the range of plasticity, the more effective the adaptability of a given species
to various environmental factors. Species that are capable of regenerating by
self-seeding may be an invasive hazard. According to the results of the inventory
of dendrocollections, species (Acer - ginnala, negundo, tataricum, Ulmus parvi-
folia, Malus pallasiana, Berberis vulgaris, Amelanchier spicata, Crataegus pin-
natifida) were identified, which are found in more than 35,0% of the total number
of registration sites (more than 30 specimens / site ), as well as outside the dendro
collections and are represented by pre-generative individuals (Table 2).

Table 2.
Number of individuals and their distribution in dendrological collections
Genus Number of plants Presence of plants
1IT. % (number of accounting sites)

Acer 7595 69,48 24
Amelanchier 127 1,16 15

Berberis 256 2,34 23

Cerasus 56 0,52 3
Chamaecytisus 279 2,56 10

Cotinus 93 0,85 6

Cotoneaster 90 0,82 20

Crataegus 123 1,12 15

Malus 315 2,89 31

Padus 195 1,78 6

Populus 89 0,81 3

Quercus 144 1,32 13

Rhamnus 65 0,59 7

Ribes 75 0,68 8

Spiraea 182 1,67 9

Ulmus 452 4,13 19

Others (36 genera) 796 7,28 52

Total 10932 100

The second group according to the invasive status includes 9 species that are
actively dispersed. A significant part of the introduced species (about 28,0%)
forms local populations, sometimes found outside the arboretum (the third group).
Clustering the results of assessing the ability of woody plants to regenerate made
it possible to identify five clusters that united the accounting sites according to the
similarity of species composition and frequency of occurrence (Fig. 7).
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Tree Diagram for 44 Variables
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C.f.— Cerasus fruticosa, R.lid. — Chamaecytisus lindemanni; C.c. — Cotinus coggygria, Am.n. — Amyg-
dalus nana; S.g. — Spiraea crenata, Cr.v. — Crataegus pinnatifida, Pvul. - Padus avium, Pvi. - Padus
virginiana, A.pl. — Acer platanoides, Sh.a. - Shepherdia argentea, U.I. — Ulmus laevis, B.p. — Betu-
la pendula, R.c. — Rhamnus cathartica, R.c. — Rhamnus cathartica, E.a. - Elaeagnus angustifolia,
T. sp. — hybrids Populus, An. — Acer negundo, F.l. - Fraxinus lanceolata, S. med. — Spiraea media,
B.v. — Berberis vulgaris, M.p. — Malus pallasiana, A.s. — Amelanchier spicata, R.a. — Ribes aureum,
T.c. - Tilia cordata, C.m. — Cotoneaster melanocarpus, U.p. — Ulmus pumila, C.I. — Cotoneaster lu-
cidus, Ps. — Prunus spinosa, S. a. — Symphoricarpos albus, L.t. — Lonicera tatarica, U.p. — Ulmus
propinqua, S.r. — Sumbucus racemosa, Cr.a. — Crataegus altaica, Eu.e. — Euonymus europea, A.g.
— Acer ginnala, Q.r. — Quercus robur, S.s. — Sorbus sibirica, Hal.h. — Halimodendron halodendron,
L.s. — Larix sibirica, A.t. — Acer tataricum, R.ac. — Rosa aciacicularis, Ppen. — Padus pensylvanica

Fig. 7. Cluster analysis of accounting sites by renewal and species composition

It has been established that the best renewal was observed in shrubs than in
trees. On 48% of the accounting plots there is a renewal, which is represented
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by 4 to 10 species (clusters 11, IV), the rest of the clusters are accounting plots
with a renewal of up to 3 species (clusters I and III, V).

Ranking of introducers according to their prospects, taking into account
significant features, made it possible to distinguish three groups: promising
(48,9%); with a good level of prospects (36,0%); acceptable level (10,0%); un-
promising (5,0% of species) for the technology of enrichment of the dendroflora
of forest reclamation complexes.

Promising economically valuable species are a priority for conservation and
rational use in forest reclamation complexes and technologies for improving
the agroforest landscapes of the Kulunda steppe in desertification conditions.

Conclusion

Based on the materials of the inventory of the collection plots of the Arboretum
WS ARES, the composition of trees and shrubs was specified (137 taxa, 52 genera,
24 families). It has been established that the largest number of species, forms and
hybrids belong to the Rosaceae (49) and Salicaceae (24) families. A significant part
of the plants in the collection is represented by European (28%) and North American
(19%) dendroflora taxa. The gene pool was ranked in terms of safety (from 50 to
100%) and vitality (good - 31.9%, satisfactory —47,2%, unsatisfactory — 22,2% of
species). According to the results of the inventory of dendrocollections, species that
may represent an invasive danger have been identified. Pre-generative individuals
of Acer - ginnala, negundo, tataricum, Ulmus parvifolia, Malus pallasiana, Berber-
is vulgaris, Amelanchier spicata, Crataegus pinnatifida are found in a significant
part of the territory of the Kulunda arboretum, as well as outside it. Proper control
over their movement and continuation of field studies while monitoring introduced
populations are required. A natural loss of species from collections is predicted,
which determines the relevance of the tasks of preserving the gene pool of adapted
introducers by introducing them into forest reclamation complexes.
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