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Study of anatomical structure of Dactylorhiza fuchsii (Orchidaceae)
growing in the Karkaraly Mountains (Central Kazakhstan)

The study of plant structure peculiarities plays an important role in understanding the ecology and habitat
conditions of species, as well as for the identification of characteristic features in confirming the species iden-
tity of plant raw materials. This article presented the results of microscopic structure of above-ground and un-
derground organs of Dactylorhiza fuchsii growing in the Karkaraly Mountains (Central Kazakhstan). The re-
sults showed that the leaf preparation is characterized by the presence of polygonal epidermal cells, stomata
of tetracytic type, predominantly localized on the lower side of the leaf. Mesophyll is of homogeneous type,
bundles are collateral, cranium-lined, and usually oval in shape. The stem on transverse section is character-
ized by a well-defined epidermis and cortex, numerous conductive bundles, collateral type, and several lacu-
nae are presented. The transverse section of the root is characterized by the presence of starch grains and fun-
gal peletons, indicating the symbiosis of this species with fungi under natural conditions. In general, the fea-
tures of the anatomical structure confirm the mesophytic character of Dactylorhiza fuchsii habitat, in particu-
lar, the absence of velamen in the root and adaptations in the leaves for water absorption. The results obtained
contribute to the assessment of ecological and biological peculiarities of the species and allow us to use the
obtained characters for taxon identification at the microscopic level.

Keywords: Dactylorhiza fuchsii, anatomical structure, Karkaraly Mountains, leaf, stem, root, mesophytic
signs.

Introduction

Orchids are among the most vulnerable plants protected internationally. All species of the Orchidaceae
family are listed in the Annex of the Convention on International Trade in Endangered Species of Wild Fau-
na and Flora (CITES). Dactylorhiza fuchsii (Druce) Soo is protected at the national level in Belgium and
Luxembourg, and at the regional level in France [1]. In the Russian Federation, this species is included in the
Red Data Books of most regions. In Kazakhstan, Dactylorhiza fuchsii is included in the Red Data Book [2]
as the only representative of the genus Dactylorhiza. In the Central and Northern Kazakhstan it is found in
such protected areas as Kokshetau, Karkaraly, and Burabai national parks [3, 4].

Like many representatives of the family Orchidaceae, the abundance of Dactylorhiza fuchsii in nature is
decreasing due to anthropogenic impacts, including habitat destruction, climate change and plant harvesting.
In this regard, study of the anatomical features of this species become relevant, as they allow us to under-
stand the mechanisms of its adaptation to different environmental conditions. It is worth noting that the roots
and rhizomes of Dactylorhiza fuchsii contain biologically valuable substances and can be active against in-
fectious agents [5].

International studies of morphology and micromorphology of orchids are actively conducted in Eu-
rope [6]. However, the anatomy of Dactylorhiza fuchsii remains insufficiently studied [7, 8], and in Kazakh-
stan, this kind of research is generally not conducted.

Anatomical studies cover such aspects as root system structure, stem morphology, leaf composition and
features of floral structures. Root tubers play an important role in nutrient accumulation, the stem provides
support and transport of water and minerals, and leaves are adapted for optimal photosynthesis. Specialized
floral structures indicate complex relationships with pollinators [9-11].

The aim of this study is to investigate the anatomical features of Dactylorhiza fuchsii to understand the
mechanisms of its adaptation to the environment. The results of the study can be used to develop strategies
for the conservation of the species, effective management of its populations and restoration of natural habi-
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tats. In addition, the study of the anatomy of Dactylorhiza fuchsii contributes to the expansion of scientific
knowledge in the field of botany and plant physiology, and can also be used to clarify the diagnostic features
of medicinal plant raw materials.

Experimental

The object of the study were aboveground and underground organs of Dactylorhiza fuchsii (root tubers,
leaves, shoots) collected in the 2nd decade of July 2024 in the Karkaraly Mountains (Karkaraly district, Ka-
raganda region) in the flowering phase (Fig. 1). Sampling coordinates for the study: N49°19'54.174604,
E75°33'11.665018”, 893 m above sea level.

Figure 1. Flowering samples of Dactylorhiza fuchsii in Karkaraly Mountains (2024)

Fresh plants were fixed in a mixture of ethyl alcohol 96 % — distilled water — aqueous glycerol 40 %
(2:1:1 ratio, Strauss-Fleming reagent). Transverse sections and surface preparations were made manually
using a blade [12—14]. The middle part of the shoot was used for the stem, the central vein for the leaf, and
the central part for the petiole. The obtained micro specimens were viewed through a binocular microscope
NINGBOSUNNY Instruments CoEX30 (China) with a digital camera Altami 8.5 Mpix (Russian Federa-
tion). AltamiStudio software was used for photo processing. When describing the anatomical structure we
used the principles outlined in the works of L.I. Lotova [15] and P.J. Rudall [16].

Results and Discussion

Dactylorrhiza fuchsii is a perennial herbaceous plant, 15-25 cm tall; tubers are rounded or turnip-
shaped, palmate. Shoots are solitary, dense, 5-7 mm in diameter. Leaves are few, 2 to 5 in number, slightly
deviated from the stem, almost flat or folded along the central vein, oblong-lanceolated in the lower part and
awl-shaped-linear and slightly sinuous in the upper part of the stem; color is green with rounded purple spots
of different sizes. Flowers are gathered in spike-like inflorescences, up to 8-9 cm long and 3-4 cm in diame-
ter. The color of flowers varies widely, from white to purplish-red.

Microscopic examination of the leaf (Fig. 2) showed that differences in the structure of the upper and
lower sides of the plate were observed.
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1 — basic cells of epidermis, 2 — leaf mesophyll cells, 3 — stomata; A — upper epidermis, B — lower epidermis
Figure 2. Preparation of Dactylorhiza fuchsii leaf from surface

The epidermis of the upper side consists of thin-walled polygonal cells, rounded or slightly oval in
shape, through which the polygonal cells of the mesophyll are well translucent. The size of the cells ranges
from 20 to 35 um. Cells of the lower epidermis are smaller in size, 20-30 pm, with weakly curved walls,
slightly elongated along the central vein. Nuclei are well expressed in the epidermal cells of both sides of the
leaf. Stomata are identified only on the lower side (hypostomal type). Stomata are rounded, 15-20 pm in di-
ameter, tetracytic type. Such features of the structure were confirmed in the works of L.V. Averyanov [17].

The internal structure of the leaf (Fig. 3, 4) is characterized by a homogeneous type of mesophyll struc-
ture, which is reflected in the absence of its differentiation into palisade and spongy tissues; leaf thickness in
the lateral part is 250-305 pm, in the region of the central vein — up to 400 um.
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1 — upper epidermis, 2 — lower epidermis, 3 — mesophyll, 4 — xylem,
5 — phloem, 6 — cranial lining, 7 — lateral vascular bundle

Figure 3. Leaf preparation of Dactylorhiza fuchsii, transverse section, fragment in the area of the central vein

1 — upper epidermis, 2 — lower epidermis, 3 — mesophyll, 4 — lateral vascular bundle

Figure 4. Leaf preparation of Dactylorhiza fuchsii, transverse section,
fragment in the area of the lateral part of the leaf lamina

The total number of cell layers ranges from 7 to 9. This structure is typical for many species of
Orchidaceae [18, 19]. The epidermis is single-layered, consisting of isodiametric and almost square cells
with a small amount of intercellular space; the cuticle is absent on both sides. The cells of the upper side are
larger in size than those of the upper side; the shape on the transverse section is similar. Leaves have collat-
eral vascular bundles; phloem is oriented toward the abaxial side, xylem toward the adaxial side. The xylem
is poorly differentiated. A cranial lining is formed around the bundles. Sclerenchyma fibers are almost not
observed.
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On anatomical sections of the stem, a rounded or ovoid shape with remnants of adjacent leaves can be
observed (Fig. 5). The perimeter of the stem is covered with one-layer epidermis with a thin cuticular layer;
the shape of cells is oval.

1 — leaf area adjacent to the stem, 2 — epidermis, 3 — cortex,
4 — medullary parenchyma, 5 — xylem, 6 — lacuna

Figure 5. Cross section of leaf of Dactylorhiza fuchsii

The epidermis is followed by the cortex, consisting of parenchymatous cells, in 10-15 layers. Part of
the cells is filled with starch granules. The central part of the stem is filled with medullary cells. Vascular
bundles are collateral, reminiscent of dicotyledonous plants and arranged at regular intervals. Elements of
xylem are well visible; elements of phloem are almost invisible due to thin cell walls. There are several lacu-
nae in the stem due to the core being broken into parts. These features are also characteristic of other Orchid
species like Ophyslutea and Orchismascula [20, 21].

Examination of root anatomy showed that the outer layer consists of 1-2 layers of rhizoderm, the cells
of which do not have a stable shape. The cells can be elongated in longitudinal or transverse direction, some-
times rounded in shape. The cells of the cortex consists of 5-8 layers, usually rounded, their size decreases
towards the central part. Remains of fungal peletons can be noted on the outside [22]. The central part of the
stem is occupied by a vascular bundle with sclerenchyma lining.

1 — rhizoderm, 2 — cortex, 3 — fungal peletons, 4 — vascular bubdle

Figure 6. Cross section of Dactylorhiza fuchsia root

Fundamental and Experimental Biology. 2025, 30, 2(118) 131



S.K. Mukhtubayeva, A.E. Khalymbetova et al.

Transverse section of root tuber anatomy showed the presence of starch grains in cells when stained
with Lugol’s solution (Fig. 7). The endoderm is 1-layered, completely surrounding the meristem periphery.
Vascular bundles are several in number; arranged in a circle, as in dicotyledonous plants. The bundles con-
sist of xylem, sieve tubes, phloem parenchyma, cambium is absent; there are some areas of pericycle.

PE T3

1 — rhizoderm, 2 — endoderm, 3 — vascular bundle
Figure 7. Cross section of root tuber of Dactylorhiza fuchsii. Fragment

Conclusion

Thus, according to the peculiarities of structure, Dactylorhiza fuchsii belongs to mesophytic tuberous-
rooted species forming symbiosis with fungi. In general, the structure of above-ground and underground or-
gans shows the presence of adaptations for water absorption and retention as a system of bark parenchyma
(cortex). The absence of the velamen which is formed in many genera of Orchidaceae is noted. Leaves of the
plant do not have adaptations for water retention, which indicates growth in conditions of sufficient moisture
without the test of constant hydric stress.
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Kapkapaas (Opranabik Ka3akcran) TayjaapbiHaa eceTiH
Dactylorhiza fuchsii (Orchidaceae) anaToMHsIZIBIK KYPBLIBIMBIH 3€PTTEY

OCIMIIKTep KYpPBUIBIMBIHBIH EpEKIICTIKTepiH 3epTTey TYPAIH SKOJOTHACHI MEH TIPHIUTIK €Ty OPTachIH
TYCiHyZe, COH/Iali-aK ©CIMJIIK MIMKI3aThIHBIH TYPJIEPiH pacTay Ke3iHAe TOH OenriyiepAi aHbIKTay/la MaHBI3IbI
pen arkapanel. Makanaga Kapkapansr (Opransik Kaszakcran) taynmapeinma ecetin Dactylorhiza fuchsii
KEPYCTi JKOHE IKepacThl OPraHJapbIHBIH MHUKPOCKONMSUIBIK KYPBUIBICHIHBIH HOTIDKENIEpl KeNTipiireH.
Hotmwxenep okamplpaK mpenaparsl HETi3iHeH OKANbIPaKThIH TOMEHI JKaFblHIQ JIOKAJTH3alUsIaHFaH
SMUICPMUCTIH  KONOYPHIITH  JKACYLIAJAPBIHBIH, TETPAUT THUNTI  CaHBUIAYJIAPBIHBIH  OOJybIMEH
CHUIATTANATBIHBIH KOpCeTTi. Me30puiu1 OIpTeKTI THITEC, IIOFBIPIAPBl OYHipii, cakWHA Topi3liec, COMaKiIa
mimriaai. KenmeHeH kecinreH ca®ak alKpIH aHBIKTAIFAH SMHACPMHUC JKOHE KBIPTBICIICH CHITATTaIa[Ibl;
KOJITaTepajbJbl THUITEri KONTEereH OTKI3rill NIOKTapbIMEeH, COHBbIMEH Karap OipHelie KybICTapbl Oap.
KenneHeH KecinreH Tamblp KpaxManl JASHJAEpi MEH CaHbIpayKyJaK IeNeTOHOApbIHBIH OOJIybIMEH
cunarranajpl, Oyl TaOuFy jkarjaiiia caHpIpayKyJaKTapMeH OChl TYpHiH cHMOHO3bIH Kepcereni. TyTacraii
aFaHIa, aHATOMESUTBIK KYpbUIBIMHBIH epekmmernikrepi Dactylorhiza fuchsii Tipmrinik eryinin me3odurrik
CHIIAaTBIH pacTaiipl, aram alWTKaHzaa, Oyl TambIpAa BellaMeHHIH OOJIMaybl JKoHE CYABl CIHIpY YIIiH
JKanbIpakTapAblH OelimMIenyi. AJBIHFAH HSTHXKENEp TYPAIH ASKOJOTHSIBIK-OMIOTHSIBIK epeKIIeTiKTepiH
Oaranayra BIKIAN eTe/li JKOHE aJbIHFAaH Oenriepli TaKCOHIbI MHUKPOCKOMHSUIBIK ACHrelae aHbIKTay YIIiH
naifjananyra MyMKiHIIK Oepei.

Kinm ce3z0ep: Dactylorhiza fuchsii, anaromusblk KypbUibiMbl, Kapkapaibl Taynapbl, kamslpak, cadak,
TambIp, Me30(UTTIK Genrinepi.
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N3yuenne anatomuueckoii cTpykTypsl Dactylorhiza fuchsii (Orchidaceae)
npouspacrawmeii B ropax Kapkapais! (LlenTpanbubiii Kazaxcran)

Mzyuenne ocoOeHHOCTEH CTPOCHUS PACTEHUI UTPaeT BAXKHYIO POJIb JJISI TIOHHMMAHHS SKOJOTHH U yCIOBHH
o0uTaHUs BUIA, a TAKXKE JUIS BHIJICICHHUS XapaKTePHbBIX MMPHU3HAKOB IPH ITOJTBEPIKICHHH BHUIOBOH MpHHA[-
JIKHOCTH PAaCTHTEIBLHOTO ChIPbsi. B HAacTOsIIEH CTaThe MPHBEICHBI PE3yIbTaThl MUKPOCKOITHYECKOTO CTPOe-
HHS HaJ3eMHBIX M Noja3eMHbIX opraHoB Dactylorhiza fuchsii, mpouspacratomeit B ropax Kapkapansr (Llen-
TpanbHbIi Kasaxcran). PesynbraTsl OKa3aaM, 4TO Mpemnapar JMCTa XapaKTepHU3yeTCst IPUCYTCTBUEM MHOTO-
YrOJIBHBIX KJIETOK SMH/ICPMHCA, YCThUIA TETPALUTHOTO THUIIA, HPEUMYIIECTBEHHO JIOKAJIN30BaHbI C HIDKHEH
CTOPOHBI JIUCTa. Me30(u/uT TOMOTeHHOTO THIIA, MYyYKH — KOJUIaTepalibHbIe, C KPaHI-00KIaIKOH, 0OBIYHO
oBanbHO# hopmbl. CTebenib Ha MOMEPEYHOM CPE3€ XapaKTepU3yeTcs YeTKO BBIPAKCHHBIM SMHUACPMUCOM U
KOPTEKCOM, MPHCYTCTBYIOT MHOTOYHCIICHHBIC MPOBOAIIME ITyYKH, KOJUIATEPalIbHOTO THIIA, & TaKkKe He-
CKOJIbKO JIaKyH. TTonepeuHblil cpe3 KOpHS XapakTepusyeTcsi MPHCYTCTBUEM KpaXMaJIbHBIX 36PEH M TPHOHBIX
THEJIETOHOB, YTO CBHJCTEIBCTBYET O CUMOMO3€ JTaHHOTO BHJIA ¢ IpuOaMu B MPUPOJHBIX YCIOBUAX. B 1enom,
0COOCHHOCTH aHATOMHYECKOTO CTPOCHHS IOATBEPKIAOT Me30(puTHBIA Xapaktep oburanus Dactylorhiza
fuchsii, B wacTHOCTH, 3TO OTCYTCTBHE BeJaMeHa y KOPHsI U IPUCTIOCOOICHHH Y JIUCTHEB JUTS TIOTJIOIICHHS BO-
1pl. TTonyueHHbIE pe3y IbTaThl BHOCST BKJIa/ B OLCHKY 9KOJIOr0-OMIIOrHYECKHX 0COOCHHOCTEH BHIa U MO3BO-
JAI0T MCIIOIb30BATh MOTY4YCHHbIE PU3HAKH JUIS HACHTH(HKALMN TAKCOHA HA MUKPOCKOIIMYECKOM YPOBHE.

Knroueswie cnosa: Dactylorhiza fuchsii, anaromuueckoe crpoenwue, ropsl Kapkapaisl, Juct, credeib, KOpeHsb,
Me30(UTHBIE TIPU3HAKH.
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