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Seed morphology and seed coat micromorphology
of Linaria cretacea Fisch. ex Spreng. from chalk outcrops
of Western Kazakhstan

The investigation of seed morphology and seed-coat micromorphology is important for taxonomy, ecology,
and the conservation of rare endemic plants, particularly species restricted to specialized habitats such as
chalk outcrops. In calciphilous plants with narrow distribution ranges, seed-coat micromorphology can serve
as a useful diagnostic feature for species identification, clarification of taxonomic relationships, and the
development of ex situ conservation measures. This study examined the morphological characteristics of the
seeds and fruits of Linaria cretacea Fisch. ex Spreng., a rare calciphilous endemic species restricted to chalk
outcrops in Western Kazakhstan, using scanning electron microscopy (SEM) and light microscopy. Macro-
and microimages of the seeds were obtained, and their main morphometric parameters, including length,
width, thickness, and shape index, were measured. Seed-coat sculpture was described at the primary,
secondary, and tertiary levels following the classifications proposed by W. Barthlott and W. Stearn. The
results showed that L. cretacea from the Aktobe Region is characterized by a cerebelliform primary sculpture
with clearly defined anticlinal boundaries, a sharply tuberculate secondary sculpture with reticulate elements,
and the absence of epicuticular wax. Comparison of the seed-coat traits identified in this study with published
descriptions of the closely related species L. vulgaris and L. genistifolia revealed a set of diagnostically
significant micromorphological differences. The possible adaptive role of seed-coat structure in chalk habitats
with low water-retention capacity is also discussed. The findings are of both systematic and practical value,
particularly for the identification of herbarium specimens and the development of protection and ex situ
conservation protocols for this rare species.

Keywords: Linaria cretacea, Kazakhstan, calciphilous species, endemic species, seed morphology, scanning
electron microscopy, light microscopy, features.

Introduction

The first information about the vegetation of chalk outcrops dates back to the works of
I.A. Giildenstddt [1, 2]. In the 19th and early 20th centuries, the study of the flora of such habitats acquired a
systematic character: significant contributions were made by Chernyaev [3], Litvinov [4, 5], Popov [6],
Sagalaev [7], Sukachyov [8], Golitsyn [9], Klokov [10], Taliev [11-13], Kozo-Polyanskii [14-16],
Kotov [17], Lavrenko [18] and others. The problem of the origin of chalk outcrops—natural or anthropogen-
ic—was actively considered by classics of botany. Modern studies continue to clarify the composition of the
flora and characteristics of chalk cliff communities, although a number of local and taxonomic issues remain
insufficiently studied [19].

In carpological studies, seed macro- and micromorphology are considered key diagnostic characters in
the taxonomy of angiosperms [20-22]. Of particular importance for taxonomic conclusions and evolution-
ary-functional interpretations are data on the ultrastructure of the seed coat obtained using SEM [23-26].
However, for a number of local, rare, and ecologically specialized taxa, data on seed microsculpture remain
absent or are fragmentary.

Linaria cretacea Fisch. ex Spreng. is a perennial calciphyte with a taproot system that is strictly con-
fined to chalk habitats within its Eastern European and Sub-Ural range. Its vegetative and reproductive traits
(dwarfism, compact generative shoots, yellow corolla with a prominent spur) are consistent with life on steep
chalk slopes and among rocky boulders.
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Despite the recognized importance of seed traits in taxonomy and ecology, a comprehensive study of
L. cretacea’s seed micromorphology, combining modern SEM techniques, quantitative morphometrics, and
comparison with related species, remains lacking. The seed morphology of representatives of the section
Linaria has been described in the literature. However, specific information on primary and secondary sculp-
ture, the degree of exotesta tortuosity, the presence/absence of epicuticular wax, and their functional interpre-
tation are lacking for L. cretacea in the regional context of Cretaceous habitats in Kazakhstan.

This study examines the seed morphology and seed coat micromorphology of L.cretacea from the chalk
outcrops of the Aktobe Region using scanning electron microscopy (SEM), light microscopy, and quantita-
tive morphometric analysis. The research focuses on the description of the primary, secondary, and tertiary
sculpture of the seed coat according to established classifications, comparison with closely related Linaria
species, and evaluation of the taxonomic and adaptive significance of the identified traits in chalk habitats.
Field material was collected from chalk massifs of the Aktobe Region during 2023-2025. Seeds were pre-
pared for SEM following standard procedures, including fixation and gold sputtering, and the different levels
of seed coat sculpture were described using accepted morphological terminology.

The identified seed-coat characters of L.cretacea were considered in comparison with published de-
scriptions of selected representatives of the genus Linaria. This comparison was used to establish a general
diagnostic framework and was not intended as a direct SEM-based species-to-species analysis of L. vulgaris
and L. genistifolia. Because L. cretacea is a narrow chalk endemic, whereas related species of the genus oc-
cur in broader ecological settings, the literature data were employed only to indicate the possible taxonomic
and ecological significance of the revealed seed traits.

The key result of the work is a deeper understanding of the micromorphology of a rare calciphilous spe-
cies, the identification of diagnostic features for taxonomic purposes and herbarium identification, and the
creation of a basis for subsequent studies of the ecology of germination and measures to conserve L. cretacea
populations in chalk habitats.

Figure 1 presents images of L.cretacea growing on chalk slopes in the Aktobe Region, depicting the
overall habit of the species and its typical habitat.

Figure 1. Linaria cretacea in the Aktobe region: a) view of the plant; b) view of the seeds

Experimental

Material for carpological analysis was collected during June—July of 2023-2025 on the chalk massifs of
the Aktobe Region (Tab. 1). For each sampling site, the coordinates, collection date, elevation above sea lev-
el, slope exposure, and general habitat characteristics were documented. For the morphometric and micro
morphological study, 1,000 seeds (thousand-seed weight 0.20 g) collected from mature capsules of the two
populations were analyzed.
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Table 1

Characteristics of the studied sites of Linaria cretacea

Point Coordinates Elevation above Slope
(latitude, Location b Habitat characteristic
number - sea level, m aspect
longitude)
N49°20°031"" N A steep slope consisting of chalk
1 E 054°30°024"" ~215wMm Akshatau Chalk | Southeast marl and carbonate clays
N5032°069" N A gravel slope with exposed chalk
2 E 0549547341 ~235wM Ishkargan Chalk South bedrock

In the Aktobe Region of Western Kazakhstan, all major chalk outcrops were surveyed for L. cretacea,
but the species was detected only at a few, markedly isolated locations. Intensive fieldwork in 2023-2025
showed that stable, self-maintaining populations are confined to the Akshatau and Ishkargan chalk massifs.
On other chalk exposures, L. cretacea was either absent or represented by single, scattered plants, from
which seed sampling is prohibited for conservation reasons. As a result, carpological material was collected
only from these two populations, which constitute the main chalk massifs of the study area for this rare
calciphilous endemic.

This study primarily sought to deliver a comprehensive qualitative and quantitative description of seed
and seed-coat micromorphology at the species level. In this context, a rigorous statistical comparison be-
tween the two local populations was not pursued, as it lay outside the objectives of this initial investigation.

Seed and fruit morphology was investigated by light microscopy and scanning electron microscopy.
The seed surface micromorphology of L.cretacea from the Aktobe Region was examined with JEOL JEM-
1400 and JEOL JSM-6060LV scanning electron microscopes (JEOL Ltd., Tokyo, Japan). The analysis was
performed on mature seeds. A total of 15 seeds were studied by SEM. To remove the cuticular layer, the
seeds were kept in a chloroform—methanol mixture (1:1) for 48 h and then transferred through a graded etha-
nol series of 70 % and 90 %. After drying, the seeds were fixed directly onto specimen stubs with double-
sided adhesive tape. Imaging at x80 and x100 magnification was used to record overall seed morphology,
whereas x500, x800, and x1500 magnifications were applied to examine the exo testa surface.

The resulting digital images were processed in Adobe Photoshop CS4. Seed surface descriptions were
based on the shape of the principal cells, the structure of the anticlinal walls, including their thickness, sinu-
osity, and elevation above the surface, as well as the relief of the periclinal walls. Seed ultrastructure (prima-
ry, secondary and tertiary sculpture) was described using the terminology and morphotype categories pro-
posed by Barthlott [23, 24], Stearn [25] and Segarra-Moragues & Mateu [26].

The terminology of W. Stearn and W. Barthlott [23, 25] was used to describe the ultrastructure of the
seed coat. The classification provides for the distinction of three levels of sculpture—primary, secondary,
and tertiary—with diagnostic features indicated (Tab. 2).

Table 2

Classification of seed ultrastructure according to W. Stearn and W. Barthlott with examples of morphotypes

Sculpture Examples Characteristic features
Level of morphotypes of Linaria cretacea
Primary Exotesta cell shape, general pattern, type [Comb-shaped, medul- |Cerebelliform; convolutions of slightly
of anticlinal walls, border relief, curva- |la-shaped, tuberculate, |concave isodiametric cells; height 0.1—

Diagnostic Features

ture of outer periclinal walls smooth 0.15 mm; margins recessed
Secondary |Relief of outer periclinal walls, location |Reticulate, tuberculate, [Low, closely spaced, acutely
and shape of small elements smooth, honeycomb  [tuberculate cuticle deposits; tendency
toward a reticulated pattern
Tertiary Epicuticular secretions (wax: gran- Granules, scales, Epicuticular wax absent
ules/flakes or absence) waxless

The following parameters were assessed: seed shape; presence/absence of a wing; type of primary
sculpture (comb-shaped, medulla-shaped, tuberculate, smooth); nature of cuticular deposits on the cell sur-
face (reticular, papillary); tertiary sculpture (type of epicuticular wax or its absence).
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Comparative information on other representatives of the genus Linaria, including L. vulgaris and
L. genistifolia, was not obtained from original SEM observations in the present study and was used only as
literature-based background for diagnostic interpretation.

For the morphometric analysis, measurements were obtained from the examined seed material in re-
peated observations. The quantitative data were summarized using descriptive statistical methods. For each
measured trait, mean values, standard errors (Mean = SE), and the minimum and maximum ranges were de-
termined. Since the study was designed to provide an initial carpological and micromorphological character-
ization at the species level, no statistical comparison was carried out between the two sampled populations.

Results and Discussion

The fruits of L.cretacea are dry, multi-seeded capsules of oblong-round shape, approximately 3 mm in
diameter. The locules are equal in size and dehisce through teeth at the apex (Fig. 2). The seeds gradually
spill out through the resulting openings, driven by wind and stem vibrations.

The number of seeds in one capsule is 12-15, which is consistent with the data of Sutton and
Viano [27]. The fruit weight is 3-4 mg, no more.

The passive seed dispersal range is determined by plant height and averages 12-35 cm—at the level of
generative shoots. As a result, seeds are distributed within the parent patch of the coenopopulation, while
their distant dispersal remains limited.

X3B SEEMm GUFF

Figure 2. Macrophotography: general view of Linaria cretacea capsules

Morphometric characteristics of fruits are presented in Table 3.

Table 3
Morphometric parameters of Linaria cretacea fruits
Indicator Mean + SE Minimum Maximum
Capsule diameter, mm 3.02+0.06 2.85 3.18
Number of seeds, pcs. 134+1.1 12 15
Capsule length, mm 2.45+0.08 2.30 2.60
Capsule width, mm 2.00 + 0.07 1.80 2.20
Capsule weight, mg 35+03 3.0 4.1
Shape Oblong, rounded — —

The seeds of L. cretacea are small, elongate-reniform, and slightly curved; in cross section they are
rounded with slight flattening on the dorsal side. Their mean dimensions are 1.20 = 0.05 mm in length,
0.85 £ 0.04 mm in width, and 0.70 = 0.03 mm in thickness (Tab. 4). The shape index (Length/Width) varies
from 1.35 to 1.45, which indicates an elongated seed type (Fig. 3). The weight of 1000 seeds is 0.20 = 0.01 g,
confirming the very small size and low mass of the diaspores. Overall, the seeds are dark brown to black,
slightly flattened, with a narrow marginal rim and a clearly expressed surface sculpture.
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Table 4
Size and shape of Linaria cretacea seeds
Indicator Mean + SE Minimum Maximum

Length, mm 1.20+0.05 1.00 1.85
Width, mm 0.85+0.04 0.45 1.00
Thickness, mm 0.70 + 0.03 0.25 0.55
Shape index (L/W) 1.41+£0.04 1.35 1.45
Form Elongated, slightly reniform — —

Thousand-seed weight, g 0.20+0.01 0.18 0.22

Figure 3. SEM image of Linaria cretacea seed, general view
(BSE mode, 5 kV, x270; scale bar = 500 um)

Observations under the light microscope showed that the seed surface is coarsely tuberculate and ir-

regularly wrinkled, with a slight sheen. Examination by SEM provided a more detailed view of the seed coat
ultrastructure and allowed the primary, secondary, and tertiary levels of sculpture to be distinguished.

In cross-section, the seed is characterized by a compact endosperm and a well-developed exotesta. The

primary sculpture is cerebriform: the convolutions are formed by groups of slightly concave, isodiametric
exotesta cells 0.10-0.15 mm high, often anastomosing. Cellular boundaries are deepened, with thin, discon-

tinuous cuticular deposits.
The secondary sculpture is expressed by low, densely located, sharply tuberculate cuticular deposits, in

places with a tendency to form a mesh pattern (Fig. 4).
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Figure 4. SEM images of the seed coat of Linaria cretacea, illustrating the cerebriform primary sculpture
and the distinctly tuberculate secondary sculpture
(BSE mode, 15 kV, %500, scale bar = 100 um; SE mode, 15 kV, x2953, scale bar = 10 um)

SEM images (Fig. 4) demonstrate the ultrastructure of the L. cretacea seed coat with a characteristic
cerebellar type of primary sculpture. The exotesta cells are isodiametric, slightly concave; the anticlinal
boundaries are clearly deepened and form a sinuous folded pattern. The convolutions of varying width often
anastomose, forming a branched network; their height is approximately 0.10-0.15 mm. Secondary sculpture
is represented by dense, low, sharply tuberculate cuticular deposits, in places imparting a reticulate-like relief
to the surface. Epicuticular wax is not observed: wax granules and scales are absent, which is consistent with
previously described characteristics of the species. This microrelief likely increases the mechanical strength
of the coat and promotes moisture retention, which is important for germination in chalky substrates with
low water holding capacity.

No epicuticular wax was detected on the examined seeds, as neither wax granules nor wax scales were
observed even at the highest magnification. The main characteristics of the primary, secondary, and tertiary
levels of seed-coat sculpture in L. cretacea are summarized in Table 5.

Table 5
Characteristics of seed sculpture of Linaria cretacea
SCEL‘\)/ZL:re Diagnostic features Morphotype Characteristics of L. cretacea

Primary Shape and relief of Cerebelliform Isodiametric cells are slightly concave; margins
exotesta cells are indented.

Secondary  |Microrelief of periclinal  |Tubercular with reticular  |Low, sharp tubercles; elements are often close-
walls elements ly spaced.

Tertiary Epicuticular secretions Absent Wax granules/scales are not detected.

Consequently, the morphological and anatomical features of the fruits and seeds of L.cretacea corre-
spond to the conditions of chalk outcrops: they provide protection for diaspores, promote moisture retention,
and limit long-distance transport, which supports the preservation of populations in highly specialized
habitats.

The results obtained on the morphological and anatomical structure of the seeds of Linaria
cretacea confirm several carpological characters previously reported for the genus and, at the same time,
provide new diagnostic details for this rare chalk endemic [26, 27]. The cerebriform primary sculpture, with
deeply marked anticlinal boundaries and no epicuticular wax, corresponds to the range of seed-coat charac-
ters described for Linaria species from arid and petrophytic habitats [23, 24, 26]. The secondary sculpture of
L. cretacea, expressed as dense, sharply tuberculate cuticular deposits with a local tendency toward reticula-
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tion, can be considered diagnostically informative; however, the present study is not intended as a direct
SEM-based comparison with particular related species.

Only L. cretacea is illustrated in this paper, as the study is based on original morphological and
micromorphological observations of this species, whereas comparisons with related taxa are derived from
published descriptions. Based on a combination of traits—including seed shape, the types of primary and
secondary sculpture, and the presence or absence of wax secretions—L. cretacea occupies a distinct position
among closely related taxa. These characteristics are useful for clarifying the species’ intrasectional taxo-
nomic status and for reliably distinguishing the species from morphologically similar taxa, including in the
analysis of herbarium specimens lacking flowering shoots.

To assess the diagnostic significance of the observed traits, the seed morphology of L. cretacea was
compared with published descriptions of the closely related species L. vulgaris and L. genistifolia. The
results of this comparison are presented in Table 6.

Table 6

Diagnostic comparison of seed characters in Linaria cretacea and related species based on published sources

Trait L. cretacea L. vulgaris L. genistifolia
Seed shape Elongated kidney-shaped Discoid, reniform Tetrahedral
Primary sculpture Cerebelliform Pectinate Comb-shaped
Secondary sculpture  |Acute tuberculate, partially reticulated Papillary, partially reticular Reticulate
Epicuticular wax Absent Granules Granules
Seed size, mm 1.0-1.5x0.7-1.0 2.5-3.2 x0.9-1.0 0.8-1.2 x 0.6-0.9

Note. Compiled from sources [26, 27]

A comparison of the characters shows that L. cretacea differs from closely related species by a combi-
nation of an elongated kidney-shaped seed, a higher brain-shaped primary sculpture (0.10-0.15 mm), a
sharply tuberculate secondary surface with elements of reticulation, and the absence of epicuticular wax,
which makes this complex diagnostically significant for the identification of the species.

The unique structure of the L. cretacea seed coat can be interpreted as an adaptation to the conditions of
chalk outcrops. The deep microrelief increases the mechanical strength of the coat and promotes the reten-
tion of a thin water film—an important factor for germination on low-water-holding substrates. These struc-
tural characteristics appear to influence not only protection, but also the course of germination. In
L. cretacea, the pronounced cerebelliform primary relief, together with sharply tuberculate secondary ele-
ments and the absence of an epicuticular wax layer, affects both the rate and threshold of water uptake. Seeds
are able to absorb moisture rapidly during short wetting episodes, while the water film retained in the surface
sculpture slows drying and extends the time available for radicle emergence. In contrast, in related species
with a smoother or wax-coated seed surface, comparable hydration may be reached only after longer or re-
peated moistening, which may partially account for interspecific differences in germination timing and suc-
cess on chalk substrates. The absence of waxy secretions is likely due to the need for rapid moisture absorp-
tion during short-term precipitation. The sharp, tuberculate elements of the secondary sculpture likely en-
hance adhesion to microscopic irregularities, preventing seed washout and blowing away on steep slopes.

A morphoanatomical analysis of L. cretacea seeds revealed a complex of diagnostically significant
traits: an elongated kidney-shaped form, a pronounced brain-shaped primary sculpture with deep anticlinal
boundaries, a dense, acutely tuberculate secondary sculpture, and the absence of epicuticular wax. These fea-
tures simultaneously distinguish the species from related taxa and possess obvious adaptive value for surviv-
al on chalk outcrops (increased seed coat strength, retention of a microfilm of moisture, and improved adhe-
sion to the substrate). The results confirm the high informative value of seed coat micromorphology for the
systematics of the section Linaria and enable the use of seed characters in taxonomic differentiation when
working with herbarium material. The practical significance of the obtained data lies in the use in planning
conservation measures for relict populations and in the design of experiments to assess seed viability (hydra-
tion, germination under conditions of limited moisture). To further clarify the evolutionary-ecological rela-
tionships, it is advisable to expand the sample by population, perform a comparable SEM analysis of closely
related taxa, and conduct combined studies of the morphology and physiology of germination under different
humidity and temperature conditions.

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 11



M.S. Bakytzhanova, K.Kh. Makhmudova et al.

Conclusion

The fruits of L. cretacea are small, round-oblong capsules (=3.2-3.4 mm in diameter), usually contain-
ing 12-15 seeds; the weight of one capsule is 3-4 mg or less. The seeds are small (Iength 1.0-1.5 mm; width
0.7-1.0 mm), elongated-reniform; the shape index L/W = 1.35-1.45 indicates a pronounced elongation.

The primary sculpture is cerebellar: convolutions of slightly concave, isodiametric exotesta cells ap-
proximately 0.10-0.15 mm high with deeply anticlinal boundaries. Secondary sculpture consists of dense,
sharply tuberculate cuticular deposits with a local tendency toward reticulation; tertiary sculpture
(epicuticular wax) is absent in the specimens studied.

A combination of characters—the elongated kidney-shaped seed, the high brain-shaped primary sculp-
ture, the nature of the secondary sculpture, and the absence of wax secretions—distinguishes L. cretacea
from closely related taxa (e.g., L. vulgaris, L. genistifolia) and makes these micromorphological characters
suitable for taxonomic differentiation, especially when analyzing herbarium material without flowers.

The structure of the seed coat—a pronounced microrelief and the absence of epicutinal wax granules—
probably reflects adaptation to chalk habitats: deep relief increases the mechanical strength of the coat and
retains a microfilm of moisture, while sharply tuberculate elements enhance adhesion to the microroughness
of the substrate, reducing the risk of seeds being washed away or blown off slopes.

The short range of passive transfer (12-35 cm) combined with strict confinement to chalk substrates in-
dicates limited potential dispersion and high local dependence of recruitment, which increases the vulnerabil-
ity of populations to habitat disturbance.

The obtained micromorphological and morphometric information is suitable for monitoring and conser-
vation of the species: it can be used for accurate identification of specimens, planning of seed collection and
development of ex situ conservation protocols.

Further studies should cover a larger number of populations across the entire Eastern European-Subural
part of the range in order to assess interpopulation variability of seed traits.

It is recommended to expand the sampling geography, conduct SEM studies of closely related taxa,
conduct seed viability and germination tests, and develops protocols for seed collection and storage. The data
obtained should be integrated into regional monitoring and management programs for chalk habitats to in-
form conservation and restoration measures.

The obtained data confirm the high informative value of seed coat micromorphological features for the
taxonomy and ecology of calciphytes. Against the backdrop of declining suitable habitats, combining basic
morphological research with practical conservation measures is key to the long-term conservation of
L. cretacea and associated petrophyte communities.
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Barteic KazakcTanHbIH 00p mI6riHAiIepiHeH aJbIHFAH
Linaria cretacea Fisch. ex Spreng. TYKbIM Ka0bIFbIHBIH
MOP(}OI0rMsICHI KIHE MUKPOMOP(OJIOTHACHI

TykpIM MOPQOJIOTHACHI MEH TYKbIM KaOBIFBIHBIH MHKPOMOP(OJIOTHACHIH 3€pTTey CHPEK Ke3[eceTiH
SHIEMHKANBIK OCIMIIKTEp/iH, ocipece Keyill KalFaH >JKepyiepie, apHaibl MeKEHIey OpTalapblHaa
MEKEHJICUTIH TYpIEepJAiH TAKCOHOMHSACHI, HSKOJOTHSACHL JKOHE CaKTaIybl YVIIIH ©Te MaHbBI3IBL. Tapaiy
JIMATa30HbI Tap KaJbIUII ©CIMIIKTepae TYKBIMHBIH YIbTPaKYPhIIGIMBI TYPJIEPIH aHBIKTAY, TAKCOHOMMSUIBIK
GaiinaHbICTapapl HAKTHUIAY JKOHE €X SitU cakTay IapanapblH d3ipiey YIUiH maifqansl AHarHOCTHKAIBIK Oenri
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periHge Kpi3MeT ere ananpl. 3eprreyae bareic Kasakcranmarsl Keyin KanraH jkepliepieri CUpeK Ke3IeceTiH
KanbLMiT SHIeMuKanblk Typi Linaria cretacea Fisch. ex Spreng. TykeIMaapsl MeH jKkeMicTepiHiH
MOPQOJIOTHSIIBIK — CHMATTaManapbl  CKaHepieylni SIeKTpoHasl  Mukpockomust (SEM)  skoHe  sKapbik
MHKPOCKOTIHSICHl apKbUIBI 3epTTendi. TYKBIMAAPABIH MakKpo >XOHE MHKPOCKONMSUIBIK CYpeTTepi albIHIbI,
COHJIal-aK OJap/bIH Y3BIHIBIFEI, €Hi, KaJBIHIBIFG! JKOHE MIIIiHI HeTi3ri MOp(OMETPHUSIIBIK ITapaMeTpiiepMeH
ommenai. TykeIM KaObIFBIHBIH MYciHi B. Baptmorr men B. CrepHHIH JKikTemenepiHe colikec OacTaIlKwl,
eKIHII JKoHe YINIHOI AeHrewnepne cumartanabl. Hormwxemep AkreOe aliMarbiHaH anblHFaH L. cretacea
OCIMIriHIH aHTUKIMHAIBIBI MICKapalapbl alKbIH aHBIKTAJIFAaH MUIIBIK TOPi3i 0AacTamKel MYCIHMEH, TOPJIbI
JeMeHTTepi 0ap KypT TyOepKynes3[di eKiHIN pEeTTIK MYCIHMEH >KOHE OSIHMKYTHUKYISIPIbl OaaybI3IbIH
0onMaybIMEH CHUNATTANATHIHBIH KOPCETTi. AHBIKTaJIFaH TYKbIM KaOBIFBIHBIH EpEKIICNIKTEPiH THIFbI3
GaitmanbicTel L. vulgaris skome L. genistifolia Typnepinin skapusuianFaH cumaTTaMagapbIMEH CANBICTBHIPY
GipkaTap AMArHOCTHKAIBIK MaHBI3(bl MUKPOMOP(OIOTHSIIBIK aibIpMAIIBUIBIKTApAbl aHBIKTaAbl. Cyabl ycTay
KaOieTi TeMeH, Keyill KaJFaH jKepiepieri TIPIIUIIK eTy OpTaJapbHAAFbl TYKbIM KaOBIFBI KYPBUIBIMBIHBIH
GeftiMaeny peJii Je TauKbUIaHIBI. AJBIHFAaH AEPEKTEp/iH JKYHeTiK )KoHe MpaKTHKAIBIK MaHbI3BI 0ap, acipece
repOapuii YJIriiepiH aHbIKTay JKOHE OCBI CHPEK KE3JeCETiH TYyp/i KOpFay jkoHe eX Situ cakray xaTTamanapblH
a3ipIIey YIIiH.

Kizm ces0ep: Linaria cretacea, Kasakcran, Kaiblupuiai Typiepi, 3HAEMUKAIBIK TypJiepi, TYKbIM MOpdoJIo-
THACHI, CKAHEPIIK 3JIEKTPOHIBI MUKPOCKOIIHS, JKaPhIK MUKPOCKOITHACHI, PEKIIETIKTEPi.

M.C. bakbikanoBa, K.X. Maxmynosa, K.I1I. AliTeimOeToBa,
T.II. Myp3araeBa, A.C. EnybaeBa

Mopdogorusi ceMsiH 1 MUKPOMOP(}0J10THS CeMEHHOI 000,109KH
Linaria cretacea Fisch. ex Spreng. u3 MeJ10BbIX OTJIOKeHHIt
3anmagnoro Ka3zaxcrana

HccnenoBanre MophoI0run ceMsH 1 MEKPOMOP(OIIOTHN CEMEHHOI 000J0YKH MMEeT BaXKHOE 3HAYCHHE IS
TaKCOHOMHH, DKOJIOTHH M COXPAHEHHS PEIKUX DHIAEMHYHBIX PACTCHUH, OCOOCHHO BHIOB, OOUTAIONIUX B
CIIEIMAIN3UPOBAHHBIX MECTOOOMTAHUSIX, TAKMX KaK MENOBbIe OOHaKeHHs. Y KalbIH(WIBHBIX PAaCTCHUH C
Y3KHM apeasioM PaclpOCTPaHEHHs yIbTPACTPYKTYypa CEMSH MOXET CIIYXKUTh ITOJIE3HBIM AHarHOCTHYECKUM
NpPU3HAKOM TSI MJICHTH(HUKAINM BHAOB, YTOYHEHHS TaKCOHOMHUYECKHX CBSI3eH M pa3pabOTKH Mep o
COXpaHEeHHI0 €X Situ. B maHHOM HCCIeOBaHWH C MOMOIIBIO CKAHMPYIOMEH YJIEKTPOHHONH MUKPOCKOIHH
(COM) u cBeTOBOI MHKPOCKOIHUH OBUTH H3y4YeHBI MOP(HOIOTHYECKHE XAPAKTEPUCTHKH CEMSH M IUIOJIOB
Linaria cretacea Fisch. ex Spreng., peakoro KaibLU(HUIBHOTO SHIEMHYHOTO BHA MEJOBBIX OOHAXKCHHI
3anagnoro Kasaxcrana. Beumn moiydeHB! Makpo- M MHKPOW300paXKeHHs CEMsH, a TaKKe HM3MEpeHbl HX
OCHOBHBIE MOp(OMETpHYECKHe MapaMeTphl, BKJIIOYas UIMHY, IIUPUHY, TOJIIMHY W HWHIEKC (HOpMBL.
CkyJnbnTypa CeMEHHOW 00O0JOYKM OblIa ONMHMCaHa Ha MEPBHYHOM, BTOPUYHOM W TPETHYHOM YPOBHSIX B
COOTBETCTBUH ¢ Knaccudukanusimu B. baptiorra u B. lltepra. PesympraTer mokaszanm, uro L. cretacea ms
AKTIOOMHCKOW  00JIaCTH  XapaKTepu3yeTcsl MOIKEUKOBUAHOW TEPBHYHOW CKYJIBINTYPOH C YeTKO
BBIP2)KEHHBIMH AHTUKINHATGHBIMHA TPaHUIAMH, Pe3Ko Oyrop4aToil BTOPHIHON CKYIBNTYpPOH C CETYATHIMHU
JJIEMEHTaMH M OTCYTCTBHEM SMHKYTHKYJISIPHOTO BOcka. CpaBHEHHE BBIIBICHHBIX IPH3HAKOB CEMEHHOI
000JIOUKH ¢ OMMyOJIMKOBAaHHBIMK OMHCAHWAMH Oi3kopoiacTBeHHbIX BHmoB L. vulgaris « L. genistifolia
MO3BOJIMJIO BBISIBUTH PsiiI  JAMArHOCTHYECKH 3HAYMMBIX MHKPOMOP(DOJIOTHUECKHX pasnnuuid. Taxke
paccMaTpuBaeTCsl BO3MOXKHAs —aaNnTHBHAs pPOJb CTPYKTYpHl CEMEHHOW OOOJOYKHM B  MENOBBIX
MECTOOOUTaHMSAX C HHM3KOH BIaroyJep)kuBaromieli crnocoOHOCThI0. IlonydeHHble IaHHBIE HMEIOT Kak
CHCTEMaTHUeCKOe, TaK U IPAKTHUECKOe 3HaYeHHe, 0COOEHHO Ui MIeHTH(UKanuu repbapHEIX 00pasoB 1
JUIsL pa3paboOTKU MPOTOKOJIOB 3aIUTHI M COXpaHEeHHs X Situ 3TOro peakoro Buaa.

Knioueswie crosa: Linaria cretacea, Kasaxcran, xanplieuiIbHBIA BHI, SHIEMUYHBIA BUJI, MOPGOIOTHs
CeMsIH, CKaHHPYIOIask AIEKTPOHHASE MUKPOCKOTIHSI, CBETOBAasI MHKPOCKOIINS, TPU3HAKH.
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