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Features of introduction of Dactylorhiza fuchsii (Druce)
So0 in the conditions of the Astana botanical garden

This article presented the initial results of experimental work aimed at establishing an introduction population
from living specimens of Dactylorhiza fuchsii in the Astana Botanical Garden (ABG). In the flora of Central
Kazakhstan, there are 17 species from the family Orchidaceae, with only one species, Dactylorhiza fuchsii,
listed in the Red Book of Kazakhstan. Propagation and cultivation of orchids under introduction conditions
for species conservation and potential reintroduction into their natural habitat have become increasingly rele-
vant. Knowledge of orchid habitats and their ecological preferences is essential for their proper conservation
and the development of introduction methods. As a result of a three-year study of the introduction of
Dactylorhiza fuchsii, it has been established that this population exhibits moderate survival rates of generative
and vegetative individuals. Over the results of three years, a total of 3 individuals were accounted for (21 %
of those initially planted). The age composition consists of two ontogenetic states: 2 individuals in the genera-
tive (g) state and 1 in the vegetative (v) state. Ontogenetic states of Dactylorhiza fuchsii were determined
based on morphological characteristics of above-ground organs, including leaf number, size of the lower leaf,
and number of veins in it. Non-flowering individuals were categorized as generative.

Keywords: introduction, Dactylorhiza fuchsii, Astana Botanical Garden, population, Red Book, Central Ka-
zakhstan Upland, conservation.

Introduction

Since the establishment of the collection of natural flora at the Astana Botanical Garden, special atten-
tion has been given to cultivating rare and endangered species, as well as those with shrinking ranges and
populations, of the flora of Kazakhstan. This effort is also in response to the pressing task of preserving the
gene pool of the local regional flora. Protected plants in the Akmola region include species listed in the Red
Data Book of Kazakhstan, which require constant monitoring and observation within the region. This in-
cludes Dactylorhiza fuchsia [1].

Dactylorhiza fuchsii is successfully cultivated in the botanical gardens of Moscow, St. Petersburg, Ye-
katerinburg, and others [2, 3]. However, the introduction of this species in the conditions of the Central Sibe-
rian Botanical Garden has proven to be less promising [4]. D. fuchsii grows well in cultivation (both in par-
tial shade and open areas) without requiring special substrates. This species can be easily propagated in vitro
using mature seeds, and the seedlings develop well. The plants adapt easily when transplanted into non-
sterile conditions. They typically flower in the 5th to 6th year after sowing [5, 6]. There is report about inci-
dental reintroduction experiment with this species. A single individual was planted in the Podolsk district of
the Moscow region on a hayfield with dry loamy soil. Over 8 years, the plant spread within a 15-meter radius
in atypical habitat conditions for the species due to self-seeding. A total of 23 individuals were found, 7 of
which was flowering [7].

The first experiments to establish an introduction population of D. fuchsii at the Main Botanical Garden
of the Russian Academy of Sciences were conducted in 1958. At that time, 20 individuals were brought from
the Moscow region and planted in a plot of broad-leaved forest. Long-term observations were carried out to
study their seasonal development rhythms. Individual specimens from these original samples still exist to this
day [8].

The family Orchidaceae represents a diverse and globally significant group of plants with high conser-
vation requirements and priority status. The issue of the disappearance of orchids growing within the flora of
the Central Kazakhstan Uplands is particularly acute. Due to limited germination, mycorrhizal specificity,
and pollinator specialization, orchids are particularly vulnerable to changes in ecosystem balance, especially
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alterations in moisture content, light regimes, nutrient availability, and competitive pressures [9]. Changes in
habitat or their complete destruction have led to the extinction or decline in the population and distribution of
many orchid species, resulting in legal protection and/or inclusion in the Red Data Book [10]. A study and
compilation of a checklist for Orchidaceae in the northern part of Kazakhstan was conducted based on her-
barium materials, field research, and literature [11].

In the flora of the Central Kazakhstan Uplands, there are 17 species from the family Orchidaceae [1],
including 6 species of the genus Dactylorhiza [12], of which only one species, Dactylorhiza fuchsii, is listed
in the Red Data Book of Kazakhstan [1]. In light of this, the propagation and cultivation of orchids under
introduction conditions are becoming increasingly relevant for species conservation and the potential for
subsequent reintroduction into their natural habitats [13]. Therefore, understanding the habitat and ecological
preferences of orchids is essential for their proper conservation and the development of introduction meth-
ods.

One of the main objectives of botanical gardens is preservation genetic diversity and promoting
sustainable use of plants and ecosystems. As a result of habitat disturbance, plants may face the threat of
extinction or serious genetic erosion. Plant genetic diversity, which plays a crucial role in human
development, is decreasing. Excessive use of medicinal, food, and ornamental plants growing in natural con-
ditions leads to depletion of their populations. In 1994, the International Council of Botanical Gardens for
Plant Conservation, with support and financial assistance from the International Plant Genetic Resources In-
stitute, United Nations Educational, Scientific and Cultural Organization (UNESCO), Food and Agriculture
Organization (FAO) of the United Nations, United Nations Environment Program (UNEP), and World Wide
Fund for Nature (WWF), developed measures. According to the “Strategy of Botanical Gardens for Plant
Conservation” [14], botanical gardens today are regarded as centers for the conservation and study of plants,
where the introduction and cultivation of rare plants are seen as methods for their preservation. Establishing
collections of rare plants in botanical gardens are serving not only as insurance and material for research but
also as an opportunity for educational outreach and sometimes as a primary source for restoring disappearing
species in nature. In essence, botanical gardens fulfill a triple function: conservation, propagation, and educa-
tion. The development of methods for objective assessment of population status and identification of mecha-
nisms for the resilience of rare orchid species can only be achieved through comprehensive study of their
biological characteristics, ecological preferences, population structure and dynamics, and consortial relation-
ships with other components of the biocoenosis. A systematic approach to studying rare orchid species al-
lows for predicting the subsequent development of specific populations and devising the most effective con-
servation measures for each species.

Thus, threat of anthropogenic changes to the vegetation cover of the Central Kazakhstan Uplands, there
is an unprecedented need for the introduction studies of the rare medicinal plant Dactylorhiza fuchsii.

The aim of this study is to conduct introduction research on Dactylorhiza fuchsii in the conditions of the
Astana Botanical Garden.

Experimental

Introduction studies of new species, forms, cultivars of plants, or their transfer from the wild into culti-
vation are being conducted for the first time at the Astana Botanical Garden (ABG) in Astana.

The climate of Astana is sharply continental, characterized by dry summers and cold, snowy winters.
The warm season lasts for 4 months, from May to September, with maximum daily average temperatures
exceeding 19 °C. The hottest month is July, with an average maximum temperature of 26 °C and a minimum
of 14 °C. The cold season spans 3.8 months, from November to March, with minimum daily average temper-
atures below -4 °C. The coldest month in Astana is January, with an average maximum temperature of -
20 °C and a minimum of -11 °C.

Traditional methods of introduction research were employed [15]. Plant emergence records and
phenological observations will be conducted using the methodologies developed by B.I. Ivanchenko
(1962) [16] and B.A. Dospechov (1968) [17].

D fuchsii (Druce) Soo is a meadow-forest species found in Kazakhstan within floristic regions classified
under 22 altitudinal zones. It inhabits habitats with moist meadow-like moisture, growing in both open spac-
es and shady forests depending on light availability. It prefers neutral soil acidity and nutrient-rich soils. The
population of D.fuchsii is declining due to habitat destruction and the collection of generative shoots for
bouquets. This species has been listed in the Red Book of Kazakhstan (2014).
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The initial material for introduction research consisted of plant samples collected in the territory of the
Kokshetau National Park (Fig. 1).

Figure 1. Populations of Dactylorhiza fuchsii in the territory of Kokshetau National Park

The original material was sourced exclusively from natural habitats in the form of live plants. Signifi-
cant importance was placed on the age, phenological phase, and overall condition of the transplanted plants.
In the first year, all introductants were placed in the primary introduction plot. All samples were kept under
uniform conditions: meadow-chernozem soil with added sand, and standard agronomic practices (watering,
weeding, and loosening) were applied. Observations on experimental plants were conducted from 2021 to
2023 by measuring biometric parameters such as plant height, inflorescence size, flower dimensions, and so
on.

Results and Discussion

Observations of the phenorhythm of the test plants in different environmental conditions demonstrate
the adaptability of individuals to changing external factors and the completeness of passing through ontoge-
netic stages. Therefore, phenological data are one of the most important indicators in plant introduction.

The first introduction experiments to establish a population of D. fuchsii were conducted in the shaded
conditions of the Astana Botanical Garden in 2021. Seven individuals were transported from the
Ormandybulak Forestry, Kokshetau National Park, and planted on September 15, 2021 (Fig. 2).

However, the individuals of D.fuchsii did not establish themselves. In 2022, work on creating an intro-
duction population of this species was continued. On the adjacent territory near the building of the Astana
Botanical Garden, an area of 1x1 m? was planted with 14 individuals (Fig. 3). After planting, all individuals
were labeled and mapped for subsequent observations. The plants consisted of 7 generative (g) individuals
and 7 vegetative (v) individuals. Due to weather conditions in 2023, changes in phenological terms were not-
ed. The first flowering of the rare species was observed on June 13, with mass flowering beginning in the
third decade of June. The end of flowering of this ephemeral species was noted from June 25-28.
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Figure 3. Introduced plants in 2022-2023, territory of ABG
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The specimens brought from natural populations of the rare species (Table) showed a low degree of ad-
aptation to the new conditions, characterized by incomplete phenological stages of development in the intro-
duction conditions (up to the budding stage, but no flowering occurred).

Table
Morphological parameters of introduced plants of Dactylorhiza fuchsii in ABG

Biometric indicators Plant 1 Plant 2 Plant 3
Leaf length, cm 13 5 10
Leaf width, cm 1.4 0.7 1,6
Leaf length, cm 7 4 10.5
Leaf width, cm 1.5 1 2

The main developmental phases, both in the wild and on the collection plot, occurred at the same time.

Observations of the seasonal phenological rhythms of the rare D.fuchsii showed that the duration of
vegetation depends on weather conditions and can vary from 7 to 30 days. From 2022 to 2023, flowering of
the species was not observed.

The record of individuals in 2023 showed that the population amounted to 3 individuals (21 % of those
planted). The age composition of this group was represented by two ontogenetic states: generative (g) — 2
individuals (14 %) and virgin (v) individuals — 1 (7.1 %), and they did not bloom. We cannot assess the
survival rate of the plants in the first years because orchids are capable of entering a state of secondary dor-
mancy, caused by various factors. According to M.G. Vakhrameeva [18], the duration of the secondary dor-
mancy state in D. fuchsii individuals ranges from 1 to 3 years, and in some cases, up to 4 years. The ontoge-
netic states of D. fuchsii are determined by the morphological characteristics of the above-ground organs: the
number of leaves, the size of the lower leaf, and the number of veins in it. We classified non-flowering indi-
viduals as generative. Khomutovsky M.I. (2012) reports that species of the genus Dactylorhiza behave dif-
ferently under cultivation conditions. One of the most resilient plants in open ground conditions is D. fuchsii,
which annually flowered and set fruits with viable seeds. Vegetative reproduction of tuberous species is
more frequently observed in populations at the edges of their ranges in extreme conditions. Additionally, D.
fuchsii (both vegetative and generative) successfully passed all phenological phases. However, due to the
lack of pollinators in the greenhouse, the tested specimens did not set fruits [19].

D.fuchsii is capable of surviving and spreading in urban habitats [20].

As a result of the initial introduction of Dactylorhiza species at the Altai Botanical Garden, four species
of the genus Dactylorhiza (D. fuchsii, D. incarnata, D. maculata, and D. umbrosa) were introduced.
D. incarnata proved to be more plastic and adaptable to cultivation conditions, as indicated by increased in-
florescence length, number of flowers per inflorescence, and dimensions of basal leaves in terms of length
and width. Due to the high nutrient content in the soil, the number of flowers per inflorescence increased for
all four species. Additionally, plant height decreased for all species due to receiving more sunlight [21].

Conclusions

Therefore, the rare species considered in this article has shown resilience under introduction conditions
at the Astana Botanical Garden. The conditions provided by the botanical garden are favorable for this spe-
cies; it is possible to predict normal survival of the introduced population in this area in the coming years.
Regarding the population growth due to the appearance of young individuals, data will only become availa-
ble in a few years.

Based on a three-year monitoring of the introduced D. fuchsii population, it has been determined that
this population exhibits moderate survival rates among pre-generative individuals. Virgin individuals show
the highest survival rates. The census in 2023 revealed that the population consisted of 3 individuals (21 %
of those planted). The age composition includes 2 generative (g) and 1 virgin (v) individuals.
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A.E. XanemmberoBa, C.K. Myxty6aeBa, C.A. Adues, K. A. AnamxanoBa

AcraHa 0oTaHMKAJBIK 0arbl karaaiibinaa Dactylorhiza fuchsii (Druce)
S00 uHTpOAYKIMSAIAY epeKIIediKTepi

Makanazma anram peT ActaHa KajdacklHBIH ActaHa OotanukanblK OarbiHna (ABB) Dactylorhiza fuchsii Tipi
OCIMIIKTEepPiHEH MHTPOAYKIHMSAIBIK MOMYJISIUSIHBl KYPYy OOHBIHIIA SKCIEPHUMEHTTIK >KYMBICTBIH HOTHKEIepi
kenripinren. Optanslk Kazakcran ycak MIOKbUIapBIHEIH (uopacsiana Orchidaceae TYKBIMIACHIHBIH 17 Typi
Gap >xoHe Tek Oip Typi — D. fuchsii Kazakcranusiy Kp13sur kitaGbiHa eHriszimreH. Typiepri cakray YIIiH
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OpXHIesIIapabl HHTPOLYKIMSUIBIK XKaFaaiaa KeOeHTy ®aHe ecipy, onapabl KeiiH TaOUFU TipIIiUTIK OpTackiHa
OeitiMaeny MYyMKIiHAIr yIKeH e3ekTiimikke ue. OpXuaesuiapiblH TIpPLIUNK €Ty OpTachl MEH JKOJOTHSIIBIK
OeliMainirin OiMy oOnapIel OYpBIC CaKTay MXOHE EHrI3y OMICTepiH o3ipJieyAiH MIHAETTI IapThl OOJBIT
Tabbuaael. D. fichsii THTPOAYKIMACHIHAAFB! ©CIMIIKTEPIiH KaFIaibIH VI JKBUIIBIK OaKblUIay HOTHXKECIHAE,
Oy MOMyJsIUusl TEHEPaTUBTI JKOHE BUPTWHIIIBAI AapaKTapIblH opTamia eMip CypyiMeH cHIaTTaJaThIHbBI
QHBIKTAJIABL. YT XKBUI IMIIHZAE JKeKe JapakTapbl ecemnke axy 3 JapakTel Kypaasl (kepcinmipinreni 21 %).
JKac Kypambl €Ki OHTOTCHETHKAIIBIK JKaFaaiiMeH cunarranaist: 2 (g) sxone 1 (v). D. fichsii OHTOTeHETHKAIIBIK
KYHIepi JKepycTi MymienepiHiH MoOp(ONOTHsIIbIK OeiriiepiMeH aHBIKTAJAJbl: JKAIlbIPAK CaHbl, TOMEHT1
JKaIpIpaK eJILeMIepi JKOHE OHZAFbl JKimmienep caHbl. ['yineHOereH mapakrapibl 0i3 TeHepaTHBTI Kyire
HKATKBI3IBIK.

Kinm cesoep: watponyxuust, Dactylorhiza fuchsii, Actana 60TaHuKajibIK Oarbl, momyssiuust, Kel3pu1 Kitar,
Opranbik Ka3akcTaHHBIH ycaK HIOKbUIAPHI, CAKTAY.

A.E. XansimberoBa, C.K. MyxtyOaeBa, C.A. Abues, )K.A. AnamkaHoBa

Ocob6ennoctu unrpoaykuum Dactylorhiza fuchsii (Druce) So6
B YCJIOBHUAX ACTAHMHCKOI0 00TAHUYECKOI0 caja

B crarbe BriepBble NPHBEIEHBI PE3yJIbTAThl SKCIIEPUMEHTAILHOH PabOThI 10 CO3JaHUI0 MHTPOXYKIHMOHHON
MOMYJISIIIAN U3 XKUBBIX pacTeHuit D. fuchsii B AcTaHMHCKOM OOTaHMYECKOM cajly ropojaa Actansl. Bo ¢uope
LentpanpHo-KazaxcTaHCKOTO MENKOCONOYHHKA HacuuThiBaeTcst 17 BHIOB u3 cemeiictBa Orchidaceae n
ToJIbKO ouH Bua — Dactylorhiza fuchsii 3anecen B Kpacuyro kuury Kazaxcrana. PazmMHO)KeHHE U BBIpAILi-
BaHHE OPXUIHBIX B MHTPOMYKIMOHHBIX YCIIOBHSX JUIS COXPAHEHHs BHIOB U BO3MOXKHOCTH IOCIEIYOIIETO
BO3BPALICHUS MX B €CTECTBEHHYIO CpeAy OOMTaHHS MPHOOPETArOT OONBUIYIO aKTyalIbHOCTh. 3HAHHE CPEIbl
OOMTaHUS W DKOJOTMYECKHX IIPEANOYTCHUH OpXHIAeH SBISETCS HEOOXOJMMBIM YCIOBHEM JUIT HX
HaJUISKAIIETO COXPAHEHMS U pa3pabOTKH METONOB MHTPOIYKIHHU. B pesynbrare TpexiaeTHero MOHUTOPHHTA
COCTOSIHMSI PACTEHHH B WHTPORYKUMHU D. fuchsii yCTaHOBICHO, YTO HaHHAs IOMYJSLMS XapaKTepU3yeTcs
CpeIHEH MPHKUBAEMOCTBIO TCHEPATUBHOTO M BUPTUHUIIBHOTO 0CO0el. YueT ocoOell 3a TpH rojia CoCTaBmiI 3
ocobu (21 % ot BeIcakeHHBIX). Bo3pacTHOl cocTaB MpenCTaBiIeH ABYMsI OHTOI€HETHYECKHM COCTOSHHEM:
2 (g) u 1 (v). Onroreneruueckue cocrosiaus D. fuchsii onpeneneHs! Mo MOpQOIOrnIeCKUM NpU3HAKaM HaJl-
3EMHBIX OPraHOB: YHCIIO JHUCThEB, pa3Mepbl HIKHETO JIMCTa M YMCIIO XKUIOK B HeM. HeuBeryiie 0coOu Mbl
OTHECJIM K TCHEPaTHBHbIM.

Kniouesvie crosa: narponykuys, Dactylorhiza fuchsii, Acranuackuii 6otaHudeckuii can, momyssus, Kpac-
Has kHHra, IlenTpanpHo-Ka3axcraHCKui MEIKOCONIOYHHK, COXPAaHEHHUE.
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